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GROUND-WATER RESOURCES AND GEOLOGY OF
NIOBRARA COUNTY, WYOMING

By Harorp A. WHITCOMB

ABSTRACT

Niobrara County occupies an area of about 2,600 square miles in east-central
Wyoming. The region lies in the western part of the High Plains and is charac-
terized by rolling grasslands, isolated low mountains, and local badlands. The
climate is typical of the northern High Plains—a region of low precipitation,
high rate of evaporation, and a wide range in temperature. The economy of
Niobrara County is based principally on ranching and farming.

The rocks exposed in Niobrara County are mostly sedimentary deposits that
range in age from Cambrian to Recent. Igneous and metamorphic rocks of
Precambrian age crop out in the core of the Hartville uplift in the southcentral
part of the county. Throughout much of the area, older rocks are overlain by
deposits of Late Cretaceous and Tertiary age. Aquifers of pre-Cretaceous age
generally lie too deep to be congidered potential sources of ground water in the
area.

The 150 to 300 feet of interbedded sandstone and shale that composes the basal
unit of the Cretaceous System in Niobrara County is designated as the Inyan
Kara Group in the northern part of the report area and the Cloverly Forma-
tion in the southwestern part. Although the correlation between these forma-
tions has not been established, they are believed by some authors to be litho-
genetic equivalents. In this report, the Inyan Kara Group and the Cloverly
Formation are considered to be a single hydrologic unit having similar water-
bearing characteristiecs. The Inyan Kara Group and Cloverly Formation yield
small quantities of water to domestic and stock wells drilled in or near areas
of outcrop and moderate quantities to wells supplying the Lance Creek oil field.
The water is generally under artesian pressure, and one of the Lance Creek wells
fiowed when completed.

The Inyan Kara Group is overlain by as much as 4,500 feet of principally
shale and claystone of Cretaceous age. These depogits are not considered to be
water bearing except for small quantities of water that might be obtained from
the Newcastle Sandstone where it crops out on the eastern flank of the Old
Woman anticline.

The Fox Hills Sandstone of Late Cretaceous age yields small quantities of
water to stock and domestic wells in the northeastern part of Niobrara County.
The water is under artesian pressure, and wells drilled along the western border
of the outcrop might flow. The generally steep dip of the beds causes the for-
mation to lie at progressively increasing depths west of the Fox Hills-Lance con-
tact. The formation is about 500 feet thick in the southern part of the outcrop
and apparently thins northward.
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The Lance Formation of Late Cretaceous age and the Fort Union Formation
of Paleocene age are the principal sources of stock and domestic water in the
northwestern part of Niobrara County. In most areas, the yield to wells may be
expected to increase with depth and the number of water-bearing beds pene-
trated. The thickness of the formations increases from a thin eroded edge along
the east margins of their outcrops to an estimated combined thickness of about
4,000 feet at the county line between Niobrara and Converse Counties.

The White River Group of Oligocene age, which unconformably overlies older
rocks ranging in age from Early Cretaceous to Paleocene, yields small quantities
of water to stock and domestic wells in the central part of the report area. Larger
quantities might be obtained from coarse channel deposits that occur at some
places in the formation. The thickness of the White River Group ranges from a
thin edge overlapping older rocks to about 550 feet in the eastern part of the out-
Crop area.

The Arikaree Formation of Miocene age is the only known source of large
quantities of ground water in Niobrara County. It yields water to many stock
and domestic wells, 16 irrigation wells, and the wells supplying the communities
of Lusk and Manville. Most of the irrigation wells are capable of yielding
as much as 500 gpm (gallons per minute) and several would probably produce
1,000 gpm with suitable pumping equipment. Even larger yields may be expected
from wells penetrating greater saturated thicknesses of the aquifer. The Arikaree
is thin where it wedges out against the Hartville uplift but is estimated to be 600
to 700 feet thick in the vicinity of the Nebraska State line.

The Alluvial deposits of Quaternary age in the valleys of the Cheyenne River
and Lance Creek yield water to a few stock and domestic wells and to several ir-
rigation wells. These deposits are the principal potential source of moderate to
large quantities of ground water in the northern part of Niobrara County. Re-
ported yields of irrigation wells range from 170 to 300 gpm, and wells of larger
capacity probably can be developed in some areas. The thickness of the alluvium
ranges from a few feet in the upper reaches of Lance Creek to a reported 100 feet
near the confluence with the Cheyenne River.

