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Climate

The climate of Woodward County is controlled by the dinteraction of
tropical and polar airmasses, and is characterized by wide deviations
from average precipitation and wide ranges in temperature. Precipitation,
resulting from both cyclonic (frontal) and thunderstorm activities, occurs
throughout the vear but is greatest during the spring and summer., (See
tables 1 and 2.)

Records of precipitation from eight stationsi/ of the U,S. Weather
Bureau in or near the county are summarized in table 1. The monthly
precipitation during the period 1956-57 for all stations (fig. 2) is
given in table 2. The annual precipitation for the period of record,
the cumnlative departure from the average annual precipitation, and the
average monthly precipitation at the Woodward station are shown graphi-
cally on figure 4. The records (tables 1 and 2) and the graphs (fig. 4)
show the monthly distribution and intensity of the rainfall in different
parts of the county, and the graph of the annual precipitation at Woodward
illustrates how the annual precipitation deviates from the long-term
average, The precipitation trends during the period 1895-1962 are
indicated by the graph showing the cumulative departure from average;
upward trends on this graph represent periods of greater than average
precipitation. The alternating wet and dry periods at Woodward correlate
generally with similar periods at other stations in the Great Plains region
(Thomas, 1962, fig. 11, p. 25), and suggest that prevailing dry periods,
each lasting about & years, alternate with wet periods of 5 to 15 vears'
duration.

"Table 3 shows the monthly temperatures at four stations in the area.
Midsummer temperatures often exceed 100°F, and extremes as high as 115°F
have been recorded at Woodward and Mutual. In the winter, temperatures
often drop below freezing and lows of 10° to 20°F are common. The data
given in table 3 show that during July, the hottest month, temperatures
average about 82°, and during January, the coldest month, temperatures
average about 33°. The mean annual temperature is about 59°, The length
of the average growing season, or frost-free period, is about 200 days.
Because of the clearness of the air, low humidity, and rapid radiation,
differences between day and night temperatures may be great.

The average annual evaporation from free-water surfaces, such as
lakes or ponds, in the county area has been shown to be about 64 inches
(Kohler and others, 1959), Lake evaporation averages about 7.5 inches

2por information on station locations, altitudes, exposures, instrumenta-
tions, records, and observers from date stations established through
1955, the reader is referred to a publication of the U.S. Weather Bureau
(1956).
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The North Canadian River wvalley has been referred to the Western
Sand~-Dune Belt (fig. 3) because it is largely covered by sand that has
been blown by the prevailing southerly winds into hummocky dunes or
sandhills., In most places the dunes or sandhills are more or less
stabilized by vegetation, and randomly oriented sand dunes 10 to 30 feet
in height are separated by relatively flat sand-covered basins or
depressions of various sizes. These depressions trap and hold the local
precipitation until the water can be absorbed by the highly permeable.
deposits. Hence, surface drainage is absent or poorly developed.

The High Plains geomorphic unit of southwestern Woodward County
(fig. 3) is part of an extensive fluvial plain that stretches northward
from western Texas and southeastern New Mexico, across northwestern
Oklahoma, western Kansas and Nebraska, and into southwestern South Dakota,
This vast plain is often described as monotonously flat because, from
a distance, minor features resulting from the erosive actions of wind and
water are not apparent. When viewed more closely, as in southwestern
Woodward County, the plains' surface is seen to be composed of flat
uplands; broad, low hills; gentle erosional slopes; wide, shallow valleys;
low escarpments outlining resistant caliche-cemented beds; and sand dunes
formed by the prevailing southerly winds, all these features have resulted
from the removal of mechanically and chemically disintegrated rock
materials by runoff during local rains.

The North Canadian River (fig. 2) drains the southern two-thirds
of the county and is the principal drainageway for the county, even
though the streambed is dry for part of the year. The few tributaries
from the north are short and mostly intermittent, whereas some of those
from the south, namely Wolf, Indian, Persimmon, and Bent Creeks, are 10
to more than 20 miles long and are commonly perennial in their lower
reaches. The sand-filled river channel is bordered in places by a low
flood plain that is covered by brush, small trees, and phreatophytes
(plants that use large quantities of ground water).

The river's average rate of flow past the gaging station at Woodward
during the 24-year period 1938-62 was 257 cfs {cubic feet per second).
The mean monthly discharge during the same period ranged from C to 2,263
cfs. The river gradient is about 4 feet per mile southeastward, and its
altitude drops from about 2,020 to about 1,720 feet within the county.

The Cimarron River (fig. 2) forms the northeastern boundary of the
county and its numerous tributaries drain the northern and northeastern
parts of the county. The river, though perennial, has a wide sandy
channel containing braided watercourses that shift frequently. In the
reach where it forms the north boundary of Woodward County, the river
has a gradient of about 4 feet per mile southeastward, and its altitude
drops from about 1,640 to 1,440 feet. Its average discharge for the
25-yvear period 1937-62 was 420 cfs. Its mean monthly discharge during the
same period ranged from 0.03 to 5,674 cfs. -
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GEOLOGY AND GROUND-WATER RESOURCES OF

WOODWARD COUNTY, OKLAHOMA

By P. R. Wood and B. L. Stacy

Abstract

Woodward County, in northwestern Oklahoma, has an area of 1,232
square miles, and ranges in altitude from 1,440 to 2,520 feet above sea
level. The average annual precipitation is 24 inches. 1In 1960 the county
had a population of 13,900, of which 56 percent lived in the Woodward
metropolitan area, 11 percent in small towns, and 33 percent in rural
areas, Livestock raising and wheat farming are the principal types of
agriculture, and natural gas production is the major industry.

The oldest rocks exposed in the county are red sandstone, siltstone,
and shale of Permian age. The Permian formations also contain beds of
dolomite and gypsum and, in the subsurface, salt and salt-impregnated
shale, Wells in the Permian rocks yield small quantities of water of
fair to poor quality. Deep wells encountering solution cavities in beds
of gypsum, or in beds of shale below the gypsum, yield large quantities
of water containing much gypsum and salt.

The Ogallala Formation of Pliocene age is the principal source of
ground water in the southwestern part of the county. Although relatively
undeveloped, the formation should be capable of yielding 300 gpm (gallons
per minute) or more of water to properly constructed wells in areas where
the thickness of saturated materials is great. The water, although hard,
is suitable for most uses.

Deposits of Quaternary age in the valleys of the North Canadian River
and its principal tributaries are the most important source of ground water
in the county. They supply water for Woodward and Mooreland and a large
part of the industrial and irrigation needs in the area. The deposits
are moderately permeable and in most places their saturated thickness is
great enough to meet reasonable water demands provided heavy pumping is
not concentrated in small areas. The water from the alluvial deposits is
suitable for most uses, but may require softening for some purposes.

Dune sand blankets a large area north of the North Canadian River,
along the wvalley, and on the Ogallala Formation in the southwestern part
of the county. Because this unit is generally above the water table, it
does not yield water to many wells, but it facilitates recharge to the
underlying hydrologic units.




Most ground water in Woodward County originates as precipitation
within the county, although some enters as subsurface inflow from Ellis
and Harper Counties. Ground water in the Ogallala Formation moves
generally northeastward, but it is diverted toward major streams where
it discharges into the alluvium or emerges as springs at the base of the
formation. Ground water in Quaternary depesits of the North Canadian
River valley moves southward and southeastward, discharging into the
river and making it a gaining stream.

The largest use of ground water is for irrigation, but water is
pumped for municipal, industrial, rural domestic, and stock use also. 1In
1960 the total pumpage of ground water is estimated to have been 12,000
acre-feet,

After the drought-breaking rains in 1957, ground-water recharge from
precipitation and subsurface inflow was estimated to have been 260,000
acre-feet. Water added to ground-water storage in 1957 replaced most of
the water lost during the 1951-56 drought. During the 4-year period
195861 rainfall remained above average, and the quantity of water added
to the ground-water storage reservoir was computed to be about 23,000 acre-
feet per year,




INTRODUCTION

The Oklahoma Water Resources Board controls and coordinates the
development of the State's water resources and establishes rules for its
use and protection. The Board, which was created in 1957 by the twenty-
sixth Qklahoma legislature under Senate Bill 138, succeeds the Water
Resources Division of the Oklahoma Planning and Resources Board.

Duties of the Board include: (1) recording and administering all
water rights; (2) compiling and indexing all available information concern-
ing the State's ground-water reservoirs in a form that will be accessible
to the public; (3) investigating the hydrologic characteristics of each
source of water supply in the State; (4) negotiating contracts and other
agreements with agencies of the Federal Government for work pertaining to
the use and development of water resources; (5) administering the pollution
laws of the State so as to protect available ground-water supplies, and
cooperating with all other agencies who have responsibilities under the
law for pollution control; (6) approving the design and engineering of all
waterworks except those constructed by agencies of the Federal Government
that are exempt from such approval; and (7) develeoping local and statewide
plans to assure the best and most effective use and control of water to
meet current and long-range needs.

In order to fulfill its duties with respect to ground water, the
Board needs basic water facts and information concerning the geologic and
hydrologic processes that govern the occurrence, moevement, quantity,
quality, and availability of water in the State's ground-water reservoirs.
Much of the required information is obtained through the coordinated
efforts of the Ground Water, Surface Water, and Quality of Water Branches
of the Water Resources Division of the U.S. Geological Survey. These
agencies, working in cooperation with the Water Resources Board, collect,
compile, analyze, and synthesize data pertaining to the State's water
resources. To date (1965), ground-water studies have been directed toward
estimating the quantity of water contained in, and rates of replenishment
to, specific water-bearing formations, or aguifers.

Scope, Purpose, and History of This Investigation

In 1955 the Division of Water Resources of the Oklahoma Planning and
Resources Board (now the Oklahoma Water Resources Board) requested that
the U.S. Geological Survey investigate the ground-water resources of
Woodward County. Information on ground water was needed to provide for
orderly and scientific development of this resource for municipal, indus-
trial, and irrigation use. Several years of drought had heightened local
interest in an appraisal of ground water available for irrigatiomn.



Accordingly, the purpose of this report is te present and to inter-
pret the available information pertaining to the geology, ground-water
hydrology, and chemical quality of the ground-water resources of Woodward
County.

The objectives of the investigation were (1) to determine the
principal sources of ground water, which included preparation of a geologic
map of the county and a study of logs obtained from test holes, well
drillers, and other sources; (2) to determine the geologic and hydrologic
conditions that contrel the occurrence, movement, availability, and quality
of ground water; (3) to estimate the quantity of water available for use
in, and rates of replenishment to, deposits of Tertiary and Quaternary
age, which are the most important sources of ground water in the county;
(4) to tabulate well records, water-level measurements, pumpage estimates,
chemical analyses, and selected well logs; and (5) to prepare a report
outlining the results of the study.

From the start of the project in October 19335 until he resigned to
enter private practice in May 1959 C. E. Steele, Hydraulic Engineer,
U.S, Geological Survey, served as project chief. During this period most
of the geologic and hydrologic data used in this report were collected,
and preliminary analyses and tabulations were prepared.

Mr. B. L. Stacy served as acting project chief from May 1959 to
January 1961, when he resigned to enter The University of Oklahoma.
Mr, Stacy worked on the project from its beginning, did most of the
geologic mapping (pl. 1), supervised the compilation and tabulation of
hydrologic data, and prepared a manuscript report covering the geology and
some phases of the ground-water resources of the county,

In August 1962 P. R. Wood, the present project chief, was assigned to
synthesize information compiled earlier, make an evaluation of the county’s
ground-water resources, and complete the report.

A preliminary report (Wood and Stacy, 1963) contained records of wells,
well logs, chemical analyses of ground and surface water, and maps showing
the location of wells and the availability of ground water in the county.

From its beginning in 1955 to its culmination in 1964, this investi-
gation was financed by cooperative agreement between the U.S. Geological
Survey and the Oklahoma Water Resources Board. The report was prepared
under the immediate supervision of A. R. Leonard, district geologist of
the Geological Survey in charge of ground-water investigations in Oklahoma.




Methods of Investigation

Recomnaissance mapping of the principal geologic units began in
1955 and was completed in 1938. The mapping was done on areal photo-
graphs and adjusted to township plats at a scale of 1 inch to the mile.
The final geologic map (pl. 1) was compiled by adjusting the township
plats to a planimetric base map of the county prepared from Oklahoma
Highway Department maps.

Most large~capacity wells and representative domestic, stock, and
unused wells in the county were inventoried by employees of the Water
Resources Board and the Geological Survey, and all pertinent data were
compiled. (See table, Appendix A,) The well locations are shown on
plate 2,

One hundred thirteen test holes, ranging in depth from 22 to 500
feet and totaling 10,950 feet, were drilled under contract during 1957.
Test drilling was the primary source of subsurface geologic data and
provided much valuable information on the occurrence of ground water.

During 1956 and 1957, measurements of water level in 50 to &0 wells
were made at weekly, biweekly, or monthly intervals, and water-level
recorders were operated on six wells in order to record detailed fluctua-
tions of the water table. From 1958 to 1963, measurements of water level
in 20 to 30 wells were made at monthly intervals, and recorders were
operated on two wells to obtain detailed information on water-level
fluctuations.

The altitudes of many of the wells and test holes were determined by
personnel of the Oklahoma Water Resources Board and the Geological Survey
by use of surveying instruments., Precise altitudes were used to relate
the ground-water surface and the concealed surface of the red beds
{bedrock) to mean sea-level datum,

The hydrologic properties of the principal water-bearing materials
were determined by means of eight "multiple-well" aquifer tests. Six of
these tests were made on large-capacity irrigation or public-supply wells
tapping terrace deposits and alluvium; and two tests were made on irriga-
tion wells tapping the Qgallala Formation,

The base flow of streams draining the Ogallala Formation in the
southwestern part of the county (fig. 2 and pl. 1) was measured by the
Surface Water Branch of the Geelogical Survey to aid in determining the
natural ground-water discharge from these rocks. (See table 6.)

To obtain a record of the distribution of precipitation in the county,
eight rain gages were installed to supplement the seven permanent gages
naintained by the U.S, Weather Bureau. (See fig. 2.) These additional
stations were established in 1956 with the cooperation and assistance of
the Weather Bureau, and were serviced during 1956 and 1957 by volunteer
observers residing in the county.



Fifty-one samples of water were collected for chemical analysis from
selected wells, springs, test holes, and streams in all parts of the
county. The analytical results were used to rate the suitability of the
water for irrigation and other uses, to correlate water quality with the
geologic source of the water, and to determine more fully the relation
between surface water and ground water. (See tables, Apps. C and D.)
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Well-Numbering System

Wells and test holes are referred to in this report by numbers and
letters which indicate their locations within legal rectangular sub-
divisions of the public land, referenced to the Indian base line and
meridian., For example, in the number 23N-20W-19cbbl, which was assigned
to a well about a mile north of the city of Woodward, the first two seg-
ments of the number designate the township (23N) and range (20W); the
third segment gives the section number (19), followed by three letters
and a numeral. The first lowercase letter (c) is the quarter section
(160-acre tract): a--northeast quarter, b--northwest quarter, c--south-
west quarter, d--southeast quarter, as illustrated in figure 1:; the
second lowercase letter (b) is the quarter-quarter section {(40-acre
tract}; and the third (b) the quarter-quarter-quarter section (l0-acre
tract). Within each 10-acre tract the wells are numbered serially, as
indicated by the final digit of the number. Thus, well 23N-20W-19cbbl.
is the first well to be listed in the NWiNWiSWi sec. 19, T. 23 N., R.

20 W (fig. 1).

Springs, test holes, and precipitation stations also were assigned
numbers according to this system.

Previous Investigations

Red beds that crop out in Woodward County and elsewhere in Oklahoma
and Kansas have been of interest to geologists for a long time. F, W,
Cragin (1896 and 1897), a pioneer Kansas geologist, first described,
subdivided, and classified the red beds. ., N. Gould (1902 and 1905),
Oklahoma's great pioneer geologist, was the first to describe and classify
the rocks that crop out in the area that is now Woodward County. Since
that time, several reports have been published on the red beds. Papers
of interest to geologists studying the stratigraphy, petrography, and age
relationships of these rocks in the Woodward County area include those
of Aurin (1917), Sawyer (1924), Gould (1924), Freie (1930), Evans (1931),
Norton (1939), Miser (1954), Swineford (1955), and Fay (1962).

Isolated patches of Cretaceous rocks in the county (not shown on
pl. 1) were mapped and described by Bullard (1928), The QOgallala Forma-
tion, which covers the southwestern part of the county, is part of a
great mass of material that forms the High Plains in Oklahoma and adjoin-
ing States. The most detailed studies of the stratigraphy, petrography,
and age relationships of these rocks have been made by geologists and
hydrologists of the State and Federal Geological Surveys working on
cooperative ground-water investigations in the region. Recent publica-
tions containing detailed information on the geclogic and hydrologic
aspects of the Ogallala include those of Frye and others (1956), Taylor
{1960}, and Marine (1963).
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Brief descriptions of the geography and physiography of the area
are included in comprehensive reports by Snider (1917) and Fenneman
(1922). In 1957, the Oklahoma Geological Survey (Curtis and Ham)
issued a physiographic map of the State showing five physiographic
units in the Woodward County atea.

The soils of the county were mapped and described by Fitzpatrick
and Boatright (1938) and Nance, E. C., and others (1963).

Records

The records of 538 wells and test holes are given in Appendix A, It
containsg information about well locations, use, depth, water levels,
principal aquifer or water bearing zone, and other data. 'The land-surface
altitudes shown in the appendix were determined by leveling to relate
the ground-water surface and the Permian (bedrock) surface to mean sea~
level datum.

Appendix B contains logs of 1835 wells and test holes. Logs described
as sample logs were made by field and microscopic analysis of the drill
cuttings by either B. L. Stacy or M. E., Davis. Logs described as drillers®
logs were made by field analysis of the drill cuttings by the well
driller. Interpretive information and stratigraphic correlations were
supplied by the authors. The locations of wells and test holes are shown
on plate 2.

Appendixes C and D contain the results of 51 chemical analyses of
water from wells, springs, and streams. The appendixes give information
about geologic source, temperature, hardness, content in parts per
million (ppm) of major mineral constituents, and other related data,



GEOGRAPHY

Location and General Features of the Area

Woodward County is in the northwestern part of Qklahoma (fig. 2).
Woodward, the county seat, is on the south bank of the North Canadian
River, about 140 miles northwest of Oklahoma City, the State Capital.

The county is readily accessible via U.S. Highways 183 and 270, and

State Highways 3, 15, 34, and 50. Several bus and motor-freight lines
provide competitive transportation and freight facilities. The Santa Fe
Railway Co, maintains an east-west trunk line that passes through Wood-
ward and provides passenger and freight service to all points. The
Missouri-Kansas-Texas Railroad Co. maintains a north-south trunk line

that crosses the Santa Fe tracks at Woodward and provides freight service
to major points in Oklahoma and adjoining S$tates. Central Airlines, Inc.,
maintaing air-freight and passenger service from Woodward to larger
cities, where connections are made with major transcontinental airlines,

Of the 77 counties in Oklahoma, Woodward County ranks 11th in area,
comprising 1,232 square miles, and 44th in population, with 13,902
inhabitants in 1960, About 56 percent of these inhabitants live in the
Woodward metropolitan area, 11 percent live in small towns, and 33 percent
live in rural areas. Many of those living in the towns own or operate
farms or ranches, and consequently a large majority/of the inhabitants
earn their living from agriculture. The principal agricultural activities
are the production and sale of livestock, small grains, and hay.

Natural gas was discovered about 5 miles socutheast of Woodward in
December 1956, and by 19480 the county had 8 gas-producing areas and one
marginal oilwell (Jordan, 1960). Up to 1960, all gas and oil produced
within the county was from rocks of Pennsylvanian and Mississippian ages
at depths ranging from about 5,000 to more than 8,000 feet below land
surface,

Industries other than those related to agriculture and natural gas
have not been extensively developed. Bentonitic volcanic ash occurs in
small lens-shaped bodies in unceonsolidated deposits of Tertiary and
Quaternary zges (Ham, 1949), These ash deposits have been prospected at
several places in the central and southwestern parts of the county and at
least one prospect (T. 23 N., R. 22 W,, secs. 13, 14, and 25) was mined
briefly.

Beds of gypsum (Blaine Gypsum, pl. 1) crop out in a wide, sinuous
belt that extends across the entire northeastern part of the county.
Although the amount of gypsum at or near the surface has not been esti=-
mated, ample quantities probably are available to supply a very large
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industrial plant for an indefinite period. An area most favorably
situated for commercial development is near the railroad that crosses
outcropping beds of gypsum between Quinlan and Belva.l

In the extreme northern part of Woodward County (T. 27 N., R. 19 W.,
sec, 33), salt (chiefly NaCl) occurs at the surface as a result of
evaporation of brines issuing from salt springs bordering the south-
western part of the Big Salt Plain of Cimarron River. The salt has been
produced commercially only on a very small scale for local use. Rock
salt, in lenticular beds of varying thickness, has been logged in test
holes drilled into the Flowerpot Shale at depths ranging from about 30
feet below land surface in the northern part of the county near Cimarron
River to more than 1,000 feet in the southwestern part of the county.

Sand and gravel are produced from temporary quarries in Tertiary and
Quaternary deposits, for local building and highway construction.

Recreational facilities include Alabaster Caverns State Park (T. 26 N.,
R. 18 W., sec. 33), site of one of the largest known gypsum caves; Boiling
Springs State Park (T. 23 N., R. 20 W,, sec. 23), an 880-acre tract of
land with accommodations for camping, hiking, swimming, fishing, boating,
and horseback riding; and Fort Supply Reservoir omn Wolf Creek about 12
miles northwest of Woodward.

Topography and Drainage

The land surface in Woodward County is characterized by several types
of topography, which may be divided into five geomorphic units (Curtis and
Ham, 1957) as shown on figure 3., The topography of each of these units
reflects the geology of the underlying rocks and the erosional effects of
wind and water.

The Central Redbed Plains, which constitute the surface of the red beds
in much of central, south-central, and northwestern Oklahoma, is identified
in Woodward County as a narrow band ranging in altitude from about 1,450 to
1,600 feet along the south side of the Cimarron River. (See fig. 3.) 1In
this area the unit has been developed on the soft, easily eroded Flowerpot
Shale. (See pi. 1.) The surface of the Plains is relatively flat, con-
tains little or no soil, and is characterized by numerous odd-shaped
pinacles, buttes, and ridges. These odd-shaped landforms have resulted
from differential erosion of resistant and nonresistant beds in the shale
sequence.

Yor information on the geology, petrology, and industrial possibilities
of gypsum the reader is referred to Snider, L. C., 1913: Burwell, A. L.,
1955; and Ham, W, E. 1962,
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The Cimarron Gypsum Hills (fig. 3), also called the Gypsum, or
"Gyp" Hills, rise abruptly 100 to 300 feet above the Central Redbed
Plains, forming a steep northeastward-facing escarpment. FEarly settlers,
traveling westward across the plains, referred to this group of hills as
"the first line of hills" because they form an unbroken ridge, extending
in a northwesterly direction. The hills range in altitude from 1,700 to
1,800 feet and consist of a series of rough terracelike surfaces of
varying widths. These surfaces, or ledges, are held up by resistant beds
of gypsum and dolomite (Blaine Gypsum, pl. 1) ranging from less than a
foot to about 30 feet in thickness. When viewed from above, the hills
exhibit a rugged relief because of the many steep-walled canyons being
cut by headward-eroding tributaries of Cimarron River.

In many places, exposed gypsum ledges exhibit a karstlike topography
(Myers, 1960a, 1960b, and 1961; Snider, 1913, p. 149-150). Sinkholes,
caves, subterranean streams, natural bridges, and elongated collapse
depressions formed in places where underground drainage channels have
been unroofed; and other features resulting from solution by surface and
ground water are common, In many places, small solution valleys,
generally less than a mile in length, contain intermittent streams which
drain into sinks. So far as is known, all the subsurface drainage
channels empty into intermittent streams which collect runoff from local
drainage basins and discharge into Cimarron River. (See fig. 2.)

The Western Sandstone Hills geomorphic unit (fig. 3) is composed
chiefly of easily eroded beds of sandstone and shale which geologists
have referred to the Whitehorse Group and Cloud Chief Formation. {See
pl. 1.)

In Woodward County the North Canadian River has separated this unit
into two areas. North of the river, altitudes in the unit range from
1,800 to 2,100 feet, and the hills form a northwest-trending ridge that
serves as the drainage divide between the North Canadian and Cimarron
Rivers. The ridge has weathered +to form a series of rounded sandstone
hills., Where one or more of the hills is capped by gypsum or dolomite,
it commonly is flat topped and is bounded on one or more sides by steep
escarpments. Ledges formed by resistant beds cropping out along the
sides of hills alsoc form low escarpments, When viewed from the east,
these hills and escarpments are easily seen because they rise 100 to 300
feet above the ledgelike gypsum hills and because their relatively steep
northeastern slopes have been deeply dissected by headward-eroding
tributaries of Cimarron River. They form the second line of hills
mentioned in older reports and in the journals of pioneers traveling
westward in wagon trains.

South of the river, the Western Sandstone Hills unit is an undulating
erosional plain ranging from 1,800 to 2,000 feet in altitude. In several
places rounded hillocks, low rounded ridges, and small mesalike surfaces,
each capped by resistant beds of gypsum or dolomite, extend above the
general surface.

14
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Table 1,-~Average precipitation (in inches) at eight stations in or near Woodward County

{Data from U.S. Weather Bureau annual summaries)

Woodward
Fort Supply Field
Month Supply dam Woodward  Station Fargo Mutual Vici Freedonm
(1875-1962) (1941-62) (1801-1962) (1953-62) (1940-62) {1908-62) (1956-62) (1949-62)
January 0.65 0.59 0.74 0.54 0.62 0.67 0.50 0.54
February 1.01 1.12 1.11 .99 1.08 .93 1.20 1.13
March 1.38 1.55 1.43 1.64 1.24 1.41 2.15 1.65
April 2.19 1.94 2.38 1.59 1.92 2.61 1.86 2.36
May 3.51 3.85 3,70 1.35 3.80 3.65 4,36 4,73
June 3.04 3.38 3.46 3.86 3.36 3.25 4,31 4.41
July 2.87 2.95 2.70 2.89 2.85 1.87 2.66 3.38
August 2.12 2.22 2.56 2.72 2,33 2.49 2.80 2,95
September 1.93 2,00 2,46 2,09 1.70 2.73 2.45 2.62
October 1.78 2,03 2.20 2,09 2.19 2.24 2.37 1.57
November 1.138 .91 1.28 .65 .92 1.25 .83 .79
December 75 .76 .88 .66 .76 .83 .99 .47
Average
annual 21,78 23.18 24.96 24.08 22 .76 24.08 26,35 25.89
350 a1 269 a10 219 a47 25 212

a

Number of years' record used to compute average annual precipitation



Table 2,--Monthly precipitation af 16 stations in or near Woodward County, 1956-57

Precipitation, in inches

Alti-
Station and Ubserver tude Year  Jan, Feb. Mar. Apr, May  June July Aug. Sept. Oct, Now. Dec. Total
{feet)
14N-20W-2d, .5, Weather Bureau 1958 0,13 Q.61 0.70 T 2,77 1,78 3.19 1.50 0.00 L1.87 0.43 0,80 13.78
B - 2,265
1957 .71 1,38 5.74 4,32 ML67  5.69 08 A0 1.99 4.39 1.43 .12 36.9%
1956 daaa 1.13 59 2,86 ... l.48 2.13 00 i.01 .48 =74 R
21N-170-22d, Omer Clayton 1,750
1957 .94 1.25 5.27 4,55 16 6.06 .49 236 4,34 3.87 1.35 .17 28.82
21N-18W~33¢c, U.S. Weather Buresu 1956 W13 .37 1.17 .20 3,49 1.39 2.53 2.98 T 1.37 +55 .80 14.98
Mutual, 2 NE.covsss.nneepss 1,820
1957 1.51 1,36 3.69 3,94 10.03 5.79 .59 .08 3.8% 3.81 1.26 .14 36,09
19356 W07 A2 .88 213 2.55 1.20 2,30 2.51 00 A .55 B8 12.24
21K~19%W-11c, H. E. Merklin 1,810
1957 .82 1.35 3.90 3.31 10,18 5.14 .00 .00 5.23 3.51 1.49 213 35.06
1956 .09 .26 .42 05 Laee. ..., 4.05 1.70 LT3 .38 B0
21IN-20W~26c, E. R. Adams 2,040
1957 .72 1.13 2,91 3.72 10.58 5.9% .04 .30 3,37 3.96 1.1 .14 34.99
. 1956 .15 .30 4L A2 2,88 1,08 2.29 1.4 .00 1,09 R T
21IN-21K-174, M, R. Beuke 2,230
1357 80 1.35 4.32 5.76 10.34 5.46 .28 .77 4,08, 4.18 1.43 14 38.91
195% s P PRARS cees 7194 3.03 2.8 .00 TE .15 -4 e
22N-22W-11c, George Stricker 2,200
1357 76 1.14 4.23 3,95 %.09 a.57 .00 .85 2,20 4.32 1.33 W11 34.55
22N-23W~24b, U.5, weather Bureau 1956 27 .51 46 T 1.79 2.30 4,34 2.28 .00 1.08 .11 .34 13,46
BATED v vrcnrarrseannannss 2,100
1957 W79 1.03 5.57 3.30 9.06 6.93 .38 1.11 2,28 4.409 1.5 .02 36,17
19585 .23 .48 ) .32 3,01 2.47 1,92 .02 .00 1.20 40 - 54 12,88

23N-19W-26b, Dr. R, L. Tripplett 1,910
1957 1,03 1.95  5.18  4.98 13.42 6.82 111 ... e aeen eenn aeen eaoes

23N-20W-30d, U, 5. Weather Burean . 1958 .17 .49 .58 .17 2.84 4.70 3.30 2.81 .ao .73 .17 44 16,40
Woodwatd. s auiiviannsuan-na 1,908

. 1957 .43 1.17 5,04 3,79 12.02 7.1 11z VTR 4.23 4,11 1.39 -10 41,73

23IN-21W-35b, U.5, wWeather Bureau 1956 -15 .56 43 .18 2,74 3.72 3.3 3.07 .00 76 .18 .32 15.38
Wondward Field Station 1,976

1957 .80 1.17 5.54 3.83 12.03 7.72 1.00 .70 3,95 4.35 1.56 .11 42 . B3

1956 24 56 T3 ] 4,12 1.27 1.87 3.33 .00 6.76 16 .32 19.32
24N-20W-6c, L. A, Parsons 2,050

1957 46 .96 4.96 2,50 14.63 11.22 2.4Q 08 5.45 4.32 -84 00 47.83

1956 .84 P 1.55 381 a) .58 32.80 1.17 2.80 L0 .58 .35 .55 P
248-20W-36b, Martin Ruttman 2,080

1957 .27 1,40 5.82 5.0 7.3 7.35 1.08 45 4.72 4,55 caaa e ieare

24N-22W-9d, U.S. Weather Bureau 1956 .18 .80 .51 .12 1.52 1.12 5.19 2.29 .00 .60 .20 1z 12,62
SUpply, IE..uvucuuirseaians 1,970

1957 1.1¢ 1.35 5.06 3.17 11.88 8.38 .59 1.42 2.3% 4.97 1.51 o0 3g.82

24N~22W-17d, U.5. Weather Bureau 1956 .22 .42 .34 .02 1.8% 1,17 3.91 2.53 L0 61 .11 .26 11,49
Fort 3upply dam 2,075

1657 83 1,31 4,51 2.99 11.60 826 B0 l.08 3,05 3.591 1.63 05 40,63

27N-18W-35d, U.5,. Weather Bureau 1958 .10 .32 + 78 T 2,26 1,45 5.30 3.08 T .66 29 .10 14,34
Freedom 1,530

1957 -3 68 4.29 3.85 12.34 7.28 A5 2.78 3.74 3.59 2.20 T 41,99

T, Trace of Precipitation




per month in the growing season (April through September) and about
3 inches per month for the rest of the year. During July, the hottest
month, evaporation averages 8.6 inches.

Table 3.,--Average temperatures (°F) at four stations in or near Woodward County

(Data from U.S. Weather Bureau annual summaries)

Woodward
Fort Supply Field
Month : dam Woodward Station Mutual Freedon

(1940-62) (1895-1962) (1948~-62) (1905-62) (1948-62)

January— ~ - « - - w 38.0 36.1 34.1 35.7 35.0
February - - - = - - 40,7 40,1 38.7 40.3 41.7
March- = - = = ~ = - 46,0 48.9 44,5 47.6 47,0
Aprile- - ~ =~ = = = - 38.4 59.1 57.4 57.6 60.6
May- =« = = = = = ~ = 67.2 67.0 67.6 66.5 69.9
June - - = = = = = .. 76,9 77.3 77.4 T6.7 77.7
July = = = = = = = = 81.1 32.1 81.4 81,9 81,7
AUgUST = = = = = = - 80.9 . 81.3 80.9 80.6 80.6
September— ~ ~« - - = 72.5 73.2 72.5 73.2 72.5
October— ~ - - - - - 61,9 61,0 61.1 61.4 61,38
November - - - - - - 46,9 4747 46.1 47 .4 46.4
December - - - - - -~ 35.8 37.4 37.7 38.0 37.4
Average annual 59.0 59.4 57.7 58.9 58.4
220 as] 215 210 a7
a

Number of years' record used to compute average annual temperature
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GEOLOGIC FORMATIONS AND THEIR WATER-BEARING PROPERTIES

The rocks exposed in Woodward County include consolidated sedimentary
rocks of Permian age, consolidated and semiconsolidated sedimentary rocks
of late Tertiary age, and unconsolidated deposits of Quaternary age.
Isolated patches of Cretacecus rocks (nmot shown on pl. 1 or table 4) occur
at widely separated places in the eastern and southeastern parts of the
county. The rocks are not in place but appear to have slumped or slid
to their present positions from higher slopes. In most places, the
Cretaceous rocks are believed to be related to coellapse structures
{sinkholes) resulting from the solution of gypsum and salt from evaporite
sequences in the Permian rocks. In the subsurface, Pennsylvanian and
older rocks occur but they are at depths too great to be tapped by water
wells.

The regional structure of the county is simple. The Permian rocks
dip gently (about 14 feet per mile) to the southwest, and are part of a
thick sequence of southwestward-dipping sedimentary rocks that constitute
the north limb of a large asymmetrical syncline known as the Anadarko
basin,

The upper Tertiary and Quaternary rocks rest unconformably on the
unevenly eroded surface of the Permian rocks. Although these groups of
rocks have not been structurally deformed, they do have slight eastward
and southeastward dips that approximately parallel the Permian erosion
surface, except in areas where the beds have been subsequently altered
by differential compaction, slumping, or collapse.

In Woeodward County, the Permian rocks are not a good source of ground
water. Their areal distribution is shown on plate 1; and their thickness,
physical character, and water-bearing properties are summarized in table 4,

The upper Tertiary rocks (Ogallala Formation, pl. 1 and table 4) are
part of a great mass of fluvial material that forms the High Plains in
Qklahoma and adjoining States. These rocks, which were laid down under
continental conditions by ancient streams flowing eastward from the Rocky
Mountain region, are the principal source of ground water in the south-
western part of the county. (See pls. 1, 5, and 6.} Although relatively
undeveloped, the upper Tertiary rocks should be capable of yielding
500 gallons per minute (gpm) or more of water to properly constructed wells
in areas where the thickness of saturated materials is great.

Deposits of Quaternary age include (1) windblown sand and silt, which
in some areas forms a mantle that obscures older rocks and in other areas
forms hummocky dunelike topography; (2) terrace deposits that underlie two
or more levels along the North Canadian River valley; and (3) alluvium
along the, channels and flood plains of the larger streams. (See pl. 1.)
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Table 4,--Generalized section of geologic formations in Woodward County, Okla.

Sys- |Scr- Thick-
tem ies Subdivision ness General character Water-bearing properties
{fegt?
Fine- to coarse-grained windblown sand. Consists Highly permeable but mostly above the water table and not satu-~
- chiefly of rounded to subrounded quartz grains. In |rated. Where saturated, yields water readily to domestic or stock
g some areas the sand forms a mantle that obscures wells, but supply may not be permanent. Water most likely to occudg
b Dune sand g-3pt  |0lder rocks; in other areas it forms hummocky sur- in this unit where underlain by relatively impermeable red beds,
= faces. Most extensive deposits along the norih side Important chiefly as infiltration areas for recharge from precipi-
of North Canadian River. tation,
-
: . Gray. silt, in part sandy or clavey; contains Moderately permeable but above the water table. May afford good
= - fo2ss 0-10% licaliche locally. Manties the bedrock in upland opportunity for recharge,
. g areas in the southeastern part of the county.
L)
= & Unconsolidated and interfingering lenses of sand, Moderately permeable. Yields large quantities of water to deep
- L siit, clay, and gravel along the flood plains wells in North Cenadian River valley., Yields small to moderate
: g Low-terrace deposits | 0-%0 {including deposits of the first low terrace of quantities of water to shallow wells in valleys of larger
& and alluvium North Canadian River) and channels of the principal |streams., Water suitable in quality for most uses but may require
~ ] streams. softening for some purposes.
L5
[=]
7l Unconsolidated and interfingering lenses of sand, Moderately permeable, Yields large Quantities of water to deep
o figh-t d it 0-130 silt, grawvel, and clay that occur at oneg or more wells. Water quality suitable for most uses.
b igh-terrace deposits - levels above the first low terrace and ficod plain
of North Canadian River,
= § Paorly to well-consolidated interfingering beds and |Moderately permeable, and relatively undeveloped, Capable of
= o R discontinuous lenses of sand, silt, gravel, c¢lay, yielding large quantitiez of water to deep wells., Water quality
g :.3 Ogellala Formation 0-400 sandstone, conglomerate, caliche, limestone, and suitable for most uses.
al o volcanic ash.
Beds of red shale and sandstone; contains thin Exposed rocks not a source of ground water in Woodward County.
Cloud Chief Formation 0=20 lavers of gypsum and Day Creek Dolomite Member at May contribute some water to deep wells that penetrate bedrock
pase. beneath the Ogallaia Formation,
o, Wall-consolidated beds of fine-grained reddish-brown |Poorly permeable, Vields small guantities of water to domestic
a Rush Springs 130% and grayish-green crossbedded sandstene, red shale, and stock wells but insufficient guantities for irrigation,
G Sandstone and red siltstone containing disseminated gypsum and [Water quality suitable for most uses but water may be “gvppy’
o thin beds of dolomite at or near base. locally.
H
h Well-consolidated beds of fine-grained orange-red Poorly permeable. Yields small quantities of water to domestic
- Marlow Formati 120-200 sandstone, containing beds of shale, silistone, and and stock wells but insufficient quantities for irrigation.
= aTiow ion - dolomite. Locally crossbedded and well cemented Water quality suitable for most uses.
= = with calcium carbonate (Doe Creek Sandstone Member}.
=
b Reddish-brown, maroon, and green shale containing Very poorly permeable. Yields meager quantities of "gyppy"
= Dog Creek Shale 352140 [thin beds of fine-grained sandstone, dolomitic water to wells.
@ sandstone, and gypsumn.
[553
£ Four beds of massive white gypsum interbedded with Very poorliy permeable except where crevices, channels, or larger
reddish-brown and grayishwgreen shale and gray cavities have been formed in beds of gypsum as a result of the
& dolomite. solvent action of descending pround water. In some places yields
2 Blaine Gypsum 80-125 water under artesian pressure to wells., Water normally high in
© dissolved solids, particnlarly sulfate. Generally unsuitable for
g domestic use but satisfactory for irrigation, where large
ho supplies are tapped.
~ : A s . s
=] Reddish-brown shale containing a few beds of gypsi- |Not tapped by water wells in Woodward County, Probably contains
ferous and dolomitic sandstone and many inter- water high in chloride and suifate.
Flowerpot Shale 180-200 secting veins of satin spar. I?eds 9f sa:.Lt and beds
) of sandstone and shazle containing disseminated salf
have been cored in test holes in north part of
county.




Collectively, the Quaternary deposits are the most important source
of ground water in the county (table 4). The deposits are moderately
permeable and, in many places, their saturated thickness is great enough
to meet reasonable water demands provided heavy pumping is not concen-
trated in small areas. (See pls. 35 and 6.)

Permian System

In Woodward County rocks of Permian age, generally called red beds
by local residents, compose the bedrock beneath Tertiary and Quaternary
deposits. The Permian rocks consist primarily of dark-reddish-brown
sandstone, siltstone, shale, and sandy shale. Most of the sandstone is
fine to very fine grained, and silt is a common constituent of both the
shale and the sandstone. Gypsum occurs in all the lithologic units as
a cementing agent, as tiny flakes, as thin irregular veinlets that may
intersect the beds at any angle, and as irregular beds ranging from a
fraction of an inch to more than 30 feet in thickmness. Thin, discontinu-
ous zones of white, gray, or green sandstone occur within the red beds at
many places. At several places, especially in the areas where the upper
units of the Permian crop out, thin beds of gray or white dolomite cap
the low hills, or form resistant ledges.

Salt (NaCl), ranging from disseminated crystals in shale to thick
beds of halite, also is a constituent of the Permian rocks in the sub-
surface {(Jordan and Vosburg, 1963)., The salt beds are covered by consider-
able thicknesses of shale, and, except for the most northerly part of the
county (T. 27 N., R. 19 W.)}. and the northwestern part of T. 26 N.,
R, 19 W,), are too deeply buried to be tapped by wells drilled for water-
supply purposes.

In this report and on the geologic map (pl. 1), the Permian rocks
have been subdivided into (1) the El Renoc CGroup, which includes the
Flowerpot Shale, Blaine Gypsum, and Dog Creek Shale; (2) the Whitehorse
Group, which includes the Marlow Formation and the Rush Springs Sandstone;
and (3) the Cloud Chief Formation.

El Reno Group

Flowerpot Shale

The Flowerpot Shale, the lowest formation of the Bl Remo Group, is
the oldest of the Permian rocks exposed in Woodward County. It crops out
in the northeastern part of the county (pl. 1), and forms steep bluffs
and typical badlands topography along the south side of the Cimarron
River, and in the steep-walled canyons cut by streams draining eastward
and northeastward toward the river, In many places, eroded slopes appear
to be covered with fragments of shale and many-hued flakes of selenite
and satin spar.
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Lithologically, the Flowerpot consists of lenticular reddish-brown
shale, reddish-orange siltstone, and very fine-grained reddish-brown and
reddish~orange sandstone. At many places thin bands of light-gray and
greenish-gray gypsiferous shale or siltstone break the monotony of the
red beds.

The Flowerpot is estimated to be about 200 feet thick, but only the
upper part of the formation is exposed in Weoodward County. The Flowerpot
conformably underlies the Blaine Gypsum and, in outcrop areas to the east
and southeast of the county, it rests conformably on the Cedar Hills
Sandstone Member of the Hennessey Shale (Miser, 1954). Information
obtained from core holes and electric logs of o0il wells indicates that
as the Cedar Hills is traced from its outcrop westward inte fthe subsurface
it thins, interfingers with shale, and disappears before reaching Woodward
County. Consedquently, the base of the Flowerpot cannot be traced with
certainty in the subsurface in the county.

The shale beds range from a few inches to about 8 feet in thickness.
The individual siltstone beds range from 1 to 3 inches in thickness and
thicken and thin along the outcrop. The siltstone and sandstone beds
generally are lighter in color than the shale beds. Typically they are
moderate reddish-orange, and the more sand a bed contains, the more nearly
it approaches moderate reddish-orange. Individual sand beds range from
a fraction of an inch to about 12 feet in thickness. Some layvers show
crossbedding, some show little or no bedding, and some have approximately
horizontal beds alternating with thicker =zones of irregular or indistinct
bedding.

The following section, measured by B. L., Stacy along the steep bluff
facing the Cimarron River at the south end of the bridge on State Highway
50, shows the lower part of the Blaine Gypsum and the upper part of the
Flowerpot Shale.

Section of the Blaine Gypsum and Flowerpot Shale
in the NE4NE% sec. 10, T. 26 N., R. 18 W.
Thickness
Permian: {(feet)

Blaine Gypsum:
Gypsum, grayish-white, top eroded (Nescatunga

Gypsum of Nortonm, 1039). .. .. ..euvirraravanecnanenss 4.0
Shale, dark-reddish-brown, slumped....vevevcenvnencnns 8.0
Gypsum, grayish-white (Medicine Lodge Gypsum

of Cragin, 1836 ) ... uiiuiiivnscrernrrnnasennoannenan 25.0
Shale, dark-grayish-green and dark-reddish-brown...... 1.0
Dolomite, light-brown and grayish-greef.....evevsves. .4

Total of Blaine GypPSUM. ... ve e vernersssennnnneenns 38.4
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Permian~-~Continued.
Flowerpot Shale:
Shale, grayish-green, Silty...ueeusesecerscoonsvosnsrans
Shale, dark-reddish-brown, mottled gravish-green;

dark-grayish-green layer at base.....vuiviveceaenrnas

Shale, dark-reddish~brown, mottled grayish-green,
Silty-u---..-------‘l--- ----- LI I I I B IR B L B B IR T Y B N Y 3

Gypsum, large crystals, grayish-green, silty.........
Shale, dark-reddish brown. .. ..eeeeverrrnonssosscseaces

Siltstone, grayish=-green....iisceesaassneacresucnnns
Shale, dark-reddish-brown......eeceereeecnsscaccss .
Siltstone, grayish-green; contains gypsum nodules

0.5 inch in diameter and dark-reddish-brown shale..

Sandstone, light-brown, and dark-reddish-brown shale
in alternating beds; contains a few beds of
grayish-green sandstone.....coceeavsansecn.aas een

Sandstone, grayish-green, very fine-grained, and
dark-reddish-brown shale in alternating beds 0.3
to 0.5 inch thick; contains a few beds of light-
brown sandstone....veecee tresconcsnsscscosnssesss

Section projected from west side of highway, 1,500 feet
south of the south end of bridge to east side of
highway near south end of bridge.

Shale, mostly covered....uvevrenvencanernnscsoansnens

Shale, dark-reddish-brown, silty, ledge of grayish-
green gypsiferous shale at toOP..veesrrrervasnsress

Shale, silty and sandy, gypsiferous, forms small
ledge. . vieeveacaraanassnssans s rrear e s s s resenas

Shale, gypsiferous along bedding planes.............

Shale, very gypsiferous along bedding planes........

Shale, gypSiferous. . . c.ivuiunnrrivnurananransonnsnnsnss

Shale, dark-reddish-brown, mottled grayish-green in
middle and at top, very gypsiferous at fop.....c...

"Shale, dark-reddish-bDroWn .. .ceseeeeereroocnnoansosnans

Shale, dark-reddish-brown, mottled grayish-green;
top is grayish-green, and very silfv......e0ennee
Siltstone, grayish-green, hard; forms small ledge,...
Shale, dark-reddish-brown; conchoidal fractures;:
thin-bedded grayish-green silty shale 0,1-0.3 foot
thick. .. eveavrnecrvannn. cieanrrese et o
RiverbDed.  uuveussonssasnsasssnnroscnsasssnsnssnoisssnvssas
Total of Flowerpot Shale....veevsvrerescnnvesennes
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(feet)

P .5

- 4,0
ee e 2.

e ow o .

-
1.5

ceens 5.0
ceee 1.5
cee. 22,0
cie. 8.0
coe. L5
cee. 6.5
cve. 4.0
cee. 3.0
eie. 3.5
.o 1.8

ceee. 3.0
ceer .3
.ees 20,0
cee. 93.3



Beds of salt and salty shale were encountered in test holes drilled
into shale of the Flowerpot near the Big Salt Plain (T. 27 N., R. 19 W.)
on the Cimarron River and near PFort Supply Dam (T. 24 N., R. 22 W.).
Near the Big Sait Plain, salt deposits were encountered in several test
holes at depths ranging from 30 to more than 175 feet below land surface
{(Ward, 1961). During exploration studies of Fort Supply Dam, deep test
holes drilied along the proposed axis of the dam and spillway in secs.
16 and 17, T. 24 N., R. 22 W., encountered salt, salty shale, and shale
containing crystals and seams of gypsum at depths ranging from about
390 to more than 500 feet below land surface. In these test holes the
uppermost salt deposits were encountered at 35 to 70 feet below the base
of the Blaine Gypsum.

Blaine Gypsum

The Blaine Gypsum, the middle formation of the El Reno Group (pl. 1),
is one of the most extensive and easily traced formations of the Permian
red beds. It is distinguished from formations above and below by
several ledge-forming beds of gypsum. In its outcrop area in north-
eastern Woodward County (pl. 1), the Blaine is about 80 feet thick. In
the subsurface its thickness ranges from about 100 feet in the north to
about 125 feet in the southwestern part of the county. (See App. B.)

At most places in the outcrop area, the Blaine consists of two thick
ledge-forming beds of gypsum and dolomite separated by easily eroded
reddish-brown shale. At some places, as in T. 26 N., R. 18 W., it has
four beds of gypsum separated by shale layers. Following is a section,
measured by B. L. Stacy along State Highway 50 in T. 26 N., R. 13 W.,
showing the general lithology and the typical alteration of ledge-forming
and slope-forming beds of the Blaine.

Section of the Blaine Gypsﬁm along State Highway 50

in T. 26 N., R. 18 W,

Permian:
Dog Creek Shale.
Blaine Gypsum: Thickness
Gypsum (Haskew Gypsum Member of Evans, 1931), (feet)
ledge~forming...... e r ettt s e e e 5
Shale, reddish-brown, and vervy fine- gralned reddish-
brown sandstone; slope~foOrmirg. . .v.evsveovrornrsroscnrs 5
Gypsum (Shimer Gypsum Member of Cragin, 18%6):
ledge -l OrMing.  vosreersnrorrronenacniorasasonenanenss 8

Dolomite, light-gray, dense; weathered surfaces deeply
pitted and fluted (Altona Dolomite Member of Gould,

8 1
Shale, reddlsh brown: thin bed of reddish- brown
sandstone at top; slope-forming......cevevrinnnnnen. 8
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Permian--Continued Thickness

Blaine Gypsum--Continued, (feet)
Gypsum (Nescatun%a Gypsum Member of Norton, 1939);
lEdge"fOImlng ------- L I I O R Y R S R B Y Y I B 8

Shale, redd1sh—brown' slope—formlng...................
Gypsum (Medicine Lodge Gypsum Member of Cragin,

1896); ledpge-fOorming.  uciveeenesascssesosacannsonsanes 30
Dolomite (Cedar Springs Dolomite bed of Fay, 1962),

and shale.....o.eceeetseissosssnrtssnsosananananses . 2

Total thickness of Blaine GyDSUN. ..uiresrererveras 75

Flowerpot Shale.

The topography in the outcrop area of the Blaine is rough. Many of
the resistant ledges formed by gypsum and dolomite terminate in steep
northeastward-facing escarpments. In many places the eroded tops of
exposed gypsum ledges exhibit a karstlike topography. Excellent examples
of this type of topography can be seen at Alabaster Caverns State Park
(T. 26 N., R. 18 W.), site of one of the largest gypsum caves known. The
rocks overlying the Blaine have many collapse features formed as a result
of the solution and removal of gypsum from one or more gypsum layers in
the Blaine or from the solution and removal of salt from the Flowerpot
which underlies the Blaine. Evidences of slumping, sinkhole filling, and
down-warped beds can be seen in many places. Two easy~to-reach areas
include one in the SE# sec. 34, T. 23 N., R. 20 W., about 4 miles east of
Woodward; and one in the NE: sec. 11, T. 24 N., R. 19 W., about 10 miles
north of Mooreland. The collapse feature in the SEF sec. 34 covers about
40 acres. Its center is a féew hundred feet north of the county rocad that
traverses the south line of the section. This feature involves rocks of
Tertiary, Cretaceous, and Permian ages, It is outlined by a thin unit,
the Day Creek Dolomite Member of the Cloud Chief Formation (Norton, 1939
the base of which serves as the base of the Cloud Chief Formationh (pl. 1)
in northwestern Oklahoma. The dolomite on the perimeter of the collapse
feature dips inward toward the center of the disturbed area. The central
part of the collapsed area, which has been breached by an intermittent
stream, contains caliche-cemented sand and gravel of the Qgallala Formation;
blocks of olive-green shale, shell fragments, and other materials of
Cretaceous age; and blocks of red and green sandstone and red shale of
Permian age all jumbled together. The collapse feature in the NEZ sec. 11,
T, 24 N., R. 19 W., has been exposed in a road cut on State Highway 50.
This feature, about 180 feet in diameter, involves the Marlow Formation
and the Rush Springs Sandstone of the Whitehorse Group {(pl., 1), FPEvidently

3
In many outcrops to the north and south a thin dolomite bed (Magpie
Dolomite Member of Gould, 1902), ranging from 0.5 to about 2 feet in
thickness, occurs above the shale beneath the Nescatunga Gypsum Member.
In places farther south the dolomite contains abundant molds of the
fossil clam Permophorus (Fay, 1962, p. 39-40). In Woodward County,
however, the dolomite appears to be barren of fossils.
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the jumbled materials in the collapsed areas serve as plugs sealing large
cavities formed by the solution of gypsum in the Blaine, or possibly
solution of salt beds in the Plowerpot, by circulating ground water.
Although sinkholes and other collapse structures have not been formed in
Woodward County during modern times, the solution and removal of gypsum and
salt by circulating ground water probably is a continuing process. Well
drillers have reported encountering cavities at one or more levels in
interbedded shale and gvpsum at several places in the county. Myers (1960b,
and 1961} described caves, sinkholes, and subterranean drainage courses
formed in gypsum in Alabaster Caverns State Park, and he presented evidence
showing thatthese features have resulted chiefly from solution and removal
of gypsum by circulating water. Fay (193R8) concluded that a modern sink-
hole found in a field in central Blaine County was formed when the roof of
a large solution cavern collapsed. According to him, the cavern had been
formed by ground water circulating through a bed of gypsum buried more than
100 feet below land surface.

