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GEOLOGY AND GROUND WATER RESOURCES OF

TEXAS COUNTY, OKLAHOMA
by
Stuart L. ScHorr

Prepared in cooperation between the Oklahoma Geological
Survey and the Geological Survey, United States
Department of the Interior.

ABSTRACT

Texas County is located in northwestern Oklahoma in the
Panhandle, 210 to 270 miles northwest of Oklahoma City and 90
to 120 miles north of Amarillo, Texas. It covers about 2065 square
miles. The county is part of the Southern High Plains, and about
three-fourths of it consists of flat upland, which has been dissected
by the preseént streams to form several rather distinct tablelands.

The county is drained by Beaver River and its tributaries.
The Beaver is a perennial stream in the central and eastern parts
of the county, but is intermittent in the western part. Paloduro,
Hackberry, and Coldwater Creeks are permanent, but all others
are intermittent. The mean annual precipitation is about 18 inches.

The exposed rocks are of sedimentary origin and range from
Carboniferous to Recent in age. The Tertiary deposits are at the
surface in more than three-fourths of the county, and lie nearly
parallel with the upland surface, which slopes about 18 feet to the
mile southeastward. Structurally, the older rocks appear to be part
of the Western Oklahoma-Dodge City basin.

The oldest rocks exposed in the county are red beds of the
Cloud Chief formation, of Carboniferous (Permian) age. They
consist mainly of red shale or clay, with minor amounts of gray
and green clay, and buff to brown sandstone, and a little gypsum.
The exposed thickness is about 70 feet. The formation yields meager
supplies of water that are generally adequate for domestic and stock
purposes, but the water is highly mineralized.

Red beds tentatively assigned to the Triassic and Jurassie sys-
tems crop out in several inliers near the middle of the county. They
consist of red shale, with minor amounts of green, gray, and yellow
shale, and soft, red and gray sandstones. Few wells have been drilled
on or near the outecrop area of these rocks, and it is not known
whether the few now in use actually draw water from these beds,
or obtain it from older rocks.
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The Cretaceous system is represented by fossiliferous sand-
stones and shales of Washita age which are exposed at one locality
in the west central part of the county, The known thickness is
about 28 feet. No wells are known to draw water from the Cretaceous,
but it is probable that in well drilling the sandstones would not
ordinarily be distinguished from Ogallala strata.

The Ogallala, of Pliocene (Tertiary) age, is the principal water-
bearing formation in the county. It consists of a varied assortment
of nearly unconsolidated, calcareous sands, gravels, silts, and clays
which are arranged in many lenses and interpenetrating tongues
or fingers. The formation was deposited largely by shifting streams
which obtained rock debris from mountains to the west, but some
parts may be wind-blown material. The thickness varies from a
few feet to several hundred feet. The logs of gas test wells indi-
cate maximum thicknesses of about 600 feet, and considered to-
gether with logs of several water wells and an electrical resistivity
test, suggest that two pre-Ogallala valleys joined in the east-central
part of the county and left at the northeast corner. Specific capacities
of the larger wells drawing from the Ogallala range from 7.7 to
62.8 gallons per minute per foot of drawdown. Mechanical analy-
ses of water-bearing sands from several wells show that most of
the material is medium-grained. The average uniformity coefficient
for Ogallala sands is 2.8.

Caliche ig widely exposed as a cliff-making unit along the val-
leys just below the upland, and is found in most wells. No wells take
water from the caliche, but it probably has an important bearing
on recharge of the ground water reservoir because it is impermeable
and will stop or greatly retard the downward movement of rain-
water.

The alluvium of the present valleys consists of sands, gravels,
gilts, and clays deposited by the streams. Water occurs in the
alluvium at shallow depths, and is satisfactory for domestie, stoek,
and irrigation purposes except in areas where the Permian rocks
are exposed nearby and the water has had opportunity to become
more or less mineralized.

Fine- to medium-grained quartz sand heaped by the wind into
dunes covers the Ogallala formation in the eastern and northern
parts of the county, to a maximum of about 25 feet. The sand
absorbs much of the rainfall, and the dune areas therefore favor
recharge of the underground reservoir. The sands are far above
the water table and do not supply water directly to wells.

The possibilities of developing additional water supplies from
wells for irrigation in different parts of the county are discussed.

ABSTRACT 9

Seven upland areas, seven valley (flood plain) areas and one area
of intermediate elevation, are discussed in detail. The most favor-

able area in the county appears to lie roughly between Optima, Ty-

rone, and Adams, and includes about 80 square miles where the
water table ranges from 70 to 100 feet below the surface. Test
drilling to determine the thickness, character, and water-yielding
capacity of the water-bearing sands, and the thickness of the sat-
urated part of the Ogallala formation, should be undertaken in
this area. The flood plains of the major streams afford adequate
supplies of water at shallow depths in most places, but are of
secondary importance for irrigation because the soils are less favor-
able than those of the uplands and because there is possibility of
damage to crops by flooding.

The water that is added each year to the underground reservoir
in the Ogallala formation of Texas County appears to come largely
from local precipitation. The water probably enters the ground
through areas of sandy soils and sand dunes, through the channels
of intermittent streams, and through the bottoms of the temporary
lakes. A significant part of the flood waters which come down
Beaver River from outside areas probably reaches the ground water
reservoir through the intermittent part of the channel, and flood
waters which seep into the alluvium in Cimarron River valley in
southeastern Colorado and southwestern Kansas may move south-
eastward into Texas County. There may also be some recharge from
the Dakota sandstone where it thins and pinches out between the
Ogallala and the underlying impervious red beds.



INTRODUCTION

Purpose and Scope of this Investigation. By the end of 1937
the Oklahoma Panhandle had experienced about seven successive
years of below average precipitation. As a result there had been
repeated partial or complete crop failures and a corresponding
decline in farm incomes, together with increasing damage by
wind erosion on lands where no protective covering was afforded
cither by growing crops or by natural vegetation. During this
period there has been increasing interest in the possibilities of
irrigating with ground water, both as a regular practice and as
an occasional subsistence measure to carry the farmers through
the dry years. Active irrigation from an old well was begun about
1932 on the flood plain of a tributary of Beaver River about 8
miles west of Goodwell, and beginning in 1934 a few farmers
installed new pumping plants, both on- the uplands and in the
valleys. The Panhandle Agricultural and Mechanical College
at Goodwell began experimental irrigation from two decp wells
in the summer of 1937, and a number of farmers are interested
in trying irrigation from wells if its success can be demonstrated.
It was therefore considered desirable to make a scientific study
of the ground water conditions in the area.

Ground water, next to the soil has already proved to be the
most important natural resource of the Oklahoma Panhandle.
The fact that an abundant supply of good water for domestic
and stock use can be obtained from wells almost everywhere in
the Panhandle was largely responsible for its settlement and
continued occupancy. At present nearly all town, industrial, and
farm supplies of water are obtained from wells. Surface water
supplies are both small and unreliable in most parts of the area
because precipitation is relatively low and is likely to be flashy,
so that the streams are dry or carry very little water most of the
time. Some attempts have been made to store flood water for
the irrigation of small tracts of meadow on flood plains, and
some surface run-off is caught in small earth reservoirs (known
as tanks) for stock, but the amount of surface water so used is
but a fraction of that which is taken from wells. In the early days
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of settlement, wells were drilled at widely-spaced intervals on
the upland plain and were equipped with large windmills for
pumping water for stock. Now there is a windmill on nearly
every farm. Up to the present time, the drain on the underground
reservoir has been small in proportion to its capacity, and there
is little danger of depletion at the present rate of withdrawal.
The effect of a large number of irrigation wells, each pumping
thousands of gallons of water a day, is obviously of vital interest
both to the present users of ground water and to those who may
install the irrigation plants, and it is therefore desirable to make
an inventory of the possible supply before extensive irrigation
begins. Accordingly the chicf purpose of this investigation has
been to obtain information bearing on the availability of water
from wells for irrigation, and to indicate where test drilling may
be undertaken.

Large supplies of ground water are known to occur in the
sands and gravels that underlie parts of the High Plains in Kansas,
Texas, and New Mexico, where successful irrigation from wells
has been practiced for longer or shorter periods. The feasibility
of using water from wells for irrigation depends to a considerable
extent on three factors: (1) the permeability and thickness of
the water-bearing sands, (2) the depth to the ground water table
and the pumping lift, and (3) the ability of the ground water
reservoirs formed by the sands to withstand a heavy draft from
wells over a period of years without being seriously depleted.
This report gives the results obtained from an investigation of
the ground water resources of Texas County, and it is expected that
similar studies will be conducted in the near future in Cimarron
and Beaver Counties. The investigation was made through co-
operation between the Oklahoma Geological Survey and the
Geological Survey of the United States Department of the Interior.
It was made under the general direction of O. E. Meinzer, Geolo-
gist in charge of the Division of Ground Water in the United
States Geological Survey, and Robert H. Dott, Director of the
Oklahoma Geological Survey. W. N. White, Senior Engineer
in the United States Geological Survey, who is in charge of
ground water. studies in Texas, exercised supervision over the



12 GROUND WATER, TEXAS COUNTY

work and contributed much to the field work and to preparation
of the report through letters and field conferences.

Location of the Area. Texas County is located in North-
western Oklahoma, in the middle of the Panhandle. Guymon,
the county seat, is about 250 miles northwest of Oklahoma City,
and 100 miles north of Amarillo, Texas (Fig. 1). The county
extends from Lat. 36°30" N. to Lat. 37°00’ N., and from a few
miles east of Long. 101° W. to a few miles west of Long. 102°
W. It is 60 miles long from east to west, about 34.5 miles from
north to south, and covers about 2,065 square miles.
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Fic. 1. Inpex Maps SHowine LocaTioN ofF TExas County, OKLAHOMA, AND PRIN-
cipAL FEATURES IN THE COUNTY,

Three railroads serve the county. The main line of the Chicago,
Rock Island and Pacific Railroad from Kansas City to El Paso
crosses it from northeast to southwest, passing through Tyrone,
Hooker, Optima, Guymon, Goodwell, and Texhoma. A branch
line from Liberal, Kansas to Amarillo, Texas, passes through
Bakersburg, Adams, and Hardesty. The Beaver, Meade and
Englewood (Missouri-Kansas-Texas) Railroad crosses the county
from east to west and provides freight service between Forgan, in
Beaver County, and Keyes, in Cimarron County. It intersects
the branch line of the Chicago, Rock Island, and Pacific Railroad
at Bakersburg, and the main line at Hooker, and passes through
Mouser, Hough, and Eva. A branch of the Atchison, Topeka,
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and Santa Fe Railroad crosses the extreme northwestern corner of
the county, but makes no regular stops within the area.

Federal highway 64 crosses the county from east to west and
is a bituminous-surfaced road all the way. Federal highway 54
crosses the county from northeast to southwest, paralleling the
Chicago, Rock Island, and Pacific Railroad, with a gravel surface
except where it coincides with highway 64. Gravel or dirt roads
varying from good to poor are to be found on nearly every section
line. For the most part, country roads are passable at all sea-
sons, although at times drifting sand or mud may impede travel
temporarily. Near stream valleys many of the section lines are
closed, but here and there winding, narrow roads descend to the
valley by the most convenient route and give access to the bottom
lands.

Previous Investigations. The fundamental facts regarding the
occurrence of ground water in the Southern High Plains, of which
Texas County is a part, its source, its availability, and the limita-
tions on its use, were set forth by W. D. Johnson® about 1900. In
1905 Gould® reported on the geology and water resources of
Oklahoma, including the Panhandle under the heading “High
Plains.” The name Texas County does not appear in his report
because at that time the entire Panhandle constituted a single
county under the name of Beaver. Records of 10 wells in the
Panhandle are tabulated, and include four from the present Texas
County. The geology of the county and the occurrence of water
in both the Tertiary rocks (Ogallala formation) and in the older
red beds are discussed by Gould and Lonsdale® in a bulletin
published in 1926. Two years later Bullard®* mapped and des-
cribed six outliers of fossiliferous lower Cretaceous sandstone rest-
ing on Triassic (?) red beds at the Red Point locality, near the

1. Johnson, W. D., “The High Plains and Their Utilization”: U. S. Geol. Survey 21st
Arnn. Rpt. Pt. 1V, pp. 601-741, 1899-1900, and 22nd Ann. Rept. Pt. IV, pp. 631-669,
1900-1901.

"2. Gould, C. N., “Geology and Water Resources of Oklahoma”: U. S. Geol. Survey

Water Supply Paper 148, p. 88, 1905.

3. Gould, C. N., and Lonsdale, J. T., “Geology of Texas County, Oklahoma”: Okla.
Geol. Survey Bull. 37, 1926,

4. Bullard, F. M., “Lower Cretaceous of Western Oklahoma”: OKla. Geol. Survey
Bull. 47, pp. 90-92, 1928.
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The areal geology is taken from Gould and Lonsdale’ modi-
fied by the writer from field observations and from the Texas
County soil map'® and some minor changes due to corrections
in the mapping of the drainage have been made.

Wells which were measured, or for which other significant
information is available, are shown on Plate I, their position be-
ing determined largely from speedometer distances, but to a
limited extent from aerial photographs. The upper number be-
side the well symbol corresponds with that used in the well tables
in the text, and the lower number is the depth of the water table
below a fixed measuring point. Areas that are irrigated from
wells are shown in approximate position and size.

The wells are numbered by townships from left to right
across the map, beginning with T. 1 N,, R. 10 E,, in the south-
western corner of the county. Within the townships they are
numbered in section order. Gaps in ‘the sequence of numbers
have been left following each township so that additional wells
can be added to the record later if desirable. Thus wells 1 to 9
inclusive are in T. 1 N., R. 10 E., with well number 1 in section
2, well number 2 in section 5, well number 3 in section 12, etc.
Numbering in T. 1 N,, R. 11 E. runs from 13 to 27 inclusive;
in T. 1 N,, R. 12 E,, from 31 to 47 inclusive. This sequence of
numbering is broken in places, however, because the original
field numbers have been retained for wells in which periodic
measurements of water levels are being made. Cross references
have been placed in the well tables so that all such wells can
be located readily, cither in the tables or on the map.

This map shows the depths to water in all parts of the county
at the time the investigation was made, and the depth lines should
be considered as arbitrary boundaries between areas. ‘Thus the
50-foot line separates the area where the depth to water is less
than 50 feet from the area where it is between 50 and 100 feet.
The lines are broken where the available data are limited. In
upland areas, where the slopes of both the land surface and the
9. Gould, C. N., and Lonsdale, 1. T., Op. cit., Map.

10. Fitzpatrick, E. G., and Boatright, W, C., “Soil Survey of Texas County, Okla.
homa”: U. S. Dept. Agri. Bur. Chem. and Soils, Ser. 1930, No. 28, Map.
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water table are fairly uniform, the depth lines of Plate I have
been drawn with reference to the measured wells, and without
regard for minor topographic irregularities.

Along valleys the location of the depth lines was determined
from cross sections based on measurements and elevations of
upland and valley wells, or lacking the latter, of the stream chan-
nel. Where the land surface is uneven, aneroid elevations at
intermediate points permitted a more accurate profile. Between
such locations the depth lines were drawn with reference to the
topography as studied in the field and from aerial photographs.
Because slopes near the valleys are both steep and irregular, depths
to water differ widely within short distances, and estimates based
on the depth lines in such places are necessarily less accurate
than estimates for upland locations.

Figure 8 shows the general slope and the irregularities of
the ground water surface in the northeastern part of the county
by means of lines of equal elevation of the water table above sea
level, just as a contour map of the surface of the land shows its
slope and irregularity. The movement of the ground ‘water ordi-
narily is at right angles to these lines, in the direction of maximum

slope.
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GEOGRAPHY

Topography and Drainage. Texas County is part of the High
Plains section of the Great Plains physiographic province. About
threefourths of the county consists of upland plains, and the re-
mainder of stream flood plains and intermediate slopes. The upland
plain slopes southeastward from elevations of about 3,700 feet above
sea level along the boundary near the northwest corner to about
2,750 fect along the east-central boundary on the upland plains
north of Beaver River. Elevations in Beaver Valley are 100 feet
or more lower, but of course.do not indicate the slope of the
upland. From bench marks of the United States Coast and
Geodetic Survey it is estimated that the maximum average slope
of the upland plain is about 18 feet to the mile southeastward.
Large areas on the uplands are comparatively flat and featureless,
without stream valleys, large or small, to break the monotony.
In detail, however, most parts of the uplands are more or less
uneven, with broad, gentle swells or hills, and shallow depres.
sions which are likely to become lakes or ponds after heavy rains.
Where the swells and the depressions are fairly pronounced, the
topography may be described as undulating.

The county is drained by Beaver River (North Canadian
on some maps). It enters the county about 6 miles east of the
southwest corner, runs northeastward to a point about 10 miles
west of Guymon, thence takes an easterly course, and leaves the
county about 12 miles north of the southeast corner. The channel

PLATE II

C. Flat, monotonous plain type of topography characteristic of much of the up'and
areas of Texas County, looking west from sec. 27, T. 6 N,, R. 15 E.CM.



PLATE 1II

Arenaceous caliche exposed on the east side of South Fork near southwest corner
of Guymon. -

B. Steeply dipping clays and sandstones exposed on west side of South Fork west
of Guymon. Horizontal lines near base of expusure were left as pool of water

dried up.
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carried a small flow in the central and eastern parts of the
county throughout 1937, but in the upper 13 or 14 miles in the
western part of the county it was dry, at least while field work
was in progress during the last half of the year. The more im-
portant tributaries of the Beaver within the county enter from
the south, in the eastern half of the county. Both Paloduro Creek
and its tributary, Hackberry Creek, are reported to he permanent
streams, but Chiquita Creck (locally called “Skeeter”), the other
main tributary of the Paloduro, is not. Coldwater Creek is also
said to be permanent, but its tributary Frisco Creek is generally
dry in most of the upper part of its course. Other tributaries to
the Beaver are South Fork, North Fork, Tepee Creek, Goff Creek,
and Pony Creek. With the exception of a short stretch near the
mouth of Tepee Creek, these tributaries are usually dry.

The valleys of the main streams range from 1 to 4 miles in
width, and from 100 to 200 fect or more in depth. The shallow-
ness of the larger valleys in contrast to their width has been em-
phasized by Gould and Lonsdale™, who point out that the stecp-
sided tributary valleys are gorges or canyons by comparison. Never-
theless, the major valleys are prominent topographic features be-
cause of the white cliffs of caliche which occur at the edge of
the upland in many places. Where these cliffs are present, the
change from upland plain to the valley is abrupt. Below the
cliff, slopes gradually lessen until they merge into the flats of
the flood plains. In some places there are cliffs of caliche on
both sides of the valley, in others the slopes on both sides are
moderate and more or less dissected, but more commonly one
side has a steep cliff and the other a moderate slope. Thus there
are cliffs and steep slopes on both sides of Beaver River for a
dozen miles upstream from the mouth of Tepee Creck. Between
Guymon and Optima conspicuous cliffs line the north side of
the Beaver, but the south side is a moderate slope 2 miles and
more in length, whereas in the vicinity of Hardesty conditions
are reversed. Paloduro Creek and its tributaries have cut away
the cliff-making caliche, and both sides of the Paloduro Valley
have moderate slopes. The transition area from upland flat to
valley flood plain is also characterized by broken slopes and gen-

11. Gould, C. N., and Lonsdale, J. T., Op. cit., pp. 15-16.
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erally uneven land forms which have been given the descriptive
name “breaks” because they occur at the place where the plain
breaks into the valley. As defined by Gould and Lonsdale', the
term includes the “rough broken land lying between the essentially
level lowland, or valley flats, and the essentially level uplands, or
undissected stream divides”, and thus is roughly equivalent to
“valley bluff.” The “breaks” support a natural vegetation con-
sisting largely of sand sage with lesser amounts of bluestem, tall
sage, Indian grass, buffalo grass, blue grama, catclaw, and yucca.?
In general the slopes are too steep for agriculture, and are useful
only for grazing. Flood plains are well developed in all the major
valleys, and in places exceed a- mile in width. These bottom
lands generally support a natural growth of water grasses, little
bluestem, tall bluestem, buffalo grass, needlegrass, blue grama,
and side-oats grama, and generally make good hay meadows.

The Beaver and its tributaries actually drain only one-fourth
to one-third of the county. At one time the uplands probably
constituted a single flat plain, but the depositing streams which
built the plain changed to a degrading habit and began to dissect
it. The dissection is only well started, and there remain large
areas of upland flats which stand up as distinct table lands and
have no exterior drainage. The rain that falls on them drains
into temporary ponds and small lakes, where it either is lost by
evaporation or percolates downward to the ground water reservoir.

The plains on which Hooker, Adams, Hough, and other
towns of the northern part of the county are located have been
separated from uplands to the south by Beaver River in the
eastern part of the county, and by Goff Creek in the western
part. Other tablelands are the Eva plain, located between Goff
Creck and Beaver River; the Guymon-Texhoma plain, between
Beaver River and Coldwater Creek; and the Hardesty plain, be-
tween Coldwater and Hackberry Creeks.

The native vegetation of the uplands consisted of buffalo
and blue grama grass, together with wire grass, Indian grass,
12. Gould, C. N., and Lonsdale, J. T., Op. cit. pp. 18-19.

13. Fitzpatrick, E. G., and Boatright, W. C., Op. cit., pp. 24-25.
14. Fitzpatrick, E. G., and Boatright, W. C., Op. cit., pp. 20, 21.
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needlegrass, tall sage grass, side-oats grama, sand sage, and blue-
stem?®, but much of it was lost when the land was broken for
agriculture.

In the vicinity of Paloduro Creek there are lands of inter-
mediate elevation which are neither typical upland nor typical
breaks. Nearly all of T. 1 N,, R. 19 E,, and considerable parts
of T.1 N, R. 18 E,, and T. 2 N, R. 19 E. consist of gently roll-
ing lands that are neither as high as the upland nor as low as
the flood plains, nor so broken and uneven as the breaks. Except
near the smaller streams, the slopes are gentle. The flat areas
on the divides are generally small, especially in comparison with
the upland plains of other parts of the county. Erosion has ob-
viously progressed much further in this small area than it has
in most of the rest of the county.

From the standpoint of stream dissection, most of the county
is in the stage known as topographic youth, but this small area
has advanced to maturity. The reason for this difference is that
here a number of streams, some of which are permanent, come
together. With tributaries more closely spaced than in other
parts of the county, they have accomplished a relatively greater
amount of dissection, and have stripped off much of the upper-
most rock formation southward to the Texas state line, where
caliche cliffs end in bold, northward-facing escarpments.

The relation of the caliche to the preservation of the uplands
and to the development of the breaks is suggested by an area
of several square miles immediately west of Hough, where the
caliche is either absent or is not resistant, and tributaries of Goff
Creek have produced a moderately rolling topography.

Two areas of sand dunes are superimposed on the upland
plain. The larger area, about 40 square miles, is located on the
north side of Beaver River to the south and southeast of Adams,
and continues eastward into Beaver County. The larger dunes
are 20 feet or more high, and make a hilly, or gently rolling topog-
raphy. They begin low on the north bluff of the river, just
above the flat lands of the flood plain, are most strongly developed

at the edge of the upland, and gradually disappear to the north.
15. Idem, pp. 15, 17-21.
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Their position on the lee side of the river suggests that the sand
was blown off the flood plain or channel by the prevailing south-
west wind, and lodged against the valley bluffs. Some of these
dunes are still being shifted about by the wind, but most of them
are more or less anchored by native vegetation consisting of tall
sage grass, sand sage, Indian grass, yucca, and sand plum’. The
sandy soil of the dunes and the steep slopes are less well suited
to agriculture than the nearby rich soils and almost flat lands of
the normal upland plains, and there has been little attempt at
farming them.

The northern sand dunes consist of three somewhat discon-
nected patches totaling about 32 square miles, mostly located
west of Tyrone. These dunes have not been shown on previous
geologic maps of Texas County, and their outlines were first
sketched in the field by the writer and later corrected from aerial
photographs. The dunes are separated from the valley of the
Beaver by 15 or 20 miles of nearly flat and almost unbroken
upland plain. If the sand had been derived from the river flood
plains, some of it should have stopped nearer the valley, but there
is no evidence of dunes in the intervening areas. Neither is there
any apparent reason why sand from the valley should have
stopped in the present dune areas after crossing many miles of
upland plain. It seems probable that the sand hills were formed
at or near where they are now located. Wherever the streams
which deposited the surface formation left dominantly sandy
beds, or where the soils were loose enough so that the finer por-
tions were sorted out and blown away, the sand could be heaped
by the wind into hills without being transported any great dis-
tance. These dunes are inactive, being anchored by native vege-
tation.

Small circular depressions dot the surface of the uplands and
their origin has attracted considerable interest. It has been sug-
gested that they are natural depressions which have been enlarged
by the joint action of milling buffalo and wind erosion'’. Thus

buffalo would come upon a depression containing some water,

16. Idem, p. 25.
17. Explanation as summarized orally to the writer by W. N. White.
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break the sod, and trample the moist soil into the mud. When
dry, some of the soil might be blown away. If the animals re-
turned when water was scarce, they would pulverize the
dried mud to a powder that could be easily blown away. An
objection to this explanation is the very large number of depres-
sions, not only in Texas County, but in other parts of the High
Plains. In the vicinity of Plainview, Texas, the depressions have
been found to average about one to the square mile'. Further
objections to this mode of origin were suggested by W. E. Bak-
er’?, County Agricultural Agent of Cimarron County, who points
out that the present depressions are filling up rather than enlarg-
ing, and that they are generally the places best protected from
wind erosion because vegetation grows abundantly in them. In
his opinion, the depressions are much larger than true buffalo

‘wallows, and if buffalo were like domestic cattle they would not

spend much time at a dry water hole.

Johnson® has shown that the depressions probably arz caused
by the settling and compaction of subsurface materials. Thus
removal of calcium carbonate from the topmost rock formation
and rearrangement of the loosely consolidated sands and gravels
in it could result in settling, and the gypsum and salt which
occur in the underlying red beds are readily soluble, and subject
to formation of caverns. Collapse of a cavern would result in
the settling of the overlying rocks and the appearance of a de-
pression at the surface. Ordinarily such a depression would be
roughly circular in outline, but the collapse of a very long cavern
would result in an eliptical depression or an elongate trough.

Climate. ‘'Texas County has a mild and dry climate. The
average annual mean temperature as recorded by the Weather
Bureau observers at Goodwell and Hooker is about 56° F.2 In
summer the days generally are hot, but the nights are cool be-
cause of the relatively high elevation. July and August are the

18. White, W. N., oral communication.

19. Baker, W. E., oral communication.

20. Johnson, W. D., “The High Plains and Their Utilization”: U. S. Geol. Survey
21st. Ann. Rept., Part 1V, 1899-1900.

2L. Except as noted, climatic data are either quoted or summarzied from U. S. Weather
Bureau, “Climatic Summary of the United States, Section 42, Western Oklahoma,”
1930; and “Climatological Data, Oklahoma Section,” published annually 1931-1937.
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warmest months, and January and December the coldest. The
highest recorded temperature is 112° F., at Hooker, in June, and
the lowest, also at Hooker, is —20° F., in January. The growing
season averages about 180 days, but has varied from 157 to 220
days. The last killing frost in spring occurs about the middle
of April, but has varied from March 27, to May 22. The first
frost in the fall usually occurs in October, but has varied from
September 26 to November 14.

Much of the precipitation comes in torrential rains which
quickly saturate the upper part of the soil so that a large part
of the water runs off into depression ponds, or escapes into the
main drainage lines. The annual precipitation of the county
averages aboyt 18 inches, but the precipitation differs from year
to year. For example, see the total precipitation for years 1907-11,
1915-16, and 1923-24 in the table for Hooker, and 1915-16 and
1923-24 in the table for Goodwell. At Goodwell the annual preci-
pitation has varied from 9.69 inches to 26.75 inches, and at Hooker
from 9.39 inches to 29.59 inches. No continuous record has been
obtained at Guymon, but the maximum annual precipitation for
the county, 34.99 inches, was reported there in 1915 by the
Weather Bureau. Since 1921 D. P. Bissell has kept a private
record of precipitation at Guymon, and reports a minimum of
11.23 inches, and an average of 18.1 inches for the 17 years. Part
of the precipitation comes as snow, the average amount to the
end of 1930 being about 15 inches of unmelted snow per year.
Besides the variations from one year to another, the annual preci-
pitation varies widely from one place to another in any given year,
as the tables below indicate. For example, compare precipitation
at Goodwell, Guymon, and Hooker for the years 1915, 1920, and
1930.

The tables show that the annual precipitation is likely to be
below average two years out of three, but that there may be several
years of above average precipitation followed by several dry
years. Beginning in 1931 and continuing to the end of 1937,
Texas County experienced seven years in which the precipitation
was below average. Based on the average at the end of 1937, the
departures from the average ranged from 1.18 inches to 7.73
inches per year at Goodwell, and from 0.75 inches to 7.4 inches
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per year at Hooker. Precipitation at Guymon has been below
average since 1932, with departures from average ranging from
1.34 inches to 6.87 inches per year. From 1931 to 1937 the accumu-
lated deficiency in precipitation amounted to 31.16 inches be-
low the 25-year average at Goodwell, and 33.16 inches below the
3l-year average at Hooker®™. The total accumulated deficiency
at Guymon from 1932 through 1937 is 24 inches below the
average for the past 17 years®.

The following tables give the monthly, annual, and average
precipitation at Goodwell, Guymon, and Hooker, with departures
from average by years, and the average monthly and annual
temperature at Goodwell and Hooker:

22. The period of record is 28 years at Goodwell and 32 years at Hooker, but records
for some of the early years are incomplete and are not included in the averages.

23. The average for the 17 years of unofficial record, 1921-37, rather than the average
for all the years of record, is used as a basis of comparison because only three annual
totals are included in the Weather Bureau record for the period 1909-15, and these
three are abnormally high. Their inclusion results in a high average annual precipi-
tation, and correspondingly high departures from average.
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Records of maximum and minimum daily relative humidity at
Goodwell published by the Panhandle Experiment Station”* for
the years 1925-1931, inclusive, indicate a mean relative humidity of
61.16 per cent for the 7-year period. The following table summarizes
the average daily maximum, average daily minimum, and average
daily mean relative humidity by months.

TABLE 1V.
Rerative Humipity AT GoopweLL, 1925-1931 (inclusive)

Average Average  Average Average Average Average
Maximum Minimum Mean Maximum Minimum Mean

January 88.66 39.75 64.21 August 87.33 36.59 61.95
February 88.72 35.97 62.34  September 80.61 36.24 58.50

March 84.11 36.08 59.63  October 81.90 36.42 59.16
April 81.91 33.59 57.76 November 88.70 41.04 64.87
May 86.75 37.42 62.08 December  89.61 39.47 64.54
June 85.51 36.18 60.84  Annual 85.56 36.84 61.16
July 82.73 33.33 58.02

The experiment station has also kept a record of evaporation
of water in inches from a sunken tank 6 feet in diameter, in
which the water was level with the land surface or lower. Evap-
oration from a water surface is greater than that from the soil,
but the results suggest the amount of water that may be lost
from open irrigation ditches or storage reservoirs. Results for
the 7 year period 192531, inclusive, show that the average evap-
oration per day ranged from 0.0507 inch for December to 0.3244
inch for June.® 'The table below compares the annual evaporation
with the annual precipitation.

TABLE V.
Totar ANNUAL EvAproraTioN AND Precteitation, 1925-31

Year Evaporation Precipitation
(inches) (inches)
1925 70.8 15.93
1926 61.8 17.28
1927 70.5 16.34
1928 63.8 24.30
1929 63.3 18.87
1930 67.8 18.53
1931 63.2 16.18

24. Finnell, H. H. “Agricultural Significance of Climatic Features at Goodwell,
Oklahoma”: Pankandle Agricultural Exp. Sta. The Penhandle Bulletin, No. 40,
pp. 37-38, 1929.
25. Idem, p. 40.
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Prevailing winds are from the south and southwest. North
winds are frequent, however, and during the winter months
the wind blows from the north, northeast, or northwest about as
much as it blows from the south, southeast, or southwest. Wind
velocities are frequently high. The Panhandle Experiment Station
has maintained a record of wind velocities at crop level, or 25
feet above the land surface, since 1925. Daily wind velocities
averaged by months ranged from 6.3 miles per hour for August
to 9.7 miles per hour for March, during the 7-year period 1925-31
inclusive, and the average annual wind velocity for this period
was 7.9 miles per hour?® As there are many days when there
is little or no wind, it is obvious that the wind velocity is very
high at other times.

ECONOMIC DEVELOPMENT

Agriculture. Cattle raising was the principal industry in
Texas County when settlement began. At first it was confined to
lands along the permanent streams and the adjacent uplands, but
soon it was found that the more remote uplands-could also be
grazed if deep wells were drilled to supply stock water.”” Large
ranches were established, but after a time they began to give way
to wheat farms, and in recent years cattle raising on a large scale
again has been confined largely to stream valleys and the adja-
cent breaks. Formerly most of the wheat growers maintained
small herds of cattle, but they were forced to sell because of lack
of pasture and forage, resulting from the drought of 1931-37. In
1936 about 63 percent of the land in use was devoted to crops,
and about 37 percent to grazing® The present importance of
cattle is considered by Mr. Hyer, the county agricultural agent,
to be much less than that of crops, but he expects it to increase
materially as the pastures improve. There are now at least two
large ranches in the county. The Anchor D. (Stonebraker-Zea)
ranch extends from highway 64 north of Guymon, upstream
along Beaver River for many miles, and embraces about 75,000

20. Idem, p. 25.

27. Fitzpatrick, E. G. and Boatright, W. C., “Soil Survey of Texas County, Okla:

homa”: ‘U. S. Dept. Agri. Bur. Chem. and Soils, Ser. 1930, No. 28, pp. 6-7.

ZAR. Land use survey, 1936. Information supplied by H. C. Hyer, County Agricultural
gent,
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acres. In 1937 the owners of the ranch leased it to operators who
grazed the lands carefully and systematically by moving small
herds frequently and transferring them occasionally to another
ranch. The Easterwood ranch extends from the Eva-Elkhart
road for about 30 miles downstream along Goff Creek, and totals
40,000 to 45,000 acres. According to reports only about 50 head
of cattle were maintained on it in 1937, pending improvement
in pastures.

Untl recent years wheat was the principal cash crop and
ranked first in importance because it could be produced at a very
low cost. In 1920 the county led the United States with an aver-
age yield of 22.5 bushels of wheat per acre, and the quality of
the wheat has won first place in the International Wheat Exposi-
tion® The soils on the upland flats range from sandy loam to
silt loam, and with sufficient moisture are capable of high yields.
Under present conditions, the row crops, including milo maize,
kafir corn, hegari, and others, account for the larger part of both
acreage and bushels of yield. Vegetables and fruits are largely
restricted to small gardens watered from windmills and to a few
fields of somewhat larger size on the flood plains, where ground
water is close to the surface. The flood plains also yield good
crops of hay, and can produce several crops of alfalfa each year,
either by natural sub-irrigation in favorable places, or by artificial
irrigation. The following list shows the use to which the culd-
vated land in the county was put in 1936.%°

Cror DistmBution IN Texas County N 1936

Per cent

Small grains 74
Hay 6
Row Crop 335
Tdle 3.7
TFallow 54.7
All other 1

TOTAL ) 100.0

The original homesteads were 160 acres®, and the prevailing
unit of measurement is still the quarter-section, but the size of

2. Gould, C. N, and Lonsdale, J. T., “Geology of Texas County, Oklahoma”: Oklg.
Geol. Survey Bull. 37, p. 62, 1926,

30. Land use survey, op. cit., 1936.

3L Fitzpatrick, E. G., and Boatright, W. C., Op. cit. p. 7.
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the farms has been increased through purchase of the original
homesteads until more than four-fifths of them are larger than
160 acres. The uncertain crop yield from year to year, and to
a lesser extent, from place to place in a given year, has been
largely responsible for the increase in the size of farm units. An-
other factor has been the flatness of the plains, which favors
economical operation of large acreages by the use of tractors. Two
partners are reported to have farmed 18 “quarters”—4.5 square
miles, or about 2,800 acres—and one man is reported to have
farmed 32 “quarters”, or about 5,100 acres, in 1937. However,
cultivated farm units larger than 640 acres are exceptional. The
Land Use Survey®® in 1936 found that 22 percent of the farms
were between 240 and 400 acres; 41 percent were less than 400
acres; 58 percent were less than 640 acres; and 72 percent were
less than 720 acres. '

Mineral Resources. According to well logs filed with the
Oklahoma Corporation Commission, 31 wells had been drilled
in search of gas or oil in Texas County by the end of 1938. Six
were reported as dry holes, and 18 showed initial production of
gas ranging from 3,600,000 to 49,903,000 cubic feet per day, from
depths ranging from 2525 to 2,898 feet. Table VI gives the
initial production of all gas test wells for which records are
available. Some of the gas is sold in outside areas, some is used
locally in Texas County towns, and some is used by farmers liv-
ing along a gas pipe line north of Beaver River between Guymon
and Optima. Late in 1937 work was begun on a plant to use
natural gas in the manufacture of carbon black, at a site 1.5 miles
northeast of Guymon. Many look to gas as a cheap source of
power for pumping water from wells for irrigation. As yet
there are no producing oil wells in the county.

Other mineral resources are distinctly limited and are little®
used. Caliche is widely used as a road material, and formerly
was burned to produce lime plaster for local use. Some of the
sandy varieties, which closely approximate sandstone, were used
for fence material and for dwellings in the early days, but are
32. Land U; Suvey. Op. cit.

33. Gould, C. N,, and Lonsdale, J. T., “Geology of Texas County, Oklahoma": Okla.
Geol. Survey Bull. 37, pp. 38-39, 1926.
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GAS WELLS
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not being quarried at present. A good grade of rock wool has
been made experimentally from caliche.® (See chemical analyses

tained from the streams. There are small deposits of gypsum in the
southeastern corner of the county, but these have not been util-

table XI, page 81). Sand and gravel for use in concrete can be ob-
ized.
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“Rock Wood Possibilities in Oklahoma”; Okla. Geol. Survey. Bull.

31. Wood, F. C.
60, 1939.
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TABLE VI.
List oF Gas Test WeLLs DritLep 1¥ Texas County (Continued)

(From logs in files of Oklahoma Corporation Commission)

Total
Depth
(Feet)

Initial Production
(Cubic Feet) *

Date of
R. Completion

T.

Location

Sec.

Name of Company

Name of Farm
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Population. The population of the county in 1930 was 14,100.
Guymon, the county seat, located near the center of the county,
had a population of 2,181, being the largest town in the Okla-
homa Panhandle. Hooker, the second largest town in the
Panhandle, is located 20 miles northeast of Guymon, and had a
population of 1,628 in 1930. Both probably owe their relatively
large size and importance to the fact that they are located on the
main line of the Chicago, Rock Island, and Pacific Railroad from
Kansas City to El Paso, which for many years was the only through
railroad crossing the Panhandle. Goodwell, population 501 in
1930, is located 10 miles southwest of Guymon, and is the site
of the Panhandle Agricultural and Mechanical College. Other
towns and post offices are Texhoma (819), Optima (115), Ty-
rone (482), Hardesty, Adams, Bakersburg, and Eva. Mouser and
Hough are stations on the Beaver, Meade and Engelwood (Mis-
souri-Kansas-Texas) Railroad and function as grain shipping points
and supply depots for gasoline and tractor fuels, but do not have
post offices. Several post offices and towns formerly scattered
about the county, are now abandoned because of shifting of popu-
lation and easier communication as roads improved and the use
of automobiles increased. These include Grand Valley, Range,
Pony Creck, Fernwood, Red Point, Weitz, Barden, Camp, Postle,
Kuhn, Shelton, Cosmos, Carthage, Ona, James, and Rice. These
names appear on old maps of the county and state and on some
highway maps, many survive as names of country schools, and
some are still in use to designate localities, although the towns are
completely gone.

GENERAL GEOLOGY

STRATIGRAPHIC SUMMARY

The exposed rocks are all of sedimentary origin, and range
from Carboniferous to Recent in age. Outcrops of the formations
are shown on Plate I. The older rocks are generally red shales
and clays with minor sandstones, and some gypsum, and are both
marine and non-marine in origin. The Ogallala formation, of
Pliocene (Tertiary) age, consisting of light-colored, highly cal-
carcous sands, gravels, and clays, is the surface formation in most
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Sys-
tem

Lithology and Water-bearing
Properties

QUATERNARY

Sand. Sand dunes absorb much
of the rainfall and are areas fav-
orable to recharge of the ground
water reservoir, but are above the
water table and do not supply
water directly to wells,

Sand, silt, and gravel on flood
plains.  Coarser portions yield
adequate supplies of water to
shallow domestic wells. Water is
of gnod quality except along
Paloduro Creek and its tribu-
taries, Supplies a small gmount
of water to scattered irrigation
wells.

TERTIARY

Calcarcous sands, gravels, silts,
and clays, in general but slightly
consolidated.  Principal aquifer,
Furnishes adequate supplies of
water of good quality to domes-
tic, stock, and municipal wells,
generally from depths greater
than 100 feet. Sands and gravels
probably would supply sufficient
water to wells for irrigation in
parts of the county.

Irregular erosion surface on older
rocks.

CRETACEOUS

Brownish-gray shale containing
an abundance of well-preserved
Gryphea corrugata, cxposcd in a
slump or fault block. Gryphea
and some shale mixed with gra-
vels at base of Ogallala. 5 feet.

Red shales and thin-bedded white
sandstone overlying Cheyenne
sandstone, 5 feet,

Soft, white to yellowish-brown,
friable, ferruginous sandstone.
Contains numerous casts of Low-
er Cretaccous pelecypods. Crops
out as ledges in two localities and

TABLE VIL
Georocic FormATiONs Exposep IN TExAs CoOUNTY
Ser- Thickness
ies Formation (Feet)
Dune Sand 0-25?
Alluvium 0-100?
2
g Ogallela 150-500+
Q
|
A
Unconformity
Purgatoire
Kiowa(?)
shale 10
member
177}
=]
Q
=
=
£
E Cheyenne
(3] sandstone 5
o member
5
=3
Q
A

as outliers en Jurassic (?) red
beds.

Not known to yield . water to
wells in Texas County.
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TABLE VII, Continued

Georocic FormaTions Exposep iN TExAs County

Lithology and Water-bearing
Properties

Upper red shale containing some
thin-hedded, rusty-brown sand-
stone. 18 to 20 feel.

Sandstone-conglomerate, white to
light gray, friable, massive, cross-
bedded, fine to coarse grained.
Pebbles of shale and dolomitic
limestone. 10 to 50 feet.

None of these béds are known
to yield water to wells, Exposures
are too small and too much dis-
sected to furnish favorable in-
take area.

Irregular erosion surface and an-
gular unconformity.

Red, yellow and gray clays, with
interbedded soft, red and gray.
sandstones. Furnishes small sup-
plies of water to a few stock and
domestic wells. The waler may
be more or less mineralized.

Sys- Ser- Formation Thickness
tem ies (Feet)
<
Jurassic 30-70
= )
T ?
N
<
o1
jou]
=
Unconformity
a
< .
173 Triassic(?) 20-75
171
-
-
[+
=
2z
z8 !l 2 75
=) = Cloud !
o 55 = Chief
< =]
Sh e

Red clay or shale with minor
beds of sandstone and gypsum.
Yields small supplies of highly
mineralized water from the sand-
stones and from joints in the
clay.

parts of the county. These beds were deposited on land by
streams, and are the principal sources of ground water. The older
rocks are relatively impervious, are generally too deep for econo-
mical pumping, and contain soluble minerals which make the
water undesirable. At or near the surface in most of the area
there is a considerable thickness of caliche (locally called “gyp”),
a white, limy material varying from very sandy and somewhat
porous to very dense, hard, nearly pure limestone. Beds of the
harder and more resistant type of caliche are responsible for the
cliff that appears at the top of the valley bluffs, and in places
two or more beds are present. The alluvial deposits of the flood
plains and the sands of the dune areas have been derived largely
from the Ogallala formation.
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Table VII lists the geologic formations and summarizes their
characteristics.

STRUCTURAL GEOLOGY

Texas County is in the western Oklahoma-Dodge City bas-
in.”  Meager subsurface evidence on key beds in the Pennsylvan-
fan and Permian rocks indicates a gentle east dip, as shown by
Six* for the Panhandle counties, by Green® for western Okla-
homa, and by Dott®® for the “Lansing Lime” of petroleum geolo-
gists, in Hamilton, and Finney and Seward Counties, Kansas. Mull®®
reports that formations below the Blaine, at least, dip eastward
in- Texas County from sec. 21, T. 6 N, R. 14 E., to sec. 23, T. 6 N.,
R. 16 E., at a rate of 18 feet per mile. This general east dip is
also indicated by surface exposures of Lower Cretaccous sandstones
and the underlying red bedsat the Red Point locality in central
Texas County, which are about 850 feet lower than exposures of
corresponding rocks 50 miles to the northwest in Cimarron Coun-
ty.

35

The inliers of Triassic (?), Jurassic (?), and Cretaceous
rocks at Red Point and farther west along Tepee Creek suggest
a local fold of some magnitude, or possibly a hill on the pre-Ter-
tiary erosion surface, or both. An apparent thickening of the
Ogallala deposits both to the north and to the south helps sub-
stantiate both explanations, but proves neither. A study of the
logs of gas test wells suggests that key beds in the Permian dip
away from the Red Point locality and supports the suggestion that
this red bed high is at least partly due to structural uplift.

The Ogallala formation was deposited on the uneven floor
of older rocks, and appears to have been little disturbed. Where
the beds are exposed in the banks of the streams they are seen
to dip at low angles which probably are very nearly the angle of
slope of the surface on which they were deposited. Locally, how-

35. Sce The Oil WWeekly, May 14, 1934, and February 11, 1935, map supplements.
36, Six, R. L., “Oil and Gas in Oklahoma; Beaver, Texas, and Cimarron Counties”:
Olda. Geol. Survey Bull. 40-WW, 1930, p. 12 and cross section. :
37. Greene, Frank C., unpublished manuseript cross scction.