Most of the water utilized in Niobrara County is obtained from drilled wells
because surface-water supplies are ephemeral and unpredictable. Some water
is pumped for irrigation from Lance Creek and the Cheyenne River during periods
of intermittent flow, and perennial flow in the Niobrara River provides water for
irrigation along the lower reaches in Niobrara County. In most areas the pump-
age of ground water could be increased appreciably without noticeably affecting
water levels or seriously decreasing the quantity of water in storage.

Recharge to the ground-water reservoir is principally from precipitation, which
averages about 15 inches per year in Niobrara County. Recharge to the Arikaree
Formation has been estimated to be only about 0.33 inch per year: probably, a
somewhat smaller amount reaches the ground-water reservoir in the finer grained
rocks underlying most of the northern part of the county.

Ground-water discharge in Niobrara County is principally by underflow
through the aquifers. Smaller quantities are discharged by springs and seeps,
evapotranspiration, and discharge from wells. Approximately 5 to 8 million
gallons of water per day moves as underflow through the Arikaree Formation
eastward across the Nebraska State line. Appreciably larger quantities of
ground water probably move westward through the Fox Hills Sandstone and
the Lance and Fort Union Formations into the Powder River Basin. A study
of the use of ground water by cottonwood trees along Lance Creek indicates
that at least 4 million gallons of ground water is withdrawn daily from alluvial
deposits.
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Water derived from the White River Group and from the Arikaree Forma-
tion in Niobrara County has the best quality for general use. Although water
from both formations has certain undesirable characteristics for some uses,
a well drilled into one or the other would probably provide water of better
quality than can be obtained from the other geologic sources in the area.
Because of the diversity of dissolved constituents, which cause water from
some of the wells to be objectionable, the development of water from either
formation for uses requiring a specific quality should be preceded by a chemical
analysis.

The Inyan Kara Group is capable of yielding water of fair to good quality
at certain locations from relatively shallow depths, although the quantities
obtainable may not be large.

Water from the Pierre Shale, Fox Hills Sandstone, Lance Formation, Fort
Union Formation, and the alluvium seems suitable for stock supplies but may
or may not be suitable for irrigation use, depending upon location. In general,
for domestic use these supplies should be considered acceptable only if no
other supplies are available.

INTRODUCTION
LOCATION AND EXTENT OF AREA

Niobrara County occupies an area of about 2,600 square miles in
east-central Wyoming (fig. 1). Its outline is a rectangle measuring
about 62 miles in a northerly direction and about 42 miles in an
easterly direction. The county includes 60 complete townships and
parts of 26 others, lying approximately between lat 42°37” and 43°30’
N. between long 104°03" and 104°53" W.

PURPOSE AND SCOPE OF INVESTIGATION

The investigation of the ground-water resources of Niobrara County
is part of the program of ground-water studies being made in Wyo-
ming by the U.S. Geological Survey in cooperation with the Wyoming
State Engineer. The study was made under the supervision of H. M.
Babcock and E. D. Gordon, successive district supervisors in charge
of ground-water investigations in Wyoming. The quality-of-water
study was made under the general supervision of T. F. Hanly, district
engineer of the Quality of Water Branch for Wyoming. The quanti-
tative analysis of water-bearing materials were made under the super-
vision of A. I. Johnson, chief of the Hydrologic Laboratory of the
Geological Survey at Denver, Colo.

At the request of the Wyoming State Engineer, the investigation
of the ground-water resources of Niobrara County was started in the
summer of 1957 as a cooperative study of the availability of ground
water for irrigation along the valley of the Niobrara River in the
southeastern part of the county. The study was later expanded to
include the entire county. The purpose of this investigation was to
evaluate the ground-water resources of the area to determine the
possibilities of developing new or additional supplies of ground water
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in areas where present supplies are unsuitable or inadequate. The
work included a study of the character, thickness, and extent of the
principal water-bearing formations and the occurrence, movement,
quantity, and quality of the ground water contained in them.
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FI6URE 1.—Area described in this report and other areas for which ground-water reports
have been released or where work is in progress.