Dog Creek Shale

The Dog Creek Shale, the uppermost formation of the Bl Remo Group,
includes all the deposits between the uppermost gypsum of the Blaine and
the base of the Whitehorse Group (pl. 1). In places where one or more beds
of the Blaine Gypsum is missing the Dog Creek probably includes shale that
in other areas has been referred to the Blaine. Thus, thicknesses measured
along the outcrop of the Dog Creek are variable, ranging from about 35 feet
in T. 25 N., R. 18 W., to about 60 feet in areas to the southeast. The
formation thickens southward and southwestward in the subsurface: and in
the southwestern corner of the county, it is reported to be about 140 feet
thick.

The Dog Creek is principally a reddish-brown blocky clay shale. Light-
gray and grayish-green bands similar to those in the Flowerpot are common,
but the bands are not persistent and grade into the surrounding shale within
relatively short distances. Much of the shale is massive, but included in
it are thin hard layers and ledges of grayish-green dolomitic siltstone and
very fine-grained sandstone,

Water-Bearing Properties of the 1 Reno Group

In Woodward Countv the rocks of the El Reno Group are not a good source
of ground water. In most places, the rocks are so fine textured and so
well indurated that they are incapable of yielding more than a few gallons
of water per minute. Wells drilled within the outcrop areas of the Flower-
pot Shale and Dog Creek Shale (pl. 1) probably obtain most of their water
supplies from a zone of weathered material above the relatively unaltered
host rock. Below the weathered zone water is obtained from cavities left
by removal of soluble materials and from fractures intersected during
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drilling. 1In most places the water is of poor quality; and though suitable
for stock use, is generally unsuitable for domestic use because of the
gypsum dissolved from flakes, veinlets, and cementing materials in the
rocks.

The Blaine CGypsum is poorly permeable, except where crevices, channels,
or larger cavities have been formed in gypsum layers as a result of the
solvent action of circulating ground water. Wells tapping the Blaine
obtain most of their water supplies from these solution openings. If a
well encounters one or more water-filled cavities, a large yield may be
obtained; if mnot, the yield may be adequate only for watering stock.
Yields of more than 1,000 gpm have been obtained from wells drilled into
solution cavities in beds of gypsum in southwestern Oklahoma (Schoff,
1948), although a good many dry holes and wells of small yield have been
drilled and abandoned in the midst of more productive ones. The surest
way of finding water-filled cavities in the Blaine is by test drilling.

In Woodward County the Blaine has not been prospected as a source of
water, except locally for stock supply. Several wells, most of which were
drilled in search of o0il, have tapped water in the Blaine under sufficient
pressure to flow at the land surface, but the water in excess of stock
requirements has been allowed to flow to waste.

The water from the Blaine is highly mineralized, containing esSpecially
large amounts of calcium sulfate. Although it is unsuitable for domestic,
municipal, or most industrial uses, it probably can be used successfully in
some places for irrigation. In southwestern Oklahoma, water of similar
quality bas been pumped from solution cavities in beds of gypsum and
gypsiferous shale and used to irrigate large areas with no harmful effects
on soil or crops. Changes in water quality with depth should be recorded
during test drilling, because the salt (NaCl) content of the water seems to
increase rapidly with depth. The source of the salt is not known, but it
may be from halite in the basal section of the Blaine, or from salty beds
in the Flowerpot Shale underlying the Blaine.

Whitehorse Group

In Woodward County, the Whitehorse Group consists of 250 to 330 feet
of fine-grained sandstone, siltstone, shale, gypsum, and dolomite. It
includes all the Permian strata between the top of the '‘Dog Creek Shale and
the base of the Cloud Chief Formation {pl. 1). The top of the group is
at the base of the Day Creek Polomite, which crops out for about 60 miles
in a southeast-trending belt in Harper and Woodward Counties.

Rocks assigned to the group crop out along both sides of the North
Canadian River valley, form the drainage divide between the Cimarron and

29



North Canadian Rivers, and constitute the Permian bedrock surface concealed
beneath the Tertiary and Quaternary deposits in the southern two-thirds

of the county. The concealed bedrock surface is an erosional unconformity
having a topographic relief of several hundred feet (pl. 4)}. The relief
has been caused by Pleistocene and Recent cycles of erosion, by pre-
Pliocene and post-Cretaceous cycles of erosion, and by collapse structures
resulting from solution of gypsum and salt from deeper Permian rocks.

South of the North Canadian River, rocks composing the group have
weathered to form a gently rolling plain, containing rounded hillocks,
and low rounded ridges capped by resistant beds of dolomite or dolomitic
limestone. Along the drainage divide between the North Canadian and
Cimarron Rivers, rocks of the group have weathered to form rounded sand-
stone hillg containing occasional flat-topped ridges capped by resistant
beds of dolomite and bounded on one or more sides by low, steep escarpments.

Where feasible, the Whitehorse Group has been subdivided into the Marlow
Formation and the Rush Springs Sandstone (pl. 1). The boundary between the
two formations has been marked at the top of a thin dolomite, or dolomitic
sandstone, Upper Relay Creek Dolomite of Evans (1931). This boundary can-
not be easily recognized in many parts of the county. Hence, in areas
where the boundary was not identified, the rocks were mapped (pl. 1) as
the Whitehorse Group.

The following section, measured by B. .. Stacy along a southwest-
trending draw in the NWiWNZ sec. 18, T. 24 N., R. 18 W., shows the general
lithology of the rocks composing the Whitehorse Group.

Section of the Whitehorse Group in NWiNWi sec. 18, T. 24 N., R. 18 W.

Thickness
Permian: (feet)
Dolomite, gray, dense (Day Creek Dolomite)...sviveees..n 2.0
Whitehorse Group:
Rush Springs Sandstone:
Sand, grayish-green, shaly....veveececerrecanessnsa 1.0
Shale, mottled moderate-reddish-brown and

grayish-green, partly covered.......vevrsnessan. 9.0
Sandstone, grayish-green..,..veeovecenrvocrrennsens 1.0
Shale, moderate-reddish-brown, mottled grayish-

. BTEEIl. i tsastenasraneisatnarnsrsaeananarocrosrsessss 8.0
Dolomite, moderate-reddish-brown 3
Sandstone, light-reddish-brown, crossbedded....... . 1.0
Covered, probably sandy shale....iieiavnnsenreses. 16,0

Sandstone, mottled dark-reddish-brown and

Erayish-green. . souieeerirernansrsncansronnaneannss 1.0
Shale, dark-reddish-brown......eccvevrenvisvonenss 5.5
Sandstone, moderate-reddish-~brown, mottled

grayish-green at top, shaly in middle........... 8.0
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Permian-~Continued.
Whitehorse Group--Continued

Rush Springs Sandstone-~Continued Thickness
Sandstone, grayish-green, dolomitic; contains (feet)
Sand balls....-.'-‘vooocno.-‘-nt..o--uocltuoa;-o-- .2

Sandstone, moderate~reddish-brown, massive;

forms ledge. . . iaisaeernsrnsvsonscssnsssscsnsesnsrs 14,0
Shale, SaANAY..cesesseacecnsinecosstcsrnronconsnnsons 1.0
Sandstone, Silty...ceevensarerrrvacancecasrrenscers 3.0
Shale, moderate-reddish-brown, mottled slightly

grayish-green, sSandy...ieeesaeeasreesancsnrrnces 7.0
Sandstone, light-reddish-brown, mottled grayish-

green, very Silty....civvevesstannccssonsanacnas 1.8
Shale, dark-reddish~brown, mottled grayish-green... 5.5
Sandstone, grayish-green, very fine-grained........ 1.5
Shale, dark-reddish-brown...ceeeerverescoscecnnssns 2.0
Sandstone, moderate-reddish-~brown, mottled grayish-

green with top 3.0 feet all grayish-green;

bottom 4.0 is shaly. ... vetierariseinssnsosnsnsas 9.0
Sandstone, grayish-green, crossbedded; shale

lavers at DASE. ... viirerrensnerasansnsssrgrssvas .8
Shale, moderate-reddish-brown, mottled grayish-

BL Il 1 u s i v sssmtssnesounormasseasssssrsasnnnin 2.6
Sandstone, grayish-green, mottled moderate-

reddish-brown, friable, silty at bottom......... 1
‘Shale, dark-reddish=brown,.....eeenveveeeenanssaens 1,
Sandstone, grayish-green, top 0.5 foot mottled

moderate-reddish~brown, wvery fine-grained,

friable......vesvuns.. fsai e ei st a s 2.5
Shaie, moderate-reddish-brown............. eseriaan 2.0
Sandstone, mottled grayish-green and moderate-

reddish-brown..... . Gt it aasre e e 1.8
Shale, dark-reddish-brown, mottled grayish-green

= T o 5.0

Total thickness of Rush Springs Sandstone.... 113.8

Marlow Formation:

Dolomite, white, contains dark-red and black

grains (Upper Relay Creek Dolomite of Evans,

R 5 .53
Sandstone, fine-grained, crossbedded; top bed

1 to 2 feet thick is grayish-green, lower

part is pale-reddish-brown; color change

cuts sharply across beds:; unit thins and

thickens, and has a purple hue......vvvevreernsns
Shale, moderate-reddish-brown........ s rere v
Sandstone, moderate-reddish-brown, silty at

base, gravish-green at fo0pP.....veeersnsreennnn.. 11,5
Shale, moderate-reddish-brown, conchoidal

fracture, grades upward into mottled

grayish-green sandstone.....oivvvinnnrennsensas 6.0

4.5
2.8
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Permian~-Continued.
Whitehorse Group~--Continued

Marlow~~Continued Thickness

Sandstone, moderate-reddish-brown, sand balls . (feet)

in upper part, mottled grayish-green at

top; forms ledges..... e ia e s E et e 5.0
Shale, mottled moderate-reddish-brown and

grayish-green, sandy..... T N
Sandstone, moderate-reddish-brown, shaly and

T I 5.0

Dolomite, dushy-red and light-brown, contorted
laminations (Lower Relay Creek Dolomite of
Evans, 1931 ) ...t eerraunnnsonenosrossnnssasnnsos 2
Sandstone, pale-reddish-brown, thin-bedded,
tightiy cemented, bottom not exposed

(Doe Creek Sandstone Member)......oeevevsencennss 1.8
Total of Marlow Formation measured........... 40,8

Total measured section of Whitehorse Group......... 154.6
Marlow Formation

The Marlow Formation overlies the Dog Creek Shale and is the lower of
the two formations making up the Whitehorse Group (pl. 1). In Woodward
County the Marlow is composed principally of soft, friable, fine-grained
sandstone. It includes the Doe Creek Sandstone Member, and has at the
top two thin dolomite beds, the Upper and Lower Relay Creek Dolomite of
Evans (1931).

The top of the formation is marked at the top of the Upper Relay
Creek Dolomite? of Bvans. This unit is not easily recognized in many
parts of the county; and in areas where it was not identified, the Marlow
and the overlying Rush Springs Sandstone were mapped as the Whitehorse
Group, undifferentiated. (See pl. 1.)

The Marlow is judged to be conformable with the underlying Dog Creek
Shale even though in some places, crossbedded sands of the Marlow appear
to be as much as 30 feet below the general top of the Dog Creek. The
suggested lecal unconformities probably reflect the variable thickness
of the Dog Creek or local structures rather than a period of erosion
before deposition of the Dog Creek. Where it has been differentiated,

4
The Oklahoma Geological Survey, in a report prepared by Dr. R. 0. Fay
(1962), has applied new names to the Upper and Lower Relay (reek Dolomites.
Fay states (p. 69): "The Upper Relay is herein named the Emanuel Dolomite
Bed, **%, The Lower Relay Creek is herein named the Relay Creek Dolomite
Bed. The type locality and type section of the Bmanuel and Relay Creek
Beds are. those of the Upper and Lower Relay Creek Beds, respectively.!
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the Marlow ranges from 120 to about 200 feet in thickness and consists
predominantly of moderate-reddish-orange to moderate-reddish-brown
friable, fine grained quartzose sandstone. In most places, basal beds
are distinctly crossbedded, and in some places, as in the SWi sec. 36,
T. 25 N,, R. 19 W., the base is marked by a conglomerate of reworked
red-bed materials.

The following section, measured by B. L. Stacy along the bed of a north-
trending creek in the SEf sec. 1, T. 24 N., R. 19 W., shows the lithology
of the lower part of the Marlow Formation.

Section of the Marlow Formation in the SE: sec. 1, T. 24 N., R. 19 W.

Permian: ‘ Thickness
Marlow Formation: o . (feet)
Sandstone, moderate~-reddish-brown, shaly....cieeeeceea, 4.0
Dolomite, grayish-pink and white laminations............ .1
Sandstone, dolomitic, grayish-purple; contains
dendrites and grayish-pink dolomite.....ivevecresonens .1
Sandstone; contains light-brown and dark-brown
1aminationsS. s ieenunsesnnasorterirsessoasanacasnarnaess .5
Sandstone, dolomitic, grayish-purple, hard: '
contains dendrites. . .uvueeenensorrarasoscrosransansae- .1
Siltstone, dark-reddish-brown, sandy..................... .5
Sandstone, grayish-purple; contains dendrites.,.....eeu.. 1
Shale, dark-reddish-brown, SAndy...eeeoecereesorsnvoenes .1
Sandstone, dolomitic, grayish-purple, hard, contains
Aendrites. s uiueeuininserenarrooorostvenvacsnnnnosnanes .3

Sandstone, moderate-reddish-brown, Silty......eeeeeve... 6.0
Sandstone, moderate-reddish-brown, silty, massive

appearing but crossbedded on closer examination;

bedding plane @t toOD.....svesvevsseasasnonconnseessas 10,
Covered, probably shaly or silty sandstone,.,............ 9
Sandstone, moderate-reddish-brown, silty, massive

appearing but crossbedded on closer examination...... %17.0
Sandstone, pale-reddish-brown, friable, crossbedded..... 8.5
Sandstone, pale-reddish-brown and grayish-green,

fine~grained, in thin alternating beds less than

O.l-dnch thicK. ...t toern it etnnenrearoasaseeneaaa 2.0
Sandstone, pale-reddish-brown, hard, crossbedded;

containg ‘dendrites...covuirnirrrerivanannnnnrnnn eaman .2
Sandstone, pale-reddish-brown with grayish-green
spots 7 inch in diameter, very fine-grained.......... 5.5
Sandstone, grayish-green, very fine to fine-
grained, hard, crossbedded......ciovvrienervnnnonnnnas .7
Total exposed thickness of Marlew Formation....... 64.8

33




" The Doe Creek Sandstone Member (pl. 1) forms a discontinuous linear
outcrop pattern which trends perpendicularly to the regional structure.
It has been mapped northeastward from sec. 5, T. 22 N., R, 20 W. (Woodward
County), to sec. 20, T. 28 N., R, 16 W, (Woods County). Beyond these
points the unit is covered by younger rocks of the Whitehorse Group. g

The Doe Creek is resistant to weathering, and forms rugged outcrops

that are further characterized by rough, vuggy surfaces. In its outcrop
area the Doe Creek has a maximum thlckness of about 50 feet. It consists
of relatively thick beds of firmly cemented orange~pink to light-reddish-
brown fine-grained sandstone containing many well-rounded and frosted
particles of coarse- to very coarse-grained quartz, oolites, and unidenti-
fied marine fossils. In some outcrops the sandstone beds are distinctly
crossbedded; in others the sand occurs in massive, indistinctly bedded
units and as thin, slabby beds. Calcium carbonate, the principal cementing
agent, also occurs as calcite filling casts or molds of fossils, dnd as
thin veins filling crevices in the rocks. The cement makes up about
60 percent of the rock.

The two dolomite beds (Upper Relay Creek and Lower Relay Creek Dolomites
of Evans, 1931} occurring at the top of the Marlow range in thickness from
paper thin to about 4 inches and are separated by zero to about 25 feet
of reddish-brown sandstone and shale. Locally the delomite beds grade into
gypsum, and at places one or both may be missing. As noted above, the upper
dolomite marks the top of the Marlow; and where only one dolomite is found
it cannot safely be identified as either the upper or the lower one,
According to Fay (1962, p. 72} the best way to map the dolomites is to find
both beds in the same outcrop and to plot their altitudes on a map. The
altitude of an unidentified dolomite can be compared with the altitudes of
the known beds and, after correcting for the regional dip of the beds
(about 14 feet per mile), the identity of the unknown bed can usually be
determined. Fay also reports (oral communication, March 1963) that where
one of the Relay Creek Dolomite beds has been found, the missing bed or a
dolomitic shale representing the missing bed usually can be found by
carefully searching an area of 15 to 30 feet stratigraphically above or
below the identified bed.

Rush Springé Sandstone

The Rush Springs Sandstone, the uppermost formation of the Whitehorse
Group, conformably overlies the Marlow Formation. In a few places,
especially north of Mooreland and southeast of Woodward (pl. 1), the Rush

" Springs is conformably overlain by dolomite, shale, and silty sandstone
beds of the Cloud Chief Formation. In these areas the top of the Rush
Springs is marked at the base of the Day Creek Dolomite. At most other
places, the uppermost part of the formation has been removed by erosion.
The base of the Rush Springs has been defined as the top of the Upper
Relay Creek Dolomite of Evans (1931). This unit is not easily recgognized
in most parts of the county; therefore, where it was not definitely
identified the Rush Springs and the underlying Marlow were mapped as the
Whitehorse Group. See pl, 1,)
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Where it has been differentiated, the Rush Springs Sandstone consists
of about 130 feet of sandstone, silistone, and shale which can be sub-
divided, on the basis of lithology, into a lower, rather evenly bedded
sandstone unit and an upper shale unit.

The lower sandstone unit, 70 to 90 feet thick, is composed of an inter-
bedded series of well-bedded reddish-brown and grayish-green fine-grained
gquartzose sandstone, silty sandstone, and sandy to silty shale. 1In most

"places, the top of the sandstone unit occurs near the base of a dolomitic
shale: but in some places, especially in the SE+ sec. 23, T. 23 N.,
R. 18 W., and in the SE* sec. 9, T. 24 N., R. 22 W., the dolomitic horizon
is missing and the top of the sandstone unit is marked by a series of thin,
platy siltstone beds.

The upper shale unit is 40 to 60 feet thick, and consists of reddish-
brown clay shale containing occasional beds of reddish-brown and grayish-
green silty shale, siltstone, and very fine-grained sandstone. A dolonmitic
zone containing from one to three thin beds of dolomite or dolomitic shale
occurs near the base of the unit in most places.

Water-Bearing Properties of the Whitehorse Group

In Woodward County, the rocks of the Whitehorse Group are poor aquifers
that are used only where no other is avilable. At most places the rocks
are capable of yielding water in quantities sufficient for domestic and
stock requirements, but they are too fine grained and too well consolidated
to transmit water at rates sufficient to supply irrigation wells. 1In some
places the permeability of the rocks may have been increased somewhat by
the solution and removal of gypsum and gypsiferous cement. In such cases
the water may be unfit for human consumption because of the disagreeable
taste and laxative effect resulting from the dissolved gypsum.

The principal hydrologic function of the Whitehorse Group is to
impede the downward movement of water from Tertiary and Quaternary deposits
in the southern two-thirds of the county. Thus, the concealed erosion
surface {(pl. 4) of the relatively impermeable rocks of the Whitehorse
Group serves as the base of the ground-water reservoir contained in the
overlying deposits, When water percolating downward through the Tertiary
and Quaternary deposits becomes impeded, it tends to move laterally toward
areas of lower hydrostatic head. 1In this way, the percolating water fills
troughs or depressions in the eroded surface of the Permian rocks and thus
forms a saturated zone of varying thickness (pl. 5) in the lower part of
the Tertiary and Quaternary deposits.

In some places, especially along creek valleys where the contact
between the Permian surface and overlying deposits has been exposed, points
of ground-water discharge are marked by springs, willow and cottonwood
trees, and other water-loving vegetation.
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Cloud Chief Formation

The Cloud Chief Formation overlies the Rush Springs Sandstone and is
the youngest of the Permian rocks exposed in Woodward County. The forma-
tion, most of which has been removed by erosion, occurs principally as
isolated outliers capping buttes, odd-shaped flat-topped ridges, and
rounded hills located moestly in T. 24 N., Rs. 18 and 19 W., and T. 22 N,,
R. 20 W.  (See pl. 1.} In these areas the Cloud Chief ranges from less
than a foot to about 20 feet in thickness and contains at its base the
Day Creek Dolomite and an overlying unnamed uwnit composed principally of
dark-marcon shale and very fine-grained sandstone. The Day Creek is a
dense light-gray, pink or white coarsely crystalline to very fine-grained
crenulated dolomite or dolomitic limestone. Because of its resistance
to erosion, it is the "cap rock" that supports may of the buttes, hills,
and ridges along the divide between the North Canadian and Cimarron
Rivers north of Mooreland and the hills and vidges south of North
Canadian River. In some places, a reddish-brown or purplish dolomite,
about 3 inches thick, occurs about 4 feet above the Day Creek.

The Cloud Chief, so far as is known, vields no water to wells in
Woodward County. ' Because most of the formation has been removed by
erosion, wells in outcrop areas probably would obtain most or all their
water from the underlying Rush Springs Sandstone.

TERTIARY SYSTEM

Ogallala Formation

The Ogallala Formation of Plioccene age crops out in an area of about
320 square miles in the west-central and southwestern part cf the county
(pl. 1), his area is an extension of the broad area known as the High
Plainsg, which extends from the southern end of the Texas Panhandle to
South Dakota. The Woodward County topography does not resemble the High
Plains, but is marked by flat upland ridges, gentle slopes, rounded
escarpments, and large dune-covered areas. In the northern part of the
outcrop area the upper part of the Ogaliala has been stripped away so
that the formation is thinner than elsewhereé in the county. That part of
the area has the appearance of a stream terrace partly covered by dunes,
and the upland surface is about 100 to 130 feet lower than the-general
upland level in the main part of the outcrop area,

The Ogallala Formation was deposited by streams flowing southeastward
from the southern part of the Rocky Mountains. The base lies on an eroded
surface of the Permian rocks that is characterized by stream valleys,
hills, and locally, sinkholes (pls. 4 and 7). Relief on the bedrock sur-
face beneath the Ogallala is about 210 feet--from 1,940 feet in sec. 36,

36



T. 22 N., R. 20 W., to 2,150 feet in sec. 36, T. 20 N., R. 21 W. The
bedrock-contour map (pl. 4) shows what appears to be a sinkhole at the
site of the test hole in sec. 31, T. 21 N., R. 20 W. The base of the
QOgallala is about 70 feet lower there than in adjacent areas. Fillings
of Ogallala-type material in eroded sinkholes can be observed east of
Sharon where the edge of the formation is exposed., Ogallala deposits
~also fill a stream valley that trends southeastward and eastward nearly
through the middle of the outcrop area in Woodward County (pl. 4).

In Woodward County the Ogallala Formation nas a maximum thickness
of about 400 feet, as determined from test driiling, and averages about
210 feet. The thickness varies considerably from place to place because
the upper part has been eroded and because of the irregular surface on
which the formation lies (pl. 4).

The formation consists principally of semi-comsolidated sand, silt,
gravel, clay, caliche, and volcanic ash, It is not well exposed in most
of the county, but its character can be determined from test-hole logs
and from exposures in adjoining areas. Like other fluvial deposits,
the beds are lenticular and discontinuous, and local erosional unconformi-
ties occur within the deposits. Individual beds range from a few inches
to several feet in thickness and may interfinger or grade laterally into
beds of different lithology. Much of the formation is poorly consolidated
and some beds of sand are so loose the drillers refer to them as "guicksand."
Other beds are partly cemented with calcium carbonate, and a few are so
well cemented they form resistant layers of caliche or "mortar beds.”

Test-hole logs (App. B) indicate that the principal lithology of the
Ogallala in Woodward County is sand which is mostly quartz and ranges in
size from very fine to very coarse. Much of the sand is locse or only
very loosely cemented with calcium carbonate and the loose sand probably
is the source of the dune sand that covers a large part of the QOgallala
outcrop area. Much of the sand is buff in color, but gray, greenish-gray,
and reddish beds also have been noted. Many of the sand beds are silty
but a few are well sorted or contain gravel although gravel is not a
very common lithology in Woodward County. In a few places silty sands
cemented with calcium carbonate form "caliche” layers that hold up small
buttes or form ledges along hillor valley slopes. C(Caliche also occurs
as nodules or as thin impure beds of silty limestone. Opalized opaque
chert is intermixed with the caliche in places,

Thick sections of clay, generally sandy or silty and locally contain-
ing caliche, were noted in the logs of several test holes. The thickest
sections were in the lower part of the formation in test-holes
20N-22W-22cccl, -31bccl, -36addl, and 22N-22W-22bbbl. The clay is
commonly silty or sandy, and in places is interbedded with caliche and thin
beds of sand. It is generally buff or light-red, but in places is orange,
brown, grayish-brown, or gray.
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Volcanic ash, about 10 feet thick, is exposed in a pit in sec. 24,
T. 23 N., R, 22 W,, and has been mapped as part of the Ogallala Formation
(pl. 1). The ash is bluishw-gray, thinly stratified, and partly cemented
with calcium carbonate. It is impure in part, containing much silt and
fine sand, particularly in the lower part. In places, thin lenticular
layers of bentonite, probably derived from weathering of the ash, are
interbedded with it. Bentonite was noted in cuttings from several test
holes, and velcanic ash was found in test-hole Z3IN-22W-22dcd3.

Although gravel is relatively uncommon in fthe Ogallala in Woodward
County, the gravel furnishes valuable clues to the origin of the material
composing the formation. The gravel contains fragments of igneous and
metamorphic crystalline rocks from the Rocky Mountains and dark volcanic
rock, quartz, jasper, petrified wood, chert, and pebbles and cobbles from
the Permian and Cretacecus rocks, including pieces of water-worn Cretaceous
shells and jironstone. These materials indicate that much of the detritus in
the Ogallala was derived from sources far to the west, but that the material
was mixed with fragmenis eroded from exposures of Cretacecus and Permian
bedrock, probably near the areas of deposition.

Water-Bearing Properties of the Ogallala Formation

Because of its large areal extent and great thickness of saturated
material, the Ogallala Formation contains the largest reservoir of ground
water in Woodward County--about 3.6 million acre-feeit. Its saturated
thickness averages 180 feet and is more than 300 feet in the southwestern
part of the county (pl. 3). Recharge to the formation is derived chiefly
from precipitation absorbed by dune sand in the ocutcrop areas, where a
high percentage of water infiltrates to the ground-water body. The forma-
tion probably receives recharge over most of its area but an important
récharge area is shown by the north-trending water-table ridge, centered
in T. 21 N., R. 22 W. {(pl. 3).

The Ogallala is essentially undeveloped a3 an aquifer in Woodward
County, although it supplies most of the water needs for the farms in the
southwestern part of the county. Most wells tapping the formation produce
only a few gallons of water per minute to supply domestic and stock needs.
Because the depth to water in the formation ranges from less than 10 to
nearly 140 feet, the wells also range widely in depth. Records of
10 irrigation wells are given in Appendix A. These wells range in depth
from 23 feet for well ZIN-20W-baddl, which is in a topographically low
area, to 184 feet for well ZIN-21W-16cdb2, in an upland ared. The largest
yield reported is 290 gpm for well 2IN-21W-16cdb2 which penetrated about
125 feet of saturated sand. Specific capacity of the well was 10 gpm/ft.

Ground water sgeeping from the Ogallala maiantains the dey-weather flow

of Indian, Hackberry, North Persimmon, South Persimmon, and Sand Creeks,
and small tributaries of Wolf Creek (table 6, pl. 3). During summer
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periods several of these streams flow for only short distances downstreanm
from the seepage areas before the combined effects of evaporation and
transpiration by plants along the channels remove all the seepage water.

The rate of pumping from the Ogallala is only a fraction of the rate
at which the aquifer is being replenished, therefore pumping from the
formation could safely be increased substantially. Other things being
equal, the yield of properly constructed wells generally is proportional
to the thickness and permeability of the saturated material tapped by the
well, Hence the yield of wells in areas where the saturated thickness of
the Ogallala is relatively thin (pl. 5) would be less than in areas where
it is thick. Most of the test holes reported a high percentage of sand
in the Ogallala, but in several test holes nearly 100 feet of clay was
present. Because the lithology differs so much from place to place, test
drilling is desirable to determine the character and thickness of the
deposits in the formation and to select the most favorablé site for a
well, Packing the well with gravel of a diameter selected on the basis
of the size of the sand to be screened alsc is desirable to prevent the
pumping of sand. ‘

It should be possible to develop additional wells yvielding several
hundred gallons per minute at many places in the outcrop area of the
Ogallala, particularly near the southwestern corner of the county.
Although the water is hard, it is suitable for drinking, for livestock,
for irrigation, and for most other uses.

Quaternary System

A large part of the land surface in the central and southwestern
parts of Woodward County is covered by unconsolidated deposits of Quatern-—
ary age. Fluvial deposits include the broad area of high-terrace deposits,
mostly on thenorth side of the North Canadian River, and smaller areas
of low-terrace deposits and alluvium adjacent to the principal streams.
Eolian deposits include the dune sand that overlies large areas of the
high-terrace deposits and Ogallala Formation, and several square miles of
silt that has been mapped as loess near Mutual.

The Quaternary deposits unconformably overlie the Permian rocks and
the Ogallala, and younger Quaternary deposits are channeled into, or
conformably overlie, the older deposits. On the basis of their surface
features, geomorphology, and relation to other deposits, the alluvium
and dune sand are judged to be Recent. The high-terrace deposits are
Pleistocene, probably Kansan to early Wisconsin in age, and the low-
terrace deposits probably are late Wisconsin to Recent.
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The Quaternary deposits have been mapped more on the basis of surface
form or geomorphology than lithology. The surface of the dune sand is
hummocky and undulating and is marked by "blowouts™ and characteristic dune
forms that are easily recognized on the ground or on aerial photographs,

The surface of the alluvium and low-terrace deposits is nearly flat and
little dissected except in and adjacent to modern stream channels, where it
is irregular, The high-terrace deposits are more eroded than the low-
terrace deposits and in most places their surface is gently sloping or
irregular rather than flat. In most places the contact between the two
terrace deposits is a pronounced break in slope, but in some places the
contact is obscured by dune sand.

High-Terrace Deposits

The high terrace deposits of Woodward County occur mostly north of the
North Canadian River. They extend eastward and southeastward in a band 3
to 10 miles wide from near the north bank of the river to the divide between
the North Canadian and Cimarron Rivers. 1In places the deposits extend across
the divide, and a small area occurs in the Cimarron drainage basin (pls. 1
and 7). In much of the area a thin layer of dune sand covers the terrace
deposits and most of the area has been mapped as dune sand (pl. 1). The
high-terrace deposits are so named because they occupy a terrace position
that is elevated with respect to the adjacent river wvalley. These deposits
are the most extensive and most important aquifer in the county.

The high-terrace deposits consist principally of unconsolidated sand,
silt, clay, and gravel. The main source of this material was the Ogallala
Formation to the northwest, and some material was eroded from local
bedrock--the Permian and Cretaceous beds. The deposits overlie a surface
eroded into the Permian redbeds and they fill channels and blanket hills
on that bedrock surface (pl. 4). They are Pleistocene in age and may
represent as many as three cycles of erosion and deposition. 1In places,
three rather indistinct terrace levels can be identified within the area of
terrace deposits. Volcanic ash and associated fossils in the deposits along
the stream divide near their northern edge have been identified as Kansan in
age (Myers, 1962). Because of their relation to the North Canadian River,
it is believed that these deposits were laid down by an ancestral North
Canadian River flowing somewhat north of and at a higher elevation than the
present stream, If the deposits actually do represent several cycles of
deposition, then during each succeeding cycle the older deposits probably
were incised and reworked to form the next younger deposits.

Downstream, in Blaine County, Fay (1962, p. 94) recognized three
terrace levels and postulated that deposits occupying a position similar to
the high-terrace deposits of Woodward County were late Kansan to Wisconsin
in age.

Tt was not deemed practical for this report to separate the deposits
representing different Pleistocene cycles within the mass of high-terrace
deposits. The entire mass forms a single aquifer wherein water moves from
intake areas in topographically high areas toward discharge areas along
the streams. Therefore, the deposits are treated as a unit in this report.
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The high-terrace deposits consist mostly of unconsolidated sand,
gravel, silt, and clay. Fine to coarse sand constitutes the greater
part of the deposits (App. B) and quartz is the dominant mineral in the
sand. The depogits also contain smaller amounts of clay, silt, very
coarse sand, gravel, volcanic ash, bentonite, and soft caliche. Their
color commonly is brown or buff, but some of the clay beds are red, orange,
or gray; some of the sand beds are bright yvellow; and where caliche
occurs, the beds are light gray or grayish white, Much of the material
is not well sorted and the sands commonly are silty or contain scattered
gravel. Thin beds of gravel or sand and gravel occur in the basal part
of the deposits, particularly where they fill buried channels. Locally,
the basal sand and gravel is cemented to form a resistant conglomerate.

Individual beds in the deposits are lenticular and irregular. They
may range in thickness from a few inches to several feet, and in some
exposures sand beds as thick as 20 feet have been noted.

The thickness of the high-terrace deposits as a unit ranges widely
from place to place. The maximum recorded was 145 feet in test-hole
24N-19W-1%cddil. This test hole was drilled in a dune area and several feet
of dune sand may have been penetrated before the terrace deposits were
reached. More than 120 feet was penetrated in several test holes, so the
maximum thickness is judged to be 120 to 130 feet. The average thickness,
as shown by test-hole logs (App. B) is about 70 feet, and thicknesses in
excess of 100 feet occur where the bedrock chamnel (pls. 4 and 7) coincides
with an area of relatively high topography.

Water-bearing properties--The high-terrace deposits are the most
important and most developed aguifer in Woodward County, Ground water has
been developed from these deposits because of its shallow depth, the
relatively high permeability of the deposits, the moderate yield of wells,
and the occurrence of the deposits near the county's two principal cities
and near the areas of most productive agricultural land. In addition to
municipal supplies for Woodward and Mooreland, water for the principal
industries in the county, and for irrigation, the high-terrace deposits
furnish much of the water for domestic and stock use on farms in their
outcrop area. However, pumpage from the deposits is small compared to
the quantity in storage--estimated to be nearly a million acre-feet in
Woodward County.

The depth to water in the high-terrace deposits is less than 50 feet
in large areas and less than 20 feet in a few places (pls. 1 and &),
Where the permeability of the deposits is relatively high and the satu-
rated thickness is great, wells vield several hundred gallons per minute.
The saturated thickness of the deposits is more than 60 feet at several
places and more than 40 feet in about half the area (pl. 5).
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Yields of many of the muncipal wells in the Woodward and Mooreland
well fields and of the industrial and the irrigation wells are more than
100 gpm. Yields of 4 irrigation wells test pumped as part of this
investigation ranged from 170 to 490 gpm (table 5). The most productive
well (23N-19%W-23cbdl) in the high-terrace deposits is an indwstrial well
for the powerplant of Western Farmers Electric Cooperative near Mooreland.
This well had a yield of 660 gpm with a drawdown of only 25 feet and a
specific capacity of 26 gpm/ft when tested in 1962 (table 5).

Because of the large areas. of dune sand and sandy seil developed on
the terrace deposits, precipitation infiltrates readily and a large part
percolates down to the ground-water body. In Woodward County, the North
Canadian River has only one poorly developed tributary that drains the
high-terrace deposits. Drainage for the rest of the area is underground
through the high-terrace deposits. The water-level contour map (pl. 3)
shows that the highest points of the water table in these deposits are
near- the North Canadian-Cimarron River divide. This corresponds closely
with the topographic high and from this area ground water moves toward
lower areas, principally along the North Canadian River. Some of the
water seeps into the river, some moves downstream as underflow beneath
the valley, and a large part is used by salt cedar, willow, cottonwood,
and other plants that commonly grow adjacent to the river. Some of this
water might be salvaged for use in the county if the streamward flow of
water could be intercepted by wells.

Additional wells yielding 100 to 300 gpm could be developed in the
high~terrace deposits at several places. The test-hole logs (App. B)
and the saturated-thickness map (pl. 5) would be useful guides in select-
ing areas for more detailed testing. Test drilling would aid in deter-
mining the thickness and character of the deposits and in choosing the
best well sites. Care should be taken to space wells of large vield
properly so as to avoid interference between wells, local overdevelopment,
and consequent depletion of the aquifer.

Low~Terrace Deposits

Relatively voung alluvial deposits form terraces only a few feet
higher than the flood plains of streams and have been mapped along the
North Canadian River and Wolf, Bent, and Persimmon Creeks. The surface
of these deposits is nearly undissected and slopes downstream. Thus, it
contrasts with the surface of the adjacent high-terrace deposits which
slopes toward the river and has been partly eroded. The low-terrace
deposits have been channeled inte and in part overlie the high-terrace
deposits and in turn have been channeled into by the Recent alluvium
that forms the present flood plain. The age of the low-terrace deposits
has not been determined, but they evidently were formed during the
erosional cycle immediately preceding the present cycle. Their geomorphic
form suggests that they are only slightly older than the Recent alluvium,
and they therefore probably are of late Pleistocene age.
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From a point near Mooreland downstream to the county line the Low-
terrace deposits form a nearly continuous band along both sides of the
North Canadian River (pl. 1). Including the flood plain of the river,
which has cut out a band 1 to 13 miles wide, the width of the deposits is
3 to 4 miles. Upstream from Mooreland only remnants of the low-terrace
deposits are present. They have been eroded away completely where the
river valley is constricted by the resistant Doe Creek Sandstone Member
of the Marlow Formation just south of Boiling Springs State Park (pl. 1).
In other places, such as just north of Woodward, they are obscured by
dune sand, or they have been eroded away by the river, as in the northern
part of T. 24 N., R. 21 W.

In addition to the areas along North Canadian River, narrow bands of
low-terrace deposits were mapped along Wolf, Bent, and Persimmon Creeks in
their lower reaches where it was possible to show them on the map without
exaggeration. Flsewhere along these streams and along other tributaries
these deposits were mapped together with the adjoining alluvium {pl. 1).

The low-terrace deposits consist principally of sand, generally buff
and poorly sorted. Much of the sand is a mixture of fine to coarse; some
layers contain silt, gravel, or clay. Although buff is the predominant
color, gray, brown, red, and yellow beds have been reported. Gravel occurs
near the base at most places (App. B), either in distinct beds or mixed
with the sand. S5ilt and clay may occur in any part of the deposits, but
seem to be most common in the upper zones. Bedding of the low-terrace
deposits cannot be observed, but probably is similar to other fluvial
deposits in being lenticular and irregular. Logs of test holes indicate
that individual beds may range from less than a foot to several feet in
thickness.

The low-terrace deposits may be channeled into the older high-terrace
deposits in places, but at most places probably lie directly on the
eroded surface of the Permian rocks, The bedrock-contour map (pl, 4)
indicates that the bedrock surface in the southeastern part of the county
is cut 40 to 60 feet lower than beneath the adjacent high-terrace deposits.
In several places (pls. 1 and 4) Permian bedrock crops out or occurs at
shallow depth near the contact of the two types of terrace deposits.

Test drilling has shown that the thickness of the low-terrace deposits
in Woodward County averages more than 50 feet. The greatest thickness
noted was 90 feet in test-hole 22N-19W-34dccl, which evidently was drilled
into the deep bedrock channel beneath the deposits.

Water-bearing properties-—-The low-terrace deposits furnish most of
the water used by farms on the terrace area (pl. 1), including water for
domestic, stock, and irrigation use. Most of the wells supply water for
domestic and stock needs and have relatively low yields; however, the
irrigation wells commonly yield several hundred gallons per minute.
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Because of the flat topography and alluvial soil, the low-terrace
arcas are some of the most productive farmland in the county. An example
is Moscow Flat, an area of several sguare miles on the terrace at the
south side of the North Canadian River a few miles north of Mutual. Nine
irrigation wells tap the low-terrace deposits in that area. The W. Cox
irrigation well (22N-19W-35cca4d) vielded 750 gpm with a drawdown of
20 feet. This well had the highest yield and highest specific capacity
of all wells tested in the county (table 5).

The ground-water supply in the low-terrace deposits has been only
partly developed in Woodward County, and other wells yielding several
hundred gallons per minute could be obtained. Yields are likely to be
highest where the deposits are thickest and most permeable, as, for
instance, where they fill the bedrock channel beneath the low-terrace
surface (pl. 4). Saturated thickness of the deposits is more than 60
feet just north of the Nerth Canadian River from the center of T. 21 N.,
R. 18 W., downstream. More than 40 feet is saturated in Moscow Flat,
near the mouth of Persimmon Creek, and near the river west and southwest
of Mooreland (pl. 5). Large yields should be expected from wells in all
these areas., Test drilling would aid in determining the thickest section
of best water-bearing material and in selecting a well site. Screen size
and gravel pack should be selected on the basis of the size of the material
to be tapped by the well, to reduce the possibility of pumping sand or
plugging the well screen.

Alluvium

The modern channels and flood plains along rivers and their major
tributaries have been mapped as alluvium (pl. 1). These deposits represent
the present cycle of erosion and deposition and are still being formed,
eroded, and reworked. Therefore, they are Recent in age. Flood plains
generally are 5 to 15 feet lower than the surface of the adjacent low
terraces and the stream chamnels are cut into the flood plains,

Along the North Canadian River the alluvium is a band averaging about
a mile in width, but in places it is about 13 miles wide. It is only
0.6 mile wide where the valley is constricted by the resistant Doe Creek
Sandstone Member of the Marlow Formation near Boiling Springs State Park.
The North Canadian River has a sandy shifting channel 1,000 to 2,000 feet
wide. Phreatophytes, such as salt cedar, willow, and cottonwood trees,
are common along the channel and on the flood plain of the river. The
alluvium of Wolf Creek averages about half a mile in width. Upstream fronm
Fort Supply Reservoir cattails, marsh grass, and other phreatophytes are
common along the flood plain, The flood plains of other creeks generally
are narrow; trees and brush commonly line streambanks of the larger ones,

The Cimarron River flood plain is mostly a sandy channel half a mile
to 13 miles wide. The water in the Cimarron River alluvium is highly
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Table 5--Summary of aquifer-test data

Well number
Geologic source

Date of test

Duration of test {days)

Nonpunmping (static) water level
below land surface (ft)

Pump discharge (gpm)

Drawdown at pumped well (ft)

Specific capacity of pumped well
{(gpm/ft of drawdown)

Saturated thickness of aquifer
(ft)

Coefficient of transmissibility
{gpd/ft)

Average field coefficient of
permeability (gpd/ft2)

Storage coefficient of aquifer

21IN-218-16cdb2
Ogallala
Formation
Oct, 1957
3

28.13
290
28

10

23N-22W-22dcdl
Ogallala
Formation

July 1957
3

30.33
160
13
12
64
29,000

450
0.07

22N-19W-35¢ccad
Low-terrace
deposits and
“alluvium
Sept. 1957
3.4

16.97
750
20
37
39
65,000

1,500
0.03

23N-18W-30ddcl
High-terrace
deposits

Aug. 1957

3
44.75
480
35
14

58

---------

23N-19W-23cbd1?
High-terrace
deposits

1962
2

Feb.,-Mar.

19.70
660
25
26
50
51,000

1,000
0.03

Well number
Geologic source

Date of test

Duration of test (days)

Nonpumping {static) water level
below land surface (ft)

Pump discharge (gpm)

Drawdown at pumped well {(ft)

Specific capacity of pumped well

(gpm/ft of drawdown)
Saturated thickness of aquifer
(£t
Coefficient of transmissibility
{gpd/ft)
Average field coefficient of
permeability (gpd/ftz)
Storage coefficient of aguifer

23N-19W-28acal
High-terrace
deposits
July 1957
3

20.23
245

13

35

47,000

1,300
0.02

23N-20W-7dbd5
High~terrace
deposits
Feb. 1957
12

19.95
44

2.5 |

17
22
25,000

1,100
0.03

24N-19W-27cbbl
High-terrace
deposits
June 1957
3

57.77
338
32

9

---------

---------

24N-20W-6cdbl
High-terrace
deposits
Sept. 1957
: 6

62 .40
170

34

5

a

Data from tests conducted by R. L. Vincent, layne-Western Co., Wichita, Kansas



mineralized and unusable as a result of the salt water seeping into it and
emerging from springs near Big and Little Salt Plains.

The alluvium consists principally of sand, but it probably also
contains lenticular beds of silt and clay and some gravel in the lower
part. The thickness ranges up to a maximum estimated to be about 30 feet.
The alluvium is channeled into the Permian red beds at many places, but
in other places along North Canadian River and the larger creeks it may
be underlain by remnants of the low-terrace deposits.

Small gquantities of water could be developed from the alluvium along
all the larger creeks and the North Canadian River. Where the deposits
are thickest and most permeable wells might yield as much as 100 gpm.
Where the alluvium and low-terrace deposits have been mapped together,
along streams such as Persimmon Creek, these deposits may be nearly
100 feet thick and permeable. Wells tapping those deposits might yield
several hundred gallons of water per minute.

Ground water in the alluvium is erratic in quality. Where water seeps
into the alluvium from the Permian or from surface streams draining the
Permian rocks, the ground water is moderately mineralized, and is generally
very hard. Where underflow is from high-terrace deposits or the Ogallala
Formation the water in the alluvium is likely to be similar in quality to
water from those deposits., Evapoiranspiration probably concentrates the
minerals in the ground water in the alluvium where depths to water are
shallow.

Loess

Gray silt, resembling the late Pleistocene loess of central Kansas,
has been mapped in an area of about 15 square miles near Mutual and about
5 square miles near the southeast corner of the county. Where it is
exposed in road ditches the silt is structureless, friable, and in part
sandy or clavey. Generallythe lower part, which rests directly on the
Permian red beds, is more clavey, and at places caliche has accumulated
in the upper part of the clayey zone and at the contact with the Permian.

Near the southeast corner of the county, the silt caps the uplands
and is draped like a mantle over the bedrock hills. The maximum thickness
observed was about 6 feet, but it may be thicker near the hilltops where
its base is not exposed. Near Mutual similar deposits underlie a plain
about 3 miles across that has developed on the slope above the valley of
Persimmon Creek. Similar deposits occurring in small patches on ridges
upheld by the Blaine Gypsum, in the northeastern part of the county, and
overlying high-terrace deposits along the divide between Cimarron and
North Canadian Rivers were not mapped on plate 1.

The origin of the silt is in doubt, but it is judged to be loess
because of its texture, general appearance, and topographic position. The
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silt is mostly unstratified and could not have been deposited on hilltops
by streams. Because of its texture it could not have originated by
weathering of Permian rocks. Its surface is relatively uneroded, hence
it is relatively young--probably of late Pleistocene age.

The loess is above the water table, but because of its moderate
permeability it may afford good opportunity for recharging underlying
rocks,

Dune Sand

Dune sand covers the surface in large areas in the general outcrop
area of the Ogallala Formation, the high-terrace deposits, and alluvium
(pl. 1) This sand is believed to have been derived from the weathering
of the underlying deposits; and it probably has been moved only a very
short distance by the wind. Because the dune shapes are little eroded
in most places, and some dunes and "blowouts™ are still being formed, the
age of the dunes is judged to be Recent. In large areas the dunes support
a sparse cover of vegetation and seem to be stabilized. In some areas,
however, sand is advancing upon older dunes, terrace deposits, and older
rocks, and in these areas the size and shape of the dunes are being
changed by the wind. In many places, particularly near North Canadian
River, the dunes that were present during field mapping had no resem-
blance to those shown on the aerial photographs made 15 years earlier,

The dune sand consists largely of well-sorted fine to medium sand,
principally gquartz. Some silt and other fine material has accumulated,
chiefly in the interdumne depressions. Thickness of the dune sand is not
known, but probably is very erratic over the area. 1In places dunes have
been heaped to heights of 20 feet or more above adjacent interdune
depressions. The sand may have a maximum thickness of about 30 feet, but
the surface beneath the dunes probably is very irregular.

An interesting feature of the dune areas is the many small, more or
less circular tracts, some as much as 50 feet in diameter, containing
scrub oak or other small trees, The trees grow in dense clusters, are all
about the same size, generally 10 to 15 feet high, and catch the blowing
sand in a low mound. The origin of these tree clusters can only be
postulated, but they may have started from a single tree and spread out-
ward gradually as the sand around them became stabilized.

The dune sand lies above the water table and does not yield water to
wells. Because of its high permeability and irregular, undrained top-
graphy, however, the dune sand facilitates recharge by readily absorbing
precipitation and transmitting it downward to underlvying rocks or deposits.
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GROUND WATER

Occurrence

In Woodward County, ground water occurs principally in the terrace
deposits and alluvium in the wvalley of the North Canadian River and its
ma jor tributaries--Wolf, Indian, Persimmon, and Bent Creeks-~-and in the
Ogallala Formation which covers the southwestern part of the county,
Ground water is present also in small or moderate quantities in the
alluvium of the Cimarron River and its tributaries, in dune-sand
deposits, and in the bedrock formations (red beds) beneath the younger
deposits. For purposes of discussion, the Ogallala Formation, which
covers the southwestern part of the county, and the terrace deposits
and alluvium in the valley of the North Canadian River and its major
tributaries will be referred to collectively as the Tertiary and Quatern-
ary deposits; and the Permian sedimentary rocks will be referred to
collectively as red beds or bedrock.

Ground water is the water beneath the land surface in the zone of
saturation. In unconsolidated deposits and in loosely to moderately
consolidated sedimentary rocks the water is contained chiefly in openings
of primary origin, called voids, pores, or interstices. In tightly con-
solidated and well-cemented sedimentary rocks, and in igneous and meta-
morphic rocks, the water is contained chiefly in cracks, crevices, or
cavities formed as a result of earth stresses, weathering processes,
and solution. Water contained in openings of these types is the principal
source for wells, springs, and most perennial streams.

Ground water is derived chiefly from local precipitation in the form
of rain or snow. A part of this water runs off directly into streams, a
part evaporates, and a part is absorbed into the soil. A part of the
water that enters the so0il is used and transpired by vegetation, and the
part that is in excess of the soil-moisture requirement percolates
through pore spaces and crevices in the soil and underlying rocks to the
water table, where it enters the zone of saturation and becomes ground
water. Within the zone of saturation, water percolates slowly through
interstices or crevices in the water-bearing rocks from points of higher
altitude in intake or recharge areas to points of lower altitude in the
discharge areas. Bventually, part of the ground water is discharged as
evapotranspiration in swampy areas; some seeps into streams; and a part
leaves the area by underflow through water-bearing materials where
physical conditions permit. Part of the ground water entering the zone
of saturation goes into storage to replace water that has been pumped
for use, seeped into streams, or otherwise been removed.

It is of great practical importance to distinguish water that is
contained in the openings of rocks from water that will move through these

48



openings. Rocks with large total pore space do not necessarily transmit
water readily., Clay, for example, contains a great many microscopic
openings, and hence may contain a large amount of water, but the water

is held so tightly by molicular forces that it does not move easily.
Coarse gravel, however, has a relatively small number of large intri-
cately interconnected openings which allow water to move freely under the
force of gravity. This property of rocks, which determines their capacity
for transmitting fluids, is known as permeability, and will be discussed
more fully under hydrologic properties of the water-bearing materials

{See p. 50.)

Near the land surface the voids and crevices in rocks commonly are
filled with air. Some water also is held in the smallest voids by
capillary forces. At some depth, which differs from place to place,
water will fill both large and small openings in the rocks. The contact
between the zone where openings larger than capillary size are filled with
water and the zone where these openings are filled with air is called the
water table. The altitude of the water table differs from place to place,
according to the shape and slope of the land surface and on the conditions
of recharge, movement, and discharge of ground water. The altitude,
configuration, and gradient of the water table is shown on plate 3 and is
discussed later under source, movement, and discharge of ground water.
(See p. 54.)

Recharge, movement, and discharge of ground water not only differ from
place to place but also vary from time to time; and, as these factors
change, the water table responds by rising or falling. This subject is
discussed more fully under water-~level fluctuations. (See p. 62.)

If the zone above the water table contains one or more relatively
impermeable beds of silt or clay, they may impede the downward movement
of water from the surface. Just above the poorly permeable beds, water
may accumulate to form a water body, perhaps temporary, above the main zone
of saturation. Such a water body is said to be perched, and its upper
surface is called a perched-water table. In Woodward County, perched-water
bodies are small, and most are temporary. Areas where such water bodies
occur are shown on plate 3. Ordinarily, a well developed in a perched-
water body cannot be depended upon as a permanent water supply.