38. Dott, R. H., “Kansas’ Future Crude Oil Reserve Status”: The Oil Weekly, Feb.
11, 1935,

39. Mull, J. O., personal communication to State Geologist R. H. Dott.
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ever, both the red beds and the overlying Ogallala have moder-
ate to steep dips, of which the following are examples:

Eight miles west and three miles north of Guymon, in the
NWY; NWY; sec. 23, T. 3 N, R. 13 E,, red beds thought to be of
Triassic age are exposed in the bank of a creek, and are arched
in a structure whose exposed width is about 190 feet. A maximum
dip of 14° NW was measured in beds at the northwestern end
of the exposure, and the suggestion of a southwest dip was noted
at the other end. About a tenth of a mile to the northwest, beds
exposed in a road cut dip 17° NE and indicate that the structure
is very small.

On South Fork, in secs. 25 and 26, T. 3 N, R. 14 E., there
are small, closely-spaced exposures of the Ogallala  formation
which strike N. 62" E. to N. 39" W., and show dips ranging from 6°
SE. to39° NE. Most of the materials in these exposures are evenly
bedded clays which should have been deposited in a horizontal posi-
tion in quiet waters, hence cross-bedding or torrential bedding is
not a probable explanation of the observed dips. Farther up-
stream in the northern part of sec. 1, T. 2 N, R. 14 E., similar
beds exposed in the creek channel indicate a dome measuring
but a few feet across.

Other small scale structures have been noted in the Dakota
sandstone of Cimarron County, north of Boise City*’, and secem
best explained by slumping of the rocks after removal of under-
lying gypsum or salt by solution, in the manner suggested by
Clifton."" It will be recalled that the many depressions which
dot the upland surface may also be due to solution and slump-
ing in the subsurface rocks, and it is therefore probable that the
rocks are actually more disturbed than surface exposures indi-
cate.

No major faults are known te cross Texas County. Two
small faults were discovered on the south side of Beaver River
at the red bed inlier west of Guymon, in sec. 26, T. 3 N, R. 13
E. One of them is exposed in the bank of the river and brings

40. Stovall, J. W., Oral communication.
4. Clifton, R. L., “Permian Structure and Stratigraphy of Northwestern Oklahoma
and Adjacent Areas”: Bull. Amer. Assoc. Petr. Geol., Vol. 14, pp. 161-173, 1930.
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Jurassic (?) sandstone against Triassic (?) red shales. It has a
minimum throw estimated at 20 feet, and is thought to strike
about north-south. The other and less well exposed fault ap-
pears to displace the Jurassic (?) rocks. Another small fault was
scen in the bed of a creek in sec. 14, T. 3 N, R. 13 E., and may

account in part for a block of Kiowa (?) shale that is exposed
nearby. '

GEOLOGIC FORMATIONS AND THEIR WATER-BEARING
PROPERTIES

PaLrozoic Rocks

CARBONIFEROUS SYSTEM
Permian Series
CLOUD CHIEF FORMATION

Character. 'The oldest rocks exposed in the county are red
beds belonging to the Cloud Chief formation. They consist
mainly of red shale or clay, with minor amounts of gray and
green clay, buff to brown sandstones, and a little gypsum. Some
shales are sandy or silty. Sandstones are neither thick nor con-
spicuous except east of former Range Post Office. In sec. 17, T.
1 N, R. 19 E,, Gould and Lonsdale** found 8 feet of very fine-
grained, buff to brown sandstone containing small, concretionary,
dendritic-shaped aggregates thought to consist of manganese ox-
ide, and larger rounded concretions of iron oxide. The same
authors report gypsum in a 3-foot bed about a mile east of Palo-
duro Creek in secs. 13 and 24, T. 1 N,, R. 19 E. An exposure
with about 14.5 feet of gypsum was measured by the writer as
follows:

'SectioN oN CuiQuitA Creek, Sec. 3, T. 1 N, R. 19 E. -

Feet

7. Gypsum, massive bedded, showing wavy bands of red, and streaks
giving marbled effect ... . 9.6

6. Highly gypsiferous red shale. Gypsum occurs (a) as thin flakes

or sheets a few millimeters thick, bedded with the shale; (b)

inclined sheets, 0.5 inch or more thick, some apparently originat-
ing in the layer below 3.6
Gypsum, variable in thickness, more or less shaly 0.5

Shale, like (2), but inclined gypsum sheets are more numerous

and reach 0.5 inch thick., A lens in gypsum; observed length,
35 feet 0.
Gypsum, white, irregular, somewhat shaly 0

Shale, red gypsiferous. Inclined sheets of gypsum 1-16 to 1-8
inch thick
1. Gypsum, white irregularly bedded, much jointed

-

Lol od

Total . 20.6

42 Gould, C. N,, and Lonsdale, J. T., Op. cit. pp. 23-24.
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Nomenclature and age. The name Cloud Chief formation is
here retained for these beds in keeping with previous reports on
the area, although there is some uncertainty as to details of classi-
fication. Thus, Clifton* finds that the Cloud Chicf as defined
by Gould represents a group of more or less continuous strati-
graphic units, and suggests introduction of a new name for the
beds from the base of the Day Creck dolomite up to the base of
the Quartermaster formation. On the other hand, Evans** makes
the Cloud Chief the uppermost member of the Whitehorse sand-
stone because “the base of the Cloud Chief horizon occurs near
the middle of the Whitehorse sandstone as originally described
by Gould.”

The Cloud Chief formation is of Permian age, and exposures
in Texas County are correlated with areas of better known Per-
mian rocks farther east on the basis of tracing almost continuously
across Beaver County* and on the lithologic character of the
rocks. Arguments to show that the Permian-Triassic contact is
an unconformity at the base of the Whitehorse sandstone, and
therefore that the Whitehorse, Cloud Chief, and younger rocks
are Triassic rather than Permian, have been presented by Roth*,
but have been refuted by Anderson."”

Distribution. The formation crops out in the southeastern
part of the county along Paloduro Creek and its tributary Chi-
quita Creek, and extends a short distance up Hackberry Creek. On
Plate I, the mapping by Gould and Lonsdale has been followed
in general, but some changes based on observations by the writer
and on the Texas County soil map*® have been introduced. The
Vernon very fine sand loam and the undifferentiated Vernon

43. Clifton, R. L., “Permian Structure and Stratigraphy of Northwestern Oklahoma
and Adjacent Areas”: Amer. Assoc. Petro. Geol. Bull, 14, p. 172, 1930.
44. Evans, Noel, “Stratigraphy of Permian Red Beds of Northwestern Oklahoma":
Amer. Assoc. Petro. Geol. Bull, 15, p. 420, 1931.
45. Gould, C. N., and Lonsdale, J. T., Op. cit., p. 25.

Gould, C. N., and Lonsdale, J. T., “Geology of Beaver County, Oklahoma”: Okla.
Geol. Survey Buell. 38, pp. 19, 21, 1926,
40. Roth, Robert, “Evidence Indicating the Limits of Triassic in Kansas, Oklahoma,
and Texas”: Jour. Geol. vol. 40, pp. 688-725, 1932,
47 Anderson, G. E.. “The Permian-Triassic Problem in Western Oklahoma”: Jour.
Geol. vol. 41, pp. 834-839, 1933,
48 Fitzpatrick, E. G., and Boatright, W. C., Op. cit., Map.
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soils (“eroded phase”) doubtless are derived from the Cloud
Chief.

Thickness. The maximum exposed thickness of the forma-
tion east of Paloduro Creek is reported by Gould and Lonsdale®®
as 70 feet. The writer measured 75 feet of red shales and fine-
grained sandstones south of Hackberry Creek, in the N5 sec.
10, T.1 N, R. I8 E. In a summary of the rock formations of
Oklahoma, Gould®® assigns a thickness of 115 feet to the Cloud
Chief. However, in Beaver County™ there may be 140 feet, and
Evans® says the formation is 150 feet thick northwest of Wood-
ward, Oklahoma. In the Texas County outcrop, some of the
upper part has been removed by erosion, but it is thought that
enough remains concealed beneath the surface so that many of
the wells east of Paloduro Creek probably do not reach into for-
mations older than the Cloud Chief.

WATER SUPPLY

Well drillers who have worked in the area ecast of Paloduro
Creek report that water is obtained in “joint clay”—probably the

_Cloud Chief, though possibly lower red bed formations. The clay

or shale itself is so fine-grained, and the spaces between the min-
eral grains are so small, that water can not pass freely through
it. Therefore practically all the water from it must come through
joints. Although these beds appear to yield enough water for domes-
tic wells, it is doubtful whether water passes through the joints fast
enough and in large enough quantities to supply a large well,
and any such well should be expected to draw the water level
down many feet while pumping, thereby increasing the pumping
lift and the cost of operation. The thicker sandstones probably
yield larger quantities of water more freely than the clays or
shales but afford only a limited supply because they are not wide-
ly exposed at the surface and so can not receive large amounts

49 Gould, C. N., and Lonsdale, J. T., “Geology of Texas County, Oklahoma”: Okla.
Geol. Survey Bull, 37, p. 23, 1936.

"0. Gould, C. N., “Index to the Stratigraphy of Oklahoma”: Okla. Geol. Survey Bull.
35, p. 95, 1925,

5L Gould, C. N., and Lonsdale, J. T., “Geology of Beaver County, Oklahoma”: Oklg.
Geol, Survey Bull. 38, pp. 20-21, 1925.

$2. Evans, Noel, Op. cit., p. 423,
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of water from rainfall. The sandstones are lenticular, and being
more or less surrounded by shales, probably derive most of their
water by slow seepage from the shales. Water in the Cloud Chief
is rather highly mineralized, and reports of bad-tasting water
are common in the area of its outcrop. Houghton®® mentions the
reported saltiness of water in the northeastern quarter of T. 1 N,
R. 18 E., and calls attention to salt beds encountered in the so-
called Three-Way test for oil and gas which was drilled in that
locality. He attributes the saltiness of some nearby wells to an
assumed salt dome, but it should be noted that the salt beds were
encountered in the test- well at 545 feet, 815 feet, and 1435 feet—
much deeper than most water wells. If the water is contaminated
from salt beds at such depths, upward circulation of ground
waters must be assumed. A more likely possibility is that there
are thin salt beds at higher horizons which went unnoticed in

drilling the test well.

MeEsozoic Rocks

Rocks of pre-Ogallala age consisting of red beds and sand-
stones, crop out as inliers in several localities near the middle of
Texas County. The largest and most interesting outcrop is about
5 miles long and 2 to 3 miles wide, in Beaver River valley west
of Guymon, near the site of old Red Point post office. Other
outcrops occur along Tepee Creek and its tributaries.

Most of the red beds and part of the sandstones are tenta-
tively referred to the Triassic and Jurassic, respectively. Fossils
of Washita (Lower Cretaceous) age identify one sandstone ledge
and numerous slump blocks, as probably the Cheyenne sandstone
member and a slump or fault block of gray and brownish shale
as probably the Kiowa shale member of the Purgatoire formation.
These latter have been found only in the Red Point area.

Gould™ originally classed these beds as “Red Beds of Uncer-
tain Relationship,” and later™ as Triassic (?), out of deference to

53. Houghton, 1. W., “Water Survey of Texas County, Oklahoma”: Panrhandle Agri.
Exp. Sta. Bull. 20, 1930.

54. Gould, Charles N., “Geology and Water Resources of Oklahoma”: U.-S. Geol.
Survey, Water Supply Paper 148, P1, 1, p. 73, 1905.

55. Gould, Charles N., “Index to the Stratigraphy of Oklahoma”: Okla. Geol. Survey
Bull. 35, p. 103, 1925,
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the opinions of other geologists, but with the reservation that he
was more inclined to consider them of Permian age.

The discovery by Clifton®® of Lower Cretaceous invertebrate
fossils in sandstones at the Red Point locality in 1925 proved the
presence of at least remnants of Cretaccous rocks. Somewhat
later, Bullard®® studied the fossils from the sandstone, which he
mapped as small outliers resting on the red beds of Triassic age.

No stratigraphic section of the rocks at the Red Point locality
has been published heretofore, so in the autumn of 1938, Robert
H. Dott, Director, Oklahoma Geological Survey, and the writer
studied the area for the purpose of preparing such a scction, and
obtained evidence suggesting that Jurassic rocks may be repre-
sented in addition to Triassic and Cretaceous. The study of the area
is not complete, and it is possible that some of the problems may
never be completely solved, but it is considered desirable to present
the available data and suggested interpretations in this report. All
these rocks are shown on the geologic map (Plate I) as Triassic
(?), because of the incomplete field data, and the tentative charac-
ter of the conclusions, and because some of the outcrops are too
small to be shown individually.

TRIASSIC (?) SYSTEM

Character. 'The Triassic (?) rocks consist chiefly of red shales
and fine-grained buff, pink, red, and white sandstones, and minor
beds of fine conglomerate in which most of the pebbles are gray
or white clay. The red shales range from sandy to nearly free
of grit, they break in small, angular fragments, and the bedding
is generally obscure. In many places there are thin layers of white
shale or fine sandstone bedded with them. Locally the white
shale occurs as irregular blotches in the red, without evident re-
lation to bedding planes. The following measured sections
illustrate the lithology of the formation.

58. Clifton, R. L., Letter to C. N. Gould, 1925.
57. Buillard, Fred M., “Lower Cretaceous of Western Oklahoma™: Qkla. Geol. Survey
Bull. 47, pp. 90-92, 1928.
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SecrioN Arone CREEK 1N SW14 Skc. 19, ano NW14 30 T. 3 N,, R. 14 E.

Triassic (?) red beds Feet
19. Shale, gray, and YellowiS-8ray ......ooooooiiee oo 1.0
18. Clay-shale, bright red, hard, breaks in smalil angular fragments .. 3.0

17. Sandstone, red, very fine, rather regular bedding in layers 0.6

inch to 1.26 inches thick ..o 25
16. Shale, white, massive, BIIEY oo 0.25
15. Conglomerate, with shale pebbles, red, white, and yello
. at an angle with that of overlying shale) ... 0.85
14. Sandstone, white, very fine, weathers brownish-gray 0.3
13. Clay-shale, white ... 0.15
12. Clay-shale,

BEPMCEUTE oo 0.3
11, Clay-shale, mostly yellow, hut some also red and white 4.0
10. Shale, soft, red, and very fine hard red sandstone 2.3
9. Shale, white ...................... 0.3
8. Clay-shale, mostly red, some white .. 1.0
7. Shale, red and yellow, hard, SANAY oo, 1.0
6. Shale, red and yellow, frregularly hedded ...................... e 07
5. Shale, red and white, and frregularly hlotched white; lens or
. pocket of white muscovitic clay-shale, 2.3 to 2.5 feet .. .. 5.0
4. Sandstone, massive, brown, medium-grained ... ... e 2.1
3. Shale, massive, red, sandy, with thin white layers; some yellow-

Ishe shale .. ... 35
“ 2. Conglomerate, gray, with shale pebhles, mostly less than 1 inch

in diameter; and coarse gray sandstone, grading laterally into

white, thin-bedded, sandy, muscovitic shale ... 4.0
1. Shale, red and gray ; 1.3

Base not exposed. Total .............. 33.55

Secrion on SoutH Swe OF Trisutauy OF TEPEE CREEK
Near W% con. Sec. 8 T. 3 N, R. 12 E.
Feet
3. Very fine red sandstone, with white spots and blotches, on the

whole rather soft, but locally dense and fairly havd ... 6
2. Shale, sandy, red, with some white shale in layers and blotches.

Within 26 feet laterally this bed hecomes harder and somewhat

coarser—i. e., fine, shaly sandstone 10-11
1. Shale, sandy, white 2.6-3.3

Total .........coeveueeee. 18.5-20.3

Age. The age of these red beds is uncertain because no
fossils of any kind have been found in them. They are strati-
graphically the lowest, and therefore the oldest, of the rocks ex-
posed at the Red Point locality, and appear to be separated from
the next higher rocks by an angular and erosional unconformity
(page 51). Unfortunately, the age of the rocks above the uncon-
formity is also uncertain, but Cretaceous fossils have been found
in still higher beds. Hence it is plausible that all the rocks of the
area belong to Mesozoic systems rather than to the Paleozoic,
and accordingly the tentative assignment of these lowest beds to
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the Triassic is retained. Lithologically, the rocks resemble the
Triassic rocks (Dockum) of northwestern Cimarron County.

Thickness. The total thickness of the Triassic (?) in Texas
County is not known because the base does not seem to be ex-
posed, and the Triassic (?) cannot be distinguished in well logs
from red beds that occur above and below it. Measurements
of the scattered exposures at the Red Point locality range from
20 to 75 feet, and it is possible that even the maximum figure
does not account for all the Triassic (?) beds that crop out.

WATER SUPPLY

Few wells have been drilled on or near the Triassic (?) rocks,
and it is not possible to say whether the few now in use draw
water entirely from them or obtain part from higher and lower
formations. Well number 294 is located near the NW cor. sec. 25,

" T.3 N, R. 13 E, about a third of a mile east of Beaver River,

and seems almost certainly to end in the Triassic (?). It is unused,
and no sample of the water could be obtained.

Wells 287 and 288, described on pages 101-2, are located near
an outcrop of the Triassic (?) on Tepee Creek, and according to
the driller’s report™ entered red beds which may be Triassic (?)
in part. Wells 403 and 412 also may draw more or less water
from Triassic (?) rocks.

In general, the Triassic (?) rocks are too impermeable to
permit ready movement of water through their pores. This is
especially true of the shales, but applies also to the sandstones,
which are thin, fine-grained and discontinuous, and many of them
may not crop out in places where rainfall can seep into them.

Water analyses 287, 403 and 412 represent waters from the
Triassic (?) or mixtures thereof, and are briefly discussed on
page 94.

UNCONFORMITY

Triassic (?) red beds crop out in the bluff on the east side
of Beaver River in the NW1; NE; sec. 26, T.3N, R. 13 E,, and

8. Freeman, Frank, oral and written communications.
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extend to a height of 20 feet above the stream level. They strike
N 53" E and dip 20" SE, and are overlain by sandstones that ap-
pear to be essentially horizontal. Thus there is evidence for an
angular unconformity amounting to about 20" in dip.

At nearby points both upstream and downstream the hori-
zontally overlying sandstone descends to stream level, suggesting
relief on the surface of unconformity amounting to 20 feet or
more.

This angular and erosional unconformity was not observed
at other places, and in the absence of fossil evidence to indicate
the age of the beds above and below it is not possible to state
its true significance. The suggestion is offered that it marks
the systemic boundary between the Triassic and the Jurassic.

JURASSIC (?) SYSTEM

Rocks that may be of Jurassic age occur above the Triassic (?)
in the north half of sec. 26, T. 3 N., R. 13 E,, are thought to be
present at several places in the W14 sec. 14, T. 3 N,, R. 13 E. and
immediately adjacent parts of sec. 15, in the NW14 sec. 28, and
probably can be found elsewhere.

Character. 'The Jurassic (?) rocks can be subdivided into
a lower sandstone-conglomerate unit and an upper red bed unit.

The sandstone is best exposed along the east side of Beaver
River in the NE14 sec. 26, T. 3 N, R. 13 E., where it attains a
maximum known thickness of about 50 feet. It is white or light
gray, massive, cross-bedded, micaceous, and varies from fine- to
coarse-grained. Most of it is moderately well indurated, but
locally it is so friable that it crumbles when struck with a ham-
mer. ‘There are included shale zones, some of which are red,
and these shales contain thin-bedded, red and brown sandstones.

At the mouth of the small tributary which heads near the
SE cor. sec. 26, T. 3 N,, R. 13 E., this unit is nearly all sand-
stone, with only three or four thin conglomerate beds, but as it
is traced northward along the river into the SE!} sec. 23, the
conglomerates thicken and become coarser, and in part are red.
Similar coarse and thick sandstone-conglomerates that crop out
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along a tributary of Beaver River in the W5 sec. 14, and on
the north side of Beaver River near the middle of sec. 28, T. 3 N,,
R. 13 E,, are thought to represent the same horizon.

Pebbles in these conglomerates consist of shale and dolomitic
limestone. The thickness of this unit is variable, ranging from
10 to 50 feet. Part of this variation is probably due to the relief
on the unconformity below.

The lithology of the overlying red bed unit is illustrated by

the following two sections.

SecrioN oF Jurassic (?) REp Beps MEASURED IN
NEY% NE% Sec. 26, T. 3 N, R. 13 E.

Feet
Shale, red, breaking in sharp-edged polygonal fragments, with
some interbedded white layers . e 110
Sandstone, fine-grained, thinly but irregularly bedded, rusty-
reddish-brown in color, makes ledge 3.3
Shale, white 0.4
Shale, red, sandy with thin white layers 3.8

[

Total : 185

Section oF Jurassic (?) Rep Beps Measurep ALoNc GurcHeEs Near MiobLE
oF N% Sec. 26, T. 3 N,, R. 13 E.

Feet
11. Conglomerate, white, fine . 0.3
10. Shale, red 4.0
9. Covered . 3.0

(Moved 700 feet to NW around point of hill to west side of min-
or draw and continued section from beds considered to be numbers
7 and 8.)

8. Sandstone, fine-grained, thinly but irregularly bedded, rusty
reddish brown (at fork in creek) 2.6
To Shale, WHIte ettt et e sas st e ms 0.1
6. Shale, red 2.2
8. COVETEU ..ot e e e en s en b eaneasa 2.0
4. Sandstone, white, thin-bedded . 2.0
F R 103 =T O O OO 1.0
2. Clay, yellow, overlain by thin-bedded, buff to gray sandstone ... 1.2
1. Covered ....... 1.0
(Sandstone of underlylng Jurassic (?) unit) L.
Total ... . 19.4

Age. No fossils have been found in either the sandstone-
conglomerate or the overlying red beds. These rocks underlie
a sandstone from which lower Cretaceous fossils have been ob-
tained, and overlic an unconformity which may mark the top
of the Triassic.
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In a measure, the sequence resembles part of the Jurassic of
northwestern Cimarron County, as described by Stovall,®® and
observed by the writer. The thick sandstone unit is not unlike
either the Exeter sandstone, nor some of the massive, light-colored
sandstones in the Morrison formation, while the red beds unit is
somewhat reminiscent of variegated shales in the Morrison. On
the basis of these considerations, these two units of the Red Point
section are tentatively referred to the Jurassic.

Thickness. As indicated by the sections that were measured,
the combined thickness of the Jurassic (?) beds at Red Point,
ranges from about 30 to 70 feet.

WATER SUPPLY

No wells are known to draw water from the Jurassic )
rocks, and they are not regarded as important aquifers in Texas
County. Part of the moderately-cemented sandstone in the lower
unit is coarse enough and appears uniform enough to have a
high permeability. It would yield water readily to wells, if it
were widely enough exposed so that appreciable amounts of
rainfall could enter it. In Texas County the Jurassic (?) crops
out only in the exposures of the Red Point area, which are too

small, and too severely cut up by erosion and faulting, to furnish
a favorable intake area.

CRETACEOUS SYSTEM

PURGATOIRE FORMATION
Cheyenne Sandstone Member

In 1925 Clifton*® discovered Cretaccous fossils in a sandstone
at the Red Point locality, west of Guymon, and called the matter
to Gould’s attention. Later Bullard®! mapped and described the
small area where the fossils are found, and listed several species.

Character. As described by Bullard, the fossiliferous sand-
stone is soft, white to yellowish brown, contains lenses and layers
of quartzite, and is about 5 feet thick. It weathers reddish be-

59. Stovall, J. Willis, “The Morrison of Oklahoma and lis Dinosaurs”: Jour. Geol, Vol.
46, pp. 583-600, 1938; and unpublished notes.

60. Clifton, R. L., Op. cit.

1. Bullard, F. M., Op. cit.
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cause of the oxidation of the iron in it. Much of it is very friable,
but locally it is well indurated. It crops out in place on either
side of the small creek in the northern part of sec. 30, T. 3 N, R.
14 E,, and in the NE!Y NE! sec. 15, T. 3 N, R. 13 E. It also
occurs more prominently as large angular blocks lying in various
positions on top of long, narrow ridges. The ridge tops ha.ve
similar altitudes, and evidently the blocks once formed a contin-
uous bed, although they have been more or less let down by
erosion.

Origin. 'The marine pelecypods found in this sandstone are
conclusive evidence of marine origin. The fine- to medium-
grained sand of which the sandstone is composed suggests depo-
sition in moderately shallow water off shore, rather than on or
near the beach, where wave activity is ordinarily greatest.

Age and fossils. ‘The following fossils were reported by Bul-
lard®, who considered them to indicate Washita age (Lower
Cretaceous), and suggested that the sandstone represents erosional
remnants of a once continuous stratum, possibly the eastward
extension of the Purgatoire formation of northwestern Cimarron

County:

Oxytropidoceras belknapt Marcou

Trigonia sp.

Turritella sp.

Inoceramus sp.

Poorly preserved pelecypods similar to Cucullaea sp., and Tapes, sp.

Additional fossils from the sandstone were collected by the
writer and were identified by T. W. Stanton, as follows:

Pteria salinensis White? . ’

Inoceramus sp. Fragments of another (?) species

Yoldia microdonta Meek?

“Roudairia” quadrans Cragin, which appears to be really a Protocar-

dia. .

Concerning them, Dr. Stanton wrote: “In addition to the
above there are several pelecypod casts probably belonging to the
Veneridae that cannot be satisfactorily identified. The collections
clearly belong to the Comanche fauna and represent a horizon

near the base of the Washita.”

The nearest exposures of Cretaceous rocks are in Morton

€. Bullard, F. M., Op. cit., p. 90.
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County, Kansas, but better ones are found in northwestern Cimar-
ron County, Oklahoma; where the section contains, from the
base upward: Purgatoire formation with two members, the Chey-
enne sandstone, and the Kiowa shale; Dakota sandstone; and
locally some higher beds which have been referred to the Gran-
eros.®

No fossils have been found in the Cheyenne sandstone in
Cimarron County, but the Kiowa shale carries a prolific Wash-
ita (Lower Cretaceous) fauna, and on this basis the two units
were referred to the Purgatoire formation by Rothrock.® ‘The
fossiliferous sandstone of the Red Point area is very similar in
age and lithology to the Cheyenne and its equivalence to that
unit is highly probable.

WATER SUPPLY

The Cheyenne sandstone is porous enough to hold con-
siderable water, coarse enough to yield it to wells, and consolidated
enough so that a well probably would stand without being cased,
but it probably is of little or no significance as a source of water.
It may occur under the Ogallala formation to the west of the
Red Point locality, but if the exposed parts are indicative it may
be present only in isolated patches. Even if the patches increase
in size and number until they become a continuous layer in
western Texas County, the formation may still be so thin that
no great quantity of water could be taken from a single well. No
wells are known to draw water from this sandstone, but it is
probable that in drilling it would not be distinguishable from
sandstones in the Ogallala formation.

Kiowa (2) shale member

Red shales and thin-bedded white sandstones are exposed in
the washed-out ruts of an old road on the east side of the creek
in the northern part of sec. 30, T. 3 N, R. 14 E. They are strati-
graphically above the Cheyenne sandstone, therefore at the horizon
of the Kiowa shale, but the red bed lithology is not normal to

3. De Ford. R. K., “Arenl Geology of Cimarron County, Oklahoma”: Bull. Amer.
Assoc. Petro. Geol. Bull., Vol. XI, pp. 753-755, 1927.

Stovall, J. Willis, op. cit.
4. Rothrock, E. P., “Geology of Cimarron County, Oklahoma”: Okla. Geol. Survey
Bull. 34, p. 47, 1925,
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the Kiowa. No fossils have been found in the post-Cheyenne
beds at this point.

A large slump or fault block of gray and brownish-gray shale
containing an abundance of very well-preserved Gryphea corrugata,
was found on the east side of a creek near the center of the W1
sec. 14, T. 3 N, R. 14 E,, in contact with Triassic (?) red shales.

The Gryphea and microscopic species found in a washed
shale sample convinced R. W. Harris® of their Lower Cretaceous
age, that they represent a basal Washita fauna, and are essentially
contemporaneous with the species reported by Stanton® from the
upper Purgatoire (Kiowa shale member) of northwestern Cimar-
ron County. Because the lithology of the shale closely resembles
the Kiowa of Cimarron County, and the age of the two faunas
is so similar, this shale is considered a remnant of the Kiowa, with
a query to indicate the tentative character of the correlation.

" The materials tentatively assigned to the Kiowa are chicfly
impermeable and probably supply little or no water to wells.

TERTIARY SYSTEM
Pliocene Series
OGALLALA FORMATION

Character. 'The Ogallala formation consists of a varied assort-
ment of calcareous sands, gravels, silts, and clays, which almost
everywhere are capped by a bed of caliche. These several litho-
logic types are arranged in many lenses and interpenetrating
tongues, or fingers, and gradations from one kind of material to
another take place within short distances, both vertically and
horizontally. Two exposures separated by only a few hundred
feet may show nearly identical materials, and perhaps in almost
the same proportions, but their distribution into individual beds
may be quite different. Figure 2 is a generalized cross section to
illustrate the arrangement of beds within the formation and
their relation to the water table and to water wells.

In exposures near Guymon, the sands are found to vary from

65. iEfris, R. W., University of Oklahoma, Oral communication.
8. Stanton, T. W., quoted by Rothrock, E. P., op. cit., p. 41.




68 GROUND WATER, TEXAS COUNTY

fine- to coarse-grained, some of the coarser containing scattered
pebbles and thin pebble zones. They are made up mostly of milky
or colorless quartz grains, with some pink quartz, and dark, un-
identifiable grains which are either dark-colored minerals or
fragments of dark-colored igneous rock. Some grains are angular,
but most are rather well rounded.

The gravels are similar to the sands except that the particles
are pebbles rather than grains or granules. In a cliff-like exposure
on South Fork in the SW14 sec. 36, T. 3 N,, R. 14 E., about 1
mile west of Guymon, a semi-consolidated gravel contains pebbles
ranging from 1.5 to 3 inches in diameter, and varying from flat
and slabby to well rounded. The pebbles are commonly brown
or white, but some are yellow and black. Although pebbles of
quartz and quartzite are common, probably the most abundant
are sandstone, a fact suggesting that most of the grains in the
Ogallala sands may have been derived from the break-down of
older sandstones rather than directly from igneous or metamorphic
rocks. The gravel at this locality is underlain by a white, limy
bed, and down-stream from it, and at a Jower elevation, clays are
exposed in the bank of the creek, and the bottom of the channel
is floored with an arenaceous type of caliche. The gravel is also
exposed about a third of a mile upstream, where it makes a cliff
beside the channel, and is capped by arenaceous caliche.

The silts and clays are the finer products of rock disintegra-
tion. They are generally calcarcous and thin-bedded, and vary
from gray, greenish, and drab to yellow, brown, and pinkish.
Thin, white, limy layers are commonly interbedded with them.

Although the prevailing colors of the Ogallala are light grays,
browns, and whites, there are places where the formation con-
tains so much red material that it might be mistaken for the pre-
Ogallala red beds. Close examination, however, shows that the
beds are a paler red than the older red beds, and that the clays
are crumbly and quite unlike the older red shales, which break
in small, sharp-edged, polygonal fragments. One of the largest
exposures of red Ogallala is in the SWY4 sec. 35, T. 3 N, R. 17 E,,
about 4.25 miles north of Hardesty on the road to Hooker. Here
the red clays have been exposed by road cuts, and are evident,
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though less obvious, to the east of the road along a tributary of
Beaver River. The clays range from pale red to nearly brick
red, are practically without silt or grit, and tend to break in
massive chunks. They are overlain by fine- to coarse-grained,
friable, highly calcareous sandstones, locally containing pebbles,
which are undoubted Ogallala strata. On the whole, the red color
is very strong for the Ogallala, but there is none of the gypsum
that might be expected in Permian rocks and the reddest beds
are lithologically unlike the red shales of the Mesozoic (?) rocks.

Other red clays crop out in the east side of a small creek
in the S sec. 29, T. 3 N,, R. 14 E,, and along a dry tributary of
the Beaver on the line between secs. 31 and 32, T. 3 N,, R. 13 E.,
so near the main outcrop of the Mesozoic (?) red beds that they
could easily be mistaken for them. However, the red color is
not as strong as in the Mesozoic (?) shales. The Ogallala age
of the red clays at the first of these localities is further shown
by: (1) the clays crumble instead of breaking in sharp-edged
fragments; (2) caliche overlies the clays directly, and may even
be interbedded with them; (3) the analysis of the water from
well 305, which is located a quarter of a mile to the north at a
lower elevation on the opposite side of the creek, is typical of
waters from the Ogallala formation, although the well should
be entirely in the Mesozoic (?) if the red clays are really a part
of the Mesozoic (7). At the second locality, supplementary
evidence for the Ogallala age of the red beds is provided by the
fact that, although most of the red material is shale or very fine
sandstone, there are pebbles, cobbles, and angular rock fragments
included as irregular beds, which suggest torrential deposition.

It is evident that such red clays encountered in the drilling
of a well might be mistaken for Mesozoic (?) or Permian red
beds, especially if the well were drilled by the rotary method, in

* which drilling mud would be mixed with the material from the

bottom of the hole.

The following section showing Ogallala deposits and the
caliche illustrates the formation as it is exposed at the surface.



60 GROUND WATER, TEXAS COUNTY

SecrioN NEArR GuymMoN oN EAsT Sibe
OoF SOUTH}_FORK, NW1, Seo. 26, T. 3 N, R. 14 E.

Feet
10. Caliche, hard, dense, with little sand. Resembles fresh-water
limestone 5.6
9. Caliche, light brown on surface, but in part pale pinkish and
white, very arenaceous, showing cross-bedding; pebbles, mostly

less than 1 inch in diameter; weathering produces cavities ... 22.0
8. Caliche, arenaceous, pale pinkish, tuff-like 8.0
7. Sandstone, very fine, with white, nodular, calcareous layers ... 11.0
6. Sandstone, fine, friable, white and brown, and clay beds and
calcareous layers. In part, this unit is poorly exposed .......... 11.0
6. Clay and very fine sandstone, gray, iron-stained, chocolate-
COLOTEMA .ot ee ettt e e see e sne e sms e rane s snesbeeamsemeennneseen 3.0
4. Sand, fine, light-brown, slightly consolldated grading into. clay
of the same color 110
3. Clay, chocolate 1.0
2. Sand, fine, clayey, pinkish and yellow ..., 2.0
1. Clay, pinkish, chocolate, gray, yellowish; and inter-bedded fine,
pink and yellow sand in beds up to 2 Inches thick ................ 2.5
Total 77.0

The character of the Ogallala formation as it is revealed by
well drilling is illustrated by the well logs, pages, 174-184. Most of
the beds are described as “sand” or “clay”, or as combinations of
“sand and clay”, or “sandy clay.” The use of the term “sand”
implies loose deposits, and indicates that the sands are but slightly
consolidated even at depth. The few layers of “sand rock” re-
ported in some logs probably are sands that have been more or
less thoroughly cemented with calcium carbonate.

The logs of closely spaced wells suggest that the beds of sands
and clay are irregularly distributed. At the experimental farm
of the Panhandle Agricultural and Mechanical College at Good-
well, three test holes were drilled, and the one showing the greatest
thickness of saturated sands, and the coarsest sands, was selected
for development as an irrigation well. The four wells drilled
for the Kansas City Light and Power Company at Elkhart, Kansas
(logs K-1 to K-4), illustrate the variations which may be expected
in closely spaced wells. Albert Hughey®, a former well driller
of Hardesty, reports that he found five or six water-bearing beds
in some domestic wells, and but one in others. The log of the
Hooker exploration well (page 180) specifically mentions seven
water-bearing beds in the Ogallala, but the actual number of such
beds may be considerably greater because of the tendency of -

67. 1lughey, A., Oral communication. .
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drillers to group thin, alternating layers of unlike materials in large
units. The drilling of this well was observed by I. C. Seawright®,
of Hooker, himself a well driller at the time, who reports that
many water-bearing beds varying from 2 to 10 feet in thickness
were encountered below the water table, and that the intervening
impervious clays varied from 2 to 15 or 20 feet thick. These re-
ports all show the variability of the Ogallala deposits, and har-
monize with the conditions which should prevail in stream-laid
sediments.

Origin. 'The Ogallala was deposited by shifting streams which
obtained the rock debris from the mountains to the west. This
manner of origin explains the extreme variability of the beds
from one place to another. The origin of the High Plains,
which is also the origin of the Tertiary rocks, and their subse-
quent history, has been summarized by Johnson® as follows:
“The original smooth plain . . was alluvial, ie., stream built. It
was spread, in substantially its present position as to elevation
and inclination, by widely shifting, heavily loaded, and deposit-
ing streams from the mountains.” Shifting deposition, burial, and
plain building constitute the normal habit of desert streams . . .
Virtually the same mountain streams are at present cutting away
and degrading where formerly they made broad fan-formed de-
posits and built up.” According to Theis, Burleigh, and Waite™
the structureless clays and silts appear to have been deposited by
the wind.

Fossils, age, and momenclature. The rocks here described
under the name Ogallala have been designated simply as “late
Tertiary” on previous geologic maps of Texas County.” The late
Tertiary age of the formation has been verified by large collections
of vertebrate remains taken from excavations in the county. About
2 miles southwest of Optima, from NWY sec. 7, T. 3 N,, R. 16
68. Seawright, I. C., Oral communication.

69. Johnson, W. D., “The High Plains and Their Utilization”: U. S. Geol. Survey
22d Ann. Rpt. Part 1V, p. 638, 1900-1901.

© 70. Theis, C. V., Burleigh, 1. P., and Waite, H. A., “Ground Water in the Southern

High Plains”: U. S. Geol, Survey Memorandum for the Press. p. 1, Oct. 1935,
1. Gould, C. N., and Lonsdale, J. T., “Geology of Texas County, Oklahoma”: Okle.

- Geol. Survey Bull. 31, 1926.

Six, R. L., “Oil and Gas in Oklahoma: Beaver, Texas, and Cimarron Counties”:

. Okla. Geol. Survey Bull, 40-WW, 1930,
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E., State Wide Projects™ in 1937 removed about 10,000 horse teeth
and between 900 and 1,000 bones of various animals from sev-
eral excavations located on a slope not many feet below the
general level of the upland, and smaller collections were - obtained
in other parts of the county. A small pit in a nearly vertical
clay bank about 10 feet above the channel of South Fork, in SEY
sec. 25, T. 3 N, R. 14 E., a quarter of a mile west of Guymon,
yielded the skull of a rhinoceras. According to the writer’s ob-
servations, the fossils from the Optima and Guymon localities
are all from the upper 100 feet of the formation. Stovall con-
siders the fossils to be middle Pliocene in age.

The name Ogallala is adopted for these late Tertiary rocks
in keeping with the present practice of the geological surveys of
adjacent states™, with the mapping of the same formation by
Stovall™ in adjacent Cimarron County, Oklahoma, and with the
usage followed by Theis, Burleigh, and Waite™ in their report
on ground water in the Southern High Plains. However, it is
emphasized that so far as the late Tertiary deposits of Texas Coun-
ty are concerned, the use of the name Ogallala is only tentative,
because their exact relation to undoubted Ogallala beds remains
to be demonstrated, and although the upper part may be true
Ogallala, an unknown thickness in the lower part may represent
older Tertiary formations.

Distribution. The Ogallala formation covers almost the en-
tire county. It is thinly overlain by dune sand on the upland
plains of the eastern and northern part of the county, and in
the valley bottoms it either has been removed so that the Permian
or the so-called Triassic red beds are exposed, or it is covered by
alluvium. In other parts of the county, it is the surface rock.

Thickness. 'The thickness of the Ogallala ranges from a few
feet to several hundred feet. Along the valleys some of it has

72. A Woarks Progress Administration project under the direction of J. W. Stovall, of
the School of Geology, University of Oklahoma.

73. See geologic maps of Kansas (1937), Colorado (1935), New Mexico (1928),
and Texas (1937).

74. Stovall, J. W. “The Morrison of Oklahoma and Its Dinosaurs”: Jour. Geol. Vol.
XLVI, pp. 583-600. 1938.

75. Theis, C. V., Burleigh, H. P., and Whrite, I. A., “Ground Water in the Southem

High Plains”: U. S. Geol. Survey. Mimeographed Memorandum, Oct. 30, 1935.
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been eroded away so that what remains under the alluvium may
be relatively thin, and it is also thin on the interstream divides in
the southeastern part of the county, where erosion has destroyed
the original High Plains surface. In areas of uneroded upland
plains the thickness may be from 100 to 500 feet or more. Besides
differences in thickness that are due to erosion of the upper part
of the formation, there are differences due to the irregularities
on the old eroded surface of the underlying red beds.

In the logs of deep wells the top of the red beds may be
taken as the base of the Ogallala formation, although it should
not be forgotten that some red clays are included in the Ogallala
itself (pages 58-59), and that Cretaceous sediments not contain-
ing red materials may possibly occur between the base of the
Ogallala and the top of the true red beds. The following table
shows the reported depth to the red beds in wells for which the
logs appear more or less reliable, together with rough estimates
of the original thickness of the Ogallala, including the caliche.
The latter ordinarily is not distinguished as a separate unit in the
well logs, and its thickness appears to vary enough so that de-
duction of an average amount for it is unsafe. Where wells are
located in valleys, an estimate has been made of the thickness
of the formation that has been removed, to permit construction
of the thickness map (fig. 3). This map shows the thickness
of the formation in different parts of the county by means of
lines which pass through points where thicknesses are roughl
equal. It is crude, and probably would look considerably different
if more information were available, but it does indicate general
trends. Thicknesses should be greatest along pre-Ogallala valleys,
and the map suggests that two such valleys joined between Optima
and Adams and left the county near Liberal, Kansas, where deep
water wells have penctrated a great thickness of Tertiary deposits
(see well log K-6, page 184). One of the valleys entered the
county from the north near the middle of the northern boundary

line, and the other entered from the south in the vicinity of
Texhoma.

‘ From the table and from the map it will be scen that the
original thickness may have varied from less than 100 feet over
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PERCHED WATER F

GENERALIZED CROSS SECTION TO SHOW THE OCCURRENCE OF WATER IN THE OCALLALA FORMATION.

zones by a lens of clay.

A. Well penetrates a considerable thickness of pervious, saturated sands and gravels, separated into two water-bearing
B

. A hill on the uneven surface of the red bed basement rises above ihe water table, so that all of the Ogallala is dry.

The well penetrates red beds without obtaining water, or perhaps obtains only mineralized water.

C. Well encounters a lens of impervious clay at the level of the water table. When pervious sands are entered at X, water

fills the hole to the water table level.

D. Well encounters two clay lenses, and the driller reports two water-bearing beds. The total thickness of saturated ma-

terials is no greater than in well C.

E. Valley has been cut deeply into the Ogallala, drawing the water table down, and the stream has a permanent flow be-
cause it is fed from the underground reservoir. The well begins in valley fill (alluvium) practically at the . water
table, and obtains a good supply of water at slight depth.

F. Well encounters a small supply of water in a perched reservoir.
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PER CENT PASSING EACH SIZE
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Fine gravel, irrigation well (no.

181), depths 116-153 feet.

(2) Fine gravel, irrigation well (no. 181), depths 161-196 feet.
{3} Medium sand, test no. 1, depths 135-172 feet.
t4) Medium sand, test no. 1, depths 187-194 feet. (7) Coarse sand, test no. 1, depths 290-300 feet.
(5) Medium sand, test no. 1, depths 197-200 feet. (8) Medium sand, test no. 1, depths 318-325 feet,
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Fic. 5-A. MECHANICAL ANALYSES OF OCALLALA SANDS Frown InricaTion WELL oN CAMPUS OF PANHANDLE AGRICUL-
TuRAL AND MEcHANICAL COLLEGE, GOODWELL. {Continued from Fig. 5)
(16) Medium sand, depths 182-184 feet.
(17) Fine sand, depths 184-200 feet.
(18) Medium sand, depth 200 feet.

(19) Medium sand, depth 208 feet.
(20) Medium sand, depth 251 feet,
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Fic. 5. MECHANICAL ANALYSES OF OGALLALA Saxps Fron Inmication WELL oN Canpus OF PANHANDLE AGRICUL-
ruRAL ANp MecHaNicaL CoLLeck, GOODWELL.
(10) Medium sand, depths 135-145 feet.
(11) Coarse sand. depths 145-148 feet.
(12} Medium sand, depths 148-155 feet.

(13) Medium sand, depths 155-170 feet.
(14) Fine to medium sand, depths 170-178 feet,
(15} Medium sand, depths 178-182 feet,
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(27) Coarse sand and fine gravel, 120-130 feet.
(28) Fine gravel and coarse sand, 130-140 feet. (31) Fine gravel and sand, 160-170 feet,
(29} Fine gravel and coarse sand, 140-150 feet. (32) Coarse calcareous sandstone, 170-180 feet.
(30) Fine gravel and coarse sand, 150-160 feet. (33) Fine gravel and coarse sand, 190-200 feet.
(34) Fine gravel and coarse sand, very calcareous, 200-210 feet.
(35) Fine gravel and coarse sand, very calcareous, 210-220 feet. .
(36) Fine gravel with a linle clay, 350-360 feet. :
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Fic. 6. MEcHANICAL ANALYSES oF Sanps FRom WELLs COMPARED WITH ANALYSES OF Jurassic (?) SaxpsTONE
AND ARENACEOUS CALICHE.
(21) Medium sand. Wiggins no. 1 gas well, depth 180 feet. Ogallala.
(22) Fine gravel. Wiggins no. 1 gas well. depth 200 feet. Ogallala.
(23) 3:@.8 medium sand, water well no. 188. depth 270 feet. Triassic (?).
_Mm.v Medium to coarse sand, water well no. 281. depths 103-103% feet. Cretaceous (?).
(25) Arenaceous caliche from sec. 6. T. 1 N., R. 16 E.. after digestion in acid.
(26) Calcareous sandstone from Red Point locality. Jurassic (?).