PREVIOUS INVESTIGATIONS

Several geologic investigations of areas including parts of Niobrara
County have been made in the past, and the results of these studies
have been published by the U.S. Geological Survey or by State agen-
cies. One of the earliest of these reports was by Hancock (1920), who
described the geology in the vicinity of the Lance Creek oil and gas
field. Dobbin and Reeside (1929) described the contact between the
Fox Hills Sandstone and Lance Formation in outcrops exposed in
northern Niobrara County. A study of the Permian and Pennsyl-
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vanian strata of the Hartville Hills by Condra and Reed (1935) of
the Nebraska Geological Survey included that part of the Hartville
uplift lying in southwestern Niobrara County. In 1940, the Nebraska
Geological Survey published a correlation of the stratigraphy of the
Laramie Range, Hartville uplift, Black Hills, and western Nebraska
(Condra and others, 1940).

Two Oil and Gas Investigations Maps covering parts of southwest-
ern Niobrara County were published by the U.S. Geological Survey
in 1949. Preliminary Map 92 (Love and others, 1949) shows and
describes the geology and structure of the Glendo area of Platte
County, and Preliminary Map 102 (Denson and Botinelly, 1949)
provides similar information for the Hartville uplift. A report on
the geology and ground-water resources of the Upper Niobrara River
basin (Bradley, 1956) includes a small part of southeastern Niobrara
County. Babcock and Keech (1957) estimated the underflow in the
Niobrara River basin across the Wyoming-Nebraska State line. Dob-
bin, Kramer, and Horn (1957) mapped the geology and structure of
the southeastern part of the Powder River Basin of Wyoming, which
includes approximately the northern two-thirds of Niobrara County.
This map and the geologic maps of the Hartville uplift and the Glendo
area have been adapted for use in this report.

METHODS OF INVESTIGATION

The geologic study of the pre-Tertiary formations of Niobrara
County consisted of a brief examination of rock outcrops and a study
of drillers’ records and logs of rocks in the subsurface. These for-
mations have been mapped and described by earlier workers, and much
of the published data has been utilized in the preparation of this
report. A more intensive study was made of the Tertiary rocks to
establish and map the contact between the White River Group of
Oligocene age and the Arikaree Formation of Miocene age. No at-
tempt was made to subdivide the Arikaree into the various lithologic
units recognized in Nebraska because of the negligible value of such
a detailed study to this report.

Water level data were collected for representative wells throughout
the county. Most of the wells, however, are south of T. 34 N. where
the data were used to sketch contours on the water table in the Arikaree
Formation and thus determine the direction and rate of ground water
movement in that area. Records of water wells and oil-test holes are
given in table 9. The depth of the well and the depth to water were
measured by the author when possible; otherwise, the data were ob-
tained from the well owner or driller. Information regarding the
construction of the well, its discharge, and the character and thickness
of the water-bearing material was obtained from drillers’ records,
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when available, or from the well owners. Drillers’ logs of water wells
and oil-test holes are given in table 10.

Pumping tests were made-at six irrigation wells to determine the
pumping capacity of the wells and, when possible, the hydrologic
properties of the water-bearing materials. The physical and hydrologic
properties of 29 samples of the Arikaree Formation and the White
River Group were determined in the Hydrologic Laboratory of the
U.S. Geological Survey at Denver, Colo. Chemical analyses were
made of 34 water samples collected from wells in the area.

The geologic and hydrologic field data were recorded directly on a
base map adapted from the Wyoming State Highway planning map
for Niobrara County and are incorporated in the geologic map in-
cluded in this report (pl. 1). Aerial photographs were used in the
field to insure maximum accuracy of location of all data in areas where
map detail was lacking. Topographic maps of Niobrara County were
not available; therefore, altitudes of the water table (pl. 1) were de-
termined with a surveying aneroid barometer, using points of known
altitude obtained from established bench marks and from records of
the Wyoming State Highway Department.

WELL-NUMBERING SYSTEM

Water wells and oil-test holes shown on the accompanying map
(pl. 1) are numbered according to the Federal system of land sub-
division. The number shows the location of the well or test hole by
township, range, section, and position within the section, as illustrated
in figure 2.