Within the main zomne of saturation, ground water occurs under either
unconfined (water-table) or confined {artesian) conditions., The water
table, as noted above, is the upper surface of the zone of saturation; it
is the level at which the hydrostatic pressure is equal to atmospheric
pressure, Above it is the capillary fringe, the lower part of which also
may be saturated, but with water at less than atmospheric pressure. If
anywhere within the zone of saturation an extensive, poorly permeable bed
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is situated so as to form a confining layver, water contained in more
.permeable deposits beneath the confining layer is said to be under
artesian conditions. Under these circumstances, the water is under
sufficient pressure to cause water levels in tightly cased wells to rise
above the base of the confining layer. If the pressure is sufficient,
the water level in a well will rise above the land surface, and the well
will flow. Generally this water has a hydraulic conmection with a water
table that is some distance away and at a higher altitude than the top
of the artesian aquifer.

Only nine flowing wells were found in Woodward County during this
investigation. Fight of the wells discharged small quantities of water
derived chiefly from solution cavities in the Blaine Gypsum. The water
is highly mineralized and unfit for human consumption. One well discharges
less than 1 gpm from the Ogallala Formation. OGround-water conditions in
the Ogallala Formation and in the terrace deposits and alluvium in the
stream valleys are generally unfavorable for flowing wells because there
is no widespread system in which water is confined. Because of the hetero-
geneous character of most fluvial deposits, water may be confined locally
by beds of clay or silt, but these confining beds generally are not
extensive. Most fluvial deposits also have sufficient differences in
horizontal and vertical permeability that water bodies which generally
are unconfined may react to fluctuations in pressure due to pumping in
much the same manner as confined-water bodies. During periods of littile
draft, however, pressure effects are minimized and the hydrostatic head
adjusts to equilibrium with the water table.

Hydrologic Properties of Water-Bearing Materials

The quantity of water that a water-bearing material will yield to
wells depends principally upon the thickness, permeability, and storage
coefficient of the material, The permeability and storage coefficient
vary with differences in the size, shape, and extent of the openings and
with their degree of interconnection, :

The permeability of a water-bearing material is its capacity for
transmitting water under pressure. In ground-water hydraulics, the
permeability of an aquifer generally is expressed as a permeability
coefficient, which is the rate of flow of water in gallons per day through
& cross~sectional area of 1 square foot under a hydraulic gradient of
1 foot per foot. The coefficient of permeability used in this report is
called the field coefficient of permeability and is defined as the number
of gallons of water per davy that percolates, at the prevailing temperature
of the water, through each mile of the aquifer (measured at right angles
to the direction of flow) for each foot of thickness of the aquifer and
for each foot per mile of the hydraulic gradient. The coefficient of
transmissibility may be expressed as the number of gallons of water a day,
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at the prevailing temperature, transmitted through each mile strip by
the entire saturated thickness of the aguifer under a hydraulic gradient
of 1 foot per mile; hence, it is the product of the average coefficient
of permeability and the saturated thickness of the aquifer.

The quantity of water that can be removed from storage in an aquifer
depends upon its storage coefficient. The coefficient of storaged of an
aguifer is defined as the volume of water it releases from or takes into
storage per unit surface area of the aquifer per unit change in the
component of head normal to that surface. Under artesian conditions the
coefficient of storage is a small value, generally 103 to 10-3, represent-
ing water derived by compaction of fine-grained materials, and by expansion
of the water itself, as the head declines. Under water-table conditions
the storage coefficient includes this small amount plus the generally much
larger amount represented by the water that drains by gravity out of the
uppermost material as the water table declines. This larger amount, called
the specific yield, is defined as the ratio of the volume of water that a
saturated aquifer will yield by gravity to the volume of the aquifer. It
is therefore a measure of the quantity of water that a saturated aquifer
will yield when drained by gravity. Not all water contained in the inter-
stices of a material will be drained by gravity, because some will be
retained by capillary action. The volume of retained water, expressed as
a ratio of the total volume of material, is called the specific retention
of the material. The specific vield and specific retention are together
equal to the Eorositz, which is the percentage of the total volume of
openings or interstices in a material, Thus, if 100 cubic feet of a
saturated material will yield 8 cubic feet and retain 13 cubic feet of
water when drained by gravity, the specific yield is 0.08 or 8 percent,
the specific retention is 0.13 or 13 percent, and the porosity is 0.21 or
21 percent.

Aguifer Tests

An aquifer test, or so-called pumping test, is a method of determining
the main hydrologic properties of an aquifer, the coefficients of permea-
bility, transmissibility, and storage. These properties may be determined
by a mathematical analysis of hydrologic data that reflects the behavior
of the water table or piezometric surface around a pumped well. This
analysis can be accomplished by means of formulas based on equilibrium
and nonequilibrium conditions. In this report, the basic nonequilibrium
formula (Theis, 1935), or one of its variations (Cooper and Jacob, 1946),

5 .
The reader is referred to Ferris and others (1962, p. 74-78) for a
detailed discussion of the storage-ceoefficient concept and its applica-
tion to artesian and water-table aquifers in horizontal and inclined
attitudes.
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was used to determine the aquifer constants, The field coefficients of
permeability were determined by dividing the coefficients of trans-
missibility by the saturated thickness of the aquifer near the pumped
wells. :

The Theis nonequilibrium formula can be applied to the drawdown or
recovery in one or more observation wells to determine the coefficients
of transmissibility and storage. The same formula can be applied also
to the rate of recovery or drawdown in the pumped well to calculate the
coefficient of transmissibility. However, it is not possible to calcu-
late the coefficient of storage from the rates of drawdown or recovery
in pumped wells unless the effective radius of the well, which is usually
difficult to determine, is known.

During the period of field work for this report, adquifer tests
involving 2 or more observation wells in addition to the pumped well were
made at 8 sites. Six of the tests were made to determine the aguifer
coefficients in the terrace deposits and alluvium of the North Canadian
River wvalley, and two tests were made to determine the aquifer coefficients
of the Ogallala Formatiom. The results are summarized in table 5,

The coefficients of transmissibility and storage determined by the
tests, although locally representative, are not necessarily indicative of
the values in all parts of the aquifer, because the coefficients differ
considerably with changes in lithology and saturated thickness.
Consequently, where computations involved ground-water movement, the values
of permeability believed to be most representative of the particular area
were used.

The storage coefficients shown in table 5 represent minimum values,
because the apparent storage coefficient increases with time as additional
water drains from that part of the aquifer within the cone of depression
created by pumping. For example, Wenzel (1942, p, 135) states that the
specific yield (coefficient of storage) as determined from a 24-hour
aquifer test on an irrigation well near Gothenburg, Nebr., was only 16
percent of the specific yield determined in laboratory tests of the same
material, where drainage was complete. The storage coefficient for the
12-day test reported in table 5 was about 5 times the coefficients for
tests of 2 or 3 days' duration in the same type material, It is concluded,
therefore, that a figure of 20 percent may fairly represent the coefficient
of storage in the terrace deposits and alluvium of the North Canadian River
valley; and that 10 percent may be a reasonable figure for the Qgallala
Formation. :
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Behavior of Ground Water in the Vicinity
of Dischargine Wells

As soon as a pump begins discharging water from a well, the water
table in the vicinity of the well is lowered and a hydraulic gradient
toward the well is established. The water table around the well assumes
the form of an inverted cone, called the cone of depression. At first,
most of the water that is pumped from the well is derived from saturated
material close to the well. As pumping continues, the material near the
well is gradually dewatered and water is transmitted to the well from an
ever-increasing distance. Thus, the cone of depression continues to
expand, and the water table within the cone continues teo decline. If no
recharge occurs and if the quantity of water being pumped is greater
than the capacity of the aquifer, the cone will continue to expand, at a
decreasing rate, until the limits of the aquifer are reached, or until
the water level in the well approaches the bottom of the well. The
development of the cone may be altered if water is added to the aquifer
by natural or artificial recharge, or if the expanding comne reaches a
boundary that impedes the movement of ground water. If the cone of
depression expands until it meets a boundary, further development depends
on the nature of the boundary and the possibilities for recharge. If the
boundary is a stream or lake from which water may enter the aquifer, an
essentially stable hydraulic gradient will develop between the spource of
recharge and the pumped well, and much of the water supplied to the well
will come from the source of recharge. If the supply for recharge is
ample, the cone will stabilize, and the expansion will stop; but if the
boundary is an impermeable barrier, no water will be available for
recharge, FExpansion of the cone will be stopped at such a boundary; but
in other locations the expansion of the cone will be accelerated because
more water must come from those areas if the discharge rate is to be
maintained. At the same time, the drawdown® rate in the well being pumped

will be accelerated.

After pumping is stopped, water continues to percolate toward the
well so long as the hydraulic gradient is in that direction and gradually
refills the well and the adjacent material that was dewatered by pumping.
As the material near the well is refilled, the hydraulic gradient decreases
and the recovery of the water level in the well becomes progressively
slower. A general equalization of the water levels eventually takes place
over the affected area, and the water table tends to assume its original
form, although it may remain temporarily or permanently lower than before
water was withdrawn.

In areas where large-capacity wells are closely spaced, the cones of
depression, created as a result of pumping, commonly intersect and form

6

Drawdown is the difference between the static water level and the water
level in a well being pumped.

53



a large depression in the water table. The overlapping of cones of
depression or interférence between wells may cause a serious decrease in
the yields of the wells, an increase in pumping costs, or both.

The coefficient of transmissibility governs the shape and configura-
tion of the cone of depression. If the coefficient is low, the hydraulic
gradient will be relatively steep and the cone will be deep but not
broad. If the coefficient is high, the cone will be broad but shallow.

The coefficient of storage is related to the volume of water withdrawn
from the cone of depression. Theoretically, the volume of dewatered
material within the cone of depression multiplied by the coefficient of
storage should equal the total volume of water pumped. Water naturally
drains slowly from the dewatered part of an aquifer, and the volume of
the cone of depression, during the early stages of its development must
exceed the theoretical volume in order to yield the water pumped. As
pumping continues, the draining is more and more complete, and the actual
volume of the cone of depression approaches more closely the theoretical
volume.

An average drawdown curve that would be generally useful in planning
the development of a well field cannot be prepared because the coefficients
of transmissibility and storage of the principal aquifers differ greatly
from place to place. When large quantities of water are sought, prelimi-
nary test drilling and test pumping are the best method to obtfain facts
on which to base specifications for wells, well spacing, pumps, and power.

Source, Movement, and Natural Discharge

Precipitation, in the form of rain or snow, is the source of fresh
water in Woodward County. Infiltration of precipitation within the county
accounts for most of the ground water, but some water enters the county
as subsurface inflow from the alluvial deposits in the valleys of the
North Canadian River and Wolf Creek, and from the Ogallala Formation. The
bedrock formations (red beds) also contribute water to the younger deposits,
but because of their low permeability the quantity is small.

The shape and slope of the water table and the general direction of
ground~water movement in the Tertiary and Quaternary deposits, which are
the principal water-bearing formations, are shown by contours on plate 3,
The contours are lines of equal altitude of the water table, and ground
water flows across the lines perpendicularly and toward areas where the
altitude of the water table is lower. A casual inspection of the map will
show that the water table is not level or uniform but is a warped, sloping
surface, The irregularities in slepe and in direction of slope are caused
by differences in saturated thickness and permeability of the water-bearing
deposits and by unequal additions or withdrawals of water from the ground-
water reservoir.
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Ground water moves in the direction of greatest slope of the water
table, and the rate of movement is proportional to that slope (hydraulic
gradient) and to the permeability of the water-bearing material. The
water-table map (pl. 3) shows that in the North Canadian River valley
the water table in the Quaternary deposits.slopes diagonally downstream
and toward the river. Therefore, ground water discharges into the
river, making it a gaining stream. During periods of low flow, all or
most of the water in the river is seepage from the ground-water reservoir.
The slope of the water table in the direction of river flow is about the
same as the gradient of the river, which is about 4 feet to the mile.
(See p., 15.) This is not the slope of the water table toward the river
but is the downstream component of that slope. The alluvial deposits
adjacent to and beneath the river channel have sufficient thickness and
permeability to serve as an underflow conduit which can accommodate most
of the water supplied to the river from the ground-water reservoir. This
is the reason that the North Canadian is dry in some months. Water will
‘flow in the river channel only during periods when the guantity of water
being discharged by surface and subsurface flow exceeds the capacity of
the underflow conduit. Ponds that occur along certain reaches of the
river during periods of no flow are fed by ground water that is forced
upward in places where the underflow conduit is restricted by irregulari-
ties in the bedrock surface, or by changes in the relative permeability
of the deposits composing the underflow conduit.

Plate 3 also shows that the general movement of ground water in the
Ogallala Formation, which covers the southwestern part of the county, is
northward and northeastward. The direction of movement, however, is
modified by several streams that cause depressions in the water table.
Ground water percolates toward these depressions, where it is discharged
by subsurface flow into the alluvial deposits in the stream valleys, or
emerges as springs at the base of the Ogallala and contributes to the
flow of the streams.

Natural discharge from the principal ground-water body in the
Tertiary and Quaternary deposits is in the form of springs and seeps and
- of subsurface flow into the alluvium of the larger streams. A few small
springs and seeps discharge where perched-water bodies intersect the
land surface, but most seeps are at favorable places along a line marking
the contact between the Ogallala Formation and the red beds (bedrock).
Seeps also discharge ground water in creek channels at times when the
water table intersects the land surface there. Ground water 'in the
alluvial deposits not only may enter streams but also may be evaporated
directly or transpired by shrubs or other plants growing on the flood
plains,

Evaporation of ground water from the land surface occurs mostly in

low, flat areas adjacent to the larger streams, in waterlogged areas near
springs and seeps, and in areas around ponds and reservoirs. The
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accunulation of substantial amounts of alkali on the land surface suggests
that water is being drawn from the zone of saturation or from the
capillary fringe above the water table by capillary action and discharged
by evaporation. Much of the water taken into the roots of plants
directly from the zone of saturation or from the capillary fringe above
it,-is discharged by a process known as transpiration--the giving off of
moisture through the surfaces of leaves and stems of plants. The depths
from which plants 1lift ground water differ greatly with the plant species,
with the types of soil, and with the conditions of water supply.

Most of the loss of ground water by transpiration occurs in areas where
the depth to water is less than 20 feet, and most loss of ground water by
evaporation occurs where the depth to water is less than 10 feet. Water
loss by evaporation and transpiration is kunown collectively as evapo-
transpiration and increases as the depth to water decreases. No attempt
has been made to estimate the quantity of ground water lost by evapo-
transpiration in the county but it probably accounts for a major part of
the water discharged from the zone of saturation.

Measurenments of the base flow of streams draining the southwestern part
of the county (table 6) indicate that the natural ground-water discharge
from the Ogallala serves as a source of recharge to the Quaternary deposits
in the stream valleys during dry periods. These base-flow measurements
also show that the red beds, which the streams cross on their way to the
‘North Canadian River (pl. 1), contribute little or no water to the flow
of the streams. The relatively high base flows recorded during October,
November, and December 1957 (table 6) reflect ground-water discharge from
Quaternary deposits which had become saturated as a result of the above~
normal rains of 1957, Water-ievel trends in the alluvial deposits
of the tributary-stream valleys are illustrated by the hydrograph of well
21N-18W-31bbal (fig. 6). The hydrograph shows the rapid recovery of water
levels in response to precipitation and the steep declines caused chiefly
by evapotranspiration during the summer. The recovery of water levels
during the autumn and winter of 1957 resulted from a decline in evapo-
transpiration rates and an increase in precipitation during the autumn.

Computation of discharge--Rate of natural discharge from the Ogallala
Formation has not been determined but may be estimated from computations
of recharge or of ground-water movement. In the discussion of recharge
(p. 66), recharge to the Ogallala Formation in 1957 in Woodward County was
calculated to be 67,500 acre-feet. This figure plus inflow from Ellis
County, 5,500 acre-feet, minus the increase in storage, 40,000 acre-feet,
would be the total discharge from the aquifer in 1957--33,000 acre-feet.

Another estimate of the seepage part of the discharge could be made
from the seepage measurements for streams draining the Ogallala. The
total discharge measured in November and December 1957 of Indian Creek, a
tributary of Indian Creek, and North and South Persimmon Creeks near the
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Table 6, feasurements of the base flow of streams draining the southwestern part of Woodward County

(Discharge in cubic feet per second)
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Bstimated
i

-Rm.mdup Creek, tributary to North Camedian River; measured in the NWi sec. 17, T. 23 N., R, 21 W,, at bridge on V.5, Highway 270, 5 miles
northwest of Woodward

2/

Indian Creek, tributary to North Capadian fliver; measured in the NH} sec. 29, T. 22 N., R, 20 W., at bridge on State Highway 34, 5% niles
southeast of Wordward

3/

TUnnamed tributary to Indian Creek; measured at county highway bridge on south line of the 5B sec. 37, T. 22 N., R. 20 W., 7 miles southeast
of Woodward .
&
Indian Creek, tributary to North Canadian River; measured at county highway bridge on east line of the NE} sec, 30, T, 22 N., R. 1% W. ¢ miles
southeast of Woodward '

T Indian Creek, tributary to Morth Canadian River; measured at county highway bridge on east lime of the $B: ser, 21, T. 22 N., R. 1% W.,
10 miles southeast of Woodward

&8/
North Pezsimmon Creek, tributary to North Canadian River; measured in the SW} sec. 27, T. 2L N., R. 20 W., at bridge on State Highway 34,
¥ mile south of Sharon

k4
South Persimmon Creek, tributary to Nerth Pecsimmen Creek; measured at county highway bridge om north line of the Nwl sec. 10, T. 20 N.,
R. 20 W., 3 miles south of Sharon

3/

Persimmon Creek, tributary to North Canadian River: measured op east line of the NE: sec. 33, T. 2L N., R, 19 W., at county highway bridge,
6 miles east of Sharom

S/

Hackberry Creek, tributary to Persimmon Creek; measured in the NE§ sec. 24, T. 20 N., R. 20 W., at county highway bridge, 6 miles southeast
of Sharon

1o/
Hackberry Creek, tributary to Persimmon Creek; measured at county highway bridge along ¢ast line of the Swi sec. 34, T. 21 N., R. 1% w.,
6 miles east of Sharon

11/
§izer Creek, triputary to Bent Creek; measured in the SW} sec. 33, T. 20 N,, R. 1§ W., at county highway bridge, & miles southeast of Mutual

1

““Bent Creek, tributary to North Canadian River; measured in the NE} sec. 22, T. 20 N., R. 17 W,, at county highway bridge, 10 miles Sputheast
af Mutual
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edge of the Ogallala Formation was 10 cubic feet per second. At this rate,
the annual seepage along those streams would have been 7,240 acre-feet.

This is only part of the seepage from the Ogallala because water seeps out
also along several other streams that drain the formation. As already
noted, seepage accounts for only part of the discharge, and water is
discharged also by subsurface outflow, by plants directly from the saturated
zone, and by pumping. Hence, the total annual discharge from the Ogallala
Formation in Woodward County is estimated to be about 30,000 acre-feet.

Most of the water in the Quaternary deposits is moving slowly toward
the North Canadian River. ©Part of this water is discharged by evapo-
transpiration along the river valley, some seeps into the river, and some
moves downstream as subsurface outflow. An estimate of the rate of dis-
charge from these deposits can be made by computing the rate at which
ground water is moving toward the river, using the formula:

Q = TIL
Where Q = rate of movement, in gallons per day;
T =~ coefficient of transmissibility, in gallons per day
’ per foot;
I = average hydraulic gradient of the water table, in
feet per mile;
L = length, in miles, along which movement toward the

river takes place

Using a coefficient of transmissibility of 60,000 gpd per foot, an average
gradient of 20 feet pér mile toward the river, and a total length of

50 miles, the rate of movement is computed to be about 67,000 acre-feet
for 1937. This compares reasonably well with 57,000 acre-~feet difference
between total recharge and increase in ground-water storage for these
deposits for 1957. ’

Water Use and Pumpage

Wells have been a primary source of water for domestic and stock use
in Woodward County since the first settlement there. Windmills have been
and still are a major source of power, although many rural wells now are
powered by internal-combustion engines or electric motors. Ordinarily, a
yield sufficient for domestic or stock use can be obtained if the well taps
the Tertiary or Quaternary deposits. Where the well taps the red beds
(bedrock), the yield may not be sufficient. Information pertaining to
well depths, depths to water, and adequacy of well yields in different
parts of the county is summarized in plate 6. Most large-capacity wells
in the county are used for irrigation, but a few are used for public-supply
or industrial purposes.
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Irrigation use--Most irrigation wells in Woodward County were drilled
before 1955 {(table 7). 1In the North Canadian River valley and in the
valleys of Wolf, Indian, and Persimmon Creeks these wells commonly are
drilled through the entire thickness of the alluvial deposits and bottom
on top of the red beds. Wells drilled within the outcrop area of the
Ogallala generally obtain sufficient water for irrigation without pene-
trating the entire thickness of the formation. The diameters of the holes
range from 20 to 36 inches. Shutter or perforated well screen ranging
in diameter from 10 to I8 inches is installed opposite the saturated
section of the well, and blank casing is set opposite the unsaturated part.
The annular space between the casing and the sides of the hole is then
filled with gravel of uniform size, and the well is developed and tested.
Trubine pumps are installed in most irrigation wells, and most are
powered by internal~combustion engines using natural gas or liquefied
petroleum gas forlfuel, although a few wells are powered by electric or
diesel units. Many of the wells were drilled during the 6-year dry period
1951-56. Since the drought-breaking rains of 1957 not all the wells have
been used every year. Most of the wells are in three irrigated sections
of the North Canadian River valley as follows: east of the river near
Mooreland:; along the west side of the river about 7 miles south of Moore-
land (known locally as Moscow Flats); and along the east side of the river
in the north half of T. 20 N., R. 17 W.

The area irrigated from wells and an estimate of the amount of ground
water used for irrigation during each year from 1955 to 1960 are shown in
table 7. 1In 1963 irrigated acreage was as follows: alfalfa, 2,500;
sorghum, 2,100; small grain, 1,500; pasture, 700; corn, 250, and horti-
culture, 50, Surface water was used to irrigate 200 acres out of a total
of 7,000 acres irrigated. The number of acres irrigated by surface water
varies from year to year but has never exceeded 200 acres.

Although the amount of irrigation water applied varies from year to
vear, depending on the rainfall during the growing season, the average from
1955 to 1963 was about 1.4 acre-feet per acre,

Public-supply use--Only four towns in Woodward County have public
water-supply systems, and all are supplied by wells. For many years the
city of Woodward obtained a large part of its water supply from wells
tapping alluvial deposits in sec. 19, T, 23 N,, R, 20 W. In 1940 this
source of supply was abandoned in favor of greater quantities of water of
better quality derived from high-terrace deposits in secs. 7, 8, and 16,
T. 23 N., R, 20 W, During the 24-year period 1940-63 the city well field
was expanded to a total of 36 wells with a capacity of about 5 million.
gallons per day, or about 5,500 acre-feet per year. The annual municipal
pumpage of Woodward since 1954 is shown in table 8. Water use is greatest
during August, when about 57 million gallons (195 acre-feet) is pumped.
The minimum use is in February, when about 12.5 million gallons (38 acre-
feet) is pumped.

59



Table 7.--Pumpage of ground water for irrigation in Woodward County 1955-56

Number of Area irrigated Pumpage®
Year wells ‘(acrewfeet)
1955 61° 4,100P 5,000
1956 650 6,100° 9,100
1957 62° | 7,2000 1,800
1958 60° 6,400P 7,600
1959 60P 6, 4000 7,400
1960 60° 6, 500¢ 9,100
1961 60° 6,500 9,600
1962 ' 60° 6,500C 10,300
1963 650 6,800P 12,400

Computed by U.S. Geological Survey by subtracting precipitation during the
growing season of various crops from the consumptive use determined for
those crops by Garton and Criddie (1955, table 2) in Woodward County, and
multiplying the result by the acreage given by Duffin in the Irrigation
Survey Summaries referred to in footnote b, An irrigation efficiency of
70 percent was assumed, based on Garton and Criddle (1935, p. 9).
b .
From Irrigation Survey Summaries compiled by R. B. Duffin, Extension
Irrigation Specialist, Oklahoma State University, Stillwater, Qkla.
e
BEstimated by U.5. Geological Survey because irrigation summaries had not
been compiled for those years.

Table 3.--Municipal pumpage at Woodward

Year Acre-feet Year Acre~feet

1954 1,200 1959 690
1955 1,050 1960 1,000
1956 - 1,210 1961 1,020
1957 850 1962 1,210
1958 930 1963 1,480
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Mooreland is supplied by two wells on the east side of town. Each
well is capable of producing about 300 gpm of water from the high-terrace
deposits. The annual use of water is not known, but an estimate of
municipal pumpage was made by multiplying the urban population (870 in
1960) by 100 gpd per person. By this method municipal pumpage is esti-
mated to be about 32 million gallons, or 96 acre-feet per year.

Western State Hospital near Fort Supply obtains its water supply
from wells that tap alluvial deposits in the valley of Wolf Creek. The
hospital wells also furnish water to the town of Fort Supply. The combined
annual pumpage for Western State Hospital and the town of Fort Supply is
estimated to be about 500 acre-feet per year.

Water for Quinlan is supplied by five wells of low yield which obtain
water from red beds about a mile west of town. The water wused by Quinlan
is not metered, but a city official estimates that pumpage is about
3 million gallons, or 9 acre-feet per year.

Commercial and industrial use--Commercial use of water includes use
for motels, gasoline stations, restaurants, and other business establish-
ments, The amount of water used for commercial purposes in areas away
from the principal towns is small, especially the amount not obtained
from public supplies. Also, the demand for water for commercial purposes
in outlying areas is similar to the demand for domestic needs and the
wells are, for this reason, included in the domestic category.

Most water used for industrial purposes is purchased from municipal
supplies. Some water, however, is pumped for use at a natural-gas
compressor station; some is used during the washing and processing of sand
and gravel aggregate; some is used during the drilling and testing of oil
wells: and some is used for cooling purposes. The total self-supplied
industrial use is estimated to be about 100 acre~feet per vear.

Domestic and stock use--The greatest number of wells in Woodward
County supply water for domestic and stock purposes. Most are small-
diameter wells equipped with pumps operated by windmills, by gasoline
engines, by electricity, or by hand. The yields of these wells generally
are less than 5 gpm. Most of the wells obtain water from the Tertiary or
Quaternary deposits, although many obtain it from the red beds. Yields
of wells in the red beds are consistently reported to be inadequate.

Total pumpage for domestic and stock purposes is necessarily esti-
mated and may indicate only an order of magnitude. An estimate of the
domestic pumpage was made by multiplying the rural populatioen (5,000 in
1960) by 35 gpd per person. By this method, the domestic pumpage is
estimated to be about 190 acre-feet per year. By use of the same method
for stock (65,000 head at 12 gpd, 4,000 dairy cows at 30 gpd, considering
the amount of water used by other livestock to be negligible), an esti-
mate of 1,000 acre-feet per year is obtained. The total rural domestic
and stock requirement is about 1,200 acre-feet per year.
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From the above estimates, the total ground-water pumpage in Woodward
County for 1960 may be computed:

Acre-feet

Irrigation 9,100
Public supply 1,600
Industrial 100
Domestic and stock 1,200
TOTAL (rounded) 12,000

Water-Level Fluctuations

Records of water-level fluctuations in wells are among the most useful
means for determining the availability of ground water because the ground-
water surface fluctuates in response to changes in the amount of ground
water in the reservoir. The rise or decline of this surface depends upon
the relation between recharge into and discharge from the ground-water
reservoir. When withdrawal exceeds infleow the ground-water surface declines,
and conversely, when inflow exceeds withdrawal, the ground-water surface
rises. Thus, the fluctuations of water levels in wells are an index to
the inflow and outflow of water from a ground-water reservoir, somewhat
as the fluctuation of the water level in a surface reservoir indicates the
amount of water in it. However, for the recharge or discharge of a given
quantity of water, the ground-water surface fluctuates through a larger
range than does the water level in a surface reservoir.

An analysis of the fluctuations of water levels in wells can yield
valuable information about the water-bearing characteristics of a ground-
water reservoir. Such an analysis may be used to (1) indicate the seasonal
and long-term trends in ground-water storage; (2) provide an index of the
net effects of recharge and discharge, both natural and artificial; (3)
indicate the general direction of ground-water movement; (4) determine
whether an aquifer is controlled by water-table or artesian conditions;
(5} determine the relative permeability of the materials penetrated by
wells in different parts of the aquifer; (6) indicate principal areas of
recharge; and (7) determine the average permeability and specific yield
of the saturated rocks when used in comnection with records of pumping,
precipitation, and the low (base) flow of unregulated streams.

To determine the character and magnitude of the water-level fluctuations
in the principal aquifers of Woodward County, measurements of water levels
in 50 to 60 wells were made at weekly, biweekly, or monthly intervals
during 1956 and 1957, and automatic water-level recorders were installed on
several wells ranging from 20 to 320 feet in depth. The period of record
for wells equipped with water-level recorders ranged from a few days to
about 18 months., From 1958 to 1963, measurements of the water level in
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20 to 30 wells were made at monthly intervals, and detailed water-level
fluctuations were recorded in a well tapping alluvial deposits in the
North Canadian River valley and in a well tapping the Ogallala Formation,

Although few water-level measurements were made in Woodward County
before the period of this investigation, the general water-level trend
during the 1951-56 drought can be demonstrated from semiannual measure-
ments, (See fig, 6.) The trend of the annual water-level fluctuations
also can be predicted from a graph showing the cumulative departure from
average precipitation if the lag in time between precipitation and a
change in ground-water storage (rise or decline of ground-water levels)
is considered. A casual inspection of the graph showing cumulative depar-
ture from average precipitation at Woodward (fig. 4) indicates that
during the 6-year dry period (1951-56) the quantity of water available
for recharge decreased sharply. Hence, ground-water levels recorded
during 1956 probably reflect a relatively low-water table. Hydrographs
(figs, 5 and 6) illustrate the trend and magnitude of fluctuations since
1956. Under the existing conditions, the pattern of fluctuations is
unlikely to change from year to vear, although the magnitude of seasonal
change will vary with the volume and duration of recharge from precipita-
tion and with the rates of evaporation and transpiration.

The hydrograph of well 21N-22W-23bbbl (fig. 5) shows that the water
level in a relatively undeveloped part of the Ogallala Formation rose
abruptly in 1957 when the drought of 1951-56 was ended by above-normal
precipitation, The graph indicates that ground-water levels in the
Ogallala fluctuate in response to precipitation, but that changes in water
levels lag from 2 to 3 months behind the rainfall that caused the changes.
The time lag is determined principally by the necessity of satisfying the
moisture requirements of the soil, and by the vertical permeability of
the deposits in the interval between land surface and the zone of satura-
tion.

The hydrograph of well 23N-19W-3aaal (fig. 5) illustrates water-level
fluctuations typical of the high-terrace deposits in the North Canadian
River valley. The graph shows that ground-water levels in the high-terrace
deposits have risen from the 1956 low as a result of the above-average
precipitation since 1957. Water-level fluctuations in wells tapping the
low-terrace deposits and alluvium of the North Canadian River and its
tributaries are closely related to local precipitation. (See fig. 6.)

The graphs show that water levels rise rapidly in response to spring and
early summer rains and then decline steeply during the summer in response
to high evapotranspiration. The graphs also show that water levels recover
slightly during the autumn and winter when evapotranspiration losses are

at a minimum. The slight recovery probably reflects a decrease in the
quantities of water lost by transpiration from vegetation and by evapora-
tion of secil moisture from the shallow water table.
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Natural water levels in the red beds probably fluctuate only slightly.
Although the red beds receive some recharge directly from precipitation,
most of it probably comes by seepage from overlying unconsclidated
deposits that absorb water rapidly from precipitation. The overlying
unit, which may include the zone of weathered material in outcrop areas
or deposits of Tertiary or Quaternary age in other areas, provides a
relatively constant head of water for recharging the red beds. Thus, the
character of water-level fluctuations in the red beds is similar to that
in the overlying deposits, and the general trend of the annual fluctuations
can be predicted from graphs showing the cumulative departure from average
precipitation. (See fig. 4.)

Most deposits of dune sand are thin and are not saturated, but they
readily absorb rainfall and transmit it to underlying rocks. If a record
of water-level fluctuations were available for the dune sand, it probably
would correlate closely with precipitation records, and the time lag
between increased rainfall and a rise in water level would be small,

Recharge, Inflow, and Storage

Recharge to the ground-water body in the Tertiary and Quaternary
deposits already has been discussed in general terms under the section
entitled source, movement, and natural discharge. (See p. 54.) As noted
earlier, the Tertiary and Quaternary deposits are underlain by Permian
sedimentary rocks (red beds) whose low permeability prevents movement of
large amounts of ground water. Thus, recharge by underflow from the red
beds probably is negligible.

In many places, small ephemeral streams bring water into the alluvial
deposits in the valleys of the North Canadian River and its major tribu-
taries. However, the drainage areas of the individual streams is small,
and the streams flow only for brief periods in response to precipitation.
Thus, recharge from such sources is believed to be small.

The only significant sources of recharge for the Ogallala Formation,
which covers the southwestern part of the county, are precipitation on
the land surface and underflow from the south and southwest. The ma jor
streams draining this part of the county contribute no water to the
Ogallala because the direction of ground-water movement is toward the
streams {pl. 3).

Seeps are evident in places aloug the contact of the red beds and the
Ogallala. Ground water is therefore being discharged from the Ogallala at
favorable places along the contact. Where the Ogallala is in contact with
the alluvial deposits in the valleys of the larger streams, such as
Indian, North Persimmon, South Persimmon, and Hackberry Creeks, which drain
the area, ground water can percolate by underflow from the Ogallala into the
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alluvium. In most places, however, the red beds are not far below the
surface at the contact of the Ogallala and the alluvial deposits. Thus,
the cross-sectional area through which ground water could move from the
Ogallala into the alluvium probably is small and the amount of underflow
likewise is small, Nevertheless, the quantity of water contributed by
underflow and by springs is large enough to maintain the base flow of the
streams in all except the driest seasons.

In the North Canadian River valley, north and northeast of the river,
Quaternary deposits are notably lacking in surface drainage. <{(See pl. 1.)
Only a few poorly defined and poorly integrated streams cross the area
and empty into the river. The predominantly sandy soil, which covers much
of the area, favors a high rate of infiltration and large tracts have no
visible drains. In addition, many shallow depressions in areas covered.
by dune sand trap and hold water derived from precipitation until it
evaporates or infiltrates into the underlving rocks. Because infiltration
is rapid, relatively few of the depressions retain water for more than
1 or 2 days after precipitation ceases.

The amount of precipitation that reaches the ground-water reservoir
in the Tertiary and Quaternary deposits depends on the amount, rate, and
distribution of rainfall, the composition and physical character of the
s0il and underlying materials, the vegetation, the proximity of the water
table to the land surface, and the shape and slope of the land surface.
Water infiltrates more readily in areas mantled by permeable materials,
such as dune sand or sandy soil, than in areas covered by less permeable
materials, such as oils derived from sitt, clay, or shale. Much of the
area underlain by the Tertiary and Quaternary deposits is covered with
dune sand. Thus, infiltration of local precipitation is an important
source of recharge.

A comparison of water-level fluctuations in wells with the cumulative
departure from average precipitation at Woodward suggests a relation
between departure from normal rainfall and changes in ground-water levels.
The rise of water level in respounse to local rains appears to be relatively
rapid; thus, it is believed that fluctuations of ground-water levels in
deposits of known specific yield could be used to provide a reasonable
estimate of recharge resulting from precipitation.

The graphs in figure 4 show that the annual precipitation increased
abruptly from an average of 17.2 inches for the 6-year dry period 1951-36
to an average of 28.5 inches for the 6-year period 1957-~62. The graphs
also show that most of the increase in precipitation occurred in 1957.
During that year precipitation was 24.5 inches above the 1951-56 average.
The water table began to rise in response to the increased precipitation
(figs. 5 and ¢), and during the period of rise recharge exceeded discharge,
resulting in an increase in the quantity of ground water stored in the
Tertiary and Qauaternary deposits.
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The rise in water levels in observation wells tapping substantial
thicknesses of the Ogallala Formation ranged from 0.2 foot to 3 feet
and averaged 2 feet. Water-level rises in wells tapping alluvial
deposits in the stream valleys ranged from 2 feet to 10 feet and averaged
3 feet. When the average annual precipitation increased by 11.3 inches
for a period of 6 years, recharge exceeded discharge and ground-water
storage increased, causing the water table to rise an average of 2 feet
in the Ogallala Formation and an average of 3 feet in the Quaternary
deposits. The greater part of this rise occurred during the summer and
autunmn of 1957 (figs. 5 and 6). From 1958 through 1961 water levels in
most wells tapping the Ogallala rose from 0.01 foot to 0.05 foot per
year, and in wells tapping the Quaternary deposits from 0.01 foot to
0.5 foot per year. Hence, recharge resulting from precipitation only
slightly exceeded discharge from natural and artificial means for the
period 19538-61,

In the following calculations of recharge derived from precipitation,
the Ogallala Formation and the Quaternary deposits were assigned specific
yields of 10 and 20 percent, respectively.

With a specific yield of 10 percent, the 2-foot rise of the water
table in the Ogallala represented an addition to the ground-water body of
0.2 foot of water. This 0.2 foot, or 2.4 inches of water, was not the
total recharge to the Ogallala, but only the amount of recharge in excess
of discharge.

To account for the water added to storage, recharge had to be at
least 2.4 inches, or 10 percent of the increase in precipitation (24.5
inches) during 1957 when most of the recharge occurred. Because ground
water is being discharged continually from the ground-water reservoir, the
total recharge must have been greater than 2.4 inches. The rate at which
ground water would be discharged depends on the water table and the
hydraulic gradient near points of discharge. As the water table rose in
response to the increased recharge, the rate of discharge would increase.
During 1957, recharge had to provide an amount of water equal to that
discharging at low ground-water stages, plus an amount equal to the
increased discharge caused by the higher water table, plus the 2.4 inches
that was added to storage. Although 10 percent of the toal precipitation
was added to ground-water storage, the percent of the total precipitation
recharging the ground-water body in the Opallala is not known. If, however,
10 percent of the total precipitation (41.7 inches) became recharge, then
in 1957 recharge from precipitation would have been about 4 inches,
Recharge over the part of the county umnderlain by the Ogallala (320 square
miles) would then be about 67,3500 acre-feet in 1957, and the increase in
ground-water storage alone would have been about 40,000 acre-feet.

68



During the 4-year period 1958-61 rainfall remained above average and
the gquantity of ground water added to storage in the Ogallala was computed
to be about 1,000 acre-feet per vear.

The recharge rate and the amount of water added to storage in the
Quaternary deposits was determined by the method described for the Ogallala
Formation,

It was determined that the specific yield of the Quaternary deposits
is 20 percent, and that water levels rose an average of 3 feet during
1957, This water-level rise represented an addition to the ground-water
body of 0.6 foot, or 7.2 inches of water. As noted earlier, this increase
in storage was not the total recharge but only the amount of recharge in
excess of discharge. To account for the water added fo storage, recharge
would have had to be at least 7.2 inches, or 29 percent of the increase
in precipitation (24.5 inches) during 1957 when most of the recharge
occurred., Hence, the quantity of ground water added to storage in the
part of the county underlain by the Quaternary deposits (340 square miles)
would have been about 130,000 acre-feet. Owing to depressed water levels
resulting from the extended drought, it was assumed that only 25 percent
of the toal precipitation (41.7 inches) might become recharge. If that
were true, then recharge derived from precipitation in 1957 would have
been 10.4 inches. Recharge over the part of the county underlain by the
Quaternary deposits (340 square miles) would have been about 187,000 acre-
feet in 1957,

During the 4-year period 1938-61 rainfall remained above average and
the quantity of ground water in storage increased about 22,000 acre-feet
per year.

In addition to recharge from precipitation, some water is added to
the ground-water body in Woodward County by subsurface inflow through the
Ogallala Formation which extends westward and southward into Ellis County,
and by inflow through Quaternary deposits in the valleys of the North
Canadian River and Wolf Creek. An estimate of the amount of water entering
the county from these sources may be made by the application of Darcy's law
which may be written:

Q = TIW
Where Q = inflow, in gallons per day;
T = coefficient of transmissibility; in gallons per day
per foot;
I = average hydraulic gradient of the water table, in
feet per mile;
W = width, in miles, of the saturated part of the

aquifer contributing inflow
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Recharge to the Ogallala Formation by subsurface inflow from Ellis
County (average coefficient of transmissibility, 28,000 gpd per foot;
ground-water gradient in the southwest corner of Woodward County about
20 feet per mile; length of the 2,300-foot water-table contour about
9 miles) was calculated to be about 5,000,000 gpd, or about 5,500 acre-
feet per year, Recharge resulting from subsurface inflow of water
moving through the alluvial deposits in the valleys of the North Canadian
River and Wolf Creek (average coefficient of transmissibility, 60,000 gpd
per foot; ground-water gradient in North Canadian River wvalley near mouth
of Wolf Creek, 5 feet per mile; width of the alluvial valley of North
Canadian River near mouth of Wolf Creek, 1.5 miles) was calculated to be
about 450,000 gpd, or about 500 acre-feet per vear.

Although the figures given above do not represent all water added to
the ground-watér reservoir by subsurface inflow, they do indicate that
ground-water inflow is not an important source of recharge,

For future planning it is useful to know the total amount of water
available from storage in the Tertiary and Quaternary deposits, even
though it would not be feasible to pump all the water. The method of
calculation is to multiply the volume of saturated deposits by their
specific yield. Thus, the Ogallala Formation, which covers about 320
square miles, has an average saturated thickness of 180 feet {(pl. 5), a
specific vield of 10 percent, and an estimated 3.6 million acre-feet of
water in storage.

The Quaternary deposits, which cover about 340 square miles, have
an average saturated thickness of 30 feet (pl. 5), a specific yield of
20 percent, and an estimated 1.3 million acre—feet of water in storage.

The recharge rate and volume of water in storage might be compared
to the total pumpage in 1960, which was estimated to be 12,000 acre-feet.

70



QUALTTY OF WATER

Mineral matter and organic substances are dissolved by (a) water at
the land surface, (b) water that infiltrates the soil and seeps downward
to the zone of saturation, and {(c) water that moves through the rocks and
deposits in the zone of saturation. In addition to natural factors, the
quality of the ground water is influenced by human activities, such as
pollution caused by industrial waste and domestic sewage and contamination
resulting from the disposal of cil-field brines or ther industrial wastes.
The kind and amount of dissolved materials are closely related to the
mineral composition of the soil and rocks through which the water moves,
For this reason, different geologic units commonly contain ground water of
different chemical character. The quality of the water in the different
units is described in a later section.

Chemical analyses of ground water from selected wells and springs in

Woodward County are given in Appendix €. Analyses of water from streams
draining the Tertiary and Quaternary deposits are given in Appendix D.

Quality with Respect to Source

The quality of the ground water in Woodward County varies considerably
from place to place, the variance depending largely on the geologic unit in
which it occurs. Water in the Permian rocks is the most mineralized
because those rocks contain soluble minerals such as gypsum and halite and
because water moves through them rather slowly. Water in the Ogallala
Formation and high-terrace deposits is of the best quality because infiltra-
tion is rapid through the sandy soil developed on these deposits and because
water moves through the deposits more readily than through the Permian rocks.

Permian rocks-~-Water in the Permian rocks is moderately to highly
mineralized, is hard to very hard, and is of a calcium bicarbonate, calcium
sulfate, or sodium chloride type, or a mixture of these types. Water from
the Blaine Gypsum is very hard, as much as 3,180 ppm (parts per million)
because of the sulfate dissolved from the gypsum beds. Water from the
Whitehorse Group is a calcium bicarbonate type and is hard to very hard.

In the extreme northern part of the county, brine issuing from springs
believed to originate in the Flowerpot Shale is much more mineralized than
sea water. Water from a spring in sec. 33, T. 17 N., R. 19 W., contained
156,000 ppm chloride and had a total dissolved solids content of 262,000 ppm.
Test drilling in the area has shown that bedded halite (rock salt) occurs
in the Flowerpot at shallow depths beneath the alluvium of Cimarron River.
Halite probably occurs also in the shale adjacent to the wvalley and is
undoubtedly the source of the sodium chloride in the spring water.
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Permian rocks, Blaine Cypsum--Samples of water from the Blaine
Gypsum were collected from five flowing artesian wells and one windmill
well, Although the windmill well (23N-17W-8abbl) was only 75 feet deep,
the water from it had a dissolved-solids content of 2,790 ppm, a hard-
ness of 2,050 ppm, 1,570 ppm of sulfate, and was of a calcium sulfate
type. Water from one of the artesian wells (34N-17W-30cccl), about
5 miles southeast of the windmill well, was of similar quality. However,
water from the other four flowing wells, all in the southern part of the
county, was of a sodium chloride type or a sodium chloride-calcium
sulfate type. The dissolved-solids content of water from these four
wells ranged from 5,000 to 11,400 ppm, and the water is too salty for
most uses, ‘

The calcium sulfate in the water from the Blaine results from the
solution of gypsum in the formationm., The wells containing sodium
chloride water or a mixture of sodium chloride and calcium sulfate water
are all deeper and farther from the outcrop of the formation than the
wells containing water of the calcium sulfate type. The sodium chloride
probably was derived from halite associated with the gypsum layers or
disseminated in the shale beds of the Blaine.

Permian rocks, Whitehorse Group-~Water from the Whitehorse Group is
principally of a calcium bicarbonate type and moderately mineralized. ‘
Dissolved-solids content ranged from less than 300 to nearly 800 ppm
and hardness from 160 to 405 ppm. Sulfate, chloride, and fluoride were
low in the seven samples analyzed. These samples were collected from
wells in the outcrop area of the group mostly in the eastern part of the
county. In the western part of the county the Whitehorse Group contains
disseminated and bedded gypsum and water in that area is likely to be
more mineralized and of the calcium sulfate type.

Ogallala Formation--Water was obtained from seven wells tapping the
Ogallala Formation. The depth of the wells ranged from 235 to 205 feeft,
but the quality of the water was remarkably similar in all. The water
was of a calcium bicarbonate type and was relatively low in dissolved
solids (278 to 339 ppm). The hardness averaged about 250 ppm, and
sulfate, chloride, and fluoride contents were very low.

High-terrace deposits—Water from wells in the high-terrace deposits
is of a calcium bicarbonate type, hard, and has a relatively low dissolved-
solids content. Dissolved solids ranged from 172 to 464 and ardness from
104 to 305 ppm; the sulfate, chloride, and fluoride contents were very low.

Low-terrace deposits and alluvium--Water from the low-terrace deposits
and the alluvium seems to be erratic in quality, probably because of the
seepage of water into these deposits from other aquifers. In places these
deposits also contain much detrital material derived from the Permian
rocks, which would influence the guality. Where these deposits are
adjacent to and.receive recharge from areas of dune sand or high-terrace
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deposits the water is moderately mineralized, hard, and of a calcium
bicarbonate type. Water collected in 1956 from well 20N-17W-7abdl,
about 7 miles east of Mutual, had a dissolved-solids content of 609
ppn, hardness of 460 ppm, sulfate of 193 ppm, and chloride of 14 ppm.
In contrast, a sample collected in 1932 from one of the Western State
Hospital wells (24N-22W-10cabl), in the alluvium of Wolf Creek valley,
had a dissolved-solids content of 1,100 ppm, hardness of 634 ppm,
sulfate of 392 ppm, and chloride of 131 ppm. This water was of a
calcium sulfate type, reflecting the influence of the Permian rocks-
which border Wolf Creek valley in that area.

Quality with Respect to Use

The chemical quality of the ground water in Woodward County affects
its use for certain purposes. Hardness, dissolved solids, sulfate, and
c¢hloride generally are the most important constituents in water for
drinking or other domestic use. Sodium, boron, and dissolved solids
affect the suitability of the water for irrigation. Different industries
have widely varying requirements concerning the quality of the water
they use. If the water is used principally for cooling, it is possible
for an industry to use water that is more mineralized and poorer in
quality than water to be incorporated into a product.

Calcium and magnesium make water hard and are responsible for the
scale formed in water heaters, steam radiators, pipes, valves, and other
fixtures. Hardness in water also results in increased consumption of
soap for laundry purposes and is responsible for the scummy deposit that
accumtilates in bathtubs, lavatories, and laundry equipment. The U.S.
Geological Survey classifies water with respect to hardness as follows:
less than 60 ppm, soft; 61-120 ppm, moderately hard; 121-180 ppm, hard;
more than 180 ppm, very hard. Most of the ground water in Woodward
County (Apps. C and D) is hard or very hard; water from the Blaine Gypsum
is extremely hard.

The specific conductance of a water is a measure of its ability to
conduct electricity and is expressed in micromhos per centimeter at
25°C, Because the salinity of water is closely related to the specific
conductance, the specific conductance may be used as a measure of the
salinity hazard of the water. As a rule, the higher the salinity of a
water, the less suitable it is for use.

Sodium and potassium in concentrations of 50 to 100 ppm amy cause
foaming if the water is used in the operation of steam equipment. Sodium
also affects the usability of water for irrigation, and the sodium-
adsorption ratio (SAR, in App. C) together with the specific conductance
iz used to classify water for irrigation use.
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Drinking water-- The U.S. Public Health Service (1962) has recom-
mended that certain constituents in water used for drinking on interstate
carriers should not exceed the following limits: sulfate and chloride,

250 ppm; nitrate, 45 ppm; dissolved solids, 500 ppm (1,000 ppm permissible).

Sulfate and chloride generally will give the water a bitter or salty
taste if they are present in amounts greater than 250 ppm. The sulfate
content of water from most wells in Woodward County, except those
tapping the Blaine Gypsum, was less than 250 ppm. Water from a few wells
tapping the alluvium contained an excessive amount of sulfate, and water
from one (24N-22W-fabbl) contained 270 ppm chloride.

Nitrate in water may cause methemoglobinemia (blue-baby's disease)
if the water is used for drinking or the preparation of the infant's
formula. The U.5. Public Health Service recommends that the public be
warned of the potential dangers of using water containing more than
45 ppm nitrate. Water from two wells tapping the Whitehorse Group
(App. C) contained 1350 and 210 ppm nitrate, probably as a result of local
contamination of the wells by organic matter.

Except for water from the Blaine Gypsum, the dissolved-solids content
of ground water in Woodward County is within the permissible limits for
drinking water.

Irrigation~~The suitability of water for irrigation depends upon
several factors in addition to the mineral content of the water. Among
these are the type and drainage characteristics of the soil, the amount
of water applied, and the amount and distribution of precipitation.

The U.S. Salinity Laboratory Staff (1954) has found that the usefulness
of an irrigation water is determined by (1) total concentration of soluble
salts (salinity hazard); (2) relative proportion of sodium to other cations
(sodium or alkali hazard):; (3) concentration of boron or other elements
that may be toxic; and (4) under some conditions, the bicarbonate concen-
tration as related to the concentration of calcium and magnesium.

The total concentration of soluble salts in irrigation water is
most easily expressed in terms of specific conductance. The property
varies with the amount and kinds of dissolved salts and the temperature.
Nearly all irrigation waters that have been used successfully have
specific conductances less than 2,250 micromhos. Water of higher specific
conductance has been used occasionally; but crop production, except on
very well-drained soil, has not been successful.

Most ground water in the county has a salinity hazard in the medium-

to-high range. Special drainage and agricultural practices may be needed
if water in the high range is to be used for irrigation.
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The U.S$. Salinty Laboratory staff (1954, p. 72-74) has shown that
the sodium-adsorption ratio (SAR) of a water is a useful index of the
sodium or alkali hazard, because it is related to the adsorption of
sodium by a soil. The sodium-adsorption ratio (SAR) is calculated by
dividing the sodium concentration by the square root of half the sum
of the calcium and magnesium concentrations, in equivalents per million.
The SAR is reported in Appendixes C and D for most of the samples of
water analyzed., The sodium hazard is low in all water analyzed, except
water from wells penetrating the Blaine Gypsum and older rocks.

Boron in small amounts is essential for the normal growth of
practically all plants, but in amounts greater than about 2 ppm it may
be toxic. The ground water in Woodward County does not contain boron
in amounts great enough: to be toxic to the crops generally grown in the
area,

The ranges in specific conductance, sodium-adsorption ratio, and boron
of water in Woodward County are summarized below. '

Specific Sodium-
conductance adsorption
Source of water {micromhos ratio Boron
at 25°C) (SAR) {ppm)
S o o =T 1 601-2,640 0.4-5.7  ........ .
Ogallala Formation....sve.oo.. 439-542 0.2-0.8 0.00-0.12
High-terrace deposits........ 303-776 0.2-1.5 0.00-0,13
Low-terrace deposits and
alluvium, covaaeieecacesnn. 882-1,690 0.6-3.2 0.02-0,08
Permian rocks overlying
Blaine Gypsum 269-1,160 0.4-2.1 0.00-0.34
Blaine Gypsum and older
rocks of Permian age...... 2,760~17,300 0.6-30 0.09-0.46

Except for water from the Blaine Gypsum, ground water in Woodward
County is suitable for irrigation. Some of the calcium sulfate water from
the Blaine probably could be used where soil drainage is good and if good
irrigation practices are followed,.
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CONCLUSIONS

In Woodward County the principal sources of ground water for municipai,
industrial, and agricultural development are the Ogallala Formation in the
southwestern part of the county and the terrace deposits and alluvium in
the North Canadian River valley. The amount of water stored in these
deposits is estimated to be about 5 million acre-feet (3.6 million acre-
feet in the Ogallala and 1.3 million acre-feet in the alluvial deposits).