7

70



OGALLALA FORMATION 73

pre-Tertiary divides to more than 600 feet in the nearby valleys,
and that correspondingly, the surface relief of the pre-Ogallala
topography may have been about 500 feet. Over the High Plains
in general, thicknesses for the Ogallala deposits greater than 300
feet appear to be unusual.”® In records of 28 Texas County wells
listed in the table 20 indicate thicknesses of the Ogallala greater
than 300 feet, 14 indicate more than 400 feet, 12 indicate more
than 500 feet, and 6 indicate more than 600 feet. It is worthy
of note that all wells suggesting thicknesses greater than 500
feet are in the northern part of the county and that there are
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the Ogallala should not be ignored, but the writer knows of no
way to distinguish them in the well logs.
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The evidence from wells is supplemented by the electrical
restivity tests which were made in the northeastern part of the

£
3 county in 1936 by the State Mineral Survey. Cross sections based
" NE on this work suggest thicknesses of the Ogallala ranging from

about 200 feet to more than 500 feet, the maximum being indicated
for the NWY sec. 24, T. 4 N,, R. 18 E. This locality is marked
by a cross on figure 3.

cooe
o
&
&
226
5]
sz
o
ﬂ-ag/
4

3 yo %
] § $®
e N WATER SUPPLY
™ ¥ B .
H % ¥ The sands and gravels of the Ogallala formation are the
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8\ § principal source of ground water in Texas County, as well as
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&\ in a large part of the southern High Plains. In the county, all
N i municipal wells, most domestic and stock wells, and the four
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irrigation wells that are located on upland plains (wells 179, 181,
496, and 497) draw water from the Ogallala. The yield of the
wells ranges from a gallon or two per minute for some wind-
. ‘mill wells to 960 gallons per minute for the irrigation well
W : -at the experimental farm of the Panhandle Agricultural and
Mechanical College at Goodwell. Most of the larger wells that
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W 76. Theis, C. V., Burleigh, H. P., and Waite, H. A., “Ground Water in the Southern
LRty High Plains”: U. S. Geol, Survey, Mimeographked Memorandum, Oct. 30, 1935. The
E— authors assign a thickness “in most places between 200 and 300 feet.” (p. 1.)
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are pumped with electric, gasoline, or natural gas power yield
from 100 to 500 gallons per minute.

The water generally is of good quality, although rather hard.
Of the 72 analyses reported in Table XII, 62 represent waters
from wells thought, with reasonable certainty, to end in the
Ogallala. In the samples analysed, total hardness ranges from
198 to 340 parts per million; chloride from 2 to 46 parts per
million; sulphate from 8 to 165 parts per million; and bicarbon-
nate from 158 to 347 parts per million.

The Ogallala of the Southern High Plains may be looked
on as a vast reservoir that is only partly full of water. The upper
part is dry because there is not enough rainfall to fill it, and be-
cause, as Johnson™ has pointed out, such streams as the Beaver
have cut deeply into the reservoir and, being supplied from it,
have drawn the water table down to low levels. The part below
the water table is known as the zone of saturation because the
spaces between the pebbles in the gravels and between the grains
of the sands are filled with water. The total amount of pore
space and the amount of water may be as great in th clays as
in the gravels and sands, but because each space is very small
the water can move slowly if at all. Therefore the strongest wells
are those which penetrate saturated gravels, but those in coarse
sand may be nearly as good.

Reference to the well tables will show that in Texas County
gravel is reported by owners or tenants as the water-bearing bed
in about half of the wells. Out of 1,004 domestic and stock wells
thought to be in the Ogallala for which reports were obtained,
525 per cent were reported to obtain water in gravel, 23 per cent
in sand, 125 per cent in clay, and the rest in .nixtures of gravel
and clay or sand and clay.

In contrast with the reports of owners and tenants, the logs
of deep water wells in Texas County and adjacent Kansas indi-
cate that the water-bearing material generally is sand. In 12
wells which penetrate from 251 feet to 570 feet of the Ogallala®
77. Johnson, W. D., Op. cit., p. 644.

78. Figures quoted include the city well at Liberal, Kansas (log K-6), which shows

no red heds to a depth of 502 fect, and the Hooker exploratory well, in which the
red beds (Cloud Chief?) are supposed to have been reached at a depth of 570 feet.
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the thickness of all the beds penetrated below the water table
varies from 66 feet to 440 feet, and averages 163 feet. The esti-
mated total thickness of the saturated sands and gravels in these
wells ranges from 21 feet to 218 fect. Gravel is reported in only
3 of these 12 wells, and the total thickness of the gravels amounts
to only about 35 feet out of a total thickness of about 1,01l feet
of water-bearing materials. In other words these logs indicate
that only 3.5 feet out of 100 feet of water-bearing material will
be gravel.

S.pc'ciﬁc capacities of wells in the Ogallala. The specific
capacity of a well is the number of gallons of water produced

TABLE IX

SPECIFIC CAPACITIES OF WELLS IN THE OGALLALA
Formation 1N Texas County, OkLA.

Thickness of Yield in

Well Depth of water-bearing Gal. per Drawdown Specific

No. well beds Minute (feet) Capacity
Irrigation and Municipal Wells:
45 230 20 100 13 7.9
319-A 330 40 251 7 35.8
319-B 330 40 285 9 31.6
497 280 81 450 38 118
179 251 93 300 30 141
317-A 386 114 588 17% 33.6
181 298 173 680 27 25.2
181 298 173 960 60 16.0
317 385 194 628 10 62.8
Chicago, Rock Island and Pacific Railroad wells: h
Hooker 1 163 P 60 3 20
Hooker 2 230 ... 60 3 20
Optima 115 ... 10 0? ?
Goodwell 200 ... 123 5 243

per minute for each foot of draw down, and it is obtained by
dividing the yield in gallons per minute by the draw down meas-
ured in feet. It depends on the permeability of the water-bearin
bed or beds and on the construction of the well. It should be
bigher for wells in gravel or clean coarse sand than for wells
in fine sand, and higher for a properly constructed well than
for one that is poorly constructed or is old and in poor condition.
Table IX shows the specific capacities of a number of wells in
the Ogallala, in relation to their depth and the thickness of the

-water-bearing beds in them. The figures are based on yields and
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draw-downs as reported to the writer, and indicate a range from
7.7 to 62.8 gallons per minute per foot of drawdown.

Mechanical andlyses of sands and sandstones. Because the
texture helps to determine the readiness with which a water-
bearing bed will yield water to wells, and also has a bearing on
the construction of wells, samples of water-bearing materials
from wells, mostly saved by the drillers, were run through a set
of sieves, and the results are given as cumulative percentage curves
(figures 4 to 7). These curves show the percent of the sample
by weight which passed each size screen opening.

Twenty of the samples came from wells drilled for the Pan-
handle Agricultural and Mechanical College at Goodwell, 2 are
from the Wiggins No. 1 gas well (Hardendorf), 1 from the im-
mediately adjacent well which supplied water for drilling the
gas well, 10 from the Ferguson No. 2 gas well, and 1 from the
Lester Sparks irrigation well. Except for the samples from
the Wiggins water supply and' Sparks irrigation wells, all the
materials were washed up in the process of rotary drilling, and
it is therefore likely that some of the finer fractions were carried
away in the drilling water. As a check, the distribution of sizes
among the sand grains was determined for a very arenaceous
caliche (nearly a sandstone) and for a white, micaceous sand-
stone from the Jurassic (?), and the results from these rocks
are shown on the same sheet as the analyses for the Wiggins (23)
and Sparks (24) wells (fig. 6). It will be seen that the Jurassic
(?) sandstone (26) is the finest-grained of the six, and that the
caliche (25) falls near the middle of the group. According to
the classification adopted by the United States Bureau of Chem-
istry and Soils, as quoted by Meinzer™, the Jurassic (?) sand-
stone is composed of fine sand, and the caliche contains medium-
grained sand. Of the 34 samples from wells, 3 are fine gravel,
8 are coarse sand and fine gravel, 1 is a mixture of gravel and
clay, 2 are coarse sand, 1 is medium to coarse sand, 15 are medium
sand, 2 are fine to medium sand, 1 is fine sand, and 1 is sand-
stone.

;;-_l\ieinzer. 0. E., “The Occurrence of Ground Water in the United States”: U. S.
Geol. Survey Water Supply Paper 489, p. 17, 1923.
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The permeability of sands and gravels depends not only on
their coarseness of texture, but also on how completely they have
been sorted into one size. In order to express the degree of sort-
ing of different materials quantitatively so that they can be com-
pared, an arbitrary value known as the uniformity cocfficient™
is used. This is defined as the ratio of the diameter of a grain
that has 60 per cent (by /wcight) of the sample finer than itself,
to the diameter of the grain that has 10 per cent finer than it-
self. Thus in curve 1, figure 4, the size having 60 per cent of the
sample finer than itself is 14 millimeters, and the size having
10 per cent finer than itself is 0.32 millimeter. The uniformity
coefficient for this sample is 1.4 divided by 032, or 3.56. 1f all
the grains in a sand were of the same size, the uniformity coeffi-
cient would be 1, but with the ordinary even-grained materials
it is likely to range from 2 to 3. Table X lists the -uniformity
coefficients of the Texas County materials that were tested, using
the same identifying numbers as figures 4-7, and shows coefficients
for materials from wells in the Ogallala ranging from 1.6 to 5.3
and averaging 2.8. Although some of the samples probably tested
more nearly uniform than they really are in nature because of
loss of fine materials that were washed away in drilling water,
others may have tested less uniform than they really are because
of the inclusion of materials from several beds of varying texture
in the same sample. Thus the average may be somewhere near
the truth, and indicates a good degree of uniformity and a cor-
respondingly good average permeability for the sands in the
Ogallala.

8. Meinzer, O. E., Op. cit., p. 7.
Hazen, Allen, “Experiments Upon the Purification of Sewage and Water at the

Lawrence Experiment Station”: Mass. Stat
0T e e fon ass. State Board of Heqlth 23d Ann. Rept., for
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TABLE X.
UnironmiTy COEFFICIENTS
Depths
Source and description Represented  Uniformity
of material (feet) Coefficient
I. IRRIGATION WELL, EXPERIMENTAL FARM OF
PannanpLe A. & M. CoLLEGE, GOODWELL.
1. Fine gravel 116-153 36
2. Fine gravel 161-196 4.0
II. TEST WELL NO. 1, EXPERIMENTAL FARM OF
PanHANDLE A. & M. CoLLEGE, GOODWELL.
3. Medium sand 135-172 1.7
4. Medium sand 187-194 18
5. Medium sand 197-200 2.0
6. Medium sand 210-264 1.9
7. Coarse sand 290-300 1.8
8. Medium sand 318-325 22
9. Medium sand 325-330 18
III. IRRIGATION WELL ON CAMPUS OF
Pannanpre A, & M. CoLLecE, GOODWELL.
10. Medium sand 135-145 2.2
11. Coarse sand 145-148 5.3
12. Medium sand 148-155 39
13. Medium sand 155-170 1.9
14. Fine to medium sand 170-178 3.6
15. Medium sand 178-182 18
16. Medium sand 182.184 4.1
17. Fine sand 184-200 1.6
18. Medium sand 200 18
19. Medium sand 208 21
20. Medium sand 251 21
1V. Wiceins cas weLL sec. 1, T. 2 N,, R. 14 E.
21. Medium sand about 180 2.0
22. Fine gravel about 200 33
V. WELL USED TO SUPPLY DRILLING WATER FOR WICGINS
cAs WeELL, skc. 1, T. 2 N, R, 14 E.
23. Fine to medium sand about 270 17
VI. LESTER SPARKS IRRIGATION WELL, sEC. 5, T. 3 N,, R. 11 E.
24, Water-bearing sand (may be in Cretaceous) 103-103%> 2.1
VII. H. C. Hrrct FarM, sec. 6, T. 1 N, R, 16 E.
25. Arenaceous caliche (after removal of carbonate) 23
VIIL. Rep poINT LOCALITY, JURASSIC (?) EXPOSURE.
26. Calcareous sandstone (after removal of carbonate) 1.6
IX. FErcuson No. 2 ¢As wELL, sEc. 14, T. 6 N., R. 16 E.
27. Coarse sand and fine gravel 120-130 2.2
28. Fine gravel and coarse sand 130-140 2.1
29. Fine gravel and coarse sand 140-150 32
30. Fine gravel and coarse sand 150-160 29
31. Fine gravel and sand 160-170 45
32. Coarse calcarcous sandstone 170-180 25
33. Fine gravel and coarse sand 190-200 43
34. Fine gravel and coarse sand, very-calcareous 200-210 4.1
35. Fine gravel and coarse sand, very calcareous 210-220 44
36. Fine gravel with a little clay 350-360 3.0
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CALICHE

Definition and character. “Caliche” is a Spanish word derived
from the Latin “calx”, meaning lime, and in the original sense
was applied to a “crust of lime which flakes from a wall %, among
other things. In Chile and Peru it has been used for efflorescent
deposits of sodium nitrate mixed with calcium, magnesium and
sodium sulphates.® In 1901 Blake® applied the name to cal-
careous deposits near the land surface in Arizona and Mexico,
and in this sense it has been widely used by geologists and soil
scientists working in the sub-humid to arid Southwest. This
latter use is the last of eight widely divergent meanings for
“caliche” listed in Fay’s Glossary of the Mining and Mineral
Industry.®

In discussing the caliche of the American Southwest, most
writers restrict the term to deposits of calcium carbonate, or
specify that the caliche is “calcareous”, “ferruginous”, etc., but
they are not in complete agreement as to just what constitutes
calcareous caliche. Most writers recognize a gradation from very
soft to very hard varieties, but Price®™ appears to restrict it to
“a porous, earthy calcium carbonate containing impurities of
soil, sand, and gravel.” He introduces the terms “young caliche”
for incipient accumulations of soillime in grains, flakes, nodules,
irregular aggregates, and unconsolidated beds of carbonates, and
“mature caliche” for consolidated beds of calcium carbonate.
Elias®® would restrict the term “caliche” to efflorescent deposits,
including the nitrates~and other non-carbonate materials, and
would rule out deposits which accumulate beneath the surface,
for which he considers the name “hard pan” is applicable.

Sayre®” restricts the name “caliche” to calcareous deposits,

81.
p. 135.

82. Grabau, A. W,, “Principles of Stratigraphy,” 2d Ed. p. 365, 1924.

83. Blake, W. P., “The Caliche of Southern Arizona, An Example of Deposition hy
Vadose Circulation”: Am. Inst. Min. and Met. Eng. Trans. vol. 31, pp. 220-226, 1901.
84. U. S. Bur. Mines, Bull. 95, p. 125, 1920.

85. Price, W. A., “Reynosa Problem of South Texas, and Origin of Caliche”: Bull.
Amer. Assoc. Petro. Geol. Vol. 17, pp. 500-501, 1933.

86. Elias, M. K., Oral communication.

87. Sayre, A. N., “Geology and Ground Water Resources of Duval County, Texas”:
U. 8. Geol. Survey Water Supply Paper 776, p. 65-66, 1937.

Casares, J., “Novisimo Diccionario Ingles-Espanol y Espanol-Ingles,” Madrid,
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and describes the caliche of Duval County, Texas, as “a dense
layer of hard, resistant white calcium carbonate 1 to 4 inches
thick, which grades downward into softer, less pure calcium car-
bonate and finally into calcareous sand or clay. The zone in
which the calcium carbonate shows a concentration greater than
that in the underlying bed rock should be termed ‘caliche.’ ‘This
zone appears to be about 4 to 8 feet thick in Duval County.”

In this report “caliche” is used in the sense in which “gyp”
is used locally in Texas County, i.e., for all the calcarcous deposits
which occur near the surface and somewhat below. This matertal
fits Sayre’s description in a general way, but both the hard and
the soft types are much thicker than he indicates. The hardest
and densest beds of calcium carbonate are generally found nearest
the surface. They tend to be massive, but are broken by many
irregular cracks which run from top to bottom of the bed, giving
the rock a biscuit-like structure closely resembling freshwater
limestone. They contain only a few scattered grains of sand, and
commonly are gray or drab in color but become white after
weathering. Immediately southwest of Guymon in sec. 36, T.
3 N, R. 14 E,, a layer of such rock about 1.8 feet thick is exposed
at the top of a cut bank on the east side of a tributary of South
Fork, and 50 feet or more below the level of the upland. Above
it the exposures are few and poor, but similar rock appears in
scattered outcrops to the top of the bluff. At most other localities
where this rock is present, it appears to be confined to the upper-
most few feet, immediately below the upland level. Measured
thicknesses for any single bed range from 18 to 55 feet. Ob-
viously such thicknesses compare more closely with the_algal
limestone 2 to 3.5 feet thick which Elias® finds at the tqp of
the Ogallala in Kansas than with the 1- to 4-inch beds of hard
calcium carbonate reported in Duval County, Texas, by Sayre.

Another common type of caliche consists of loosely consoli-
dated, irregular, nodular calcium carbonate. Although it appears
to contain nearly as much calcium carbonate as the dense, hard
beds described above, and although parts of it are hard, it does

88, Fiiias. M. K., “Geology of Wallace County, Kansas”: Kans. Geol. Survey Bull. 1§
p. 136, 1933.
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not constitute a hard layer. It breaks down readily to form a
sort of white, limestone “gravel”, and where exposed in road
cuts or on valley bluffs is generally between 5 and 10 feet thick.

The arenaceous type of caliche consists of a calcium carbonate
matrix in which are embedded grains and granules of white,
yellowish, gray, and colorless quartz and quartzite. The sand
generally is more abundant in the lower part of an exposure than
in the upper. Locally pebbles several inches across are included
(see section, page 60), and on the east side of South Fork in
sec. 2, T. 2 N, R. 14 E,, a cut bank exposes a loosely cemented
gravel which grades upward into rather well consolidated arena-
ceous caliche. This arenaceous variety occurs in ledges from 10
to 30 feet thick without well-defined bedding, weathers in irregu-
lar, rounded knobs and projections, responds with a dull thud
when struck with a hammer, and in outward appearance and
manner of breaking somewhat resembles igneous tuff. The pre-
vailing color is light gray, faintly tinted buff or pink, and in places
there are several ledges separated by unconsolidated or loosely
consolidated materials. This kind of material is probably the
rock type referred to by Hay® as “mortar beds.”

The following analyses of samples of caliche from Texas
County were made in the chemical laboratory of the Oklahoma
Geological Survey by S. G. English, chemist. They illustrate the
wide range in lime and silica in the different types.

TABLE XI
Anaryses of Cavicne FroM Texas County

Lab.
No. Si0. AlO; Fe0a Mn0s Py Ca0 Mg0 C0. S0, H:0 Total

5014 7.88 0.45 0.36 none none 49.31 1.88 39.00 none 0.99 99.84
5006 2454 168 122 none none 39.02 1.12 30.94 none. 1338 99.90
6017 27.28 2.62 136 trace trace 36.81 0.80 28.74 none 235 99.96
50231 31.02 1.00 1.14 trace trace 3557 1.00 2840 none 1.43 99.56
6020 32,16 194 1.14 trace trace 34.31 1.16 26.84 none. 2.44 99.99
50211 35.62 0.95 1.07 none trace 20.41 13.40 27.20 none 1.54 100.19
50201 4224 203 1.29 trace trace 27.22 2.18 22.62 none 190 99.48
6021 4230 1.21 1.65 trace none 2941 0.88 23.24 none 1.40 100.09
50171 47.80 1.25 129 none trace 18.92 7.80 19.72 none 2.83 99.51
6023 5054 121 157 trace none 23.14 278 17.84 none 250 99.58

1, Tested and found satisfactory for rock wool in the Industrial Research
Laboratory of the Oklahoma Geological Survey.

8. Ilay, Robert, “Water Resources of a Portion of the Great Plains”: U. S. Geol.
Survey, 16th Ann. Rept. Pt. 2, p. 570, 1895.
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Origin. The origin of caliche has been the subject of much
scientific discussion, and several theories have been advanced to
explain it. A summary of the existing literature was given by
Gould and Lonsdale® in their discussion of the caliche in Texas
County, and subsequently Price, Weeks and Sayre have re-
viewed the subject in considerable detail.

The more important explanations mentioned by Gould and
Lonsdale involve precipitation of calcium carbonate from de-
scending rain water "at the level of the water table, or rise of
water from the water table as a result of capillary attraction. Under
present conditions, however, the water table in Texas County
is well below the caliche, to which it is not now related directly,
and capillary attraction would be inadequate to draw the water
up to a point where it could be evaporated.

Other explanations involve the downward percolation of
rain or flood waters to relatively slight depths, where evaporation
of the water and precipitation of calcium carbonate are thought
to occur. Sayre®* suggests that the caliche of the Reynosa Plateau
results from the leaching of -the soil by downward moving waters
during wet scasons, followed in dry seasons by a capillary rise
and evaporation of the water with precipitation of the contained
calcium carbonate. The water need not descend to the water
table. The thickness of the resulting caliche is limited by the
thickness of the soil zone to be leached, which in turn is limited
by the depth at which the calcium carbonate accumulates. Sayre
finds three conditions necessary for the development of caliche,
namely: a

(1) A subhumid to arid climate;
(2) The underlying formation must be calcareous; and

(3) The underlying formation must be of such texture as
to favor capillary movement of subsurface water.

90. Gould, C. N., and Lonsdale, J. T., Op. cit. pp. 31-33.
91. Price, W. A, Op. cit.,, pp. 502-513.

Weeks, A. W., “Lissie, Reynosa and Upland Terrace Deposits of Coastal Plain of
Texas Between Brazos River and Rio Grande”: Bull. Amer. Assoc. Petro, Geol. Vol.
XVII, pp. 472-476. 1933. '

Sayre, A. N., Op. cit., pp. 67-70.

92. Sayre, A. N,, Op. cit.,, pp. 69-70.
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Sayre’s explanation has much in common with that of Haw
ker®, who attributes caliche to the progressive leaching of the
upper soil zone (zone A) with a concentration of calcium car-
bonate in a zone of accumulation a short depth below the surface
(zone B). In this connection, Harper™ reports that near Still-
water, Oklahoma, there is a thick deposit of calcium carbonate
at a depth of about 7 feet which he suggests may have accumu-
lated during periods when rainfall is heavy and penetrates deeply,
and a thin, discontinuous or nodulor bed at a depth of about 2.5
feet, which may have accumulated in dry seasons. .As quoted
by Sayre®™, Meinzer is of the opinion that the calcium carbonate
is introduced in flood waters from adjacent highland areas. These
waters sink into the ground in regions of aggradation, and evap-
orate in the soil, leaving a calcareous deposit. All of these ex-
planations call for the formation of caliche below the surface,
and such deposits would be termed “hard pan” by Elias.*®

The Texas County caliche probably is no thicker than that
in other parts of the Southern High Plains, but it does appear
to be thicker than most of that discussed in the literature referred
to above, and this thickness constitutes a problem in itself. Price®
explains the formation of thick beds of caliche by suggesting
that “gradual leaching lowers the zone of accumulation and
erosion lowers the upper surface of the soil”, but the thickest
caliche considered by him is about 20 feet, in contrast with the
common occurrence of 30 feet or more in Texas County. White?®
holds that the caliche was deposited at or near the land surface,
and that the buried caliche beds were deposited before the plains
had been built up to their present level. Where caliche beds are
separated by unconsolidated sands and gravels, this explanation
implies that the formation of caliche was interrupted, perhaps
because the supply of calcium carbonate was temporarily cut off;
or because increased precipitation or the addition of coarser sedi-
93. Hawker, H. W., “A Study of the Soils of Hidalgo County, Texas, and the Stages
of Their Soillime Accumulation”: Soil Science, Vol. 23, pp. 478-482, 1927.
™. Harper, Horace J., Director of Agricultural Experiment Station, Stillwater, Okla-
homa, Oral communication.

%. Sayre, A. N., Op. cit., p. 69.
86. Elias, M. K., Oral communication.

77. Price, W. A., Op. cit., p. 505.
#. White, W. N., Oral communication.
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ments led to better soil drainage and removal of calcium car-
bonate instead of precipitation; or because sediments were de-
posited over the existing caliche so rapidly that caliche could
not be formed throughout.

The dense, hard. variety may prove to be the same as the
layer of limestone at the top of the Ogallala formation of western
Kansas, in which Elias® has found algal material and for which
he assigns a lacustrine origin.

Age. In Texas County that part of the caliche which is still
being formed as a secondary deposit in the present soil, or which
has been formed in the soil since completion of the Ogallala

deposits and of the High Plains surface, is clearly post-Ogallala-

in age. It is probable, however, that most of the caliche is con-
temporaneous with the upper part of the Ogallala. The present
streams have cut through all types of the caliche to produce the
best natural exposures of the material, and presumably they began
to degrade near the end of the period of Ogallala deposition.
Furthermore, the topmost bed is the dense, hard layer resembling
fresh-water limestone, and where present this rock is a barrier
to downward moving waters and to the secondary deposition
of caliche in lower beds. Hence it appears to be the youngest
of the thick and important calcareous deposits. On further ex-
amination it may prove to be of the same origin and age as the
limestone at the top of the Ogallala of western Kansas, ‘in which
Elias' has identified the alga Chlorellopsis, together with fossil
seeds'™ which he has also found in northern Ellis County, Okla-
homa, where they are associated with Pliocene vertebrate remains.
If it really is equivalent to the Chlorellopsis limestone, this bed
marks the top of the Ogallala, and all underlying caliche’ beds
must be considered a part of the Ogallala, and probably Pliocene
in age.

Distribution. The caliche probably occurs under the soil in
most parts of the county. It is widely exposed as a cliff-making

2. Elias, M. K., “Geology of Wallace County, Kansas:” Kans. Geol. Survey Bull. 18
pp. 137-141, 1931.

100. Elias, M. K., Op. cit., pp. 137-141.

101. Elias, M. K., Oral communication.
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. . . al
unit along the valleys just below the upland level, and drillers'®
report that it is encountered in most wells.

Thickness. 'Thicknesses of the different types of caliche have
been mentioned in the section on the character of the rock. A
maximum thickness of about 30 feet of the arenaceous caliche
was measured along South Fork, immediately west of Guymon,
but the top of one 30-foot exposure is many feet below the level
of the upland, and leaves open the possibility that the original
maximum thickness was much greater. As reported by well
drillers, the caliche is 50 feet thick or more (see logs 179, 319,
412).

WATER SUPPLY

No wells draw water from the caliche, first because it is
relatively impermeable and second because it is above the water
table. However, it is important in relation to recharge of the
ground water reservoir because it retards the downward move-
ment of rain water, either stopping the water entirely or causing
it to follow a zig-zag course. Sayre'® reports experiments by
W. A. Lynch and J. C. Cumley on the relation of caliche to re-
charge to the Goliad sand, in which test holes near wells were
made with a soil tube:

‘“In certain test holes carried to a depth of 9 feet . .. . caliche
was absent or was present only as chalky nodules. In adjacent
test holes, however, the caliche was found to he present as a
hard, impermeable layer either at the surface or within 9
feet of the surface. These wells showed fluctunations of water
level from 5 to 34 feet during the period in which water-level
measurements were made. Recharge was believed to occur in
the areas where the test holes indicated that caliche was absent,.
Near wells . . . . which showed fluctuation of water level of
less than 0.4 foot, every test hole encountered caliche at 2 to
8 feet below the surface.’’

102. Seawright, I. C., and Sanborn, G. C., Oral communications.
103. Sayre, A. N., Op. cit., pp. 70-71.



86 GROUND WATER, TEXAS COUNTY

QUATERNARY SYSTEM
ALLUVIUM

The alluvium consists of sands, gravels, silts and clays that
have been deposited in the valley bottoms by the streams. The
materials have been derived largely from the Ogallala formation,
but debris from older rock formations is also included in the
alluvium at places downstream from the outcrops of those for-
mations. Gravels and sands are the sediments first deposited
when streams lose velocity and carrying power, and so should
occur in long, narrow, winding bands that represent former river
channels. The silts and clays are deposited in quiet backwaters
or on the flood plains, or may be left in the channel of the stream
itself if the volume of water becomes very low. They should
therefore surround the gravels and sands on all sides and be
more or less intimately bedded or mixed with them.

These deposits are younger than the Ogallala formation, from
which they have been largely derived, and they are still being
shifted about by the streams, with additions and subtractions.
Hence they are assigned to Quaternary age.

Thickness. The total thickness of the alluvium is largely a
matter of conjecture because the streams do not cut completely
through the alluvium to expose older rocks, and because the
unconsolidated gravels, sands, and clays of the alluvium are so
similar to the nearly unconsolidated Ogallala deposits that they
cannot be distinguished with certainty in wells. However, well
number 287, located approximately in SE cor. sec. 16, T. 3 N,
R. 12 E,, begins on a terrace less than 25 feet above the%l‘\xannel
of Tepee Creck, and is reported to enter the red beds at a depth
of 78 feet. It is probable that all of the 78 fect of material over-

 lying the red beds is alluvium because nearby red bed exposures,
located both upstream and downstream from the well, indicate
the absence of the Ogallala from this part of the valley.

A thickness of at least 105 feet is indicated by a domestic well
that was drilled on the flood plain of the Beaver due north of
Guymon (well log 176:a). The red clay encountered in this
well between depths of 40 feet and 70 feet is thought to be a
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part of the alluvium because it is underlain by at least 35 feet
of good water-bearing gravel. It could have been derived from
the outcrop of Triassic (?) red beds located between 5 and 10
miles upstream.

From this meagre evidence, then, it appears that the thick-
ness of alluvium in the valley of the Beaver may exceed 100
feet, and that it may reach 50 or 100 feet in parts of tributary
valleys.

WATER SUPPLY

Most of the domestic and stock wells located in the valley
bottoms are shallow, and draw water entirely from the alluvium.
A 30-foot well located beside the Beaver due north of Guymon
(number 176), has been used for irrigation since 1934, and a well
about 60 feet deep, located on the flood plain of North Fork
about 8 miles west of Goodwell, has been used for irrigation
since 1932. Other irrigation developments are under way in
the valley of Frisco Creek and on the flood plains of Paloduro
Creek. The existing wells are reported to yicld from 80 to 500
gallons per minute.

The saturated part of the alluvium is either a definitely re-
stricted underground reservoir bounded by impervious materials,
or it is part of a very extensive reservoir, depending on whether
it is underlain by the Permian or so-called Triassic red beds or
is underlain by the Ogallala. Three possible conditions are de-
scribed on pages (136-138) and are illustrated in figure 10.

The quality of the water varies with the amount of solubie
mineral matter in the sediments. Along Paloduro Creek, more
or less gypsum and perhaps salt are mixed with the alluvial de-
posits, and cause the water to be high in sulphate and chloride
(see analyses 113, 129, and 249, table XII). Even where the
alluvium is apparently underlain by the Ogallala formation, the
water is likely to be rather hard, as indicated by analysis 20. In
the four waters from alluvium that were analyzed, the total
hardness ranged from 444 to 1,305 parts per million; chloride
ranged from 26 to 520 parts per million; sulphate ranged from
165 to 1,120 parts per million; and bicarbonate ranged from 152
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to 345 parts per million. Locally the water from the alluvium
is reported to have a “swampy” taste or odor, probably because
it has come in contact with buried and partly decomposed vege-
table matter.

DUNE SAND

Dune sand covers the Ogallala formation in the eastern and
northern parts of the county, as described on pages 21 and 22.
The deposits consist of fine- to medium-grained quartz sand
heaped by the wind into small but steep hills, and attain a maxi-
mum thickness of about 25 fcet. The sand is thin or even ab-
sent in the areas between the hills.

S ..~,-.--.:'.'.~ ST ToTs toatAl I N

U stream. Original surface

Fic. 9. Ideal cross-section showing relation of dunes to eastern part of Beaver
Valley. (After Gould and Lonsdale.)

Most of the dunes rest on the Ogallala formation, from
which they were derived in part, and must be somewhat younger,
or post-Pliocene in age. They are younger than the alluvium

to the extent that they have been derived from flood plain and |

channel deposits of the present valley bottom, and are contem-
poraneous with the alluvium to the extent that they were. de-
rived from such deposits before the flood plain reached its present
form. In the eastern part of the county, some of the dunes
mantle the north bluff of Beaver River valley, obviously having
been deposited in their present position after the valley had
attained essentially its present form (Fig. 9). This evidence in-
dicates recency, and the dunes are therefore assigned to Quater-
nary age.
WATER SUPPLY

The sands are porous and loosely packed, with relatively
large openings between the grains, and rain water sinks into
them instead of accumulating in surface pools where it can evap-
orate. Its downward movement is probably more or less retarded
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by underlying silty or loamy soils, and by the more dense and
massive varieties of caliche, but sooner or later much of the water
reaches the ground water reservoir. The actual route of down-
ward movement may be very indirect, but the recharge which
takes place through the dunes is probably significant.

At times of heavy precipitation the lower part of the dune
sands may become saturated with water. The zone of saturation
thus formed would constitute a perched and probably temporary
reservoir, inadequate for perenniaily supplying water to wells.
Information now available indicates that all wells in the dune
areas penetrate far below the base of the sand to the main water
table. The fact that the deposits vary greatly in thickness and
diminish to a few feet or even disappear in the areas between
the hills, strongly suggests that there is no reliable supply of
water in the sands. Furthermore, no springs issuing at the base
of the sand hills at the contact with the underlying, more im-
pervious beds, are known to the writer. It is therefore apparent
that the sand dunes as a rule do not furnish adequate water
directly to wells.
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GROUND WATER SUPPLIES AND DEVELOPMENT

SHAPE AND SLOPE OF THE WATER TABLE AND MOVEMENT
or THE GRrROUND WATER

The shape and the slope of the water table in the northeastern
quarter of Texas County are shown in the map, figure 8, by means
of lines of equal elevation on the surface of the water table, all
of which are referred to sea level. These lines are approximately
level, and together they show the configuration of the water sur-
face just as ordinary contour lines show the topography of the
land surface. The direction of movement of the ground water
is ordinarily at right angles to these lines in the direction of maxi-

mum slope.

The map shows that the general slope of the water table
under the plains of the northeastern quarter of the county 1
southeastward, but that the amount of slope varies considerably
because of irregularities of the water table. Where the lines are

rather uniformly spaced, the slopes range from 10 to 17 feet to

the mile.

Irregularities on the water table may be caused by unequal
addition of water to the ground water reservoir at different places.
. Thus, water added to the reservoir tends to build up a mound
or high area on the water table because the frictional resistance
offered by the small passageways through the sands prevents it
from spreading out as rapidly as it would on the surface of 2
lake. Such may be a partial explanation for the high areas of
figure 8. Wildhorse Lake and adjacent low-lying areas may
be places where water is taken into the ground, and the‘ same may
be true of the small lakes and ponds in the vicinity of Tyrone.
The map shows domes on the water table at both of these locali-
ties. There is also a small nose on the water table, near Bakers
burg which cannot be attributed to lakes or ponds, but which
may be related to soils which are more sandy than elsewhere
and which therefore take in more water, or it may be a place

where water from some distant intake area finally reaches the
water table after following a long and circuitous downward path..

Other high areas are to be expected along ephcmcral streams—
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ie, streams which flow only when there are storm waters to
be carried away, commonly known as “dry streams” or “dry
washes.” The channels of such streams are above the water table
and part of the storm water seeps into them and descending to
the underground reservoir, builds up a long and narrow ridge
on the water table. The slope of the water table is away from
the valley rather than toward it. Such streams are termed “in-
fluent” with respect to ground water because water is added to
the 1.mderground reservoir through them. Evidence of influent
conditions is afforded by the dry upper part of Beaver River. At
the bridge in SEY; sec. 32, T. 2 N,, R. 12 E. C. M,, about 8 miles
west of Goodwell, the water table is about 28 feet higher than in
V!.IC“ 167, located 1.75 miles east of the bridge. No water table
.rldges appear on figure 8 because there are no ephemeral streams
in the part of the county shown.

Discharge of ground water into perennial streams has the
opposite effect. Where valleys have been cut below the general
level of the water table, the water table slopes toward. the stream
as shown by figure 8 for Beaver River in the eastern part of the
county. Water moving down this slope enters the stream chan-
nel, causing the flow of the stream to be perennial. Such a
stream is said to be “effluent” with respect to ground water.

Water in a well located either on the flood plain or on the
valley bluff adjacent to an effluent stream, will be actually higher
than the water in the stream channel, and will be reached at a
depth which is less than the height of the well above the stream.
The slope of the water table toward the Beaver as measured with
an aneroid barometer at several localities in the eastern half
of the county averages about 13 feet to the mile.

Discharge of water through a well tends to depress the water
table in the immediate vicinity, forming what is known as a
cone of depression, the size of which depends partly on the rate
at ‘w.hich water is being withdrawn. If withdrawal is stopped
rcfl.lhng will take place until the depression disappears. A well
which flows or is pumped continuously will always be in a cone
of depression. The cones of depression caused by the pumping
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of existing wells in Texas County probably are too small to ap-
pear on figure 8.

Other irregularities in the water table are due to differences
in the permeability of the deposits. 1f there is a bed of imper-
meable material at the level where the water table otherwise
would be, the continuity of the water table is broken. A well
passing through the impermeable bed will be dry until it enters
some underlying permeable bed, when the water will quickly
rise.

Water table slopes steepen where materials become less per-
meable in the direction of ground water movement. There prob-
ably are many changes in permeability of the deposits of the
Ogallala formation in Texas County, and some changes in the
slope of the water table may be due to them. It is unlikely,
however, that the variations shown on figurc 8 are entirely due
to such causes, because the variations are probably less than the
contour interval used.

In summary, the water table under Texas County has a
general southeastward slope averaging 10 or 15 feet to the mile.
The shape of the water table depends on the uniformity of the
subsurface materials, and the local conditions affecting recharge
and discharge of the reservoir. The water table is depressed be-
low the normal level along such perennial streams as Beaver
River (eastern part), Coldwater, Hackberry, and Paloduro Creeks,

and probably is elevated in ridge form under the dry part of the '

Beaver and the dry tributaries. The depth to water in a well
depends on the balance of these several factors at the\slacc where

the well is drilled.

CHEMICAL CHARACTER OF THE WATER

The chemical character of the ground water in Texas County
is indicated by partial analyses of samples from 72 wells, which
are tabulated in table XII. Most of the samples are from wells
thought to be in the Ogallala formation, but samples 113, 129,
and 249 are from wells thought to be in the alluvium where it
is underlain by the Cloud Chief formation along Paloduro Creek;
number 20 is from alluvium where it is underlain by the Ogallala
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formation; numbers 287, 412, and 403 are from wells which pene-
trate red beds thought to represent the Triassic (?) and numbers
118, 126-a, and 242 are from wells that almost certainly draw
all or part of their water from the Cloud Chief. Seven of the
samples were taken from town supplies, 19 were from wells at
rural schools or from wells that supply schools, 43 were from
ordinary farm wells, and 1 was from a railroad well. Two
anfilyscs by an industrial company represent water from wells
drilled for industrial purposes but not actually in use.

The analyses, which, with two exceptions, were made in the
Water Resources Laboratory of the United States Geological Sur-
vey by Margaret D. Foster, include determinations of bicarbo-
nate, sulphate, chloride, and total hardness. Fluoride also was
determined on the 26 samples from town and schools wells. The
analyses indicate the general chemical character of the waters
anq their suitability or unsuitability for industrial use, for irri-
gation, and for domestic use as far as this is affected by the dis-
solved mineral matter; they do not show the sanitary condition
of the waters. Tests of the sanitary condition of the waters in
the Panhandle are being made, however, by the Oklahoma De-
partment of Public Health, through its district office at Guymon.

The analyses indicate that the waters in the Ogallala formation
are very uniform in chemical character and mineral content.
They are hard, calcium bicarbonate waters, usually with between
200 and 300 parts per million of bicarbonate and between 200
and :.‘350 parts of total hardness. Most of the Ogallala waters
cxamined contained moderate to low amounts of sulphate and
chlorid.c. In general, waters from the sands in the Ogallala are
lower in mineral content than those from the older formations.

Wat.ers from the Cloud Chief are likely to be very hard and
to contain considerable sulphate and chloride, as a result of con-
tact with gypsum and salt that occur in the formation. The
three samples (118, 126-a, and 242), which are from wells
thought to draw part or all of their water from the Cloud Chief,
are very hard, calcium sulphate waters. They differ considerably
however, in degree of concentration of calcium sulphate. They
also differ greatly in chloride content. Another 'samplc (132-a)
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from a well 100 feet deep and which should reach the Cloud
Chief, is in chemical character a typical Ogallala water.

The waters from the so-called Triassic red beds that were
analyzed (287, 412, and 403) were quite dissimilar in chemical
character. One (287) was a water of mixed calcium-sodium,
bicarbonate-sulphate type, with the sodium somewhat higher than
the calcium and the bicarbonate somewhat higher than the sul-
phate; the other two samples were calcium sulphate waters,
although no. 412 was about twice as high in sulphate as no. 403.

Waters from the alluvium differ greatly in mineral content
depending upon local conditions, such as opportunities for mixing
with waters from the red beds or for solution of salts concentrated
in the soil. The three samples (113, 129, and 249) from wells
in alluvium where it is underlain by the Cloud Chief were all
very hard, calcium sulphate waters, but they differed considerably
in the amount of mineral matter in solution. One of these
samples was high in chloride as well. Sample 20, from a well
in alluvium underlain by the Ogallala formation, was a calcium
bicarbonate water and was much lower in dissolved mineral
matter than the water from wells in alluvium where underlain
by the Cloud Chief.

In Texas County, water is used chiefly for domestic purposes
and for irrigation. There is little demand for water for industrial
use. The quality of water that may be considered satisfactory for
drinking and for other domestic uses depends on the locality
and the individual. However, some of the ground waters in
Texas County contain in excess of 250 parts per million of sul-
phate and of chloride, respectively, the upper liﬁ‘néts of these
constituents suggested by the United States Treasury Department
as permissible in waters used for drinking on interstate carriers.

Sulphate and chloride in excess of these limits tend to make the.

water unpalatable, although many waters exceeding these limits
have been used for long periods without harmful effects. The
only Texas County waters reported as being unpalatable are
those from wells in the pre-Ogallala red beds, or in alluvium
along streams where the red beds are exposed and locally in
alluvium where the waters come in contact with buried vegetable
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matter. The waters from the Ogallala formation are entirely
satisfactory in this respect, but they are hard and require excessive
amounts of soap when used for laundry purposes and form a
scale in teakettles.

Attention should be called, however, to the fluoride content
of the Ogallala waters. Of the 26 Texas County waters that
were examined for fluoride, 17 contained more than 1.0 part
per million. All but one of these waters were from wells thought
to be in the Ogallala formation. The waters containing more
than 2.0 parts per million (of which there were five) were all
from wells in the southwestern quarter of the county. One of
these waters contained 4.8 parts of fluoride. The waters con-
taining less than 1.0 part per million were from wells in the
northeastern part of the county.

The relation between fluoride in water and the dental defect
known as mottled enamel has only recently been generally
recognized. Dean'™ has found that:

“.In surveys made of cities having the requisites for guantita-
tive evaluation and even where these requisites are eclosely
approximate, there is a definite quantitative relation between
the flouride concentration and the eclinical effect. Although
a prognosis with respect to any one individual is obviously
unwarranted, it is felt that a prognosis relative to the group
response to waters of varying fluoride concentration may be
tentatively made at this time. From the continuous nse of
water containing about 1 part per million, it is probable that
the very mildest forms of mottled enamel may develop in
about 10 percent of the group. In waters containing 1.7 or 1.8
parts per million, the incidence may be expected to rise to
40 or 50 percent, although the percentage distribution of
severity would be largely of the ‘mild’ or ‘very mild’ types.
At 2.5 parts per million an incidence of 75 to 80 percent may
!)e expected, with possibly 20 to 256 percent of all cases falling
into the ‘moderate’ or a severer type. A scattering few may
show the ‘moderately severe’ type. -

‘““At 4 parts per million the incidence is in the neighbor-
hopd of 90 percent, and as a rule 35 percent or more of the
children are generally elassified as ‘moderate’ or worse. In
concentrations of 6 parts per million or higher an incidence
of 100 percent is not unusual.”’

106. Dean, H. Trendly, “Chronic Endemic Dental Fluorosis”: Jour. Amer. Med. Assoc.

Vol 107, pp. 1269-1272, Oct. 17, 1936.
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The interference with the normal development of the enamel
apparently takes place during the period of its formation. Once
a tooth is mottled, it never loses the disfigurement, even though
the cause is eliminated. On the other hand, normally formed
teeth have never been known to become mottled later and per-
sons moving into an endemic area after the second teeth have
developed are not affected. It is important, therefore, that children
should not use water containing more than 1.0 part per million
of fluoride. Because of the undesirable effect of fluoride in
water on the enamel of the teeth of children, the Oklahoma
Department of Public Health is giving special attention to the
fluoride content of the waters. The logical solution of the prob-
lem is to avoid the use by children of water containing fluoride
in excess of 1.0 part per million. In some instances this can be
done by using a nearby water that is free of toxic amounts of
fluoride. Where this is not feasible it may be possible in some
cases to provide distilled or cistern water for drinking and cook-
ing purposes for the portion of the population (children between
birth and 8 years) needing protection. At present no cheap
and efficient method is in use for removing fluoride from water
for domestic use.

The successful use of water for irrigation depends on a
number of factors in addition to the mineral content of the water.
Some of these factors are the character of the soil, the amount of
water used, rainfall, and drainage. Scofield'® in 1932 suggested
limits for certain mineral constituents in waters used for irri-
gation. The suggested limits are shown in the following table:

SuccESTED Limits FOR SAFE AND UNSAFE WATERS FORNRRIGATION

Safe  Unsafe

Constituents Less More

Total dissolved than than
solids (parts per million) ... 700 2,000 -
Sodium (Na) (percent) ..o 50 60
Sulphate (S0.) (parts per million) 192 480
Chloride (Cl) (parts per million) 142 355

The percentage of sodium is obtained by dividing 100 times
the milligram equivalent of sodium in the water by the sum of

105. Scofield, C. S., “Quality of Irrigation Waters”: Calif. Dept. Publio Works, Di-
vision of Water Resources, Bull. 40, 1933.