The first numeral of a well number indicates the township, the
second the range, and the third the section in which the well is located.
The lowercase letters following the section number indicate the posi-
tion of the well within the section. The first letter denotes the quarter
section and the second letter the quarter-quarter section (40-acre tract).
The subdivision of the sections and quartersections are lettered a, b, c,
and d in a counter clockwise direction beginning in the northeast quar-
ter. Where more than one well is in a 40-acre tract, consecutive num-
bers beginning with 1 are added to the well number.

ACKNOWLEDGMENTS

The writer is indebted to the several well drillers operating in
Niobrara County who, from their records and memories, furnished
much well data that could not have been otherwise obtained. Ranch
owners or tenants permitted and often assisted the writer in col-
lecting hydrologic data and water samples. The Niobrara County
Agricultural Stabilization and Conservation Office at Lusk , Wyo., pro-
vided records of water wells drilled under the conservatlon program.
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Information regarding public-supply wells was obtained from the
water superintendents of Lusk, Manville, and Lance Creek, and from
records of the Continental Oil Co. at Lance Creek oil field. The
Planning Division of the Wyoming Highway Department provided
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a reproducible print of the map of Niobrara County, which was used
as a base for the geologic map and the depth-to-water map included
in this report.

GEOGRAPHY

TOPOGRAPHY AND DRAINAGE

The surface features of Niobrara County may be separated into
three main physiographic units (pls. 1 and 2): (1) the upland area,
which includes approximately the southern one-third of the county,
(2) the lowland area, which occupies most of the remaining two-
thirds of the county, and (3) that part of the Hartville Hills, known
locally as Rawhide Butte, which projects into the southwestern part
of the county.

THE UPLAND AREA

The surface of the upland area is for the most part a rolling table-
land of only moderate relief. The area is terminated abruptly along
its north margin by an irregular but persistent escarpment 300 to 500
feet high that extends from the east to the west border of the county.
From a high, rather deeply dissected area north of Lusk and Manville
the terrain slopes away to the east, south, and west to coalesce with
the surface of the High Plains of eastern Wyoming and western
Nebraska. Altitudes range from about 4,700 feet at the State line
to 5,500 feet northwest of Lusk. Consequently, the maximum relief
on the upland surface is only about 800 feet, and the average relief is
considerably less.

The Niobrara River system drains the southeastern part of Niobrara
County and flows eastward to join the Missouri River in northeastern
Nebraska. Throughout most of its reach in Wyoming, the Niobrara
River meanders over the floor of a broad shallow valley that in places
is poorly defined. West of Lusk, however, where the river has cut into
the less permeable and more resistant rocks of the Hartville uplift,
the stream valley deepens and narrows abruptly.

The gradient of the stream channel between Lusk and the Wyoming-
Nebraska State line is only about 10 feet per mile. Between Lusk
and Manville the gradient steepens to nearly 25 feet per mile. Up-
stream from Lusk, flow in the Niobrara River is intermittent; how-
ever, some stretches contain water throughout the year. East of Lusk,
the stream channel is mainly dry or marshy for a distance of about 10
miles; east of this area, the flow in the Niobrara River is perennial.
The discharge of Niobrara River, measured at the Wyoming-Nebraska
State line from October 1955 to September 1959, ranged from an aver-
age of 1.85 cfs (cubic feet per second) during September 1959 to an
average of 10.2 cfs during May 1957. The mean discharge for this
period, however, is 4.46 cfs. The monthly discharges of Niobrara
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River at the Wyoming-Nebraska State line and monthly precipitation
at Lusk are shown in figure 3.

Muddy Creek drains the southwest corner of Niobrara County. The
stream has cut a deep narrow valley along the northwestern flank of
the Hartville Hills, and its tributaries have dissected the adjacent
plains surface into numerous radiating valleys separated by steep-
flanked ridges. Streamflow in the Muddy Creek drainage system
moves southwestward and joins the North Platte River. The flow in
the stream is intermittent throughout most of its course in Niobrara
County, with perennial flow in some reaches of the channel.
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F1GURE 3.— Hydrographs showing discharge of the Niobrara River at the Wyoming-Nebraska
State line and precipitation at Lusk, Wyo., water years 1956-59.

Lance Creek and its tributary, Bliss Creek, rise on the uplands in
the southwestern part of Niobrara County and flow northward across
Hat Creek Breaks and thence eastward into Cheyenne River. Both
Lance Creek and Bliss Creek have perennial flow in their upper
reaches, and the flow in Lance Creek persists for an appreciable dis-
tance north of the Breaks before it subsides into the streambed or dis-
appears by evaporation.