After drought-breaking rains in 1957, ground-water recharge from
precipitation and subsurface inflow was estimated to be 260,000 acre-feet
(73,000 acre~feet in the Ogallala, and 187,000 acre-feet in the alluvial
deposits). Water added to the ground-water reservoir in 1957 replaced
most of the water lost during the 1951-56 drought. Discharge from the
aquifers in the county is estimated to total about 100,000 acre-feet per
year. These magnitudes may be compared with the total pumpage in 1960,
which was estimated to be 12,000 acre-feet. Ground water supplies most
of the needs in the county for municipal, industrial, domestic, and
irrigation supplies. Large quantities of additional ground water could be
developed, principally from the terrace deposits and Ogallala Formation.

Although the ground-water supply in the Ogallala Formation and in the
terrace deposits and alluvium is great and is being replenished continually,
the concentration of large-capacity wells in small areas can resulf in
local overdevelopment. A continuning program is needed to measure water
levels periodically and to inventory ground-water withdrawals to insure
the safe development and conservation of the ground-water resources.

A factor not mentioned previously, in determining the feasibility of
developing ground water for irrigation, is the initial cost of the wells
and the subsequent maintenance and pumping costs. These, together with
other factors of interest to the individual water user, are discussed by
Wood (1950). Furthermore, the generally close relationship of ground water
and surface water emphasizes the need for clarification of the legal status
of each in relation to the other, so that existing rights will be protected
and the county's water resources will be fully developed.
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Well number:

Appendix A,--Records of wells and test holes in Woodward Courty, Okla,

For explanation see text,

locgtions shown on plate 3 |

Type of well:

Pump and power:

B, bored; D, dug; Dd, drilled; Dn,

C, cylinder; Cf, centrifugal; J,
N, none; T, turbine; a, airlift; b, butane, e,

p. 7 ; well

g, gasoline, k, hand; p, propane; w, wind.

Use:

D, domestic; I, irrigation; Id, industrial: N

deiven;

jet,
electrics

noné

{includes unused or destroyed welis); Q, observation;
P, public supplys S, stock; T, test hole,

Other data:

Geologic source ; Qal, low-terrace deposits and elluvium;
‘Qt, high~terrace deposits; To, Ogailala Formation;
Pwh, Whitehorae Group; Pdc, Dog Creek Shale; Pb, Blaine
Gypsum; Pf, Plowerpot Shale,

C, chemical analysis shown in appendix Cj
L, well log shown in appendix B.

Woler favel Alfitude above moon sed
javel (faet}
Location Type Pump Gealogic | Depth of Depth Dot Other
Well number in Owner or tenont of and Use | prea wall below of Land Watef Sarmian
sechion well puwer (tagl] tond measure- Taval data
surface meant surtace serface surfoce
20N-17W-1ddd1 SEASE3sT? 1lw. A. Green bd 17, ¢ |ps |t 48 |z2z.0 5-17-57 1,724 |1,702 | 1,674
2bbhl NWENGENWE 2 §F. Shuck pg o, w o p,s, o0 .. |33.8 §-13-57 1,751 [1,717 | 1,707 .
2dddl SEISEZISEL 2 4. L. Louthan pd T, & 1 |uar 36 |12.9 4-25-570 1,717 [1,704 | 1,682 | ..
2ddd2 do, Us Geol, Survey nd N T Gal 360 0.8 4-25-57 ... oo | ool L
24dd3 do, do. nd N T a1l 30 |10.5 4-25-57 ... oo | e L
2ddda do. do. pd N T |Qal 2z | 11,8 4-25-57 s.uiu desne. | iea.. L
24dds da. do. Dd N T jQal 22 |1w0.0 B-25-5TF suvai Jeusns . L
Sedel SWiSE3SW: 3 do. B NOfr, O @al 11 3.8 5-13~57 1,727 {1,723 | ..... e
Fabdl SESNWANEL 7 k. Craighead pd v, g I joal 70 l25.0 9-10~54 1,746 {1,721 | 1,876 ¢, L
106bb1 NWENWINWELD | US Geol. Survey | N e [at 56 |12.0 5-13-57[ 1,723 {1,711 {1,667 [L
13cecl swaswiswlilz do. nd N T |ga1 33 7.3 4~25-57 1,706 |1,699 {1,673 [T
1%dbc1 SW%NW%SH%lQ 5. Laashman Dd [, w .S Pl 64 50,7 10-26-55 ,..0n luovenn i .
3schel SWINWESWE35 [, R. Grift. pd [, w [,8  [pwn 42 |24.9 10-26-55] cuvun |ewnue | aunen |oun
20N-18W-3aaal NWENEANES 3 [E. L. Billingsliy| pd [, w p,5 [pwh 71 |37.0 5-21-57b1,794 1,757 |....s ...
Saabl MWINEINEE 5 D, Cooper D N N [pwh 50 136,3 L3 B2 S R I
Schel SwiNwiswl S [T. L. Hartley nd If, e p,5  |pwn 87 |35.8 102785 oouin |auen. PP
ilaadl SEINBINEZ1L K. D, Meagle D B,w £,5,0(Pwh 37 {30.2 5-21-57[ 1,800 {1,770 .. e
Zlbbal EINWINWIZL [E. L. Billingsily] Dd [, w | & [ewh 43 8.3 5-21057| ciaus feunns AU P
27bbbl pawiNw N2 7 [, Danely Dd 2, w 5 [pwh 50 [21.0 EE=3 P ] I S A
28daal VE4NEZSEL2s | oLl Dd o, w 3 Jewh 54 [25.2 LR - il I NP S ca-
30bbdl SEINWINWE30 . Thowpsen pd [, w Pp,S [Pwh &0 34,0 8 B=50l .., ., |eie.s . .
20N=19W=1ddd1 . SBiSEISES 1 Q). B. Adams nd 1, b T fwh 45 |2e.2 5-17-57| ... .. e .
radal NEFSESNBL 7 . Converse Dd N N fpwh 46 |11.4 ENR-ES-T1 AN N I
16cdel SWASEISWILE [ ... nd o, w 5 [Pwh 98 §30.2 5-17-57|2,046 2,016 |..... .
2%2aal NEFNEZNEER2O E. C. Conine pa f,w B,0 [e 54 24,3 5-17-57[2,119 2,095 |..... .
304dd1 REZSERSEIzO [ ... ..l nad € ow 5 Pwh? 124 |86. [-E U 1CY IR S R
36bhbl NWiNWiNGY 38[J. H. Jones D . W 3 [wh 57 |a1.2 5-17-57| ... .. . .
20N-20W-22aa 1 NEFNEZNEZ Z|M B. Bieness pd N N iPb flowing; 9-10-5¢9 2 055 [..... | ..... c
6d4dl SEISClssl 6|C. P. Keltch pd f¢, w |50 fTo 55 | 34.0 5-15-59 2,137 [2,103 R
8daal NEiNEESHL B|E. K. Travers D K 5 ITo 25 | flowing| 9-10-5¢ ., ... |..... | ..... c
19daal do. 19[B. L. Mote nd o, w [5,0 (To 44 [ 40,5 T 2-34 2,196 [2,155 | ..... e
22bbbl NWAINWINWE22 [US Geol, Survey nd N T [T wi oo, e, 2,163 |,,.,. | 2,062 |L
36bbbl da.  36l3chool land nd [0, w |B,3,0[Te 42 137.9 3-15-57 2,161 [2,123 | ..... e
20N~2 1W-laaal NEANEGNEL I|.ovinrerenn- . pd [c, h K |[To 70 | 63.4 5-19.57 2,180 12,117 | ..... .
2dadl sEdNERSETD 24.... .. e nd N N |To e [91.3 5-R0-57 ...ty fewenr | eeuen U
Saaal NEANEANES 5|R. Bellows pd 2, b 0,0 |To 17 5,5 §5-13-5370 2,165 |2,160 | ..., | ..
6aaal do, & bd N N |To 82 | 54.3 5-16-57 2,226 |2,171 oo, | ...
8becl SWESWINWNY B Da N N |To 64 |[56.1 5- 9-57 2,236 2,180 FU
12dadi SE4NERSEZ12 [0, L. Young pd [, w p,8 |To 0 |43,7 11- 8-58 2,174 (2,130 | ..... |....
i8ccbl Mwiswhawdie | Ll nd b, w s |Te 098 | 88.2 5- 9=57 2,279 (2,191 |[..... e
22dcct SWESWESEF22 [US Geol. Survev ™d N T |[Te 196 [04.8 4. 8-57 2,291 (2,186 (2,095 {¢
Z3¢ddl SEASEZSWIA3 oty vren iy nd 2, w ¥ |To 55 [45.1 5»19w57/ 2,183 (2,148 P
28behl NuFSWENWEZ6 R, E. Reaves pd £, b 5,0 |Te 67 |32.9 5-13-57| 2,204 |2,171 .
3bebl do. 30]|.,... P e nd |, w N |Te 9% | 32.8 5-15~57| 2,303 |2,220 e
3baddl SE3SEANE36 |US Geol. Survey pd ke T |To 182 ..., PPN -0 5 B N IS L
20N-22W-3abbl MwINWANES ShoL. el nd y N |To 52 |43.4 5~ 957 ... .. . v
schel SwENWISWE S| ..l nd [, w N {To 67 |s8.¢ 5-17-57) 2,389 12,330 ..
6bbbl NWINWIMWE 6 il co. test hole| nd ¥ T .. -3¢ 1A N R 2,361 t....,. L
7daal NEZNBISEY 7l ..v.ei i} Dd B, ow N |Te 96 | 85.4 S« O-37j2,412 [2,327 b,.... ...
17babl NWAINESNW 17 M. Hamilton pd [, w DS |e g9 [79.0 11-9-58( ..., [.....
19add1 sESSEINEL1e | oL b N [To 160 |B&.1 5- 0-572 452 [2,313 .
19ddd1 3EXsE2sEL1e Shrodar pd [, w S Mo 205 . N U A C
22ccel Swiswhiswlze IS Geol. Survey nd N T 205 e Laoiees 2,292 [.-... L
24decy SWESWESEF24 [E, R, Lucas D4, 5.0 o 23 8 5-13-572,230 2,222 .
20bbdi SELNWINWI29 M. M. Erlman Dd O, ow 3 o 145 |B7.8 11- 9-55|2,4357 (2,319 .
3iberd SWESWINWE31 [US Geol. Survey ba N T [fo E1e- 2 S coe|2,513 ... L
34gadl SEINEINER34 [.vuvnvuvvanenss Dd X O 15 |12.5 5-19-57|2,30¢ B.297 |..... |...
35ahbi WA INERRS Lo pd f, w 5 [ro 38 9.7 5-19-5712,201 k2,281 |..... R
36addi SEZ5EINE236 {US Geol. Survey Dd N [0 [re 402 |95.2 5-13-5712,374 p,279 [1,997 |L
36bbal NEANWINWE36 | ov et nd o, w 5 [re 71 |59.6 5-19-57{2,321 2,282 |..... .

AL1T



Well number: FPor explanstion see text, p. 7 ; well

locktions shown on plate 2 .

Type of well:

Pump and power:

B, bored; I}, dug; Dd, drilled; Dn,

C, cylinder; Cf, centrifugel: J,
N, none; T, turblne; o, airlift; b, butans, e,

g, gesoline, h, hand; p, propsne; w, wind,

Uset

P, pudblic supply: 5, stock; T, test hole.

driven;
jet,
elestric;

D, domeatic; I, irrigation; Xd, industrial: N, nons
(in¢lndes unused or destroyed wells); O, observation;

Records of wells and test holes in Woedward County, Okla,--Continued

_Geologic source : Qal, low-terrace deposits and alluvium;

Gt, nigh-terrmce deposits; To, Ogallala Formation;

Pwh, Whitehorse Group; Pdc, Dog Creek Shale; Pb, Blaine
Gypsum; Pf, Flowerpet Shale,

Other data:

¢, chemical analysis shown in appendix C;
L, well log shown in appendix B,

Water leavel " Alfitude cbove madn sey
Lecation Typs [ Pump . Bentn of | ooy bate faval (feat)
Well numbaer in Owner or teacnt af and Use |ouHow well below of Wotat Gther
section well | powsr Wures | (faet) land | measure. | “°"° tevet | PEIMON | date’
surface ment surfece surfoce surtgce
2IN-17W-2daal NEZNE3SEZ2 2], vvvivvnnnen] Do o, w 5 |rwh 138 120,0 | 3= 0238 ooveo dovey Jeeenn | aces
Seeel swiswlswd 9JUS Geol. Survey nd N T |Qt 50 41.7 | 5-25-57 1,894 11,852 (1,84 | L
9cec2 da, PR IR 1< B (oI N |{Puh 160 123.6 |10-14-60 1,901 11,776 |..... -
12daal NEINEISEF12]L. Clayton pa ¢, w S [Pwh 22 66.8 | 10-25-5§ 1,826 {1,759 J.ooov | oins
13aaal NEANBENEL13|US Geol. Survey nd N T {ft i 17.6 1 4-27-37 1,872 §1,8%4 1,842 | L
13¢ccl swiswiswi1s do. nd N T oot 50 30.0 | 4-25-59 1,874 }1,844 | 1,826 | L
17banl NWANEZNWE17|]. L. buer pd o, w o [n,s ot 29 5.1 | 102559 ... i Jaa.ot .
19bacl swinpinwii19[0. Best Dd (T, g 1 |Qal 33 18 1.
a2dedl SEdswisES22 |1, Clayton pa o, w |D.S |Pwh 79 5.6 c
26bbbl NWENWANWE2S [W. Brewer pd |C, w |D,5 |Pwh 86 78,6 {10-25-53 1,815 $1,737 |..... | ..
27aaal NEINEANEF27|US Geol. Survey nd N T ot 51 20.8 4-25-54 1,823 £1,802 1,774 | L
27cecl swiswiswiz? do. Dd b T |Qt 50 34,7 | 4e25.57 1,758 [1,723 [1,710 | L
2%¢ccel do. 29 do. nd N T |0a1 40 12,0 § 5-25-57 1,740 [ 1,728 |1,704 | L
20edel SWESEESWE29|W. Haynes pd o, w 5 [Get 38 12,4 } 5~ 9~59 1,734 | 1,722 {..... .
33cecl swiswlswi33[us Geol. Survey Drd N T |2al a0 22,8 | 4-25.59 1,741 [ 1,718 |1,685 | L
35ddd1 SELSEASE335|A. L. Louthan nd o, w s |t 49 47,1 F 5-17-59 vuves | e foeaon .o
36cddl splspiswWiie|Us Geol. Survey Dd N T ot 62 44,8 | 4-25-57 1,763 [ 1,718 1,702 | L
21N-18W-6addl SESE4NET & do. nd N T |Qal -3 R SR 1,784 [ ..., [1,736 [ L
7ceecl swiswlswi 7]F. Harper pd {C, w S il 58 25.7 5.21-5% 1,803 | 1,777 |..... eaas
10abbl NWANWANES10|US Geol Survey nd N T {Qt 53 31.8 | 4-25-57 1,821 1,789 (1,770 [ L
14aaal NEINEINBEL4| .. .ocon.e. v.ev..s| Dd N 0 |gal 24 23.3 | 5~ 7-57 1,773 J 1,750 j..... Ve
21bbbl Nwinwinwi21|US Ceol. Survey nd N |T,0 [Qal 82 29,9 | s-13-s57 1,797 | 1,787 11,717 L
22ddd1 sEispispizz do. Dd N T Qa1 40 25.6 | 1-23-59 1,774 1,749 (1,741 (L
27aaal NEANEEINEIRT | oranve v n nd o C, w N [Qal a6 38,8 | 5-21.57 1,793 {1,754 |..... -.
27bebl NWiswiNWE27]6. Ellington pa |o, w |S,0 1Gal 53 42.8 | 5-21-57% 1,805 2,703 |..... | .--
2Raddi SplseINEL28|US Geol. Survey Dd N T |oa1 55 43.5 | 1-23-57 1,304 [1,761 {1,749 (L
29ddd1 sELsELISE229| . Allisen o ¢, e |p,8 lQal 35 28.9 | 5-21-54 1,821 [1,792 |..... e
31bbal NEINWAINGE31[US Geol. Survey Dn N o [gal 16 4.6 | s-21-57 1,834 11,829 |..... e
32bbdl SEANWANWEZ2] o s s pd |7, e T |oal &4 20,9 12— 3-54 1,833 {1,812 {1,76% | ....
32dcel swiswlssisz|o. Cray D c, w |p,s [Pwn 39 18.8 | 5-21~57 1,817 [ 1,799 |.... C
33cedl SE4SWiSW333|B. Nelson B N N [Pwh al 29,7 § 5-21-57 1,828 [1,788 |..... .
3é6dcdl SE)SWISEL36{H. Sanders pd e, w |$,0 |Qal 4% 38.4 | 5-13-57 1,772 | 1,733 1,732 | ....
21N-19W-2cbdl SEINWISWY 2|W. Cox pa T, b T [gal 58 14,2 { 5-14-57 1,802 11,788 (1,746 | ...
Jddal NE35E3SEY 3|E. T. Bailey pd T, b T (a1 68 32.1 7 5-14-57 1,819 11,787 |.....
7dddl SELSE}SES 7)H. Baker D o,ow s |Pwn 44 24,0 | 5-16-5% 1,943 {1,919 |.....
gbbal NEZNW3INW: &|C. B. Britton od o, w 5 jPwh 36 3,6 | 5-16-57 1,877 | 1,873 {..... .
10ddal NELSEiSE10|R. Armstrong pa T, b T iQal 1- T P IS T 2N I 1,756 | ...
11acal NEZSWinEF11] J. D. Elmore Dd T, b 1 [021 48 13.1 | 51457 ... |..... |.. e L
1leebl NWiswiswiil| 7. R. Merkling nad fr, b I [ga1 56 21 U I3 - I 1,756 |1
12cbdl selwwiswii2|w. Harper pd [T, b T |Qal 53 14,1 | 5-14-57 1,799 [1,785 |[..... .
12bbd1 SEXNWINNE1Z[ J. §. Price Dd N 0 |Qal 32 12.0 | 4~14-57 1,796 [ 1,784 |.... e
12dddl SESSERSEAL2|US Geol. Survey nd I T |Qal 55 33.8 | 4-24.57 1,800 [ 1,787 |1,748 | L
15adcl SWESEANE$15| 041 co. test hole] Dd K b ), 285 flowing | 9-10-5¢ 1,820 |..... c,L
24baal NELINEANWIZ4|A. W. Crawford Dd & 0 |Qat 64 35.9 ) 5-13-57 1,818 11,783 }.... .
25addl seliSEINEL25|US Geol. Survey nd N T |Qal 4z AP I 1,847 |..... [1,810 | L
26adal NE2SEANEF26| ..vvv. .- e pd [c, w 5 | pwh 55 46,1 | 5-16-57 1,903 §1,857 J..... | ..--
28daal NEANBiSE328|C. Phillips d il N |Pwh ae 21.2 | 5-17-5F ..... PP .
30dacl SWANEASES3C| L. Clem pda [T, b T |Qal ] 9.4 | 5-17-5T 1,944 }1,935 {1,854 | L
3zbecl SWESWAINWZIZ] o ivr i Dd |C, w |[5,0 |Ral 30 15.9 | 6-~13~-3% 1,934 {1,918 {....- .
36chdl seinwiswids] .. ... .. P pad ¢, w 3 | Qal 31 2.4 | 6.13.56 1,858 11,845 {1,827 | ....
21N-20W-3bbbl Mainwinwd 3l US Geol. Survey pd N T |[To T T vrweaea]| 2,080 F..... (1,867 (L
3ahdl SEINWINEL 3| B. Steadman npd |7, b I |To 95 7.0 | 5-15-5f 2,037 §2,030 {..... P
fachl wnwlswined ol C, W. Hopkins B C, K I |Te 26 13,0 | 5-15-3F s.iuw fuvans feun e
gacel SHISHINED 6 do. ] o, g I {Te 29 13,1 | 5-15-5f ..... veven Fesies | oaen
Gaddl sEisEINER 6 do. B C, g 1 |To 23 12,9 | 5-15-5T sevns d vweesr fowne- | ..
6daal NEinglsE) 6| M. P. Phillips nd N ml..... 500 Hlewing | 9~ 5-5 P S - c
Baabl NWINBINEL 8] ..o pd |C, w N {To 34 28.5 | 5-15-57 2,166 {2,137 |..... .
12bbbl NWiNWiNw}12{ R, T, Weber nd {J, e |D,5,0{Te 56 37,8 s5-15-5% 2,030 11,992 {..... | ...
1daaal NEREBINEZ14} ...l Dd N N | Pwh 29 21,9 5-35-57 ..uvu [ enane louann ..
16acel SWLSWINE]16[ P. Darden nd {C, w s {To 34 28.6 {11- 2-55 ... | ..... s .
20aaal NEANEAINER20| US (eol. Survey Da N T {To 120 32.4 | 3-29-5f 2,126 | 2,094 [2,010 [E
T T2Zaadr swispiselzal ..., veveee. | ma o, w| s {me | 38 19.1] 9n 5456 ..... AP PR
24aadl seinpinER24] ...l pd N oLl 30 34,2 1 5-15-5T suveu | vwnen froonn .




Well number:

Type of well:

Pump and power:

Usey

_Appendix A,--Records of wells and test NMoles in Woodward County, Okla.--Continued

For explanation see text, p. 7 ;

locetions shown on plete 2°,

B, bored; D, dug; Dd, drilled; Dn,

C, eylinder; Cf, centrifugal; J,
N, none; T, turbine; &, airiift; b, butane, ¢,

well

g, gasoldine, h, hand; p, propane; w, wind.

D, domestic; I,

irrigation; Id, industrial; N, none
(includes unused or destroyed wells); O, obserwvation;

P, publie supply: 5, stock; T, test hole.

driven;

jet,
electric;

Geologic source

Qal, lew-terrace deposita and elluvium;

Qt, high-terrace deposits; To, Ogallals Formatien;
Pwh, Whitehorae Group; Pde, Dog Creek Shale; Pbr, Blaine
Gypsum; Pf, Flowerpot Shale.

Other data-

c

chemical analysis shown &n appendix C;
L, well log shown in appendix B.

Waler isvel ' Aiﬁtudtabﬂroml)unne
) tavai (feet
Location Type Pum . [ Depth of
weil numbar in Owner or tenan ;r undp pge |Omclogie oy, 2:&’;:— D::. Water Other
section well [ power b | (fesn) land [Sy— L‘:fl:i:s lovel ZT:;:’; dota
surface ment s surfoge
2IN-20W--Cont inued
26aaal WEINEINEZ2S | - enntlt P ' ¢, hl N Tuh 37 22,7 | 5-15-5T vanen fewens [ eaeer | anun
3lcesl swiswiswizl| UsS Geol. Survey | Dd K T To 500 ceeas Beeioouold 2,188 laae., 2,078 0L
3lecedl SEFSWESWA3L[ ... .. .l ceieeans | Dd c, w{ 8 Ta 81 68,4 [ 5-15-57{2,186 12,118 {..... ...,
33cddl SEASEESWE32 [ vvwrvvennnn- A I N N To 55 40,3 | 5-15-57| 2,126 12,085 | ..., | ...
36bacl SWENRINW.36 | Schoel land nd C, wl 3 Qal &4 4.2 | 5-35-57 . .00 |eeinn R I
21K-21W-2bbbl NWENWENWE 2 | 7. P. Stewart nd c,wl N To 56 44.4 | 5-15-57| 2,164 {2,119 § . .uus |ouun
3addl SEISEINELZ 3| 0il co, test hold Dd Ve N .. 1,775 47,8 | 5-15-57 2,167 2,119 § 1,995 (L
4cbel SWINWFSWE 44 J. Wright Dt C,w([ S Ta 89 73.0 | 5-15-57)2,238 (2,165 | ....0 |-...
4dadl SElNE%SE% 4| R. L. Chenoweth Dd o, w Y To 55 20,4 [10-18-55 ..o |evr-. R
7dddl SEFSEESEL 7] -..... Ceaaes nd C, wls,0 To 68 61.4 | 6- 6-57[2,223 (2,262 §..... |-
9daal NEAMESSEL o ool Dd N N To 102 R7.9 [ 5-15~57} 2,235 |2,147 PP I
12ebbl NWENWESWE12 | ..., [ g c, w0 To 31 15.8 | s-13-57t2,100 |2,093 |.. e
14aaal nziNEiNEdIa ] ... L. pd c,wl N Ta 54 48,0 1 5.15-57{ 2,154 {2,105 |..... {..
1ecdbl WwASEASHiLe [ O Miller nd N N To 196 27.5 h0-21-57]2,194 (2,166 | ..... R
16cdh2 do. do. nd T, by I To 184 27.6 |10-21-57| 2,194 2,166 | ..... |C
16cdb3 da. do, nd " - To | ..... 26.4 110-21-57| 2,183 |2,167 | ..... .
16cdb4 US Geol. Survey | I L ) To 150 20,1 {10-21-57| 2,186 2,166 |2,041 |L
lacdbs do. Dd [ To 50 28.1 {10-21-57(2,194 2,186 | ..... L
léddal NWASEISES C. Miller nd c,w| Q To 19 10,5 | s~17-5702,162 2,152 }..... .
17aaal EINGINES17 | G. Hunt Dd N X To ..., 53,5 | 5-13-57| 2,237 |2,184 | .....
19zabl NWENESNESLO [ . oovvy it od C,wh N To 82 42,7 | 5-20-57 v et feenn e ..
19dadl SEINELSEZ19 | M, B. Wyatt pd c, w50 To 66 48,7 | 1- 8-571 2,308 (2,257 | ..... eas
23ddel SWESESSEE23 ) tiveennanaianan Da c,w| oW Te a0 TH.5 | 5-16-572,193 [2,114 | .. ... |-
27daal NESNERSERRT | C. Miller nd T, e| 1 Te 173 46,2 | s-18-57|2,176 [2,230 |..... Ve
28babl Wi ANEMNWi2E | L. Baird Dd c,owl s To 73 55 4 | 5-16-572,213 12,157 | ....0 |nu-
29dadl SEANEASEZRG | oo eiinnrrr e nd c, wl s Te 125 114.0 | 5-16-57| 2,281 |2,167 PR
3ldcel swiswiselzl [ Us Geol. Sucvey | Dd N T To 295 | ..., cerese--12,300 ..., [2,010
3zdaal NENEIsEL3Z | L.... ierreeae.. | Dd c, w| s Te 112 73.3 § 5-16-57 2,237 2,164 |..... -
35d0cl SWEISWISES35 | v.vnn-. [P .| pd ¢, nf N Ta 79 69.5 | 5-20-57[2,197 (2,128 ..... [...
21N-22W-1cocl swiswiswd 1| J. B. Leatherman | Dd c,wl| s o | ..... 37,7 | 5- 9-57[2,307 {2,270 [..... {....
65LL1 NWINWINWE 6 ) V. Beisel B ¢, h] @ To 25 2,0 | 5-13-571 2,347 [2,145 | . ..ee [eun
&bbhz do. Us Geel. Survey | nd N T A 435 3,3 [ 4-27-57( 2,146 |2,143 (2,046 (L
Sbabl NW ANEINWE 0 nd C,w| N To 70 31,4 | 5- 0-57/ 2,295 [2,264 [..... {...
11bbbl NWENW AN 11 nd o, w| N Ta 38 31,3 | 5+~ 9-5712,300 (2,269 |...i. |suas
15babl Nwh NEEINWE 15 D C, w| N Ter 22 3.8 | 5-17-57 2,256 2,252 |..... .
15cedl SElswiswils nd c,nl D To k) 14,4 | 5-17«57]2,305 [2,290 | ..... [e..
15cdcl SWESEiSWE1s B C, h| N To 8 0.5 [2-23-56 | ..... {..ee. . »
16ceel SWiSWiswile Dd c,w| N To 64 50,3 1 5-17-57]2,327 [2,276 ... e
19bbbl M AN I NWE 19 nd c, w| N To 38 25.6 | 5- 9-571 2,228 [2,202 l..... [....
19ddal NEZSEFSES19 Td c,w| N To 31 26,9 | 5-17-57 2,254 [2,227 B
21bebl M pSWiNWE2 1 nd T, e| I To | ..... 26.1 | s-17-57 2,291 |2,265 |..... c
azddcl Swiskisgi2a | F. 0. Brown nd jC, w| s Tn 57 411 | 5-17-5T 2,341 2,300 | ..... ]....
23bbbl NWINWINW323 | US Ceol. Survey | Dd ¥ [r,0 To 322 29.2 | 5-13-57 2,335 [2,306 (2,014 |L
25ccdl sedawiswias| ... .. P nd ¢, wi N To 82 70.8 | 5- 9-57(2,367 (2,296 {..... .
26baal NEANEINwEze | W, W. Montzomery | Dd N N To 1T I P 2,372 |..... P
30ddd1 SEFSEISELZ3Q | O, L. Mitchell D C, eD,s Te 50 18,4 | 8-15-58( 2,304 2,283 |..... ..
3lceel Swiswiswial | US Geol, Survey | Dd N T To 322 veee eweee {2,377 ool 2,058 |L
32aabl NWINEENEL32 e .. | Da ¢, nl W To a0 30.6 | 5~ 9-57|2,314 [2,284 ceas ..
34aaal NEANESNEIZ34| ..ovieervennnon Dd c, w| & To 101 73.2 5- 9w57 2,373 |2,300 FU ..
34ccdl SELSWISWA34 ! ... .. P c, wi § To 31 16,0 § B=15-56] s i0ne deanen P
22N-17W-1beccl swiswinwl 1| W. M. Vickery a ¢, w| 8 Ipb,PF 92 83.1 |11-29=55 s.uvn feanan PR I
Sbbbl L IMiiNgiNgd 5| R. Gates nd c,n| N Pde 72 2.8 | 3= 7-57 .00 |eeaas e bl
14baal NEANEINWS14 | F. Buttei Dd c, w| 5 {|pb,Pf 97 ad.9 |1i-zow58 (..., [e.-.. I
14cbbl WWiNWESWS14 | H. Clayton nd c,w| s Pde 78 45,2 ) 320-57] sovee fuaver faewae [eun
Lécbbl do, 16{ W, Johns nd c, win,s Pb 150 51,4 131229-58 L.... loeeen ] eaaae Jenn,
21bdd1 SEASEINWA21 | 0. Ford nd c, el 8 Pdc 93 50.7 [11-30-55 L oot Jieeas | eeeee Beoaln
22dbbl Mednwisedaz [ M, T. Smith nd N N Pde 149 92,4 1125958 ..., |.-ua. PR P
26dddl spdsEdseiag | 0. Ford Dd c,w| $ Pwh 96 67.4 |11-30-58 ... [oeeis [ avees [-an
34acbl MWASWINELZ4 [ B, W. Finley o c, eld,s Pk 74 27,8 {10w19=5% . .0v [ecus. U



Appendix Af--Records of wells and test

Well number: For explanmtion see text, p.' 7 ; well
locations shown on plate 3°,

Type of well: B, bored: D, dug; Dd, drilled; Dn, driven:

Pump and power: C, ¢ylinder; Cf, centrifugal; J, Jjet,
N, none; T, turblne; &, airlift; b, butane, &, electric;
g, gasoline, h, hand; p, propane; w, wind.

Use: D, domestic; T, irrdgstion; ¥d, industrial: N, none
(includes unused or destroyed wells): O, observation:
P, public supply; §, stock; T, test hole.

holes in Woodward County, Okla.--Centinued

‘Geologic source : (Qal, low-terrrce deposits and alluvium;
Qt, high-terrace deposits; To, Ogallala Formation;
Pwh, Whitehorse Group; Pdc, Dog Creek Shale; Pb, Blaine
Gypsum; Pf, Plowerpot Shale,

Other dats: C, chemical snalysis shown in appendix Ci
L, well log shown in appendix B.

Water level " Affitude aboye meon awa
Locotion Type Fump Ie | Depth of Dapth Dot lovel (faet)
Well numbar in Ownar or tenant ot ahd Use [Baciegle well nslpuw ot Watar . Dther
saclian wall powar source (faet) iond measure. Lond lovet Permiah { gatg
surface mant surfoce surfoce cartace
22N-18W-2ddcl SWissisel 2 Jo. Newman pd bk, w jp,5  [Fwh 30 34.2 | 2- 5-57t 1,812 | 1,778 ) ..., | ...
3baal wEfNETWL 3 |6, Dodge nd ¥, h N 135 100.5 | 5-15-57[ 1,974 | 1,873F...... .-
3dcdl seiswisel 3 do, DA Low o n,s L. 149 126.0 | 5-15-57/ 1,940 | 1,814) ,.... /.
fdaal EANEFSEY 6 ID. Blwaod nd e b5 [t 04 38,4 | 5-15-57 1,804 | 1,855 .....
Bbecl SWISWINWG 8{B. Dodge nd ¥ Nojot 1 s 36.2 | 5-13-57[ 1,887 | 1,851 ..... }....
Shhbhl REEEURONT S do. T s ot 4 62,0 | 5-15-57/ 1,918 | 1,856 | ..... .-
14ddq1 SEZSELSEL14 [US Geol. Suzvey | md N T ot 82 55.8 | 4-25-57| 1,824 | 1,768 1,744 |L
15aaal NEINEINEL 1S DA K T et 55 41.8 | 4-25-571 1,836 | 1,794 11,784 { L
t7bbhbl W ENW NS 17 pa £, w s ot 45 30.0 | 5-13-57) 1,578 | 1,848 | 1,834
17¢del SWiSELswii7 nd B, ow s ot 37 28.4 | 5- 7-57| 1,874 | t,845(..... N
19dedl SEFSWESELL9 pd 7. e D5 ... 45 30,0 | 5-15-37[ 1,864 | 1,834 [ .... ...
21bbbl WiNYINWZ 1 nd E, w s ot 68 53.1 | 5~ 7-5% 1,898 | 1,845 | ..... e
2laaal NESNESNEL21 pd |, ow N 9T a0 70,1 | 5- 7-57| 1,013 | 1,843 .,.. N
23cedl SELSWESWE23 Dd |4 T f|ot &7 18.2 | 4-25-37/ 1,842 | 1,824 11,778 |L
27bbel s s ii2 7 od fLow s ot 82 87.0 | 5- 7-57/1,902 | 1,835 10 ..... e
20daal NEINEISES20 Da N N ot 51 40,8 b 5. 7.57[1,878 | 1,837 s
30dabl NWINEASES30 | vt nirnnnss Dn N N QT 21 16.0 | 5- 8-57]1,860 | 1,845 s
33cccl SWESWiswl33 [US Geol. Survey Td N o ot &2 25,8 | 5-13-57[ 1,840 | 1,314 L
36daal EiNEISEI36 B, G. Hartley [, ow S t 134 87,1 | 3-15-57[ 1,938 [ 1,851 |..uvt |uun.
22N-19W-2bbdl BEINWINWE 2 {1, Hubbard Nt ORF, e | I ot 47 R A I IO I o
2cect SWiSWISWE 2 [US Geol. Survey pd N T ot 300 | ... seveeena| 1,848 1 L..., 2,821 (L
2edal NEZSEASWE 2 |7, S. Price nd ¢, p I gt 57 T 1,876 1 ,... P .
4anal VEINEINE] 4 [F. Dilers od I, e I [al 55 11.0 |12-14-5611,848 | ,.... |1,793 {L
Sbacl [ewENEINWE 5 P. Rutledge e L, w 5 |oat 26 5,5 | 5~ 8-5711,833 | 1,827 (1,807 L
Teebl MiILSwiswl 7 [C. Sheldon pd b, ow s [Pwh 122 58.0 | 5-15-57[2,04z | 1,084 |..... el
gbaal NEANEANWE 9 U, Caldwell g N N Ral 52 T P £,826 | ..., 1,774 |1
11cbbl NwiNWESWi11 W, C. Syms nd 1, B N Kal 19 6.7 {10-20-55[1,838 | sover fon-o-. e
1lcddl SE3SERSWE11 US Ceol. Survey nd N T @l 50 8.5 | 4-25-57| 1,832 | 1,823 |1,785 |L
12baal NEINRINW, 12 do. D N T [l 30 21.4 | 4-25-57| 1,863 | 1,841 | 1,788 (L
l8ccel SWASWISWRIE [L. oLl Dd X Not.... .. flewing | 5- 9=-380 1,968 § ... .. 1., .. f-....
22bcel swiswivwlza US Geol. Survey nd N T Ral L2 PPN 1,824 | ... 1,773 |L
25adal NEZSEINEZZS M. Harper Dd F' w 5 frt 51 22.1 5- 8-57[1,820 | 1,798 11,780 |L
26adal do. 26 L. Harper nn N N fa: 23 6.2 | 5~ B-57{1,800 | 1,794 1..... e
27becl SWhswiNwia7 B, Harper pa I, e p,s,0 01 43 312 | 8-28-56{1,828 | 1,79% |..... ..
28ddal VEASEASTL28 [B. Peach nd I, b T fal 75 3.7 | 5-14-57[ 1,835 1,793 (1,757 |L
3laddl 3 31 [ Mosar B Low s Pk 124 71,2 | 5-15.37[1,990 § 1,919 |..... i
33zaal N. Peach opd e I hal 83 36.0 | 5-14-57|1,829 | 1,793 {1,746 |E
33aacl SWINEINEE33 do. D N N sl 57 38,3 | 5-14-57| 1,832 | 1,793 {1,778
34ddbl NWASEESEL34 f.. Keith Pa I, b T Eal 90 39.1 ) 5-14-57|1,828 ) 1,789 {1,738 |L
35ccal NEASWaSWE35 IS Geol. Survey nd N0 Pal 55 16,5 | 4-25+57|1,804 | 1,788 |1,750 |L
35c0a2 do do. s N o Ral 40 6.0 | 4-25-57|1,804 {1,788 |..... |L
35cca3 do, do., nd N o Rat 40 18,8 | 4-25-57}1,805 | 1,788 |..... L
35ccad do. . Cox nd fF, b T |Qal 80 | ..., PRI IS IS 1 S R I c
35cacl SWANELSWL3S do. nd N N |Qal 40 8.9 {12- 2-58 1,801 | 1,792 { sueur [uunn
22N-20W~1baal NEANEINWE 11E. A. Crites nd N N [Pwh 74 31.4 | 5-16-57 .... reee
3chbl WA INWESES 3 ]6. Menten B I, w N [Pwh 69 41,8 | 5-16-57| v.uu. caa
gbcel SWESWaNWS 6 L. Adams n oW N |Puh 41 15.9 | 5-16-57| 1,971 [
7abal NESNWINES 7 [M. Bennett D h| N 0al 22 3.5 | 5-16-57 1,952 e
8ddcl SWiSEESEL B |F. E. Millard pd . e N [twh 45 29.7 | 5~16-57 ..... ..
1leddl SEASEFsWi11 ]y, Fritts pa L, h Nl 35 18.6 | 5-16-37 2,048 e
14cebl Melswiowlig [w, w. wnite D I, e b |rwh 32 17.8 | 5-16-67] 2,011 P
15bbal NEANWNWELS |T. L. Smealling pd |J, e 0 ... . 43 23.7 | 5-13-57] 2,050 e
17ccel SWESWESWELT IG. R. Campbell B T, e Ib,s |ro 54 18.2 |11- 1-53 2,072 N
19aadl SELNELNESLY A, Lebr nd N N |To 81 19,0 | 5-18-57 0.0 .
22bbbl NWEINWENWE22 {K. Blakley d :, h N |Pwh 86 36.5 | 5-16-570 ..uue [ oeennn | eeenn P
24abbl NWINWINES24 |C. Steadman nd [, w 5,0 [pwh 84 28,4 | 5-13-574 1,964 | 1,936} ..... |.
24cebl NWsEsWRA L. pd k,ow N [pwh | ..., 5.5 | 5-16-57 1,933 .
25bhal NE%NW%NW%ZS S Geol, Survey n N Q iJal 9 2.1 5-13.57 1,904 .
30dedl SE3SWASEL30 J0. Meech pd [, w s 1o 31 7.0 | 5-16-57 2,040 .
2aN-21w-2dadl SEANESsE: 2| ... ..., Dd oW o | 23 14.9 | 5-13-57| 2,053 s
dabbl NWANWANES 4 1. Wells Dd ﬁ, w N fTa 31 as5.5 | 5-15-57| 2,090 ..
4add1 SERSEINR] 4 [v. Wells o N T |Te 72 25 9-14w56] ... .. PR R L
éaadl SEANEINE: 6 [€. Blakley pa [, w N JTa 24 20.2 | 5-15-57|2,138 | 2,117 |..... Caea




Well number:

Type of well:

Pump and power:

Use:

Appendix A.--Records of wells and test holes in Woodward County, Okla.-—Coptinued

Far #xplanation see text, p. 7

locations shown on plate 2.

B, bored; D, dug; Dd, drilled; Dm,

N, none; T, turbine; a, airlift; b, butane, e,

#, gasoline,

D, domestic; ¥, Arrigation; Id,

h, hand; p, Dropane; w, wind.

industrial:

well

driven;

C, cylinder; Cf, centrifugal; J, jet,
alectric;

none

(includes unused or destroyed wells): O, cbservation;
5, stock; T, test hole.

P, public supply:

Geolegic source :

Qt,

Qal,

low-terrace deposits and alluvium;
high~terrace deposits; To, Ogallala Permation;

Pwh, Whitehorse Group; Pde, Dog Creek Shale; Ph, Biaine
Gypsum; Pf, PFlowerpot Shale.

Other data:

C,

L, well log shown in_appendix B.

chemical analysis shown in appendix C;

" Altitude above maan sea

Waler level !
Location Type Purh . {0epth of laval {12 at)
Weil numbar o Owner or tenant ;7 ﬂndp Use Geclogic ien :z.p;c, D:;’ Watar Other
section well | power pource: faet) lend measure- Land tevet | POrMEAn { data
surlace ment surface surface surface
22N-2W~~Cont inued
7ehbl (4 I nd i N {Te 48 35.5 | 5-15-57{ 2,228 2,192 1...... e
Baaal i3 8| K. Charmasson B w 5 To av 13.7 } 8-18-36]) ..... [ TP, eea
bbbl NWANhétwj 9]5. &. Washburn nd i) M 1o 17 6.9 ] 5-15-57) 2,121 | 2,114 § ..... -
9bbecl SHANWINWG @ do. B W N | Te a7 14.8 ¢ 8-18-38| (ovue | onann PP .
liadal an,snj,wn;in D N N | To 35 27.3 | 8-18-56] 2,092 | 2,064 { ...ov] ouu
1l4azal NEINEINEI14} 1. Fine pd {C, w 3 |4o 45 3.8 | 9-18-56) 2,115 | 2,083 | .....] ...
15abel aquwﬁNndls J. W, Bralsy nd ¢, w 5 7o 51 27.6 | 9=10-567 ..vua | veau sesasf C
150dd1 SEESpiSEELS| US Geol. Survey Dd i T [To 165 70,0 | 2-21-57} 2,208 [ 2,138 | 2,046] L
18bbb1 Nw%kaNw%ls 5. Semmel falal w 5 | To 33 24,0 | 5-15-57] 2,250 2,227 | .. e
1%cal NEdswiNEL 10| . wells Dd wis 0 | To 38 30,2 | 5-13-57] 2,288 | 2,218 | ..., ...
20dcdl SEyswlsF%ZO e nd N M| To 97 83.2 1 3-13-57| 2,308 | 2,224 | .....
zzddal T.. A. Campbell nd W N To 141 91,0 | 3-15-57| 2,223 | 2,132 | ..... ..
23ddcl ind w N To 59 39,4 5~15-57| 2,188 | 2,116 | .....
ZS%aaal 1., Merrill £d e fn,5 To 28 17,2 8= 8-56) .ocvn | cecen PP
26ccal H. Myers nd W 3 | To &0 35,0 | 5-13-57| 2, 169 2,130 T
27cecdl . R. Blaylock nd w 3 To 72 56, 5-15-57] 2, 206 2,14% | ..... -
28baal | wmivelswl2sl ...l Dd W 5 | Te 45 40,2 | 5-15-57| 2,248} 2,208 | .....
30dabl ; F30l r. Adams nd w s | To 82 F- - [T BYT:5 S [ P
3laddl SE4 sr NEL31 M. H. Reper Del 5 N To AU 184.6 | s-15-57{ 2,362 {2,177 | ..... s
32abbl NwawINBAIRl L pa w S 1T 33 g1.5 | s-15-370 ... ... ... ..
33addl SE3SEINGR33l R. L. Chenoweth i w 5 T 138 64.1 [10-18-55] 2,234 2,170 | ..... ..
22N-22W-2abal NESMWENET 2| .. aa e Dd b x| Te it 44,1} 5-17-57| 2,188 | 2,144 | ..... ..
3aabl ijq 2SWE 3 e d w50 | To 40 24,51 5-13-57| =,182 | 2,137 P
decel v*%wﬁsw} | d N N | 'Te 7 3.8} 5-17-57| ..... ceean N
7eeol 7l ¥. A. Moorehart xd N | e 20 10.5 [ 5.17-57| 2,08%| 2,078 PP R
Tddal 7 . bd w 3 | To 48 37.2 | s-l7-57) 2,122 [ 2,085 | ..., ...,
Saddl | SEISEISER o ... .. . Dd W K | To ! 60.9 [ 4-12-56] 2,208 2,137 | ... ...
l1lkcel K. Hardy Dd w N | Teo 7 9.4 | 5-17-37] 2,215 2,15 | ..... .
12cheil \wuww Lowit2] oo Dd of X | Te 39 30.8 | 5-17-57| z,253 ) 2,222 ; ..... -
1faddl SEZ shkkh 1 Dd w50 | To 58 54,0 | 5-13-57( 2,161 2,107 | ....n| ...
19ccel swiswiswiiel oo od w oo T T 28.6 | 5- 7-57} 2,163 12,108 | ..... N
2icbel _~;m;;§w131321 . E. Williams Dd | CE,p T | To Gl v e 2,1550 L0.. | 2,088 ¢, L
22pbbl W iNWiINW 223 US Geol. Survey pd N T | To 225 e v 2202 oy | 1,982 L
22ddd1 SEISEISEHA2Y ... iia, D w X | To 43 30,41 5-17-57] 2.264| 2,233 | .....] ...
26dddl do. 28 e Del W o | To 52 A6.6 | 5-13-37] 2,283 2,236 | L...-) ...
28decl SWI5W SL438 i Dd W 5 | To 27 20.3 | se17.37] 2,192} 2,172 | ... ...
3leccd Swaswabwﬂ31 US Geol. Survey Dd N T Ta &0 .91 2.20.57 2,146} 2,142 2,072 L
33decl SWHSW . 55533 BN Det W N | To Ceaee 18,0 6=25-36] ...} oaaan R R
l4daal NEINELSES34] Sneed Estate nd w N To 54 45,5 | 5-17-57 2,272 2,227 | ..... e
Ipanal NEinpindae US Geol. Survey Dd N T | To 352 109,5| 2-21-57 2,327| 2,218 1,977 L
23N-17W-7hadl L. Minderiiter nd g, e N Pdc 50 32.3 \11-15-35) .o | oaeln .
Fadal G. Harper Dd | ¢, wiD,S . 39 27,0 511-15-55 .. rarra} omaen
Hahbl q J. Harper Od €, w 35 fras TE I I PP A I C
14bbbi NW 3 VW,VW 14 ¢. E. Wilber nagec, w s | Pb 39 28,6 |10-12-85] ..,... - .
17heet swiswimeiid R. ©. Dauphin DAl F, e|D,5 | ... 1153 60,5 |11~15-55 . R
18hcel do. 19 City of Quinlan nd|c, e n (BY83] 190+ ... e N ceeel| €
20behi uw‘swinazo w. D. Huff od |2, w 5 | PR 116 97 8 10 1 ..... R
27dbal NELNWE sr427 A. Farrand DA T, w 5 | o 29 9.4 [10~13~ ss ............... ces
28cdel swisEiswizgd W, O, Muiling nd |, ow s ek 59 47.5111-15-55 ... RO R R
30ccel sWiswiswiid R, Roherts Dd N s | Frb 133 | Flowing! 9-11-56] 1,724| ..... AP I



Well pumber:

Appendix A,--Records of wells and test

locations shown on plate 2 .,

Type of well:

Pump and power:

C, cylinder; Cf,
N, none; T, turbine; a, alrlift; b, butane,

For explanation see text, p. 7

B, bored; D, dug; Dd, drilled; Dn,

: well

Geclogic source .

noleg in Weodward County, lea.-—Continued

Qt, high~terrace depesits; To, Ogailala Formetion;
Pwh, Whitehorse Group; Pdc, Dog Creek Shale; Pb, Blaine
Gypsum; Pf, Blowerpot Shale.

Qther data:

driven;
centrifugal; J, jet,
e, electric; L,

g, gascline K h, hand; p, propane; w, wind,

Use:

D, domastic; 1, irrigation: Id,
(includes unused or destroyed welis);

P, public supply: S, stock; T, test hole.

industrial; N,
0, cbservation;

none

well log shown in appenddix B.