TABLE XII
PARTIAL ANALYSES oF WATER FroM WELLs IN TExas CouNTY, OKLAHOMA

ANALYZED BY MARGARET D, FOSTER
(except numbers 317 & 317a which were analyzed by General Atlas Carbon Company, Pampa, Texas)

Numbers correspond to well numbers in table of well records, pp. 184 to 222.)

(Parts per million.

WATER ANALYSES
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71 Mrs. R, Ritter (Frisco

Ogallala
Ogallala
Alluvium
Cloud

1.8 246
246

938

1,478

7
9

520

820

30

76
1,120
1,800

218
224
343

34

Jan. 25, 1938
Mar. 23, 1938
Nov. 23, 1937
Aug. 6, 1938

b100
b168

12
b207

10-1N.-14E.
20-1N.-15E.

2-1N.-18E.
24-1N.-18E.

School)
87 George Reust

113 C. C. Smart
118 Ezra Shorb

Chief
Ogallala
Cloud

Chief
Allavium

360
1,312

00

14
166 925 30

261

Nov. 23, 1937
Aug. 6, 1938

26

b50

30-1N.-18E,
1-1N.-19E.

126-a Archie Campbell

122 L. M. Cooper

Ogallala

1,305
321
276

28
38
13

920
132
66

152
234
224

Nov. 23, 1937
Aug. 6, 1938

34.5

b100
66

7-1N.-19E.
22-1N.-19E.

129 Robert Johnson

132-a M. B. Kile
136 L. Dillard

Ogallala
Ogallala

Nov. 22, 1937

30-1N.-19E.

Ogallala

237
255
267

1.8

12
11
10

50
7

20

225
223
236

Feb, 2, 1938

186.5 Feb. 8, 1938
Mar. 23

b188
186

35-2N.-13E.

33-2N.-10E.

146 Jackson and Johnson
180 Town of Goodwell
202 M. N. Buford

223 L. C. Webb

Ogallala

Ogallala
Ogallala

282
330
340

1.4

5
32
24

34
60
70
14

2,600

341
218
258

1938
1937
1937
1937
1937

Nov. 26
Nov. 27

67

27-2N.-15E.
21-2N.-17E.
26-2N.-17E.

226 Hardesty Townsite
237 0. R. Bingley
238 C. E. Martin
242 R. 0. Mason

Ogallala

Nov. 25

145
131
141

19-2N.-18E.

258
2,400

20

1,440

240

Nov. 25,

23-2N.-18E

Ogallala
Cloud

Chief

52

Aug. 6, 1938

35-2N.-18E.
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the milligram equivalent of calcium, magnesium, and sodium in
the water:

Milligram cquivalcnts Na x 100
=Percent Na

Milligram equivalents Ca + Mg + Na

Waters within the lower set of limits are not likely to be
harmful when used in ordinary irrigation; waters above the
upper limits, however, are very likely to be unfit for irrigation,
either because of their effects on the plants or because of their
effects on the soil. Waters between the lower and upper limits
may or may not cause injury to crops or soil, depending on the
composition of the water, the characteristics of the land, and the
manner in which the water is used.

The waters in the Ogallala formation that were examined
were all well within the lower limits suggested above. Similar
waters have been used successfully in other parts of the High
Plains. Waters from the Permian and Triassic (?) red beds and
some of those from alluvium may, however, be above the upper
limits.

PresENT DEVELOPMENT OF WATER SuPPLIES FROM WELLS

Nearly all water used in Texas County for farm, municipal,
industrial, railroad, and irrigation purposes is supplied from wells.
A few farmers have constructed earth dams in some of the
smaller drainage courses to catch run-off waters for stock use,
and stock may also use more or less water from the temporary
ponds and lakes on the upland ard from the perennial streams,
but surface waters so used probably are but aiQall fraction of
the total volume of water that is required.

In the present ground water investigation, records of 542
wells in the county were obtained and tabulated. Of these, 226
are farm windmill wells used for domestic and stock purposes,
213 are windmill wells not in use, 55 are windmill wells used only
for stock, 24 are wells used for public supplies including schools,
20 are wells used for irrigation, 3 are wells used for industriad
purposes, and 1 is a railroad well. These wells are listed in order
by townships in the well tables on pages 184-222, which give the
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Jocation, the topographic situation, the depth of the well and the
depth to the water, the diameter of the well, the type of pumping
equipment, the use to which the water is put, and so far as avail-
able the names of the owners, the nature of the water-bearing
material, the yield, and other details. The wells are discussed
below according to the uses to which they are put.

DOMESTIC AND STOCK WELLS

Most of the farm wells used for domestic and stock pur-
poses and the private wells used for domestic purposes in the
towns, are of the drilled type and are from 4 to 6 inches in diam-
eter. Except on the flood plains of the major streams and the
adjacent lower slopes of the valley bluffs, they are nearly every-
where more than 100 feet deep. They are equipped with wind-
mills capable of pumping a few gallons of water per minute, and
some also are provided with pump jacks operated by small gaso-
line engines for use when there is no wind. In upland farming
areas there is about one well on each section of land, but in the
smaller towns where many people have their own windmills
there are many wells in a section. On the other hand, the wells
are very widely separated along the major valleys where much
of the land is in large cattle ranches. There are fewer wells in
use now than formerly. According to reports, wells originally
were drilled on nearly every quarter section of farm land, but
many were abandoned as the average size of the farms increased
and the number of families diminished. A few windmill wells
are described in the following paragraphs.

F. B. Buzzard. NWY, NWY, sec. 25, T. 4 N,, R. 12 E.
(Well 412) The well is on the upland plain and appears to have
been drilled into the red beds. The Ogallala formation consists

" of impervious material and yields little or no water (see log 412,

page 178). Several previous wells at or near this place had either
failed or proved unsatisfactory. One well 300 feet decp is said
to have yielded only about a barrel of water a day. The present
well was drilled to a depth of 453 feet, and the first water and

: the red beds are reported by the driller'®® at 170 feet. When the
" well was 300 feet deep, the water level was 143 feet below the

- -M8. Kauffman, C. F,, Gruver, Texas, personal communication.
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surface, but on completion of the hole in 1936 it was only 124
feet, and as measured by the writer in 1937, it was about 128
feet. The well was cased to a depth of 396 feet, a cylinder was
set at a depth of 384 feet, and the well yielded about 6.5 gallons
per minute. After 5 hours the yield dropped to about 4 gallons
per minute, but the water did not become clear. Gravel was
put in the well, extending 5 feet up into the casing (to the 391-
foot level), and the annular space outside the casing was filled
with coarse sand to within 25 feet of the land surface. This pro-
cedure is said to have eliminated the sediment in the water, but
the yield dropped to about 3 gallons per minute, and the water
has never been satisfactory for drinking (see analysis, page 98).

Stonebraker-Zea Ranch. NWt; sec. 16, T. 3 N, R. 12 E.
(Wells 287 and 288). In November 1937, well number 288 was
drilled on the bluff north of Tepee Creek and about 85 feet above
the creek channel. As reported by the driller,”®" the well entered
red beds, probably the Triassic (?), at a depth of about 40 fect,
or about 45 feet above the stream channel. When the well was
126 feet decp, the water level as measured by the writer was
111 feet below the surface. The well was abandoned as too
weak, and well number 287 was then drilled about half a mile
to the southeast on the floodplain of Tepee Creek and about 20
feet above the channel. The driller reported a total depth of

207 feet in the second well, and a yield of 6 gallons a minute |
from a 38-foot red sand. The static water level as measured by |
the writer on July 25, 1938, was 53 feet below the surface. Red '

beds were rcportcd at a depth of 78 feet. Partial analysis of the
water from this well is given in the table of a\nalyscs as numbcx:

287.
DISCHARGE OF WINDMILL WELLS

The Panhandle Experiment Station'®® at Goodwell has been
making tests of wind velocity since 1925, and in connection with
this work conducted tests on the amount of water pumped by a

107. Freeman, Frank, oral communication.
108. Finnell, H. H., “Agriculiural Significance of Climatic Features at Goodwell
Oklahoma”: Panhandle Agri. Exp. Sta., The Panhandle Bulletin, No. 40, pp. 26-30

1932.
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windmill used for irrigation of a garden. The windmill was a
12-foot mill on a 30-foot tower, with a 2%-inch cylinder. It
operated on a 6-inch direct stroke and the pumping lift was 140
fcet: The.watcr was measured with a meter as it passed through
a 2-inch pipe. The published record is not continuous because the

data fOI Pcllods w g
hCIl tlle Wllldml” was not in
OOd COndlthIl
were dlSCaIdCd.

AvERAGE NuMBER OF GALLoNs oF Water PumpEp Per DAy BY A WinpMILL

Month Gallons of water
per day
January
February i,ggg
March 1,618
April 2,087
Jua:e 1,798
1,469
July 1661
August 1,033
September 1'788
October 1,339
November 1'425
December 1’425

WELLS USED FOR PUBLIC SUPPLIES

Th.e largcr towns are supplied from wells through water-
wor.ks including power-driven pumps, elevated tanks, and distri-
butmg systems. The wells average deeper and are of larger size
and yield than the farm and stock wells. The following para-

graphs summarize the significant data regardi i
egarding the wells i
each of the towns. 5 5 "

Guymon is served by the Oklahoma Electric a
Company, which has two wells about 60 feet apart locgid\zttflelrt
a block gortheast of the Chicago, Rock Island, and Pacific Rail-
road station. The newer well was drilled in 1929 and is 330
feet decP (sce log 319). The other is old, and no log of it could
be obtained. Both wells are cased with 14-inch iron casin
perf'oratcd b.clow the water table, are gravel packed, and ar%
cquxppcd. with turbine pumps. The older well is operated by
an clec.tnc motor rated at 40 horsepower, and yields 285 gallons
per minute with a draw-down of 9 feet. The newer well is
operated by an electric motor rated at 35 horsepower, and yields
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251 gallons per minute with a drawdown of 7 feet. The wells
are pumped alternately. The static water level is reported as
190 feet, which seems unusually deep as compared with that of
wells located within 2 miles to the northeast, northwest and south-
west. Thus wells 188, 304, and 317 are located at comparable
clevations, and the water levels in them were measured as about
125 feet, 125 feet, and 134 feet, respectively. On the other hand,
the measured water level in well 198, which is located 2.25 miles
to the southeast, is about 179 feet. Partial analysis of water from
the Guymon supply is given in table XII as number 319.

The city of Guymon also has a municipal well for pumping
water to fill the swimming pool and irrigate trees in the park
(no. 320). As reported by Hugh Willoughby,' this well was
begun by digging and completed by drilling methods in 1936.
It is on the flood plain of Beaver River, about 2 miles north of
town, is 57 feet deep, and is cased between depths of 9 and 57
feet with 12%5-inch perforated iron casing. It penetrates a total
of about 40 feet of water-bearing sand and fine gravel, with most
of the water coming from a coarse sand and pea gravel between
depths of 48 and 57 feet. (See log 320). The water level as meas-
ured by the writer on August ‘11, 1938, was about 12,28 feet
below the land surface. The well is equipped with a centri-
fugal pump of 480 gallons per minute capacity, driven by a 40-
horsepower combine cngine adapted for the use of natural gas.
This power unit is larger than necessary, having been selected
largely on the basis of availability. The well is reported to yield
225 gallons per minute, and the drawdown as mecasured August
11, 1938, was 20.5 feet. Mr. Willoughby estimates that this well
" could be duplicated, complete with pump, powér\plant, and con-
crete pit, for $750. A piston pump and an auxiliary 15-horse-
power engine are used to pump the water through 2 miles of

6-inch pipe to the park.

Hooker supplies its own water from four closely spaced wells
about a block southwest of the Chicago, Rock Island, and Pacific
Railroad station. The first well was drilled in 1907 and the
second in 1917. These two are 200 feet deep and are cased to

109. Willoughby, Hugh, City Engineer, Guymon, Oral communication.
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thc' bot_tom with 6-inch iron casing, the lowermost 60 feet of
which is perforated. Both are equipped with 4-inch ¢ lindzr
pumps set bf:tween 140 and 150 feet deep, driven by 7V¥horsc-
power.elcctrlc motors. They are reported to yield 60 f allons
per rnmutc'each. The third well was drilled in 1931 axgld th
fo.urth one in 1933. These two are 260 feet deep and are case§
with 8-inch iron casing, the lower 60 feet of which is perforated
and have a gravel wall 4 inches thick outside the casin Both’
are pumped by the air-ift method. There are two elcctri{é'motors
ra.tcd at 50 and 75 horsepower each, and two air compressors
Either motor and compressor can be used to pump eithEr well,
and bo_th wells are used chiefly when the load is too great for
the cylm.dcr wells. The yield of these wells could not be %btained
The static water level is reported to be about 140 feet below the:
!and surface. Two booster pumps are used to raise the water
llnto.the water tower. Partial analysis of water from this suppl

is given in table XII as number 592. PEY

Texhoma is served by the Ci iliti '

. y the Cimarron Utilities Company. Th
v&{c}il is 230 fect deep, with a static water level of 210Pfecyt an§
yields 100 gallons per minute with a drawdown of 13’fcct.

Analysis of i is gi i
Ava gmsi) ;‘ :;flter from tlu.s well is given in the table of analyses

Goodwell supplies its own water from tw.
wells located across the street from the Panhaﬁdlzlojfl};ic?l)tf:ﬁ
and Mechanical College. These wells are reported t%) be 188
feet dce_p, inth a static water level of about 150 feet. Both are
cascd.w1tl¥ iron casing, the lower 20 feet of which is perforated
One is 6 1thcs and the other 8 inches in diameter. The lar CI:
well is equipped with a turbine pump operated by an electgric
motor rated at 20 horsepower, and yields about 120 gallons per
minute. The. drawdown is not known. The other well is equ[;p-
}P;Cd with a llft. pump operated by an electric motor rated at 5
orsepower. It is reported to yield 11 or 12 gallons per minute
and is used chiefly to supplement the larger well. Partial analyj

ses of water f is gi i
o of n\iac rerlsg?m the larger well is given in the table of analyses

Tyrone supplies its own water from two wells which are
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o be 285 feet deep. They are cased to .the bottom with
;.i}f—);)x:ctﬁdstccl casing, the l(f’wcr part of which is pcrforlatcdkf(()ir
each of five water-bearing beds. The wells are not gr.ani pac eb.
They are equipped with cylinder pumps, and cach.ls r{)ven 6;
an electric motor rated at 10 horsepower. .Thcy yield a ogt >
gallons per minute each. The first water 1s reported at a ;{)t.
of 95 fect.'® Partial analysis of water from the eastern well 1s

given in table XII, as number 706.

i i i from a windmill that
Hardesty is partly supplied with water
is owned an)il operated by the town. The ('lcpth and water le;':l
of the well are not known. Partial analysis of water from t is
well is given in the table of analyses as number 226. Some res-
dents also use water from private windmill wells, but these were
not sampled.

ima is partly supplied with water from a windmill well
owneodptand opcfr)atedy by PtEe town.. It is s.aid to b'c 165 fe;:t dcct[.)c,
and is cased to the bottom with 64inch iron casing. T cPsta.1l
water level is reported as 109 feet .bclov&'r the surfaccé alrtlzlS
analysis of water from this well is given in the table o ana'y’s‘te
as number 326. Some residents also use water from priva
windmill wells, but these were not sampled.

Bakersburg, Mouser, Hough, and Eva are supp}ne;;i \Z;tl:
water from private windmill wells, and were not samphc. le?( 2
for the M. W. Wright well at Eva, the analysis for which 15
ported as number 397.

WELLS USED FOR INDUSTRIAL AND RAILROAD PURPOSES ]

There are only a few wells in Tcxa.s Cou_n y tlhat arli l:;;t
exclusively for industrial purposes, even including™~the wells

are drilled to provide temporary supplies of water for the drilling

of gas test wells. These few are described below, together with
several railroad wells. -
General Atlas Carbon Co. (Wells 317, 317-a). In January

1938, two wells were completed for the General Atlas CarEon
Co. ,at the site of a proposed plant for the manufacture of carbon

110. Fraim, Dewey, pump superintendent, personal communication.
)
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black about 1.5 miles northeast of Guymon, in the NWY;, NW;
sec. 28, T. 3 N, R. 15 E. The wells were drilled by the rotary
hydraulic method to depths of 385 and 386 feet, are cased with
12-inch iron casing perforated below the water level, and have
gravel walls about 9 inches thick. The water level in the southern
well was measured by the writer on March 21, 1938, as 133.92
feet below the surface. This well is shown on the map and is
listed in the tables of well records and logs as number 317. The
log shows it penctrated a total of about 192 feet of sands, gravels,
and sandstone below the static water level. It is reported to have
yielded 628 gallons a minute with a 10-foot drawdown (specific
capacity 62.8).""" The water level in the northern well was not meas-
ured, but it probably is very close to 134 feet below the surface,as the
two wells are only 150 feet apart and there is little difference in
elevation of the ground at the two wells. The log (number 317-a)
shows about 114 feet of sands, gravels, and sandstones below the
134foot level, but those below 300 feet are not as clean as those
in well 317. This well is reported to have yielded 588 gallons
a minute with a drawdown of 17.5 feet (specific capacity 33.6).

Permanent pumping equipment had not been installed at the
time of writing.

Hagy, Harrington and Marsh Company™® (Well 63). In the
fall of 1937 the Hagy, Harrington and Marsh Company had a
water well drilled in the NEY4 sec. 5, T. I N, R. 13 E., to
supply water for the drilling of two gas test wells. This well was
originally 190 feet deep, and was cased to the bottom with 8-
inch iron casing, of which the lower 15 feet was perforated. The
water-bearing bed was reported as sand occurring between the
depths 172 and 188 feet, and the water level was said to be 158
feet below the surface. However, the well proved inadequate
to supply the water needed, and it was deepened to 203 feet, but
no more casing was set. At this depth it penetrated between 1
and 2 feet of water-bearing gravel, and the water level is said
to have risen to the 153-foot level.

N1 Perry, Frank M., General Atlas Carbon Co., personal communication.

112. Wagner T. J., of the Hagy, Harrington and Marsh Co., and T. E. Butler, driller,
oral communications.
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Kuhn Brothers (Well 188). In January 1938 Kuhn Brothers
had a water well drilled in the NWY% sec. 1, T.2N,R. 14E, to
supply water for the drilling of a gas test well. According to the
driller,"® this well is 265 feet deep and draws at least part of the
water from a sand at the bottom of the well. However, this sand
did not show up in the drilling of the adjacent gas test well,
which is reported to have entered the red beds beneath the
Ogallala at a depth of 205 feet. The well was cased with 6%-
inch iron casing, and was pumped by jetting with natural gas.
The driller estimated the yield at 50 gallons per minute.

Chicago, Rock Island, and Pacific Railroad* The Rock
Island Railroad uses two wells at Hooker. One well is 163 feet
deep and is cased with 12-inch, casing. The water level is 138
feet below the surface, the yield 60 gallons per minute, and the
drawdown 3 feet. The other well is 230 feet deep, and the 12-
inch casing extends to a depth of 212 feet. It is equipped with

a 10-inch by 30foot Cook screen. The water level is 148 feet, -

the yield 60 gallons per minute, and the drawdown about 3 feet.

The railroad well at Optima is 115 feet deep. It is cased
with 7-inch casing to a depth of 114 feet, and the water level is
83 feet below the land surface. It is pumped with a windmill
and yields about 10 gallons per minute without appreciable draw-
down.

The railroad well at Goodwell is reported to be 200 feet deep,
and is cased with 12-inch casing to a depth of 182 feet. It is
cquipped with a 10-inch by 20-foot Cook screen, and is pumped
with a double-acting cylinder driven by a semi-diesel engine rated

at 15 horsepower. It yields a maximum of 123 gallons per minute,

with 5 feet of drawdown.

Beaver, Meade and Englewood Railroad (No. 403). The well
used by the Beaver, Meade and Engelwood (Missouri-Kansas
Texas) Railroad at Eva is of especial interest because it is ex-
ceptionally deep. If a log was kept, it has since been lost, but
neighbors report that much shale or clay was encountered in the

113. Kilbourn, L. J., Oral Communication.
114. Information supplied from company files.
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drilling, and that the driller had little hope of obtaining a good
well. Louis A. Baker'”, of the company which backed the pro-
ject, reports a total depth of 493 feet. The only clearly recognized
water-bearing bed of which there is a record occurs at a depth
of 205 feet. Yellow clay was encountered at 175 feet, and a very
hard material whose nature was not recorded, at 275 feet. The
'holc waslfillcd with gravel to the 300-foot level, and cased with 8-
m.ch casing, a part of which was perforated. It was equipped
with a 4-inch drop pipe and a %-inch by 36-inch brass cylinder
and is operated by a gasoline engine rated at 10 horsepower. lr;
a 3-hour test it yiclded 40 gallons per minute. The water level is
reported as 194 feet, and is deeper than might be expected, for
the water level in the M. W. Wright well, which is located only
a quarter of a mile to the southeast, was measured as 152 feet
and the water level in well 390, which is a little over a mile t(;
the west-southwest, is only 165.4 feet. However, the measured
water levels in this general locality vary within wide limits, and
one driller™® reports that the distribution of watcr-bcaring’beds
and the depths to water are erratic.

WELLS USED FOR IRRIGATION

As a result of the succession of dry years from 1931 through
1937 there has been increasing interest on the part of Texas
Cou.nt)f farmers in the possibilities of irrigating from deep wells.
Their interest has been somewhat strengthened by the hope that
development of the gas field in the central part of the county
would supply fuel for pumping the water at a cost low enough
to overcome the obvious disadvantage of high pumping lifnts.
Actual development of irrigation plants has been held back b
the fact that the gas is not available for immediate use in mos);
parts of the county and by a general lack of ready funds.

Only a small beginning has been made. About 1932
Chance and J. J. Kimball, Jr., fitted up an old well loc:'ﬁl;((;nz)arj
fhe.flood plain of North Fork, and have been irrigating from
1t since. 'In 1934 W. N. Ballinger began irrigating a few acres
of low-lying land near Beaver River, north of Guymon, and in

1s.
e gakle)r, L. A, Hart.itner, Kansas, personal communication.
anborn, G. C., driller, oral communication,
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1936 R. M. Van Hyning and his son, 'T. M. Van Hyning, installed
irrigation plants located on the upland about half way between
Adams and Bakersburg. In 1937 the Panhandle Agricultural and
Mechanical College began cxpcrimental irrigation from two wells
at Goodwell, and a few relatively shallow wells in valley bottoms
were in use or were being drilled. The available information
on the existing irrigation wells is summarized below. The four
wells that are located on upland plains are described first because
they most nearly represent the conditions which prevail in about
three-fourths of the county.

Dr. W. A. Hodges. NWY NW, NE% sec. 21, T. 4 N, R.
19 E., leased to T. M. Van Hyning. (Well 496). The well is
on the upland plain, and is 262 feet deep. It is cased with 12V5-
inch iron casing from the surface to a depth of 200 feet, and with
8-inch casing from 200 feet to the bottom, and is not gravel
packed. The casing is perforated from 100 feet to the bottom.
The reported water level is 105 feet below the land surface. Be-
tween depths of 120 and 262 feet, the well penetrates 47 feet of
saturated sands which are interbedded with clays. (See log, page 179)
It is equipped with a number 10 turbine pump and a geared head,
and is operated by a pcrmanently-installed 8-cylinder gasoline
engine. The yield is reported as 550 gallons per minute. The
drawdown has not been measured. The contract price of this
well equipped with the pump and geared head was $2,710. About
50 acres of land was irrigated in the fall of 1936, and in the spring
of 1937 about 20 acres of wheat and 80 acres of feed were irri
gated. It is estimated that this well produced about 37.5 acre-
feet of water in 1938.

R. M. Van Hyning. NWY NW4 SWvi secn21, T. 4 N,
R. 19 E. (Well 497). The well is on the upland plai\n\and is 280
feet decp. It is cased with 12%-inch iron casing to 2 depth of
186 feet, and with 8-inch casing from 186 fect to the bottom, and
is not gravel packed. The casing is pcrforatcd from a depth of
100 feet to the bottom. The first well drilled at this locality failed
when the casing broke, and a second was drilled about 25 fect
distant. The water level in the unused well as measured by the
writer on September 13, 1937, was 104.8 feet below the top of
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the steel drum used to cover the hole. Between

and 280 fcct. the driller’s log shows 81 feet of satur(::cpc;h:ar?cgs li(x]g
terbedded w1'th clays. (See log, page 179). The well is equipped
?Vltll a turbine pump of 800 gallons per minute capacity and
is operated by a Model L Case tractor. It is reported to yield
450 gallops per minute, with a drawdown of 38 feet after 3 l?ours
of operation. This well at first gave considerable trouble because
sand e'ntercd it, but in September 1937 the owner reported that
al.tC{atlons in the installation had at least partly overcome this
difficulty. In 1938 it was used to pump about 56 acrefeet of
water. The contract price of the well, including the pump, was

$2,300.

PANHANDLE AGRICULTURAL AND MECHANICAL
COLLEGE, GOODWELL

The College has two experimental wells that are used to
supply water for irrigation, both of which were drilled in 1937
t?lnc :\lzlcll is ((;nl the college campus, in the town of Goodwell anci

e other and larger well i i itle
fhe other and Ja ‘_,godwe;l_l is at the experimental farm a little over
College Campus well, NEY4 NEY SEY sec.
R. 13 E. (Well 179). The well is on top of a broa§4’g;tlc2 e
on the upland plain. The driller’s log (page 175) sl;ows a total
depth of 251 feet, but this is the depth of the initial, small-diam-
eter test well, and the president of the college™? ;cported the
dcpth. of the completed irrigation well as about 238 feet. The
well is cased to the bottom with 12-inch iron casing which is
perfor.atcd below the water table, and is gravel packed. The water
level is reported as 135 feet below the land surface in 1937. Be-
tween depths of 135 and 238 feet, the driller’s log shows 80 feet
o.f saturated sands, of which 40 feet is coarse enough to be con-
sidered good water sand. The well is equipped with a turbine
pump of 500 gallons per minute capacity, and is operated by an
electric motor rated at 20 horsepower. It was tested at y42’5
gallons per minute and found to have a drawdown of 3C fect
but normally yields about 300 gallons per minute. The tem er-
ature oof the water as measured by the writer in September 1p937
was 62° F. It was used to irrigate about 30 acres, part of which

ni. 1
Morrison, E., oral communication.
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was in row crop, during the last half of the summer of 1937, and
also was used to supply water for college lawns and trees.

College Farm well, SEY; NWY sec. 36, T. 2 N, R. 13 E.
(Well 181). The well is on the upland plain and is 298 feet
deep. It is cased with 18-inch iron casing, the lower 190 feet of
which is perforated, and is gravel packed. The gravel walls are
about 2 feet thick. The water level was measured as 118 feet
below the land surface in November 1938. Between depths of
120 and 300 feet, the driller’s log of the preliminary ‘test well
shows a total of 160 feet of saturated sand and gravel, and some
sandstones from which water may be available. (See log, page
175). The well is equipped with a Deming-Mueller centrifugal
pump with six 10-inch stages set at a depth of 230 feet, and a
Johnson right-angle drive. It is operated by an Allis-Chalmers
natural gas engine capable of producing 92 horsepower at 1,150
r. p. m. Initial tests with the driller’s pumping equipment showed
a yield of about 680 gallons per minute with a drawdown of 27
feet, but after installation of the permanent equipment described
above, the yield was increased. Using a wier, W. L. Broadhurst
measured the yield of the well in February 1939 as 960 gallons

a minute.

The well is fitted with an air line and air pressure gage for
making depth to water measurements. During the 1938 pumping

scason two measurements of the water level were made each time -
the pump was operated—one just before pumping was started -

and the other just before the pump was shut down. The difference

between the water levels in these two measurements is called the

drawdown. A summary of the data obtained by the College is
shown in the following tables. The average drawdown was
computed to be 358 feet.

The table shows that a total of about 191 avee-feet of water
was pumped between April 4 and October 7. In addition some
pumping was done during the first three months of the year, and
the estimated pumpage for 1938 was about 288 acrefect.

. Irrigation well of W. N. Ballinger (No. 176).

River flood plain nortl 5 i
River Mo p orth of Guymon. Reported dicharge, 100 gallons of water

PLATE 1V

lrllgallon well at Exper t ¥ nhandle n CERSAL .
pe! imental Farm anh ile A d College, ( dwel

N P . a M. Coll B v
(No. 181). A (|r:ep well on the upland flat. Measured dlsuhalge. 960 gd”nnc

of water a minute. (Pl i
Colloey. (Photo courtesy of Pres. Morrison, Panhandle A. and M.

A 30-foot well on the Beaver



PLATE V

A. Sand blown off negl
bushes. Tt also pi

along lfences, and drifts into roads.
about 12 miles north of Guymen,

B. Sweel Stalk Kaffir corn grown un-
T der irrigation with well water at

Panhandle A. and M. College.

wlected fields accumulates uruundl
les up around buildings anc

Picture taken
August 31, 1938.

-
The difference water mgkcs.. ll:l-e‘
two crops were planted identically.
: A :
but that in the background wa

irrigated. (B and C courtesy of

1
Pres. Morrison, Panhand'e A. and.

M. College).
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DRAWDOWN IN RELATION TO THE LENGTI
OF THE PuMmpING PERIOD

Period of pumping Average drawdown
(Hours) (Feet)
0-5 329
5-10 35.8
10-24 36.7

MonTHLY PumpAcE AND DrAWDOWN

Quantity of water

Hours of in acre-feet! Average depth Average
pumping to water when  drawdown2
During pump was started?2  (feet)
Period Total (feet)
April 4 to 30 106 18.7 18.7 117 328
May 2 to 28 105.5 186 37.3 118 33.5
June 3 to 30 1955 34.6 719 116 376
July 1 10 20 176.8 314 103.3 117 39.0
August 1 to 21 411.7 73.0 176.3 1193 34.6
September 1 to 30 44.0 7.8 184.1 117.5 36.9
October 3 to 7 40.2 7.1 191.2 116.5 36.4

1Figures hased on discharge of 960 gallons a minute, as measured by W. L.
Broadhurst, 1939,

2 Measured by air line and pressure gage. The gage is about one foot above
the land surface.

3Figure for August includes only measurements on days when pumping time
for the preceding day was not more than 18 hours,

Lester Sparks. NWY; NWY;, NEY sec. 5 T.3 N, R. 11 E.
(Well 281). This well is on the upland plain about 2.5 miles
southeast of Eva, and is 118 feet deep. The static water level as
measured by the writer on August 28, 1938, was about 87.6 feet
below the land surface. At a depth of 101 feet the drill encoun-
tered a very fine-grained and very calcareous sandstone, and the
water is said to come from a 6-inch layer of sand which is inter-
bedded with this sandstone at a depth of 103 feet (sce log 281).

‘As tested with a bailer, the well yielded about 11 gallons per

minute. It is cased with 15-inch iron casing to a depth of 15

fect only. At the time of writing, permanent pumping equip-
ment had not been installed.

Thomas Chance and |. |. Kimball, Jr. NEY; sec. 32, T. 2 N,
R. 12 E. (Well 165). The well is on the flood plain of North
Fork about half a mile from where the fork joins Beaver River,
and is 59.5 feet deep. It was dug in 1920 by J. J. Kimball, Sr.,
who reports that it penctrates 36.8 fect of saturated gravel between
depths of 22.7 and 595 feet. It is cased with 20-inch, perforated,
galvanized iron casing between the depths of 21.5 and 595 feet.
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The water level as measured by the writer on November 10, 1937,
was about 22.75 feet below the land surface. It is equipped with
a vertical centrifugal pump with a capacity of 500 gallons per
minute, and is operated by a kerosene combine engine of about
15-horsepower. It is reported to yield 500 gallons per minute with
a drawdown of 19 feet after 24 hours of pumping. Although the
well was completed in 1920, it was not consistently used for irri-
gation until about 1932. The original cost for casing, pump,
engine, and other equipment is reported to have been about $1;-
000,% but when regular irrigation was begun in 1932 another
pump, engine, belt, and other equipment were installed at a cost
of about $175. No charge for labor in digging the well is in-
cluded in the above figures. In 1938 irrigation of 30 acres of
alfalfa was begun on March 20, with expectations of increasing
the total area rrigated by about 15 acres as the season advanced.

Louis Latham. NEY; sec. 1, T.1N, R 14 E., operated in 1937
by T. B. Terrell. (Wells 65 and 66). Two wells side by side are
on a slope a few feet above the flood plain of Frisco Creek. One
is 22 fect deep and is cased with iron casing, the lower 10 feet
of which is perforated. The other is about 37 feet deep and is
cased with 5-inch iron casing, part of which is pcrforatcd. The
water-bearing bed was reported as quicksand. The water level
as measured on September 3, 1937, was about 1157 feet below
the land surface. The wells are equipped with 2-inch centrifugal
pumps reported to have a capacity of 200 gallons per minute,
either of which can be operatcd by a 4-cylinder automobile engine
rated at 20 horsepower. The deeper well is reported to yield
about 100 gallons per minute, and the drawdown was measured
as 4.64 feet after the well had been pumping about 3 hours. The
temperature of the water was measured as 605" F. in September,
1937. The wells were drilled in 1935, and irrigation of a small
tract on an experimental basis in 1937 produced 2 satisfactory
crop. No irrigation from these wells was attempted in 1938.

Myrs. M. F. Douglas. “NWY; sec. 6, T-1 N, R. 15 E., leased
to Alfred Ritter. (Well 84). The well is on the bluff of a minor

S
118. Chance, T., personal communication.
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Igtuiicirgs-;n;l its da few f(ciet above the flood plain of Frisco Creek
5 feet deep, and is said to have been d into,
the coarse sand from which e
: : . the water comes. It is cased with
128f-tmch iron casing to a depth of 16 fect, the lower 3.5 fect b‘:illi
Ze 19?7 oi)c?zli(;lcf. 'th(; water level was measured on Septcmbc%
. , as 12.13 feet below the southwest end of the f i
supports the engine. The well is equi ith a 2inch s
: quipped with a 2-inch i-
f::l%al. pump said to havc'a capacity of 220 gallons per rrfxex?:tr::
e Cli olzltélrlath TX 2 4-cylinder gasoline engine rated at 17 horsc,
. e yield is reported as 150 allon 1 .
drawdown was measured a : e well L Pt
_ s 34 feet after the well had
ﬂl:cI:Pm% for hjalf an hour. The temperature of the wzterb:vca:
m t}sllclriv i :1; r6?:) f Pl‘g 312- lsng;tcml:ier 1937. This well was completed
the , and was used in the summer of
to irrigate about 2 acres, although Ritter considered itc ragcqtlgaz

for a larger area. The original :
. cost of .
low because Ritter did thegwork (;:irri)seltfl_us well was exceptionally

13O)R(3I1?crt ]olzlnson. SEY4 NWL; sec. 7, T. 1 N, R. 19 E. (No.
i o e e chatmel, ;
295 and 34.5 feet deep. Both wceli zics:t c(;sezllc .Cha““‘f.l: and_afc
;y}zf),c l:oncxl'c‘ti casing and are gravel-packed. ';Vlitchgzrg\ll:fh\:v:llln gl;
o :,Zst ;; z{.f Thg water level as measured on November 24
well,’ or ab(;ut ;eltZ fecl:twb(ttlll;we(iigle (;f t(lllc CafSing o ﬂorthC“;
. e lan
;:grc;rteddto penetrate saturated gravel arls(lllr(;ljfc.ksﬂzlc cv:fgfdianrc
Pumpian t:[CJtl:l .of 75 feet to their bottoms at 29.5 and 345 fccg
bump gle ?N lﬁmclr)lt had not been installed when the writer
viited the e szf ut the plan was to operate both wells with
e >in centri }Jgal pump rated at 1,000 gallons per minute
y a combine engine. For partial analysis of water from’

a nearby well that probably is i .
bearing bed, sce num[t))re(:- ;251)?, is in essentially the same water-

" EHarola' L. Gibson. SWY, SW1; SE% sec. 15, T. 2 N, R

ﬂood. (lse.e n;). 249). Four closely-spaced dug wcl,ls :;re on.’the:

i plain o Palqduro Creek and range from 17 to 20 feet dee
y are cased with 20-inch, ring-type, concrete casing, and axI')f;
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ravel-packed. The gravel walls are 8 inches thick. Thzz “1/;;(;1'
flgevel as measured in the easternmost wclt on N;\lremgzzpcr, wd];
he
bout 84 feet below the land surkace.
w::ctiai’: 12 feet of saturated gravel between dcpths. of g am'ith(::L
?ect (See log 249, page 176). The wells are chIP[le wi z
ccn;rifugal pump rated at 250 gallon.s per ﬁnu:czgnhojznggcr.
by a 4-cylinder automobile engine rated 2
E'lIt‘fl(: yi};ls of }t,hrce of the wells purélpigggto'lg}clthgr :‘\:Vajo$§a§;1r:i
1 a minute on August 6, . The
asorgtidgzs 06nsor 7 feet for each well aftef operating 15 l;ou(rls.T;r;
[1)937 three of the wells were used to ;gr;%atc 6 facrtcs (r)lf: | j(rilin.g o
tting the wells down was $0.50 per 1oot, 1 g the
Cc:ltvcolf clillilciggc and casing. The total cost _of the p.lantE 1sa§:r
g(;rted as between $550 and $600. For a .par.tlal analysis o ‘:’\; e
lf)rom an adjacent domestic well which is in the same
bearing bed sce number 249, page 98.

W. N. Ballinger. SWY% SWh SWli sec. 18,£'I];. jvcz\lﬁivlzl:
15 E. (Well 176). The well is on the flood plain o CCd : Rivet
due north of Guymon, and is 39 feet dccp.. I(; is cascaSin .
depth of 5.2 to 30 feet with 19'-1ncl.1 galvanize bli‘onof Clag b
forated with Y4-inch holes, which is set on a be o fccty.bdow
water level as measured on Sgptirr%b;rf:;tliz;v\:atshc. L Tt boon

i r about 8. !

tSlLi)::i]guznotf r:lhccasfliscltrxllge,n; of the water level are reported in the

satu- .
section on observation wells. The well penetrates 16 feet of

rated coarse gravel between depths of 14 and 30 fee}. (i(ci?a:;t;
176-a, page 174. This log is the record of the imm

i i
adjacent windmill well, which was decpened in 1937.) 'The well |

i i d at 300 gallons per
i ioped with a centrifugal pump fatc
lxilifl?llsépeﬁfd 1s opcratcd by a combine engine adapted to use natural

gas. The yield was measured as 100 gallons per minute, and the

o,
drawdown was measured as 128 feet after 5 hours P?f .puzgl ui
The temperature of the water was measured as 58 F. 1n Aug

1937. Irrigation was begun in 1934, and during the period from’

. In
April to October this well is pumpe.d about 8 hours per i?,tmd,
1937 an area of about 8 acres was irrigated and trees were e
In 1938 the area under irrigation was increased to 11 or
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and the well was pumped about 8 hours per day for a total of
90 days. It is estimated that about 13 acre-feet of water was
pumped during the 1938 season.

Dr. Lee and Mc]. Moore. SWY, NEY% sec. 15, T. 3 N,, R.
15 E. (Well 314). The well is on the bluff of Beaver River a
few feet above the flood plain, and is 70 feet deep. It is cased
from a depth of 9 to 70 feet with 12Y%-inch iron casing, of which
the lower 52 feet is perforated. As measured on September 16,
1937, the water level was about 11.4 feet below the land surface.
The well penetrates 15 feet of saturated quicksand between depths
of 12 and 27 feet, and 10 feet of coarse gravel betweea depths of
60 and 70 feet. It is equipped with a centrifugal pump of 200
gallons per minute capacity, and is operated by a gasoline engine.
The yield is reported as 200 gallons per minute, and the draw-
down is 20 feet. This well was completed in May 1937, and irri-
gation of 5 acres was begun, but was not successful for reasons
not connected with the operation of the pumping plant.

M. 4. Costner (two wells). Well 315, SW1, NW, sec. 17,
T.3 N, R. 17 E. The well is on the bluff on the north side of
Goff Creek about 10 feet above the channel, and is about 33 feet
deep. It is cased with steel oil drums about 36 inches in diameter.
The water level as measured on October 2, 1937, was 3049 feet
below the board cover over the pit. ‘This well was completed
in July 1936 and was used during the rest of that season, but when

visited by the writer in 1937 was not equipped with pump or
engine.

Well 316, SEY; NEY sec. 18, T. 3 N., R. 15 E. This well
is located on the flood plain of Goff Creek, and is 26 feet deep.
Like well 315, it is cased with steel oil drums about 36 inches
in diameter. The water level as measured on October 2, 1937,
was 17 feet below the land surface. The well is equipped with a
small pump and a gasoline engine of about 11 horsepower. It

was completed in April 1937, and was used to water a garden
during the rest of the 1937 season.

C. 4. Nash. NWY, NWY, sec. 18, T. 3 N, R. 16 E. (Well

:350). The well is on the flood plain of Beaver River, and is 35
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feet deep. It is cased from a depth of 4 to 35 feet with 19-inch
galvanized iron casing, of which the lower 21 feet is perforated.
The water level as measured October 2, 1937, was about 7.7 feet
below the land surface. Subsequent measurements of the water
Jevel are reported in the section on observation wells. This well
was drilled for irrigation purposcs in 1934, and was equipped
with a 4-inch centrifugal pump. However, it did not yield enough
water, and therefore was equipped with a 5-inch cylinder and
a windmill. In 1937 no irrigation was attempted.

POSSIBILITIES OF DEVELOPING ADDITIONAL WATER SUPPLIES
FLLOM WELLS FOR IRRIGATION

The feasibility of developing additional water supplies from
wells for irrigation in Texas County depends upon complex
geologic, economic, and agricultural factors which can be con-
sidered here only in part. From the geologic point of view, suc-
cessful irrigation from wells depends on (1) the depth to the
water, (2) the permeability and thickness of the water-bearing
materials, and (3) the amount of water that can be pumped from
the underground reservoir without causing excessive depletion.
The first factor—depth to. water—largely determines the depth
of wells and the costs of drilling, of pumping equipment, and of
operation. The second factor——permeability and thickness of mat-
erials—also has a bearing on the depth and construction of wells
and on installation and operating costs. These first two factors
determine the success of the individual pumping plant. . The
third factor—safe yield of the reservoir—depends on the capacity
of the reservoir and on the amount of annual recharge. It limits
the total amount of development in a given area, and in the
long run, it may also determine the success of the individual

pumping plant.

Plate 1 shows that depths to water differ greatly in Texas
County, even from one part of the uplands to another, and there-
fore that some parts of the area offer a much better opportunity
for irrigation from wells than others, the best being an area of
about 80 square miles between Optima, Tyrone, and Adams.
Here the water table ranges from 70 to 100 feet below the sur-
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face, the saturated
s : part of the Ogallal i
land surface is relatively flat, andgthe :oi:ilpil:c;zso;o be thick, the

On the flood plains of the maj
jor valleys, tl i
Ez?:lrl:llydnear _tlhc stllrfacc but such areas arey:ccorlei ‘i’;aticnrnptjrbrl;lclz
¢ the soi is less favorable th 4
there is possibility of damage by flc?:diﬁl;t of the uplands and

An a V
" Surfacr:at lfaf uPlan}ii nocar Eva has ground water that is nearer
n in the Optima-Tyrone-Ad i
surface -Adams locality, but
are indications that the amount of water is inadequat}:,c, there

In tl i
e watc;ct ll{:lmge alrea, in the southeastern corner of the county
able is also near the surf: b ,
e wa ; rface, but much of the Ogallala
o t::I)lnr whlchdclscwhcr.c supplies most of the ground %vater
s thizmlc:/\{;nybyfcrlomog, and in what remains the saturatcd,

: . . of the domestic and stock wells i i
yield highly mineralized w rod beds Thes
ater from the Permi

yield hig : an red beds. There
onsiderable areas of poor soil and the topography is uneven

Th ) 3 . N
e Ogaell :ﬁrmcnfp;ll. water-bearing formation in Texas County is
a, of Pliocene age. The formation is hi
: . ation is highly variab
the ariable, a
othciSWCl'lls* ;rc likely to encounter much more andgbct);er sands’thr;g
ncccss;r : e sands generally are unconsolidated, so that it is
pecess ly o case the wells to the bottom to prevent caving, and
uired a‘rx%clr wells a gravel wall outside the casing may b’c Te
v b.e v ere the salr(lds are coarse enough, an appropriate screen
equate to keep the sand i
ma out. Sieve analyses of care-
limi};} :rc}llcctted s}imllplcshof water-bearing sands obtainc}cli from pre
est holes should indicat .
e whether 1 1 i
! : gravel packin
ecessary, and if not, what type of screen should be uscpd 8%

marl’(I‘;}éTythti;lf:rllless of the sat}lllrated portion of the Ogallala varies

kedly, being greatest where the formation itself i i

areellllsm'mj.ry stuc}illcs based on the logs of gas tests a;d ilsceilns\ietit;
indicate that the Ogallala may be 50

the northern and northe ! o e oty o (ki

astern part of th i

; 1 part of the county (see fig.

sﬁaﬁgg’ the area of thick Ogallala is also an arga (of erellagtivil)'

Sl 5v(;ratcr level§, and the zone of saturation may range frorr);
0 500 feet thick. Furthermore, coarse, watcr-bcaring sands
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i he available information,
Is may be relatively abundant. T natic
ircl)(vlvf\f:: Ciz rsrcl:a)rlxty, and test drilling should be done to verify it.