THE LOWLAND AREA

The lowlands lying north of Hat Creek Breaks consist of a plains
surface that has been rather deeply and irregularly eroded by wide-
spread stream action. Sandstone-capped ridges, mesas, and buttes,
separated by narrow steep-sided valleys, are typical of much of the
area The monotonous terrain is broken in some areas by colorful
local badlands carved in the variegated shale of the White River
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Group. Only the broad valleys of Lance Creek and the Cheyenne
River and their major tributaries provide a favorable environment
for agricultural development.

Surface runoff on the lowlands moves northward via Lance Creek
and its major tributaries, Lightning Creek and Old Woman Creek,
and empties into the east-flowing Cheyenne River in the northeastern
part of Niobrara County. The Cheyenne joins the Missouri River
in north-central South Dakota. Stream gradients are low, and stream
patterns are characteristically meandering.

Surface runoff in Lance Creek and the Cheyenne River is extremely
erratic, ranging from no flow for many days throughout the year,
chiefly during the winter months, to discharges of several thousand
cubic feet per second after heavy or prolonged rains. Several thou-
sand acre-feet of water is withheld from Lance Creek and the Chey-
enne River by about 2,000 small reservoirs used for storage of stock
and irrigation water. Additional water is pumped directly from the
river for irrigation. Because of the diversion of surface runoff, no
attempt was made to correlate the flows of Lance Creek and the Chey-
enne River with precipitation on the drainage areas.

RAWHIDE BUTTE

Rawhide Butte, the northern extension of the Hartville Hills lying
in southwestern Niobrara County, rises abruptly more than 1,000 feet
above the surrounding plains to a maximum altitude of about 6,100
feet.

The rocks of Precambrian and early Paleozoic age, which were up-
lifted to form the Hartville Hills, have been deeply dissected by recur-
rent erosion. The floors of the deeper valleys and canyons are car-
peted with deposits of late Tertiary age, which are intra-mountain
extensions of the upland surface. The crest of Rawhide Butte is
craggy, and the flanks are scarred by deep narrow ravines. The up-
turned edges of sedimentary strata surrounding the Hartville Hills
form asymmetrical foot-hill ridges with steep inward-facing slopes.
North of Rawhide Butte, rocks of the Hartville Hills extend as a low
but well-defined ridge as far as the Niobrara River. North of the
river, a few isolated outcrops of similar strata indicate that the hills
once had a greater northward extension.

Surface runoff from precipitation on the relatively impermeable
rocks of Rawhide Butte is predominantly westward into Muddy Creek.
Runoff moving down the eastern slopes of the mountain apparently
is rapidly absorbed into the more permeable sandstone underlying the
plains, because well developed drainage patterns adjacent to the moun-
tain quickly lose their identity, and surface flows rarely reach the
Niobrara River.
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CLIMATE

The climate of Niobrara County is typical of the northern High
Plains—a region of low precipitation, high rate of evaporation, and
wide ranges in temperature. The normal annual precipitation at
Lusk for the period 1931-59 was 15.25 inches, of which about 50 per-
cent occurred during April, May, and June. Snowfall during the
winter months is generally light and is only about 10 percent of the
annual precipitation. The annual and average monthly precipitation
at Lusk is shown in Table 1. Summer rains are generally brief but
heavy and often are accompanied by thunder and lightning and oc-
casionally by strong winds and hail. Winter storms are frequently
driven by strong winds, and in the past blizzards have caused wide-
spread loss of livestock. Average monthly temperatures for the pe-
riod 1931-59 at Lusk and Redbird, Wyo., are given in table 2. Mini-
mum and maximum temperatures during this period were —35°F and
105°F. The growing season is relatively short, averaging about 115
days between late May and the middle of September.