C, chemical analysis shown in appendix C:

Qul, low-~terrace deposits and alluvium;

Waler lavel " Altilude above mean aed
Lecetion Type | Pump Depth ot | puorn bare tevei (fant)
Weil numbar in Qwnar or tenant of and use |Fedtegiel oy belpuw of 4 water ) Othar
section well power wurce (faet) tand measyre- Lan Tevel Permian | dote
surface ment surface surfoce surface
2IN-18W-7bbcl swinwivwl 7|W. Ames hits} N Nojot 50.9] 5-16-57 2,019 11,968 | ..... e
7zecl Swiswiswi 7|Us Geol. Survey nd N T ot P URENPRI I Tk S IR IS W1 -2 I
10ceal do.  10[State of Oklahoma| Dd C, w S Pl 118.01 1~ 2-57 U .
19dddl SeisnisElio|M. Blwood nd |1, g T ot 409.6| 5-14-57 1,943 [1,803 | ..... ..
20ccel Swiswiswizo [us Geol. Survey it N T |ut AP 1,905 (1
25addl SEASEINEZ25|M. Morgan nd ¢, e |o,5 |Pwh s5.9| se1sesd Lo [ooi L ...
27cdcl SWasEFswE27 0. Rutledge pd o, W 5 ces 81,2} 5-15-57 1,960 [1,879 | ..... ien
28beel SWisWINWi281A.T.&S.F. Ry.* pd |7, B | @d |L....] o203 ] oLl K S U R .-
30cecl SwaswSWiI0. o, w N ot 48,1 5-16-57 1,921 [1,%7% { ...., Ve
30cedl spiswisw 0. Rulledge Da N N ot 48.8] 5-16-570 1,928 11,87¢ | .....|....
30ddcl SWISRISEE3NG]. Phillips pd [T, b T loe 48,1 5-15-57 1,918 [1,873 [ 1,814
INddca da. (5 Geol. Survey bd N0 ot 42.2| 8-23-57 1,917 {1,874 | 1,317
30dde3 do. do. nd NoT,0 (ot 41.9f g-23-57 1,916 1,875 | ....
30ddcd do, da. D N T ot 41.4| 8-23-570 1,916 {1,875 [ .....
30dedl er sw Qka30 do. N N [r,0 ot 41,8 8-23-57 1,917 {1,875 | ..... L
3ldect do. pd N T |t 35,9 a-25-57 1,899 |1,863 | 1,816 |1
334441 3L da. nd N T |Qt 46.2| 4-25-570 1,953 |1,907 | 1,896 | T
36haal Nhnxh NWEI6 R, C. Campbetd pd o, wo R, RO {Pweh &7 19,8[11-20-56] 1,751 |1,7231 ces ..
23N~ 19 -2ddc 1 swksn 217, W, »ichmond nd i, w s ot 2R 15.8| s-16-57 1,963 [1,947 | ...,
3aaal NEINEINEL 3 W, Trissell pa [0, w o |t a7 42.4| 5-13-57 2,008 |1,984 | .....
3chel SwiNwiswi 3 0i1 co. test hole| Dd N T |..... @, 500 R 2,000 |.....
4bebl NwEsWiNWE 4 [0, Miller DA, w 5ot ol 43,3 5-16-57] 2,008 |1,965 | .....
fechl NWisWLSW) & [R. B. Gilbert pd [, w 3 o 20 43.6| s-1e-57 2,004 {1,970 | ..., ..
10bbb1 N ANWENWEL0 |US Geol. Survey nd N ot 117 P R 1,983 [..... 1,868 L
10dedl sp 3w1§t§10 L. M. Trissell vd B, ow s A ¥3 39.0] 3-16-570 1,953 (1,914 | .. ... |...
l14aacl swinvdnrdia [Cities Service nd IT, e Id Qt 105 1 oo ]eee e 1,939 ..., 1,834 41
Gas Co.
15ccal NEisWiswils |F. L. Dail pa i, e ot IR IR [ R PR I -
17cadl SELASndsWi17 [US Geol. Survey Dl A T o /352 Ve 1,852 | L
20bant hWLNPszﬁ“ﬂ w. . Richard nd N o ot 58 21.51 $-13-57] 1,921 {1,899 | .,...
21zeal NEdswhswiz1|T. I. Caldwell nd r, b R (51 FT S I I P I ...
22aacl sw}wa;mﬁgzz A. A. West pd T, b 1 |at T 32,4 5-14-57 1,922 11,890 | 1,834 |1
22ddbi Nwiskdsidaa [k, K. pail nd T b I ot F-3 T R . PP P U
23adbl NWisEINGIZI [T, B. Triplett nd [T, b I o 74 v e 0922 |, e., 1,850 [0
23hcal NEESWINWER 3 dos, nd r, e T ot 32 24.2| 5-14-57 1,915 |1,889 | 1,835 iL
23ctdl seinwlswias [R. L. Triplett pd [T, e I [at 79 23.2| 3-14-57] 1,903 [1,885 [ 1,829 iL
23dhdl sEINWESERRZ |T. B, Bouguot nd Ir, g I Jot 75 [ DR IR BN RV [
25aaal NEZNEINEIZ5 |US Geol. Survey nd N T |qt £2, 52,0 4-25-57 1,930 [1,888 | 1,860 |L
26dbdl SEdNwiskive [tity of Mooreland | DA |.. .. Pt [ SR I O I S [
26dbbL NWinwisnize da. Dd . P fat a1 R DR I P I .
27kabl MWiNEINWE2T G, C. Davison nd b,ow B8 |ot 73 34.7| 5-16-57 1,910 {1,875 |..... .
27k do do, 4 N Nt 33 34,6 5-26-57 ... |hean. .l .
28acal NELSWINEL2R T, 7. Wright D3 I, b I Qt o4 18.7) 7- 8&-57| 1,892 {1,873 {1,837 |C,L
28aca2 do, US Geel. Survey od N e ot 40 17.3| 7- &-57 1,80 |1,872 | ..... L
28%aca3 do, do Da X IT,o |at 36 18.7| 7- 8-57 1,892 |[1,873 1,838 |L
2Bacad do. do. D N0 o 40 18.2 | 7- 8-57 1,891 [1,873 }..... L
28cabl NWENELISWIZR W, . White D4 2E, b 10 [ot 47 | ... AN B P .
28cdbl MWiSERSWE28 |T. Z. wWright nd 1. e p, 1 |0t 39 11.6| 5-14-57] 1,873 {1,851 |..... ..
28debl NN‘%W’%Eaas do. pd [T, b T ot 51 13,1 5-14-57 1,874 [1,861 [1,831 |L
33ddb1 E, Rarton Dd N o [at 30 3.1 5-16-57/ 1,861 |1,858 |.....
34adal ; C. M. Triplett nd |F, el 1 ot 34 20,6 5-14-57 1,885 (1,884 |[..... .
34ddbl Nz ssﬂsz 34[K, M, Swipart pd [T, g 1 [ot - 435 1 ... A T e T e
35hhdl SEINWENW3S [0, Phillips pa fr, p T |at 89 19.5] 5-14-57 1,884 [1,864 {1,823 |1
3pazal NE%NE%NE%aa S Geol. Survey nd N T |ot H] 46,9 4-25-57 1,920 [1,873 [1,828 |L
23N-20W-1cde1 swisEdswi 1iR. F. Gilbert pd £, w N ot 52 236,00 9-25-38 ,..00 leeene ool ol
2bzal NEINEINWE 2 jUS Geol, Survey nd N T |ot 110 48,6} 2-13-57) 2,052 2,004 | 1,949 IL
2cddl siisuiswi 20, D. Ruttman o, ow ¥ ot ] 40,91 5-17~57 2,013 (1,972 P I
3eddl do.  31iUS Geol, Survey nd W T |0t 100 42.0] 2-14-57 2,017 (1,975 [1,922 |L
3daal NEINEESEL 3 do. Dd N T ot 110 45.71 2-14~57 2,026 |1,981 |1,%18 [L
Sbbal NIINWINWE 510, Foglesong nd g, w 8,0 [Qt 40 30,9| 5-13-37 2,016 |1,985 |..... e
7acal NELISWINEY 7 I0ity of Woodward | Dd N T [Qt 57 26 19584 |} 1,960 [..... [1,903 |L
7dbdl Sninwise: 7iUS Geol, Survey nd N0 jat 30 19,71 2- 5-57] 1,947 |1,928 |1,903 L

*Atchison Topeka and Santa Fe Railway {lo.




Appendix A.-—Records of wells and test

Well number: FPor explanstion see text, p. 7 ; well
locmtions shown on plate 2 .

Type of well: B, bored; D, dug; D4, drilled; Da, driven;

Pump and power: (, cyiinder; Cf, centrifugal; J, jet,
N, ncne; T, turbine; a, airlift; b, butane, e, alwetric;
g, gasoline, h, hand; p, propane; w, wind.

Use: D, domestic; Y, irrigation: Id, industrial; N, none
(includes unused or destroyed wells); O, observation;
P, public suppiy; S, stock; T, test hole.

holes ‘in Woodward County, Okla,-«Continued

Geologic source ; Qal, low-terrane deposits and alluviwg;
Qt, high-terrace deposits; To, sgallala Pormetion;
Pwh, Whitehorse Grour; Pdc, Dog Creek Shale; Pb, Blaine
Gypsum; Pf, Plowerpot Shale,

Other data: ©, chemical analysis shown in appendix ;
I, well log shown in appendix B,

Waler ievel Altitude above meogn gaa
Losetion Type | Pump laestagic { Cept7 of T popin | Date ovel [teet
Well number in Owner or Yenant of and | Use well belaw of Waler Other
' source ! Land Permian
saction well powear | foet) tand megsure- laval data
. surface ment sertace surface surface
2IN-20W--Continued :
7dhd2 swiNwWisE] 7{us Geol. Survey nd N[T,0 | b 19.4| 2- s-57 1,947 1,927 | ..... | L
7dbd3 do. do. D S S S (] - 20,5 2~ 5-57 1,948| 1,928 ..... |L
7dbd4 do. do. nd X .o Jor 20,8] 2~ 5-57 1,948| 1,927 ..... 1L
7dbds do. City of Woodward | nd  ir, e Tt . 18.7| 1-22-57 1,946 1,928 ..... C
7dbdo do. do. nd T, e | I3 T S, 25.6| 2-18-570 1,954] 31,9284 ..... ..
7dbd7 do. do. i [T, e o0t e 18,8 2-25-57] 1,945] 1,%36 ] ... .
10ecel sWiswiswilo loil co. test hole| D N L P 2, 300 U 1,978) ....0 11,9380 0
15¢bbl Nw%kasw%ls City of Woodward | Dd N T ot Bl 36 1945 1,950 ..., 1,890 |0
15dcct awaswﬂ. 415 da. nd N T ot 64 32 |10-17.460 1,348 ..., 1,882
17aaal NE2 NkzN 117 do. nd N T i 59 a4 1954 1,967 ..nno. 1,888 |1
17bbal NEINWINRS 17 dn. Dd N oy {0 32 1954 1,957 ... | 1,887
17bbbl lewwzww 17 do. nd N T o oA 26 1954 1,955 ..., 1,903 1
17hedl 3 w4v4,17 da. Dd N T ot P4z 17 1654 1,941 ..., | 1,899 I
17cdal 3 do. nd N T ot 29 14 1946 £,936] ..... 1,807 ;1
17daatl do. o N i |ot 56 36 1846 1,953 ..., 1,807 ¢
174dc 1 do, nd N T gt 38 20 1346 1,938 ..... 1,900 °
18dccl dn. nd K To|ue 42 7 1554 1,878) ..., 1,346 |1
19baal da. nd N N foat 44 8 1954 1,878 ..... 1,834
19bhdbl : do. Dd N T |uat 24 8 1954 1,878 ... 1,85 L
i9chal N;-TNWQSI\M 12 da, Dd K N al 27 5.0 5-23-41
19chbl NwiNwEswi19 [W. Cris nd o, ok ool 26 2.2 5-13-57
21aba? NEMNWINER21 [k, Reed Dd N Noinat 5 T R, PR .
21aba2 do, da. [0, ow I [ 53 33.2| 9-2s5-34
22bbel SWANWENWE22 [City of Woodward | Da K JA 334 3 24 1946
225bdl SHANW AN 22 do. pd X 3 | 23 19 1945
22cbhl 2 fils] Iy T i 35 1946
22400 Dd N T o : . a2 1945
23bcal NF bdew 23 e pd o, w 2 {0 | zi 17.9( 5- 8-54 L1,922] 1,v0=1 ...,
11dddl Lo D N PR o Flowing| 9- 7-5¢ 1,900 ..... ceeed |
3Gazbl NWENEANES 30 ....... e nd N N T flowing{1l-16-38 .....0 .. . e B
23N-21W-3cabl NWANESSK) 3]US Geol. Survey Dd N T 27.1| 2-27-57 1,959 1,932 1,904 |L
4dedl %tq&li 54 do. nd N T - 13.3| z-27-54 1,828 1,913 7,007 L
7ddcl bw,ss : e e pd o, w 5 jrun Wl 72.0| S-15-54 2,001] 1,929 ..... ceen
10eabl N Nnﬂqwao Uﬁ Geol. Survey pd N T [0t 40 . vaareeed 01,9371 ... | 1,901 L
27babl NAINEANWIZT (o vevr cvvanman Dd ! a  |pwh 61 26.0( 5-13-59 1,932)] 1,928 ..... |...
30ddd1 5 lsEibb 1) [ veae. | A0, W o 1o 37 15,4 5-13-57 2,005 2,080 | ..... .
34cccl swiswiswiza(n, wells pa o, w s {Te 25 20.5| 5-15-37 2,076} 2,056 ..... e
23N-232W-1babl NMANFaﬂv. 1]Us Geol. Survey Dé N T |To 37 16.3| 6~ 6-57 2,034| 2,017 1,938 L
1bhdl spinwinwd 1 Viudman nd O, oW 5 o 44 33.8}f 5~ 9-57 ..... veraa ] vraen
6chbl N Nwlqwl 3 [ Dad K, w |S,0 [Pwh 53 a1.1| 5-13-57 ... ..ol .
7oddl snassﬁswl 7iH. Wisner nd 0. w 5 |ewn 23 17.2| 4-16-54 ..... AR A
llabcl swindINEELL{E. w. Devore DA, w s To o® 41.0] 5-15-57 2,144 2,103} ....
14abbl NWANW“M}114 do. nd oL w {50 [Te &9 41.8| 5-15-57 2,136] 2,005| ..... .
20daal e, B T, e ro|To 14 . 6.0[ 3-23-594 2,076f 2,070 ..., i
22dccl 1Z5E4221U, §. Adr Force Dd N T |[Tn 73 P 2,1307 ..... 2,039 | L
‘z2dedl sil %N’SEvzz ¥. Peoples [T, b [ | 51 29,4 7-13-57 2.1233| 2,104 ..... C
22dcd2 do. da. R b N N [Te 42 32.8] 7-13.59 2,136 2,104 | ..... s
22dcd3 de. US Geol. Survey Dd N |T,n [T 100 28,9 7-13-51 2,134| 2,105] 2,039 |L
22dcd4 do. do. pd NOIT,0 [Te 52 38.4| 7-13-57 2,132| 2,104 | ..... L
22dcd5 do. do. Dd % T.0 |To 50 28.9| 7-13-5%4 2,135] 2,106 | ..... L
25cobl Nu%¥wfﬁwq?i . $. Air Force Dd N T | To L= N 2,103 ,.... | 2,080 | L
25ddat NE,SEX SEAZJ do. nd N T |To - S R S 2,078) ..... 2,003 L
25ddbl Lsed do pd N T |Te 41 veeve) e 2,080 Lo 12,040 (L
26bbbl do. bd N T |To 2 ... [P 2,136 .....]2,064 L
26dabl do. pa T, e Po|Te 70 45 I- 1-43F 2,163 ... ooaaan s
26ddd1 do. Dd N T |Te f > S Ceeealod o2,166) ... 2,088 | L
28ddal LSES Korman Dd N o lTo 30 18.9[10-13-59 2,124 2,105) ..... | ...,
‘2%baal NEANBINWERG[U. S. Air Force Dd N T |Qal - e 2,040 L.l 2,014 11
36adbl M ISEINEL3G do. il N T [Te - veeresed 2,1020 L..., 2,045 L
3badcl SWASEINER36 do. Da N T |To 61 L ... ceaeaeld 21130 Ll 2,052 {L
36adc? do. £, 0. Zimmerman nd [, & I To 91 7 4-31-43 2,120 ..., V..., P
36dacl SWANEFSE36 {U. S. Air Porce pd T, e | P o|Te 67 & 4-28-43 2,220 ..o D iiane feas
36dcdl SEISW3SEE3s do. nd % - T |Te ve | L.... eeeannd 2038 L0 2,040 1
36dcd2 do. da. pd [, e P |Te 51 o | 4-z0la 2,1350 - Loaas el




Well number:

Appendix A,--Records of wells and test

For explanaiion see text,

locmtions shown on plate 2,

Type of wells

Pump and power:

C, cylinder: Of,

.7

centrifugai; J,

N, none; T, turbine; a, airlift; b, butane, e,
E. gasoline, h, hand: p, propane; w, wind.

Use:

D, demestic;

. I, irrigation; Id, Iindustrial; N,
(includes unused or destroyed wellx);

P, public supply: 8, stock; T, test hole.

; well

jet,
electricy

B, bored; D, dug; Dd, drilled; Dm, driven;

none

Q, observation;

heles in Woodward County, Okla,~-Continued

Geologic source ; Qal, low-terrace deposits and alluvium;
Qt, high-terrace deposits; To, Ogallale Formation;
Pwh, Whitehorse Croup; Pde, Dog Creek Shale; Pb, Blaine
Gypsum; Pf, Flowerpot Shale,

Other data: C, chemical analysds shown in appendiz C;
I, well log shown in appendix B.

Water tevel Altitude above maan aae
l.ocolion Type Pum Depth of level (feal)
Well numbaer 3] Qwnar or tenant o,r nndp Use {Onsogic Eehl\u E:IFD': D:fh watar Other
section well power source {faet} land PO TIT S Land level Permian { datg
surfage ment surfoce surface surfece
24N-17w-4berl s ksaiNwy 4 |0, Matteson nd , W p,s o T 32.8 |12-18-358] ... | ceean | o .
24N-18W-17c00] st Faw ) sw117 br. I. Caldwell D T, w s . [ 28.8| 5-16-37[ 2,095 2,086 | .....
24adal 3 % 24 [Kohlar Cstate 0d 1, ow 5 [Pdo 19 aa.1] 1- 8-57[ ..., P T
29dbal T inwiselao i1 co. test hole | DA N T ... P,
30bbel SWANWENRIZ0 |P. 0. Daniels nd b, ow I o
24N-19¥-13bbb1 NWENRENNAL3 L n k., h N fpwh ...
14bbh1 do. 14 kil co. test hole| Dd N T ... E,494
17addl QP 4SRINELLY [US Geol sSurvev nd N T 0t 120
19cddl 1 do. It N T Ut 150
19daal L NL LSR: 1q da. hEl N T Qt 12s
2labbl do. hd N T ot 1"0
22bhl Barrick Dd L, W 5 it 123 1
27cabl Geol. Survey Dd N T, 0t 80 394
27cbal do. fid K [0t 0 55.9| 6-37-570 2,084 1,998 | ..., 1
27chaz Ao, nd N .o ot 0 57,30 8-17-57 2,054 1,9% | ..... fL
27chbbl Nw,Nw]Sh427 4. Richmond nd T, b 1 Jat 101 56,60 6a-17-5870 2,035 1,998 | 1,954 [
20ccel Swiswiswiao [G. Elwood nd i N jat 40 0.8 §-16-570 2,077 2,007 | ... |-
30bcol SWHSWINWEZ0 [Us Geol. Survey nd N T ot 130 Bg.01 2-13-57 2,094 2,025 | 1,965 |L
31ddbl NW’%E%SE431 M. Ruttman -0d N Nojor 11 F L. el 2,0470 L.l 1,932 L
35ddal ISR N. B. Ames nd N N ot 67 23,5 5 Tam57 1,992) 1,068 | ..... Ces
3baaal \EQNE Nkl?{w s Geol. Survey D N T Ot 58 1 ... ciesaanaf 2,088 L.a.. 2,037 41
3habal NEANWINE 36 (M. Healey Dd L, W 5ot a3 61,4 S-16-57 2,074 2,013 | ..... .
24N -20W-2aad1 SRINEANEL 2 17. Foster pd ko, w [3.8  [Pub 189 09,810~ 353 ... aaei | eann .
2decl 2 S N D ces nd [, ow Njut 64 s0 4| s-17-57 2, 138) 2,088 ). ... ]
3aaal 3 |US Geol., Survey il N 0t 33 [
3ddcl + 3|B. Harrison, Jr. nd l.ow 5 it 2l ..
ddddl : 4 |US Geal. Survey Da N T Qt W0 L
Sbbel - 5(D. VanDorn nd o, w N 1933 Rl ca
sdeel L 5|H., Munson pd |1, e DS fur B L
scdbl &1L, A, Pavsens Dd T, » 7 Qt i 1= . 2 L6 Z,L
&cdb2 Us Geol. Survey nd N [T, 0+ L0 &1, 4 0-30-57 2,054 1,992 | 1,950 |L
6cdb3 do, od N o o g1 s8.10 9-30-57 2,0571 1,899 ..... 1.
scdbd do. nd K r,0 ot 102 55,71 0-30-37 2,056| 2,001 1,856 |L
7bbd1 snawwzwwl 7iL. A. Parsons pd kL ow s ot 100 52.0|10- 6-58 2,049| 1,997 | .....
Sabbl NWINWENEL B|H. Munson Dd o, w s qt 73 49.0| 9-21-560 2,054 1,988 | .....
%abbl de.,  o|r. W. Collier nd kK, w N ot 60 50.3] 5-15-57 2,079 2,029 | ..... .
llbabl NWiNEINWE11] 7. w. Kelsh nd o, w N30t 107 56,41 9-21-5¢ 2,13%[ 2,083 | ..
12ebel SWAINWISWS12 |T. L. Fineh Da o, w 5 |at 54 54.8) 5-15-37 2,144| 2,089 . .
l4abal L wWard Dd 30, w 3 0t 7 57.8) 5-15-57 2,146 2,089 | ..... .
1l4cbbl NWANWESW ] 14 B, Frost Dd N NGt 59 55,61 5-15-59 2,121 2,074 | ..., .-
14ddd1 3cisELISER14|us Geol. Survey nd N |T.0 |t 110 53,2] 5-13-5% 2,132 2,072 |2 030 L
1scccl SWASWESWI15 do. D N T |0t 115 sg.9| 2- 9-59 =,088] 2,027 1,078 T.
i7aaal NEINEINES17 do. Dd N T |0t 110 51,8 2- 5~57 2,061 1,999 1,957 (L
18bbbl N ANWANWIL8Y . L e e li] 5 [at 19 43.6[10- 6-59 2,03%] 1,987 | «..-. e
18cecl SWEsWisW31811T. Munson nd N N |0t 50 42._1| 5-17-57 2,026{ 1,984 ...., ..
12ddd1 SELSBISELI1R do. I N N[t 59 s54.2| s-17-57 2,050 1,996 ..... e
134442 do. TS Geol. Survev pd ¥ T |at 100 47.0| 2- 6-57 2,043] 1,996 1,048 |1
23bbbl W inwhNwiz3 |0il co, test holel pd N T .. 2 , 500 cieaefeves-ead 2,116) .....] 2,007 |L
24addl SVASF4NE 124 (H. Rutiman pd o, w 3 ot 111 50.1] 5-17-57 2,119 2,059 | ..o | --sn
2 5dcat B. Triplett pd fo, w N |at 135 66.1] 5-16-57 2,081 2,025} ..... aes
26dadl NE G. Jordan pa o, ow N |ot 109 72.4| 5-16-57 2,099 2,027 | ..... | ...
30bhbl nwin, W30 Gesl, Survey Dd 8 |r,0 lot &0 33.8] s5-13-51 2,018 1,984 1,961 )L
30bec swiswlvwiso|r, E. Rittenhouse| Dd C, w 5 Qt 58 30.9) 5-15-54 2,017 1,888 ... .
3leecl sw%sw4sw]31 E. Gaker Da o, w 5 {Qt 69 54,2 s-15-87 2,023] 1,969 ..... ..
33decl 5 Geol. Survey nd N [T.0 (Ot 115 48,21 5~13-571 2,036 1,988 1,928 [ L
35daal do. | N T ot 102 50,70 2-13-57 2,068 2,018 1,071 | 1
Jecccd o . Ruttman nd C, w K] Qe a3 58.4) 5-16-34 ... ... e P
36abbl NWANWENEL36|US Geol. Survey nd N T |at 120 60.3] 2-14-57 2,084 2,024 1,968 L
24N-21W-lzaal NE%NE}NE% 1|5 Geol. Survey Da N T [t 73 s8.0f 2-11-57 2,052[ 1,994 1,983 11
lecel swiswiswi 1| 1. H. Rutledge Dd G, w 3 jot 37 5.4} 5-15.57 2,052| 2,046| .....
2abbl NW4NW4NE’ 2|rR, €. Densmore pa o, w 0 iPwh &9 33.9} §5-13-37 2,004 z,160| ... .. ] ..
3cocd swiswisws 3[Us Geol. Survey Pd N T aQt 40 12.7¢ 2- 6-57 2,052 22,0391 2,015 | L

A-g



Well number:

Appendix A,-~Records of wells and test holes in Woodward County, Okla,--Continued

Por explanation see text, p. 7 _;

locations shown on plate 2.

Type of well:

Pump 8nd power:

wel

B, bored; D, dug; D4, drilled; Dn,

C, cylinder; Cf, centrifugal; J,

N, none; T, turbine; a, airiift; b, butane, e,
g, gasoline, h, hand; p, propane; w, wind.

Use: D, domestic;

P, publit¢ supply; S, stock; T, test hole.

1

driven;

Jet,

I, lerigation; Id, industrial; N, none
(includes unused or destroyed wells); O, observation;

electric:

Geologic soutce -

Qal, low-terrace deposits and alluvium;

Qt, higheterrace deposits; To, Ogallala Pormation;
Pwh, Whitehorse Group; Pdc, Dog Creek Shale; Pb, Blaine
Gypsum; Pf, Flowerpot Shale,

Other data: C, chemical manalysis shown in appendix Ci
L, well log shown in appendix B,

Water level Altitudle abr’;emmnnu
Location T Pum . FQepth of lavai (faet)
Weil aumbsr in Owner or tenant :,:" :,undp Use Gaglogic! -:,“[ E:?g: D:;' Watar ’ Other
saction walt powar source {faat) lend measure- Land tave! Permign | datq
. surface ment surfacs surfoce surfoce
24N-2 1W--Continued
10dddi se2sEASELI0]|US Geol. Survey pa N T ot 55 22,8} 2- 6-57 1,982 1,560 1,%32 |L
llcecl swiswiswiillu, 0. Jividen pd N N ot 33 22,10 8.15-57 1,894 1,962 | ..uon | aues
13ddcl swhseseiizl. ...l i pa o, w Is,00 ot 78 35,81 4-11-57% 2,019| 1,983 ..ouue | «nne
14ddd1l SEISE3SER14{US Geol. Survey Dd M T |at 55 33.8F 2- 6-5% 2,006| 1,072 1,855 |L
18bbbl H. Coaper nd C, w s Jat av 14.01 5- ¢=57 1,992 1,977 | «uvn- | -0
2zacal NEFsWINEL21|P. P. Zimmermau nd T, b T |0t 3s L
32baal NEINEZNWAZ2 [P, Ferguson nd e, w SN I P C
3dabbl NWINWANEL34 |US Geol. Survey nd N oot 60 L
34bbal Ferpguson Ld i, w 5,0 Q% 54 -
34ddcl b Geol. Survey Dd N T, O Ot a7 L
35aaal NEINEINER3S do. kil N T |0t 86 L
24N-22i-3dcel SWisWisE] 3 |Western 3tate Dd N N oat 26 8.1 3-21-58 ..., ..ol L
Hospital
daddl SEESERNES 4|H. {ooper nd N N [Gal 37 13.91 5-14-54 1,977 1,983} 1,942 ! ..
babhl NWINWINEY 6|US Geol. Survey ] No|T,0 Joat 11 2.3f 5-13-53 1,979 1,976 ..... C
8cddl SESSEFSWE ®|F. W. Devore nd ¢, w S {Pwh 97 10,z] s-14-57 2,031 2,012¢ ..... ..
10cabl NWINELSWE10 [Western State pd [C, a 7 jQal 90 | ..., . F I R B [
Hospital
10chal NBINWISWIIO do. pa K r o |Qal 40 16.2| 3-21-5¢ .....| ..... ces L
10cenl SWiSWiswilo[US Geol, Survey n N o [oal 17 10.9| 5-13-57 1,976 1,965 PP SN
10ccdl sEdswiswii10|Western 5t. Hosp.} pd N T al 46 8.4] 3-21-38 PO P
100cd2 do. da. pd T, e ¥ o|Qal 45 g.2| s-14-57 ..... .
12bddl SEMSESNWE 12| 8. Cooper ndoo, w 5 |at 28 15,7 3~ 9-37 1,971 ve
l4daatl NEANESSEL14 do. Dd e, W 5 ot 32 27.2| 5~ 9-59 2,011 .
15babl NWAINEANWS 15 |Western St. Hosp.| Dd |1, e P |0al 35 10,8 5-14-57 1,971 .
15bac) SWAINEINWELS do. Dd IT, e P [Gat 34001 ... veeiee.qd 1,871 .
1556bal NEINWENWE1S do. pa T, e ro[gaz 44 8.8 s-14-57 1,972 e
15bba2 do. do. pd T, & P [Qat 36 10,5 5-14-5] 1,971 .
15bddl sEfsEiNwlis|Okla, Dept. Hwys,[ Dd  [C, b |0t 24 19.1| 5-14-57 1,982 .
20abal KEINWANE:20|US army C. of L. | Dd N o |Pwh 49 24.4| 5-13-57 2,034 -
22addl seisEINmiazl L nd o [c, w 5 ot 70 23,7 5= 9-57 2,026 e
23chbbl NWdNwEswi2 3| Us Geol. Survey D N T oot 32 26.7| 8- 6-357 2,033 L
26canl NEINBIswize|w. viudman pa |c, w 5 ot 25 20.,8| 5- 9-57 2,069 e
27hedl SEdswiNwi2? do. nd ¢, w 3 |at 21 13.3| 5- 8-51 2,074 i
33addl SEISEINER33 do. pa ¢, w s ot 38 8.7| 5- 8-57 2,059 veen
25N-17-W-26dcal swiswissize| L, Russell pd ¢, w 3 |Qal 14 7.6 1o 8-5F L. suiif oeeaen | o-an
* 36raal NEINBISW:36 [School land Td oW 5 |oal 35 16.4 1- 8-570 ..... R I i
25N-18W-3bdd? SELSEINWE 3|01l co. test hole] Dd N T ..., 2,137 vevileeenee d 1099 Lol il L
8cebl nWEsWisw: 3 do. nd N T |oe... pode | ool ool 1,724 ..., PO ¥
19dddl SELSEISELLO der . nd N T ... EJNTCT N P 1,700 cee- 1L
2zaaal NESNEINEI22 da. d N b I I L S R P 1,743 e [ e L
32cedl SEZSWisWi32 do. 4 K T fe.... 2200 | L.l 1,831 oo e L
258-19W-10dccl SWEsW3SERI0 (011 co. test hole| Dd N T ot 2,300 | ..o feeea... L
20baal NEINEINW220(5. Selman nd ¢, w 5 [Pwh 114 65.3| 9-21-35 s
22daal NELNERSEL 22 |C. Lehr pd o, w 5  [Pwh 119 74.9| 9-22-59 '
28dedl SEASWESE42#(A. Dntton D N I+ [Pwh 26 21.4| 9-22-55
26N-18-10bebl NWESWINWZ 10| E, Blackmen pd o, w s Irn 75 63.1| 9-16-54 ceas
Zlaaal NEANEZINEZ21(|0il co. test hole] DA N A IV S PP . L
22bbal NRINWINWE2Z [S. Walker nd o, w 5 |mb 39 36.3| 9-16-55 i
28bbbl NWiNwENWE2 8 [P, Hepner nd |, w 3 |eb 34 45,3] 9-15-59 .
30ddd1 SEXSETSET30 Zerkle od N N |eb 70 flowing| 9-13-53 ...oif sevnn [ ceeas faasn
3laadl SEFNRINEL31|0il co. test tole} Dd N T |eeunn 2,199 O 1,764 ceuue | aeeae |L
26N-19W-5bbbl MwiNWiNWE S(W. E. Williams B L, oW 5 |Qt 26 15.1[ 9~16-59 ..uuu| savan] cunre Jonan
- léaaal NEINESNEX 6|0il1 co. test holel Dd N T |-.--. 2,400 | ... waaeened 1,783 L.t caas L
24aacl SWISWINEL24|G. Brunbam nd e, w s |ee 7% 53,00 9-20~33 ...oio] veuanfoavaes | ae-
31lcbhl NWANWASWA3 1| J.B. Kornale pd [0, w 5 |Pb 7% 53,0(10- s-594 ,....] ..... PO I
35cdel swispiswi3s|L. Devore nd it K [Pde 79 76.3] 9-21-51 P PP IR [
36dcci SWESWiSERF36 M. Overten pd o, w 8 |pdc 79 32,1(10- 7-58 ceee]| eeeni ]| aennn e




APPENDTX B

Logs of wells and test noles in Neodward Ueanty, Oklahoma

Altitudes shown are in feet ahove wean sea Jevel and refer to land surface at ihe meuth of the well or test hole,

ami
Thickness in feet.

to the roncealed surface of the red heds

(hodrack) al the well or test-hele site,

Nepth io Feet below land surface.
- TRIck-
Description ness  Depth Depth
20N-17W-244d42 . 60 fect norcth of drrigation well ~10bbS 1. ~—Cont inued
Sample log of observation well, sand. hbuff, wedinm to very coarse; trace of
o i ) fine gravel 5 50
ln\vl“tz:rm_«:ﬁ depagity: sand, buff. medium to very coarse:; fine to
Sand, Fine to coarse 3 5 wedian gravel & 36
fRand, but'f and yellow, fine to medium; titin Red heds {bedrockl: .
layer caliche: thin layer gray silty clay 3 n )
Sand. buff, very fine to mediumi caliche 5 15 20K LT ccl. 16 feet soutk and _Q4 feet east of fence
Sand, bul(, and yellow, medium to coarses cornes At Fhe S sor. sec. 12. humpl? tog of water-test
fivle. Altitudes: land surface, 1,706; bedrock, 1,873,
trace of very coarse sand; trzce of humas
in Jower part 10 2s Low-terrace deposits:
Sand, buff, medium to coarse 5 30 Sund, gray, very f{ine to fine, silty 3 3
Sand, buff, medium to very cearse; trace of Sand, buff, fine to coarse, trace of very
: . coarse sand 10 15
fmf gravelr & 36 Sand, buff, medium to coarse 3 20
Red heds (hedrack) : . . Sandd, buff, medium to very coarse; trace of
X . ) L ) fire gravel 5 25
2ON-17W-24dd3. 10D feet north of irrigation well Sand, buff. coarse to very coarse; fine to
Sample log of observation well. i we:iiuﬁ c‘;_-..,el : ' 8 i3
. - omber o
Red beds (bedrock ) e .
Tow-terrace deposits: '
Sand, light-brown, very fine te nedium, silty 5 3 20N phbl. 26 feet senth and 77 fect cast of fence
Sand, buff and yellow, fipe to medium, cal- corner at NW cor. sec. 22. Sample log of water~test
cAarzous ¥ 10 hole. Altitudes: land surface, 2,183 bedrock, 2,002,
Sand, buff and vellow, fine to mediuvm; trace
of coavse sand 3 15 Dgallala Formation:
Sand, buff, fine to o T . .
! @ coarse; trace of very Sand, nuff, very fine to medium; trace of
coarse sand 3 20 caliche 10 10
Sand, buff and yellow, medium to coarse, thin Clay, buif, sitty tp sandy 4 14
3 layer Of_ BEAY, silty clay 3 25 Sand, wff, very fine to medium; trace af
sand, bult, mediam to very coarse; trace of coarse sand: ralicho 11 25
r '{lizplﬂravild {1led to bed K 3 30 Sand, bulf, mediuve to very coarse; trace of
@8 ole met drilled to bedroo fine gravel; thin streak of buff, sandy clay 10 35
: P : Sand, haft, (ine to coarse 10 45
ION-170-244d4. 175 feet north of irrigation well. Sand, buff, fine to medium; some coarse samd:
Sample log of observation well. caliche: thin laver of buff, silty to sandy
clay in lower part 10 35
Liw-terrace deposits: Sand, belf, fine to rEer,li_um-, traze of coarse
Sand, butf, filne to coarsey krace of very sund; gray and t.“',‘fl silty ?my . 3 &0
coarse sand 5 g Sand, buft, very f(ine to medium; thin layer
. . ) i af caliche; thin layer of buff silty clay 5 &5
sand, buff, medium to very coarse, trace ‘aliche, sandy H 0
of fine gravel; thin layer sandy caliche 3 140 ad, buff, Cine to medium: sandy caliche 5 75
Sand, buff, medium to very coarse; trace of Samd, baff, medium to wery coarse; thin layer
fine gravel: gray silty clay in lower part hind 22 of hard caliche 3 a0
{Test hele not drilled to bedrock) Sand, buff, medium to vory soarse: traces of
Fine gravel and cwliche 5 85
20N-17W-2ddd5. 100 feet east of irrigation well. sand, bLlL_"r._mediun to very :oarse;_thin layer )
Sam:le log of observation well. of gray silty clav; trace of caliche R 2 o0
Sand, buif, inm Lo very coarse; trace of
. ine gravel caliche 4 04
l.ow-terrace deposits: ,,aﬁr}zcgr'f‘: | and 1 a5
. S aliche, har 35
Sand, buff, {ine to coarse, traces of very Caliche, hard: sandy caliche in layers 2 99
coarse sand and gray silty <lay g > sand, buff, medium to coarse; trace of fine
sand, buff, very {ine to coarse; trace of craval 1 100
very coarse sand; thin layer of gray silty faliche hard 1 101
clay .. . 3 10 Red veds (bedrock): -
sand, buff, fine to medium; calcareous 5 15
Sand, buff, medium to very coarse; fine gravel & 51 20N-21%-22decl. 17 feet soulh and 40 feet east of fence
Clay, gray 1 22 corner. Sample log of test hole. Altitudes: land
(Test hole not drilied to bedrock} surface. 2.291; bedrack, 2,095
AN T T tar] . e e .
20N 1?’.. 7abdl. log ebtained frem Emil Grade, C_11'11151" Ogallala Formation:
Altitudes: land surface, 1,740; bedrock, 1,676, Sand, buff, very fine to fine: reddish-brown,
. silty clay 10 10
Low-terrace deposits: R Yand, buff, fine to medium; thin layers of
Sail . 3 _’f reddish~brown and gray silty clay ] 15
Hand. fine 20 = Sand, light-huff, very fine to medium, clean,
sand, coarse; and gravel 43 0 trace of caliche 0 25
Red beds (hadrock ) - Sand, light-buff, fine to medium; trace of
coarse sand: caliche 14 39
ZON-17W-10bkbl. 5& feet southwest of a fence cormer near the sand, buff, very fine to medium; orange
r. set. 3. Sample Jog of water-test hole and observa- silty clav: raliche 11 50
tion well. Altitudes: land surface, 1,723: bedrock, Sand, huf!'..very fine to medium, orange
1,667 silty clay 10 /0
. Sand, buff, very fine to medium, silty
low-terrace finpl}s‘l.lﬂ: loosely cemented with caliche 5 [
Sand, buf(i, fine to coarse 5 3 sand, nff, wvery fine ta Fine, silty,
sand, buff, wedium to very coarse 3 n slightly cemented with caliche; thim
sand, buff, fine to very coarse 10 20 lavers of hard caliche 10 75
sand, buff, mediua to very coarse, trace of ‘qam_x'_ ufd, very Cine, ailtfy; buff silty
fine gravel i 1o 30 clav: thin laver of hard caliche 5 80
Sand, btuff, medium to very course; fine gravel 10 40
Sand, buff, medium to coarse 5 45
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hick- Thicke~
Pescyiption ness  Depth Description ness  Depth
20N-2iw-22dcel. ~-Uontinued TON-23W-6hbbl. 180 feet sonth and 20 feet zast of north-
sand, boff, very Cine to fine, slightly west seotion coener. Log of oil company test hole.
silty: thin layer of gray silty clay; Altitudes:  Iand sunface, 2,36l; bedrovk, 2,001,
thin layer of hard caliche 3 &5
Sand, wff, very fine, wery silty 15 100 ‘gallala Formation:
Sand, buff, very fine to medium, siltv, Sand, white, Cine to coarse, subangular 30 30
Toosely to well vemented with caliche 10 110 Limestone, sandy 10 40
sand, buff, very finc to medium, silty, Viay, pink and buff; coarse sand:
loasely to well cemented with saliche; conpglomerate; eravel 30 90
thin layer of pard caliche 3 115 Sand, Fine to coarse 240 330
Sand, puff, fine to medium, siity, with {lay, pank and buff 10 340
thin luvers of loosely cemented calizhe 3 120 Vonglomerate 20 3ol
Sand, puff, verv fine to medium, trace of whitehorse Croup (badrock)s
coarse sand, orange silty clay 5 125 Shale, red, sandy: conglomerate; fine
Sawd, boff, very fine to mediuvm, silty 3 130 orange sand &0 420
Sand, buff, verv fine to medium, silty Sand, orange, fine red: sandy shate 116 530
loosely to weli cementad with caliche; sand. orauge, fine, sypsifercous 30 Fo0
thin luyer of hard caliche 5 135 Oypsum, white 10 570
sand, buff, very fine to medium 3 HEq Sand, fine: red sandy shale 20 390
sand, buff, very fine to medium, cleas; thin Jog Ureek Shale:
layers of gray and oranpge clay 5 145 shale, red sandy; streaks of gypsum; blue
Sand, buff, fine to medium, clean 10 154 and brown shale; trace of dolomile 113 703
Sand, beff, fine to medium; thin layers of Blaine G:‘PSUTT
gray and grayish-maroon < lay 0 163 Gypsum, white; red shale: selenite; trace
Sand, buif, wmedinm to very cearse; trace of ih:iodoel::l:ﬁlalt t;..me ﬁi ?;2
. .. . Sha L il pray K
) c].ean.t.z.ne grave{. X f 110 Gypsum, grav :uuLi -.':;itf,; underlain by very
Hénr}, l%gnt—buif, fine to “‘wfhu,m‘ wlean B 175 potous, gray dolomife 52 805
5"“31 ?ght‘m’u;iv f:.;e to coarse = i:z Shale, gray and brawn s 810
Sand, light-buff, medium 3 33 Gypsum 20 830
Samd, light-buff, fine to coarse 5 130 {Lost circulation at 829-830, hole abandened)
Sand, buff, fine to coarse; thin layver of
orange, silty olayt hard calache 3 195 23cccl. 48 [eot north and 265 feet cast of 5W fence
Sand, toff, fine to very coarses fhin luyer of Sample log of test hole. Altitudes: Iand
red silty clay; ilimenite graias 1 156 surfare, 2,292: bedrock, 2,000,
ted beds (hedrock): -
Opallala Formabtion:
2ON~2IW-30addl. 70 feet north and 40 feet west of fence Sand, buff, very fine to medium; brown and
TUERvReT, Eer. 31, T. 20 N., R. 20 W,, 17 feet east of gray, silty to sandy clav 10 10
north-south fence on west side of roud. Sample log of Sand, buff, fine to medium: trace of coarse
test hole. Altitudes: land surface, 2,311: dedrock, sand: caliche 10 20
2,153, Sand, buff, medium to coarse 5 25
Clay, Dbrownish-gray, silty to sandy 10 35
Ogallala Formation: Sand, buff, medium tn verv <oarse 2 37
Sand, buff, very fine to medinm, red silty clay 10 10 lay, gray, sifty ’ 5 42
Sand, buff, fine to medium; thin laver lipht- Sand, Luff, fine to very coarse, clean 4 46
reddisb~eray, silty clay 10 20 Clay, gray, silty 1 47
Sand, buff, very fine to medium: lighi-red sand, buff, coarse te very coarse; fine
s11ty to sandy clay 0 30 gravel 3 50
Sand, buff, fine to very coarse:; itrace of Clay, buff, silty 2 52
fine gravel 10 a0 b:m?l, buff, medium to wery coarse; trace of
Sand, bufl, fine to very coarse; caliche . fine gr_a_vel. 3 5.5
particlas A a0 (:l.ay, bull, 51].?5; 1. 56
Cluy, light-red, silty to sandy, alternating sand, buff, medium to very coarse; trace of
with buff, fine to coarse sand; tine to - fine gra_vel . - 14 &
medium gravel 12 58 .:uam?, buf ¢, med:.ur‘n to very coarse; tljace of
Sand, Lufl, fine to medimm, very silty thin fine gravel; ?hm layer of buff, silty clay 10 0
layer cemented; trace of [ine to medium E’_'}Zd‘ ?:I;’ng;wm.i: W;ryw;:nrszal'rhe 9 89
ay, dark-buff, silty; po ry cali
- grayel . . . 2 80 scattered throughout; thin Iayers of hard
Sund. buff, wvery fine to medium: coarse sand: a ’ raliche 6 95
tiin laver of buff silty clay 1 ] - | . . -
Sand, hL\(f, very Pine to aearse: thin layer ban.d, ouff, very flne, silty, lo?sely to‘
of buff, silty to sandy clay; fine gravel 5 75 '.;(.‘11 :anlgnt.ed]wxﬁthupowdary caliche: thin o 105
sand, bafl, very fine to medium, very silty 3 80 L Byera o _h“( caliche i ’
Sand, buff, very {ine to mediumy thin laver valicte, pg.tde::y, zandy, ﬂ.”:n 1“,&?3 of
of BUff, sity to sandy clay 5 85 h:ﬁxrd, shgf.ﬂly ':,u:uly caliche; thin layers
A : N ; of btuff, partly silty clay 10 Iis
Sand, baff, Fine to medium, trace of coarse i catiche. hard 5 120
. sand . ) P e 3 we Sand, buff, very Fine to {ine, with powdery
sand, buff, medium teo very coarse:; trace of N " }
fine gravel; thin layer of hard caliche 5 s caliche, lopsely cemented:; thin layers of
Sand, buff, fine to neaium‘. thin layer of m}i?' p;lre caliche: thin layers of buff, 10 130
N K i = silty clay
. tight-red ailty r.'ldy ' 1aa Sand, buff, very fine tn fine with powdery
Sand, buff, very fine lo roarse 10 110 caliche, loosely to well cemented: thin
jand, puff, fine tq coarse . 10 RER layers of hard iaure caliche 20 150
Sand, bulf, Yerv fine te medium; thin ayer 14 :}and‘. vuff, very fine to Cine, with powdery
(fl;fl bufifi:fiv :;1§¥r;1i;etl silty Lo sandy 13 JI..L‘U caliche. loosely to w“‘.l Cement?d‘— thin
:s'anéll buff, fine to mﬂd:{um‘. trace af coarse 1:;_»-;1:;_0,67}11&;)(-61 rlaure raliches thin Jayers N 170
sand: fine gravel 4 140 (Of BubL siity clay . 2
Sand, buff, figne to medium; thin layers of Sand, _Lmlﬁ. very fine to fn-!e with powdery
- . 7 s il ” caliche, logsely to well cemented; hard,
light-red, siliy clays layer of hard caliche 10 150 . ; v ) '
cand. bUEF . very fine to medinms lirht-red pure to sandy caliche; thin layers of
e N o - ' & 158 bulf, silty clay 13 185
silty to samby clay sand, buff, very fine to coarse, loosely
Red beds {bedrock): T te cemented with powdery caliche: fine gravel;
thin lavers of buff, silty clay: thin
lavers of hard, pure to sandy caliche 10 195
fand, huff, very fine to fine; loosely to
well cemented with powdery caltiche; thin
lavers of buff, silty clay 10 205
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Thick- Thisk~
Description Tess Depth Description ness Depth
col.—~Continued 20R-22W--31hccl. ~~Continued
Sand, very (ine to fine, well cemented Sund, buff, medium to coarse; thin layer of
with caliche: buff, cearse to very caliche; thin laver of very fipe-grained
course sand; fine pravel; thin layer sandstona 3 2350
of brown, silty clay 10 215 Sand, buff, fine to medium; buff sandy clay;
Clay, light-red to gray, very silty to sandy 10 223 thin layer of caliche; trace of fing gravel 3 235
Clay, reddish-brown, ailty to very silty 5 230 Clay, gray and orange, very silty to sandy;
Clay, reddish-brown, silty to very siltys trace of caliche s 260
thin layers of brown clay; thin layer of . Clay, buff, sandy: thim layers of caliche;
hard caliche 3 235 thin layer of greea, very silty clay 10 275
Clay, light-red, very silty 5 240 Sand, buff, medium; hufl, green and brown,
Clay, light-red, silty to slightly sandy; silty to sandy clay; thin layers of hard,
thin layers of brown clay; thin layers of pure caliche 5 280
hard, sandy caliche 13 255 $and, buff, medium to coarse; tan, silty ciay;
Clay, grayish-brown to light-ved, soft caliche w200
stratified; thin layers of hard pure to . Sand, buff, medium to coarse; trace of fine
sandy caliche 1o 285 gravel; soft caliche; gray and buff, sandy
Clay, grayish-brown to light-red, clay in lower part in 300
silty; thin layers of hard, pure caliche; Sand, buff, medium to very coarse: gray and
trace of buff, medium to very coarse sand 15 280 buff, silty clay, sof't zaliche; thin layers
Clay, light-red to dark-gray, of hard caliche 5 305
silty; thin layer of hard, pure caliche; Clay, buff, sandy; trace of caliche; truce of
trace of buff, medium to very coarse sand 12 252 buff coarse sand; thin layer of nard caliche 5 310
ited beds (bedrock): - .. Clay, baff, sandy; trace of caliche 5 313
_ Clay, buff, sandy; sofi caliche; trace of buff,
208-23W-21bcsl. 300 feet north and 24 feet west of fence coarse lo very coarse sand 10 325
cornegr. bample log of ftest hole. Altitudes: land Clay, buff to orange, sandy; buff, coarse to
surface, 2,513; bedrock, 2,113, very coarse sand 5 330
Clay, buff, sandy; very coarse sand; thin layers
Ogallzla Formation: of sandy caliche 5 335
Send, tapm, fine to medium; brown silty clay 13 4 (lay, gray and brown, sandy; thin layers of
Sand, tan, fine to mediom; reddish-brown green, silty clay; trace of buff, very coarse
clay; thin layers of gray silty clay in sarcl; hard caliche 5 340
lower part 11 24 Clay, buff, very sandy, trace of caliche 5 345
Clay, gray, silty to sandy; buff, fine to Clay, buff, very sandy; thin layers of hard
medium sond o 30 caliche; thin layers of brown silty clay;
Sand, bolf, medium to very coarse; gray and ) trace of buff, medium to coarse sand 10 455
tan sandy clay; trace of caliche 3 35 Clay, btuff, very sandy: thin layers of hard
Sand, buff, fine to medium; pray and yellow- caliche: thin layers of brown, silty clay:
orange, sandy clay . 190 45 trace af buff, coarse to very coarse saud 10 365
sand, buff, fine to medium: thin layers of Clay, buff, wery sandy; buff, Ffine to coarse
gray sandy clay: trace of caliche 3 50 sand; bard caliche 5 370
Sand, buff, very fine to medium; buff and Clay, gray, brown and green, wery silty, some-
gray sandy clay; trace of caliche i 80 what stratified; thia laver of soft, sandy
Clay, orange and gray, sandy 10 70 caliche; trace of fine gravel in lower part 10 380
Clay, orange snd gray, silty to sandy: buff, Clay, buff, very sandy, calcareous; trace of
fine sand 10 a0 fine gravel; thin layers of green and brown,
Sand, buff, fine to medium; orange and gray, wory silty clav 10 360
silty to sandy clay; trace of caliche 14 ¥4 Clay, buff, wery sandy, calcareous; trace of
Sand, buff, medivm; orange to light-red, Fine gravel; thin Iayvers of green and brown,
norfules of sandy clay 8 100 very silty clay F 39%
Clay, orange to light-ved aod gray, sandy; sand, buff, medium to very coarse; fine gravel 2 00
trace al caliche 10 110 Red heds (bedrock): .. .-
Clay, gray to buff, sandy; trace of caliche 5 115
Clay, gray to light-red, sandy; trace of 20N=-22W-36addi. 119 feel north and 1 foot east of fence
buff; medium fo very coarse sand 10 125 Tlarner.  Sample log of test hole and observation well.
Sand, hulf, medium to very coarsai thin layer Alvitudes: Zand sutfave, 2,374; bedrock, 1,997,
of tan, silty clay; trace of caliche 5 130
Sand, DUFf, medium to coarse £ 135 Ogallala Formation:
Sand, buff, medium to very coarse; trace of Sand, buff, fine to medium; light-red, silty
fins angular gravel; pieces of graphic clay 5 S
granite: trace of raliche 10 142 Sanrd, bull, medium; buff, silty clay; light-
Sand, buff, very coarse; sand size, angular red, sandy clay 5 10
pieces of graphic granite; trace of fine Sand, bulf, fire to medium; light-red, sandy clay;
gravel 5 150 particles of blue silty clay, =ilty caliche 5 15
Sand, buff, medium to very coarse: fine to Sand, buff, very fine to medium 10 25
coarse, granitic gravel 10 150 Sand, buff, very fine to medium; light-red,
Sand, buff, fine to medium; trace of caliche 5 165 sandy clay: trace of caliche 3 30
Sand, buff, medium to very coarsc; trace of Sand, buff, fine to medium, red sandy clays
fine gravel in lower part; trace of caliche 10 175 trace of caliche 5 35
sSand, buff, medium to very coarse; fine gravel; Sand, buff, very fine to medium; trace of
thin layer of gray, ailty clay s 180 caliche 10 45
Sand, buff, medium to coarse; trace of caliche 10 190 Sand, medium to coarse; trace of calichae 10 55
Sand, boff, medium to coarse; frace of Sand, buff, fine to medium; trace of
Illmenite; trace of caliche 5 193 toarse sand; caliche iyl 65
Sand, buff, medium to very coarse; trace of Sand, buff, fine {o medium; trace of
Fine gravel; trace of caliche 10 203 coarse sand; caliche particles scattered
Sand, buff, fine to very coarse; trace of thraughout i0 75
fine gravel; trace of caliche 3 210 Sand, buff, very fine to medium; trace of
Sand, buff, very coarse; fine gravel 3 215 coarse =and; corange, very sandy clay;
Sand, buff, medium to very coarse; fine gravel, caliche 10 83
thin layer of tan sandy clay; trace of Sand, buff, medium to coarse; gray silty clay;
caliche 10 225 caliche 5 o0
Sand, butf, medium to wery coarse; fine gravel; Sund, buff, very fine to medium; caliche 5 95
thin ilayer of pure caliche; trace of Sand, buff, medium {o very coarse; trace of
illmenite 10 a3s finc to medium gravel 7 102
Sand, buff, medium to wvery coarse: trace of Sand, buff, fine to medium; caliche particles
fine gravel; thin layer of caliche 4 239 throughout 3 108
Clay, gray and orange, silty to sandy 2 242 Sand, buff, medium to coarse; caliche patticles [} 111
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Thick- Thick-
Descriptien ness Depth Description ness Depth
20N=22W-3baddl . --Continued ZIN-17W-9cccl. ~~Continued
Sand, buff, medium fo very coarse; buff; Sand, buff, fine to coarse, trace of very
very sandy caliche > 120 coarse sand 3 45
Sand, very fine to mediums trace of very Sand, buff, medium o very coarse; fine
coarse sand; buff, sandy clay; caliche gravel 3 48
particies 13 130 Red beds {bedrock); ..
Clay, buff to light-orange, sandy; thin
layers of hard pure caliche; fing 2IN-17W~13aaxl. 225 feet south and 24 feet west of nogth-
gravel in lower pari 11 140 east fence corner, Sample log of test hole. Altitudes:
Zand, buff, medium; buff, sandv clay; silty land surface, 1,871: bedrock, 1,842,
to sandy caliche; thin laver of hard,
pure czliche in lower part 10 130 High-terrace deposits:
Caliche; buff, mediem sand 5 153 sand, buff, fine to medium; trace of
Caliche; buff, medium to coarse sand; trace cearse sand 5 5
of fine gravel; thin layers of hard Sund, buff, very fine to medium 10 15
vatiche 10 163 Sand, buff, medium 10 25
Sand, buff, medium to very coarse:; silty Saod, bulf, medium to very coarse 5 30
caliche 10 175 Red beds (bedrock}: . -
Sand, buff, medium; caliche, clayey; thin
layers of hard caliche 10 185 2 Thi-13cecl. 25 feet south and 45 feet west of south-
Sand, medium ta very coarse; thin layers fence corber, Sample log of test hole, Altitudes:
of pure caliche; thin layers of orange, land surface, 1,874; bedrock, 1,826,
silty clay 10 103
Clay, gray, sandy, mixed with caliche; High-terrace deposits:
511ty brown clay; thin layers of hard Sand, buft, fine to medium i0 p13]
caliche; trace of fine grawvel 5 200 Sand, buff, fine to medium, slightly clayey 5 15
Sand, buff, fine; caliche, silty; thin Sand, buff, trace of yellow znd zed, very
layvers of hard caliche 5 205 fine to medium, slightly clayey k] 20
Sand, buff, fine, som¢ coarse sand; thin Sand, buff, trace of yellow, fine to wedium 10 30
lavers of hard, pure caliche; thin Sand, butf and yellow, very fine to fine 3 s
layer orange, sandy clay; fine gravel 10 15 Sand, buff, trace of yesllow and pink, Fine
Ulay, orange sandy 3 20 to very coarse 10 45
Clay, otange, sandy; silty, brosm clay; Sand, buff, coarse to very coarse; trace of
thin layers of hard pure caliche; trace Fine gravel 3 43
of fine gravel: trace of reworked red- Red beds (bedrock): ‘e oy
bed material 10 230
Clay, orange, sandy, mixed with caliche; 20N-L17W~19bacl, Driller’s log supplied by Ellis Caldwell.
trace of reworked red-bed material; Altitude land surface, 1,762; bedrock, 1,709.
trace of fine gravel 10 240
lay, orange, sdndy; fine to very coarse Tow-terrace deposits:
sand; small gravish-brown clay balls; Sand 5 5
layer of hard, pure caliche in lower part 10 250 Clay 10 15
(lay, orange, sandy; fine to very coarse Sand, medium 38 53
sandj thin layers of caliche; clay with Red peds {bedrock): e .
caliche in lower part 10 260
Clay, orange and gray, sandy: thin 2IN-170-27zaal. 43 feet south and 16 Feet east of NE fence
Iayers of pur¢ caliche 5 265 corner, Sample log of test hole, Altitudes: land
Gravel, fine; trace of reworked red-bed surface, 1,523; bedrock, 1,774,
material 5 arn
Sand, buff, [ine tn coarse; orange sandy Migh~terrace deposits:
clay; thin laver of bard calicke 15 285 Sand, buff, fine to medium 5 5
Samd, buff, fine to coarse, trace of very Sand, buff, medium to coarse 10 15
coarse sand; orange sandy clay; nodules Sand, buff, medium to coarse; trace of
of rewoerked recd-bed material: thin layer very coarse sand 5 20
of hard caliche in lower part 10 285 Sand, buff, very fine to medium; trace of
Clay, light-red, silty to sandy: buff coarse sand; gray, sandy clay 5 25
fine to medium sand 10 305 Sand, buff, nedium to very coarse 5 30
(llay, light-red, silty; very fine to nedium Sand, buff, fine to medium; trace of coarse
sand; thin layers of hard caliche 10 315 sang 10 40
Clay, light-red, silty; trace of very f{ine Sand, buff, medium to coarse; trace of very
to medigm sand; thin lavers of hard coarse sand 5 45
caliche 10 325 Sand, buff, medium to very coarse; fine
Clay, light-red, siltv; trace of buff fine gravel 4 49
sand 10 335 Red beds {bedrock}: ) .. va
Clay, light-red, silty; trace of buff fine
to medium sand 10 345 2IM-17W-27cccl, 10 feet south and. 7 feet east of southwest
Ciay, light-red, few rusty zones, silty; fence corner. Sample log of test hole, Altitudes: land
trace of medium sand; thin layers of surface, 1,738; bedrock, 1,710.°
caliche 10 355
Clay, light-red, silty and sandy; frace of High-terrace deposits:
medium sand; thin layers of caliche 10 365 Sand, buff, very fine to medium; thin layers
{lay, light-red, silty and sandy; thin of dark-gray silty clay 5 5
layer of calithe in lower pact: medium Sand, buff, very fine to medium, very
to coarse sand at base 1z 377 silty; buff, silty clay 3 10
Red heds (bedrock): . Sand, buff, fine to medium; trace of coarse
sand 5 15
2IN-17W-9Cecl, 15 feet narth and 132 feet east of SW fence Sand, buff, medium to very coarse; trace of
corner.  Sample log of test hole. Altitudes: lund fine gravel 5 20
surface, 1,894 bedrock, 1,846, Sand, bpuff, medium to coarse; trace of very
coarse sand 10 30
High-terrace deposits: Sand, buff, medium to very coarse; fine
Clay, light-red, very silty to sandy 5 E gravel 10 40
Clay, light-red, very silty to sandy; buff, Sand, buff, medium to very coarse 3 48
very fine to medium silty sand 5 10 Red beds (bedrock):
Sand, buff, fine to medium; frace of coarse Sand, red, very fime 2 50
sand; thin layers of silty clay 10 20
Sand, buff, very fine to medium 1n 30
$and, buff, very fine to medium, trace of
coarse sand 10 40
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Thick~
Pescription ness Depth

Thick-
ness Depth

cl, 13 feet south aud 102 feet east of fenze
post on west end of east-west fence line. Sample log of
test hole. Altitudes: land surface, 1,740; bedrock,
1,704,

Low-terrace depoesits:
Sand, bulf, very fine to mediwm: thin layer

of gray, silty clay 5 5
Sand, buff, fine to medium 5 i
Sand, buff, fine to coarse: trace of wvery

coarse sand 5 15
Sand, buff, medium to very coarse; fine to

medium gravel: trace of humus 10 25
Sand, hulf, fine to coarse E) 30
Sand, buff, medium to very coarse 5 3s
Sand, buff, coarse to very coarse; fine gravel 1 36

Red beds (bedrock): . .
2IN-17W-33cocl, 61 fret south and 40 feet west of tele-
phone pole; 0,93 mile south of northwest fence corner.
sample log of test hole, Altitudes: land surfacze,
1,747; bedrock, 1,683,
Low-terrace deposits;
Sand, buff, wvery fine to fine, silty 5 5
Sand, buff, fine to medium; trace of coarse

sand 10 13
Sand, bw'(, very (ine to medium 10 25
Sand, buff, medium to coarse 14 35
Sand, buifl, wedium to very voarse; trace of

finse gravel 5 a0
Sand, bufl, medium 5 45
Sand, buff, medium to coarse 5 50
Sand, buff, medium ta very coarse 5 55
Santd, buff, coarse to very coarse; fine ta

medium gravel 1 56

Red beds (bedrock). . .