The permeability of the water-bearing beds as indilclatcd b)i
the yield of the existing large wells is good, \t;l; these tw:.lr isllirsgr:.s
i he county. en tes
sent a relatively small part of t - When e e beds

ken, the depth, thickness, and characte
::S;;tnate:d slllouldpbc logged, the watcr—bc:la(rlmbg defi s};zuitzi
led, and laboratory tests Sl.lOU e made _
Ca;Zf:Ultllzcsier;:fu:e, permeability, and possnblcl watcr—ylcld(;ng. Caf;c
Icrilty of each bed. Actual pumping tests .mlght be nZld :m;nShal‘
more favorable localities, such as the Optima-Tyrone-

low-water area.
GATION IN THE
£S FROM WELLS FOR IRRI
WATER SUEI;IC:}{ PLAINS IN TEXAS AND KANSAS
i ipti ater
The following brief descriptions are offcrc'd of- gr(:;l:}i Swand
developments for irrigation in tl(;c {h—hgh Pla:rlzt l?he ot
derstood, however, ;
Kansas. It should be un e el
i f wells, and the supply p .
the water level, the yield o e Supply e
i i lace to place within the Hig ,
available differ greatly from p e open
i ffect the costs of installation
and that these differences a he « £ instal -
tion and otherwise limit the feasibility of irrigation developme

High Plains of Texas. According to \a/hite, I;roadhu:;);s a[?i
Y frrigati d cotton with water from w :
Lang'® irrigation of whc.at and cottor from el
i i ici f Plainview, Texas, since .
been prnctlccd in the vicinity o : L e
few wells in use, but
1933 or 1934, there were relatively e
i inni bout 1931, coupled with the
cession of dry years beginning a . the known
isting irrigati Iis, brought increasing 1n
results from existing irrigation Wwells, _ e
ivi inni w pumping P
d activity. Beginning about 1934, many new . '
isrrlercaicnls‘tlzllﬁ,ed, an%i the number was very greatly increased in 1937

- - . ot
The present development is 1n 5 districts which center about

Plainview, Lubbock, Muleshoe, Hereford, and Texlin.c, anga::(i
cludes about 4,000 square miles in parts of 14 courllglgsdoo sl
on statements of owners, it is estimated that some 160/

were irrigated in 1937 from about 1,150 wells, which pumped.‘

“ in the High

i Wit W N, Bresdurt, . L and Lot . 3 000 L r of Bt
ins in T - I, Survey, U. S. Dept. ard of |
gk‘gl?:eg:s’ri’;;l:;eogre;;heé memorandum, July 1938; and oral communications.

120, Lohman, S, W', “Wate
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about 129,000 acre-feet of water. This is an average of about
112 acre-feet per well.

The average water level in the irrigated areas is about 60
or 65 feet below the surface. Most of the wells are from 150 to
300 feet deep, from 14 to 26 inches in diameter, and are cased
to the bottom with iron casing which is perforated below the
water table. However, the water-bearing sands are somewhat con-
solidated, and some wells are cased only to the water table, some
are cased only below the water table and some are uncased. Few
wells are gravel-packed. The yield of the wells ranges from 500
to about 2,000 gallons per minute, and averages about 750. All
of the newer wells are equipped with turbine pumps and most
are operated by gasoline engines, commonly tractor engines. In
the area around Plainview in 1937, about 75 percent of the wells
were pumped by gasoline engines. In the Hereford district, also
in 1937, there were 130 gasoline engines, 16 electric motors, 16
diesel or oil engines, and 11 natural gas engines in use, and at
Muleshoe there were 100 gasoline engines, 8 diesel or oil engines,
3 or 4 natural gas engines and 1 electric motor.

The following estimate of the cost of drilling and casing a
200foot well and providing pump and power plant has been
made on the basis of prevailing costs in the Plainview district.

Averace Cost oF InricaTioN WELL IN PLAINVIEW District, TExas.
Drilling 200 feet at $1.60 per foot

$ 320

Casing 200 feet at $1.50 per foot 300
Pump 1000 gallons per minute, 100-foot setting 1,200
Power 430
Total $2,250

Dodge City, Kansas, and Vicinity. In the period November
15 to 20, 1937, the writer accompanied W. N. White and S. W.
Lohman, both of the United States Geological Survey, on a pre-
liminary investigation of recent developments in irrigation from
wells in Ford County, Kansas, and vicinity. The results of this
investigation have been reported by Lohman'™ in a publication
of the Kansas Geological Survey. He summarizes the history

r Supplies From Wells Available For Irrigation in the

:;lalsands of Ford County, Kansas”: Kans. Geol. Survey, Mineral Resources Circ. 9,
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i ells for irri-
f previous developments of water supplies from w
o .
gation in western Kansas as follows:

“p ing from wells for irrigation .has been practchdFi;)é
e Elon the Arkansas Valley in and west ho rord
oy YCGI‘_TIS cverg very little attempt has been made derc ofore
S)Ol(llrel:/}t’:.lop c::;tcr ,from wells for irrigation on dslzortplégu; t; the
ins 1 t in an area in
Highmlz::‘(:? sdégr:zairrllsa asr’l Zgzpin Meade C(;lg:)tg In tgfc ls;—:(:;li‘er(i
Soot ‘ * area, about 5,000 acres o d ar
'Sco'tt C(l)unFZh S:Ztlezwpl:v;:crd ?rom wells. The pumping hf;sal;
e WCl unt arca‘rangc from about'20 to 70 fe;t agoum
tli:lscs Stlcm(:)xtr: in0 mo};t parts of the Hig{: Plaulllst. d;:v nMic: vthiCh thyc
severl l'umdrctd r?tgzcscl):lly“:“fiv?a;:et cl::lo}\):v the surface orf ﬂo‘:ﬁ
ater et ila surface. Most of the artesian wells are o Sﬁlns
“f‘tum“}’ N :i ?n most of them the flows are less than 10 g ote
dlaﬂ}ﬂer’ ;‘)n lne was observed to flow about 75 gallons admlguSir;
O amme 0nt of land has been irrigated in t_hc Mea cd :']rri_
o Sman' am\?vtlls but there are at present only .fl.vc plflmpeterl”
l;zlltfcl)?lwg]glls cap’able of delivering large quantities of watck

i ells in southwestern Ford County,

LOhm‘;lf} l(llcz&f::il;ciot;izt::l in October and November, 11?]355.
e epthe e from 149 to 2115 feet, and 'thc water le m
e rang44 feet below the land surface in the latter P{l
e Ganee ning the cost of these wells and costs gcner: ZE
ot Cl0 ntc e‘r‘the}g were put down at the rather low cosman
& ertes()t o ch through an arrangement wbcreby oni1 e
oo 1517 5 lf amemade drill rig to others practlcally at t eran-
feﬂte({{ o P:iccs quoted by drillers equipped to put do;vlr; % v
° 1lllpdecpcélls of similar construction range from $8 to L
e ed' M casing but not including pump or power. b
";.Clsl::ré:r%ed wells without artificial gravel packing wou [
o
portionatcly less.”

o ton
He further reports one recently corppleted ZO(Z-tf:rot llcrvr;lga :v .
1l on the upland at Ensign, in which the :i)vonc e

me sured as 1655 feet below the land surface, an

mea .
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was being drilled northwest of Dodge City on the upland, where
the water level in an exploratory test hole was about 112 fect
below the land surface. Near Ford, Kansas, also, several irriga-
tion wells have been drilled recently, one of which is reported

to yield between 1,200 and 1,500 gallons a2 minute with a 50-foot
lift.

The four well logs quoted by Lohman show rather coarse
water-bearing materials in comparison with those reported in
Texas County wells, with rather thick beds described as gravel.

The water-bearing materials range from 35 to 124 feet thick in
these wells.

Garden City, Kansas. The growing of sugar beets by means
of irrigation has been practiced for 25 years or more in the vicinity
of Garden City, Kansas. Both surface water from the Arkansas
River and ground water from wells are used. Mr. Gillespie, of
the Garden City Company, furnished the following information
regarding the well owned by the company and operated by Re
fugio Gonzales, in the NW1 NEY sec. 29, T. 23 S, R. 34 W.
It is 350 feet deep, and is cased to a depth of 194 feet with 30-
inch iron casing, of which 30 feet is slotted, and from 194 feet
to the bottom with 12%4-inch casing, all of which is slotted. The
well penetrated a total of about 172 feet of sand and fine gravel
between depths of 55 and 255 feet. The first water was encoun-
tered at 55 feet below the surface but rose to 52 feet, and is said
to have been about 50 feet below the surface on May 1, 1937. The
well is equipped with a turbine pump with a capacity of 1,400
gallons per minute and is driven by a 100-horsepower electric
motor, and in ordinary use yields 1,350 gallons per minute. It
is generally used for 12 hours every two weeks from May 1 to
October 1, and irrigates 200 acres of sugar beets.

Liberal, Kansas. In August 1937 a well located on the C. M.
Light farm about a mile north of Liberal, Kansas, was completed
for the Liberal Deep Well Irrigation Company. This well is
located on the upland flat, and the water level as measured by
the writer on November 20, 1937, was 123 feet below the base
of the pump, which was about 3 inches above the land surface.
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The well is reported to be 357 feet deep,™ but the chief water-

bearing bed is a coarse sand between depths of 175 and 225 feet.
The well is cased to the bottom with 16-inch steel casing perfor-
ated with shutter type apertures, and the gravel wall surrounding
it is 12 inches thick. The pump is a 7-stage turbine with a
capacity of 1,000 gallons per minute, and is driven by a natural
gas engine rated at 90 horscpower. The bowls were first set at
a depth of 220 feet and the well yielded about 450 gallons a
minute with a 34-foot drawdown. Later the bowls were re-set
at a depth of 260 feet in the hope of obtaining 650 gallons per
minute. The well cost $3,000, including casing and the gravel
envelope, the pump cost $2,100 and the engine cost $1,200, making
the total cost of the plant $6,300.
WELL DRILLING METHODS

wells in Texas County have
d from portable drilling rigs.
d in the valley bottoms.

Most of the domestic and stock
been drilled with cable tools operate
The chief exceptions are dug wells locate
The drilled wells range from 25 to 300 feet deep, and generally
m 4 to 6 inches in diameter, although some of the stock
wells are 8 inches in diameter. Some of the first wells in the
county are reported to have been drilled by hand or by horse-
power, but the common source of power in present day drilling

equipment is the second-han

are fro

d automobile engine.

The unconsolidated character of the sands and gravcls of the
most wells to the

Ogallala formation makes it necessary to case

bottom to prevent caving. A common practice has been to drill
through the water-bearing bed and set the casing on an under-
lying clay. The galvanized iron casing that is widely used in
small diameter wells has usually been pcrforatcd for 10 or M
feet by means of hack-saw cuts, the length that is perforated de-
pending on the thickness of the water-bearing bed. Although
lvanized iron casing in wells 20 or 30 years old is

some of the ga
od condition, in other wells it has collapsed, caus

said to be in go

S
121. Mayberry, Willard, Sccretary-Treasurer of the irrigation company. Persoml
of the Well

communication, Feh. 26, 1938. Also, statements made by Jack Doty,
Works Manufacturing Company, Garden City, Kansas, who was in charge of drilling

the well.
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lllg (llfflclllty m ICIIlOVlIlg thC C yll“de.[ fo.l ICPalI S,
or sto, 1mn, tlle ﬂOW Of water nto tllc WC“. II On,

well casing ar
. e also used. S
stone or wood. ome of the dug wells ar

or retarding
steel, and oil
e walled with

Consg:ill‘:gd‘;;PtPiPC‘}iS‘}Ordinarily held in place b
) wo 4x4-inch blocks bol i
restin 3 olted tightl :
iron fr Zilceiogoz:fr t(})lfe Cats}ing. About half gof fh;ov:f:ﬁs Plllzf/ca:d
r the casin d an
to . g and under tl
intgril‘:_nz COntal;n ination from the surface. l;rjri; ; :V Ol(:'den clamp
used to lpacch etween the blocks of the woodd)n ai . S'tUEde
plug the top of wells, and a few wells have :narinp o aleo
ron PumP

head with a wid i i
head wide flaring base which effectively scals the top of the

y a wooden clamp

The irrigati ici

g i %e;téozrand muanlpal wells range from 12 to 42 inct
b Jiamm inéhes 2 3 'cased with galvanized or wrought iron cing
sy Inches l1)amct<:1r, which usually is perforated f i the
T, gravel_ngke:ii to the bottom of the well. Thcrtorln e
ind othert o 1[; ; yed r.a UISiZI;:)ctahave bien drilled with cable :dglesr
-rotary met i ’
the types of pumps and kind ofypowc;oiil;edF(i)r: ?gzalll:rng§a:: ilrllg
ells,

see the descripti
ptions of existin :

to H T .
wells, and the well tableg © o ouetish and irrigation

Groun
p WaTE
R CoNDITIONS DESCRIBED BY LOCALITIES

For purposes of detailed ipti

condion D etailed descriptions of the
rimariy o I:uethceou(;l‘:tytlls divided idto a number (;%r(;‘i’;i ‘l;vaa:d
Fepthe sepend 1o dp h to‘the static water level. Because th‘eb
g s deper abovge Zh:n dlf»tancc from and the elevation of tli:
and Conveniorsly o ttnajor streams, the subdivision can be
s e oy namjr opographic lines, and three main head
e T (,2) vaney (1) upland areas, including the sand
e s @) 'sz}sl, a‘fld (3) lands of intermediate elevation
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lower 7 or 8 miles of its course. Water levels in this area range
from 70 to 256 feet (the deepest for upland wells), and the total
depths of the wells vary correspondingly. Because of this diver-
sity, this tableland is subdivided into four smaller units based on
depths to water as averaged by townships. The other tablelands
show less diversity, and therefore are treated essentially as units.
This scheme has resulted in the recognition of seven upland areas
which, for convenience, are named for the principal town or
towns located in them, or for former towns or post offices.

Figures on the map (Fig. 10) show the average depth to the
static water levels in the recorded wells on the upland plain, by
townships, and the average depth of these wells. Both averages
are based on actual measurements by the writer. Where major
streams cross the middle of a township, so that part of it falls in
one upland area and part in another, separate tigures are given
for each wpland area that is involved. Where there are so few
well measurements in a township that the resulting averages
probably are not representative, no figures are shown on the map.

Optima-Adams-Tyrone plain. T. 3 N,, Rs. 16 to 19 E.; Tps.
4to0 6 N, Rs. 18 and 19 E.

The Optima-Adams-Tyronc plain as here defined s a roughly
triangular area in the northeastern corner of the county. (Fig. 10)
In it the water table is relatively near the surface, the zone of
saturation in the Ogallala formation is probably thick, soils are

excellent, and the surface is generally flat or undulating except
for small areas of sand dunes.

The average depth to water in 9 wells measured in T. 5 N.,
R. 18 E. was 91 feet in 1937; in the other townships it ranged
from 100 to 111 feet. There is an area of about 80 square miles
in which the water table is less than 100 feet below the surface
(see Plate I), and 20 wells were measured within this area. The
water levels in about half these wells ranged from 70 to 90 feet,
and the rest ranged from 90 to 100 feet.

Present information indicates that all the wells in this area
draw water from the Ogallala formation. Logs of gas test wells
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are not available to show the thickness of the formation, but the
Jogs of irrigation wells 496 and 497 (page 179) indicate thick-
nesses of at least 262 and 280 feet, respectively, and electrical
resistivity data'®® indicate thicknesses ranging from 200- to 500
feet. The pre-Tertiary valley suggested on page 63 and figure
3 crosses this area. Along it the zone of saturation in the Ogallala
should be exceptionally thick, and there should be an abundance

of permeable, water-bearing beds.

Natural gas as a source of power for pumping water is avail-
able from adjacent areas if it carnot be obtained within the Op-
tima-Adams-Tyrone plain. The area is crossed by three railroads
and two main highways, includes four small towns which serve
as shipping points, and is close to Hooker, the sccond largest
town in the Oklahoma Panhandle. Liberal, Kansas, a larger
town, is located just a few miles north in Kansas.

Records were obtained of 330 wells in this area, of which 81
were measured. In these 81 wells, the water levels ranged from
70 to 133 feet below the surface and averaged 103 fect. The depth
of 79 of the wells ranged from 86 to 144 feet and averaged 118
feet. In 249 additional wells,** the reported depth ranged from
65 to 200 feet, and averaged 130 feet. The average depth of all
the recorded wells was 127 feet. The water-bearing beds were
reported as sand in 47 wells, gravel in 124, sand and gravel in
7, clay in 28, gravel and clay in 2, and sand and clay in L.

Hooker-Mouser plain. T.3 N, R. 15 E, Tps. 4 and 5 N,
Rs. 15 to 17 E.; T. 6 N, Rs. 16 and 17 E.

The Hooker-Mouser plain is nearly rectangular (Fig. 10),

and includes the larger part of the northern sand dune area.
General conditions and possibilities for developing irrigation sup-
plies from wells are similar to those of the Optima-Adams-Tyrone:
plain except that the water table averages decper below the sur-

123. Unpublished cross-scctions inlerpreting
of the Oklahoma Geological Survey, at Norman.

124. From reports on rural wells which were gathered by wor
Survey, WPA project 65-65-538, sponsored and directed

Survey, 1936.

the electrical resistivity tests, in the files .

kers on the State Mincrii
by Oklahoma Geological s
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Adams-Tyrone and Hooker-Mouser plains, and the zone of sat-
uration in the Ogallala is correspondingly thinner. The average
measured water level ranged in 1937 from 155 feet in T. 6 N, R.
15 E., to 208 feet in T. 6 N, R. 14 E. (see Fig. 10). Present in-
formation indicates that all the wells in this plain draw water
from the Ogallala formation. Logs of 9 gas test wells in T. 6 N,
R. 14 and 15 E. suggest that the thickness of the formation may
exceed 600 feet in places and that one of the pre-Tertiary valleys
mentioned on page 63 crosses this area. Hence the saturated
part of the Ogallala may be 300 feet thick locally, though it
probably is much less in most parts of the plain, perhaps between
100 and 150 feet.

Natural gas as a source of power for pumping irrigation
water is available within the area. The plain is crossed by one
railroad which affords an outlet to the east, but there are no main
state or federal highways.

Records .were obtained of 154 wells in this area, of which
47 were measured. In these 47 wells the water levels ranged from
133 to 225 feet, and averaged 180 feet, and depths in 46 of them
ranged from 139 to 240 feet; and averaged 196 feet. In 107 ad-
ditional wells the reported depth ranged from 140 to 263 feet.
The average depth of all the recorded wells was 198 feet. The
water-bearing beds were reported as sand in 39 wells, gravel in
57, sand and gravel in 18, clay in 10, and gravel and clay in 1

Carthage plain. T.5 N, R. 10 E; T. 6 N, Rs. 10 to 13 E.
(Fig. 10).

The Carthage plain as here defined is an L-shaped area in
the northwestern part of the county where the average measured
depth to the water table by townships ranged in 1937 from 210
to 241 feet. It is named for the former town of Carthage, which
was in sec. 10, T. 5 N, R. 10 E. The surface is flat, except along
the north side of Goff Creek, where it is cither rolling or broken,
and the soils are similar to t

greater damage by wind erosion.

hose of other parts of the uplands.:
This area was originally less thickly settled than the eastern part:
of Texas County, and it has lost population because of relativelj.
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or older rocks. Drillers'®® report erratic distribution of the water-
bearing beds and uncertainty in obtaining good wells. These
conditions exist either because locally the Ogallala is impervious
below the level of the water table, or because the impervious red
bed basement rises so near the surface that all the Ogallala is
above the water table, or because the saturated part of the Ogallala
is very thin. Well 412 (see page 101; log on page 178) appears
to have been drilled into the red beds because the Ogallala is so
impervious that it yields lictle or no water. The same may be
true of the Beaver, Meade, and Engelwood Railroad well at Eva
(page 108), which, however, yields a more adequate  water
supply than well 412. Well 281 encountered a hard, highly cal-
careous sandstone at a depth of 101 feet, which is quite unlike
the sandstones in surface exposures of the Ogallala but similar

to those found in the Dakota sandstone and underlying forma-
tions of northwestern Cimarron County.*”

The thickness of the Ogallala appears to vary widely in this
area. 'The Stonebraker-Zea Live Stock Co. gas test well indicates
a thickness of only 69 fect, water well 281 indicates at the most
about 100 feet, (log page 177), the Kugle gas test well indicates
160 feet, water well 389 is reported to have entered red beds at
160 feet'?®, and water well 412 indicates 170 feet (log page 178).
On the other hand, analyses of water from several wells about
200 feet deep are typical of waters from the Ogallala and imply
that the formation is 200 feet or more thick. In places almost
none of the Ogallala is saturated, and where the formation s
thickest the water levels are deepest, so that the zone of satur-
ation is probably thin in most parts of the Eva plain. Present
information does not justify assuming a thickness greater than

50 feet for the saturated part of the Ogallal
area.

So far as the depth to the water i
to develop irrigation supplies from we
shallow water area between Eva and

s concerned, the best place
ils in the Eva plain is the
Tepee Creek. Here, the

126. Sanborn, G. C., and Freeman, Frank, oral communications.
127. Qpinion of J. W. Stovall, to whom drill cuttings were submitted.

128. Wasson, Paul, driller, Oral communication.
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water reservoir second in importance only to that in the Optima—
Adams-Tyrone and Hooker-Mouser plains.

Depths to water in a small area near Goodwell range from
110 to 137 feet, but they increase to the east, west, and southwest,
From the standpoint of depth to water and topography, the best
part of the Guymon—Texhoma plain for developing irrigation
supplies from wells is the upland of the eastern part of T. 1 N,
R. 11 E., where the average measured depth to water in 1937 was
104 feet. Depths to water arc also moderate in an area of a few
square miles in the narrow strip of upland near the junction of
Beaver River and Coldwater Creek in T. 2 N, R. 17 E, but
the surface is rather broken. The greatest average measured
depth to water in any township 1s 186 feet, in T. 1 N, R. 12 E,
where the water levels in some wells near Texhoma are more
than 200 feet below the surface. The water table is between 150
and 200 feet deep in 2 large area west of Goodwell, and also to
the southeast of Guymon. Natural gas as a source of power for
pumping water seems to be available throughout this plain. The
area is crossed by the main line of the Chicago, Rock Island and
Pacific Railroad, and by Federal highway 54.

Records were obtained of 212 wells in this area, of which
69 were measured. In these 69 wells the water levels ranged
from 81 to 216 fect below the surface, and averaged 151 fect,
and the depths of 68 of them ranged from 104 to 270 feet, and
averaged 167 feet. In 143 additional wells the reported depths
ranged from 100 to 250 feet, and averaged 168 feet. The water-
bearing beds were reported as sand in 54 wells, gravel in 78, sand
and gravel in 39, clay in 3, and gravel and clay in L.

Hardesty plain. The Hardesty plain includes all the uplands
between Coldwater Creek on the west, the Paloduro-Hackberry
valley on the east, the Texas state line on the south, and Beaver
River on the north (Fig. 10). The surface is very flat near the
state line in T. 1 N, R. 16 E. and to the cast of Hardesty, and
undulating or mildly rolling in marginal areas near the streams
which bound it. Present information indicates that nearly all

the wells in this area draw water from the Ogallala. The log
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places the flat flood plains between the stream channel and the
base of the valley bluff are a mile wide, and in many places they
range from 2 quarter of a mile to half a mile wide. Locally the
streams have meandered considerably, leaving wide stretches of
loose sand, and in other places the surface of the flood plain is
so uneven that prcparation of the land for jrrigation might prove
too costly, but in the aggregate there are many square miles of
usable lowland flats.

The soils of these areas arc classed by Fitzpatrick and Boat-
right'® as Lincoln loams and sands, and in 1930 their value was
estimated to range from 25 to 50 per cent of that of the best up-
land soil (Richfield).

Present information indicates that most of the wells in the
valley bottoms—on the flood plains—draw water from the al-
luvium. The thickness of the zone of saturation in the alluvium
varies from place to place in the valleys, and is greatest, of course,
:n the middle of each valley, where the total thickness of the
alluvium itself is greatest and the water table is nearest the sur-
face. The alluvium may be part of an extensive ground water
reservoir, or may be definitely limited, depending on the charac-

ter of the undetlying and adjacent rock formations. Three main

conditions are described as follows, and are illustrated in figure
11.

(1) In most parts of the main valleys sihe alluvium is en-
tirely underlain by the Ogallala formation. The two are similar
in lithologic character, and together they constitute an extensive
ground water reservoir. The water table extends from the Ogal-
lala into the alluvium without important changes in shape of
slope, and the water can move from the one into the other with
relative freedom. Where streams are intermittent, flood waters
seep into the alluvium and move outward and downward into

the gcncral ground water reservoir of the Ogallala. Where the-

strearns are perennial the alluvium receives contributions of water

from the Ogallala. (Fig. 11, A).

130. Fitzpatrick, E. G., and Boatright, W. C,, Op. cit., PP 20-21, and map.
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mouth of Paloduro Creek, may pass through the alluvium and
enter the Cloud Chief formation, of Permian age.

The relation between the permanence of stream flow and the
depth to water in valley wells has been outlined. Actual measure-
ments of water levels in wells on the flat flood plains along
Beaver River have shown that where the flow is permanent the
depth to water ranges from less than 5 feet to a maximum of about
25 feet, and that even where the flow is intermittent and the
channel is dry, as in the western part of the county, the depth to
water in similar locations is not likely to be greater than 30 feet.
Obviously those wells which are located on the valley bluffs,
above the level of the true flood plain, will have to go deeper
for water, and in general the water levels are deeper in the valleys
of minor tributaries. For example, well 154 is located on a terrace
some distance above the dry channel of North Fork, and the
water level in it was 106 feet below the surface.

The thickness of the alluvium is uncertain because the uncon-
solidated alluvial deposits are so much like the nearly unconsoli-
dated Ogallala deposits that the two cannot be readily distin-
guished in wells, but well log 176-a (page 174) appears to indi-
cate a thickness of at least 105 feet. In most parts of the valley
of the Beaver, and in the valleys of the tributaries here considered,
the alluvium is essentially a part of the ground water reservoir
in the Ogallala formation (see fig. 11, A). The volume of water
available is likely to be relatively large, and the quality of the
water is generally good. These factors, plus the shallow depths

to water, make such areas rather desirable for the development
of irrigation supplies from wells.

However, this condition does not exist in the area where
the red beds crop out along the Beaver west of Guymon (sce fig.
11, B). Here the volume of water in the alluvium probably is
very definitely limited, and the quality may be poor if dissolved
mineral matter from the red beds gets into the water. The inter-
mediate condition, illustrated in figure 11, C, probably exists
also, both upstream and downstream from the red bed locality,
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ise in the extreme eastern part of the county,

near the outcrop of the Cloud Chief. _
Beaver flows at the surface.

One well in the valley of the
It is reported'®’ that it is 115 fect deep and once flowed a strong
hen visited by the writer on October 4, 1937, it
is located in the

od plain and at the

and perhaps likew

stream, but W
barely overflowed. The well (number 329)

NEY; sec. 15, T.3 N, R. 16 E,, on the flo
base of a low cliff of caliche.
Records were obtained of 78 wells in the valleys of the Beaver
and its minor tributaries, of which 44 were measured.  In these
44 wells the water Jevels ranged from 22 feet below the surface
in a well on the flood plain of the Beaver itself to 106 fect in a
well located on a terracc above the channel of North Fork, and
they averaged 28 feet. The depths of the measured wells ranged
from 10 to 116 feet, and averaged 44 feet. In 34 additional wells,
the reportcd depth ranged from 6 to 120 feet and averaged 41
feet. The average depth of all the recorded wells was 43 feet.
The water-bearing beds were rcported as sand in 2 wells, gravel

in 7, and sand and gravel in 12.
Valleys of Tepee Creek and tributaries. Tepee Creek and one
of its tributaries have cut through the Ogallala into the underly-
ing red beds in some places (see Plate 1), and the saturated allu-
vial fill in their valleys is a more Of less definitely limited reservoir
of the types illustrated by figure 11, B and C. These conditions
probably exist in the valley of Tepee Creek all the way from the
middle of T. 3 N, R. 11 E. downstream to the mouth of the
creck. At other places the alluvium is entirely underlain by the
Ogallala and for all practica

1 purposcs ijs a part of the ground
water reservoir in that formation.

It 1s probablc that in gcneral
the alluvium in these valleys is t

hinner than in the valley o
Beaver River, and the volume of water in the combined Ogallal
alluvium reservoir seems to

be relatively small for reasons pointcd
out in the discussion of the Eva plain.

Shallow wells that are favorably situat
e alluvium along these valleys, bu

ed may obtain good
water supplies in th t where the

—— .
131. Sassin, L. O oral cpmmunicalion.
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20
1 10 miles of the valley the water table ranges frofmthlg vt:ncy
0Werb low the surface, but that in the upper part oh v
f‘:t lZp(;h to water may approach 100 feet even thoug
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are located close to the channel.
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Records were obtained of five wells in this valley, of which
two were measured. The water levels measured in wells 323 and
460 were 22 and 28 feet below the surface, and the depths were
25 and 43 feet, respectively. In three additional wells the reported
depths were 65, 67, and 90 feet. The water-bearing beds were
reported as sand in 1 well, and gravel in 1.

Coldwater and Frisco valleys. Coldwater Creek enters Texas
County from the state of Texas, and its chief tributary in Texas
County, Oklahoma, is Frisco Creek. Present information in-
dicates that all the wells that are located on the flood plains of
these streams draw water from the alluvium, and that the wells
located on the bluffs of their valleys draw from the Ogallala.
There are no exposures of pre-Tertiary red beds in these valleys,
and it therefore seems probable that the alluvium is underlain
by the Ogallala and is essentially a part of the ground water
reservoir in the Ogallala (see Figure 11, A). The available ground
water is probably comparable in volume and quality to that in
the more favorable parts of Beaver Valley.

Coldwater Creek has cut its channel below the level of the
water table, and therefore has a permanent flow. Frisco Creek
channel, on the other hand, appears to lie somewhat above the
water table, even in the lower part of its course, and the water
table probably slopes away from the channel.

The flood plains in Frisco Valley and in the upper part of
Coldwater Valley are narrower than those in the Beaver Valley,
yet even in Frisco Valley as far upstream as the middle of T.
1 N, R. 14 E,, there are small areas of flat, arable land. In addi-
tion to the present flood plains, there are also gently sloping lands
at slightly higher elevations, some of which might be farmed.
These really are the lower slopes of the valley bluffs, and they
offer the advantage of relative freedom from flood damage, but
the soil on them may not be very good. The largest areas of
such lands appear to be along the west side of Coldwater Creek
in the south central part of T. 1 N, R. 15 E.

Records were obtained of 46 wells in the valleys of Coldwater
and Frisco Creeks, of which 23 were measured. In these 23 wells
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tained in the alluvium itself. As a result, the water from the
alluvium is generally very hard, high in chloride and sulphate,
and commonly is described as salty or “gypy.” The actual min-

eral content of the water probably varies widely from place to
place in response to local conditions.

One well in the valley of Paloduro Creck flows about two-
thirds of a gallon a minute from a water-bearing bed of un-
known character at a reported depth of 207 feet. According to
the owner, there was a slight rise in water level when the first
water was reached. When the second water-bearing bed was
penetrated, the water flowed out at the top of the well, but it
did not rise appreciably above the ground until the third water-
bearing bed was tapped. The original artesian head is reported
as 7 or 8 feet above the surface, but it was only 1.8 feet in 1938.
The water is reported to be salty. The well (number 118) is

located in the SWY sec. 24, T. 1 N, R. 18 E., on the east bank
of the creek.

Records were obtained of 20 wells in the valleys of Paloduro
and Chiquita Creeks, of which 4 were measured. In these 4
wells, the water levels ranged from 7 to 24 feet below the surface,
and averaged 18 feet, and the depths ranged from 26 to 39 feet,
and averaged 32 feet. In 16 additional wells the reported depths
ranged from 10 to 65 feet, and averaged 29 feet. The average
depth of all the recorded wells was 295 feet. The water-bearing

beds were reported as sand in 3 wells, gravel in 8, sand and gravel
in 2, and clay in 6.

“Hackberry Valley. Hackberry Creek has a rather broad and
shallow valley. Locally there are moderate sized areas of flat,
arable flood plain, but in most parts of the valley the total width
of the flood plain probably does not exceed a quarter of a mile.
Although the creek has cut deeply into the Ogallala formation,
it has exposed the underlying Cloud Chief only in the lower 2
or 3 miles of its course. It is probable, however, that the Cloud Chief
underlies the alluvium in the middle of the valley for several
miles upstream from the known exposures of the formation. Thus
the alluvium near the mouth of the stream is a ground water
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th a definitely limited capacity, underlain by imper-
d from the water-bearing Ogallala
(see figure 11, B). Upstream for several miles more of less water
may enter the alluvium from the Ogallala at the sides, but may
be subject to contamination from soluble mineral matter in the
underlying red beds (figure 11, C). Suill farther upstream, either
in Oklahoma or Texas, the alluvium is underlain by the Ogallala
and is a part of the ground water ceservoir in that formation
(figure 11, A). Thus it is probable that both the volume and
the quality of water available to wells in the alluvium of Hack-
berry Valley decreases downstream. Measurements in wells in-
dicate that the water table in this valley is generally less than
25 feet below the flood plains and adjacent low-lying lands, but
may be greater than 50 feet in the valleys of minor tributaries.
Records were obtained of 15 wells in Hackberry Valley, of
which 6 were measured. In these 6 wells, the water levels ranged
from 8 to 58 feet (1n 2 tributary), and averaged 23 feet below
the surface, and depths ranged from 10 to 70 feet, and averaged
29 feet. In 9 additional wells the reported depths ranged from
17 to 100 feet, and averaged 47 feet. The average depth of all
the recorded wells was 40. feet. The water-bearing beds were
reported as sand in 1 well, gravel in 2, sand and gravel in 2, and

clay in 5.
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not possible to salvage all of the natural discharge, some watet
will continue to escape through natural outlets after the safe yield
of the reservoir has been exceeded. It follows, then, that the
amount of water which can be pumped annually from the reser-
voir without causing a permanent and continuing decline of
water levels is approximately the amount of the annual recharge,
minus the part of the natural discharge that cannot be salvaged.

The ground water is derived from the water that falls as rain
or snow, and the water table normally fluctuates in response to
variations in rainfall, evaporation, and other climatic conditions.
Once the water is in the reservoir it moves down the slope of
the water table. Thus water which is added at a locality where
it is of no immediate value may ultimately reach a place where it
can be pumped profitably from the reservoir. The following para-

graphs outline the ways in which recharge may be accomplished,

with respect to Texas County.

Recharge from Local Rainfall. The amount of recharge
over an area as large as Texas County is probably far from
uniform because of variations in the amount of prccipitation from
one place to another, and because of variations in the disposal
of the precipitation. The average annual precipitation of Texas
County is about 18 inches. Of this amount, part is returned to
the atmosphere through evaporation, part is used by plants, and

part is lost through immediate run-off as flood waters. The

remainder seeps downward through the soil and the underlying’

rocks into the zone of saturation. Most of the water in this zone
eventually returns to the surface, either within the county or in
outside areas, through seeps, springs, river channels, or wells, or
is discharged by plants or by evaporation from the soil as it nears
the surface. '

The part of the precipitation that is lost by evaporation varies
with the seasons, and is largest in the summer, when temperatures
are highest (Table V). Finnell'® states that 39 per cent of the
water that falls during a wet period in the spring may become

I
133. Finell, 1, M., “Agricultural significance of climatic features at Goodwell, Oklr
homa™: Panhandle Agricultural Exp. Sta. The Panhandle Bulletin, No. 40, pp. 2

23, 1929.
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i ring the growin i i

nawly g : g season, which agaj i

Althongt trh cclosely with the season of maximum prcgcimitact?m_
o ion.

pubough the S:tcij ust by plants cannot be considered I:mtirZi]

rechare of andpoint of human needs, it is lost so f .
e ground water reservoir is concerned o

The part of the precipitati
deoeh precipitation lost through immedi
o fcgo rsoz)irtlytl:; rta}:c at '\lﬂhlch the rain falls, z(t”he sl;;: (l,?t:hzui:s(flf
e soil, and the amount i ’
land. Other factors being equal, a mur;h olirggfci?ct;(c)gntzg th;
e o

thc waltcer ost throu ll ru -()f urin a lleavy (low [)()UI thall
t lSl t hr g n f d I g n

during a :
o gentle rain. Mod
tight” erate and steep slopes where soils are

and there is little or n i

e and I o vegetation, favor a lar

o biaks orotflfl,e tzll;tnm l’)Il“cxas County such slopes are limgi(zedl 0:;

o s or the Hcy uffs, and amount to less than a quarter

o toal F.. egi:c tl}c loss through immediate run-off i
. Finnpell®* estimates that in the vicinity of C(JJOO(;S

well the avera
ge annual run-off is 2.43 i
cent of the total annual Prccipitaltsion..4 3 inches, or about 135 per

The conditi i
water throug(}illtlt(l)lr:zs “{f”ChdfaVOf e downward percolation of
k soil and into the und
in eneral ! . underground reservoi
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s whore V%Ztarcas. of nearly flat plain in Texas Count f‘;il'
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e sandy or silty 1 i ’
and water / y loams, or fine loam
soaks into them slowly. Much of the rain tlf:’ats};lczs’
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—_—

14 Idem, p. 41,
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cspccially during heavy showers, must stand on the surface for a
drain off into the numerous depressions which dot the
plains. In either case there may be considerable loss by evapora-
t some water will penetrate the soil. Once it is below
d the zone where it can be evaporated
ility, continue downward to
ry circuitous

time, oOf

tion, bu
the reach of plant roots an
from the soil, it will, in all probab
the water table. The route followed 1s likely to be ve
because of the obstacles prescnted by jmpervious rock materials.
Caliche underlies the soil nearly everywhere in the county, and
the upper part of it is locally dense and impervious. On encoun-
tering such caliche, the water must move laterally or diagonally
until it finds a crevice or joint leading downward, and because
int or crevice extends through the entire thickness of
the caliche, the watet must follow 2 zig-zag Course downward.
Below the caliche the route of movement is likely to be indirect
because the impervious clays that are bedded with the sands force

the water to move laterally for longer of shorter distances.

no single jo

Some situations offer a much better opportunity for the water
to begin this journcy to the water table than others. 'The sand
dune areas, the intermittent streams, and the temporary lakes are

especially favorable.

The dune area cast and southeast of Adams totals about 40
and the dunes along the Kansas state lin€s located
mostly west of Tyrone, total about 32 squarc miles. In these
areas a large percentage of the precipitation can enter the soil
and move readily downward beyond the reach of plant roots

Wells 761, 765, 770, and 842

and the influence of evaporation.
n these dune areas, and have been selected for obser-

pt to determine whether re
Water level measurements have been repeat¢
in these wells several times, and are summarized 10 the section
on observation wells. Many mor¢ (neasurements over 2 long
period of time will be necessary before the real importance

the dune areas can be estimated. 1n addition to the actual duncs

the soils in the southwestern corner of the county in T.1 N, R

square miles,

are located 1
yation in an attem
through the sand.

charge takes plact -
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well was 058 for t 1: lake was dry, but the wate aclrcs of. land.
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til November 1938. efore, and the water level did not decline u
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; ate
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3

135.
e Hz'le];,allil. lC., oral' communication,
clay. Fitzpatrick, E. G.. and Boatright, W
R , right, W. C,, O, i
. Op. cit., p. 24,



152 GILOU}JD W ATER, IE}KAS COU}‘IY
g
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Plains undoubtedly is very great. In depth over the entire area,
however, the average recharge probably amounts to only a frac-
tion of an inch.” This statement can be applied to the High
Plains in Texas County because general conditions are essentially

the same as in the Texas area except that the average annual
rainfall is somewhat less.

Recharge from precipitation on the Ogallala in outside areas.
The intake area of a formation is generally about equivalent to
its surface outcrop. The principal water-bearing formation of
Texas County—the Ogallala—is widespread, and recharge in it
can occur outside the county. The general slope of the land sur-
face, the dip of the formation, the slope of the water table, and
the direction of movement of the ground water are all southeast-
ward. Hence, if exceptionally high recharge occurs to the west
and northwest of Texas County, the water may ultimately move
into Texas County and considerably increase the available supply.

The Ogallala formation of Texas County extends westward
across Cimarron County and a few miles into New Mexico; north-
ward into southwestern Kansas; and northwestward into south-
eastern Colorado. The effective recharge area so far as Texas
County is concerned is limited on the northwest by the Cimarron
River, which enters Oklahoma in the northwestern corner of
Cimarron County, leaves again to enter Colorado about 12 miles
west of the Texas County line, and flows thence through southern
Kansas a few miles north of the Oklahoma State line. Most of
the way across Cimarron County this river has cut through the
Ogallala into the underlying Mesozoic rocks and there is no chance
for ground water to move southward or southeastward into the
Ogallala formation south of the valley. However, some ground
water could possibly seep into the valley and go downstream into
Colorado and Kansas, where the alluvium seems to be underlain
by the Ogallala and southeastward movement of ground water
may be possible. Here, also, ground water taken into the for-

mation on the north side of the river may move southeastward
under the valley and into Oklahoma.

To the west of Oklahoma erosion has cut throu
into older rocks,

gh the Ogallala

and there is no place where the outcrop here
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volume of water increases in a downstream direction, even before
the contributions of Coldwater and

and by the fact that the upper parts of the river are usually dry,
not only in Texas County, but also in Cimarron County. Ref-
erence to Fig. 8 will show that in the eastern part of the county
the slope of the water table near the Beaver is toward the river,
not away from it. Because ground water moves in the direction
of the maximum slope of the water table, it is clear that the per-

manent flow is coming from the ground water reservoir, not
contributing to it.

Paloduro Creeks are received,

From the foregoing discussion there can be only one conclu-
sion, namely that the only water brought from outside areas by
the Beaver and added to the ground water reservoir in Texas
County is the percentage of the flood waters which can seep into
the channel during the brief passage of a flood, as described on
page, 151 but the looseness, permeability and thickness of the
alluvium in the valley suggests that this percentage may be signifi-
cant.

Recharge from Cimarron River.

Cimarron River does not
flow through Texas County,

but it passes only a few miles north
of the State line. Where it has cut its valley into the Mesozoic
rocks, as along most of the stretch of river in Cimarron County,
Oklahoma, the water cannot move out of the alluvium readily
because adjacent and underlying rocks are relatively impervious.
The alluvium is therefore nearly full of water, and the water table
is approximately at the level of the stream bed. In places the
water flows in the channel, and floods are frequent. Where the
valley is partly or entirely in the Ogallala formation, as in north.
castern Cimarron County, southeastern Colorado, and southwestern
Kansas, the water may move laterally out of the alluvium and
some may move southeastward through the Ogallala into Texas
County. It is reported that little water flows in the 60-mile
stretch of river downstream from the casternmost outcrop of pre-

Ogallala rocks.!®® Hence it is possible that water reaches the ground
water reservoir along this stretch.

[
139. Drainage Basin Committee’s Reports for the Arkan
Francis Basins, National Resources

sas, Upper White, and St.
Committee,

p- 17, December 1937,
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er water there is in it has to migrate into
the lower beds of the Ogallala formation, and a similar move-
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Recharge from the Dakota Sandstone. There is a possibility
o that water which enters the Dakota sandstone in northeastern
B . .
3 3 New Mexico or southeastern Colorado may travel down the di
NOWAND H g into Oklahoma, and may migrate into the overlying Ogallala for-
e ¥ mation where the two formations are in contact and where the
w - . . . . .
3 g Dakota thins and finally disappears in eastern Cimarron County
u - . .
gel |28 2 or western Texas County.*® This method of recharge is illus-
3P S trated by a west-to-east cross-section from the vicinity of Elizabeth-
-2 oo g y B Y
(oasoeall < \n: 2 town, New Mexico, to Guymon, Oklahoma!*! (Fig. 12). The
To3 uoJiow! a = . .
fo3® g xx 2 Dakota sandstone is well known and widely used as a water-
3 = \ ; i y at
g bearing formation, and it doubtless absorbs part of the precipita-
= tion that falls on it. Near Des Moines, New Mexicd, the Dakota
3 pd
o Crops out at an elevation of about 6,500 feet, and is exposed for
Q . . . .
Ad2 33106 = 50 miles to the east. It dips eastward, passing beneath the Ogallala
I ‘ . . .
2 formation a few miles west of the Oklahoma State line, at an
L™ . . .
b= elevation of about 4,700 feet. In Oklahoma it is exposed only along
(‘09 U014DWID) % E the valley of Cimarron River,'? but presumably is present under
YHOHYTXO. z " the Ogallala in part of Cimarron County. In Texas County, how-
OOIXEAN 8 gal P y. 1 y
5 5 8 ever, it is absent at both of the two localities where rocks older
g 3 than the Ogallala are exposed. Sandstones of Cretaceous age
: o g posed. S g
2 5 E are exposed at the Red Point locality, west of Guymon, but are
z 27 older than the Dakota. It is apparent, then, that the Dakota
] g s must thin and disappear somewhere between northeastern New
2 [ . P 3 . . . .
H > g Mexico and Red Point. As it becomes thinner, its capacity must
samow 430 3 become less until whatev
o
& 25
vLOM -
3
syt £
£5
[~
S
g

ment of water into the Ogallala from Lower Cretaceous sand-
stones may also occur. Downward migration of water from
o the Cretaceous rocks is unlikely because the underlying beds are
,“; relatively impervious.
[} g ege .
2.5 The possibility of recharging the Ogallala from the Dakota
nor® g ‘e in this manner is limited by the scanty rainfall in the intake areas,
S So = _—
2 lzs : % H0. State Geologist R, H. Dott called the writer’s attention to this possihility.
e 2.3 o] 111 Geology and elevations for New Mexico are based on the Geologic Map of New
o 0""' 3, Mexico, prepared by N. H. Darton, 1928, Some exposures of Cretaceous, Tertiary,
eo B and Quaternary igneous rocks have been omitted because they do not bear on the
rAReIn Ly = interpretation here offered.
o i) B 142. Rothrock, E. P., “Geology of Cimarron County, Oklahoma”:
;’é‘a"fﬁa* it Bull. 34, pp. 49-57, and
y3Lvi =)
[=] -
e 8 2.
¥ 3 e

Okla. Geol. Survey
Geologic Map, 1925,
Stovall, J. W., Op. cit.
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channels o e of the n aches
all percentag . ear ever I€
ably on%y a Sglount}; reccives in an average z) area of the Ogallala
which Texas rts of the outcro : ecipitz
are no pa . high precip
water table. Thjrethc county where CXCCPthllaS};hc gﬂood waters
formation outst ce occur. A significant part oachcs the ground
tion and reCha:lrgwn Beaver River Pmbat')lytl:: upper part of the
. [¢] M
which comcoir through the dry channcl “l;ntain stream, but Fiscs
water reserv is not a mo ico. Floods on
' er, however, Mexico.
river. The }Be:i\(ll [’)hins in northeastern New
on the semi-2

thC rou d wa resery (0313 u dCI‘ I exas
n ter 1 n
g

and it is hoped that this program can be contin

ments may afford data for quantitative estimates of the amount
of annual recharge,

AMOUNT OF RECHARGE

Cimarron River are frequent and may contribute considerable
water to the underground reservoir through seep

There is a possibility that some water that fal
outcrop of the Dakota or underlying sandston
into the Ogallala in Texas County. The a

annual recharge is a complex problem for th
adequate data are not yet available.