TABLE 1.—Precipitation, in inches, at Lusk, Wyo., 1931-59
[From the records of the U.S. Weather Bur.]
Annual precipitation

3911942 ________ 1958
16.11 | 1943___ 1954__
15.01 | 1944___ 1955_ -
12.83 | 1945 __ 1956__
18. 38 {1946___ 1957__
12.40 11947 ______________ 19658 e
13.48 [1948___ 1959 .
17.02 [ 1949
14.19 [1950-
13 1951_

January.____.________ 0.50 | May . __ ________ 2.57 | September—__________ 1.16
February____________ .49 [ June. _______ ________ 2,87 | October____ . 90
March__ __ . ________ 83 | July e 1.61 | November___ . _______ .62
April___ . ___ 1.94 | Avugust . ________ 1. 15 | December__ . ________ .47

TABLE 2—Average monthly temperatures, in degrees Fahrenheit, for the period
1931-59 at Lusk and Redbird, Wyo.

[Length of record at Lusk, 29 yr; at Redbird, 13 yr. From the records of the U.S. Weather Bur.]

Lusk Redbird

January _ _ _______ __ o _________ 24. 2 20. 8
Fﬁbrul?ry _________________________________________ 27 26. 6
arch . _ _ _ _ __ .. 32. 6 3L 9
April . 43. 2 44. 7
May _ e 53. 1 55. 7
June __ 62. 6 65. 2
July . 70. 6 72. 6
August_____ . 68. 9 71.7
September_ ___ ______ o ______ 59 61. 3
October_ _ _ _ _ oo 48.1 48. 9
November__ ___ __ _____ . 34 32. 8
December_ _ _ ___________ o ___ 27. 6 25. 9
Average _ _______ oo _____. 45. 9 46. 5

756—672 O—65——2
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AGRICULTURE AND INDUSTRY

The economy of Niobrara County is based primarily on the raising
of livestock and the cultivation of crops to support the livestock in-
dustry. The Wyoming Department of Agriculture (1955-56) re-
ported that the number of cattle and sheep was nearly equal on Nio-
brara County farms and ranches in 1956. Most of the cattle are raised
for beef; less than 2 percent are dairy cows. Sheep are raised for both
wool and mutton. Hay is the largest farm crop raised in the county
and utilizes about 75 percent of the total acreage devoted to crops.
Corn, oats, and barley also are raised for livestock consumption.
Wheat is the only crop cultivated on a large scale that is not used prin-
cipally for stock feed. Irrigation in the county has been on a rela-
tively small scale, and most crops are raised by dryfarming methods.

Niobrara County produces an appreciable part of Wyoming’s oil
and gas. Lance Creek produced nearly 20 million barrels of oil per
year in the peak production years 1940 and 1941. The annual produc-
tion in 1954 had decreased to a little more than 1 million barrels.
Smaller quantities of oil have been pumped from the Lance Creek
East and Mule Creek fields.

TRANSPORTATION

Niobrara County is served by the Chicago and North Western Rail-
way, which crosses the southern part of the area. The only east-west
highway, U.S. 20, parallels the tracks of the Chicago and North West-
ern Railway. It is intersected at Lusk by U.S. 85, which traverses the
county northeastward. Most of the remaining roads in the county are
either gravel topped or have a natural surface.

SUMMARY OF STRATIGRAPHY

Niobrara County is underlain by a thick sequence of sedimentary
rocks of Cambrian to Tertiary age that lie on crystalline rocks of Pre-
cambrian age (Seefig.4.) Only rocks of Cretaceous age and younger
are significant to the study of ground-water conditions in the report
area. The age, thickness, physical character, and water-bearing prop-
erties of these formations are summarized in table 3. A more detailed
discussion is devoted to those formations that are presently yielding
water to wells in Niobrara County or that may be potential sources
of ground water in the future. For more complete descriptions of the
geologic formations not discussed in this report, the reader is referred
to the bibliography of this report.
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GEOLOGIC FORMATIONS AND THEIR WATER-BEARING
CHARACTERISTICS

ROCKS OF PRE-CRETACEOUS AGE

Rocks of pre-Cretaceous age in the report area are not considered
to be potential sources of ground water as they are within a practicable
drilling depth in only a few small areas where local structural features
have uplifted older rock and where subsequent erosion has removed
much of the overlying sediments. Also, the uppermost 1,200 to 1,300
feet of pre-Cretaceous strata principally consists of fine-grained clastic
material that normally transmits water very slowly.