J6cddl. 17 feet south and 80 feet west of power
e Sample log of test hole. Altitudes: land surface,
1,763; bedrock, 1,702,

Lon-terrace deposits:

sand, buff, very fine to medium 15 13
fSand, buff, fine to medium 3 20
Saud, buff, fine to coarse; trate of gray

amel buff, sandy clay El 25
Clav, buff, silty to sandy 10 35
Sand, buff, [ine to coarse 5 40
Sand, buff, yellow and black, amedium to coarse;

trace of very cearse sand 10 S0
sand, buff, medium to very coarse; trace of

Fine gravel 5 5A
Sand, buff, ceatse to very coarse; fine gravel 6 &1

Red beds {bedrock): -

-18W-6addl. 112 (eet north apd 94 fect eaxt of lence
corner; 32 feet northeast of cottonwood tree. Sanple log
of test hole. Altiéudes; land surface, 1,784; bedrock,
1,736,

Low-terrace deposits:
Sand, buff, fine to coarse, clean 10 10
Sand, buff{, Mine to coarse, Erace af very
coarse sand: thin layer of dark-gray,

silty clay 10 20
Sand, buff, fine to medium; thin layers of

dark-gray, silty clay 3 25
Sand, bul'f, medium to very coatse; trace of

fina gruvel 10 35
Sand, haff, medium to very coarse; fine to

wedium gravel 13 4%

Red beds (bedrock): .. .

21K-1#0-10abbl. 4 feet north and 41 feet east of fence
corner. Sanple log of test hole, Altitudes: land
surface, 1,821; bedrock, 1,770.

High-terraze deposits:
Sand, buff, very fine to coarse 5 5
Clay, huff, silty to sandy 15 20
Sand, buff, wvery fine to medium 5 25
Sarnd, buff, Cire to medium; trace of coarse
sand; thin lavers of gray, silty clay 10 33
Sand, buff, and yellow, medium to very coarse;
Fine gravel 10 45
Sand, buff, medium to very coarse (] 31
ted beds (bedrock): . i

21IN-18W-21bbbl. 5 fect south and 430 {eet cast of norihwest
lence corner, Sample log of test hole and observation
well., Altitudes: land surface, 1,796; bedrock, 1,717,

Low~terrace deposits:
Sand, buff, fioe to medium; trace of coarse

to vory coarse sand; clavey 5 35
Sand, buff, medium to coarse 8 13
Sané, buff, silty to sandy 3 15
Sand, buff, medium to very coarsej trace of

fine gravel 4 20
Sand, huff, very fine fo medimm, slightly

siley s 25
Sand, buff, medium to very coarse: trace of

fine gravel 10 15
Sand, btaff, mediun to very coarse; trace of

black, silty clay; trace of fine gravel 5 a0
Sand, buff, Fine to mediuvm 35 45
sand, buff, cearse to wery coarse; trace of

fine gravel; thin layer of dark-gray silty

clay in lower part 10 55
Sand, Baff, mediem to very coarse; trace of

fine gravel 10 63

Sand, buf{, mcdiai Lo very coarsc 3 70
Sand, bufl, soarst to very coarse¢; fine to
Sand, buff, coar Lir very coarse: fine to

medium gravel - 140 20

Redl beds {bedrock):
Sand, red, wery finc 2 a2

39 feet west and 1O feet south of southeast
Sample log of test hole. Altitudes: Jand
kedrack, 1,741,

Low-terrace deposits:
Sand, brown, very Fine to medium
Band, buff, fine to medium
Sand, bulff, fine, Lhin layer of reddish-brown,
silty clay 3 13
sand, buff, fine to mediun; thin layer

S}
w

10

ol zoddish-brown silty clay 3 i
Clay, dark-gray, silty 2 20
Clay, gray, sandy 5 25
Clay, light-gray, silty; buff, fine sand 5 30
Sand, broen, very fipe to medium 3 33

Red beds (bedrock): . .

ZIN-13w-28adds. 130 feet north and 22 feet east of fence
sorner.  Sample log of test hole. Altitudes: land
surface, 1,804, Ledrock, 1,739,

Low-terrace deposits:
1

reddish-brown, very fine 5 5
buff, (inc to aodimm 7 12
buff, =itry 1 13
buff, wvery filue to (ine 2 15
Buff, iu.: to course; trace of fine
gravel 5 20
Sand, buff, fine to coarse; thin layer of
red, silty clay s 25
Sand, buft, very fine to coarse 5 30
Sand, buff, very finc to mediuom & is
sand, buff, very fine to fine: buff siity
slay 3 40
Sand, fineto coarse 13 85
led beds (bedrock): R .-
21K-19W-1lacal, Driller's log supplied by Emil Grade.
Low-terrace deposits:
Soil 3 3
Clay 21 24
Sand, fine & 30
sand, coarse 18 4%
Ted beds (hedrock):
2Z1H-19W-1ilcebl. priller's log supplied by Emil Grade.
Altitudes: land surfuce, 1,812; Bedrock, 1,756,
Low-terrace deposits:
S0il 4 4
Clay 16 20
Sand, fine 5 25
Clay 11 36
Sand, coarse 20 56
Red beds (bedrock): ‘e ..



APFENDIX B

Thick- Thick-
Description ness  Deplh Pescription neESs Depth
2IN=19%~12d0d1. 17 feet south and 18 fect west of southeast | Ibbil. ontinuerd
fence corner. Sample log of test hole. Altitudes: lamd H nd, bulf, Fine to medium; trace of
surface, 1, 800; bedrock, 1,745, i caliche 10 a0
Gand, buff, very fine to Ffine, silty; thin
Low-torrace deposits: layer of gray sandy clay in lower part 10 40
Sand, buff, very fine to medium 4 4 Sand, buff, Fine to medium; thin layers of
Mlay, gray 1 3 soft sandy calische 5 45
sand, buff, fine to medium: gray clay 3 Sund, tuff, fine to medium, loosely
(lay, grav 2 > cemented with cal iche 15 a0
Sand, buff, very fine to medium, very sileys Sant, Wf0, fine {o medium, caliche
thin layers of gray silty clay; trace of particies throughout 5 63
caliche 4 19 Sand, buff, fine to medium, loosely
tlay, gray and light-brown 11 30 cemented with caliche 15 81
Clay, gray and light-blac, =iliy a 34 Clay, brown, s$ilty to sandy 5 85
sand, buff, coarse to very coarse; fine gravel 1 &1 Sand, buff, fine, cemented with oz liche 10 35
Gravel, fine 1z 52 Clay, brown, silty; thin layers of nhard
Red beds (hedrock): caliche: buff Fine sand, loosely cemented
sand, rved, very (ine 3 EN with caliche 10 10
3and, buff, fine, looscly cemented with
2IN-1%W-l5adel. Partial driller’s log supplied Dby an oil caliche; thin layers of bard czaliche 33 140
company, Altituwde: land surface, 1,820, Sand, buff, fiae to medium; caliche
pacticies tironghout; thin lavers of hard
Whitehorse Group, undifferentiated (bedrockl: caliche 10 150
Red rock 45 45 Sand, buff, = s nedium, loosely
sand 15 S] cemented with o zhe; thin Iayers of
Shale 20 &0 bard caliche 20 170
Sand ol 140 Clav, gray, silty to sandy; thin layers of
Dog Creek Shale: hard caliche 15 i8s
Red rock 60 200 Sand, bulf, medium to very coarse; trace of
Shale, brown 10 210 fine gravel 1 186
Blainge Gypsum: Clay, purtlish-gray, silty; alternating with
Gypsum 70 280 hard caliche & 19z
Flowerpot Shale and older rocks, undifferentiated: Grawel, fine to nediun 1 123
Sand, hroken 5 235 Red beds (bedrock): AN e
Red rock 25 310
Shale, sandy 85 715 20N-208-20az21. 500 feet south and 32 feet east of northeast
Sarnid 18 w33 fence corner. &Hample log of test hole. Altitudes: laud
Shale, red 7 740 surface, 2,1264 hedrock, 2,010,
Sand 3 748
Shale, red 5 733 Ogallala Formation:-
Satt 150 03 Sand, buff, fine to coarse 14 14
Sand 4 907 Clay, tan, siliy . 1 15
Salt 46 G333 Sund, buff, mediun to very coarse; thin laver
Sarnd 50 1,003 of hard sandy caliche 5 20
Salt 57 1,080 Sand, buff, fine to voarse; buff, very silty
Shale, red 10 1,073 clay: thin layer of caliche 3 25
Satt 10 1,080 Sand, ', Fine to medium, loosely
Shale, samly 55 1,135 cemented with c¢alicke: thin layers of hard
Sand, red 15 1,150 caliche 25 30
Salt 18 1,188 Sand, buff, fine to medium, silty 4 54
Shale, sandy 12 1,180 {aliche, hacd 1 i5
Sand 10 i, 1o Sand, buff, medinw to very voarse; trace of
Salg 78 1,268 fine gravel: orange and gray silty to sandy
Red rock 37 1,305 clay (18]
Shale 180 1,485 Sand, buff, nmediun to very cveoarse; thin layer
of light-orangz, silty te sandy clay 10 70
2IN-19W-25addl. 343 feet north and 9 feet east of fence : Sand, bufi, wediunn to very coarse; trace of
carner. Sample log of test hele. Altitudes: land j Fine gravel 5 7S
surface, 1,847; bedrock, 1,810, Gravel, Finc to medium; reworked red-bed
particles 5 80
Low-terrace depositsa: Caliche, hard 1 81
Sand, buff, very fine to medium ] 8 Clay, gray and tan, silfy 7 88
Clay, gray to reddish-brown, silty to sandy 7 i3 Caliche, hard 1 29
Sand, buff, fine to medium; trace of coarse Sand, buff, fine to coarse; thim layers of
to very coarse sand; orange, silty clay 3 20 gray silry clay 11 10G
Sand, buff, very fine to medium 3 a5 Sand, buff, medium to very coarse; fine
Sand, buff, medium to coarse 10 35 gravel 5 105
Sand, buff, medium to very coarse; {ine gravel 2 37 Gravel, fine to mediwm; ironstone fragments il 1la
Red beds (bedrock): . Red bads (bedrock): e Pea
2IN-15W-30dacl. Driller's log supplied by Ellis Caldwell. 2ON-20W-31lccel, 6 feet south and 4G feet east of southwest
Altitudes: land surlface; 1,944; bedrock, 1,854, fence corner. Sample log of test hole. Altitudes: land
surface, 22,1863 bedrock, 2,078,
Tow-terrace deposits:
$oil, sandy 5 5 fgallala Formatian:
Clay 5 1n Sand, gray, very fine to medium, silty 5 5
Caliche, sandy 5 15 Sand, buff, fine to coarse, trace of very
Sand, medium s 40 coarse sand) orange, silty clay 5 10
Gravel 25 ] Clay, light-rad to orange, silty to very
lay 5 il sandy; thin calcareous zones i0 20
Sand, [ine 13 R85 Sand, buff, very Cine to coarse; thin layer
Gravel and sand 5 90 of orange clay; silty in Iower part 10 30
Red beds (bedrock): .. .. (lay, orange, very silty to sandy: trace of
caliche 10 40
2IN=20W-3bbbl. 54 feet south and 13 feet west of northwest Caliche, pure; buff, very fine silty clay;
fence corner. HSample log of test hole, Altitudes: land loosely cemented with caliche 10 50
surface, 2,060; hedrock, 1,867 sand, buff, very fine, loosely cemented with
caliche 10 60
Ogzllala Formation: saud, buf(, fine to coarscy thin zones ol
Sand, buff, fine to medium 10 143 locsely cemented with caliche; thin layer
sand, buff, very fine to fine 10 20 af pure caliche 5 65

B&




APPENDIX R

Thick- Thick~-

De iptien ness  Depth Descrdiption nees  Depth
lecel.eContinned 2R adill. Partial driller's log supplied by an oil
ATTELIT, (doe to coarse, loosely TTGapany.  Altitudes: land sueface, 2,167; bedrock, 1,995,

cemented with caliche; thie layers of
pure caliche mn 75 Qg#llala Formation:

Sand, Duff, fine to coarse, trace of wvary Sand, fince, silty 35 35
comtse sand: thin layers of pure Lo Sand 15 50
sanly caliche 10 85 sand, guick 122 172

Sund, buff, fine to coarse; thin layers of Whiteborse Group, uedifferentizted {(bedrockl:
pure to sandy caliche 3 Ly Tlay, red: shale 150 322

Sand, buff, medium to wvery coarse; trace of Sand, red, sofl 20 392
fine gravel; thin layer of caliche E 93 Nog Creek Shale:

Gravel, ffine; yellowish-tan and gray, silty, Clav, red: sand 115 460
caleurecus clay 5 100 Blaine Gypsum;

Caliche, pure, very hard to soft 3 i0s Gypsum 13 473

Clay, light-red, zilty calcareous, mixed Clay, red; sand 18 491
with caliche 5 110 Gy paum 2 493

Whitehorse Group, undifferentiated (bedrock): | Clay, red:; shale 2 495

Siltstone, light-red, soft, sliphtly sandy; i Gypaim 34 529
thin raloareous zones 10 120 Clay, red; shale g 335

Siltstome, lipght-red, soft, slightly sandy: Gy pstn 27 565
thin gypsunt stroaks L 130 Cluy, red-bro - i 571

Siltstone, red, soft 10 140 Gypsum 24 595

Siltstone, red, soft to hard; thin streaks of Flowerpnt Shale:
white, sugary gypsum 10 150 Shale, blue 75 £70

Siltstone, red, soft: thin streaks of white, Shale, hrown 100 770
SUZATY ZYPalm 5 1558

Siltstone, red, bard, slightly sandy; thin 2IN-Z1W-lhcdbd. 400 {eel cast ol dirrigation well., Sample
nypsum streaks 10 165 log ol o rvation well, Altitudes: land surface, 2,186;

siltstone, red, hard, stightly sandy; thin bedrock, 2,041,
layers of smgary gypsum 10 175

Siltstone, red, solt, slightly myppy 3 180 Ogallala Formatioen:

Siltstone, red, hard, gyppy; thin layers of Sand, bu very fine to mediumg silty 5 3
white and red, sugary gypsum 3 183 Sand, buif, very fine to fine, very silty;

Siltstone, rved, soft to hapd, slightly sandy; very silty and very sandy caliche 5 140
thin streaks of white, sugary gypsum 10 145 sand, bufl, fine to sedium, very siltys

Siltstone, red, soft 5 200 pinkish-pray, clayeyv to silty and sandy:

Siltstone, red, hard, gyppy, slightly sandy 10 210 calcareous clay 5 15

Siltstone, red, soft, gvppy 5 ER S Sand, buff, very {ine to medium Bl 25

Siltstone, red, alightly sandy K 22z Sand, buff, fing to medium: trace of pure to

Silt=tone, red, soft 10 232 silty naliche 5 30

Siltstone, red, soft to hard, xlightly sandy g 240 Sand, light-brown, fine to medium, trace of

Jiltstone, red, soft to hard, slightly gyppy 10 250 coarse sand; hrownish-marcon silty clay 5 35

Siltstone, red, solt, slightly clavey, gyppy; Sand, light-brown, fine to coarse, trace of
trace ol dark-red siltstone 10 very coarse sand; thin layer of brownish-

Siltstone, red, seft, slightly gypPpy 10 maroon, silty clay

Siltstone, ved, soft to hard, slightly sandy 10 Sand, buff, very Mine to aedian 5 4%

Dolomite, hard to sugary 2 sand, belf, medium to very coarse; dark-gray

Siltstone, red, hartd, slightly sandy; thin silty clay: trace of hard, pure caliche 10 55
streaks of sugary gypsun B 2490 Sand, bulf, fine to very coarse 5 50

Siltstene, red, harxd e 200 Clay, light to dark-gray, silty te sandys

Siltstone, red, soft to hard 10 310 buff, wery fine o soarse sand; thin layers

Siitstone, ved, soft to hard, thin calcareous pure, sandy caliche 5 5]
streaks 9 319 Clay, gray and pink, =iltv to sandy,

Dolomite, white, hard thin bedded 3 32z ' calearenus 3 el

Siltstone, red, hacd 16 T Sand, buff, wery fine to coarse: gray and

Siltstone, red, hard, sandy 2 310 pink, 5iltv to sandy, calecarcous clay 3 73

Siltstone, red, hard; streaks of very sandy Clay, orangse and cray, siltty and sandy,
siltstone 10 330 calcareous 3 30

Siltstone, red, soft to hard, slightly sandy 10 360 sand, buff, very [ine Lo medjum: pure to

Siltstone, red, soft, slightly sandy; thin sandy caliche 10 40
streaks of gypsun 10 370 Caliche, pure to silty and sandy; buff, very

3iltstone, red, hard, slightly sandy; thin ; Fine ta mediom sand 10 100
streaks of gypsum 12 3 Sand, buff. very fine to medium, very silty;

Sittstone, red, hard, sandy, mixed with white, 5ilty and sandy caliche 15 115
chalky gypsum 11 ERE I Sand, buff, fine to very coarse; thin layer

Siltstene, red, hard, slightly sandy; thin of pure to sandy caliche 10 123
lavers of wvery sandy silistone 7 400 Sand, buff, medium to very coarse; fine

Siltstone, red, hard; trate of selenite 10 410 gravel 5 130

Siltstone, red, hard; trace of selenite 10 420 Sand, buff, fing to course; thin layers of

Siltstone, ved, sofi, slightly sandy 10 430 hard pure caliche 5 135

Siltstone, red, hard, slightly sandy, slightly Sand, bufi", medium to very coarse; thin layer
EYRRY 10 +40 of pure hard caliche in lower part) thin

Siltatone, red, soft to hard, slightly to layer of pink to gray, silty, slightly
moderately sandy 10 450 caleareous oluy 0 143

Siltstone, red, hard, slightly sandy 10 460 Red beds (hedrock): . .-

Siltstone, red, hard, igntly sandy; thin
zones of very sandy siltstons 8 +70 2AN-ZIW-Llocdos. 500 feet south of irrigation well. Sample

Dog Ureck Shale: 10g of observation well. Altitude: land surface, 2,194,

Siltstone, red, sandy, mixed with white,
chalky gypsun; trace of dark-red silistone; Ogallala Formation:
streaks of blue-green clay; trace of selenite Sand, brown, very fine to coarss 5 3
in lower part 10 480 sand, buff, very fine to medlium, silty:

HSiltstone, davk-ced, mixed with white chalky silty to sandy caliche 5 10
gypsum; strezks of blue-greocn clay; thin Gund, 'buff, fine to medium & 15
streaks of selenite 20 00 sand, buff, fine to ¢oarse, irace of very

coarse sand 5 an
sand, buff, very fine to roarse, silty; thin

layer of pure to silty and sandy caliche 5 25
Caliche, pink, silty and sandy 5 30

B7



APPENDIX B

Thick- Thick-
Description ness Depth Description ness Depth
21N-2IKW-1dcdb5. ~~Continued 21N-22W-6bbb2 , -=Cont inued
Sand, buff, fine to medium; thin layer of Clay, dark-gray, silty; gray, fing to very
pure caliche 3 35 coarse sand, trace of fine gravel 5 20
Sand, buff, fine to conrse; thin lavers af Sand, fine to coarse; trace of very coarse
pure ta silty caliche 3 40 sand; trace of light to tark-gray, silty,
Sand, bufl, fine to medium; thin layer of zlightly caleareous clay; trace of sandy
pink clay in lower patt 10 500 bentonite 5 25
{Test hole nol drilled te bedrock) i Sand, huff, fipe to coarse, clean 5 30
Sand, buff, fine to coarsc, trace of very
21N-21W-31dccl. 44 feet north and 50 feet east of northwest ! coarse sand; trace of fine pravel 5 35
fence corner, sec. 6, T, 20 N., R. 21 W.; 23 fFeet south | Sand, buff, medium to very coarse; trace of
of east-west fenue on north side of road., Sample log of fine grawvel: thin layer of light-gray,
test hole. Altitudes; land surface, 2,301; bedrack, slightly calcareous clay 5 a0
2,010, sand, buff, fine to sedium 5 45
Sand, bulf, mediom to very c¢oarse; thin layers
Opallala Formation: of light-gray calcareous clay s 50
Sand, buff, fine; clay, dark-gray, silty 10 10 Sand, buff, fine to coarse, trace of very
Bapd, Bbuff, fine; thin jayer of orasge silty coarse sand; trace of light-gray calvarecus
rlay > 15 clay 35
sand, buff, fine to medium, clean 10 25 Caliche, soft, very silty to very sandy 15 7
Sand, buflf, fine to medium; trace of coarse Caliche, soll, wvery silty te wvery sandy; thin
sand; trace of pink, =ilty clay 10 35 tayers of pure caliche; buff, fine to very
Sand, bulf, {ine to coarse; trace of very coatse sand 5 75
coarse sand; fine pgravel 5 Al Sand, buff, medin: to very coarse; trace of
Sand, buff, very fine te fine; trace of gray fineg gravel; thin layer of hard pure caliche
silty clay 5 45 thin layer of tlpght-gray silty calcareous
Sand, bulf, very fine to fine; thin layers H clay 5 80
slightly cewented with caliche 3 35 Saml, buff, wedium to very coarse 5 85
Clay, brewnish-gray, silty to sandy 7 a2 taliche, pute, hard to silty, soft, inter-
Sand, bulf, fine to medium; alternating with bedded with gray, silty, caleareows clay [} 61
pink, silty clay 13 75 Sand, buff, mediuwm o very coarse; thin layer
Sand, bulf, mediuvm to Coarse 4 79 of light-gray, si ty, calcarecus clay 4 98
Clay, brownish-gray, silty to sandy 1 80 . Sand, bufl, mediun to wery coarse; fime gravel:
sand, buff, medium to coarse 7 a7 thin layer of grayish-tan, silty clay g 100
Clay, pinkish-gray, silty 3 20 Whiteborse group, undifferentiated (bedrock):
Sand, buff, medium to coarse; alternating with siltstone, red, hard 10 110
pink, silty clay K 25 Siltstone, red, soft, thin streaks of gray
Sand, buff, medium fo very coarse 5 00 clay; trace of dolomite nodules 10 120
sand, buff, medium to very coarse; thin layer 10 110 Siltstone, red, soft to hard, thin streaks
Clay, pinkish-gray, silty to sandy, mixed with of gray clay i0 130
soft caliche 16 120 siltstone, red, hard; thin streaks of gray,
Sand, buff, fire to medium, lnosely cemented very caltareous clay: dolomitz modules 10 140
with caliche 10 130 siltstone, red, hard, siighily sandy, few
Sand, buff, fine to mediwa, loosely Cemented zones very sandy: trace of frosted, quartz
with caliche; thin stringers of hard grains; thin streaks of grayish-green,
caliche 20 150 calcareous clay 10 150
Sand, buff, fine, loosely to firmly Siltstone, red, hard, siightly sandy; thin layer
vemented with calichej thin stringers of of grayish-green, calcareous clay in upper
hard caliche ElY 180 part ) 10 160
Sand, buff, fine to medium; thin layer of siltstone, red, hard, slightly sandy: thin
pink, silty clay 15 195 streaks of gravish-green calcareous clay 10 170
Sand, buff, medium to coarse, slightly silty; Siltstane, red, bard, slightly sandy; thin
trace of caliche 5 200 streaks of gravish-green, calcareous clay 10 180
Sand, buff, mediuwm to very coarse, clean; thin Siltstone, red, sol't to hard 10 190
layer of pink, silty clay 5 203 Siltstone, red, hard, slightly sandy in zones;
Sand, bulf, very fine to medium, silty; thin trace of =elemito: thin streaks of grayish-
layer of dark-pray, silty clay 5 210 green, cAa sous clay 10 200
Sand, buff, medium to coarse thin layers of ; Siltstone, re hard, sandy; froested quartz
soft, sandy and hard caliche = z1ls sand grains; thin streaks of gravish-green,
Sand, buff, medium to ¢oarse; thin layer of calcareous clay 10 210
pink, siliy clay 5 220 Siltstone, red, hard, sandy:; thin streaks of
Sand, buff, very fine to medium 5 225 grayish-green, calcarcous clay 8 218
Clay, grayish-pink, silty and compact, tough 3 230 Dolomite, white, hard to chalky 5 223
Sand, buff, fine to medium; grayish-piok, silty Siltstone, red, hard, sandy; thin stzeaks of
clay 5 235 1 gravish-green, calcareous clay: trace of
Sand, buff, fine to coarse 8 243 | selenite 7 230
Sand, buff, medium to very coarse; pink, silty, ! Siltstone, red, hard, slightly sandy 10 240
compact clay -] 249 ‘) Siltstone, red, hard, slightly sandy; thin
Caliche, wery hard, silica zomes 1 450 streaks of grayish.green, calcareous clay 9 242
Sand, buff, medium to very coarse: thin layer Dolomite, white, soft, sandy to pure, hard 1 250
of dark-gray, silty clay 10 260 Siltstone, red, soft to hard, slightly sandy;
sand, buff, medium to very coarse; trace of thin streaks of soft white dolomitey thin
(ine gravel 3 363 layer of grayish-green calcareous clay in
Sand, buff, very coarse; fine gravel 3 270 upper part 10 260
Sand, buff, medium to very coatse; trace of Siltstone, red, soft to hard, slightly sandy,
fine gravel 10 430 thin streaks of grayish-green calcareous
Sand, buff, very coarse; f{ine gravel 8 288 clay: selenite in lower part 10 270
faliche, very hard crystalline; green and gray §iltstone, red, harg, sandy in upper part;
s3ilty clay 231 thin layer of bluish-gray, slightly calcaz-
fed beds (bedrock): aa aous clay; thin streaks of selenite 10 280
Siltstone, red, hard, slightly sandys thin
2IN-22W-6bbba. 56 feet south and 5 feet west of NW fence streaks of grayish-green calcareocus clay;
corner. Sample log of test hole, Altituwdes: land thin streaks of selenite 10 290
surface, 2,1467 bedrock, 2,046. Siltstone, red, hard, slightly sandy; thin
streaks of grayish-green calcareocus clay 10 300
Dgallala Formation: Siltstone, red, hard, slightly sandy; thin
Sand, gray, fine to very coarse, black silt 5 5 streaks of gray calcareous clay; selenite 10 310
Clay, dark-gray. thin layer of caliche; buff, Siltstome, red, hard, sandy; thin streaks of
fine to medium sand 5 10 gray, calcareons clay 5 315
Clay, gray, silty 5 15




AYPENDIX B

Thick- Thick-
Description ness Depth Description ness Depth
Z1IN=22W-6bbbZ . ~-Centinued 2IN-22W-23bbb1, --Continued
boTomite, white, hard 1 316 Sand, buff, fine to medium, silty; purple
Siltstone, red, hard, wery sandy; thin streaks and gray, silty clay 10 180
of soft dolomite 1 317 Sand, buff, fine to mediumi thin layer of
Dalomite, white, hard 1 218 maroon, zilty clay; ilayer of hard caliche 10 190
Siltstome red, hard, slightly sandy 2 320 Sand, buff, fine to medium; thin layers of
Siltstone, red, hard; thin streaks of gray mareen, silty clay 20 210
calvareous clay; thin layer of dark-red, Sand, buff, fine to medium; thin layer of
silty clay; selenite 10 330 soft caliche 10 220
Siltstone, red, hard, sandy; thin streaks of Sand, fine to medium; thin layers of maroon,
gray clay; thin layers of dark-red silty silty clay 10 230
clav 3 335 Clay, gravish-marcon, very sundy; thin layers
3iltstone, red, bard, very sandy 340 of hard caliche 10 240
Siltstone, red, hard, slightly to very sandy in Sand, buff, medium to coarse, silty: grayish-
zones; thin streaks of grayish-green clays i maroon, silty ¢lay 10 250
thin layers of selenite 10 350 ! Sand, bulf, medium to zoarse; pink, sandy
Siltstone, red, hard; thin lavers of grayish- ! clay; thin Javer of hard caliche H 255
green and dark-red clay: thin layers of Sand, bull, medium to coarse; clean; thin
selenite 1q 360 layers of =maroon, ailty clay 10 265
Dog Creek Shele: Band, buff, finc Lo nedium, clean: thin lavers
Gypsum, white, chalky, interbedded with hard, of marom, tlav; thin layer of hard
red, sandy siltstone; thin layer of grayish- caliche in nart 10 273
green clay; tracce of selenite 12 3v2 Sand, bulf, s : sonrse, slightly silty:
lay, grayish-green 2 374 thin layer of @ , »ilty clav 3 280
Clay, dark-red, streaks of white, chalky gypsum 3} 380 Sand, buff, medinng 1~ very coarse, cleany thin
Clay, dark-red, interbedded with red, sandy ayers of maroon, silty clay in lower part 11 291
ziltstone; white sugary gypsum 15 390 Sandstone, light-red, cemented with silica i 292
Clay, dark-red, thin streaks of grayish-green Sand, Luff, medium to very coarse: fine gravel;
interbedded with red siltstone, chalky to tonin layer of maroon, silty clay 13 305
SUGArY gypswm; trace of sclenite 20 410 lay, light-orange, wervy silty; thin layer of
Siltstone, dark-ved, slightly sandy; thin layers kard caliche 5 310
of clay, dark-tred clay: thin streaks of gray Sand, bufl, fine to mediumi light-orange, very
clay; trace of sugary gypsum 0 420 silty vluy; thin layer of hard caliche 5 315
Siltstone, dark-red, slightly sandy 4 424 Sand, buff, fine to wedinm, silty; thin layer
Gypsum, white, gugary 1 425 of light-orange, wvery silty clay 4 316
Clay, dark-red, =ilty; trace of selenite 5 430 Caliche, wery hard, and fine gravel 2 321
Clay, dark-red, siltys thin streaks of gray clay; Red beds Chedrook]): .
trace of selenite 9 439
Gypsum, white, sugary 1 340 @ feet south and €0 feet east of SW fence
Clay, dark-red, siliy interbedded with siltstone, corner.  Sample log of test hole. Altitudes: land
sandy in places; thin layers of grayish-green surface, 2,377; bedrock, 2,058,
<lay: thin layers of selenite; thin luyers of
white, sugary gybsum 10 450 Ogallala Formation:
Clay, dark-red, silty; thin streaks of grayish- Sand, pink and gray, locsely cemented with
blue and green clay; white sugary gypsum 5 caliche, silty 10 10
sand, Tff, fing to mediun, loosely cemeanted
2IN-221=23bbbl. 2 (eet north and 131 foet east of north- with  caliche; thin layers of hard caliche;
west fence corner. 3ample log of test nole and observation buff, very coarse zand in lowee part 10 20
well, Altitudes: land surface, 2,335; bedrock, 2,014, Sand, uff, Fine te nedium, loosely cemented
with caliche 10 ks
Opallala Formation: Sand, buif, fine to soerse; caliche particles
sand, huff, Fine to coarse; pink ta dark-gray scattered throughsit; rew coemented zones 10 40
silty =lay 5 S Sand, bui T, wery fine te Fine, loosely cemented
Sand, buff, wedium to coarse; tannish-orange, with calichey thin lavers of caliche 1 50
silty clay; calizche 5 10 Sand, bufl, fine to zoavse, loosely cemented
Sand, buff, wedium to coarse; thin layer of with caliche; thin layers of hard caliche 5 55
purple, silfty clay 10 20 Sand, buff, :-ue o pediumg thin layers of
Sand, buff, fine to medium; trace of caliche 3 25 hard e “he 10 65
Sand, buffl, medium to cearse; trace of caliche; Sand, buff, fiue ta cearse, silty; thin layers
purple silty clay in lower part 5 30 of hard caliche 10 75
Clay, purple and light-gray, silty to sandy; Caliche, hard; tam, silty clay 20 93
alternating with hard caliche 3 a5 sand, buff, fine to medium; thin layer of hard
Caliche, hard; alternating with clay, purple, caliche in lower parct 5 100
silty; buff, medium to coarse sand 15 50 Sand, buff, medium to very coarse; thin layer
Sand, buff, wedium to coarse, silty; thin layers of hard caliche at 104 Feet 5 105
of hard caliche; thin layers of purple olay 10 80 Sand, buff, mediun to very coarse; trace of
Clay, purple, silty 4 o4 Fine gravel; thin layer of caliche at 109
Sand, buff, medium to coarse, clsgan 2 a6 feet 10 115
Clay, purple, silty 1 67 Sand, buff, medium to very coarse; fine gravel 10 125
Sand, buff, medium to very coarse 3 7 Clay, green and reddish-tan, silty; thin
Sand, buff, medium te very course; thin layers layers of hard caliche 10 125
of hard caliche; thin layers of purple silty Sand, buff, fine to coarse 5 140
clay 5 75 Sund, buff, fine to very coarse; tan and buff,
Clay, purple and gray, silty 15 20 silty clay 10 150
Sand, buff, medium to coarse 2 a2 Sand, buff, medium fo cearse 16 160
Clay, purple, silty 1 a3 sand, bufl, fine to very coarse 5 185
Sand, buff, medium to very coarse; purple silty Sand, buff, medium to very coarse; trace of
clay 5 100 Fine gravel; thin layer of hard caliche; thin
Sand, buff, fine to medium, silty; thin lavers layer of tan, silty clay 5 170
of purple, =ilty clay, thin layers of hard Clay, brown and green, siltys buff, fine to
caliche 12 112 medium sand 5 175
Sand, buff, medium to very cearse, clean; thin Sand, buff, fine to medium; thin layers of
layer of brown silty ciay 18 130 hard zaliche 10 185
Sand, buff, Fine to coarse: thin layer of light- Clay, tan and gray, silty; trace of medium
brown, silty clay; caliche 10 140 sand; thin lavers of hard caliche i 195
Sapd, buff, fine to medium; thin laver of gray Sawd, buff, fine to wedium; thin layer of
silty clay; thin layer of hard caliche 20 140 hard caliche 5 200
Sand, buff, fine to medium; thin layers of {lay, brown, silty; sand, buff, fine; hard
purple and gray, silty clay; thin layers of caliche 3 203
hard caliche 10 170 Sand, bufF, fine to medimm; hard caliche:
brown and gray, silty clay 10 215
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Thick- Thick-~
Description ness  Depth Description ness  Pepth
2INZZW-3lece ), -—Cont inued F2N-19W-2cccl. B feet south and 12 feet west of SW fence
Clay, brown and gray, silty; bufl, fine te CaTnE Sample log of test hole. Altitudes: land
medium sand, caliche 19 223 surface, 1848; bedrock, 1,221,
Sand, buff, fine; browe and gray, silty clays
thin layer of harg caliche in lower part 10 233 High-terrace deposits:
Clay, brown and gray, silty 10 245 Sand, buff, very fine Lo fine; brown silt;
Sand, buff, fine to medium; brown and gray, thin calsareous zones 10 10
silty olay, thin layer of hard caliche 15 260 Sand, buff., fine to very coarse; fine to
sand, buff, very fine to {ine E 265 mediom gravel 3 15
Clay, brown and gray, silty; thin layer of Sand, buff, medium to very coarse 5 20
soft caliche 10 275 Sand, huff, fine to very coarse 7 27
Sand, huff, very fine, silty: Trown and gray Rad beds (bedrack):
clay; hard caliche 5 280 Sand, red, very {ine 3 30
lay, red and gray, silsy 5 285
Samt, Bal{, medium to very coarse; trace of 22N-19W-4azal. Driller’s log supplied by Eliis Caldwell.
fine gravel; thin streaks of hard caliche 10 293 Altitude land surface, 1, 848; bedrock, 1,793.
Sand, buff, coarse to very cowrse; fine gravel:
thin layer of hard caliche at 304 feet 10 308 Low-tarrace deposi
Sand, buff, coarse to very coarse; fine Sand 10 10
gravel: fragments of ironstone 5 110 Sand, tine 25 35
Caliche, very hard 3 313 Sanrd, modium 20 55
Sand, buff, medium to very coarse; fine gravel 3 317 Red beds (bedro.:d: .. ‘e
{aliche, very hard 1 318
Sand, buff, very coarse; fine gravel 1 319 228-19ki-3bacl. Driiler's log supplied by Ellis Caldwell.
Red beds (bedrock): .. Altitudes: land surface, 1,833 bedrock, 1,807.
22K-18W-14dddi. 10 feet north and 17 feet ezst of Southeast Alluvium:
fence corner. Sample log of test hele. Altitudes: 1land Sand, fine 5 5
surface, 1,924; bedrock, 1,844, Sand, coarse 21 26
Red beds {(bedrack): ‘. s
High-terrace deposits:
Sand, buff, very [iné %o medium; thin layer of 22N=18W-%banl. pDriller’s log supplied by Ellis Caldwell.
buff, silty <lay 15 15 Altitudes: land surface, 1,828; bedrock, 1,774.

Sand, buff, very fine to medium, very silty: i
buff and gray, silty clay 15 30 Low-terrace depasits:

Sand, buff, fine to medium; thin layer of buff Sand, fine 10 10
sandy clay 20 50 Sand, medium 10 20
Sand, buff, fine to medium; trace coarse sand 10 a0 Sand, medium, sharp 20 40
Sand, buff, medium to coarse, trace of very Sanct, coarse 5 45
coarse sand 20 80 Sand, course; gravel 5 50
Red beds (bedrock): . .. Gravel, cearse 2 52
Red beds (bedrack): .. .
22N-18W-15%aaal. 38 fect south and 49 feet west of southeast R
Tence corner, sec. 10, T, 22 N., 18W. Sample log of test 22N-1%W-11lcddl. & feet south and 350 feet west of fence
hole, Altitudes: land surface, 1,836; bedrock, 1,7&4. corner. @ feet south and 15 feet west of east gate.

sample log of test hole. Altitudes: land surface,

High-terrace deposits: 1,832; bedrock, 1,785,

Sand, buff, very fine to medium; thin layer of
buff sitty clav 25 25 High-terrace deposits:

Sand, buff, very fine fo medium, trace of Samd, buff, very fine to fine; darke-gray

caliche 10 is silty clay 5 5
Sand, buff, medium to coarse, fine gravel 17 52 Sand, huff, very ne to medium; trace of
Red heds {bedrock): .. .. coarse sand; calcarcous zones; thin layer
of gray, silty clay in lower part 10 1s
22N-184-23ccdl.  ©.73 mile west of southeast fence cormer; Saud, buff, very fine to fine; dark-gray,
15 feet south and 17 feet east of south post of north- silty clay 3 20
south fence., sample log of test hole. Altitudes: land Sand, buff, very f ine to fine 5 25
surface, 1,842 bedrock, 1,778, 3and, Wll, very fine to fine; thin layers
of dark-gray, silty clay 10 35
Wigh-terrace deposits: Sand, buff, fine to medium, trace of
Sand, huff, very fine to fine, brown silt 5 s coarse Sand 5 40
sand, buff, very fine to medium 5 10 Sand, buff, medium to coarse, trace of very
$and, buff, fine to coarse; thin lavers of coarse sand 5 45
gray, silty clay 5 15 Sand, buff, very coarse 2 47
Sand, buff, very fine Lo medium, trace of Red beds {bedrock):
coarse sand \ 10 as Sand, red, very fine to fine 3 50
Sand, buff, fine to medium; trace of coarse
sand; buff, silty rlay in lower part 0 35 -19W-12bagl. 17 feet north and 9$ feet west of fence
Sand, buff, fire to medium, trace of coarse corner. Sample log of test hole. Altitudes; land
sand 10 a5 surface, 1,363; hedrock, 1,788,
Zand, bull, {ioe to medium 10 55
Sand, butf, fine to coarse, trace of wvery High-terrace depositsr
voarse sand 9 o4 and, buff, very fine to fine; gray, silty
Red beds {bedrock); .. .. clay 5 5
Sand, buff, fine to medium; orange, silty
22N-18W=-33cicl. 2 (ect north and 4 feet west af sonthwest clay 1o 15
fence cornar. Nample lop of test hole and observation sand, beff, fine to medium, trace of coarse
well,  Altitudes; land syrface, 1,840; bedrock, 1,780, sand 10 25
Sand, buff, very fine to fine; thin layers of
High-terrace deposits: buff, silty clay 10 3s
sand, buff_  wvery finc to medium, silty 5 5 Sand, buff, very {ine to mediumj thin
Sand, buff, very fine to medium 5 10 calcareous zones 5 40
Clay, orange snd dark-gray, silty to sandy 10 a0 Sand, buff, very fine to fine, silty, very
Sand, buftf, very fine to medium, very silty: calcareous 10 30
thin layer of dark gray, silty to sandy clay 5 25 Sand, buff, very fine to fine, silty,
sand, buff, fine to medium 1o 35 caloareous 10 50
gand, buff, Fine to coarse 10 45 sand, buff, coarse to wvery coarse; fine
Sand, buff, fine to coarse, trace of very gravel 10 70
coarse sand 10 55 Gravel, fine 5 75
Sand, buff, medium te very coarse; fine gravel 5 60 Red beds (bedreck): ve s
Red beds {bedrock): . ..
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Thick-
Description ness Depth Description ness Dapth
22N-19-22bddl. 35 feet north and 26 feet west of fence 22N-10W-35caal . -~Tontinued
corner. Sample log of test hole. Altitudes; land surface, Sand, buff, {ine to coarse; trace of very
1,824; bedrock, L,773. coarse sand; thin layers of brown, silty
to sandy clay in lower part 10 30
Tow-terrace deposits: Sand, bufr, fine to medium, trace of
Sand, buff, fine to medium, trace of coarse coarse sand - 35
and 10 10 Sand, butf, medium to very coarse 5 0
Clay, dark-gray, silty 2 iz (Test hole not drilled to bedrock)
Sand, bull, fine to medivm, trace of coarse sand
thin layers of dark-gray, silty -clay 8 20 22N-19W-35cca3. 300 feet west of irrigation well. Sample
Sand, buff, fine to coarse, trace of very coarse log F Observation well. Altitude: land surface,
sand 3 23 L,B0s.
Sand, buff, mediom to very coarse; trace of fine
gravel 5 30 Low-terrace deposits:
sand, buff, fine to coarse, trace of very coarse Siit, dark-brown; very fine gray sand 3 3
sand H 35 Clay, brown, very silty to slightly sandy 7 10
Sand, buff, medium to very coarse; fine gravel in Clay, geay to heff, very silty to sandy 5 13
lower part 10 45 Clay, gray, very silty to sandy, calcareous 3 20
Sand, buff, coarse to very coarse; fine to medium Sand, buff, fine to very coarse; thin layer
gravel & 51 of silty gray clay in lower part 10 30
Red beds (bedrock): Sand, bulf, wolivm to very coarse; fine
Sand, red, very fine to fine 4 55 gravel 1 40
{Test hole not ¢ri!led to bedrock)
22N-19-25adal. Priller's log supplied by Elliis Caldwell.
Altitudes. land surface, 1,3203 bedrock, 1,780. 2% -2 IW-4daddl. e:llers log supplied by Vernon Wells,
Low-terrace deposits: Ogallala Pormatiou:
sand, fine 10 10 Ilay 13 is
Sand, medium 20 30 Sand, fine 15 30
Sand, cearse 10 &) Clay 10 40
Red beds (Ledrock): v e Sand, fine 10 30
Clay 10 &0
228-1%W-28ddal. TDriller®s log supplied by Fllis Caldwell. Sand 3 65
Altitudes: land sucface, 1,825: bedrock, 1,757, Sand, roarse & 70
Red beds (bedrock): .. iR
Low-terrace deposits:
38 30 22%-21W-16dddY, 394 feet north and 50 feet west of the
10 40 southeast fence corncr. Sample log of test hole.
Sand, mediuom 28 68 Altitudes: lauwd surface, 2,207; bedrock, 2,046,
Red beds (bedrocik): .. R
Opallala Formation:
22N-18W-33aaal. Driller's log supplied by Ellis {aldwell. Sand, tuff, very fine to fine 12 13
Altitudes: land surface, 1,829: bedrock, 1,746, Clay, buff, siltv to sandy; trace of buff
medium sand in lower part 7 20
Low-terrace deposits: Sznd, puff, mediun to coarse; trace of
Sand, ved 10 10 very coarse sand; caliche 10 30
Clay 25 35 Samd, buff, wmedice to coavse; thin layers
Sand, fine 3 40 of gray sandy clay] trace of caliche 5 35
Sund, mediun 5 45 Sand, buff, medium to very coarse; trace
Sand, coarse kil 75 of callche ig 45
Sand, noarse; gravel 1 &3 Sand, bull, wediom to very cearse; trace
Red beds (bedrock): -- - of Fine gravel: thin layers of caliche 15 &0
Sand, buff, wery fise to coarse; trace of
Driller®s log supplied by Emil Grade. fine gravel; af talichsa in 70
Altitudes: land surface, 1,828; bedrack, 1,738, 21lay, browni gray, silty to sandy;
thie daysr " caliche 10 80
Low-terrace deposits: Clay, buff, 1ty to sandy; thin layers
Soil 3 3 of calivoe: irace of medium sand in
Clay 19 23 lower part 14 24
Clay, sandy 23 45 Sand, buff, fine to medium 11 105
Sand, cearse; gravel 43 s Sand, buff, fine to medium; thin layers
Red beds (bedrock): . of purplish-gray, silty fo sandy clay 5 110
Sandstone, gray, very fine, cemented
22N-19W.35ccal, 75 feet west af irrigation well. Sample log with caliche, hard, alternating in thin
of observation well. Altitudes: Zand surface, 1,804 layers with bulf, very sandy clay 5 115
bedrock, 1,730, Clay, buff and gray, siliy to sandy; trace
of caliche; bulfl Fine sand in lower part 33 140
Lovi-terrace deposils: sand, buff, fine to medium, trace of very
§ilt, dark-brown; very fime gray sand 3 3 roarse sand; thin layer of hard caliche 5 145
Clay, dark-broun, silty and sandy 7 10 Sand, buff, medium to very coarse 5 150
Clay, brown, very silty and sandy, thin Sand, very coarse; fine gravel, numerous
calcareous zomes 5 15 black ironstone fragments; thin layer of
Clay, dark-gray, very silty to sandy; fine to flacd caliche at 152 feet: thin laver of
very coarse sand in lower part 10 23 hard very fine-grained sandstone 12 162
Sand, buff, medium to very vcoarse 3 30 ked beds (hadrock): . -
Sand, buff, fine to very coarse; trace of fine
gravel ) N 3 33 Zz¥-22W-2lcbel, Driller's log supplied by Ellis Caldwell.
Sa?d, ?uff, nedium to very coarse; fine gravelj Taltitndes: lapd surface, #,155; bedrock, 2,095.
ironstone fragments 10 45
Savd, béff, Wedium to very coarse; fine gravel; gallala Formation:
ke bede (bedrockys O BT woon
. " - Sand, coarse 20 30
22N-19W-35cca2. 150 feet south of irrigatien well. Sample giig fine g ig
log of observation well. Altitude: land surface, 1,804, Sand: coarse 15 55
) Sand, coarse; gravel 5 G0
Low-terrace deposits: Red beds (bedrock): . .
§ilt, brown; very fine gray sand 3 3
Clay, brown, wvery silty 7 0
Ciay, brown, silty, slightly sandy; thin calcarecus .
Zones 10 20
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Thick- Thick-
Dezscription TIERS Depth Description ness Depth
22ZN-22R-22bbbl. 60 feet south and 18 feet west of northwest N-22K-3lccel. ==Continued
corner, Sample log of test hole, Altitudes: land Caliche, pure to silty 3 65
surface, 2,202; bedrock, 1,%82. Caliche, pure, bard to soft, silty and sandy 5 K
Clay, gray, hard, pure caliche a 14