It is probable that the recharge is approximately balanced by
the discharge. Although some phases of the discharge can be
estimated roughly, the tests necessary for estimating other phases
have not been attempted. Thus tests of the amounts of water

evaporated from the surfaces of the permanent streams and of
the amounts removed from the under

ground reservoir by evap-
oration from the soil and by transpir

ation of plants where the
water table is near the surface would be desirable.

However, it
is evident that the natural discharge of ground water through
the perennial streams—Beaver River, Paloduro, Hackberry, and
Coldwater Creeks—or by evaporation and transpiration in low-
lying areas is not very large.

age into alluvium.
Is as rain on the
es ultimatcly gets
mount of average
e solution of which

These considerations lead to the conclusion that the average
annual recharge, although amounting to a considerable quantity
of water in the aggregate, is equal to only a small part of the
quantity of water that falls on the county as rain or snow. It is
evident that the ground wat

er supply of Texas County should be
well husbanded, that the uses made of it should be carefully con-
sidered, and that a current inventor

y should be maintained of
the withdrawals by

pumping and of the resultant depletion of
the supply as indicated by fluctuations in the water levels.

OsservaTioN WELLS

In order to obtain a record of the fluctuations in water level
which take place normally,

about 45 wells in different parts of
the county have been selected for observation. Measurements of
the water levels in them are being made about e

very two months,
ued. The measure-

and will be especially valuable in showing
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the pond for short periods after heavy rains, of which there were
several in the spring and summer. The rise of water level in
the well implies that recharge occurred through the pond.

Water level measurements in 14 wells were first made between
September 7, and October 8, 1937, and were repeated on Sep-
tember 19, 20, and 28, 1938. In 11 of these wells the rise in
water level ranged from 0.03 foot to 0.65 foot, but in 3 of the
wells the water levels declined by amounts ranging from 0.14 to
0.7 foot. For the entire group of 14 wells there was an average
rise of 0.18 foot. Of the wells showing a decline in water level,
number 497 is about 25 feet from an irrigation well that was
pumped somewhat more heavily in 1938 than in 1937, and number
172 is about 0.75 mile northeast of irrigation well 181 and about
2 miles northeast of irrigation well 179, both of which were
pumped more heavily in 1938 than in 1937. If the records of

these two wells are omitted, the average rise during the year was
0.29 foot for the other 12 wells.

Wells 120, 530, 551, and 552 were first measured October 20
and 23, 1937. In 1938 they were measured in September and
again in November. To afford a basis for comparison, estimates
of the probable positions of the water levels in October 1938 were
made by interpolating between the actual measurements of Sep-
tember and November. In wells 120 and 551 these interpolated
water levels were 0.81 foot and 0.21 foot respectively higher than
in October 1937. In wells 530 and 552 the interpolated levels for
1938 were 0.06 and 0.16 foot lower than in October 1937, The
average change for these four wells is a rise of 0.2 foot.

Water level measurements in 11 wells were first made be-
tween October 29 and December 19, 1937, and were repeated on
November 19, 21, 22, and 24, 1938. One additional well (number
72) that was first measured on October 23, 1937 is included in
this group because lack of a measurement for September 1938
makes it impossible to interpolate an October water level in the
foregoing manner. The water levels in 8 of these wells were
0.02 foot to 0.35 foot lower in 1938 than in 1937, and in the other
4 wells they were 0.04 to 0.33 foot higher. The average change
for this group of 12 wells was a decline of 0.01 foor.
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Of the 31 wells for which comparisons between 1937 and
1938 measurements are possible, the water levels in 18 wells rose
by amounts ranging from 0.03 foot to 121 foot. The water levels
in 13 wells declined by amounts ranging from 0.02 foot to 0.7 foot.
The average change in the 31 wells was a rise of 0.14 foot.

In the following descriptions, the significant data regarding
the observation wells are summarized® The wells are divided
into east-west and north-south lines. The east-west line is given
first, with wells listed in approximate order beginning with the

The north-south line begins at the north. All water

eastern-most.
e measuring points.

Jevels and depths are stated in feet below th
EAST-WEST LINE OF OBSERVATION WELLS

765. Owner unknown, SWj sec. 2, T.3 N, R. 19 E.
Drilled stock well, diameter 6 inches, depth 120 feet; in use. Well
is located in an area of sand dunes totaling several square miles.
Measuring point, top north edge of tee, 3.25 feet above land sur-

face.

Water LEVEL, IN FEET, 1937-38
Date Water level Date Water level
Dec. 3. 1937 107.20 July 27, 1938 107.35
Jan. 18, 1938 107.32 Sept. 20 167.30
March 21 107.31 Nov. 24 107.25
May 24 _____M__*________V__A_rlpl-gg ) .

770, A. C. DeHart, SW¥% NW% sec. 15, T. 3 N, R D E

Drilled domestic well, diameter 45 inches,
used, no pump. Well is located in an area of sand dunes totaling

several square miles. Measuring point, high point on south edge

of casing, 0.1 foot above land surface.
Waret Leve, 1N Feer, 1937-38

Date Water level Date Water level
Dec. 3, 1937 123.89 July 27, 1938 123.91
Jan. 18. 1938 123.93 Sept. 20 123.88
March 21 123.33 Nov. 24 123.85
May 24 124.01

143. Descriptions for most of the observation wells, and the 1937 water level measute-
ments, have also been published in “Water Levels and Artesian Pressures in Obser
vation Wells in the United States in 19377: U. S. Geol. Survey, WWater Supply Paper
840, 1938. Subsequent water level measurements will be published in future papers
in this series. The descriptions here are corrected and revised where necessary:

and additional wells are given.

depth 125.7 feet; un-
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. M. H
N, R. 19 E. Drj an yning, NW1, NWy, Sw
used, no PUmPn‘l};SHV;/Clll, dxax(tr;etcr 125 inchfs dcpt/ﬁ ;%% f21, T. 4
. . . S locate onu l ¢] CCt; un-
irrigat and f
e M e numbery) W}ll)ich islalfszsoztufnfeet west of
g gIOWing

.season. Measurine o
1 g POIDt) Cd
of oil drum used to cover theg cngfl smaller of two holes in head

levels, in feet, j
A , 10 1937-38: Sept
105.06; Oct. 8, 104.90; Nov. 2(},) iOf;ZI%

761. Mrs. Cordi H
19 E. Drill 12 Humble, NW1; Nw?
teed littlr; &da?o;;}esu\jv V\lzlcl!, diameter 4.5 infh:: c.dZ;,tri' 131;\1; R.
.sand AL Well is located ’ eet;
nd dunes totaling several square m?ﬂsweﬁé;ui?fc of area of
) g POlnt, tOp

edge of iron pj
surface, pipe clamp, south side of pipe, 0.7 foot above land
an

WATER LEver, 1y FEet, 1937.38

Date
Dec. 3, 1937 Water _level Date
Y Wate
Jan. 18, 193 108.74 r level
March 51 10867 July 27, 1938 P
May 24 103.58 Noo: 20 108.78
8.68 : 108.3
.34

487. J. :

ed stock ‘ic]}ll (I;I'ICSCD, SE% SEY sec. 34, T. 4 N,, R. 18 =
is located o l1amct(:r 5 inches, depth 120 fcet-.,n - 18 E. Dirill-
point, top in 5) and flat beside small temporar ’ 05 used. Well
north side of.’Slpi(;)ec di‘;CS ?f west block of woodgnpgir;,‘ I\]/Ieasu;ing
feet, i ) » 1.5 foot above land ¢ clamp, on
cet, 1n 1938: July 26, 101.31; Sept. aZIE) ls(l)llrf;agc-e.N;rVatze; levels, in
’ = v. L) 10151

60. J.E.Fri
domestic swell crllizscn, SW-‘-/.; NW!{ sec. 3, T.3N., R 18 E. Dri
located. on u[’)landm;]tcr 6 inches, depth 121 fect..’ ix; '\];,“lled
25 feet at. Measuring point, ; in use, Well is
above land surface, or 2.0 fcelt) abovctoc}z)nf:isetteejgli % e
ab around

the well.
Date Waren Leves, 1y Fror, 1937-38
Wat

Dec. 3, 1937 or_level Date Water 1
Jan, 18, 1938 100.76 er level
March 21 100.33 May 24, 1938 100.47

100.32 Sopy. s 10037

: 100.07
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E.
T.4 N, R. 18
Wl sec. 30, is 1 ted
Zable, NWY; S itde. Well is loca

795. Herﬂ.la:vcl;l depth 124 feet; used 2 liele edgc of tee, 37
Drilledl d(zlmfe;::c Mea’suriﬂg point, southeast top
on UP an N

d surface. .

feet above land § Waten Leve, i Feer, 1937-38 water level

te

water level > 38 116.84
Date — July 26, 19 116.81
—_ 116.88 Sept. 20 11655
pec. 7, 1937 116.83 Nov. 24
Jan. 18, 1938 . 11678
Mavch 421 116.87
May 2

T.4 N, R. 17 E.
589. August Lorenz, NW%L};]\;V‘/: s?;. i‘:,c il s Tocated
" domest lepth 142 ect iron pipe clamp
Drilled domteHe I\‘ngs,urtii% point, top edgef ‘:fe ron pip
on upltani((lleﬂ;lft.})ipe 05 foot above land surrace.
on east S J

Water LEVEL, IN Feen, 1312 Water level
ez e Water level Date 38 120.10
we | W mi
Oct. 29, 1937 120.19 Sept. 23 =
i]vil;l:c 118,211938. 120.11

. 3 N-’ R' 17 E'
t Lorenz, NEV4 NW% sec'v?;l;[‘is located on up-
4. Augos 11, depth 97 feet; in use. Measuring point, 1o
Drilled stock we "butary of Pony Creel?' 1 on north side
land flat nea; trlst block of wooden pipe € amps
'ms.ld.e ed(;g ; ?oo:aabovc land surface. . -
of pipe, V- Waren Lever, 1y FEET, 198 Water level

= te
= vater level Da
Date

\ 91.00
May 24, 1938 90.96

T 90.97 July 27 90.99

Dec. 19, 1937 90.93 Nov. 24

Jan. 15, 1938 90.93

March 21

E.
T.3 N, R 16
323. Mrs Bostwick, SWY% SEY, scc. 1,

dl‘“rlCtCI 5 “lc}les, P ’
l)[l“td do“l('Stlc "LH) de tll 25 feet nOt us:d

Measuring
Pony Crcek.. 3
in the valley of . asses, 0
Well is locateEdllol\: il: ti; cover througl} V\;luih iglpfg 32-38: oct.
point, edge 0 d]iurfﬂce‘ Water levels, in ;ti ,51. Nov. 24, NS,
oot ﬂb;";jl 19"0“ ]1;1)1 77. 1938, 21.67; Sept. 20, 21043
29, 193 ) bt ’

* ec. 2 b 3 9 .

. Anna aly ert 3 /1' /1 h ]

CSth W Cll (dla)mcte[ I “lClleS, dcpth. 100 cht, n“
D[ lllcd dOX[l )

Creek. Measuring point, east edge of

depth 35 feet, with 21 feet of perforated galvanized casing; used
for domestic and stock purpos
of Beaver River. Measurin
below land surface.
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used. Well is located on upland flat. Measuring point, clamp
bolt on north side of pipe, 0.3 foot above land surface.

WATER Lever, v F EET, 1937-38
Date Water level Date Water level
Oct. 29, 1937 95.67 May 24, 1938 95.68
‘Jan. 15, 1938 95.63 Sept. 20 95.72
March 21 95.65 Nov. 24

95.75
325. Mr. Ensten, NWY, NWY; sec. 2, T.3N,R. 16 E.

Drilled stock well, diameter 4 inches, depth 121 feet; used little
Well is located on upland flat between Beaver River and Pony
casing, 0.4 foot above land
surface.  Water levels, in feet, in 1938: Jan. 17, 105.03; July 27,
105.10; Sept. 20, 105.01; Nov. 24, 105. '

350. C. A. Nash, NW14 sec. 18, T. 3 N, R. 16 E. Drilled
as an irrigation well, but foun

d inadequate, diameter 19 inches,

es. Well is located on flood plain
g point, south edge of casing, 4.0 feet

Warer Lever, v Feer, 1937.38
Date Water level Date Water level
Oct. 2, 1937 3.69 July 27, 1938 3.62
Jan. 21, 1938 2.55 Sept. 20 3.29
March 21 2.54 Nov, 22 2.67
May 24 2.53

well, diameter 6 inches,

unused, no pump. Well
1s located on flood plain of Beaver Rive
point on north edge of casing,

187. John Gill, SEY, Nwiy,

sec. 12, T. 3 N, R. 15 E. Drilled
depth 10 feet;

1. Measuring point, high
1.4 feet above land surface.

Warer Lever, v Feer, 1937.38
Date Water level Date Water level
Sept. 7, 1937 5.50 May 24, 1938 4.48
Oct. 9 5.563 July 27 5.50
dan. 21, 1938 4.84 Sept. 20 4.94
March 21 4.59 Nov. 22 4.84

Dug well, diameter 30 inches, depth

295. E. Q. Hobson, SW1; NW1; sec. 14, T. 3 N, R. 15 E.
14 feet; bucket and line, in
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use. flood
point south edge of casing,
3

TY
OUND WATER, TEXAS COUN
GR

iver. Measuring
flood plain of Beaver Rlvcrface.
iy ot o 0 feet above land sur

1937-38

Warer LEves, IN FEET,

vel
Water level

Date
Water level 24, 1938 i‘{‘é%
e 1937 11-83 1.\1&\?13; 27 11.23
t. 15, 119 t. 20 1117
et 9 1120 N, 22
Jan. 21, 1938 10.90
March 2L

Drilled domestic well, diame
;. Well is locate

:cs)flth of channel, but on tlocf‘)’c

taries, above flood plain

edge of casing,

3N, R 15E
EY, sec. 17, T. i
S\tN:ASSinﬁhcs, depth 75 Ecct,oxsxo:n :1[(1:

i ) f Beaver River less than 1i .
din vy (E divide between two smak e
(l) unused. Measuring pomt,.

332. Owner unknown,

35 feet above land surface.

Water LEVEL, IN Feer, 1937-38

t. 18, 1937 69.78
Y 69.45

Water level

July 26 69.06
Sept. 20 68.99

Date
Water level 538 68.97
Date pr \ May 24, 1 69.09

Jan. 21, 1938 69.20

Nov. 22

March 21

R.
.33, T.4 N, !
N ;:;, depth 90 feet; In
divide between Go
oint, clamp bolt on

; i SWY,
jlliam L. Ziegler, . VA
14 E?'zbrg\;;d domestic well, diameter 4 1

top of
. d on slope near .
Well is log; tiets tributaries. Measuring p

2.0 feet above land surface.

use.
Creek and one

west side of pipe,

Warm Lever, v Feet, 1578 water level
jevel Date 1938 L™
— Water le ay 26, 7441
out 23, 1937 74'.% Nov. N
v 28, 74, .
March 2 1, NE% sec. 5, T-3 N.’ o
H Behne, NEY NEY Well is lo
307. enry

feet; unused. . .
. ic well, depth 72 ’ Measuring poith
14 E. Drilled d{)n;;(it[:z’ below the uplan(é lcvc!l. « clamp, on b
cated on 2 gcnt‘ Ce of west block of wooden \I;)Vl;tcr levels, in leds
inside upper CBg3 foot above land surface.
side of pipe, V-

. Sept. 19, 65.65. N
in 1938: Aug- 17, 6:'68’ P 1, NWY sec. 5, T. 3
294, Stonebra

er-Zea ranch, NW depth 575 fect; unused
. d we
R. 13 E. Drille

11, diameter 5 inches,
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no pump. Well is located on sloping bluff of Beaver River, and
ends in Triassic (?) red beds. Measuring point, south edge of
casing, 1.0 foot above land surface. Water levels, in feet, in 1937-

38: Sept. 24, 1937, 43.47; Oct. 9, 43.47; Aug. 8, 1938, 43.13; Sept.
28, 43.08.

551. Owner unknown, SW; SWY; sec. 19, T. 4 N, R. 13
E. Drilled well, diameter 5 inches, depth 214 feet;
pump. Well is located on slightly
ing point, south edge of casing,

unused, no
undulating upland. Measur-
1.0 foot above land surface.

Water Levey, v FEeTt, 1937.38
Date Water level Date Water level
Oct. 23, 1937 146.69 l July 25, 1938 146.42
Jan. 27, 1938 146.80 Sept. 19 146.53
March 22 146.57 Nov. 21 146.43
May 26 146.51

552. B.G. Manwarren, NE1; NEY sec. 1, T. 3 N, R. 12 E.
Drilled domestic well, diameter 5 inches, depth 185 feet; in use.
Well is located on upland flat. Mcasuring point, top west edge
of tee, 3.0 feet above land surface, (0.62 foot above casing).

WaTEr Lever, In FEeT, 1937-38
Date Water level Date Water level
Oct. 23, 1937 177.97 July 25, 1938 177.88
Jan. 27, 1938 178.13 Sept. 19 178.12
March 22 178.13 Nov. 21 178.14
May 26 177.90

661. William Webb, SEY4 NEY sec. 8, T. 3 N, R. 12 E.
Drilled domestic well, d

iameter 4 inches, depth 19 feet; in use.

Well is located about 5 feet above channel of tributary to Tepee
Creek. Measurin

g point, west edge of casing, 2.0 feet above land
surface. :
Warer Lever, v F'eer, 1937.38
Date Water level Date Water level
Nov. 10, 1937 14.37 May 26, 1938 12.94
Jan, 27, 1938 14.77 July 25 11.87
March 22 14.83

286. William Webb

, SWY SWY sec. 9, T. 3 N, R. 12 E.
Drilled stock well, dia

meter 5.5 inches, depth 56 feet; unused.
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Well is located in bottom of intermittent tributary of Tepee Creek.
Measuring point, €ast edge of casing, 0.3 foot above land surface.

WATER LEVEL, IN Feer, 1937-38

Water level

Date Water level Date

Nov. 10, 1937 23.91 Sept. 19, 1938 23.41
July 25, 1938 21.39 Nov. 21 23.97
Aug. 28 24,05

85. George Dean, SEY;, NEY sec. 34, T. 4 N, R. 11 E.
Drilled well, diameter 45 inches, depth 459 feet; unused, 1o

pump. Well is Jocated near shallow pond on upland. Measuring
de of casing, 1.2 feet above land

point, high point on southeast si
surface.
WATER LEVEL, IN Feer, 1937-38

Date Water level Date Water level
Aug. 21, 1937 43.10 July 25, 1938 41.97
Jan. 27, 1938 42.53 Aug. 28 41.89
March 22 42.63 Sept. 19 41.80
May 26 42.67 Oct. 16 41.74

Nov. 19 41.93

270. Owner unknown, NWY SW; sec. 7, T.3 N, R 1

E. Drilled domestic well, depth 82 feet; unused. Well is located
low in valley of Tepee Creck. Measuring point, north clamp
bolt, 0.6 foot above land surface. Water levels, in feet, in 1937-

38: Nov. 5, 1937, 73.48; July 25, 1938, 73.57; Sept. 19, 73.58; Nov.
19, 73.38.

621. Owner unknown, NWl, NWU, sec. 2, T.3 N, R
10 E. Drilled domestic well, depth 165 feet; unused. Well is lo-
cated on undulating upland, and appears to tap a lower aquifer
than wells 618 and 626. Measuring point, top west edge of coup-
ling, 1.6 feet above land surface.

TATER LEVEL, IN Feet, 1937-38
Date Water level

Date Wwater level
_/—_/____,_____________________________,
Nov. 5, 1937 151.26 July 25, 1938 151.01
Jan. 27, 1938 151.11 Sept. 19 151.17
March 22 150.81 Nov. 19 151.06
May 26 150.93

(o)
BSERVATION WELLS

618. Owne
r
10 E. Drilled yrel],

169

sec. 1, T. 3 N
es, depth 65 feet; unuscd.’ f
, no

nknown, Nw1
, diameter 4.5 in/;h o

edge of cas Creek (int
ca erm
sing, level with land sulrtftem) Measuring point I
e ace. , north
W
Date - ATER Lever, iv Frer, 1937.35
N — ater 1 = -
Jan. 35 lfgg o ovel Date
y b4 8 .68 W:
ll‘\lliarch 22 55.97 July 25, 193 Vater level
ay 26 556.20 éug. 28’ 8 56.00
6.14 ept. 19 55.90

Unmeasurable

626. John
E. Dri Copeland,
Drilled domestic well Si‘;}lvnlf tNW% sec. 27, T. 4 N Rh
3 e > L. . R.10

use. Well is 1o er 5 j
cat inch '
v;ater level in sui hedloon upland flat an(ci f:’ depth 112 feer; iy
Of gear wheel used a5 ;?;On'l Measuring poi:to tatblc for shallow
¢ clamp, 06 f, > top inside ed
s Ul ge

W 0ot a
Date ATER Leves, 1y Feer, 19 bove land surface

Water level 37.38

Nov. 6, 19

J , 1937 Date

yan. 27, 1938 91.72 Water
arch 22 91.65 | May 26, 1933 er level

91.21 [ July 25 91.68
9150

o NORTH-SOUTH LINE of OB
s
Drilled .do(ni.esAti. Rallllm s E
¢ well, diame

no pump. W ter 4.5

. : J 1 .

square nfiles ;\2 15 located i nches, depth 145 feer: - d'

. . Measur; ) ; se

ing, 1.7 feet above lll.rmg point, high point
and surface on north 'don west edge

\\/ Side

ATER LEvEL, 1n Feer, 103 of well.
Water level 2 7-38

Dec, 15 '
. 15, 1937 D
Jan. 26 ate
;1938 123.80 Water level

RVATION WELLg

several
of cas-

Date

.unuscd. Well j
top inside edge ;fl :()rlt(;l-

March 23 1 J
- me | R
3.72 ov. 22 123.9¢

369, Ow 12415

E. Drilleq g tnknown, NE!

cated o::d domestic well, dcpth/; I sec. 15 » T. 6 N

upland. Measuring 835 feet; . > R 15
por

nt,



70 (;R()U WA ER, TEXA cou TY
ND T S N
1

ide of pipe, level with land

i ts
block of wooden pipe clamp, on e€as

surface. Warer LEVEL, IN FEET, 193738

wWater level

o Water level Date . 156.03
Date May 25, 193

me.asura,ble
___,.-—-—""'“7 156.10 July 26 Un

Sept. 22.1333 156.12

Jan. 26, 156.04

March 23 R. 15

6 N,

WY, sec. 27, T. -1
SS i/:lchcs, depth 167. feet; -13
on containing Wil
int, top inside edge
h side of pipe 10

354. A. M. Fankhauscr,.SE%
D "llcd domestic well, dlameterE nches
bW 11 is located at north end of dep ‘
Ho V‘f ke and a small pond. Mcasurmgn[; !
P%O::/‘;t :k‘)lock of wooden pipe clamp, on
o
oot bore fand surfil:f;m Levet, 1N FEET, 1937-38

water level
Date

= Wwater level

= 148.89

D T suly 26, 1938 11000

s To1 10 : Sept. 1f Repaired.
wpt. 21, 1937 149.00 22 ble.

i(luli 26, 1938 148.90 Nov. Not_messura
March 23 148.91

May 25

N, R. 14 E
120. Joe Gribble, NEY4 NEY, scc. 2, T. 5

feet; used
. inches, depth 200 feet;

i diameter 6 inches, . int, top
Drilled domeﬁtlf ‘l‘s:cl;l,,tcd‘ on upland flat. Mcasf\:lrclzg po

a lictle. ch l;u ling, 0.65 foot above land sur
north edge of coup Waren Lever, N Feer, 1937-38

Date

Water level

T Water level
Date

196.55
T 196.95 Juty 2% 1938 19611
Oct. 20, 1937 19645 N 21 198
Jan. 26, 1938 196.31
March 23 197.11
May 25

4
. T. 5 N-a R. 1
silcnused. Well is lo
st edge of tee, 10

wn, NEY NEY
I, depth 184 feet;

\ . ea
easuring point, top

530. Owner unkno
i ic we

E. Drilled domestic
cated on upland flat. M

e. N
ve land surfac 1937-38
foot abo Warer Lever, 8 FEET, Water level

ate
= water level D 178.46
Date

July 26, 1938

-— 178.48
- - 178.50 .19

Oct. 20, 1937 178.50 g‘(’,‘;t 7 178.63
Jan, 26, 1938 178.43

March 23 178.45
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507. J. H. Wells, SEY SW sec. 1, T. 4 N, R. 14 E. Drilled
domestic well, diameter 6 inches, depth 181 feet; in use. Well
is located on upland flat. Measuring point, iron pipe clamp on
cast side of pipe, level with land surface.

. Warer Lever, v Frer, 1937-38

Date Water level Date Water level
Oct. 8, 1937 165.87 May 25, 1938 . 165.44
Jan. 26, 1938 165.59 Sept. 19 165.56
March 23 165.38 Nov. 21 165.75

446. Owner unknown, NW NEY NWY sec. 8, T. 4 N,
R. 15 E. Drilled domestic well, depth 163 feet; unused. Well is
located on upland flat beside temporar
upper edge of cast block of wooden pipe clamp, on south side
of pipe, 0.25 foot above land surface. Water levels, in feet, in
1938: July 26, 149.37; Sept. 19, 149.41; Nov. 21, 149.55.

y pond.  Measuring point,

235. John E. Bauer, SW1, SWY, sec. 18, T.4 N, R. I5 E.
Drilled domestic well, diameter 5 inches, depth 190 feet; unused.
Well is located on upland flat. Measuring point, top inside edge
of west block of wooden pipe clamp, north of pipe, 0.5 foot above
land surface. Water levels, in feet, in 1937.38: Sept. 10, 1937,

168.59; Jan. 26, 1938, 168.96; March 23, 169.17; May 25, unmeasur-
able. .

436. Leo Holtgraver, NEY NEY; sec. 24, T. 4 N, R. 14 E.
Drilled domestic well, diameter 4 inches, depth 198 feet; in use.
Well is located on upland flat. Measuring point, top edge of
coupling on north side of pipe, level with land surface. Estab-
lished as observation well to replace number 235, Water levels, in

feet, in 1938: May 26, 170.81; July 26, 171.01; Sept. 19, 171.05;
Nov. 21, 171.12.

176. W. N. Ballinger, SW; SWY; sec. 18, T. 3 N, R. 15 E.
Drilled well, diameter 19 inches, depth 30 feet; used for irriga-
tion. Well is located on Beaver River flood plain. Measuring
point, southeast edge of casing, 5.22 feet below land surface.
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Waten Loy, w Foer, 199780 ovel
Water level level wi
- ith lan
d surface. Water level, in feet, Nov. 22
, Nov. 22, 1938, 138.7
, , 138.74.

”Daie T \V;iel' level Dale
pate S i
Sept. 4, 1987 371 May 26, 1938 ing
Sept. 9 2.00 July 26 a1 404. E
Oct. 9 3.07 Sept. 19 1.20 404, Everett J. Ritter, NW?
O 510 Nov- - Drilled domestic well en NWY; NEV, sec. 4, T 1 N, R 14 B
Mar R = S¢. ell is 1 r 5 inches, d S :
. ocated on : , depth 177.2 f .
. - to 1 undulatin . eet; 1n
R. 14 E. Drilled sic[l)c mfsld? edge of west block of 5 SPlaﬂd- Measuring p(’)int
o woo :
pipe, 1.3 feet above land suffac:n pipe clamp, on nortl;

386. Frank Roten, SEY, SEY, sec. 3 T.2 N,
diameter 5 inches, depth 1089 feet, probably little used.
N Warer Lever, v Feer, 1937-38

h Fork of Beaver River _—
Date
Water level Date
Water level

stock well,
Well is located on upland flat near Sout
(intermittcnt). Measuring point, clamp bolt on south side of e
pipe, 05 foot above jand surface. Jan. 25 'lég? 167.08
March 23 167.20 July 25, 1938
7 Warsn LEVEL, 1IN Feer, 1937-38 - May 2 167. Sept. 20 167.07
e E—— EEp R e y_25 7.14 N 1670
Date water level Date water level 167.11 ov. 21 167.23
Sept. 24, 1937 102.12 July 25, 1938 101.98 167. Owner unk
Jan. 25, 1938 102.05 Sept. 20 101.95 R. 12 E. Drill nown, SW; SEY; SE!
March 23 102.10 Nov. 21 101.97 anused . Drilled stock well, diam + Y4 sec. 34, T.2 N
May 25 102.03 . Sfe , no pump. Well is,locat ;ter 5 inches, depth 196 fe
s from break ed on upl et;
s . and .
399. Andrew Bender, NEY; SEV4 sec. 26, T. 2 N, R. 14 E. channel. Measusi of Beaver River, and 1}’75 m_fllat 025 mile or
Drilled domestic well, depth 1425 feet; used a little. Well is lo- surface. ing point, south edge of casin ‘Cl.s east of river
cated on upland flat. ‘Measuring point, top west edge of coup- g, level with land
ling, level with land surface. : Date Water Lever, v Feer, 1937.38
o WATER Levet, 18 FEET, 1937-38 Oct. 11, 1937 Water level Date
Date water level Date Wwater level g“g- 12, 1938 190.77 o Water level
bate ________’/’/ ept. 20 190.79 ct. 16, 1938
Sept. 25, 1937 121.55 May 25, 1938 127.76 190.97 Nov. 21 190.72
Jan. 25, 1938 127.19 July 25 12771 190.93
March 23 121.19 Sept. 20 127.69 . 459. Owner unknown, NE
= . Drilled domesti n, NEj; NW!
omesti * Y sec. 21
172. Owner unknown, SEY, SEY% NEY: sec. 25, T 2N, about 45 feet abovccchCll, ldCPth 71 feet; unused ’ gV lll N, R. 14
i inche 41 feet. i : hannel of Fri o ell is
Kk well, diameter 4 in hes, depth 141 lmg point, base of pump | dFI‘ISCO Creek (intermittent located
and surface. p head on east side of well, 1.0 f)  Measur
» 1.0 foot above

R. 13 E. Drilled stoc
flat. Measuring point, edge of casing

Well is located on upland
1.2 feet above land surface. Water levels, in feet, in 1937-38:
Sept. 30, 1937, 119743 Aug. 1% 1938, 12063; Sept. 20, 1204 — Whten Lever, v Feer, 1937.38
Nov. 21, 120.34. Oct Water level
) ) Jan, ;lr. 1987 65 Date Water lovel
182. Panhandle Agncultural and Mechanical College, NEY Mavct ag o s Tuly 25, 1938 er level
0 feet E. of SE cor May 25 85.34 Sept. 20 65.02
65.24 Nov. 21 32.59
.04

1.2 N, R.13 E, about 10
d beside curb of driveway. D

h 151 feet; unused, no pump-
s irrigation well (no.

rilled
Well
179)-

NEY; SEV4 sec. 34,
Sewell-Loofburrow Hall an
well, diameter 6 inches, dept
is located on upland flat, near campu

461. Owne
4 E Dl o unknown, NWi; Nw!

ed domestic well, diameter 5 i/r‘:chs::' jl, }T 1 N, R.

, depth 202.8 feet;
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Well is located on upland flat. Measuring
05 foot above land surface.

 Feer, 1937-38 )

GROUN

unused, no pump.
point, north edge of casing,

WATER LEVEL,
water level

Date Wwater level Date
July 25, 1938 191.92

RS
Qct. 1, 1937 192.13
Jan. 26, 1938 192.24 Sept. 20 191.98
March 23 192,16 Nov. 21 192.06
May 26 191.97

WELL LOGS

In the following pages the logs of several Texas County
water wells are given. The number of the well log corrcsponds

with the number of the well as given in the well tables and on
Plate 1. In general these logs are essentially as recorded by the
driller, but a few changes have been introduced to make the
terminology agree with gcologic usage. Beds rcportcd by the
driller as “gyp” are here intcrprcted as caliche, and “soapstonc”
is intcrprctcd as shale or clay. True soapstone is a metamorphic
rock which has no place among the sedimentary rocks of Texas

County, but the name is commonly used to describe very fine
shales or clays that become soapy of greasy when wet. In some
“fair” or “good” have

logs the water-bearing sands rcportcd as
“medium- to coarse

been interpreted as “medium-grained” anc
n interpreted 2s “meCiERE : ;
grained”, in keeping with the known practice of the driller.

In addition to the logs of Texas County wells, the logs of six
wells located just over the state line in Kansas ar¢ given (numbers
K1 to K-6). These all begin on the Ogallala formation and
reach depths ranging from 277 feet to 502 feet, and some reac
red beds which may be interpreted as Triassic (?) or Permian.

176-A. Domestic well of W. N. Ballinger, SWi, SWk

SWY, sec. 18, T.3 N, R. 15 E., within 75 feet of irrigation wel
176. Originally 41 fect deep, it was decpened to 105 feet in 1937-

Thickness Depth
(feet) (feet)
Alluvinm
Not reported. Static water level about 7 feet.
tains blue mud and has swam- u "

First water, con
py taste, (cased out)

WELL LOGS

’ -
Coarse, water bex'uhlg gravel (second water

supplies a i
p; djacent irrigation well; cage

Red clay

Coarse sand and fine glavel, water-bearin
g

(third water)

Lower 10 fee 9=
teel casing is perforat.
t of the 4.5 inch s rated,

Thickness
. (feet)
d
16
40

35

1/9. P(lllllal)dlc I&gllcultulal a“d Iv’ICCllal)lCal
3 I E/4 I]E/4 SE/? scc. 3' I 2 I]‘ I"' 13 -
1, OOd vy C“ 3 . ) E

Ogallala for
mat
Caliche fon
goft rock
hale or cla,
‘White sand v
lS];rale or clay
neresan_d, a little water
Hars gg;tizd as 135 teet..
lsi‘tilne sand or clay
ale or cl
Fine sand i
Soft rock
]%Ih::llie or clay
edium to
Il\"aine . coarse sand
edium to coa
rse sand. Irrigati
oped at depth of 238 rir;eg;atlon well devel-

Static water level

181- Iallhalldle Ikgllcultural a“d Mcchanlca] CO”

NW!4 sec. 36, T.2 N, R. I3 E

Ogallala for
o mation
White caliche
Sha‘le or clay
‘White caliche
Dry sand
lS)hale or clay
C(x)'g;‘ coarse sand
se & v
repoﬂ:gl’ Z:telrz-(;)earing. Static water 1
ggft sandstone feet. ™
arse sand a
Soft sand nd gravel,
S stone
Sandstone
gine sand
ine, dirty s
Hard rocl}(r and

water-bearing

Thickness
(feet)

45
1
23
23"
23

22
1
26
6
4
2
4
15
8

38

Thickness
(feet)

2
28
10
20
20
20
16

37

8
35
5
1
1
27
43
5

175

Depth
(feet)

30
70

105

College at

Depth
(feet)

45
46
69
92
115

137
148
174
180
184
186
190
205
213

251
ege, SEY4

Depth
(feet)

2
30
40
60
80

100
116

153
161
196
201
202
203
230
273
278



GROUND WATER,
176

nd.
i coarse, cleny sa
Medlll)lel}:rif:’g bed. Irrigation well
depth of 298 feet.
Rock
Dirty sand
Shale or clay
Sand
Shale or clay
Sand a
»d san
Triags;c (?) or Permian
Shale and red beds

181-A. Panhandle Agriczl
Goodwell, SEV4 NW4 sec. 36,

from irrigation well 181.

TEXAS COUNTY

Depth
T“‘é‘e‘é‘te)ss (feet)
Main water-
developed at 99 300
3 303
9 312
7 319
328
: 331
13 344
12 356
9.8 365.8

hanical College at
tl’]IEalZ aNnd I?tlelc; E. Domestic well

h
o ] Dept!
located about 100 £ Thzg{;‘;s -
2
2
ala formation E
Ogallqum reported. Soil }g ig
Caliche 2
‘own caliche . 8
ng?t—(})()llz‘;étl, coarse-grame.dcialiche A e
E}va(;ighe with some satﬁd ro :8)’ 7
Tine-grained lsalnd roc 5 g(s)
caliche
galllll((li le"(;gk with some caliche lié 0
Dry sand 6 13(2)
Caliche Hche -, K
oo Bamzl.r;m}]uca;:'tz sand :lv“haxptez!asai‘davéta- -
Warerd i ravel and quar . 25
Wati;‘-bi\%:gf illélvtef reported as 120 feet. N
c 2
1 .15, T. “
H. L. Gihson, SW¥% WY, SEAdscc irr‘léation b
e son,
o b Lo resents four closcly-spaced, ug !
ol " Log - Thickness Dept
(feet) (feet)
8
8
Alluvinm 0t | .
ot mﬂafl‘ﬁé ;::a\?el. Static water level 8.3 1 / 223“
Water-b 2 .
feet.
N erbo water rises to level of . 1%

Water-bearing gravel;
first water

WELL LOGS

281. Lester Sparks. NWy Nwy,
R. 11 E.

177

NEY% sec. 5, T. 3 N,

Thickness
(feet)

Gray-black soil. Fine to coarse sand with con-

siderahle clay. 3
Brown-gray calcareous sandstone, Sand is

fine.
Light-brown, calcareous, sandy clay, Dense,

compact 2
Light-brown, calcerous sandy clay 30
Light-red, calcareous sandstone 14
Pale-pink, calcareous sandstone 2
Red, calcareous sandstone 4
Red, sandy limestone 12
Greenish-gray clay. Slightly calcareous 29
Brown, compact, calcareous sandstone 2
Brown, loose, calcareous sand Ya
Brown, compact, calcareous sandstone 4
Fine-grained, brown, calcareous clay. 5%

Depth
(feet)

72
101
103
10312
107
113

317. General Atlas Carbon Co, NWY NW; sec. 28, T.

3N, R I5E.

Ogallala formation
Soil and caliche
White caliche roclk
Sand with white limestone
Very coarse dry sand and gravel
Clay, dirty, sandy
Rock
Dirty sand
Rock
Static water level
Sand and caliche
Sand, dirty
Sand
Sand, dirty
Clay, sandy
Sand, good, clean
Sand, clean, with streaks of gravel
Clay, dirty, red, sandy
Triassic (?) or Permian
Red bea

317-A. General Atlas Carbon Co., NW1;, NW
3 N, R. 15 E. About 200 feet north of number 317.

Ogallala formation
Soil and caliche
White caliche rock
Sand and limestone
Sand, coarse
Clay
Clay, sandy
Hard shell
Sandstone, yellow
Sand, fine

Thickness -

(feet)
6
10
20
56
23
1
15
2

17
21
39
75
30
22
27
21

Thickness
(feet)
6
8

21
55
26

7
1
14
13

Depth
(feet)
6
16
36
92
115
116
131
133
134
159
171
210
285
315
337
364
385

385

Y4 sec. 28, T.

Depth

(feet)
6
14
35
90
116
123
124
138
151



GROUND WATER, TEXAS COUNTY

178
Thickness
(feet)

Clay, sandy ;?
Clay 4
Clay, sandy s
Sandstone, yellow o8
Sand, fine ] o
Clay 2
Clay, blue, tough 60
Dirty sand and gravel

Triassic (?) or Permian 02

Clay, red

Depth
(feet)
166
203
231
240
268
296
304
364

386

319. Oklahoma Electric and Water Company, Guymon,

NW1; NEY; SEY sec. 31, T.3 N, R. 15 E.

Thickness
(feet)
Ogallala formation 3
Soil o
Clay and caliche n
Limestone H
Clay 18
Sand and clay s
Hard clay "
Clay and broken limestone ;
Hard, white caliche 1.4
Hard clay H
Hard clay and gravel 3
Conglomerate ™
Sandy clay i
Hard cla.\;l . i
ick ellow clay
(SJE)zfrsye ysaud and thin layers of yellow clay.
Static water level reported as 190 feet. gg
Sand and clay 52

Red clay, sand, yellow sticky clay
Yellow clay, sandy yellow clay, muc
Probably sand and gravel

320. Guymon municipal well, NWY; NEY; NW; sec. 19,

., R. 15 E.
T.3 N ’ R Thickness Depth
(teet) (feet)
i
Allug;:r(;l very fine (static water level, 12 feet) Z‘i gé
Clay : o
Fine plaster sand 1 %
P 10 45
Coarse plaster sand 4 3
Cla
Sanyd. coarse, estimated 35% pea-gravel 9 57
412. F. B. Buzzard, NWY NWY; sec. 25, T. 4N, R.12E
Thickness Depth
(feet) (feet)
Ogallala formation e 8
Soit A o
Caliche 5 70

Clay with a little sand

k or mud 26
2

8

Depth
(feet)

3
50
61
72
90

100
112
121
135
146
149
160
175
190

220
252
276
302
330

First water en Y
Static war ]ev(:;;untel ed at 179 feet.

total depth of
Static water level
reported as 134 fee

Triassic (?) or

Red beds, with a 1.

a depth

than the rest. -

49. Dr.
N, R. 19 E,

Ogallala formation

Not reporteq

WELL LogGgs

Thickness

(feet)

Teported as 143 feet wh
well was 30¢ feet‘.v e
on ctompletion of well

Permian

inch bed of bl
ue sh
of 425 feet. Last 28 feet h'{;l:d::

283

w.

Thicknesg
(feet)

Struck water at

100 fe 100
White clay and sand ot
Soft sand rock %

White clay
Red clay

Red clay and sand !

Red clay
i_{ed sand
ellow cla;
Light red s};n
Red clay and
Red clay
Red sang
Yellow clay
Yellow sang
Yellow clay
Yellow sang
Blue clay
Yellow clay

Blue clay

497. R. M.
N,R 19E.

Ogallala formation
ot reported
Struck water at

d
sand

5
3
Hard-packeq sand :
7
7

Van Hym'ng, Nwy, NWy, sw

Thicknessg
(feet)

100 feet 100

Yellow clay ang sand

Yellow gap
Yellow clayd
Yellow sand
Yellow clay and
Yellow sand
Yellow clay
Yellow sand
Yellow clay ang

14

10

28

sand :
5

8

2

sand 2
30

179

Depth
(feet)

453

A. Hodges, NWy; Nwy, NEY sec. 21, T. 4

Depth
(feet)

100

120
-128
129
144
148
164
171
178
187
196
202
219
213
223
236
241
244
248
255
262

Y4 sec. 21, T. 4

Depth
(feet)

100

114
124
152
160
165
173
175
185
215



Aug. 24, 911

Thickness
(feet)
10
Iala formation ) .
Ogalsoil, dra softﬂ sandy water-bearing, stat 195
: soft, s
Clay’\v;?t‘e::'h'level 130-140 feet. g
: soft a :
gand, brown, oft, drab son . 5
Sandyl dlz)lly'tci“dmfd yellow, water-bearing A
((‘:,{Z;e 'dmh, ey Sm(;dﬁrowu soft, water-bear- 5
] hite an . s
Qulcksnud, w ;
ing . it 92%
Gy t, sondy ‘ater-bearing
Cmiy'l;}t‘;ﬁ{)' fi(;;ih't-culored, goft, Wal i
ksand,
%‘l\z\;. light blue. soft

UNTY
GROUND WATER, TEXAS CO

Thickness

(feet)

10

1 3

Yellow sand, water-bearing K
%lellg‘\‘\lr :zlta;lyd, water—l)earing ‘i
Wwhite clay ] 3
White chalk gravel 3

Yellow clay

Blue clay

Hooker Exploration well, NWY; sec.

4 - rin 15
llght-colored, goft, water pearing

15
Quicksand, oy . ) 5
S dmb't s?fl%red. soft, watel'-l:Z?-r\l)esring e
e llglh ;iul yellow, goft, W& 332
Clay, re
i 20
(ééi‘:le light-colored, soft
ey mation (V) 2
(;i‘:l)l’ (€3] Cloud Chief forma 2
Fel “Gypsum, white, soft 4
ay, red, soft 4
((}‘xl;f‘gsum, white, hard ) 1
lo. rod hard ¥ nd white, har H
Si‘al and gypsum, ved 2 s
hale ; |
ghale. red, hard | i
e ft water-bearing b
Cllay, red granular. soft, 2
Clay, ret
ay, rved, soft ‘ 0
((j‘ly"lgs'uxn, white, hard :
:‘ , red, soft 7
%‘yq]z,sum, whlt[et, hard 1
) red, so s
("‘ay'um white, b d gravel, mixed 40
oy ¢ sandstone, an
gandy clay, 88 ane. &t io
Clay, brown to red,

Clay, red, soft

.Depth

(feet)
225
228
259
262
266
269
280

34, T.5 N, R. 17 E,

Depth
(feet)

10

1356
155
170
180
221

280
300
395
415
430
445
460
485
515
518
550
670

590
640
644
654
672
690
767
780
800
810
865
868
875
900
950
990
1063

WELL LOGS

151

Ferguson No. 2 gas well, sec. 14, T. 6 N, R. 16 E. (com-
piled from samples submitted by Republic Natural Gas Company

to Oklahoma Geological Survey).