CRETACEOUS SYSTEM

INYAN KARA GROUP AND CLOVERLY FORMATION

Inyan Kara Group is the name applied by Rubey (1930, p. 5) to the
Lakota Sandstone, Fuson Formation, and Fall River Sandstone in the
northern part of the Black Hills, because of the difficulty of differen-
tiating between these formations in some parts of the area. Recent
changes in Black Hills terminology reduce the Fuson Shale from
formational rank as recognized by Darton (1909, p. 45-48) to a mem-
ber of the Lakota Formation (Waagé, 1959, p. 32-33). Rocks of
Inyan Kara lithology have been traced southward from the Black
Hills to the vicinity of Manville in southern Niobrara County (Dobbin
and others, 1957), and although the name Inyan Kara Group was
applied to these strata, the Fuson Shale was retained as a formation.
In keeping with revised Inyan Kara terminology, the Fuson is now
considered a member of the Lakota Formation of the Inyan Kara
Group in this area.

In southwestern Niobrara County, the interbedded sandstone and
shale that compose the basal unit of the Cretaceous System and that
occupy a stratigraphic position similar to that of the Inyan Kara
Group elsewhere in the county are assigned to the Cloverly Forma-
tion of Early Cretaceous age. These rocks have not been correlated
with the Inyan Kara of the Black Hills, but Waagé (1959, p. 15)
postulated that the Cloverly Formation of the Bighorn Basin is prob-
ably the lithogenetic equivalent of the Inyan Kara Group of the eastern
Powder River Basin. For the purpose of this report, the Cloverly
Formation is considered to be continuous with the Inyan Kara as a
hydrologic unit and to have similar water-bearing characteristics. In
the area of this report, both the Cloverly Formation and the Inyan
Kara Group are underlain by the Morrison Formation of Late Jurassic
age. South of this area the Cloverly Formation is overlain by the
Thermopolis Shale. In the northern part of the area the Inyan Kara
Group is overlain by the Skull Creek Shale.
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DISTRIBUTION

Strata of the Inyan Kara Group and Cloverly Formation underlie
most of Niobrara County, generally at great depths. They crop
out in the central part of the map area in the crest of a few widely dis-
persed minor domes and folds, and in the southwest corner of the
county, where older rocks are exposed in the Hartville uplift.

LITHOLOGY AND THICKNESS

Exposures of the full thickness of the Inyan Kara Group and
Cloverly Formation are rare in Niobrara County. Generally, where
the base is exposed, upper beds have been removed by erosion.
The following lithologic description of the Cloverly Formation was
extracted from geologic studies made in adjacent Platte County (Den-
son and Botinelly, 1949) ; it probably also applies reasonably well to
the Inyan Kara Group of Niobrara County.

The Cloverly Formation is composed principally of thin- to thick-
bedded sandstone, locally altered to quartzite, containing thin beds of
gray to black shaly siltstone and claystone. Lenticular beds of con-
glomerate are common in places near the base. The sandstones are
generally light to yellowish gray, brown weathering, and fine to me-
dium grained ; they are commonly described as “clean” and “sparkly.”
In some areas, variegated gray to black and pink shale separates the
lower and upper sandy units. The thickness of the Cloverly Forma-
tion or the Inyan Kara Group ranges from about 150 to 300 feet
throughout most of Niobrara County, but the thickness, as well as the
physical character of the formation, probably differs somewhat from
place to place.

WATER-BEARING CHARACTER

The sandstones of the Inyan Kara Group yield water for domestic
and industrial use to three wells supplying oil-field camps maintained
by the Continental Qil Co. and Ohio Oil Co. in the Lance Creek oil
field and to a few stock and domestic wells drilled in outcrops of the
Inyan Kara Group. Throughout most of the area the sandstones are
too deep to be an economical source of ground water.

The wells of the Continental Oil Co., and Ohio Oil Co., are 265 to
498 feet deep and penetrate the Inyan Kara Group at depths ranging
from about 130 to 220 feet. (See logs of wells 34—65-1bc and 35-65-
35ab, table 10.) The water is under artesian pressure, and well 35—
65-35ab flowed when completed in 1941. Additional data on these
wells are given in table 9. At the time of the investgiation, the aver-
age pumpage from the three wells was about 120 gpm (gallons per
minute). Records of monthly measurements of the water level made
between October 25, 1958, and September 25, 1959, in an observation
well about 1,300 feet from well 85-65-85ab indicate that the artesian
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head in this part of the well field has declined an average of about 87
feet since the wells were drilled.