Ogallata Formation:

Sand, bulf, fine to medium: trace of caliche 10 10
Sand, bulf, fine to medium, trace of coarse
sand; caliche 10 20

Sami, buff, very fine to fine; thin laver of
gray and pink, silty ciay In upper part;

thin layer of hacd caliche in lower part 5 25
Sand, buff, very fine to medium; thin layers

of sandy caliche; thin layer of pink,

silty clay in lowsr part 10 3s
Sand, buff, fine to medium; caliche particles

throughout 10 45
Sand, buff, medium to coarse 5 50
Sand, buff, medium to very coarse, trace of

fine gravel B 53
Caliche, hard, compact, alternating with

sandy caliche 3 &n
Sand, buff, very fine to medium; coarse sand

in lower part; caliche particles fhroughout 10 0
Sand, buff, fine 5 75
sand, buff, medium te very ceoarse; thin layer

of gray silty clay in upper part & 81
Caliche, hard 1 32
Sand, buff, medium to cokrse 3 85
Sand, buff, very fine to medium; caliche

wodules throughout 9 04
Caliche, hard, alteruating with buff, wery

fine to fine sand 6 100
Sand, buff, rfine to medinm; thin layer of

gray, silty clay & 10%
Caliche, hard 1 110
Sand, buff, fine to mediom 7 117
Clay, gray, silty 3 120
Sand, buff, medium to coarse 13 113
Caliche, hard, alternating with buff, fine to

medium sand 7 140
sand, buff, fine to medium; trace of coarse

sand 190 130
Sand, buff, medium to very coarse; thin layer

of gray silty clay 3 155
Sand, buff, fine to very coarse; thin layers

of hard caiiche 5 160
Clay, gray, silty; buff, fine to medium sand 7 167
Caliche, hard, sandy bl 176
Clay, light-brown, very silty to sandy [} 182
Caliche, hard 1 123
{iay, light-brown; thin layers of hard

caliche; buff, medium to coarse sand in

lower part 12 195
Clay, light-browm, silty; buff, fine to

medium sand 3 200
Clay, light-brown, silty to sandy, thin layers

of hard caliche 5 205
Sand, buff, fine to medium, well cemented i 206
Clay, brown, silty to sandy; trace of coarse

sand 4 210
Sand, buff, fine to medium, well cemented;

thin layers of gray, siity clay; frace of

fine gravel 3 218
Clay, gray, hard 2 220

Red beds {bhedrock}: o o

22Nw22W-31cccl, 16 feet south and 36 feet east of southwest
ence cormer. Sample log of test hole. Altitudes: land
surface, 2,146 bedrock, 2,072,

Ogallala Formation:
Sand, buff, fine to coarse, mixed with soft

caliche 5 5
Clay, gray, silty, very calcareous; soft,

silty to sand caliche 5 10
Ctay, dark-gray, silty; thin layer of hard

caliche 3 i5

Sand, buff, fine to very coarse; trace of fiue
gravel; thin layer of gray and orange, silty

clay 5 20
3and, buff, fine to coarse 10 30
Sand, tbuff, fine %0 very coarse; trace of

fine gravel; thin layer of soft, pure caliche 3 35
Sand, buff, fine to coarse; thin layers of

yellowish~tan and light-gray clay 10 45

Sand, buff, fine to coarse; trace of very
coarse sand; thin layer of light and dark

gray, silty clay 5 30
Sand, buff, fine to coearse, very silty: silty
to sandy caliche 10 B0

i
|
!
|
|
}
j
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22N-2

Red bods (hedrackl: ..

fenre cormer, Sample log of test hole. Altitudes:
surface, 2,327 hedrock, 1,977,

Opallala Pormation:

Sand, bufr, very fine fo medium; trace of

viliche 10
sand, huff, medium to very coarse; trace of

caliche 4
Clay, brown and gray, silty to sandy [
Sand, bul{, fine r» medium; tracé of

caliche; pink and gray, silty clay 15
Sand, bufl, silty to fine; trace of caliche 3
Sand, buff, verv fine to fipe; trace of caliche;

thin lave- n k. silty clay 5
Sand, biir, . ovomedium; trace of caliche 3
Clay, pink, silt- 2
Sand, boff, [inc . roarse; thin layers of

sardy calizne ©1 layer of pink, silty clay 10

Clay, pink aod ;. o, sawty) trace of caliche 5
Samd, bufl’, medium; trace of caliche, thin

layer of pink, very silty clay 5
Caliche, sandy 5
Sand, buff, Ffine to medium; sandy caliche 5
Sand, buff, fine to coarse; trace of caliche 5
Sand, Lusff, medivm to very coarse; hard caliche;

pink, siiry clay 5
Sand, buft, medium to wvery coarse; trace of

Fine gravel; Tine particles of caliche

throughout; illmenite particles in lower part 10
Sand, bulf, medium to very coarse, trace of

fiue pravel; fine particles of caliche

throughout: thin layer of pink, siity caly in

lower part 10
Clay, pink, silty to sandy 3
Sand, buff, medium to very coarsze; fine gravel;

tkrin layer of hard caliche 2
Sand, buff, medium to very coarse; trace of

calicte; truce of pink silty clay 140
Sand, buff, medium to very coarse; caliche;

trace of pink, silty clay 10
Sand, buff, very fine to medium: caliche;

pink, silty clay 14
Culiche, soft to hard 4
Sand, buft, very [ine to medium; caliche;

pink, silty clay 2
Caliche, sandy, hae.l laver in Jower part 5
Sand, buft, very fine to medium; caliche 10
Sand, buff, Fine to =wdium; sandy caliche 25
Sand, buflf, i+ *+o course, very coarse sand

in lower o " : thin layers of pink and gray

silty =.2
Caliche, hard compact 2
Sand, buff, very fine to mediwem; caliche; thin

layer of gray sility clay 9
Sand, buff, very fine to medium, silty 5

Sand, buff, wery fine to very coarse, silty;
caliche; thin layer of gray silty shale in
lower part

Sand, buff, very fine, silty; caliche 5

Sand, buff, medium to very coarse; thin layers
of caliche; thin layers of pink and gray,

w

silty clay 5
Cazliche, very silty to sandy 3
Caliche, very silty to sandy, trace of very

coarse sand; thin layers of pink, silty clay

in lower part 10
Sand, buff, medium to coarse; silty to sandy

caliche 5
Caliche, silty to sandy; ftrace of buff, medium

to coarse sand 10
Caliche, silty to sandy; trace of buff,

medium to cearse sand; hard caliche 5
Clay, tan and gray, silty 10
Sand, buff, fine to medium, trace of coarse

sand; hard caliche 5
Sand, buff, very fine to medium silty; caliche;

thin layer of gray, silty clay 3
Sand, buff, medium to very coarse, clean; thin

layers of gray and tan silty clay 5
Sand, buff, medium to very coarse 4
Caliche, hard 1
Sand, buff, very fine to coarse; thin layers

of tan and gray, silty clay 10

13 ieet north and 2% feet west of northeast

land

1
14
20
43
45
48
30

60
65
T
7s
Bo
83

30

100

110
i1z

115

135

14%
152

135
160

170
195

204
206
215
220

225
230

235
240
250
4355
245

270
280

2335
290
295
299
300

310
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Thick- Thick-
Description neEs Depth Degeriplion TESS Depth
22N-22W ontinued -1 EW-30dde? |, ~=Continued
Sawd, Dui [, medium to very coarse; thin nd, bufr, fine to medium, trace of coarse
layer of gray, silty clay 5 31: sand 10 50
Sand, buff, fine to coarsze: thin layers of Sand, buff, fine to nedium, trace of coarse
lTigh-gray, siliy clay 10 325 sand 12 62
Sand, buff, coarse to wery coarse: fine gravels Clay, gray and buff, zilty to sandy; thin
Lledne Tavers of pray, silty ~lay hEM 335 layars of sandy caliche 8 70
Caliche, hard 2 337 Clay, gray and orxnpge, s=ilty to sandy; thin !
Ulay, light-gray and tan, silty 1 338 lavers of sandy caliche 3 75
Caliche, harcd 2 340 Mlay, reddish-brown, silty, slightly sandy 5 a4
nd, bulf, Fine to medium; trace of coarsze sand; Clay, gray to buff, silty to samly, wery
thin Iayer of gray, siliy slay 3 343 calocareous 5 g5
Culiche, hared 1 344 sund, buff, madium to very coarse; trate of
Sand, coarse to very coearsei fine gravel 5 349 fine gravel 5 G0
Caliche, very hard, slightly crystalline 1 250 Sand, buff, coarse to very coarse; line gravel 3 95
Red beds (bedrock): - . sand, buff, coarse te very coarse; fine to
coarse gravel 5 100
N-l8i-Vecel, 135 feet north and 23 feet west of S fence Red beds (bedrock): e Ve
corner.  Fample Tog of test hole. Altitwdes: land
surfface, 1,993; bedrosk, 1,913, 23N-18W-30dde 3, 200 Ieet west of irrigation well. Sample
log of obses ion well, Altitude: land surface, 1,914,
High-tervace deposits: .
Sand, buff, very fine to medium 10 10 High-terrace depo-its:
Sand, huff, finc ta mediam; thin layer of buff, Sand, buff, Finc te medium, Silty 5 5
silty to sandy clay 10 20 Sand, Tuafl, ‘o medium, silty, clayey 10 15
Sand, buff, fine to medium; thin layer of Sand, buff, fine ro medium, trace of coarse
arange, silty to sandy clay 10 30 sand 11 28
sand, buff, fine to medium: trace of coarse Slay, wuff, silty to sandy; thin layers of
sanct 10 40 pure to sandy caliche 9 35
Sand, buff, fine to medium 10 50 Sand, bufl, fine to coarse 1 45
Sand, buff, very fine to fine 5 53 Sand, wuff, wvery fine to medium 15 &0
Sundd, bufl, fine to medivm; trace of coarsc 5 60 (Test hole net drilled to bedrock}
S5and, buff, fine to medium; thin layers of
grav, Ity olay 0 ) 23N-187-30ddcd. 200 feet north of irrigation well. Sample
Sunel, buff, fine to medipm, trace of aoarse sand 5 7F lag of o ation well. Altitude: land surface, 1,916,
Sand, bduff, medium to very coarse; thim laver
of gray, silty clay 5 al High~terrace deposits:
sand, buff, coarse fo very coarse; fine gravel 1 a1 Sand, light-fbrown, very (ine to medium, trace
R=d Heds (hedrock): .. . of coarse szand 3 3
Sand, light-broen, wory fine te coarse, silty;
AIN-184-20ccel. 10 feet south of east-west fence on north thin layer of sandy raliche 3 10
sidc of road and 433% feet east of northwest fence corner, sand, buff, fine to medium; coarse sand 10 20
sec, 29, T. 23 N., R. 18 W. Sample log of test hole, Sand, buff, rine to medium ] 26
Altitudes:; land surface, 1,940; bedrock, 1,905. Clay, gray, silty and sandy 2 33
Sand, bufl, (ine lo coarse 5 40
High-terrace depositsa: sand, buff, fing to wedium, trace of coarse
Saned, Wi, very fine to fine, very siliy 2 2 aand 10 50
tlay, dark-gray to brown, silty 3 3 Sand, boff, fine to medium 10 60
Clay, gray, =ilty and sandy 3 10 {Test hole not drilled to bedrack)
Sund, buff, fine to medium; thin layers of gray
silty clay 3 13 23N-18W-30dcdl. 350 feet west of irrigation well, Sample
Sand, buff, wvery fine to fine, wery silty; Tog ol observation well, Altitude: land surface, 1,917,
pinkish-arange, siley clay 5 20
Saud, buff, fine to mediun k| 23 High~terrace deposita-
Sand, buff, medium to coarse: thin layers of Sand, light-brown, very fine to coarse, silgy 10 10
gray silvy clay 5 30 Sand, buff, finc to medium; thin layvers of
Sand. buff, medium to very coarse; fine gravel pure to samdy culiche is 25
in loser part 5 3s sand, buff, fine to wedium 3 a0
Red beds {bedrock): v e Clay, pink, silty to sandy, calzareous; thin
’ layers of sandy caliche 5 kX1
-13W-30dedc . Driller's log supplied by E11is {laldwell. Sand, buff, fine to coarse 5 40
Altitudes: land surface, 1,918; bedrock, 1,814. Sand, boeff, fine to wedium 20 0
(Test hele not drilled to bedrock)
Nigh-terrace deposits:
Clay 20 20 . 19 feet soulth and 12 feet east of fence
Sand 10 30 zorne sample log of test hole. Altitudes; land
t:lav 3 35 surface, 1,89Y; bedrock, 1,816.
Sand 5 40
Clay 3 45 High-terrace deposits:
Sand 3 50 Band, buff, very fine fo fine 5 5
Clay 0 B0 sand, buff, very fine to medium; orange,
Sand i 65 silty to sandy clay 10 is
Clay 10 75 sand, buff, very fine to medium 20 35
Sand, medium to course 29 104 Sand, buff, very fine te Fine 1o 45
Red beds {bedrock): . i Sard, tuff, very fine to fine; thin layer
of brown, silty clay a 53
23N-184-30ddc2. 130 feet west of irrigation well. Saaple 3and, buff, very fine to fine, silty; pink,
log of ohservatien well. Altitudes: land surface, 1,217; silty to sandy clay il 64
vedrock, 1,817, Sand, buff, very fine to fine, trace of
medium sand 2 &6
fligh-terrace deposits: Caliche, sandy i &7
sand, buff and light-red, very fine to mediun; Sand, buff, Fine to medium; thin layer of
trace of coarse sand; slightly clayey 5 5 pink, silty clay 3 70
Sand, buff, very fine: to medium, trace of zoarse Sand, buffy, fine to coarse 5 75
sand; gray, silty to szndy clay; caliche 5 10 Sand, buff, medivm to very coarse; trace of
Sand, buff and yellow, very fine to mediumg fine gravel 3 80
trace of coarse to very coarse sand 5 13 Sand, buff, cearse to veey coarse; fine gravel 3 &3
Sand, bui'f, {ine to coarse 5 20 Red beds (bedrock): . aa
Sand, buff, fine to medium 5 25
Sand, gray to orange, fine, silty 15 4G
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Thick- Thick-
Description ness Depth Description ness Deppth
JIN-18W-33dddl. 21 feet south and 39 feetr west of southeast . briller’™s log supplied by FEril Grade.
fente corner. Sample log of test hole. Altitudes: land land surface, 1,%21; bedrock, 1,850,
surface, 1,953; bedrock, 1,B96.
High-terracze deposits:
High-terrace deposits: Soil 3 3
Sand, bulf, very fine to mediun, silty; Caliche 43 454
reddish-orange, <ilfy clay 15 15 Sand, fine 9 55
Sand, buff, very fine to mediuw, ¢lean 10 25 Sand, coarse 5 60
Sand, buff, very [ine to medium, clean; 10 s Clay 4 &4
(ilay, gray and buff, very silty to very sundy 10 43 Sand, coarse 7 71
Clay, gray, very silty to very sandy 4 4% Red beds (bedrock): - ..
Sand, buff, very fine te medium 1 50
Sand, buff, medium to very coarse 3 35 2IN-19W-23beal.  Driller's log supplied by Ellis Caldwell.
Sand, buff, coarse to very coarse; fine grawel 2 57 Altitudes: land surface, 1919 bedrock, 1,835,
Red beds {(bedrock): . .

23N-16W-10bbbl.
corner. Sample log of test hole.
surface, 1,983; bedrock, 1,383,

11 feet north and 18 feet west of M{ fence
Altitudes: land

High-terrace deposits:
Sand, buff, very fine to medium: thin layer

of brown, silty clay 10 10
Sand, buff, very fine to medium; fracze of

caliche; thin layer of orange, silty clay 10 a0
Clay, brown, silty to sandy 3 25
Sand, buff, fine to medjum; thin layer of

orange, silty to sandy clay 10 EE]
Sand, buff, fine to medium 5 40
Sand, buff, very fine to fine; trace of caliche 10 50
sand, buff, fine to medium; thin layer of

darkegray, silty clay 10 4]
Sand, buff, very fine to medium, trace of

very coarse sand 10 70
Sand, buff, fine to medium, trace of coarse

sand Lo 80

sand, buff and yellow, fine to medium; trace
of coarse to very coarse sand; ironstone
fragmentcs 3x 115
(Lost circulation §2-115 feel, sample collected from bit)
23N~19W~14aacl,
Altitudes:

Driller's log supplied by Cities Service Gas
land surface, 1,923Y9; bedrock, 1,824,

High-terrace deposits:

S0il, sandy 13 13
Sand, fine 7 20
Clay, sandy B 28
Sand, fine 2 28
Sand, clay 12 40
Sand, fine 13 53
Sand, fine; clay streaks 2 35
Clay, sandy & &3
Sand, fine an 93
Sand, coarse; trace of gravel 7 100
Sand, gravel k3 105

Rad beds (bedrock):

23N-19W-17cddl. 59 feet north and 57 feet west of fence
corner, sec., 20, T. 23 N., R. 19 W. Sample -log of test
nole. Altitudes: land surface, 1,%915; bedrock, 1,852,

High-terrace deposits:
Sand, buff, very fine to medium 10 10
Sand, buff, very fine to medium, trace of

coarse sand 10 20
Sand, buff, very fine to fine 3 25
Clay, gray, silty to sandy 1 26
Sand, hutf, very fine to medium q a3
Sand, buff, very fine te medium; thin layer of

gray, silty to sandy clay 1 45
Sand, buff, fine to medivm; thin layers of

gray, silty to sandy calcaresus clay 10 55
Sand, buff, fine to medium 3 63

Red beds (bedrock): .. o
23N-19W-22aac1.  Driller's log supplied by Ellis Caldwell.
Altitudes: land surface, 1,922; bedrock, 1,844,
High-terrace deposits:
Sand, fine 13 15
Clay is 30
Sand, fine 20 50
Sand, coarse Bl 55
Gravel 19 78
Red beds (bedrock): . ‘e

High-terrace deposits:

Clay 15 1s
Sand, Cine 5 20
Clay 25 45
Sand 3 30
Sand, coaivscs olay 20 70
Sand, coarse 10 &80
Rad beds (bedrock): .. .

Dritler's leog supplied by Emil Grade.
tand surface, 1,%08; bedrock, 1,329,

23N-190-23chdl,
Altitude

High-terrace deposits:

Seil 3 3
Caliche 22 25
Clay, sandy 10 is
Sand, coarse 44 79
Red beds {bedrock): e .

23N-19W-25aaal. &2 feet south and 25 feet west of northwest
fence corner, sec. 30, T. 23 N., R. 18 W, Sample leg of

test hele. Altitudes: land surface, 1,940; bedrock,
1,860.
High-verrace deposits:
Sand, buff, very Fine to fine, silty 5 5
sand, buff, very fine to medium; thin layer
of orznge, silty clay 3 10
Clay, dark-gray, silty 3 15

Sand, buff, very fine to fine, very silty;
trace of caliche; thin beds of orange and

gray, siliy clay 5 20
Sand, bulf, very fine to fine, slightly

silty; thin layer of orange, silty clay 5 25
Sand, baff, fine ta medium: thin layers of

orange, $ilty clay 5 30
Sand, buff, very fine to fine; orange, silty

clay 5 35
Sand, buff, fine to medium; thin layers of

gray, silty clay 3 40
Sand, buff, Fine to medium, clean; trace aof

caliche: thiu layer of orange, silty clay

in lLower part 10 50
Sand, buff, fine to medium 10 a0
Sand, buff, fine to medium; trace of caliche 10 70
Sand, buff, very fine fo fine; trace of

medium sand 3 73
Sand, buff, fine to coarse; thin layer of

silty clay in lower part 5 80

Red beds (bedrock): N .

2IN-18w-2Bacal.
Altitudes:

Driller’s log supplied by Ellis Caldwell,
land surface, 1,8%2; bedrock, 1,837.

Righ~terrace deposits:

Clay 15 15
Sand, medium 20 3s
lay 1 38
Sand, medium 14 50
Clay i 51
Sand, medium 4 55
Red beds (bedrock): .. o

23N-19W-28cad. 150 feet south of irrigation well., Sample

log of observation well. Altitude: Iland surface, 1,8%0.
High~terrace deposits:

Sand, buft, very fine to fine, silty 5 5
Sand, buff, very fine to mediumi trace of

coarse; caliche nodules 5 10
Sand, buff, very fine to medium; trace of

coarse to very coarse sand; caliche 10 20
Sand, buff, fine to coarse; trace of very

coarse sand 10 30
Sand, bulf, medium to cearse, clean 5 35
sand, buff, medium to very coarse, clean 5 40

(Test hole not drilled to bedrock)
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Description

Thick-
eSS

Depth

EN-1%4-28acal. S0 feet west of irrigation weil.

Sampie log

of observation well. Altitudes: land surface, 1,892;
bedrock, 1,838,
High-terrace deposits:
Sand, buff, very fine to fine, silty 3 3
Clay, gray to buff, silty 2 3
Clay, buff, sandy; thin layer of hard, sandy
caliche 5 10
Sand, buff, fine to medium, calcareous zones 5 15
dand, buff, very fine: powdery to hard caliche 5 20
Sand, buff, medivm to coarse; caliche
particles 5 25
Sand, buff, medium to coarse; trace of very
coarse samd 10 35
Sand, buff, medium to very coarse, clean;
trace of fine gravel 10 45
Sand, buff, medium to coarse, clean s 50
Sand, buff, medium to very coarse, clean,
fine gravel 4 4
Red heds (bedrock):
2IN-19W-28acad. 300 feet west of irrvigation well, Sample
log of observation well, Albitude: land surface, 1,891,
High-terrace deposits:
Sand, buff, very fine to fine, silty 2 2
Clay, grayish-brown, very silty fo sandy E) 7
Clay, gray-sandy, calcareous zones; thin laver
of hard caliche 3 10
Sand, bulf, very fine, silty with powdery to
hard caliche 15 25
Sand, buff, fine to medium, slightly silty 5 30
Sand, buff, medium to roarse 3 35
Sand, buff, medium to very coarse; trace of
fine gravel 40
(Test hole net drilled to bedrock)
A3N-19W-28dcbl, Driller's log supplied by Bllis Caldwell
Altitudes: land surface, 1,574; bedrock, 1,831
Migh-terrace deposits:
Caliche 10 10
Sand, fine 10 20
Sand, medium 4 24
Clay 1 25
Sand, coarse . 15 43
rRed beds (bedrock): - o
2IN-19W-2560dT. Driller s leg supplied by BI11is Caldwell
Altitudes: land surface, 1,884; bedrock, 1,823,
High-terrzce deposits:
S0il 10 10
Caliche 3 13
Sund, coarse 10 25
Sand, gravel 5 30
8and, coarse 10 40}
Sand, gravel 15 55
Sund, coarse & =3

Red beds {(bedrock):

23N-19W-36anal. &F Feet

south and 17 feet esast of northeast

fence corner. Sample log of test hole. Altitudes: land
surface, 1,920; bedrock, 1,528,
High~terrace deposits

Sand, buff, very fine to medium G
Clay, orange silty to sandy o 15
Sand, buff, fine to medium, thin layers of

orange, silty clay 19 14
Clay, buff, silty to sandy; slightly sandy

caliche & 40
Sand, buff, very fine to medium: trace of

coarse sand; thin layers of sandy caliche 10 50
Sand, bulf, fine to medium; thin layers of

sandy caliche 30 80
Sand, buff, fine to medium; trace of coarse

sand 5 83
Sand, buff, medium to coarse, trace of very

coarse sand 5 20
Sand, buff, medium to very coarse: fine gravel 2 G2

Red beds (bedrock): ..

S3N-200-2bzal.

corner. Sample log of test hole,
surface, 2,017; hedrock, 1,922,

Altitudes:

Migh-terrace deposits:
Clay, gray, silty
Clay, gray, silty te
coarse, silty sand

Sand, bof, mediun to coarse;
bentonite

Sand, bul'l, wvery fire to medium; thin layer
buff, silty te sandy clay

Sand, bufi, medium to very coarse

Samd, buff, medium to coarse; light-pray to
buff, sandy, bontoenitic olay

sandy; buff, fine to

trace of

Sand, bLulf, mediuvm to coarse; frace of yery
coarse sand; honii e

Sand, bufl, fine to cearse; thin layers of
light-gray, sandy, bhentonitic olay

Sand, buff, {ine (= medium

Sarel, buff, "re to mediam, trace of coarse

to very coar conels light-gray,
bentonitic clav
Sand, buff, medium to very course
Sand, buff, medivm to very coarse; fine to
medium gravel
Red heds (Dedrock):

sandy,

23N-200-3daal. 132 feet south and 14 feet east
corner. Sample log of test hole. Altitudes:
2,026; bedrock, 1,918,
Highwterrace deposits
Sand, brown, fine to wedium, silty
Saml, light-brown, very fine to medium
fand, buff, fine to coarse
Sand, buff, fine to medium: trace of coarse
sund
sand, buff, very fine to medium: trace of
bentanite
Sand, buff, fine to coarse; thin layer of
Tight-gray, bentonitic clay
Sand, buff, mediuwm to coarse; trace of
bentonite
Sand, buff, fine to coarse; light-gray to
buff, sandy, bentonitic clay
Clay, red, silty to sandy; light-gray, sandy,
bentonitic clay
Sand, bduff, (ine t¢ coarse; thin layer of
light-gray, sandy, bentonitic clay
Sand, buft, fine to medium, trace of coarse
sand; truce of buff, bentonitic clay
Sand, buff and yellow, fine to coarse; thin
luyer of light-gray to buff, sandy,
bentonitic clay

Bls

14 feet north and 167 feet west of fence

ornce,  Sample log of test hols. Altitudes: land
surface, 2,052 hedrock, 1,949,
High-terrace deposits:
Sand, light-brown, very fine to medium, very
silty
Clay, light-gray, sendy, bentonitic; dark-gray
to browmn, silty io sandy clay
Sand, buff, fine to coarse; thin layoer aof
brown, sandy clay 0
Sand, yellow, fine to medium; trace of coarse
sand; thin layer of light-gray to buff,
bentonitic clay 5
Sand, buff, very fine to medium 5
Sand, yellow, finc Lo coarse; thin layer of
1ight-gray, sandy bentonitic clay 5
Sand, buff, fine to coarse; truce of very
coarse sand 1o
Sand, yellow, Fine to medium: trace of
bentonite 5
Sand, bal{, wesiwl to coarse 1o
Sand, buff, fing o Soarse; trace of
bentoni fe 5
Sund, buff, fine tov amedium, trace of coarse
sand: trace of bealonite 10
Sand, buff, fine to coarse 5
sand, buff, medium to coarse 5
RBentanite, pure {o sandy 3 N
sand, buff, fine to coarse; trace of
bentonite 3
Sand, buff, medium to very coarse; frace of
Bentonite; trace of illmenite grains 3
Sandl, buff, medium to very coarse 3
Red beds (hedeock): -
23N-20W-3cddl. 43 feet north and 21 feet west of fence

land

10

tn

10

10
10

af fence
land sur

wn

10

10
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23IN-20W-7dbdl. 50 feet south ef public-supply well. Sample
log of cbservation well. Altitudes: 1land surface, 1,%47;
bedrock, 1,903,

High-terrace deposits:

Sand, buff, fine to medium 3 3
Sand, buff, medium to very coarse 10 15
Sand, buff, fine 3 20
Sand, medium to coarse; trace of very coarse

sand 10 30
Sand, fine to very coarse; trace of fine gravel 10 40
Gravel, fine q 44

Red beds (bedrock}:

23N-200-%dbd2. 150 feet south of public-supply well.
Sample log of observationm well. Altitude: land surfase,
1,947.

Hiph-terrace deposita:
Sand, buff, very fine to medium; trace of coarse
sand 10 10
Sand, buff, medium to very coarse 15 25
Sand, buff, medium to very coarse; trace of
fine gravel 15 49
(Test hole not drilled to bedrock)

23N-20W-7dbd3. 100 feet east of public-supply well. Sample
log of observation well, Altitude: land surface, 1,945,

High-terrace deposita:
Sand, buff, very fine to fine, very silty,

truce of caliche 5 5
Sand, buf, fine to very coarse; trace of

fine gravel; trace of caliche 3 1
Sand, buff, fine to very coarse; clean 5 15
Sand, buff, fine to mediwm; trace of coarse sand 10 25
Sand, buff, mediym to very coarse; fine gravel 13 40

(Test hole not drilled to bedrock)

ZIN-20W-7dbdd. 200 feet east of public-supply well. Sample
log of observation well, Altitude: land surface, 1,945,

High-terrace depasiis:
Sand, buff, very fine to mediem; thin layer of

pray, silty clay 10 10
Sand, buff, medium te coarse 5 15
Sand, buff, fine to medium: trace of

coarse zand 10

Sand, buff, fine to coarse; trace of fine gravel 15
(Test hole not drilled to bedrock)

23N-20W-10ccel, 270 feet north and 20 feet east of south-
west corner of section. TPartial log of oil company test
hole, Altitudes: land surface, 1,978; bedrock, 1,938,

High-terrace deposits:

Sand, white, medium to coarse, subrounded 20 20
Sand, coarse 10 30
Sand, white, fine 10 40
Whitehorse Group, undifferentiated (bedrock):
Sand, orange, wery fine; silt 80 120
Sand, oramge, fine 60 180
Sand, orange, very fine; contaiuns coarse,
rounded, frosted sand grainy 20 200
Sand, fine 20 220
Sand, fine, gypsiferous 30 250
Sand, wvery fine; silt 10 260
Dog Creek Shale:
Shale, red: silt 10 270
5ilt, orange 10 280
Shale, red; gray sand and silt 10 290
Shale, red, brick~red and gray; trace of dolo-
mite 20 310
Silt, orange 10 320

Blé

Thick- Thick-
Description ness Depth Description ness Depth
-EEN-Z‘.D’ﬁ«'—:Sdaal. -—ontinued 23N -2wW-10ccc]l —-Continued B
Sand, buff, fine to coarse, trace of very ale, red; orange, very fine sand 48 368
coarse sand; trace of bentonite 5 35 Blaine Gypsum:
Sand, buff, medium to very coarse; fine gravel 13 108 Gypsum, white, soft; selenite; overlain by
Red beds (hedrock): . streak of gray delemite 12 280
Shale, gray, red, and brown: dark-gray dolomite 10 390
23N-20W-7acal, Driller's log supplied by Alexander Flowerpot Shale:
bngineering Co. Altitudes: land surface, 1,960; bedrock, Shale, gray, red and browni trace of gypsun 20 410
1,901, Shale, gray, red, and brown; silt and very
fine, white sand 10 420
High-terrace deposits: Shale, gray, red, and brown; gray silt, and
Sand, fine 32 32 gray dolomite 20 440
Sand, coarse 18 50 Shale, red, and gray: trace of gypsum at
Sand, coarse; gravel 7 57 480 feet; trace of salt at 530 feet 160 00
Red beds (bedrock): . Shale, red, and gray; silt 30 B30

2IN-2~15cbbl, Drillerfs log supplied by Alexander
ing Co. Altituwdes: land swrface, 1,951; bedrock,

High-terrace deposits:

Sand, brown, Fine 4 4
Clay, white 2 7
Clay, sandy 8 13
Sand, brown fine a7 52
Sand, medium to coarse 3 33
Sand, coarse; gravel a Bl
Red beds (badrack): e .

23IN-208~15dccl. Driller's leg supplied by Alexander
Enginsering Co. Altitudes: land surface, 1,948; bedrock,
1,882.

igh-terrace deposits:

Sand, brown, {ine; clay 24 24
Clay, sandy 11 35
Sand, fine 8 43
sand, medium 12 55
Sand, cearse: gravel g " ag
Red beds (bediock): v -

2IN-20W~17aral, Driller's log supplied by Alexander
Enginecring Co. Altitudes: land swrface, 1,967; bedrock,
1,898,

High-terrace ileposiis:

Sand, fine to medium 30 an
Clay 2 32
Sand, medium i8 50
Sand, soarae & 56
Clay 1 57
Sand, coarse 1z L]
Red beds (bedrock): .- ..

23 -20W-17bbal.  Deillex’s log supplied by Alexander

Engineering o, Altitudes: Iand surface, l,QS?_;-bedrac;c, )

1,897,

High-terrace deposits:
Sand, fine 35 35
Sand, coarse, loose 25 &0

Red beds (bedrock):

23N-20K-17bbbl.  Driller's log supplied by Alexander
Engineering Co. Altitudes: land surface, 1,955; bedrock;
1,903,

High-terrace deposits:

Sand, fine 135 is
Saned, coarse 5 20
Sand, medium 20 40
Clay - 2 42
Sand, coarse 8 50
Sand, coarse; gravel 2 52
Red beds (bedrock): ca .a

23N-20W-17bcdl, Driller’s log suppiied by Alexander
Engineering Co. Altitudes: land surface, 1,941 bedrock;
1,890,

High-terrace deposits:

Sand, fine 32 22
Sund, coarse 15 37
Gravel; clay . 2 39
Gravel 3. 4z
Red beds (bedrock}): ' ..
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Thick— Thick=-
Deseription ness Depdh Nescription BLEE) Depth
N-tuW-17.al.  Driller's log supplied by Alexander 23IN-200W 23 biwil ant i mied
kngineering Co, Aleitwdes: land surface, 1,935; bedrock, Clay, yellow, sandy ] 55
1,907, Sand, medium 27 /2
Clay 1 83
High-terrace deposits: Red beds (bedrock): . .y

Sand, fine; soil s 5
Clay 3 8
Sand, Ffine 7 13
HSand, coarse 14 29
red beds (hedrock): . -

briller's log supplied by Alexander
Altitudes: land surface, 1,9533; hedrock,

High-terrace deposits:

fSand, Miner sell 20 20
Sund, brown, fine 10 30
Sand, brown, coarss 4 34
Sand, white, coarse 10 44
Sand, white, medium & 32
Hand, brown, coarse 3 25
Gravel 1 56

23N-20 - 174 L.
Enganeering Co.
1,900,

Oriller's log supplied by Alexander
Altitudes: Jand surface, I,938; bedrock,

High—terrace deposits:

sand, fine 5 3
Clay, white 8 13
Sand, brown, fine & 19
Sand, medium to coarse 9 23
lay, red 4 a7
3and, brown, fine & 33
Sand, coarse; gravel 5 38
Red beds (bedrock): . ..
2IN-TM-1Bdccl. Driller*s log supplied by Alexander
Engincering Co., Altitudes: land surface, 1,878 bedrock,
1,546,
Low-terrace deposits:
sand, yellow, f[ine 8 8
Sand, medium, clean 10 18
sand, medium ta coarse h 285
Sand, coarse 7 32
Red beds (bedrock): o e
23N-20W-19baal. Driller's log supplied by Alexander
gincering Co. Altitudes: land surface, 1,878: bedrock,
1,834,
low-tlercase deposits:
Sand, tan, fine 12 12
Sand, gray, medium iz 24
sz, coarse 20 39
Sand, coarse; red mud 5 44
Red beds (bedrock): Ve ..

Driiler's log supplisd by Alexander

2IN-20W-19bdbl.
Altitudes: land surface, 1,878; bedrock,

Engineering Co,
1,850,

low-terrace deposits:

Sand, fine, clean 10 10
Land, medium 15 25
Sand, coarse 3 28
Red beds {bedrock): .. e
23N-20Mi~22bbcl., Driller's Iog supplied by Alexander
Engineering Co. Altitudes: land surfave, 1,931; bedrock,
1,885,

High-terrace deposits:

Sand, brown, fine 28 28
Clay, sireaks of sand 13 41
Sand, medium 4 45
sand, coarse; gravel 1 46
Red beds (Bedrock): a ..
2IN-20W-22bbdl. Driller's log supplied by 4&lewander

Fngineering Co. Altitudes: land surface, 1,923; bedrock,
i,842,

iligh-terruce deposits:
Sand, brown, fing 24 24
Glay, white 11 as
Sand, brown, fine L] 39
Sand, roarse; gravel (5] 45

Engineering Co.
1,868,

Driller's log supplied by Alesander
Altitudes: land surface, 1,924% bedrock,

High-torrace deposits:

Sand, brown, fine 24 24
Clay 11 35
Sand, medium; <lav streaks Q9 44
Sand, coarse; gravel iz 504

feod beds (hodrock):

Iriller's log supplied by alexander

ug o, Altitedes: land surface, 1,926; bedrock,

High-terrace de;

Sand, hrown, i1 28 2%
Clay 12 a0
Sand, brown, [ine, well-packed 1z 52
Sand, medium to surse 12 &4
Red beds {bedrock): . .

23N=21%=3cabl. 0,75 mile southwest along trail from gate in
northeast corner af sections, 10 feet west of center of

trail., Sample log of test hole. Altitudes: land
surface, 1,959; bedeorclk, 1,904,
High=terrace deposits:
Sand, gray, very fine to medium; trace of
coarse satul 5 5
Sand, gray, very fine to coarse; thin layer
of gray, silty, bentonitic riay 5 10
Sand, gray, very fine to medium; trace of
codrse sand 3 15
sand, gray, medium to very coarse 10 25
Sand, gray, fine to coarse; silty to slightly
sandy, hentonitic caliche; pure bentonite 3 30
Sand, pgray, fine to medium 3 35
sSand, gray, fine to very coarse; trace of
silty, beotouwitis caliche 5 40
Suand, gray, medium to coarsc 5 45
sand, gray, medium to very coarse; fine gravel 10 55
Red beds (bedrock): - ..

2

W-ddedl. 23 fuet southeast of 1B-inch elm tree,
29 feet southwest of 24-inch elm tree, 10 feet norih of

trail. Sample log of test hole. Altitudes: land
surface, L,928; bedroci, 1,907,
High-terrace deposits:
Sand, buff, (ine to coapse 5 5
Sand, buff, werv fige to medium; trazce of
Light-gray, silty clay 10 15
Sand, buff, very fine to medium -1 21
Red beds (bedrock): - ..

23N-21W-10cabl, 0.12 mile east of clump of trees, 271 feet
east of First curve after trail heads cast, 10 feet sonth

of center of trail. Sample log of test hole, Altitudes:
land surfuce, 1,937;: bedrock, 1,901,
High-terrace deposits:
Sand, buff, very fine to cearse 5 3
Sand, baff, fire to very coarse; trace of
dark-gray, silty clay 10 15
Sand, buff, Fine to coarse 5 20
Sand, buff, and yellow, medium to coarse 10 30
sand, buff, medium to very coarse; Fine gravel & 36
Red beds (bedrock): . ‘e

23N-22k-lbabl. © feet northwest and 6 [eet northeast of

T gate carner post; 0.8 mile northwest of section-line road.
Sample log of test hole. Altitudes: Land surface,
2,034; bedrock, 1,908,

High-terrace deposits:

Saml, mff, fine to very coarse; trace of
caliche 5 5
Sand, bufl, medium to coarse; tracoe of

very voarse sand; caliche 5 10
Sand, grayish-white, very fine to mediumg

trave of vourse sand; grayvish-white,

bentonitic clay 7 17
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Thick- . . Thick-
Deacription ness  Depth Description ness Depth
Continued 23n-22W-22dcdd ., -Continued
Sand, grayish-white, medium to very Sand, buff, very fine to very coarse; thin
coarse; trace of fine gravel 8 25 layer of gray to lipght-maroon, silty,
Sand, grayish-white, medium to coarse; frace bentontic clay; pure caliche 5 40
of very coarse sand; trace of fine gravel 5 0 Sand, buff, medium to coarse; trace of very
Sand, grayish-white to buff, medium to coarse sand : . .5 45
very coarse; fine gravel . & 35 Sand, buff, medium to very coarse; trace of
ged beds {bedrock): . .. fine gravel:; hard, pure caliche 7 32
(Test hole not drilled to bedrock)
23N-Z2W-22decl, 192 feet east of 5% cor. sec. 23, and
38 feet north of center line of east-west section-line 23N-22W-223dodS. 150 feet south of drrigation well. Sample

log of test hole supplied by Corps of
Army., Altitudes: land surface, 2,130

road. Driller”®s
Enginsers, U.5.
bedrock, 2,039,

Ngallals Formation:

So0il, sandy 8 8
Sand, clavey 4 12
Sand, coarse 8 20
Sand, clavey 11 31
Sand, coarse 3 34
Sand, wmedium Lo coarse 5 39
sand, fine to medium 5 44
Sam}, medium {0 coarse 3 47
Sand, fine 2 49
Sandt, fine to wmedium 5 54
Sand and reck 1 55
Sand, fing to medium 3 60
Sand, fine 3 63
Sand, fing to medium 4 a9
Sand, medium to coarse 2 71
Red beds (bedrock): . '
23N-22W-22dcd3. 60 feet south of irrigation well. Sauwple

log of obzervatiom well, Altitudes: land suzface,

2,1341 bedrock, 2,039,

Ngzliala Formation:
Caliche, =ilty te sandy; Iight to dark-gray,
silty clay: thin layers of bard caliche 5 5

Caliche, pure to silty and sandy 5 10
Caliche, verv silty to very sandy; thin layer

of light-gray, silty bentonitic clay k] 15
Clay, light-gray, silty to sandy, bentonitic,

thin layer of hard pure caliche 5 20
Caliche, very silty: hard, pure zaliche 5 25
Clay, gray to buff, silty, slightly

bentonitic 4 29
Sand, buff, fine to coarse o 3s
Sand, buff, medium to very coarse 3 &0
Sand, buff, medium to very coarse: fine gravel 11 51
Sand, buff, very fine to fine, alternating

with havd, pure caliche 3 54

Sand, buff, fine to coarse! trace of very

coarse sand; light-gray silly to sand,

bentonitic clayj pure bentonite 6 60
Sand, buff, very fine to coarse; volcanic ash 5 £5
Sand, buff{, fine to very coarse; pure to silty

and sandy caliche; light-gray, silty,

bentonitic clay; volecanic ash 5 70
Caliche, very silty and sandy, seft 10 a0
Caliche, very silty and sandy; trace of pure,

soft caliche 7 B7

Sand, buff, medium to very coarse; thin layer
of volcanic ashi thin layer of hard, pure

caliche 4 21
Caliche, silty to sandy 3 94
Caliche, hard, pure 1 95

Red beds (bedrock): . '

Z3N-22W-22dcdd.
Sample log of observation well
2,132,

100 feet northwest of irrigation well
Altitude: land surface,

Ogallala Formation: .
Caliche, silty to sandy; light to dark-gray,

silty to sandy clay 3 5
Caliche, pure and silty: gray to light-maroon
clay 10 15

Clay, light-gray, silty to sandy, slightly
bentonitic; thin layers of hard, pure

caliche 5 20
Clay, light-gray, silty to very sandy; trace
of hard, pure caliche 5 25

Sand, Buff, fine to very coarse; thin layer
of light~gray, s5ilty to sandy, slightly

bentonitic clay 5 30
Sand, buff, fine to coarse, slightly silty;
trace of fine gravel 5 35

log of observation well., Altitude: land surface, 2,135.
Ogallala Formation:

Sand, buff, fine to coarse; gray, silty clay:

hartd pure caliche 5 5
Caliche, silty to pure; thin layers of dark-

gray. silty and sand clay 5 3]
Clay, light-geay, sandy, bentenitic 5 15

Clay, light-gruy, s
thin layer of F
to coarse

Sand, light-g o pink, fine to medium,
very silty: nard, pure to silty and sandy
caliche 5 25

Sand, buff, fire to coarse; thin layers of

v to sandy, bentenitic;
. pure caliche; buff, fine

hard, pure caliche: thin layer of light-

gray, caltareous clay 0 35
Sand, buff, fine to medium 5 a0
Sand, buff, {ine to rfoarse; trace of very

coarse sand; pink. siliy, bentomitic clay 5 A5
Saud, buff. medium {0 very ceoarse; fine gravel 3 50

(Test hole not drilled to bedrock)

23N-EZW-25chbhl.  £0D feet east of center line of nerth-south
road and 27 feet south of east-west } section-line fence.
Oriller’s lop of fe=t hole supplied by Carps of Engineers,
U.5. Army. Altitudes: land surface, 2,183; bedrock,
2,080,

Opallala Formation:

Loam, sandy 3 3

. Sand, fiae 23 26
Sand, clayey & 32
sand, fine 20 52
Sand, fine to mediam 4 58
sand, medium to coarse 11 (il
Clav, sandy 10 77
$and, coarse 3 3
Red heda (hedrock): ‘e -

jddal. 300 feet west and 1,200 north of S& cor.
Irillet's Jog of test hole supplied by Corps

of Engineers, .5. Arwy. Altitudes; laad surface, 2,078;
hedrock, 2,003,
Ogallala Farmation:
Top soll 2 2
Sand, medium to coarse 32 34
Sand, medium to coarse, contains very little
yellow clay & 4
Sand, medium to coarse, clean 25 &5
Sand, coarse 10 75
Red beds (bedrock): .. s

660 feet west and 1,200 feet north of S cor,

23N-22KW-2 5ddbl.
Driller's log of test hole supplied by Corps of

sec, 23,

Engineers, 1.5, Army. aAltitudes: land surface, 2,081;
bedrack, 2,040.
Ogaliala Formation:
Top sail, sandy 2 2
Sand, fine to medium 14 16
Sand, cearse, clean 24 40
Sand, coarse, gravelly 1 41
Red beds (bedrock): e N

23IN-22W-26bbbl. 91 feet east of ceater line of north-south
road and 10 feet south of center line of east-west road.
Briller's iog of test hole supplied by Corps of Fngincers,
U.5, Army. Altitudes: land surface, 2,136; bedrock,
2,064,

Ggallala Pormation:

Soil, sandy 5 5
Gravel, clayey 3 8
Clay, sandy 2 10
Clay 10 20
Clay, sandy 5 25
Clay 25 30
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Thick- Thick=
Besuription ness epth Rasrription ness Depth
Abbbl, —Centinued A3N-2N-36dedl. --Dontinued
Sand, clayey | 54 Sand, fine, vontains yellow o luay 16 Q0
Sand, fine to medium 5 5 Sand, voar gravel @ Sh
Sand, clayey 2 ol Red beds {hedrock}: .
Sant, medium to coarse 11 i3
Red heds (hedrock ) s i ‘e 2AN-18W-29dbal. 2,750 ool south and 1,350 feetr west of
T northeast section corner. Partial leg of oil company
adddi. 500 feet west of center line of north-south test hele. Altitwles, lawd surface, 2,079; pedrock,
road aud 173 feet north of center line of =sast went road. 2,an,
Priller's log of test hole supplicd by Corps of Lngineecs,
Eof. Army.  Altitwedes: land surface, 2,1len; bedrock, High-tarrace deposips:
2,050, Sund, white, medium o coarse, buff and pink
clav 20 20
Ogallals formation: Sand, white, fine 10 30
Loam, sandy 2 2 sand, mediun to cparse 1a 40
S0il, sandy 5 [ Sand, coarse 10 50
Sand, Ffine 12 18 Sand, Fine 10 60
Sand, clayey 3 21 Sand, coarse Lo wery coarse 17 77
Janid, medinm to coarge 2 33 Whitehor=e up, undiffernetiated (hedrock):
Sand, fine 3 26 Dolomite, white and pink 1 78
fand, Uine fo modium 3 29 Sand, oerange ool mroy, very fioe iz 90
Samt, layey 3 32 SilL, arange 10 100
Sand, fine 4 a6 Sznd, orange, ver. Jine te {ine ER 120
Sand, clavey 4 40 Sand, orange, wery i containg coarse,
Samt, [ine to mediom 3 43 rounded, frostet  wd grains 10 130
Sand, medium te coarsc 12 53 Sand, orange, wvert |ioei contains silt 210 340
Sand, claycy 2 37 Sand, arange, verv fine; contains coarse,
Clay, sandy 3 Gl) rounded, frosted sand grains 10 350
sand, clayey 3 63 Sand, fine, vrange, gypsiferous, very
Rock, sandy and olayey 1 o4 fine sand at base 50 410
Sand, c¢layey 7 7L Dog Creek Shale and Blaine Gypsum,
Gravel, clayey ° &0 undifferentiated:
Sand, clavey 12 92 Shale, red: 35 445
Sand, fino 1 100 Shale, reds trace of anhydrite st
sand, olayey 2 102 455 feet 15 460
Sand, fine E 110 Shale, blue-gray 10 470
Red heds (hedrack): . Flowerpol Shale, and older rocks,
undifferentiated:
2-20bazl. 87 feet south of east-west fencve and 55 feet Shale, red; silt 15 485
west of north-south fence. Driller's log of test hole Shale, red and brick-red; some gray shale;
supplied by Corps of Engineers, U.%. Army. Altitudes: trace of gypsen 80 Seg
land surface, 2,040; bedrock, 2,014, Shale, red and brick-red:; gray, sandy
shale, trace of gypsum B 645
Ogallala Formation: Shale, red, brick-red, and gray: white and
Sand, fine to medium 10 17 red, wvery Ffine, sand; trace of gypsum s 730
Jand, mediur to coarse 16 206 Si1f, red j14) 760
Red beds (bedrock): . ..
2AN-180-1dbbbl. 100 feet south and 200 feet east of north-
23N-22W=-3aadbl. 1,350 feet south and 700 feet west of north- west section corner.  Partial log of oil company fest hole.
2ust corner of section, Driller's log of test hole Altitudes: land sorcface, 1,887; bedrock, 1,887,
supplied by Corps of Engineers, U.S. Army. Altitudes:
land surface, 2,102: pedrock, 2,045. whitehorse Group, undifferentiated (hedrock):
Sand, orange, ne, angulir 30 20
Fopr z0il, sandy 2 2 Sand, orange, Finc angular, contaias coarse
Clay, yellow, sandy 3 ey rounded, frosted nit grains 20 50
Sand, line, clayey an 30 Sand, arange, very Mine to fine 15 65
3and, rine to medium, comtains very little Sand, orange. mediun, angular, gypsiferous;
yellow clay 5 1% sone mediun and noarsze, rounded, frosted
Sand, medium to coarse, contains very little sand grains 10 75
yellow clay 19 37 Dog treek Shale:
Red heds (bedrock): o N Shale, red; silt; streaks of white very
fine very finc sand and gray shale 35 110
2aN-22W-36adel. 3,000 feet south and 700 feat west of north- Shale, red and brick-red; silty: trace of
east corner of section. Driller's log of test hole aypsum 20 130
supplied by Corps of Enpineers, U.$. Army. Altitudes: Blazine Gypzum:
Tand surface, 2,113: bedrock, 2,052, . Gypsun, white, soft; selenite; streaks of
red and zray shale:; streaks of thin dolo-
Ogaliazla Formation: mite or delomitic silt at 180 feet, 202
Top seil 2 2 feet, and at base b8 228
sSand, Fine ta wediom 12 14 Flowerpot Shale:
Sund, medium to coarsce &l a0 Shale, red, brick-red and gray is 243
Sand, Fine to medium, conmtains very little clay 14 34
Clay, hrowo, soft; egual amount of sand 4 g 2AN-TI -1 7add ] & Feet north and 29 feet east of fence
Sand, medium to coarse, clean 12 30 orner. Sample log of tezl hole. Altitudes: land
Sand, scdium Lo coarse; very little clay 11 ol surface, 2, 118; bedrock, 2,001,
Red beds {bedrock): . ..
High-terrace deposits:
2IN-22W-36dcdl. 15 {feet north and 1,340 feet west of south- Sand, bul’l, very fine to f{ine i 10
east carner of section. Driller's log of tost hole Samd, buff, fine (o medium 3 13
supplied by Corps of Engincers, LS. Avmy. Altditudes: Clav, ouff, silty amt samdly 7 20
Iand surface, 2,136; bedrock, 2,040, Sand, bull, fiong; buff, very sandy clay 5 25
Sand, bufl, fine to medium, ciean 10 s
Ogillala Formalion: Sand, buff, mecium, clean 10 45
Top Seil 2 2 Sand, buff, fine to medium; thin layers of
sand, medium to coarse 30 32 light-gray, sandy clay 10 55
Sancd, mediym to coursze, contains little Sand, 'wulf, fing to medium; thin layers of
vellow clay 2a o0 light-gray, sandy clay 13 68
Sand, mediuvm to coarse 5 65 Clay, lighl-pray, =andy 12 8O
Sand, tock, hard A [£3] Sand, puff, fine to medium; trace of soarse
Clay, yollow & 4 sand 140 20