Ogallala formation

Sand, fine, light brown

Sand, fine, medium-brown

Sand, medium, light brown

Sand, fine, light brown

Sand, fine to medium, light brown
Sand, fine, light brown

Sand, gray (static water level probably in this

unit)
Sand, coarse, and fine gravel, gray
Gravel, fine, and coarse sand, gray
Sandstone with grains of quartz and quartzite;
highly calcareous

Sand, and fine gravel

Sand, fine to coarse, gray

Sandstone, very calcareous

Clay, brown, sandy

Clay, brown, and calcareous white clay
Sand, coarse, with some clay

Clay, brown, sandy
Sand, and sandy clay
Clay, brown, sandy

K-I.  Kansas City Power and Light Company test number

Thickness
(feet)
10
60
10
10
10
20

10
10
30

10
10
10
20
100
30
10
10
20
50

Depth
(feet)

10

70

80

90
100
120

130
140
170

180
190
200
220
320
350
360
370
390
440

I, Elkhart, Kansas, 100 feet north of the Oklahoma State Line,
and 900 feet east of the southwest corner of sec. 21, T. 35 S, R.

42 W. Elevation of ground at well, 3621.

Thickness
(feet)
Ogallala formation
Soil 2
Sandy clay 18
Clay 5
Sandy clay 45
Sand 10
Sticky clay 5
Caliche and clay 45
Sand and clay 20
Clay 15
Sand and clay 175
Fine muddy sand 125
Clay and a little fine sand 7
Fine muddy sand, water-bearing 6
Sand, clay, and a little caliche 2
Clay and a little caliche. Static water level
reported as 212 feet. 5
Clay with a little sand 2.5
Soft clay and sand 22.5
Fine muddy sand, water-bearing 15
Yellow clay 4
Fine brown sand, water-bearing 6
Yellow clay 34

Depth
(feet)

2
20
25
70
80
85
130
150
165
182.5
195
202
208
210

215
2175
240
255
259
265
299
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G

165

umber K-4. Kansas City Power and Light Company test number
n
ight Company test 4 Elkhart, Kansas, NWY NWY NW¥ sec. 21, T. 35 S, R.
City Power and Lig line, and 900 ’ ce
K.2. Kansas 11}’00 feet north of Oklahoma ;2 ,W Eleva- 42 W. Elevation of ground at well, 3608 feet.
€ .
2, Elkchart, Kﬂ“ls"‘s’ t corner of sec. 21, T. 35 S, R. , Th(ifelgé)ess ]()figttl)l
of southwes n .
f‘ect CaESt ound at well 3614 feet. Thickness [()t?étt) Ogalsl;(;)li;l; formation \ ,
tion O gr ) (feet) Sand 23 25
2 Sandy clay 10 35
-mation 2 12 Sand 10 45
Ogallala form ig 25 Sandy clay 55 100
S(;llk gumbo : 30 Clay and caliche 8 108
Blac 55 Clay 12 120
Clay . 25 60 Sandy clay 30 150
SIticléyclc,L;y 43 102 Sticky clay 10 160
Har e 110 Sandy clay 30 190
S;m(ily s(t:ilf:ll){y clay zg 135 Fine, muddy sang. Static water level reported
Har 165 as 192,75 feet, 10 200
ga;;gﬁecgfd clay ig 173 Sand and clay, with Some caliche and pebbles 5 205
a 20 Clay with a little sand 2.5 207.5
. lay 3
Sott sandy ¢ 25 Sticky cl 35 211
. clay CRy clay B
Soft s“ﬁg}’ clay art water-bearing. 395 232.5 Sandy clay 4 215
S s olay and sand, in rted as 202 feet. 25 240 Fine sand with a little clay 25 2175
Sticky ;ater level Tepo i . 248 Sand with a litile caliche 25 220
Statle N ed sand, water-bearing 8 259 White clay 5 225
Sticky clay ter-bearing 11 284
sand, water Clay 75 2325
Medium stql::lky clay bearing 22 288 Fine sang, somewhat muddy, water-bearing 25 235
Yeuowmuddy sand, water- me water Medium sand, water-bearing 5 240
Fine, muddy, sand rock, SO 2 290 Sand and gravel, good water-bearing 3 243
T iaggltgy (7) or Permian *a b (S:almd lanl(ll cla{'i ball]?,mwater-é)earing beard '27 g?g
" ? rater-
umber ay balls and a e sand, water-bearing 5
Red shale nd Light COmPany test n Brown sang, water-bearing 1 253
Kansas City Power a feet west of NE corner Sand and clay, water-bearing 5 258
K-3. 30 feet south and 15 fe 11. 3631 feet. Hard brown clay 2 260
Elkhart, Kansas, ion of ground at well, Layers of sand, rock, and clay 10 270
3 R. 42 W. Elevation Depth Hard sand rock, a little water 7 277
21, T.35 S, R. Thickness ; Triassic (?) or Permian
sec. Z1, (feet) :
(feet) Red bed 0.5 277.5
50
50 .
Ogallala formation 25 1;‘3 K-5. Santa Fe Railroad, Elkhart, Kansas, located 3 few
gz‘l‘lgy clay q ig ﬁg hundred feet from the Kansas City Power and Light Company
n .. . . ’/
Sandy clay and sa ! 125 test number 4 (log K4). Originally drilled in 1913 to a depth
g;yd and gravel 5 }ig of about 200 feet, deepened to 277 feet in 1927, and il] later
R clay, and caliche 5 180 deepened to 370 feer. No log was kept for the last 93 feet. Sur-
and, ’ .
Caliche and clay _ 10 190 face elevation 3621 feet.
dy clay
A S R s 0 g T penn
Sandy clay. 8.5 248 ¢ o
feet. 2 Ogallala formation
275 Brown cla 2 2
lay te clay 27 Town clay
gandy caliche 0:'1 ‘z\!l;ter-bearlng 13 ggg Marl 0.5 25
Fine muddy sanla,y 12 a0 Light yellow clay 102.5 105
Tellow Sqtlld{y ¢ 5 In:Iia;;IIt yellow clay ;g gg
ksan e
g:llzxisand aund joint clay 3 308 . Marl 10
Triassic (7) or Permian :
T ‘ ‘
Red shale :
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Red clay

Sandy cl(;xy

Red san i -
rse sand, water

con reported as 208 feet.

Caliche, clay, and clay or shale

Sand, water-bearing

Caliche, clay, and clay or sghale

Sand, water-bearing

Caliche, sand, and shale or clay

f '~ 'ing
nd, water-bear
ggft, yellow sand roc
Red sand

K-6. City of Liberal, Kansas; located in park.

Ogallala formation

Static water leve

Medium to coarse sand
Sandy tl:laly;
Hard she )
Medium to coarse gand
Rock
Tough clay
Hard sheil
Sand .
Sandy clay
., . "(

Very hard roc
Sticky clay and sand
Tough clay
Coarse sand

Clay

Sand

la.

1(\310(¥ium to coarse sand
Clay

earing. Static water level

k, water-bearing

1 reported as 157 feet.
Soil, clay, loam, and dry sand

17
8
4

4
25
5
3
2

1
1
16
6

200
17
62

2
18
1
5
1
18
31
3
20
21
1
19
8
15
48
b

182
199
194

218
243
248
251
253
254
255
271
277

200
2117
279
281
299
300
305
306
324
355
358
378
399
406
425
433
448
496
502

WATER WELL DATA

TABLES OF WELL RECORDS

The tables on the following Pages summarize the infor-
mation that was obtained regarding wells of all kinds. The
number in the first column is the same as the o

the map (plate 1) beside the well symbol.
wells are given to the nearest even foot as
land surface. They may be different from the original depth
obtained by the driller if the well has partly filled with sand or
if some obstacle prevented the measuring tape from reaching
the bottom. The water levels are given as measured below some
definite and reasonably permanent object which usually was
above the surface of the land. To determine the depth to which
the water stands in a well, subtract the figure for water level
from that for depth and add the height of the measuring point
above the surface, unless this last figure is preceded by a nega-
tive sign, when it should be subtracted. The symbol (=) follow-
ing the figure for water level indicates some uncertainty as to
the exact position of the water table and an accuracy of a few
tenths of a foot. If a question mark (?) follows the figure for
water level, there was greater uncertainty, and the figure given
may be accurate only within a few feet. Depths and water levels
that were reported rather than measured are indicated by refer-
ence to a foot note. Where there was some doubt as to the ac-
curacy of some of the other information, such as well diameters

or the nature of water-bearing materials, a question mark (?)
has been used. :

Altitudes for the land surface
in part by aneroid barometer.
materials is based on reports by
were obtained by the State Min
reported to be of good quality
marks column, and the tempera
to the surface by most of the
to 65° F. Many farm windmills
irrigating small gardens, in
domestic and stock purposes.

ne appearing on
The depths of the

measured below the

4

at the wells were determined
The nature of the water-bearing
owners and tenants, part of which
eral Survey. The water has been
unless otherwise noted in the re-
ture of the water as it is brought
domestic wells ranges from 58°
are used to pump water for
addition to the usual supplies for
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WATER LEVEL

Method

Dia-
meter

Alti-

Date

com-
pleted

Topo-
graphic
situation

Remarks

Use of
waters

of
1iftz

Date
Mea-

Below

M. P.

Height
of M. P.

Deptt.
(feet)

tude
(feet)

Owner or name

Well

(feet)s  (feet) sured
(Cont’d)

{in-
ches)

T.6 N, R. 19 E.

Location

No.

Water In gravel

DS

2915 107

rland
flat

1916

W. C. Farmer

20

3ec.
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map of U. S, Coas and Geodetic Survey level lines in Texas
County, Oklahoma,

First Order L
Liberal, Kansas.
to Kansas-Oklahg

eveling. Line No,
Oklahoma Section, alon
ma Boundary.

18—Dalhart, Texas, to
g CRI&P RR., Texhoma

(Adjusted Elevations)

4 14 1933; Ay Texhoma, at Fourth and Eim Streets, at the S. side of high
school, in brick wall E, of E. entra
tically,

nce, and 4 ft, ahove ground. S, disk, set ver-
(Intersection with line No, 68). EL 1,063.384 meters
3.488.786 feet.

rail of the CRI&P RR. at the Main Street crossing,

EL 3,490.2 feey,
ahout 18, poles SW
city water

No. 68).

Texhoma, top of W,

B.14 1933. At Texhoma,
No. 494, in top of E. concrete

on the CRI&P RR,,
of C/L of track. Std. disk.

block foundation of

of milepost
(Intersection with line

ank, and 51 f; NwW
El 1,062.805 meters
3,486.886 feer.
El 34855 feet.
NE along the
of milepost 493,

Top of W. raj) o

*C-14 1933:
CRI&P RR.,

Pposite CRI&P RR. milepost 494,
SW1i NE

L% sec. 33, TIN, RI2E, about 0g mi,
from the station at Texhoma. About 23 poles SW
-

* Shown on Plate 1.

Oklahoma, from
States Coast and



224 GROUND WATER, TEXAS COUNTY

about 163 yards SE of C/L of track, at a 12-inch box culvert under Hwy. No. 54,

and in the top of the NE end of the NW head wall. Std. disk. El 1,059.868 meters
3,477.250 feet.

Top of W. rail opposite CRI&P- RR. milepost 193, El 3,476.3 feet.
Top of W. rail opposite CRI&P RR. milepost 492. EL 3,458.1 feet.
*D.14 1933: SWY% NW14 sec. 26, TIN, RI12E, about 2.6 mi. NE along the
CRI&P RR. from the station at Texhoma, about 30 poles SW of milepost 491,
about 3 poles NE of a road crossing, about 135 ft. SE of C/L of track, at a box
culvert under Hwy. No. 54, and in the NE end of the NW concrete head wall.
Std. disk. EL 1,032.421 meters
3,452.818 feet.

Top of W. rail opposite CRI&P RR. milepost 491. El 3,427.1 feet.
Top of W. rail opposite CRI&P RR. milepost 490. EL 3,384.5 feet.
E-14 1933: About 4.6 mi. NE along the CRI&P RR. from the station at Tex-
homa, about 27 poles SW of milepost 489, and at the SE side of the SW end of
steel bridge 489 8, in the top of the concrete abutment. Std. disk. EL 1,027.873 meters
3,372.280 feet.

RV-2. About 4.6 mi. NE along the CRI&P RR. from the station at Texhomu,
and in the top of the N. end of the E. concrete abutment of bridge 489 8 over
Frisco Creek. Std. Monel-metal rivet. El 1,027.489 meters
i 8,371.020 feet.

F-14 1933: About 5.2 mi. NE along the CRI&P RR. from the station at Tex-
homa, about 2% poles SW of milepost 489, 25 feet SE of C/L of track, and in

the top of the SW end of the SE head wall of a concrete box culvert., Std. disk.
El. 1,020.506 meters

3,348.110 feet.

Top of W. rail opposite CRIXP RR. milepost 489. EL 3,357.9 feet.
Top of W. rail opposite CRI&P RR. milepost 488. El 3,359.1 feet.
*G-14 1933: SW¥% NWY% sec. 9, TIN, RI13E, about 7.3 mi. NE along the
CRI&P RR. from the station at Texhoma, about 2 poles NE of milepost 487, about
2 poles NE of a road crossing, opposite wooden culvert 486 9, ahout 135 ft. SE
of C/L of track, at a box culvert under Hwy. No. 54, and in the top of the NE
end of the NW concrete head wall. Std. disk. El 1,016.018 meters
3,333.386 feet.

Top of W. rail opposite CRI&P RR. milepost 486, El 3,324.9 feet.
H-14 1933: About 0.9 mi. SW along the CRI&P RR. from the station at Good-
well, about 2 poles SW of milepost 485, 48 ft. SE of C/L of track, 50 ft. SW of a
right-of-way fence corner, opposite & pole, and 2 ft. NW of the right-of-way fence.
Std. disk, set in top of a concrete post. El. 1,005.729 meters
38,299.629 feet.
Top of W. rail opposite CRI&P RR. milepost 485. El 3,30L5 feet.
J-14 1933: At Goodwell, at the Panhandle A. and M. College, at the S. side

of the S. entrance to Hughes-Strong Hall, and in the front brick wall, about 4 ft.
higher than the street. Std. disk, set vertically. EL 1,007.794 meters
i 3,306.404 feet.
K-14 1933: At Goodwell, at the front entrance to the M. E. Church South, and

in the top of the NW end of the sccond concrete step from the bottom. Std. disk.
El. 1,005.512 meters

3,208.917 feet.

L-14 1933: At Goodwell, about 2% poles SW of the CRI&P RR. station,
about 7% poles SW of milepost 484, 54 ft. SE of C/L of track, and in the top of

the N. corner of the concrete foundation of a railroad oil pump. Std. disk.
EL 1,003.610 meters

3,202.677 feet.

* Shown on Plate L
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well op of W rail of th RI P R at the Malll S reel 0ssing.
GOOd top . 1 the C & R. t. t
y Crossing

F1. 3,2916 feet.
ElL 3,289.4 feet.
EL 8,268.3 feet.

:II:op of W, rail opposite CRI&P
op of W, rail opposite CRI&P

M-14 1933 About 1 i
: 6 mi. NE ]
évell, about 18 poles SW of milepos? (:1’;352, honigP RR. Eom the

-It. co 1gnwa op o e L}
crete h & y bri ge, nd n e top
£t n t h d a th I th SW end f th

Std. disk,
EL 992.440

. . ‘ meters
T;):: Zi’ ‘;’, ra{l] opposlse CRI&P RR, milepost 482, oy feot.
o 1933: r:boo;:p;sue .CRI&P RR. milepost 481, El;il. Ty et
well, about 16, Dole;l Sﬁz n}l. NE along the CRIGP RR. from 1 . .3,236.7 oo
20-t. conerele culvert undel? Hmllep?‘?t “Sa; abaut 150 ﬂ: SEn:,fl g/itat}on ok s
NW heoq rels. St o Wy. No. 54, and in the top of the NI'EJ) elr:addzt' a:h:
EL 984.594 meters
g milepost 480, El3’233§;5859 ;eel.
» a; i .

y» and 2 ft. NW; of the right-of-way fel::e Sl!;'Snt’d4‘!;4:“&1; oL

3 - disk, set in 4}

El 978.751 metcrl:
3,211.119 feer.
EL 38,2059 feet.

RR. milepost 484,
RR. milepost 483,

Top of W, rajl o i
. pposite CRI&GP R
P-14 1933: About 5.6 1n -

2)‘011; 3[9 3W- rail opposite CIt
mon, about 3 son20ut 6 mi. SW along the CRIg
poles SW of milep P RR. from the

" u ost 47
of the NE end of the NW head ialllg'f ?!(l)l I:}.IISEc:f e of track,
-It. con

I&P RR. milepost 479,

and in 1}
crete box culvert, Std. dliikl.Op

EL 969.303 meters
3,180.122 feet.

Top of W. 1aj) opposite CRI&P
EL 3,175.2 fcer.

R-14 1933. Abou

: t 3.5 mi. SW aj
mon, o 2 u . along the CRI

ek, "o l}[' 3NEOI§F (?/‘Y, of mllep.ost 477, at a ronﬁpcr‘;:‘s‘i f:om e Lation at e

in the top of the NW end ggti:lel‘?gje rvete el It box crﬁ;efﬁ u‘-t.d e i

€ N concrete head wall Sid. di El. 961 o0 on

. - disk. El 961,989 n’lclcrs

3,153.806 feet.

RR. milepost 178,

Top of W, rail o i
. ! pposite CRI&P RR. mi
"o ot . - milepost 477,

sec. Tingun Srnll!l‘gpprﬁlte CRI&P I}R. milepost 476, Near ; o '3’156.4 b
- .;‘_14 Tags S.W%y.seco. 154,Tr;;,\:;r I'c{nE cor. sec. 2 TéN Rz;r1 F{ntel;fct;O{l FEw
$a 7 : "L . RUE s ] - RIME, - 31377 feer.
NE of ro;:i sct:;;g?n at 9((;)ui_’mon, ahout 27 polesongjf rl::lll sy ayone he Fsp
vert under T 0 g[,} dl.'SE of C/L of track, at an 139051475, ront 7 poles
it 9% and in the top of the NE end of lh:nl(\:JWc?lnc:ie[e il
ead wall, Sid.
. ElL 953.062 meters
3,126.838 feet.

T-14 1933 At Gu
] : ymon, at the SW g;
and in 2 s O side of the front ent i
section with T ggx)n)n, 4 ft. above the ground. Sid, distn:eet l:')erlt,;ga}}l)'g!l ?ih?OL
. nter-
ElL 954.037 meters
3,130.036 feer.
a Streets, at
e,t_and In a concrete block ;f :ll::
ertically, (Intersection wiy), Line
ElL 952761 meters
3,125.850 feer.

*U-1¢4 1933: Ay G

br.i:lidew:{] l};; }\J entraneymom, or. of Main and Fourth
No. g0 h t. above ground, Std. disk, set v

L]
Shown on Plate L
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V.14 1933: At Guymon, at the Fourth Street crossing of the CRI&D RR. about’
240 fL. S. of C/L of track, at the city water tank, at Fourth and Sullivan Strects,
and in the top of the N. concrete block foundation. Std.. disk. El 951.393 meters

3,121.362 feet.

Top of W. rail opposite CRI&P RR. milepost 473. ElL 3,112.0 feect.

Guymon, top of W. rail of the CRI&P RR. at C/L of a road crossing the
track 29% poles south of milepost 472. EL 3,105.3 feet.

Top of W. rail opposite CRI&P RR. milcpost 472, EL 3,079.6 feet.

*J7.14 1933: SWY, NW1Y sec. 28, T3N, RI5E, about 1.7 mi. NE along the CRI&P
RR. from the station at Guymon, ahout 33 poles SW of milepost 471, at a road cross-
ing, about 105 ft. SE of C/L of track, at a concrete culvert under a road, and in
the top of the SE end of the NE head wall. Std. disk. El. 939.065 meters
: . 3,080.916 feet.

Top of W. rail opposite CRI&P RR. milepost 471. El 3,041.4 feet.

*X.14 1933: NWY SW1Y sec. 22, T3N, RISE, 0.1 mi. NE along US Hwys.
Nos. 54-64, from point where hwys. cross N-S linc between sece. 21 and 22. Ahouw
3.1 mi. NE along CRI&P RR. from the station at Guymon, about 20 poles SW of
milepost 470, about 3 poles NE of a road crossing, 85 fi. SE of C/L of track, at a

concrete box culvert under hwy., and in the 1op of the NE end of the NW headwall.
Std. disk. El 921.006 meters
3,021.667 feet.

Top of W. rail opposite CRI&P RR. milepost 470 EL 2,999.8 feet.
Top of W, rail opposite CRI&P RR. milepost 469. El 29575 feet.
Y.14 1933: About 4.9 mi. NE along the CRI&P RR. from the station at Guy-
mon, about 28Y% poles SW of milepost 468, and in the top of the SW end of the

SE side of the concrete head wall of a bridge under track. Std. disk.
E!l. 898.213 meters

2,946.887 feet.

Top of W. rail oppesite CRI&P RR. milepost 468. ElL 2.999.8 feet.

RV 3: About 5.7 miles NE along CRI&P RR. from the station at Guymon,

and in the top of the N. end of the E. abutment of bridge 4679. Std. Mounel-metal
EL 890911 meters

rivet,
2,922,930 feet.

*7.14 1933: NEY SEY% sec. 12. T3N, RISE, about 2.2 mi. SW along CRI&P
RR. from the station at Optima, about 4% poles SW of milepost 467, at a concrete
railroad bridge for overpass a side road running W. from US Hwys. Nos. 54-61,
about 0.7 mi. NE of the NE end of a concrete hwy. bridge over Beaver (North

Canadian) River. In the top of the SW end of the SE headwall. Std. disk,
: . El 893.831 meters

2932511 feet.

Top of W. rail opposite CRI&P RR. milepost 466. El 2,985.2 feet.
*4.]15 1933: NEY NWY sec. 5, T3N, RIGE, at Optima, about 6 poles SW
of the CRI&P RR. station, at milepost 465, at a road crossing, 45 ft. NW of C/L of

track, and 9 ft. NE of a pole. Std. disk, set in the top of a concrete post.
EL 920.929 meters

. 3,021.415 fect.

Optima, top of W. rail oppesite the CRI&P RR. station. ElL 3,022.0 feet.
Top of W. rail opposite CRI&P RR. milepost 464. EL 3,011.9 feet.
*B.15 1933: SW1Y SWUY sec. 27, T4N, RIGE, about 1.8 mi. NE along the
CRI&P RR. from the station at Optima, about 2 poles SW of milepost 463, at
bridge 4631 over Pany Creck, and in the top of the SE side of the SW concrete

abutment, 7 fi. SE of C/L of track. Std. disk. El. 905.673 mcters
2,971.362 fecet.

* Shiown on Plate L

* Shown on Plate I.

BENCH MARK ELEVATIONS

*RV-4 (CRI&P RR.). About 1.8 mi,

station at Optima, in the to f
4631. Sid. Monel-metal rivext). of the N. end
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NE along the CRI&P -RR. from the
of the E. concrete abutment of bridge
ElL 905.640 meters
2,971.254 feet,

EL 2,973.1 feet.

NE along the CRI&P

;I"Z‘pl of W. rail opposite CRI&P RR. milepost 463
RR. I";nf t{]i&:t:alfi‘lE‘/; sec. 27, T4N, RI16E, about .2.9 mi
on at Optima, about 1 pole NE of mile.post 462, about 6 pol
, abou poles

Sw of a road crossing, and i th op of the SW end of the SE head wall of a
B n e t

20-foot concrete budge. Sld. dlSl\, slamped C 14 1933™ l)y mistake.
]

EL 908.393 meters
2,980.286 feet.

T . .
op of W, rail opposite CRI&P RR. milepost 461, ElL 3,008.9 f
. 3, . eet,

*D-15 1933: SEY Swy,
CRIgP RR LD e smtion;ﬂse&.p[!.’i, T4N, RI6E, about 4.9 mi. NE along the

road crossing, 50 SE . ma, at milepost 460, about 6 pol
Hany, ossing, - SE of C/L of track, at a 6-ft, ; e nder O &
Y. Nos. 5464, and in the top of the NE end of :hc:';\?{sui]elﬁx xfa:llllverzrl(llmile'rIU. 5

. P . 1Sk,

EL 914.663 meters
3,000.857 {eet.
El 3,003.8 feet.
¥ EL 3,012.3 feet.
along the CRI&P RR.
post 457, 48 fi. NW of C/i.
W of a pole. Std. disk, set
ElL 916.835 melers
3,007.983 feer.

EL 29945 feet.

;‘op of W, ra.i] opposite CRI&P RR. milepost 459
op of W. rail opposite CRI&P RR. milepost 458 .
sec. 7, TN, RI7E, abou 3.5 mi. §

» 30 ft. NE of C/L of a crossroad, and 3 ft. N

Top of W. rail o i
. prosite CRI&P RR. mi
F-151933: About 18 mi, il

about p les S of mile| ost 456, about 1 pole W of I 3 8
5 po L% t ’
/ P y )il S a ya d llml[ sign, 80 ft

e box culv

of the NE end of the NW head wall. Sld‘.e::llis!lj(nder ffy. Nos. 54-%/147 ;lllilSi; the Lo
. . 941 meters
2,990.614 feet.
El. 2,994.1 feer.
y EL 29886 feet.

! 2 poles SW of mi
in the top of the S. concrele block ?our:(llz;,l[l)g:t
EL 909.639 meters

HOOKEI? 1933: At “00’(6!, at 1\‘181" Sueet and Bloadwa , and 1 SE of
Yy 0fi. S

the SW side of the fr
o i Sd ont entrance to the First Naij 1
o b ;Lsti?valk. Std. disk, stamped “HOOKER 19?31.';?’ al?x?ln';:ztbl?rtnwflel: lthe c}"b
o
EL 909.644 lr)ne(:ersef
2,984.390 feet.

;‘op of W, raf'l opposite CRI&P RR. milepost 456
op of W. rail opposite CRI&P RR. milepost 455'

G-15 1933: Ay Hook
454, w233 oo er, on the CRI&P RR. ahout 20
o o L city water tank, and

H-15 1933: Ay Hooker, at the NW en

high school, in the co
ground. Sud. disk, se??::gqgl]?;k foundation of the SW vall, an

About 1.5 mi. NE 2,994.8¢
crossing the track, of Hooker, top of W, rail of the CRI&P RR. at C/L, ;)f): rr::::l

About 2 mj D -
il X ?I:le CRylné.Pl\iERogtH(t:)?Ec;} aboutdl3‘/2 poles SW of milepost E:éZZ,?L:LQy.O ffeét‘
715 055 b KR, / a road crossing the track. : y .
;b({;utss e ::Flmzi.]ipn;:l I}gzalaolng the lCRI&I’ RR. fcrom the slal;:il(;nz,agzsl‘laooflfen
g T 3 2 road crossing, 4 k.
o ;:osta. fence corner, and 2 ft. NW of 3 pol:.gSlds {l'i'sl?“:lctognct/lL ?f tmek’

. s e to

EL 904.198 ?ner;er:
2,966.523 feet,
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*K-15 1933: About 3.7 mi. NE along U. S. Hwy. No. 54 from junction with
U. S. Hwy. No. 64 at Hooker. About 4.1 mi. NE along the CRI&P RR. from the
station at Hooker, about 8 poles SW of milepost 450, 90 ft. SE of C/L of track,
at a 6-t. concrete box culvert under Hwy. No. 54, and in the top of the NE
end of the NW head wall. Std. disk. El. 900.647 meters
2,954.873 feet.
Top of W. rail opposite CRI&P RR. milepost 449, EL 2,949.5 feet.
L-15 1933: About 6.1 mi. NE along the CRI&P RR. from the station at Hooker,
about 8 poles SW of milepost 448, at a road crossing, 60 ft. SW of C/L of the road,

45 ft. NW of C/L of track, and 18 ft. W. of a pole. Std. disk, set in the top of a
concrete post. El. 895.732 meters
2,938,747 feet.

Top of W. rail opposite CRI&P RR. milepost 448, EL 2,939.0 feet.
*M-15 1933: About 6.7 mi. NE along U. S. Hwy. No. 54 from junction with
U. S. No. 64 at Hooker About 3.2 mi. SW along the CRI&P RR. from the sta-
tion at Tyrone, about 6 poles SW of milepost 447, 90 ft. SE of C/L of track, at a
2-ft. concrete culvert under Hwy. No. 54, and in the top of the NE end of the
NW head wall. Std. disk. El 892.685 meters
2,928.751 feet.
Top of W. rail opposite CRI&P RR. milepost 447. El 2,928.5 feet.
Top of W. rail opposite CRI&P RR. milepost 446, El 29229 feet.
*N-15 1933: SWY sec. 35, T6N, R18E, about 8.35 mi. NE along U. S. Hwy.
No. 54 from junction with U. S. Hwy, No. 64 at Hooker, about 0.1 mi. NE along
hwy. from intersection with N-S section line road. About 1.5 mi. SW along CRI&P
RR. from the station at Tyrone, ahout 17 poles SW of milepost 445, 90 it. SE of
C/L of track, at a concrete box culvert under hwy. and in the top of the . NE
end of the NW head wall. Std. disk. El 890.208 meters.
2,920.624 feet.
Top of W. rail oppusite CRI&P RI:. milepost 445, EL 2,920.9 feet.
TYRONE 1933: At Tyrone, on the CRI&P RR., about 5 poles SW of mile-
post 444, about 120 ft. NW of C/L of the main track, at the War Memorial, and

in the center of the top of the NE side of the concrete foundation. Std. disk,
EL 892.070 meters

2,926.733 feet.

Tyrone, top of W. rail opposite the CRI&P RR. station, ElL 2,925.9 feet.
P-15 1933: At Tyrone, on the CRI&P RR., opposite milepost 444, about 310

{ft. S. of C/L of main track, and in the top of the N. concrete block foundation of
the city water tank. Std. disk. El. 890.348 meters
2,921.083 feet.

Q-15 1933: At Tyrone, at Sixth and Beatrice Streets, in the S. brick wall of

the grammar school, 2 ft. from the SE corner, and 3.5 ft. above the ground. Std.

disk, set vertically. EL 895.280 mfi_ters
2,937.264 feet.

Top of west rail opposite CRI&P RR. milepost 443. EL 2,920.4 feet.
*R-15 1933: NEW scc. 19, T6N. RI19E, about 2.0 mi. NE along the CRISP
RR. from the station at Tyrone. About 0.28 mi. SW along U. S. Ilwy. No. 54,
from the line between secs. 19 and 20. About 1 pole SW along RR. from milepost
442, 90 ft. SE of C/L of track, at s concrete culvert under Hwy. No. 54, and in
the top of the NE end of the NW headwall. Std. disk. EL. 887.812 meters
2,912.763 feet.

*S.15 1933: SWl NW sce. 16, T6N, RI19E, about 3.7 mi. NE along the
CRI&P RR. from the station at Tyrone. About 0.2 mi. NE along U. S. Hwy. No.
54 from the line between secs. 16 & 17. About 12 poles SW along RR. from mile-

stamped “TYRONE 1933.”

¢ Shown on Plate I
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post 440, 90 ft, SE of C/L
o . of track, at a
and in the top of the NE end of the NW heztc)l’::;ﬁfe gto; :i:;lsll:ert ungrrB;égz;dNo' i
X R 414 meters

Top of W. rail opposite CRI&P RR, milepost 440, H0LEIS fet.

ElL
OKLAHOMA-KANSAS BOUNDARY. 2,901.1 feer,

At Oklahoma-Kansag S i
5 tate Line. Al i
! ; out 4,
‘$W of milepcn 439h?;58lf£:"051}5 aotf Ié})ﬁral% Seward County, Kgnsr:;. 'asl‘};u:!hsng l]he
. 2 . ° ’ :
ence, Sui Ty % & the oo % of track, and 2 fi, NWw OEII the righl-oE\v:;
. 879.648 meters
2,885.978 feet.

a concrete post.

Second Order Leveling. Line No. 20

Stinnett, Texas to Gu
. Y 'y ymo £
Oklahoma Poruon—along road.from Hitch]an(]; Tot:;]:'}:oma
4108 1934: A . (Unadjusted Field Elev’ations)ky
:_ At Hitchland, Hansford County, Tex., 445 ft. W. of Bj Jo L
. - W. of Big Jo Lum-

ber Co. yard; 35 ft. N. of C/L (U R s . -

/ f Okla ICXaS Slate Lme road; 3t E of fenc ¢
cor.; Std, disk set in concrete post. El 938. 9 m ers
. 938.602 met

3,079.400 f
land; 01 mj. E f im .y
road intersection, where %engpﬁv‘t;r.m;\}i sﬁgv joci(:xrs'

cofrection comer; 30 fr ﬁf l;;_n'nt where Texag Hwy. No. 88 turns

to Guymon, Oklahoma

*B-103 1934: 28 1 i
sec. 32, TIN, RI6E, oppt:;.itew"‘T?’f o
State Line road; 90 ft, E,

crete post. ) C/L of State Line road; Std. disk set in con
EL 948.7135 merers

* neters
C-103 1934 4.9 mi. NW of Hitchland 3,112,571 feet.

40 f. E. of C/L of ro i near SW
2d from Hitchland to 'Guymon: 70 0% St 20, TIN, RIGE;
- 30 {1, gnd to Guymen; 75 fr, C/L fea S
SE of D. D. Delay's mail box. Sid. disk ay o e e
? ¢ post.
El. 944.9368 n
*0-103 1934- . lelers
east side hwy_f47.8 ?tp &“‘-O}V‘g/ff Ifii}tlchland; near SE cor. sec. 7 Tfi\gmi?f&feet‘
curve; Std. disk set in concrete posl:, wy.; 63 ft. W, of gate ir}zlfence;,a[ Ou[,SiZZ
- 904.3487 meter
*£-103 1934: i : o
ft. NE of C/I;,M;n ?\ﬁvml- dNW of Hx!chland; near SE cor. sec. | Tfi\?m‘on feet
léhonf line turn NW; (fg x:ind 0'-"5;_(10 of curve where ai)and;lne,d road IilsdE;t ]30
reek; 500 {t. T - . ol point wh I and tele.
conorere post.l W. of present road; 300 fr. N, o(}reS.s?i’:: ::cadlfr%isfddpzldwater
© oo otd. disk set in
EL 881.9700 met
*F.103 1932; 97 . 2,893.507 foor.
ft. W. of C/L of hug.s 33 1 N CU¥non; near SE 97 feet.
gate; S, diskosetwy 33 fr. N. of C/L sec. line roadc;ol;t SSeE fi?;cc;r 'Z'yr' EJSEE'* 3?’
EL 935.3649 meten
*G.103 1934 . _meters
1t E. of /L huy.; 33 T gEo?fc(/;}lmon; near SW cor. sec. 13 Tzsﬁwiigs-f 2
mail box; Std. disk set jn concrete posiEC- Iine road; 42 1, NWEffgw' M Evalis
- 933.6039 meters
L]
K {)11:1(0;[,1?1?; ) 297 fmi. SE of Guymon; near NW cor. sec. 12 099 feet
20 of L s Tine oads 10wy 1 ok NSEs 42
€ post,
El 9335049 meters
3,062.674 {eer.

2N, RISE; 45

*J-1 : i
03 1934: 37 mi SE of Guymon; near NW cor. sec. 2, T

—_——
* Bhown on Plate 1.
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0. 0 n house; isk
/ a. Hw N 35; 65 fi. W. of H. C. JﬂnSO 1 use; Std. dis
ft. S. of C/L Okla. Y. . M

sel . { headwall of concrete culvert over hwy. rade ditch.
t in N. end of E, a 11 c I Y- E

3,064.495 feet.

E; 30 ft.
*K-103 1934: 17 mi. SE of Guymon; near NE cor. sec. 5, T2N, R15

te culvert on Okla.
W. of C/L sec. line road; in E. end of S. headwall of concreél- st jon Okla.

Hwy. No. 35; Std. disk. s era

Second Order Leveling. Line No. 67

Guymon, Oklahoma to Clayton, New{ Mexx(c;(; o Cimareon
Portion—along U. S. llighwe‘xy No. 64 {rom y
Texas County Portion oY |
nadjusted Field Elevations i o and
. l\(JUo[ E H. at Guymon, along U. S.. ltlw‘z'l.mlr\iu.”::-y. p
A5 ois: 4€~n]l;"\r -QW cor. sec. 6, T3N, RI15E, at ;f)onfr;m? cre, Dy 61
road lI(:I\Wl/)O“§2CfrlccE‘ t:lfAC/i.. of N-S road, about 20 ft. N. o e,
turns . . E.

. . )
oi lence post. Std. disk set in concrete post (Intexsec_tlon with Line No. 69
f { .

3,012.641 feet.

72 1935: 4.9 mi, N. of Guymon, alon Hwy. No. 61; about 200 ft.
E ’ £ . "
3 . . ) Y. NW

. « 8 ell,
e lo im 0 Utilities Co. No. 1 Ga

rve s f gate t Cimarron 1 W .
of hW). curve -ll!ll,/ 2 fi. NW o

and 48 ft. SW of C/L of llwy. Std. disk set in concrete post. EL 924.7981 meters

F-74 1935: 6.1 mi. NW of Gll)lll()ll, near NW cor. sec. 1, I3N, quE, along
. N 64', a curve in the hw .y on the S. curb of a concrete box CUIVC", at
“W} No on Y

isk set in concrete box
the E. end of culvert and 19 ft. S. of C/L of hwy. Std. dis SEl, in Soncrete box

3,100.682 feet.
culvert.

- : B uymo (] wy 0. N. curb of
F-72 1935 7.0 mi. NW of G ¥ n, al ng 1 . No. "4, in the [d
{ .

8 concgrete box Cll]V(‘lt" at the W nd o . E. of fence corner and
t . end of CU!‘CI[, 200 ft
21 ft. N. of C/L of hW)’- Std. disk set in concrete box culvert. EL 94-2.4274: meters

G-74 1935: 7.9 mi W sUymo y e S.
0 . 64. On th curh
. N of Gu mn, lll()llg Hw No.
of a concrete box culvert, at the E. end of CUlVEH, about 110 ft W, of a ’CHCC,
»

d 21 {t. S of C/L of llwy. Std. disk set in concrete box culvert. EL 946.255] ineters
an .

] d of Easter.
*G-72 1935: 8.9 mi. NW of Guymon, along Ilwy. No. 64; in yard o

1113 mad, and
wi I, 95 ft. N. of C/L of hwy. 42 ft. E. of C/L of ii. (622.6373 ctore
2OdeESChIO?l;g ‘pole‘ Std. disk set in concrete post 3,158.253 feet.

t. E. o .

t 0.2 mi. E.
*[1.74 1935: 9.8 mi. NW of Guymon along Hwy. No. 64. Abou

of a cross roa S. r ac CT 18.5 ft. S. of C/L of
'd, on the curb of oncrete box CU]VCI’[, and 18.5

hwy. t sk set in concrete box culvert. El 966.8204 mecters

wy Std. di

1 Hwy.
.72 1935: 11.0 mi. NW of Guymon, SE cor, sec. 36, T4N, RI3E, along

f hwy. Std. disk set
No. 64. 2 ft. SW of a fence corner and 48 ft. N. of C/L o Elv,y979_9784. sk set

feet.
in concrete post. S215148 e

ss road,
*J-74 1935: 12.0 mi. NW of Guymon, along Hwy. No. 64. At a cro

d 2 fr, E. of a fence
37 ft. E. of C/L of cross road, 50 ft. S. of C/L of hwy,, an B oo 8 fence

corner. Std. disk set in concrete post. B o

¢ Shown on Plate I.
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J-72 1935. 13.0 mi. NW of Guymon, along Hwy, No. 64; at interscction of
€ross road to Goodwel| (Panhandie A. & M. College), 50 11 N. of C/L of hwy,
and 2 ft. W, of 4 telephone pole, Std. disk set in concrete post,

EL 1,002.4314 meters

3,288.820 feey.

g Hwy, No. 64, At a cross road,
of cross road, and 1 ft. S. of a
ncrete post, El 1,008.4173 meters
3,308.449 feer.

*K-7¢ 1935 149 mi, W, of Guymon, alon
48 ft. N. of C/L, of hwy.; 85 1. | of C/L
telephone pole, Std. disk set in co

*K-72 1935, 151 mi, w

- of Guymon, along Hwy. No. 64; at a cross road,
55 ft. W, of C/L of the cross road, 50 ft, N, of C/L of hwy., and 2 ft. E. of a
telephone pole. Sid. disk set in concrete post. EL 1,011.1514 melers

3,317.419 feet.

, along Hwy. No. 64. About 200 . E.
2 cross road, 48 f;. S, of C/L of hwy,
in concrete bost.  EL 1,018.4942 nmeters
3,341.710 feer.

*L-72 1935. 17.0 mi. W, of Guymon, near SE cor. gec, 36, T4N, RI12E, along
Hwy. No. 64; at a schoo| building, 120 ft. N. of NE corner of building, 50 fy. N.
of C/L of the hwy.: 35 fr. W, of C/L of a crosg road and 2 ft, W. of a telephone
pole. Sid. djsk set in concrete post. EL 1,026.3734 meters

3,367.360 feet.
*M-7¢ 1935, 18.0 mi. W. of Guymon, along Hwy, No. 64; at a cross road;
50 ft. E. of C/L of the eross road, 48 fr. N. of C/L of hwy., and 2 ft S, of a
telephone pole, Sid. disk set in concrete post. EL 1,029.2415 meters
3,376.770 feet.
8 cross road,
¢ross road and 2 fy. NE of a
concrete post, ElL 1,028.8929 meters

3,375.626 feet,
*N.74 1935, 20.1 mi, W, of Guymon, along Hwy. No. 64. About 0.1 mi. W,
of a cross road, on the S, curl of a concrete box culvert, and 185 ft. S, of C/I, of
hwy. Siq. disk set in concrete box culvert, El 1,033.3731 meters

3,320.325 feer.
*N-72 1935. 211 mi. W, of Guymon, along Hwy. No. 64, At a school] house,
at a cross road, 155 ft. NW of the NW corner of the school house. 50 1y, N. of

C/L of hwy. and 2 ft. W, of a telephone pole. Std. disk set in concrete post, -
El 1.0435158 meters

3.423.601 feet.
P74 1935. 22.0 mi. W. of Guymon, along Hwy, No. 64. Ar 4 Cross road, on
the S. curh of g concrete hox culvert, at the F. end of the culvert, 60 fi, E. of C/L

of the cross road, and 18.5 f;, S. of C/L of hwy,  Sid. disk Set in concrete hoy

culvert. EL 1,017.1424 me'ers

3,435.500 feet.

X . W. » near NE cor, gec, 1, T3N, RI1IE, along

Hwy.. No. 64, At intersection of road to Texhoma, 50 ft. N. of C/L. of hwy. and

i et in concrete post. El 1.054.8938 meters

3,460.947 feey.

*Q-74 1935, 24.1 mi. W, of Guymon, along Hwy. No, 64. About 0.1 mi. W.

of a cross road, on the S, curb of 3 concrete hox culvert, at the E. end of the
culvert, and 183 f. S. of C/L of hwy, Std, disk set in concrete box culvert,

El. 1,061.1146 melers

3,481.340 feet,
*C-72 1935. 250 mi, W, of Guymon, along Hwy, No. 64. At a crosg road,
about 100 f), NE of the NE corner of a hrick house, 53 . S. of C/L of hwy.;

*L-74 1935. 16.1 mi. W, of Guymon
of a highway camp, 15 fi. W, of C/L of
and 2 ft, N, of 5 fence corner. Std. disk set

*M-72 1935+ 19.0 mi, W. of Guymon, along Hwy. No. 64, At
52 ft. N. of the C/L of hwy.; 29 ft. W. of C/L of
fence corner. Std. disk set in

_
* Shown on Plate I,



232 GROUND WATER, TEXAS COUNTY

30 ft. W. of C/L of cross road, and 3 ft. S. of a fence corner. Std. disk set in
El 1,066.4459 meters

concrete post.
3,498.831 feet.

*R.74 1935: 26.0 mi. W. of Guymon, along Hwy. No. 64. At a cross road, W.
of the cross road in the S. curb of a concrete box culvert; at the E. end of the

culvert and 185 ft. S. of C/L of hwy. Std. disk set in concrete box culvert.
EL 1,066.9103 meters

3,500.355 feet

*R.72 1935: Near SE cor. sec. 32, T4N, RHE, 27.0 mi. W. of Guymon, along
Hwy. No. 64; at intersection of a cross road from Eva to Rice; 33 ft. W. of C/L

of the cross road, 105 ft. N. of C/L of hwy. and 3 ft. SW of a telephone pole.
Std. disk set in concrete post. El. 1,074.8387 meters
3,526.366 feet.

*S.72 1935: Near NW cor. sec. 5, T3N, R11E, 28.0 mi. W. of Guymon, along
Hwy. No. 64. At intersection with road to the town of Eva, 52 ft. S. of C/L of

hwy.; 33 ft. E. of C/L of cross road, and 3 ft. E. of a telephione suy pole. Std.
disk set in concrete post. : EL 1,080.8540 mrters
3,546.102 feet.

*S.74 1935: Near NE cor. scc. 1, T3N, RI0E, 29.0 mi. W. of Guymon, along
Hwy. No. 64; about 65 ft. W, of a eeclion line fence, on the S. curb of a concrete

box culvert, at the E. end of the culvert, and 20 ft. S. of C/L of hwy. Std. disk
set in concrete box culvert. El 1,092.0328 meters
3,582.778 feet.