B19



APPENDIX R

Thick- Thick-
Description ness Depth e iption ness Depth
1. --Continued W -20a bl L ~~Cont inued
, mexliun lo coarse; trace of Cine Fand, bulf, fine; thin layers of light-gray,
gravely thin layers of lipht-gray, sandy sandy bentonitiv cla valiche 5 22
winy 5 95 Zand, white, {ine to medium; thin layers of
Clay, llght-gray and red, sandy 1n 103 light-gray, sandy bentonitic clay 10 . 30
Tlay, light-gray, sandy; trace of fine . Sand, white, fine to woediumy thin layers of
gravels thin laver of pure caliche 3 110 light~gray, sandy bentonitic clay 3 35
Clav, light-pray, sandy; buff, fine to coarse Sand, buff to white, fine te medium; thin
sand; medium gravel 7 17 layers of light-gray to pink, sandy bentoni- .
Red beds (Ledrock): . .. tic clay .5 40
Clav, light-brown, very sandy 5 435
24N~1UW-~19cddl. 14 feet south and 6 fect west of fence Sand, buff, fine teo medium; thin layers of
corner.  Sample log ol test hele. Altitudes: land light-gray to light-brown, very sandy clay 3, 50
surface, 2,114; bedrock, 1,749, . Clay, light-red, wery silty and samdy 10 a0
Sand, bulf, very fine to medium; thin lavers
Hiph-terrace Jeposits: of pink, silty to sandy clay 10 Fal
Sand, buff to light-brown, very fine to medium: Gand, buff, fine to medium; gray and pink,
alf, sandy olay 12 12 silty to sandy clay 5 73
Clay, light-brown, sandy 3 13 Clay, gray and pink, very sandy 5 80
CIay, gray, silty 3 13 Samd, -buff, Fine to medium 5 33
Sand, ublf, {ine to mediua; buff and gray, ) ' Sand, buff, fine vo medime; gray, very sandy
sandy clay . 7 23 lay 10 @3
Sand, bull, fine to medium: trace of caliche 5 30 Sand, buff, {ine ta uedium; trace of coarse
Sand, buff, medium to coarse: gray. Ssandy, sand 5 100
bentenitic clay o 40 Saud, buff, nedium te very cearse; trace of
Sand, buff, fine to medium ] 45 fine gravel in lower parg 20 110
Clay, buff, and gray, sandy, bentonitic 5 54 Saad, butf, medium to very coarse; fing gravel 8 118
Gand, buff, very Cine te medium 4 iB Red beds (bedrosk): N .
Clay, buff, anad gray, very sandy, bentonitic t 65 .
Sand, buff, fine to medium; trace of coarse 24N=190-27cabl. 200 feet southeast of irrigation well,
sand, bantonite 10 75 Sample log of observation well, Altitede: land surface,
Sand, huff, fine to coarse. clean; trace of 2,055,
caliche and bentonite 10 g5
Sand, buff, medium to coarse: thin layers of High-tevrace ~depositsa:
buff to gray, sandy bentonitic clay 10 as Clay, dark-gray, silty, slightly sandy 10 10
sand, buff, medium to Coarwe; thin layers of Sand, buff, very fine to medium; thin
gray, silty bentonitic slay 10 05 vellow, calcatrecus 5ilty zones 5 15
Sand, buff, medium to werv coarse; thin layers Clay, gray to orangs, silty to sandy,
of buft and orange, sandy pentonitic clay 10 11z bentonitic 13 28
Sand, buff, wery fine to coparse; thin layers of Sand, buff, fine to mediun 7 35
buff, sandy bentonitic clay 10 123 Sand, buff to white, very fine to medipm;
Sand, buff, medium to coarse; thin Iayers of L in layers of dark-gray silty clay 10 45
buff, sandy bentonitic clay 5 130 Sand, buff to white, very fine to medium,
sand, bulff, coarse to very coarse 10 140 trace of coarse sand 10 55
sand, buff, fine to medium; trace of very Sand, buff, mediuvm to coarse 10 65
coarse sand 5 143 Sand, buff, fine to coarse, thin bentonitic
Red beds (bedrock): . - ZONES ’ 5 70
. Sand, buff, fine to medium, hentonitic zone:
24N=-19W-1%daal. 330 feet south and 11 feet east of Fence coarse sand; thin layer of dark-gray, silty
corner . Sample log of fest hole, Altitudes: land . clay 3 5
surface, 3,0%1; hedrock, 1,969, Sapd, buf{, fine to medium, thin bentonitic
) zones 5 80
High-terrace deposits: (Test hele not drilled to bedrock)
Sand, buff | very fine to mediom, zilty tam, ' )
silty to sandy clay 5 5 24N-1UW-27chal. 100 faet sputhwest of irrigation well.
Sand, aff, fine to medium 5 10 Sample log of observation well. Altitude: land surface,
Sand, white, fine to medium; trace of coarse 2,059,
sand an 40’
sand, bufl, to white, very fine to medium 10 50 High-terrace deposits:
Sund, white, {ine to coarse 5 55 Sand, wff, very fine to medium, trace of coarse .
sand, white, very fine to medium, silty; light- sand . 12 12
gray, sandy hentonitic clay 10 65 Clay, orange, silty 3 15
sand, white, very fine to medium; trace of Sand, buff, fine to medium 10 25
caarse sand:; light-gray, sandy bentonitic clay 5 70 (lay, orange, silty to sandy : 12 - 37
Sand, white, fine to coarse; trace of very Sand, buff, fine to medium a 45
coarse Sand; thin layers of wery light-gray, Sand, suff, medinmm to coarse 5 . 50
sandy, very bentonitic clay 10 B0 Sand, buff, fine to medium .14 64
Sand, white, very fine to voarse, silty: thin ilay, gray, very silty and sandy; buff, very
layera of light-gray, sandy bentonitic clay 10 90 Fing to medium sand o 11 75
Rentonite, slightly sandy; red clay 5 95 Sand, buff, very {ine to medium; thin layer of
Clay, light-red, silty to sandy, slightly sandy bentonite 7 Bz
buntonitic 3 100 Clay, light te dark-gray, silty 1 an
Clay, red, compact 5 108 (Test hole npot drilied to bedrock) !
Clay, red, silty to sandys bentonite 3 104
Sand, buff, medium to ¢oarsc: trace of very 24N-19W-27cba2, 300 feet southwest of irrigation well.
CcoRTAE Rand 2 110 Sample log of observation well., Altitude: Jland surface,
Sand, buff, medium to very coarse 5 115 2,054, !
Sand, buff, medium to very voarse; fine gravel 7 122
Red beds (bedrock): . High-trrrace deposits:
tlay, gray, silty 7 7
24N-19W=20abbl. 15 feet north and 70 feet east of fence Sand, buff, fine to medium 3 10
corner. Sample log of test hole. Altitudes:  land Clay, gray, silty 3 13
surface, 2,110; bedrock, 1,992, Sand, orange, fine to medium iz 25
sand, bufl ta yellow, fine to medium 5 3n
High-terrace deposits: Sand, buff, fine to medium; thin layer of
tlay, brown, silty to sandy 3 5 orange, silty clay . 5 35
Sand, light-brown, fine to mediunm; light-brown “and, buff, fing to medium E] 40
silty to sandy, calcareous clay 5 10 sand, buff, very fine to medium 10 50
{'lay, light-gray, very sandy, bentonitic: Sand, buff, fine to medium: trace of coarse
trace of raliche 3 15 sanid 15 63
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Thick=- Thick—-
Dewcription ness Depth Nescr ipkion ness Depth
24N-19w-27cba Continued 24N~20W-3aaa k. -~Continved
nd, buf Mine to medium: thin layer of sand, buff, fine tn very coarse; finme gravel;
sandy bentonite 5 0 trace of caliche ki 13
Sand, hulr, wmedigm, bentonitic 5 15 Sand, buft, nedium to very course:; light-gray,
Bentonite, sandy: bulf, fine to medium silty bentonitis clay 5 20
saad; gray, silty clay 5 50 Sand, burf, medium to very coarse, silty;
{Test hole not drilled to beadrock) fine gravel: pink, silty bentonitic clay 10 30
Sand, buff, coarse to very moarse; fine gravel 3 33
ZAN-19W~-30boec 1. 117 feet north and 19 feet west of fence Red eds {bedrock): .. -

corner. Samble log of test hole. Altitudes: land
surface, 2,004; Ledrock, 1,968,
High-terrace deposits:

Sant, iipht-brown, very fine to fine, silty 5
Sand, light-brows, {ine to medium, s{tiy:

light- to dark-gray, silty clay 5
Sand, buff, Ffine to medium, silty; light-gray

to tan, sandy beatonitic nlay 3
Sand, buff to yellow, fine to medium; thin

layer of brown, silty clay 3
sand, buff, very fine to medimm; trace of

gray, bentenitic clav in lower part 10
Sand, buff, fine to medium; thin layers of

iight-gray, bentonitic clay 10
Sand, bulf, fing to medium: thin layer of

dark-gray, silty olay 3
3xnd, buff, medium to coarse 35
sand, buff, fine to cearse; light-gray,

bentonitic clay 10
Clay, light-gray, very sandy, beotenitics

thin layers of bentonite 10

Sand, buff to white, [ine to coarse: thin
layers of sandy, bentonitic clay; pure
Lentonite 5
Sand, buff to white, very {ine to medium
thin layer of light-gray, sandy bentonitic
clay 5
Sand, huff and yellow, medium tc coarse; very
woarse sand; thin layer of brown, silty ciay 5
sand, buff, mediom to very noarse; fine pgravel;
trace of bentooite 21
Red beds (bedrock): .
Driller's

24N-190=-3 1ddbl, log supplied by Ellis (aldwell.

Altitudes: land surface, 2,047; bedtock, 1,933,
High-terrace deposits:

Sand, Tinc 13

Clay 5

Sand, fine 10

Clay 5

Sand, fine &

Red beds {bedrock):

24N-10W-26naal.

corner. Sample Iog of test hele. Altitudes: land
surlface, 2,088; bedrock, 2,037,
High-~terrace deposits:
Sand, buff, five to medium; trace of caliche 4
Clay, brown and dark-gray, silty to sandy 3
Sand, buff, {ine to medium, =ilty; gray, silty
clay B
Sand, buff and yellow, {ine to medium; thin
layer of gray, silty clay 3
Sand, buff, medium to coarse 5
zand, buff, medium to coarse; very coarse sand;
grtay, silty clay 4
Sand, buff, medium to very coarse 4
Clay, brown, siity 2
Voleanic ash, pure to sandy; alternatiog with
thin layers of buff, fine sand 7

Sand, buff, medium to coarsa 3
Sand, buff, medium to very coarse; thin layer
ot arange, silty clay; fine to medium gravel
(Lost circulation)
Red beds (bedrock): ..

otk

24N-20W-3azaal,
corner. Sample leog of test hele.
2,114; bedrock, 2,081.

Altitudes:

High-terrace deposits:
Sand, buff, very fine to medium, silty, thin
tayer of dark-gray, silty clay; sandy bentan-
ite 3
Sand, buff, very fine to wmedium, silty; coarse
sand: thin layer of pink and gray, silty
bentonitic clay 5

15 feet north and 64 feet west of NL fence
land surfane,

20

aq

40

45

70

80

S0

w

00

H
=1
“a

13
20
30
35
15

62 feet south and 22 feet east of NE fence

is

20
25

42
45

50
51

10

18 feet south and 45 feet west of southeast

fence cormer. Sappie log of test hole. Altitudes: 1land
surface, 2,100; bedrock, 2,002,
Mligh-terrace deposits:

sand, buff, very finc to mediem, silty s 5
Sandd, buff, fine to medium silty; thin layer

of lignt-red, silty clay; caliche 5 10
Sand, hulf, ine to medium 15 25
Zand, bufl, very fiove to fine, thin bentoni-

tic zones 5 30
Sand, bulf, Cio o medin, thin bentonitic

ADNEE 20 50
Sand, ouff, wver et medium, thin

bontonitis wons trace of caliche 10 5H]
Sand, buff, fire ts nodium; trace of caliche 5 653
sand, Huff and yellow, [ine to coarse: trace

of caliche 5 0
sand, buff, medium to very coarse 5 75
Sand, buff, coatrse to very coarse; fine gravel 10 fied
Sand, buff and yellow, medium to wery coarse 5 90
Sand, Puff, crarse to very coarse; fine gravel & 38

Red beds (bedrock): - .

2a8-20W-Slee 1. Drilier”™s lop supplied by Eillis Caldwell.

High-terrace depnsits:

Sand 5 3
sand: clay 3 10
Clay 35 as
Sand, mediun 20 63
lay 10 75
Sund, mediom 5 80
Red beds (bedrock): . e
24N-21% dbl.  Driller's log supplied by Emil Grade.

Altitonde land surface, 2,052 bedrock, 1,948,
High-terrace depesits;
Saml, Cine 15 13
Clay 5 20
Sand 3 235
Clay 5 30
Sand ] as
Sand, fine a0 75
Clay 20 as
Gravel 9 104
Red beds (Ladr -~ k- .. PPN
2AN-Z0W-fcdb2. 100 feet south of irripgation well., Sample

log of observation well. Altitudes:

bedreck, 1,950

land surface, 2,054;

High-terrace deposits:
Sand, brown, very fine to fine; thim layers of

brown, sandy clay pisd 10
Clay, buff, silly to sandy; thin layer of
sandy caliche 5 13
Sand, buff, very fine to fine; buff, sandy
clay 14 23
Sand, buff, fine to medium; thin layers of
buf'f, sandy clay 20 45
Sand, buff, very fine to fine, medium sand:
clay streaks throughout 25 70
Clay, purplish-brown, silty; fine gravel 10 B0
Clay, buff, very sandy 5 85
Clay, purplish-brown, silty and sandy 14 9%
Sand, buff, very coarse; fine to medium gravel 3§ 104
Red beds {(bedrock): . .
24N=-20W-6cdb3, 200 feet south of irrigation well. Sample
_—Eog of observation well. Altitude: 2,057.
High-terrace deposits:
Sand, bull, very fine; dark-gray, silty clay 5 3
Sand, buff, very fine to fine; orange, silty
clay 10 15
Sand, buff, fine, clayey 5 20
Sand, buff, very fiune to five; medium sand;
thin layers of orange and gray, sandy clay 40 80
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Thick- Thick-
Nescription ness  Depth De iplion ness  Depth
ZAN-20W-pcdb? , - ~Continued Z4N~20n-17aaa k. -=Continued
Sand, bufl’, very fine 5 65 Sand, bult, medium to codrse, 1oosely cemented
Sand, buff, fine to medium, very clavey HY T with caliche 10 35
Clay, orange, sandy 5 L Sandd, bulf, Fine to medium, cemented with
Clay, orange, silty 1 a1 caliche 5 40
{Test hole not drilled to bedrockl: .. .a Sand, buff, [ine to coarse, thin layers
vemented with caliche L0 30
24N-2OW-6edbg. 300 feet sonth of irrigation well. Sample Sand, buff, fine to coarse; caliche particles
log of observation well, Altitudes: land suriace, 2,0356; scattered throughout 15 &5
bedrock, 1,956. Sand, buff, fine to medium; thin layers of
very sandy, orange, and gray clay 5 w0
High-terrace depesits: Sand, buff, very fine to fine; coarse sandy
Sand, buff, very {ine to fine, clayey, with czliche particles; thin layers of buff,
few particles of calinhe 10 1Q very sandy clay 10 30
Clay, gray, and buff, sandy 5 15 Sand, buff, wery fine to fine; thio layers of
Sand, buff, very fine, clayey 5 20 orange and gray, sandy clay 10 S0
sand, buff, very fine to fine 5 25 Sand, buff, fine to medium; thin layers of
Sand, bulf, fine; trace of medium sand; thin orange, sandy olay 10 100
layers of dark-gray, silty clay 30 55 Sand, buff, medium Lo very coarse; fine gravel 4 104
sand, buff fine to medium 11 66 Red beds (bedrock): : .e .
Sand, bulff, f{ine tomedium, very clavey 14 80
Clay, buff, sandy 18 88 ! 24AN-20W-l3ddd2. ¢ . [eet west and 13 feet south of southeast
Sand, buff, very coarse; fine to medium gravel 2 106} fence cormer. - te log of test hele. Altitudes: 1lang
ged beds (bedrock): surface, 2,043 ireck, 1,048, )
24N-20W-14dddl. 4 teet south and 87 feet west of 5B fence High-terrace deposila:
corner. Sample log of test hole, and observation well. Sand, buff, very fine to coarse; {race of
Altitudes: 1land surface, 2,132; bedrock, 2,030, caliche 10 10
sand, buff, fine te coarses trace of caliche 15 25
High-terrace deposits: Sand, buff, coarse; buff, sandy clay 5 30
Sand, buff, fine k] 5 Clay, buff, sandy; trace of caliche 5 35
sand, buff, fine to medium; buff, sandy clay; Sand, buff, medium, trace of coarse sand; clay,
caliche 10 18 buf{, samly; trace of caliche 10 45
Sand, buff, fine to medium; trace of caliche; Sand, buff, medium to coarse; trace of caliche 5 50
thin layers of buff, sandy clay 10 3s Sand, buff, medium to very coarse 5 55
Clay, buff, very sandy 10 a5 Sand, tull, very finc to medium 5 1Y)
Sand, buff, medium to coarse; thin layers Sand, buff, medium 5 65
of buff, very sandy clay 0 35 1 Sand, buff, medium to coarse; trace of caliche. 10 75
Sand, buff, medium to c<oarse, clean 5 [<ts] Sand, buff, very coarse; [ine gravel 5 &0
Sand, buff, fine to medium; trace of calizhe pile] 70 Sand, buff, fine to medium 5 83
sand, mediym to coarse: thin layers of buffl, Sand, beff, medium to very coarse ) 90
very sandy clay 3 75 Sand, buff, coarse to very coarse; [ine to ’
Sand, buff, very fine to medium; trace of medium gravel 5 a5
coarse sand 5 a0 Red beds (bedrovk): a ..
Saud, buff, fine to medium; buff, and mavoon,
sandy clay 5 85 24N-20W-23bbbl, 280 {eet south and 100 feet east of northuwest
Sand, buff, medium to coarse; buff, sandy clay, section corner. Partial leg of oil company test hole,
caliche 10 65 Altitudes: land surface, 2,116; bedrock, 2,017,
Sand, buff, and vellow, medium to coarse;
very coarse sand 5 100 Hiph-terrace deposits:
Sand, buff, medium to very coarse 2 102 Sand, white, fine to medium, subrounded 50 50
Red beds (bedrock): - Sand, wmedium to cotrac 49 99
Whitehorse Group, un'ifferentiated (hedrock):
24N-20W-15c:ccl. 8 feet south and 2 feet east of southwest Sand, red, very fize. . ilt 11 110
fence corner, Sample log of test hole, Altitudes; land Sand, orange, fine 20 130
surface, 2,086; bedrock, 1,978, Sand, very fine: white sand and silty; red
shale 20 150
High-terrace deposits: sand, orauge, fing 10 160
Sand, buff, very fine 0 10 Sand, orange, very fine ic 170
Sand, buff, fine to medium: orange silty clay 5 15 Shale, red 10 180
Sand, buff, fine to medium; caliche particles Sand, orange, very fime; s=ilty 30 210
throughout 10 25 Sand, orange, very fine; silt; trace of
Sand, buff, medium to coarse 15 40 coarse, rounded, frosted, sand grains 30 240
Sand, buff, Fine; thin layer of red clay in 3and, orange, fine 40 280
lower parct 3 43 Sand, orange, yery fine, silty 20 300
Sand, buff, Fine to coarse; caliche particles Sand, orange, fine; trace of coarse, rounded, -
throughout 5 50 frosted, sand grains 40 340
Sand, buff, and vellow, medium to very coarse is £5 Sand, arange, finme, gypsiferous; coarsc, .
Sand, buff, very coarse; yellow, and light- rounded, frosted, sand grains o 370
gray, bentonitic clay 5 70 Dog Creek Shale:
Clay, light-gray, and yellowish-orange, very 8ilt, orange; red shale 10 380
sandy, bentonitic 10 80 Shale, red; pray silt; streaks of gray,
Sand, buff, and yellow, very fine to medium 5 85 fine sand 51 431
Sand, buff, and yellow, medium to very coarse; Blaine Gypswi:
fine gravel 14 a9 Limestone, dolomitic 2 433
Gravel, fine to medium, clean 2 101 Shale, gray and brown 7 440
Sand, buff, fine to medium 4 105 Gypsum, white; selenite 20 460
Sand, buff, medium to very coarse: fine to Shale, dark-red 4 464
medium gravel 3 108 Gypsum, white, soft; selenite 14 478
Red beds (bedrock): e Shale, datk-gray 2 480
Gypsum 1 481
24N-20W-17aaal. 123 feet south and 1l feet east of northeast Shale, gray, dolomitic 1 482
fence corner. Sample Log of test hole. Altitudes: land ‘Flowerpot Shale:
surface, 2,061; bedrock, 1,957, ' Shale, brick-red, and gray B0 562
Shdle, brick-red, and gray; gray silt 3 567
High=terrace deposits: Shale, brick-red, and gray; trace of EYpsum;
Clay, gray, siity 10 10 orange, fine sand, trace of anhydrite 113 580
Sand, buff, fine to medium, lvosely cemented
with caliche 15 23
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Thick- Thick-
Description negs Depth Description ness  Depth
24N-200-30bbhl, 71 feet south and 4 feet west of northwest 24N -20K-36abbl. -~Continued
fence corner. Sample log of test hole, Altitudes: land Clay, buff, sandy, bentonitic; huff
surface, 2,018; bedrock, 1,941, nedium sand 14 35
3and, buff, medium 10 45
High-terrvace dJeposits: H Sand, buff, and yellow, very fine to
Sand, buft, very Fine to fine, clayey 3 5 medium; trace of caliche 10 55
Sand, tuff, fine; gray, samdy clay 5 ! Sand, buff, medinm {o coarse 10 LR
Sand, buff, very fine to fine, clean 5 1z Saml, buff, medium to coarse; trace of caliche 10 75
Sand, bulf, medium 5 20 Sand, buff, and yellow, fine to coarse;
Sand, buff, fine lo medipm; trace of coarse sand 10 30 trace of bentonite 10 85
Clay, bufl, very sandy 10 40 Sand, buff, very fine to medium; thin layer
Sand, buff, fine to medium; gray, sandy clay: of light-gray, sandy, bentonitic clay i g5
trace of caliche 5 435 Sand, buff, fine to mediuwm: trace of
Clay, light-gray, sandy, bentonitic 3 a0 bentonite is 110
Sand, buff, mediua; coarse sand: light-gray, Sand, buff, medium to very coarse; fine to
sandy, bentonitic clay 7 57 nedium gravel 6 114
Red beds (bedrock): ‘. .. Red beds (bedrackl:

4 feet south and 8 feet west of west gate,
Altitudes:

24¥-20W-33dccl.
Sample log of test hole and observation well.
land surface, 2,036; bedrock, 1,325,
High-terrvace deposits
Sand, light-browm, Fine to medium, silty; coarse
sand 3 i
Sand, light-brown, fine to coarse; frace of
very ¢odarse sand
sand, huff, fine to coarse, Silty; buff, silty,

slightly bentonitic clay 3 15
Sadn, buff, medium to coarse: thin layer of
light~-brown to buff, silty, slightly bentoni-
tie clay 5 20
Sand, buffl, fine to medimng thin laver of light-
gray, bentonitic clay 3 25
Sand, buff, medium to coarse; trace of bentonite 5 30
Sand, buff, fine to coarse; buff to light-gray,
silty to sandy, bentonitic clay 10 40
Sand, white, fine to cearse) trace of very
coarse Sand 10 50
Sand, buff, medium to very coarse 5 5%
Sand, ff, fine to medium, thin laver of buff,
silty, benteonitic clay 10 65
Bentonite, pure to sandy 3 sl
Sand, buff, fine to mediumi coarse sand: siity
to sandy, bentonitic ulay 10 a0
Sand, buff, line to coarse; trace of hentonite S B5
Clay, light-gray to buff, silty to sandy,
bentonitic: Buff, fine to medium, silty sand 5 G0y
Sand, buff, medium to very coarse 5 35
Sand, buff, medium to very coarse; fime gravel 13 108
Red beds (bedrock): .- -
24N-20W-35daal. 217 feast south and 12 fcet east of fence
corner. Sanple log of test hele. Altitudes: land
surface, 2,0638; bedrock, 1,971,
lligh-terrace deposits:
Sand, light-brown, very fine to (ine, very silty 3 5
Saud, light-brown, very fine to {ine, silty;
brown, silty clay 5 i0
Sand, buff, fine to medium; thin layer of buff,
bentonitic clay 3 1s
Sand, buff fo white, very fine to medium; thin
layer of gray, bemtonitic clay 3 20
Sand, buff, fine to medium 5 25
Sand, buff to white, medium to coarse 0 35
Sand, buff, fine to medium 3 40
Sard, buff, fine to coarse; thin alyer of
orange, sandy bentonitic clay 10 50
Sand, tuff, medium to coarse: very coarse sand:
bentonite 10 &0
Sand, buff, fine to coarse 3 a5
Sand, buff, medium to very coarse 10 75
Sand, buff, fine to medium; light-gray to buff;
bentonitic clay kS 30
sand, butf, very fine to mediom; trace of
bentanite 10 o0
Sand, white, fine to mediam 3 ay
Sand, buff, medium to very coarse 3 98
Red beds (bedrock): .. ..

24N-20W-35abhbl.
corner. Sample log of test hole.
2,084; bedrock, 1,968,

14 feet north and 275 feet east of fence
Altitudes: land surface

High-terrace Jdeposits:
Sand, buff, very fine to medium; buff, wery

sandy clay 0 10
Clay, buff, and arange, silty and sandy,

pentonitic 12 22
Sand, buff, very fine to medium 3 25
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(~21W-lanaf 15 [eet east of telephond pole in road
sland, Sample log of test hole. Altitudes: land
surface; 2,072 b lrock, 1,983,
High-terrace depd iis:
Sand, buff, wery cines silt, black 5 5
Sand, buff, ver o toe fine; trace of medium
sand 1&
Clay, buff, sundy 4
Caliche, very silty 5
Clay, uff, sandy; silty caliche 13
Clay, buff, sandv; silty culiche; buff, fine
to mediaw sand 10 53
Sand, bufi, medium, clayey; caliche 7 e
sand, buft, wedium to very coarse:; fine gravel 3 &5
Grayel, fine to medium a 69
Red beds (bedrackl}: .. .

ZaN-2ti-3ccel. 41 Fret north and 8 feet east of southwest
fence cornat. Sample log of test hole. Altvitudes:
dardd surface, 2.0527 bedrock, 2,015,

Alluwiune:

sSand, red, very (dne to fine, silty 5 5
Sand, buff, very fine te fine 5 10
Sand, buff, werv {ine to coarse; trace of

calizhe 10 20
Sand, buff, fine to very codcse, clean 10 3
sand, butf, medium to verv coarser fine gravel § 33
Gravel, fine to medium 2 ar

24N-3Wi=10ddd1. 11 feet north and 4 feet east of St fence

carner.  Hample le of test hole. Altitudes:  land
surface, 1,982; brizack, 1,933,
High-terrace depesic
Clay, buff, H ~ ol raliche 5 5
Caliche, ai ndy clay 20 25
Clay, buff, v, samdy 5 30
Sand, bhutl, [RERY caarse, clean 5 35
Sand, buff, wvery coarse; fine gravel with
ironstons fragments 5 40
Rand, buff, fine to cearse with ironstone
fragments
Sand, buff, very coarse; fine to medium pravel 10 50
Red beds (bedrock): . .

248 -2 1 -14dddl, 7 feet sounth and 4 feet east of southeast
Fence cormer. Sample log of test hole. Altitndes:
land surface, 2,00¢8; bedrock, 1,955,

High-terrace deposits:

Sand, buff, fine to medium; buff, silty, calcar-

eous clay 3 5
Sand, buff, very fine to medium, very siity

calcareous; thin layer of buff, silty clay 5 10
Sand, light-brown, fine to coarse; trace of

caliche 15 25
sand, bui'f, medium to coarse; thin layer of

gray, silty clay 5 30
Sand, buff, medimm to coarse 5 3is
Sand, baff, medium to coarse 5 35
Sand, buff, fine to coarse; thin laver of

light-red, silty clay 5 40
Sand, buff, and vellow, fine to coarse 5 45
Sand, yellow, medium to very coarsd é 51

Red beds {bedrock): . ..
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Thick-
Description Nefrinn Ciption e Neptl
2AN-2 N0 -2 2wl Drillers Top suapplicd Dy Bilis Caldwell. 33 fewt northeast of pump house.  Sample
Altd tude Langd surluce, 1 Sedrock, 1, Top o Lest holo.
High=terrace deposifs: Lok=terrace deposits:
Sand, fine 0 10 Sand, fine 25 28
Clay 3 15 Sumd, coaTse 5 30
calicne 3 20 sand, coarse: [ine gravel 10 40
Sand, [Hne 5 a5 Reel Deds (hedrock) s o ‘e
Sand, medinm 3 30
Sand, coarsoe 5 35 liccdl., 28 feet north of hackberry trees, Sample
Red Dods (bedrock): .. .- t hole supplied by Westlern State Hospital
2AN-21W-ddanbhl. 124 {eel south of section-line fence, o6& ~lrrrace deposita:

feet south of center of past-west section-Tine rosd, 14
feat t nf north-south trail, 0.4 mile west of northeast
fence corner,  Sample oz of test hiele. Altitodes:  land
surface, §,973; bedrock, 1,91c.

High-terrace deposits:

Sand, buft, {ine ta roarse 1o 10
Sand, buff, fine to c¢ourse; trace of very
coatrse sand iy 20

Sand, buff, medium to very coarse; thin layers
of dark-gray, and light-gray, sandy

beatonitic vlay 4 25
Sand, buft, medium to very coarse; fine gravel;

thin layer of reddish-lrown cilay: trace of

caliche 10 35
Sand, buff, fine to very coarse; fine gravel 5 40
Sand, buff, coarse to very comrse; fine to

medium gravel 17 57

Redl beds (bedrock): .- .

2IW-34ddel. 2 feet porth of section-line fence, 20 feet
ot gate, approximately 1,300 feet west of southeast

corner, Sample log of test hole. Altitudes: Iand

surtuce, 1,981; bedrock, 1,924,
Mligh-terrace deposits:
Sand, light-brown, fine to coarse 5 5
Sangd, buf fine to very coarse; thin layer of
dark-gray, silty clay 5 10

Sand, buff, fine to medium; light-gray, sandy

clay; thin layver of dak-gray clay 5 13
Sand, buf{, (ine to medium 10 25
Sand, buff, fine to c¢ourse: thin layer of

light-gray, silty to sand, bentonitic olay 3 30
Sautd, buff, medinm to vevy coarse; (ine to

medium gravel 10 40
Sand, hoff, medium to very coarse; fine to

medium gravel; thin layer of light-red clay 10 30
Gravel, fine to medium 7 a7

Red beds (bedrock): - .s

d5aaal., 355 (cct south of sectiom-line fence, 44 fect
center section-line road, B3 leet east ol fele-
phane pole, 1.1 miles west of State Highway 34,  sumple

log of test hole. Altitwles: land surface, 1,999; bedrock,
1,918,

High-terrace deposits:

Sand, light-buff, five to medium, silty 5 5
Sand, light-buff, fine to medium; dark-gray

silty clay 10 15
Sand, buff, fine to mediom; trace of coavrse

sand 5 20
Samd, buflf, very {ine to median 5 23
Sand, butt’, Fine to medium: thin layer of gray,

silty to sapdy clay 3 20
Sand, light-gray to buff, fine to medium; light-

gray, bentenitic clay 3 35
sand, bulf, fine ta very coarse; fine gravel 10 945
Sund, buff, fine to very coarse; Fine gravel i 55
Samd, buff, medivm to very roarse: Pine gravel:

veddish-brown clay 10 (553
sand, buff, medium to very coarse; fine pgravel 5 7
Sand, non ta yery coarse; fine gravel 3 73
lay, ipght-red, silty; buff, coarse to very

conrse sandi Fine gravel in lower part & &1

Red beds (bedrock): .. -

ZEN~-22uW-Hdi o1, 6D feet east and 130 Feet north of fence
corngr. Driller®s log of test hole supplied Ly Western
State Hospital.

Low-terrace ddeposiits:

Sand, liug to coarse; sill 10 1
Sand, fine to coarse 1n 20
Sand, fine to coarse: {ioe pravel; gray clay S 26
Red peds (bedrock): e i

Sand, fine to coarse; brown silt in upper

part 10 10
Sand, fine to rourseds gravel 10 20
Sand, fine; coarse sand 10 30

Sawt, (ine: coa sand; gravel, small

amount of ruy 10 a0
Sand, fine to on & i
Red beds {Dedeoskt: .- ..

2AN-23N~ b1, o focl southwest of southeast concrete gate
post on northeast ~ide of U,S. Highway 270, Sample log of
test hole. Altitude land surface, 2,033; bedrock,
2,002,

THgh-terrace deposita:

Sand, buff, fine to coarse, silty 5 5
Sand, buff, vary fine to coarse; very

coarse sand 10 15
Sand, buff, five to coarse § 20

Sand, buff to grayish-white, medium to

coarse; trace of very coarse saad 5 23
Sand, bull to grayish-white, medium to very
Coarse Ll 31

258=1 luidl. 3,300 feet west and 2,100 feet south of
northeast section corner. Partizl log of oil company test
hole. Altitudes: land surface, 1,69%; bedrock, 1,699,

RBlaine Cypsum {bedrock}:

Shale, gray, sandy 10 1n

shale. red; sandy 14 24

Sypsum, white: selenite 11 3s
Hlowerpot 4Shale:

Shale, red; trase of gray shale and silt 45 &0

2 bl. 1,120 feet north and 80 feet east of south-
west s on corner.  Pardial leg of oil company test
hele. Altitudes: land surface, 1,724; bedrock, 1,724.

Blaine Gypsum (bedrock):

Shale, red; covered by weathered shale 30 0

Anhydrite, white; underiain by gray shale 23 53
Hlowerpot Shale;

Shale, red and brick-red 17 70

25N-18W-19dddl. 300 feet nerth and 150 feet west of south-
east section copner. Partial log of oil company test
hole. Altitudes: land surface, 1,700; bedrock, 1,700.

Rlaine Oypsum {bedrock):
Gypsum, white; covered by red weathered shale;

underlain by gray dolomite 17 T1T7
Flawarpot Shale-
Shale, red, brown amwl gray &3 85

100 feet west and 60 feet south of section
Altitudes:

25M-18W~228aal.
corner. Fartial log of oil company test hole.
land surface, 1,743 bedrock, 1,743,

Nog Ureek Shale (bedrock):
Shale, red; sill; streaks of gray sand and
fine, orange sand 57 57
Hlaine Cypsum:
Gypsun, whtite; underlain by darkegray, thin
dolomite 27 &4
Flowecrpat Shale:
Shale, red and brick-red; silt; orange,
thin sand streak at top 21 185
25K-180-32ccdl, 750 feet east and 380 feet north of south-
west section corner. Tartial log of oil company test
hole. Altitudes: land surface, I,831; bedrock, 1,831,

Whitelorse Group, wndifferentiated (bedrock):
sand, orange, very Fine Y a0
sand, orange, very fine: contains coarse,
roundad. frosted, sand grains, slightly
gynsilerous AN an
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Thick= Thick-
Description ness lepth Description nesg Depth
23N-1R8W-32codl. ~~Continued 2EN-18W-2laanl, 130 Feet south and 70 [fect west of nertheast
Ilog Creek Shale: secibion cormer. Partial leg of oil company test hole.
Shale, red; silt; some very {ine sand 30 120 Altitudes: land surface, 1,p093%; bedrock, 1,693,
Sand, oramge, fine 10 130
Shale, red; silt 10 140 Dog Creek Shale (bedrock):
sand, orange, fine, slightly gypsiferous 15 153 Shale, red 20 20
Bluine Gypsum: Elaine (ypsum:
Shale, red; gray shale:; streaks of white gypsum 30 185 Gypsum, white . 16 20
Flowerpat Shale: shale, red 9 39
Shale, brick-red and gray; trace of gypsum 65 250 Gypsum, white 24 63
§ilt, gray 3 255 (Mo sample, last civculation) 5 70
Shate, red; purplish shale: 531ty gray shale 120 375 Ilowerpot Shale:
Shale, red and gray 35 105

235-1%9W-10dccl. 2,760 feet cast and 20 feet north aof south-

west section corner.,

Altitudes: land surface, 1,838; bedrock, 1,838,

Dog Creek Shale (bedrock):
Shale, red; very fine sand and silt; trace of

white gypsum 24

Sund, gray, very fine, gypsiferous 4
Rlaine Gypsum:

Gypsum, white; selenite; streaks of red shale

and gray silt 32
Dolomite, gray, eolitic 2
Shate, red; silt; brick-red and gray shale 12
Gypsum, white; selenite 2l
Dolomite, gray 3
Shale, brick-red; silt: gray shale; streaks of

gypsult 7
Gypsum, white; underlain by gray dolomite 2]

Flawerpot Shale, and older rocks, undifferentiated:

Shale, dark-gray 3
Shale, brick-red and gray; red silt; trace of

gypsum and gray silt 110
Shale, red; trace of gray shale 10
Shale, brick-red and gray; silt, trace of

gypsum 40
Shele, brick-red and gray; silt: salty trace

of anhydrite 03
Shale, red 10
Shale, red: silt; salt; trace of white, very

fine, sapd Al

Partial log of oil company test hole,

al
62
75
Q6
99

106
127

130

240
250

350
360

400

28N-18W-31laadl 1,290 feet south and 140 feet west of nacth-
east section corner. Partial log of oil company test hole,
Altirudes: land surface, 1,764; bedrock, I,764.

Dog Creek Shate (badrock):
Bund, orange, very fine; red shale; coarse,
rounded, frosted, sand grains; trace of

pray silt at bLase 55 55
Blaine Gypsum:
Gypsurs, white 25 0
Shale, brown and rod 7 87
Gypsum, white; selenite; some anhydrite; trace
of gray delomite at base 28 115
Flowerpot Shale:
Shale, gray: brick-red shale 3 k)
Shale, red; silt; gray; very Fine sand; trace
of gypsum 142 240

2EN-10W-1€a3a%.
east section coruer,

Altitudes: land surface, 1,783; bedrock,

260 feet west and 40 feet south of north-
vartial log of oil company test hole.
1,783,

Blaine Gypsum (bedrock):
Shale, red; Lrvace of gray shale; very fine sand

and silt 13 15
Gypsum, white, soft; selenite; underlain by

1-I'nol gray, sandy, porous, oolitic dolomite 25 40
Shale, red; white very fine saml it 50
Gypaum, grayvish-white; selendite 15 65
Shale, brick-red: gray shale 10 75
Cypsutt, white:; selenite: underlain by buff

dolomile 30 15

Flowerpot Shale:

Shale, gray 5 110
Shale, brick-red and gray 10 120
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Appendix C.--Chemizal analyses of water from wells and springs in Woodward

County, Okla.

Location: See text p. 4 for explunation of well-mmbdering system; well locatiems shown on plate 1.
Aguifer; Qal, low-terrace 4eposits and alluvium; Qt, hiph-terrace deposits; To, Dgallala Pormation; Pwh, Whitehorse Groun; Tb, Blaine Gypsum.
[Analytical resuits in parts per million sxcept as indicalad]
) Hardoess Specilic
Tam- l Dissolved golids an CaC(‘Ja Per. | conduct Sadium
. - . - ac- .
Socat Depin 1 Date of | pers | Silica 1::::‘ Calctum] 229 Sadium i‘;: f;:‘:‘te hf:;m Sulfate | Chloride |57 | HNitrate | Boton cont [ amce | |adsarption
oation wetar . " esium ~ i H i -
et 8 collaclion | tuta SO () {Ca} "(:(g) {Na} K lacoa coly| SOy o34 F) (NO {B) Reﬁdueron s Galoiam, | Noncar. | 994" ln:cro ratis
©F) 3 3 evaporation um N bonate | 15T mhos at SAR]
at 1B0SC magassium 25°C)
200 -17W-7abd1 70 =l 9-10-56 63 2¢  [o.o1 128 34 324 1.2 346 0 193 14 a4 7.3 0.02 809 450 176 | 13 sg2 17,20 0,6
208200 2aaa] s Pb 9-10-56 65 14 .01 943 201 1,910 | 7.8 [ o 12,000 3,080 - T L 60 5.060| 3,180 2,120 | 57 [ 12,900 ) &,8) 15
20N-200-8daal 23 To 4-10-56 60 30 .00 75 9.2 1| 1.6 246 o is 6.0 .1 22 L02 2091 223 24 | 10 439 7.3 I
205-221-19ddd1 203 To 9-10-56 63 32 .01 62 9.6 26 [ 2.3 244 a 19 14 B 6.4 .00 291 194 o | 22 442 .8
3-24-58 .. 30 .00 100 23 18 ] v 140 0 18 50 0 RI10 .34 516 345 230 3 803 o4
9-10-56 63 28 .01 102 37 7 ] 1.3 372 0 211 &4 .2 f150 .20 771 405 100 | 34 1,160 § 7.4 3.1
9-10-56 64 26 02 14 102 3,210 | 5.8 147 O {1,500 5,340 [N T U .22 11,300] 2,200 2,080 | 76 | 17,300 7.3} 50
§-31-56 i) 24 .01 750 104 1,070 | 5.8 20 oo |2,120 1,650 .8 .40 5,760{ 2,300 2,230 | 50 7,850 |7 9,7
5- 9.53 o 28 .00 3B 17 27 | 2.5 234 o 29 26 .3 .7 216 a2 | .. 331§ 7
21N-21W-16cdi2 Y- T-58 64 34 .00 EH 12 13 | 1.8 302 o ] 15 3 24 ) 349 273 28 342 ; .3
e TN Ta 9-10-56 €2 32 .03 &z 11 23 | 1.7 314 ] 8,2 s5.2| .a 20 A2 338 250 a1 17| 7.3 .6
22N-10W-2bbdl 7 at B-1i- . ‘. El] 20 58 318 s} T4 - B 8.4 13 1., 469 aos 44 § 29 0 B S R
22N-18W-35c000 a0 al 9-10-3¢8 62 28 .01 110 15 151 2.0 344 ol 162 200 4 8.5 .08 566 420 3% | 44| 1,43077,4] 3.2
22N-21W-1%ahe 51 To 9-10-56 a2 n .01 8.7 8.0 20 1.8 308 o 2,3 9,5| .4 14 Loo | . 331 230 o} st s2517.3 B
22N-224-2 1zbe 1 60 To 9-14.5¢ &2 3¢ 01 94 11 8.1 | 2.9 328 0 7.4 s.2] .3 9.9 o0 | . . 335 280 11 f 517 | 7.2 .2
23N-17W-8abbl 73 e #-11-36 &7 26 Lao a60 a8 &5 2.6 316 0 1,570 36 e 28 I E- 2 2,748F 2,050 1,530 & 2,510 -4
23N-1TW-150cc 190 Pwh 9-11-56 66 34 .01 5 28 35 2.4 340 i} 17 28 .2 2.9 .03 374 264 n | 2z 595 .G
B2 3N-17W-20 12wi2-52 .. 24 sl 54 26 32 L8 309 0 16 24 .1 2.4 s 337 242 ol .. 566 s
2IN-17-30cccl 133 L 9- 1-56 7 14 .01 600 69 §d 1.9 132 0 1,610 40 7 ¢.2 .09 veee] 2,330 1,780 1,670 G 2,740
238-154-30dde 106 Puh 9-11-56 63 13 .01 33 5.2 16 1.5 125 o 8,2 8,21 .1 1% o3 RPN 182 104 o a3 269
23N-19%-2 6dbdl 61 0t F-16-51 . 2% .00 58 11 32 1.9 231 0 24 26 .3 2 R B 305 150 o4 27 501
23K-1M-28acal [ qt 9-11-56 63 iz .01 40 10 L5 | 1.5 194 0 i3 14 .4 5.4 .00 Y, 240 162 1120 2es .7
23N-200W-Tdbds raees Qt 3.13-57 63 3z .00 7 13 sS4 2.3 111 n 151 70 3 3.0 N I 432 23z 141 | 33 713 1.5
C23n-200-7, 8, 161 ..., at 2-20-51 .. 26 .02 s 5.3 18 1.7 104 0 23 28 .0 6.1 e 197 107 21§ 28 303 .
da3v-z0n-23, SEE|..... Fwh 9-10-56 60 30 02 49 9.1 38 1.4 160 o 31 49 i 5.t e 292 160 2e | 33 47 1.3
23K-20W-31ddd1 320 Ph Um 7256 &6 24 .01 740 62 £06 a4 126 2 i1,8%0 1,220 - I V13§l }o4,810] 2,100 2,000 7.7
23N-22W-22dedl 5t To 9-10-56 B3 38 L1 B2 e.8 15 2.2 292 1] G.5 7. .2 22 U5 313 245 % .3
2AN-19N-2Vchbl 101 Ot 8-11-56 64 50 .02 41 9.1 20 2.6 192 0 7.4 i) -1 7.8 a0 . 242 140 o -7
24N~20W-bcdbl 135 Qt 9- 7-56 64 33 .01 64 17 7.4 1 2.5 260 0 8.2 7.0 .1 22 .03 . 289 230 7 .2
24N-2W-32baal ..., . G- 7-56 64 25 .02 570 274 1,150 5.0 356 0 (1,550 2,200 {10 {..... .46 .. 5,950{ 2,530 {2.26D 3.9
24K-22W-fabbl 11 Qal 7-11-47 . T 106 0 230 270 ... .0 U U P a0 |..... .. 1,890 b aau | e
24N-Z2W-10cabl | ..... Qal 10~ 8-52 [ ., 25 W10 160 57 100 2, 334 o a3 131 .5 1.1 634 60 | ., 1,550 | 7 .

[="N SR~

Town of Sharan
Town of Quinlan, composite sample of three wells taken from tap
City of Woodward, composite sample of 21 wells taken from tap

Boiling Springs, sample taken from discharge pipe at main spring

in Boiling Springs State Park
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Appendix D, --Uhemical analyses of water frow streams in Woodwar? County, Okla,

{Analytical resulis in parts per millien except as indicated)

Hardness

Sod-
as Ca C0y ium
ial- Per~ |ad- [Specific
Ten- Mag- cium, cent | scrpqconduct-
Stream and location Date of Nis- [pera-| Cal-|une- Sodium and | Bicar- Mag-~ Noncar—|sod- | tion fance pHi
collectionichargg ture | cium|sium § petassium bonate | Chloride | nesium | bonate [Ium ratig (micromhos
(efs)E(PF) | (Ca)|tvgd i (Na + 5 (ACD3) 1) (SAR) | at 25°C)
Bent Creek, 20N-17W-22, w7, at coumty- 4-18-36 § Q.74 51 3s52) 98 41 226 1.150 1,280 | 1,100 7 0.5 2,130 &2
highway bridge.
Kizer Creek, ZON-18W-33, SW, west line of 4-17-56 .36 35 532 117 33 232 34 1,860 | 1,070 4 .4 | 2,640 8.1
section at county-highway bridge.
South Persimmon Treck, 208-20W-10, NW%, north 4-17-56 .94 57 122 12 32 318 20 355 Q& 14 M 853 7.7
line of section at county-highway bridge.
Do, 5-23-36 L1967 106 28 22 328 13 372 103 11 - T4E 7.7
Hackberry Creek, 20M-20W-24, %E}, north line 4-17-56 .04 ' 200 44 41 296 36 “8o 438 12 .7 1,300 P9
of section at county-highway bridge,
Tersimmon Creek, 2IN-18W-30, SE%, at bridge on B- 3-51 - 74 128 50 706 118 524 0 . . 1,450 7.9
U,S, Hignway 270.
Sand Creek, 2IN-19W-4, SW%, at bridge on 1.8, 4= 5-58 1,514 .. 71 19 30 156 44 255 27 20 .3 638 7.1
Wighway 270,
Persimmon Creek, 2IN-1BW-33, NEZ, east line of 4-17-36 1.37 [ 38 130 17 32 310 4% 395 141 22 1,1 434 7.8
section at county-highway bridge.
North Persimmon Creek, 2IN-20W-27, SWhk, wast £-17-56 1.151 61 104 8.6 38 304 42 295 48 2z 1.0 791 7.8
line of section at bridge on State Highway
34,
Da. 5-23-56 L I 78 20 a1 240 I8 276 &0 20 .8 655 7.0
Indian Creek, 22N-190%-21, $F}, east Iine of 4-17-56 |No 59 72| 17 59 138 &3 250 137 34 1.6 746 7.5
sectiaon at county-highway bridge, {low
Indian Creek, 22N-19W-3D, NEZ, east iine of 4-17-56 15| 64 135 42 336 13e 435 660 548 53 5.7 2,620 7.0
section at county-highway bridge.
Unnamed tributary to Tndian Creek, 22N-20W-27, 4-17-56 21 84 68 11 37 230 34 215 26 27 1.1 601 7.7
5E}, south line of section at county-
highway bridge,
S
Do, 5-23-38 074 67 77 17 37 286 37 260 26 24 1.0 660 8.1
Indian Creek, 22N-20W-29, NEL, east line of 3-28-56 | 2.57§ &7 1381 23 125 192 195 460 320 37 2.5 1,420 7.8
section at bridge on State Highway 34, ) ’
De. 5-23~36 .85} 68 1441 28 161 270 126 475 254 42 3.2 1,160 7.6
North (anadian River, 23N-20W-23, SEL, at 5- 9~55 |42.5 63 50 13 67- 152 102 180 56 45 2.2 761 g.1
bridge on State Highway 15,
Wolf Creek, 24N-22W-9, $BL, at bridge on U.S. 2-23-56 [|31.5 | 60 43 ] =2t 73 214 107 260 83 38 2.0 214 g, 1
Highway 270.
Do, 3-28-36 |15.9 |60 901 18 06 236 20 3090 106 41 2.4 1,000 7.3
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EXPLAMATICN

2
Donestic, stock, or uaused well

&

Flawing well tater—test hels

@

tarigsion, industrial, or

Fublis-supply well

Dilutest hole

Twe or more wells; bar (N\}indicates that at least

ent Bf the wells is a water—tegt hole

Tuo or noxe Wells including &t least one ircigation, industrial, oc

public-supply well; Bar {2 zndicates that at least one of the

wells is a watec-teSt holé.

Amuifer test; intludes two ox ogre water-test holes and at

deast one Lrrigation, industrial, or public~suppiy Well.
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BPTARATION

N

Red beds (bedrock) at or near Jand surface

i

Tertiary and Quatesnary depasits

Arca where the buried nedrock surface is
belicved to extend above the water table
in Tertiary and Quaternary deposits, Doring
wet periods Tertiary and Quaternary deposits
may contain lecally perched-water bodies

2020
o}

Control point
Number indicates altitude of watee table

™.

Deainage divide befween Cimicron wnd
North fanadian Rivers

Gerierzlized Loundary butwcen red beds and
vaunger Tocks

2020

Hater-level conteur, cdaghed where
approxizate, Contour interval 20 foee.
DAty is anan sea level.
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Geologic section shown on plete 7

well symvols cxplained on plate 2
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EXPLAMATION

Red veds (bedrock) 2t or near 1and surface b

1

Tertinry ard Quatermnzy depesits

-~

Genecalized beundaey between cod beds and yousger rogks

Contour on top of the caacssled Gedrowk surfase, dashed wheee
spproximte. Bused on anformaeion {rom test holes and weiis,
Contatr intecval 20 fect. Datun iz meas sga dovel.

2020
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Gontrol paint
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EXPLANATION

Red beds (bedrack) at or near land sur

L]

face

Tertiery and Quatermary deposits

~—
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Uik

EXPLANATION

fSopth te water belew land surface less than 20
feet. Kelf depths gencrally less than &0 feet.
Yields adequate for domestic oc stock wse.
where thickness of saturated material about the
zed Peds (bedrock) is suificient, yiclds arc
adequate for cwnicinel, industrial, or irriga-
tion purpesce,

Depths to vater bedow land surface ranges {rom 20
to 50 Foet. ieil depths gencrally more thanm 40
and lesz than 110 Ffert,  Yialds adogumste For
domestic or stomx use, Where thickaess of
saturated matorfals above the red beds (bedrock)
is swificient, yiclds are adeguate for mmnici-
pal, industrial, or irrigation purposes.

Tepen to water below land surface ranges from 50
to 100 feet, 'ell deptns generally nore than 50
and less than 200 feet. Wields adonuate far
domcstic or wtock wae. I places whers fhick-
ness o saturated mateeinls above the red heds
(bedreck) is sufficicot, yiclds probably adeguate
for ivrigatden pucpoeses.

Ve
i X574 2K
N (% I
o
T e
28
]

) Suepey Rasgrvo,

epth to water brelow tand surface more than 100
feet. Well depths generally morc than 130 and
loss than 200 fret.  Yields adequare [or donos-
tic or stotk wse, Lotally, where thickncss of
saturated materinls abowve the rud beds (bedreci)
is preat, yiclds prebabdly are sdequate for
irpigation purpeses.

ked beds (bedrock} at or near the lucd surface.
Uepth to wator ranges widely and i comtrolled
largely by fapography ard stratigraphy, Yields
adeqmate for derestic or stack use, but water
mey be mederately to highly nineralized. Lasal-
ly. wells tapping =revices, solution chaunels.,
or larges cavities in beds of gypsum nay produse
sufficient water for izrigatiom purpases.

R N S

oundary, dashed where Approsimate

Well synools cxplained on plate 2.

R 22w

R2IW R20wW
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Bioinage from aerial photographs
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