*7.72 1935: 30.0 mi. W. of Guymon, along Hwy, No. 64; about 400 fr, W.
of a while house, at a cross road, 50 ft. N. of C/L of hwy., 45 {t. E. of C/L of

cross road, and 2 ft. W, of a telephone pole. Std. disk set in concrete post.
El. 1,099.9044 meters

3,608.603 feet.

*T.74 1935: 31.0 mi. W. of Guymon along Hwy. No. 64. About 0.1 mi. E.
of a section line fence, on the S. curb of a concrete box culvert, at the E. end of

the culvert, and 20 ft. S. of C/L of hwy. Std. disk set in concrete box culvert.
ElL 1,096.5639 melers

3,597.643 feet.

*[J.72 1935: 321 mi. W. of Guymon, along Hwy. No. 64; at a cross road,
about 400 ft. SW of a shingle house; 130 ft. W. of C/L; of cross road, 50 ft. N.

of C/L of hwy. and 2 ft. W. of a telephone pole. Std. disk set in concrete post.
El. 1,101.7075 meters

3,614.519 feet.

*U.74 1935: 33.1 mi. W. of Cuymon, along Hwy. No. 64, about 85 ft. E. of

a section line fence, 50 ft. N. of C/L of hwy.; and 2 ft. W, of a telephone pole.
Std. disk sct in concrete post. El 1,110.7939 meters
8,644.330 feet.

*).72 1935: 34.1 mi. W. of Guymon, along Hwy. No. 64, about 0.6 mi. E. of
Cottonwood Station, at a cross road, 50 ft. N. of C/L of hwy.; 3 fi. E. of a tele-

phone pole. Std. disk set in concrete post, El. 1,118.4319 meters
3,669.389 feet.

V.74 1935: 35.1 mi. W. of Guymon, near SE cor. sec. 36, T4N, RIE, along
Hwy. No. 64; at Cimarron-Texas County Line; 50 ft. N. of C/L of hwy.; 2 ft, W.

of a telephone pole. Std. disk set in concrete post. El 1,124.9406 meters
3,690.743 feet.

* Shown on Plate I.

school. About 100 5, 5, uf s % 1 TIN, RIIE, 88 mi, NW of Tox

SR
* Shown on Plate 1.
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S;co}?d Order Leveling. Line No 68
Xhoma, Ol:ahoma o Point Rock, Kansas
(Un;dj:;zgllFI?va to Kan§as-0klahom;1 Line, near Elkh
A1t 1933, ok . ield Elevations) ’ -
brick weif 2 'of u oma, Fourth and Elm Sy i
i'P Loxh eets, S. side of hj i
(Intorenn it Lo Nofml%e),. and 4 ft, above ground, Sid, ed?sk,h‘i}: ig};?izl;ll;?
EL 1,063.384 meters
B-14 1933; A4 Texh s fee

494, in ¢ oma, on CRIZP RR. ab
N top of E. concrete block foundation, o? colll]}t' f;ﬁrp:a]:i( S:Vdofs{niflepost No.
» an t. NW of

C/L of track Std. di
. - disk. (Intersectjon with Lij
ne No. 18). EL 1,062
« 1,062.805 meters

. A721935: Onw. ) 3,486,
in Texhoma, on o]:i1 m;(}me of SW14 sec. 32, TIN, R12E 0.9 mij ’ _'886 feet.
road, 1 fi. N. of fence lo Eva, _Al turn in road 1o N’ 5.0 Ifml . of hieh school
Post.  Std. disk set in concrete po;t Itfl El (;,6"0(7:5/; oS

) ; » L000.7524 meters

*M-71 1935 N 2 3,480

school, along old ,.Oazﬂrmsgvcor. sec. 30, TIN, RI2E, 16 mi. Nw . ,480.152 feet.
cross road, 175 1 “va. About 0.8 mi, N. of road west fro:’n ;exiloma high
i exhoma, A!

of a gate, at f - of cross road, about 39 ft.
at lence corner. Std. disk set in concrele EQstOf C/LEIOfI r(;)Sald‘6815 i W.
’ + HUSL.6855 meters

*B-72 1935: Ne ; 8,450.40!
school.  Abow 100 f;, SNEW"'or-r sec. 19, TIN, RI2E, 26 mi. NW of Teyl,, > feet.
\}e;l. 40 ft. W. of fence corn‘::r roa:i] )lr)llerseclion where old roa(;, ' ergunna high
o ¢ , an o Eva t

eénce corner.  Std. disk set in COHCT:leo:tosfs fr. W. of a N-%lroad, 2 pis!su:yeﬁ

. . 1,033.3669 met

N.71 1935: N 3,390.305 foer,
scl;ool. About lOOeif %Wo({:o:;-r os':esc. ]9:1 TléV, RI2E, 3.6 mi. NW of T;xgloBO5 ]:ee}ll‘
a ten e SS road, W toma hij
ce posts Std. disk set in concrete lflos(t’.ut P I N of CE/IL 10{)2E-W ma"‘d,]it

+ 1,025.6750 meters

*C72 1935: N 3,365.06
school. About 209 {‘ii‘irEl.Vz ;:3 . ,365.069 feet.

-
P-71 1935: Near SE cor. sec. 14, 3,425.270 feet.

8 ol, o v
scho 1 About 1.0 m; N. of turn in old road to Eva. At T road Intersection

ER A road, abhout 8 ft. N
ot lirst fence post N. of fence corner. .S"t)g. fSTscl? sceot";sr oncran e guard.
concrete post.
EL 1,038.5066
D72 1935: N * &
scho) A 40Oe?lr IiE ?oxﬁ sec. 14, TIN, RI1IE, 6.7 mj NW o fet
2 foms ABou o d\ o1 Beaver River, 50 f; W. of C' o aroma il
. . disk set in concrete post ' e /LI"(;If ;ﬂﬂ(l, 528 rrek
. - 1,010.9225 met
*Q-71 1935: N o .
schoold & : ear SW cor. sec, 1, TIN, Rl i o o
et i z;g;dor:l dte;e;;tlox‘zilz Pole N. of a sidelEr'oa7¢:18 tlom'El\JWbOf Texhoma hieh
A - W. of a telephone pole. Std disk.’s:t ?ut e B of
N n concrete post,
. EL 1,038.7560 meters
1935 Neaw N 3,407.985 feet,
homa high
ad to Eva

t
he center of 4 ¢ross road where the old ro
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makes a right angle turn to the W., 40 ft. E. of C/L of the road, and 1 ft. S. of a
telephone pole. Std. disk set in concrete post. El. 1,039.1223 meters
3,409.187 feet.

*R-71 1935: Near NE cor. sec. 3, TIN, R11E, 9.6 mi. NW of Texhoma high

school. At a dim cross road, 67 ft. S. of C/L of the road, 30 ft. W. of C/L of the

dim cross road, 15 ft. S. of a fence corner. Std. disk set in concrete post.
El 1,050.0390 meters

3,445.003 feet.

*B.74 1935: Near SE cor. sec. 33, T2N, RI1I1E, 10.6 mi. NW of Texhoma.
About 150 ft. SE of a stucco house, about 50 ft. W. of C/L of a cross road, 40

ft. N. of C/L of the road, 2 telephone poles W. of a fence corner. Std. disk set
E. 1,057.3101 meters

in concrete post.
3,468.858 feet.

*S-71 1935: Near NE cor. sec. 5, TIN, R11E, 11.6 mi. N. of Texhoma. At
a corner where the old road to Eva turns N., about 43 ft. S. of C/L of the E-W

road, and 38 ft. W. of C/L of the N-S road, 8 ft. S. of a fence corner. Std. disk
El 1,062.2295 meters

set in concrete post,
3,484.998 feet.

MOQUSE, Ref. Mk. No. 2 1931: Near NW cor. sec. 33, T2N, R11E, 12.6 mi.
NW of Texhoma. About 78 ft. E. of the C/L of road, and 3 ft. S. of a wire fence,
and 50 ft. E. of a fence corner. Std. ref. mark set in concrete post. Stamped

MOUSE No. 2 1931.
MOUSE, Triang. Ste 1931: Scc. 33, T2N, RI11E, 126 mi. NW of Texhoma,

about 0.5 mi. E. of C/L of road, 65 ft. N. of a fence corner, 2 ft. W. of a fence.

Std. triangulation disk set in concrete post. Stamped MOUSE 1931.
El 1,062.1561 meters

3,484,757 feet.

MOUSE, Ref. Mk. No. 1 1931: 12.6 mi. NW of Texhoma. N. of MOUSE Tri-
angulation station, and 1 {t. W. of a fence line. Std. ref. disk set in concrete post.

Stamped MOUSE No. 1 1931.
MOUSE, Ref. Mk, No. 2 1934: 12.6 mi. NW of Texhoma. About 150 ft. E.
of Triangulation station MOUSE, in a fence line, and 150 ft. E. of fence corner.
Std. ref. disk set in concrete post. Stamped MOUSE No. 2 1934,
*C-74 1935: Near NE cor. sec. 29, T2N, R11E, 13.6 mi. N. of Texhoma
(13.5 mi. S. of Eva). About 0.1 mi. S. of bridge over North Fork, opposite third

telephone pole south of bLridge. About 35 ft. W. of C/L of road, 3 ft. N. of a
fence post. Std. disk set in concrete post. El. 1,037.5683 mcters
3,404.089 feet.

*T-71 1935: Near NE cor. sec. 20, T2N, RI1E, 12.4 mi. S. of Eva, along old
road to Texhoma. About 0.2 mi. S. of a farm house, about 0.1 mi. S. of the top

of a hill, and 33 ft. W, of C/L of road. Std. disk set in concrete post.
El 1,061.8055 meters

3,483.607 feet.

*U-71 1935: Near NW cor. sec. 16, T2N, R11E, 11.5 mi. S. of Eva. About

34 ft. E. of C/L of road, at a cross road, and about 30 ft. S. of cross road, 4 ft.
E. of a telephone pole. Std. disk set in concrete post. EL 1,070.3173 meters
’ 3,511.533 feet.

*V-71 1935: Necar NE cor. sec. 8, T2N, RI1E, 10.5 mi. S. of Eva. At a side
road to the W., about 24 ft. S. of side road. About 83 ft. W. of C/L of road

and 1 ft. N. of a fence line, and 3 ft. W, of a fence corner. Std. disk set in con-
' EL 1,060.8101 meters

crete post.
3,480.341 feet.

*-71 1935: Near NW cor. sec. 4, T2N, R11E, 9.5 mi. S. of Eva. About 32

ft. E. of C/L of road, 3 ft. E. of a fence corner, and 1 ft. N. of a fence line.
Std. disk set in concrete post. El 1,066.2780 meters
3,498.280 feet.

¢ Shown on Plate I.
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*X-71 1935, Near §
05 mi a 1935 ar SE cor. sec. 29, T3N, RilE 8. i
road 35 5 W‘Js;n%s/fcht?ol, Dist, 26, t a crossroad 2[):; gO l}f R About
concrers ot of road, and 20 1y, W. of 2 fence corner. S:d 1‘3 l(()f ot in
. . dis i
ElL 1,074.90;3 I:Ztte;:

KEYLON Azim .
wh 1934: Sec. 29, T3N, RIIE, 7.9 mi. s, of Evas,slznﬁ b rfeeti
< . a schoo

yard, about 48 f;
G abou 2 I W. of C/L of road, and abont § ft. S, of
T o n concrete post, Stamped KEYLON Aznm (t)h Yo ard fence
and oF ofgaart(z;;rs .Sg‘t;n;ni If\JEE‘:YLON 1934: 79 pi S. of E:lla 113‘13)4 i
, 0. . of a gate in 2 section line fem.:e ab(:)lllxtt 3560 n;tl !EZ:

of the 1ence hne on top o ro 1 0/ -
N P f& b 3

ad fﬂt kn i Std. tnangulation disk set in con

crele post. Stﬂﬂlpﬁd KE!LON 1934, ElL 1,085.1316 Ineters

KEYLON R
triangulation sm?ﬁ'n Mlgt éva. 11934: 7.9 mi. S, of Eyq. About 1 v3’560'136 feer
1 1034, . - ref. mark set jp concrete post, Stanxpegllgéyl[\fb&f the
' No.

KEYLON R
lation statiop, s‘:{j 1:{,’; No'k2 1934: 7.9 mi. S, of Fyy 241 fi. E .
*Y-71 1935. N - Mark set in concrete post, Sta;nped KEfYﬁOOf the Liangu.
30 1t N, of C/L, of a sty (05 % 2L TSN, RIIE, 75 mi. g oo 2 1934
of C/L of the roaq an;lzefmad to W. and a faint roaqd to l.E | IOf F About
Ppost. ’ t. W. of a telephone pole. Sid d.i,ska )soc':t.% feet E.
N I concrete

EL 1,081.2652 meters -
3,547.451 feet.

S. of Eva, About 200

Z.71 1935, Near NW cor. sec, 21, T3N, R1IE 6.5 mi
corner of a “T” ry.d intersection, 79 ft. E

yds. NE of 4 farm h i
of C/L of the road. oll%]tse;hm e

i . e t i
disk set in concrete post. °P of a hill, and 25 g, E. of a telephone line. Sid
EL 1,069.8307 meterq
. . »J09, Meters
D-74 1935: Near NW cor. sec. 16 3,509.936 feet,

175 fi. s ;
. N. of a green and white fap, houseT3N, RUE, 55 m; S, of Eva. Aboy
" road intersec.

tion, 90 ft. E. of C/L, of 1] 5 e SE cor. of
o . Ol a
ence comer, * Sug ory i road. 30 ft, S of 2 cross road, and 3 posts E. of 5
EL 1,066.1347 meters

*E. .
74 1935: Near NW cor. sec, 9, T3N, RIIE 45 mi 3,497.810 feet.
) » 4.5 mi.

SE cor. of
concrete pos: cross road, about 50 fr, E, of C/L of the roaq > qotfi E‘;?.k In the
oo G disk set jp

El 1,079.1885 meters

(INTER
SECTS AND COINCIDES WITH LINE No. 67, Fog FOLL 3"’5{;&633 feet.
.y O 6, G TWO

In concrete post,

of the CI:oss road, 105 1 cross road from E .
4 road, t. N. of C va to Rice; 33 fr, W,

Std. disk set jn concrete post, /L of bwy. and 3 fr. sw Ef a ‘elephongf p(f){eL

L 1,074.8387 meters

*$-72 1935, Near N
¢ N W cor. sec. 5 3,526.366 feet,
wy. No. 64. Ay interseotion wit;cro;dTifJ, R11E, 28,0 mi. w. of Guymon, al::a

hwy.; ]
wy.; 33 ft. E, of C/L of cross road, and 3“}:3 ;:)wn of Eva, 52 f;. S. of C/L ot

sk set in concrete post, ol a teleplEl:(;ne 0805810 metd
- 1,080.8540 meters

*A4-75 1935.
hwy. 1o Texhoma, Nf{lgotli“; 0 yis e T4N, RIIE, 15 mi. S. of o slons
cn}ss road, 75 ft. E. of C/Logfygs- E;Of a farm house, 215 ftoSEv?y (?}(I):lg he
] . wy. y . . 0
a fence line. Std, dish oct i concryeie pg:its E. of a fence %t}r.,l %nd 11, NO_r oz;
N—— - 1,087.1309 meters
3% Near NE cor. sec. 30, Tan, Rui 0.5 mi. S 5300695 feet,

to Texhoma,
oma. In the SW cor. of a crosg road, about 54 f; WOf {_Svg,/flong hwy.
° -0 of hw—y_'

—_—
* Shown on Plate I,
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48 ft. S. of the cross road, 21 ft. S. of a telephone pole, at the second fence post
S, of a fence corner. Std. disk set in concrete post. El. 1,086.8019 metcrs
8,565.616 feet.

C-75 1935: Near NW cor. sec. 20, T4N, R11E, 0.6 mi. N. from Eva, along
hwy. to Elkhart, Kansas. In the SE cor, of a cross road, about 135 ft. E. of
C/L of hwy., 36 1. S. of the cross road, opposite the second fence post {rom the

corner, and 1 ft. N. of the fence line. S5td. disk set in concrete post.
El 1,090.7310 meters

3,578.507 feet.

D-75 1935: Near NE cor. sec. 18, T4N, R11E. 1.6 mi. N. from Eva, along
the hwy. to Elkhart. About 52 ft. W. of C/L of hwy, and about 40 ft. S. of
a cross road. Std. disk set in concrete post. El 1,094.2803 meters

3,590.151 feet.

*[.75 1935: SW1Y sec. 5, T4N, R11E, 2.7 miles north of Eva, along hwy.
to Elkhart. At the intersection of a road, in the W. end of the wye intersection,
125 ft. E. of C/L of hwy.. and 33 ft. N. of C/L of section line road, sbout 3 ft.
N. of a fence line. Std. disk set in concrete post. El 1,094.0600 mcters

3,589.429 feet.

*F.75 1935: Near SW cor. sec. 32, TSN, RI1E, on std. parallel, 3.7 mi. N.

from Eva, along hwy. to Elkhart. About 70 ft. E. of C/L of hwy, about 29 ftr.

N. of a cross road, and 2 ft. E. of a gate post. Std. disk set in concrete post.
ElL 1,087.5063 meters

3,567.927 fcet.

G-75 1935: Near NW cor. sec. 32, T5N, RI11E, 4.6 mi. N. from Eva, along
the hwy. to Elkhart. 0.2 mi. S. of bridge over Goff Creek, 49 fi. E. of C/L of
hwy., about 25 ft. S. of a telephone pole and 1 ft. W. of a fence post. Std. disk
sct in concrete post. El. 1,067.4621 meters
3,502,165 feet.

*H.75 1935: Near SE cor. sec. 19, TSN, RI1E, 58 mi. N. from Eva, along
the hwy. to Elkhart. About 350 fti. N. of a tclephone line branching toward the
E., 48 ft. W. of C/L of hwy., and 2 ft. N, of a telephone pole. Std. disk set in
concrete post. El. 1,092.2446 meters
3,583.472 feet.

*].75 1935; Near SW cor. sec. 17, TSN, RI11E, 6.8 mi. N. from Eva, along
the hwy. to Elkbart. (7.6 mi. S. of Elkhart, Kansas). About 225 ft. NW of a
frame farm house, 50 ft. E. of C/L of hwy., 40 ft. N. of a side road, 4 ft. N.
of a telephone pole. Std. disk set in concrete post. El 1,101.3130 meters
: 3,613.224 feet.

MARSHALL Ref. Mk. No. 2 1934: 19 mi. N. of Eva, along the hwy. to
Elkhart. (6.5 mi. S. of Elkhart) About 90 ft. S. of C/L of a cross road, 49 f1.
E. of C/L of hwy. 1 ft. W. of a fence line. Std. Ref. Mark sef in concrete post.
Stamped MARSHALL Ref. No. 2 1934,

MARSHALL Ref. Mk. No. 1 1931: 8.0 mi. N. from Eva, along the hwy. to
Elkhart. 130 ft. E. of Marshall triangulation station. Std, Ref. Mark set in con-
crete post; stamped MARSHALL No. 1 1934.

*Triangulation Station MARSHALL 1934: SW¥ sgec. 8, TSN, R11E, 8.0 mi.
N. of Eva, along the hwy. to Elkhart. About 60 ft. E. of C/L of hwy., about 45
ft. N. of a cross road. Std. disk set in concrete post. Stamped MARSHALL 1934.

El 1,104.9849 meters
3,627.271 feet.

*K.75 1935: Near NE cor. sec. 7, T5N, R11E, 9.0 mi. N. from Eva, along the
hwy. to Elkhart, About 45 ft. S. of a cross road, 46 ft. W. of C/L of hwy., about

8 ft. W. of a teleplone pole, guy pole. Std. disk set in concrete post.
' EL 1,106.2476 meters

3,629.414 feet.

* Shown on Plate 1.

Rolla). Ay the
Roll}._K, lCl;LKansas-Okluhoma St 1o to Rolla, Kansas, (g9 mi. S. of

hwy. to Hough, Sid. d
of &t post. sty suses, about 80 ;. W. of C/L of

1510t N, o

5

—_—
* Shown on Plate T

BENCH MARK ELEVATIONS
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*L-75 1935. N
the 1 52 ear SE cor.
l/eL wy. to Elkhart. Aboyt 32

sec. 31, T6N, RI1E i
the o i Elkr b » 98 mi. N. from Eva, along

ft. N, of C/L i
/ . of a side d
a telephone pole, Sud. diskmsaet :g X;;c;geﬂi)o“ll. of
EL 1,109.1077 e
s s »109.1077 meters
the b o, Eibbar, e(aé'.gsm-cor. sec. 29, TGN, RIIE, 1038 mi. N, fr SRR fec.

N b Elkd S. of Elkhart), A, T of oo
concrety o & cross road, and 4 f1, N. of a l::l!e:lfm{:e- E(;]:[ ggd (:!f ll:wy.. 33
. . disk set in

EL 1,116.0622 meters

3,661.614 feet.

N. from Eva, along

ofCc»smo:; School Djs.
v .of a

disk set in concrelecr;))::!.road' 3 f

EL 1,112.46¢

P75 1935, N Sonad i

the hwy, 1o Elkhar:ar(llemq?r- ot N, IE, 129 o5 N iy s

cross road, About 49 ft: w. lo(}scs})llll,lh ohart). About 10:5 b N ) W

*N.75 1935, N

the 1Y 2: Near SW cor. see. 20,
et Y- to Elkhare (28 mi °3] of Blkdart. 1y 1 118 mi
E. of a wore 8bout 55 ft. E of C/L, of purs. 4" 1€ yard of
concrete walk, in the school yard.w}g’ldabout i

ok ook conorete ooty of hwy, and 3 ft. N. of 4 }Et:eleph(;n: fpt():l{:L %i)-tda
L. 1,115.9969 meters

. s

KANSAS-OKLAHOMA STATE LINE, OO0 Lt

4-93 1935: 138 mi. N.

south of EJk from Eva, along ¢
About 75 fi, ll:lw)nfnga/r[, K?HSBS-Oklahoma nlﬁ)uf:gat;vy‘ﬂ!)o {Fltharl, Kansas (0.8 mi.
ﬂ!e Ka"SHS'Oklalmma Smo the AT&SF RR. tracks, ,on top 'of .[hg cthe State line,

g te Line M i

he K o Mo oncret

L in concrete mops, - ent, in the most southerly comeerbaS%t?iI
EL 1,102.5059 ‘merers

N i meters

3,617.4;
S‘e.cc.)nd Order Levcling. Line No. 69 o
Vicinity of Rolla, Kansas to Guymon, QK] h
Oklahoma Portion ' ome
(Unadjusteq Field
a-Kansas Boy
, along hwy,

Elevations)

ndary, near NW cor. sec. 14, T6N

of huy, o , at the triangular ; i
- a ng the State Line, and about 10 ;nlersecuon, Fou
€L In concrete Ppost. Tovosh L of

trs e - EL 1,022.9684 meters

: cor. soe 3.356.
2 mi S frame oL sec. 26, T6N, RI3E, 9.4 m;. NW of Houglllagalizzlt.

hwy. and 15 fi

. . 8.
El 1,019.6599 meters
% cor. sec, 3, TSN, RI3E o334 fct.

wy. e 8 y 1.1 mi. NW of Houg
[ a fence corner. Std. g;Lk Sit{;;l ‘Z)'nOf ot o nd lgu#"‘ WAbnm

et in concrete post

‘!}-76 1935: Near E
mi. N. of a turn in h

and

e o crete post. El, 1,021.4813 n;elcrs

i n 12 a.!um ar ! %4 cor. sec. 3, T5N, RI3SE 7.1 mi o310 fect.

m in by, A o5 12 W é/L 0711'.] NW of Hough, Ahow
wy.,

N. of
a fence corner., Std. disk set in c nd 15 £ W and

oncrete post,

N EL 1,017.1405 moters

to Rolla.* ALo, O.sar S’;{; cor. sec. 7, T5N, RIME, 3.1 m; N o068 et

ot of Hough, along hwy,

ol & turn in hwy., aboy 29 fu. N. of C/L of h
. wy.
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and 13 ft. W. and 1 ft. S, of a fence cormer for fence to morth. Std. disk set
in concrete post. EL 1,007.7689 meters
3,306.322 feet.
*Q-75 1935: Near E4 cor. sec. 19, T5N, RI14E, 1.0 mi. N. of Hough. About
100 ft. W. of C/L of hwy., 45 ft. W, of fence corner and 1 ft. N. of fence line
to W. Std. disk set in concrete post. EL 1,003.5894 meters
' 3,2905.890 feet.
R-75 1935: Near N cor, sec. 32, T5N, RI4E, 1.0 mi. SE of Hough, along
hwy. to Guymon; about 0.5 mi. S. and 0.5 mi. E. of Hough; about 75 ft. S, of
C/L of hwy. and 1 ft. W. of a fence post. Std, disk set in concrete post.
El. 997.1284 meters
3,271,412 feet.
*S5-75 1935: 3.1 mi. SE of Hough, along hwy. to Guymon. About 1.5 mi.
W. of a turn in hwy, About 60 ft. N. of C/L of hwy. 20 fi. N. of fence corner
and 1.5 ft. W. of a fence to the north, Std. disk set in concrete post.
El 985.9718 meters
3,234.809 feet.
*T-75 1935: Near W% cor. scc, 36, T5N, R14E, 53 mi. SE of Hough, along
hwy. 10 Guymon, About 0.5 mi. N. of Standard Parallel, about 2/3 of telephone
pole distance S. of an E-W fence. About 29 ft. E. of C/L of hwy. and 3 1. S.
of a telephone pole. Std. disk set in concrete post. EL 978.7867 meters
3,211.236 feet.
*U-75 1935: Near NE cor. scc. 12, T4N, RI4E, 7.5 mi. SE of Hough, along
hwy. to Guymon. About 38 ft. S. of C/L of a cross road, about 48 ft. W. of
C/L of hwy., and 10 ft. S. of a telephone pole. Std. disk set in concrete post.
+ EL. 965.2914 meters
3,166.960 feet.
*V-75 1935: Near NW cor. sec. 19, T4N, RI15E, 8.6 mi. N. of Guymon, along
hwy. 1o Hough, (9.4 mi. SE of Hough). About 29 fi. S. of C/L of a cross-road,
about 145 1, E. of C/L of hwy.,, 5 fti. W. of telephone pole and 1 ft. N. of fence
line. Std. disk set in concrete post. El 963.8415 meters
3,162.203 feet.
*I7-75 1935: Near SE cor, sec. 25, T4N, R14E, 6.6 mi. N. of C. H. at Guy-
mon, along road to Hough, About 2.0 mi. due N. along road from point where
U. S. Hwy. No. 64 turns W, About 35 ft. N. and 2 ft. W. of a section line
fence corner and about 52 ft. W. of C/L of road. Std. disk set in concrete
post. EL 953.9767 meters
3,129.839 feet.
X-75 1935: Near SW cor. sec. 6, T3N, RI5E, 4.6 mi. N. of C. H. at Guymon,
along U. S. Hwy. No. 64 and road to Pony Creek. At the intersection of an E-W
road with a road bearing N. at a point where U. S. Hwy. No. 64 turns from a
N. to NW'ly direction. 52 ft. E. of C/L of the NS road, about 20 ft. N. of a
fence, and 2 ft. E, of a fence post. Std. disk set in concrete post. (Intersection
with line No. 67). El. 918.2548 meters
3,012,641 feet.
*Y-75 1935: 3.6 mi. N. of C. H. at Guymon, along U. S. Hwy. No. 64 and road
to Pony Creck. On a concrete bridge, on the E. end of the N. abutment. Std.
disk set in top of concrete abutment. EL 915.0381 wmeters
. 3,002,087 feet.
*Z:75 1935: 2.0 mi. N, of C. 1. st Guymon, along U. S. Hwy. No. 64 and
road to Pony Creck. 0.6 mi. SE of bridge over Beaver River. About 53 ft. W. of
C/L of hwy, 2 ft. W. of a fence post, and 1.5 ft. W. of a fence corner. Std.
disk set in concrete post. El 921.8677 meters
3,024.494 feet.

* Shown on Plate I.

BENCH MARK ELEVATIONS

First Order Leveling. Intersection with Line No. 18
(Adjusted Levels)

T-14 1933: At

eéntrance to the high (i:l{:)’:i:l,aTeXﬂS Joum, e 3t the S

; W side of
Sid i Vot nd in & sandstone column, 4 { ve tho ey rom

t. above the ground.
. EL 3551-3037 meters
-14 1933: Qe
Streate, 4 lthE. s:li\ée(i:;yx:]l;;n,NTe:;iaE:unlfy, }sllt the SE cor, of Main and gof::}!;
; . e i
crete block of the brick wall, 3 ft. above tge tgriuiﬂilfm}sitsout;il:f “z:'t t:'régti::nlla oo
R . ally,

El 952761 meters
3,125.850 feer,

KEY To ABBREVIATIONS

C H. ...

S, P (E:?un House
BE Wi ~.Center Line -
Slf:l/. Mk --Reference Mark

Standard

* Shown on Plate I.
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Adams, see ground water conditions

Agricultural Expertment farm, lrrigation well, 112
Alluvium, described, ...... 86-87
ground-water reservolr In, 136-138
quality of water from, 87, 94
relation to underlying formations, 136-138
water supply of, . 87, 136-138
Area of county 12
B

Bakershurg, nose on water table, 152
water supply 106
Ballinger 1irrigation well .. 116
Beaver, Mead, and Englewood Railroad, Well at Eva 108
Beaver Rlver . 18
as effluent stream 91

as influent stream ... 91
headwaters of 154
permanent flow of 18, 164-155
recharge from 154
tributaries of 19
Beaver Valley, gronnd water conditions ... 138-140
Bench marks, described 223-239
line 18 223-229
line 20 229-230
line 67 230-232
line 68 233-237
line 69 237-239
Breaks 19-20
deflned 20
relation to caliche 21
Buzzard, . 13, well 412, described 101-102

C

Caliche cliffs nlong valleys .....ccooecveeeeane 19
Caliche, described 79-85
chemical composition 81
economic uses 35-36
relation to ground water 85
relation to recharge ......ccoeeeeeeenen.. 85, 150
relation to uplands and bhreaks .. 21
Carbon black, plant at Guymon 35
Carboniferous system, described ... 45-48
Carthage plain, groung water conditlons 130
Cattle 1T e et ce e raesecevesses b e e e e rmsems e e et oeme e eenesennnen 33
relation of wells to ... 33
Chance and Kimball irrlgation well............... 113
Chemlical chavacter of ground water. 92-100
from Alluvium 87, 94
from "Cloud Chief formation 93
from Ogallala formation T4, 93
safe and unsafe Irrigatlon water. 96, 100
from Tringsic (?) red beds 94
Cheyenne sandstone, described 54-56
water supply of 56

INDEX

Chicago, Rock Islan,
Chiquita Creek ..
ground water conditions,
Cimarron River, recharge from
Climate ... . .
Cloud Chier formation, de:
correlation ...
gypsum in .
Intake area .
sandstone in
c water supply of
oefficient of uniformit;
of
Coldwater Creek . Y 2
Coldwater ang Frisco
valleys, gr
College irrigation wells ... T Bround water
c drawdown, farm well |
one of depression at pum
E: ping wells
Cost of irrigation wells in Texas High Plal
s T
Costner irrigation wells . ? }.(.fls Hish Plains.
Cretaceous System, described -
water supply of
Crops

d and Pacific Rallroad wells.

scribed

-111-113
~112-113

Dakota sandstone, recharge from
Day Creek dolomite, in relation to
Depréssions on upland surface
origin ...
re:ation to recharge ...
relation to struectur
Depth to water, see gli-:'l: Pt
Depth to water lines .
in uplanqg areas
along valleys ~
Depth of wells, see ground Water conditions T o
Discharge, College farm well, Goodwel]
from ground-water reservoir
of windmill wellg .. .
Dodge City, Kansas, irrigation
Domestic and stock wells
Douglas irrigation wel] .
Drainage )
area actually draine
pre-Ogallala,
Draw down,
Drought

d by streams

College farm we

relation to water table
water supply

Economie geology
Effluent streamsg ..

Electrical resistivity, See Resisti - gf
Elevations (see also, Bench n;a.ik:)”y fosts -
Beaver valley
of uplang plain . 13
Ephemerai stream, defined %
relation to water table %

Eva plain, groung water conditiong
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Farms, slze of
Faulting

Flood plains

Frisco Creek

Gas

Goff creck

Eva, water supply 106
Evaporation from free water surface 32
of rain water 148

Exeter sandstone, compared with Jurassie
sandstone at Red Point 64
Experiment farm, irrigation well 112

i
34-35
43
18, 135
Chiqufta creek 144
Coldwater creek 143
T'risco creek 143
Goff creek 141
Hackberry Creek 145
Paloduro Creek 144
Pony Creek 142
Fluoride in Ogallala waters 95-96
relation to mottled enamel 95-96
Folding, of rocks 42—::
Frisco valley, ground water conditions 143
Frost, last in spring and first in fali 24
G
Garden City, Kansas, Irrigation : 1::
: 5-
Avallabliity in:

Carthage plain 131
Guymon-Texhoma plain 134
Hardesty plain 136
Tlough plain 130
Optima-Adamyg-Tyrone plain 128
General Atlas Carbhon Co, Wells 106
Geologic formations, table showling 40
Glbson irrigation wells ..o 1}3
ground water condltions 141
Goodwell, frrigation wells 111-113
water supply 106
Great Plains province 18
Ground water conditions, by localities 1265-147
basis for subdlvision of area 125
Beaver Valley 138
Carthage plain 130
Chiquita. Creek 144
Coldwater and Frisco Valleys 143
Eva plain 131
Frisco Valley 143
Goff Creelk 141
Guymon-Texhoma plain 133
Hackberry Valley 145
Hardesty plain 134
Hooker-Mouser plain 128
Hough plain 129
Intermediate area, near Range 146
Optimit-Adams-Tyrone plain 127
I’aloduro and Chiquita Valleys .. 144
Pony Creek 142
Tepce Creek 140
126-136

Upland areas

243

G Valley areas ... .
round water, importance in 0k1:;hh ........... Panhandle. 15
moverent or oma JPanhandle. e 10
Source of ... "

Ground water reservoir, saf

s e yield ..
Growing season ... . _ N
Guymon, water supply . N ' ) o

Guymon-Texhoma plain, ground \-wa.ter conditions........._ 7 103_;:(3)34

“Gyp", meaning caliche

Gypsum, In Cloud Chief formation o imm 20

, mation
economic use (Permian).. T
................................ b

Hackberry Creek ... ... .

gackvberry valley, ground water conditions .
Hag), Harrington, ang Marsh Co., water well

ardesty plain, ground water conditions )
Hardesty, water supply
High Plains gection
High Plains of Texas, r "

, rech:

Highways ... oaee
Hodges irrigation well .
Hooker, water supply ..

]I;ooker-Mouser plain, groung water condftions
ough plain, ground water conditions

Hough, water supply )

Humidity, at Goodwell

Industrial ang rallroad wells
Influent streams
Intake areq
of Jurassic rocks ...
og I(;,'gallala formation .. -
o ermian (Cloud Chief) rocks .
of Triassic (?) rocks en) rocks
Irrigation from wells
feasibiity ...
Dodge City, Kansag .
Garden City, Kansas
High Plaing of Texas .
Liberal, Kansas
local interest in .. ...
ey 2ossibilities In Texas Gounty .
rrigation water y
Irrlgation wote » 8afe and unsafe.
cost of in Texas

gohnson irrigation wells
oint Clay, as an aquifer {
) & n Cloud Chie i
Jurassic (?) system, described of formation.
water supply of

annsas. Irrigation from wells ...
Kimball and Chance irrigation well
Kiowa (?) shale, described .

water supply of ... .
Kuhn Brothers water well
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L

Late Tertlary see Ogallala

Latham irrigation wells 114
Lee and Moore, irrigation well 117
Liberal, Kansas, frrigation 123
Location of area 12
Logs of wells 174-184
M
Mechanical analyses, Qgallala. formation 76
Mesozoic rocks, described 48-57
Methods of well drilling 124-125
Mineral resources 35-38
Morrison formation, compared with Texas County Jurassic (?)..ccoeeneenes b4
Mottled enamel, due to Fluoride content of water 95-96
Mouser, ground water conditions 128
water supply 106
Movement of ground water 90-1563
Municipal water supplies from wells 103-106
N
Nash well 117
North Canadian River see Beaver River
North [Fork 19
O
Observation wells 159-174
comparison between 1938 and 1939. 160-162
cast-west Hne of wells ... 162-169
north-south line of wells 169-174
Ogallala formation, described 57-78
age 61
chemical character of water ... 74, 93
fossils from ... 61
gravels in 58
intake area 153
in wells ... 60
mechanical analyses of sands 76
nomenclature 61-62
origin 61
permeihility 77
red clays in 58-69
sands in 67
Thickness in
Carthage plain 131
Eva plain 132
Guymon-Texhoma plain 133
Hardesty plain 134
Hooker-Monser plaln ..o, 129
Hough plain 130
Optima-Adams-Tyrone plain 127
Range area 147
wells . 63-73
thickness, resistivity tests showing 73
uniformity coefficient of sands 7
water supply 73-78
Optima-Adams-Tyrone plaln; ground water condltions .......o.oooooeeooeooe 127
Optima water supply 106

INDEX 2

P
Paloduro and Chiquita, valleys i
Palodure Greer YS, groundwater conditions..

campus well
farm well

Permia.n-Trla.ssicm-;(;;-r.x-(_l-ary
Physiography, standard classification
Pliocene, describeq

Pony Creek -

Pony Creek, ground- ater conditions
Population . "
Possibilities for further irrigation
Precipitation

annual varjations ..
causing recharge locally ... ... ...
caustng recharge from outside areas
county average ...
deficiencies due to drought.....
disposal of ..

Snow ...
tables showing
Public supplies, see water supply
Purgatoire formation, description of
water supply of ..
Purpose of investigation

Quality of ground water
Quartermaster, in relation
Quaternary system, descri

to Cloud Chief ang Day Creek
bed

Railroads ... ...
Rallroad wells ... . .
Rainfall see precipitation
Ranches

Range area, ground water con itic-)x;;
Recharge of ground-water reservoir

amount annually .. .147']59
defined ... 1o
from Beaver River 1a1

from Cimarron Rlve; -
from Dakota, sandstone . i
from dry washes 1o

from local rainfall 158
from rainfall on Y
summanall 9§fillala formation in outside areas..

through depress ons
through sand dunes
Records of wells ... T L 299

c (?) ..
(2) at Riowa shale horizon
(3) in Ogallala formation
(4) In Permian ..__ e
(5) In Triassic ?)
Red Point, inMers near
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Resistivity tests 14

showing thickness of Ogallala 73
Roads 13
Rock formations, table showing 40
Run-off 149

-8

Safe yleld of ground-water reservoir ... 148
Sand dunes : 21-22, 88-89
Sand dunes, In relation to recharge. 150
Sand and gravel, for concrete 36
Sanitary condltions of ground-water ... 93

Saturated zone, see zone of saturation
Skeeter Creek, see Chiquita Creek
Solls, character in: .

Carthage plain 130
Eva plain (eastern) 133
Hough plain . 129
Intermediate area, near Range ... 146
Optima-Adams-Tyrone plain 127
Range area 148
Upland areas 126
Valley areas 136
Solls, In relation of recharge . 149-150
Soll molsture as percentage of precipitation . 149
South TFork 19
fossils from 62
section In Ogallala 60
Sparks irrigation well 113
Specific capacity, deflned . 75
of wells In Ogallala formation 75
Streams, dry, related to recharge 90-151
Stream flow, permanence of . 18-19
permanence in Beaver River 18-154
Stock wells 101-102
Stonehraker-Zea Ranch, wells 287 and 288 deseribed 102
Stratlgraphy, general 39-41
Structural geology . 42-44
faults 43
of Ogallala formation 42, 43
of Pre-Ogallala rocks 42, 43
Surface water supplies 10
amount used 100
T
Tablelands 20
Temperature
annual mean ... 23
maximum and minimum 24
tables showing monthly averages : ; 26-31
Tepee Creek 19
Tepee Creek, ground water conditions 140
Tertiary, described 67-85
Texas High Plains, irrigation 120-121
Texas High Plains, recharge ..o, 162
Texhoma, see also ground water conditions
Texhoma, water supply 105
Three-way oll test 48
Topography 18-23

Topography, pre-Ogallala 63, 73

INDEX 247
Topography, of upland areas . 126
Topography, vicinity of Paloduro Creek 21 ‘146
Topographic age of COUNLY ., ' 21

Towns, abandoned

population of 39
Transportation: roads and railroads ‘1"2--13
Triassic (?) -Jurassic (?) boundary .. "“"\1-52
Triassic (?) system, described 49-51

analyses of water from . . _;4

Intake area N

permeability of g;

WALET SUDDLY OF oo e 51
Tyrone, see also ground water conditions -
Tyrone, recharge near 152
Tyrone, water supply . “-'165

U

Unconformity, between Triassic (?) and Jurassic (?”).......
Uniformity coefficient of sands in Ogallala formation
Unpalatable waters
Upland plains
described as tablelands
elevation and slope of
related to run-off

v
Valleys, width ang depth of 19
Van Hyning irrigation well ‘110
Vegetation
of breaks 20
of flood plains . ;0
of sand dunes 52
of upland plains 20
Vertebrate remains from Ogallala 61
W
‘Washita—basal Washita fauna in
Cheyenne sandstone angd Kiowa (?) shale.... ... 55-57
Water-bearing beds, in wells, see ground-water conditions i
Water for irrigation, safe and unsafe 96-100
Water supply, (see also Ground-water conditions)
at Bakersburg 106
at Eva . 106
at Goodwell 105
at Guymon 103-104
at Hardesty 106
at Hooker 104
B HOUBR T 106
at Mouser 106
at Optima R 106
at Texhoma 105
jat 'I;?'rolne 4.“10.5
n alluvium
In caliche i 136_13?
In Cheyenne SANABLONe .o 56
in Cloud Chief formation ) :18
In Cretaceous rocks ... 56-57
in Jurassic rocks 54
In Klowa shale 57
in Ogallala formation 73-78

in Purgatolire formation

........ 56-57
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in sand dunes . 88
in Triassic rocks 51
‘Water table, shape and slope of 90-92
(1) affected by additlon of water ' 90
(2) affected by differences in permeability of rocks .......ooocemoeioenen. 92
(3) affected by pumplng ... 91
(4) near ephemeral streams 90
(5) near perennial streams 91
Well 85, showing recharge through lake 151
Wells:
for domestic and stock use... 101-102
drilling methods 124-125
for irrigation 109-118
for lirigation, cost in Texas 121
for irrigation, at Goodwell 111-113
for municipal supply 103-106
‘Well logs 174-184
Well records 184-222
‘Whitehorse sandstone, in relation to Cloud Chief formation.......................... 46
Wild Horse lLake, related to recharge 151
‘Wind, prevalling 33
velocity . 33
Windmill wells, discharge 102-103
X, Y and Z
Yield of wells In Ogallala formation 73
Zone of saturation T4
Thickness in:
Alluvium 136
Carthagoe plain 131
Eva plaln ... 132
Guymon-Texhoma plain 133
Tlardesty plain ... 136
Hlooker-Mouser plain 129
Hough plain 130
Intermediate area, near Range 147
Ogallala formation 74-119
Optima-Adams-Tyrone plain 128
Range area : .147

Valley areas 136
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EXPLANATION

ALLUVIUM

Sand, silt, and gravel on flood plains.
Coarser portions yicld adequate sup-
plies of water which generally is of
good quality cxcept in the valleys of
Paloduro Creck and its tributarics. In
places probably would supply a lim-
ited amount of water to irrigation
wells.

DUNE SAND

Sand. Sand duncs absorb all the rain-
fall and are arcas favorable to re-
charge of the ground water reservoir,
but are above the water table and do
not supply water directly to wells.

To

OGALLALA FORMATION *

Calcarcous sands, gravels, silts, and
clays, in general but slightly consoli-
dated. Principal aquifer. Furnishes
adequate supplies of water of good
quality to domestic and municipal
wells, generally from depths greater
than 100 feet. Gravels and coarser
sands probably would supply water to
irrigation wells in parts of the county.

I
R’

TRIASSIC (?)

Red, yellow and gray clays, with in-
terbedded soft, red and gray sand-
stones. Furnishes meager supplies of
water to stock and domestic wells
and may be more or less mineral-
ized. Includes small areas of fossilif-
erous Cretaceous sandstone, and older
béds thought to be possibly Jurassic,

N

CLOUD CHIEF FORMATION

Red clay or shale with minor beds of
sandstone and gypsum. Yields small
supplies of highly mineralized water
from the sandstones and from joints
in the clay.

/.

TEMPORARY LAKE OR POND

{z76)
Orzigr

WINDMILL WELL

Number above the line is number
used in well tables. Lower number
is depth to water helow measuring
point. {78) indicates water analysis.

QUATERNARY

TERTIARY

v

CARBONIFEROUS TRIASSIC®, JURASSIC @,

CRETACEOUS
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The Texas-Oklahoma boundary line recently was ce-sur-
veved, along 30 degrees 30 mmutes Noeth Latitude, and
found to be 126 1o 409 feet suuth of the base Line i Texas
County. The smadl strip of Land south of the base line, T,

1 S.. 15 not shown on thas map.
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The Texas-Oklahoma boundary line recently was re-sur-

veyed. along 36 degrees 30 minutes North Lazitude, anld
found to be 126 w0 49 feet sourh of the hase line m Texas
County. The small strip of Land south of the base line, T,
1 S.01v not shown on this mup.

S & /1Y)

Hansrorp Co,

MAP OF TEXAS COUNTY, OKLAHOMA, SHOWING GEOLOGY AND DEPTHS To WATER I}
E%a