In areas where drilling of the sandstones of the Inyan Kara Group
or Cloverly Formation is economically feasible, these rocks are
potential sources of small to moderate supplies of water. The water
is generally under artesian conditions, but artesian pressures will be
generally low in the outcrop areas, and the upper sandstones in the
formations may be completely dry.

To obtain the maximum amount of water from the Inyan Kara
Group or Cloverly Formation, wells should be drilled as far from the
outcrop areas as economically feasible and should penetrate the en-
tire thickness of the formation. Drilling should be terminated when
the variegated claystone of the Morrison Formation is reached be-
cause quantities of water sufficient for most purposes probably cannot
be obtained from rocks of pre-Cretaceous age.

Outcrops of the Cloverly Formation or Inyan Kara Group lying
north and northwest of Manville may be completely dry because their
altitudes are about 500 and 700 feet, respectively, above outcrops of
the Inyan Kara Group yielding water to wells in the lowlands north of
Hat Creek Breaks. The artesian pressure in the aquifer is probably
insufficient to raise water to this height.

Chemical analyses of water samples obtained from two relatively
shallow wells drilled in the Inyan Kara Group (table 8) indicate that.
the water is of good quality for domestic use. Samples of water ob-
tained from deep oil-test holes in the Inyan Kara Group are reportedly
much more highly mineralized and, in some localities, unsuitable for
most domestic uses but may be used for stock consumption.

UNDIFFERENTIATED ROCKS OF CRETACEOUS AGE

Overlying the Inyan Kara Group and the Cloverly Formation is
3,000 to 5,000 feet of predominantly dark-gray and black shale con-
taining minor amounts of interbedded shaly sandstone and limestone.
These marine deposits comprise, in ascending order, the Skull Creek
Shale, Newcastle Sandstone, Mowry Shale, Belle Fourche Shale,
Greenhorn Formation, Carlile Shale, Niobrara Formation, and Pierre
Shale. None of these formations are considered to be potential sources
of ground water in Niobrara County, although small yields may be
expected from sufficiently deep wells. One sample of water obtained
from the Pierre Shale is of moderate mineralization but very hard.
(See table 8.) This sample is not representative of water in the for-
mation because in some areas the Pierre yields water that is reportedly
unfit for livestock. Water contained in the other formations probably
has a similar wide range in chemical quality.
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FOX HILLS SANDSTONE

The Fox Hills Sandstone was deposited, near the end of the Cre-
taceous Period, in the shallow marginal watérs of the Cretaceous sea
as the sea retreated to the southeast. At its base, the Fox Hills Sand-
stone grades into the black marine clays of the Pierre Shale, and its
upper limit is considered to be at the horizon above which sediments
are composed principally of fresh- and brackish-water deposits con-
taining remains of fresh-water invertebrates and reptilian land ani-
mals. The contact with the overlying Lance Formation is conform-
able and is marked in some areas by an abrupt transition from massive
marine sandstones below to sandy carbonaceous shales and thin coal
beds above. In other outcrops, the Fox Hills-Lance contact is grada-
tional and difficult to establish.

DISTRIBUTION

The Fox Hills Sandstone is exposed in the northeastern part of
Niobrara County in an irregular but generally broad outcrop that,
for the most part, lies just west of and parallel to U.S. 85. The out-
crop is deflected sharply westward and narrows abruptly as the dip of
the beds steepens in T. 37 N., R. 63 W., in the vicinity of the Old
Woman anticline and Lance Creek dome. The upwarped sandstone
forms a prominent hogback that outlines the northern border of the
Laace Creek dome. West of the village of Lance Creek the Fox Hills
Sandstone disappears beneath overlapping Tertiary deposits.

Because the Fox Hills Sandstone is generally soft, outcrops of the
formation form gentle slopes and rounded ridges that are concealed
beneath a grass cover at many places. Exposures are rare except
along the truncated edges of the upturned strata or where stream val-
leys have cut deeply into the sandstone.

LITHOLOGY AND THICKNESS

The Fox Hills is predominantly a marine sandstone locally con-
taining some shale and siltstone. The sandstone beds are light gray
to yellow and brown, generally fine to medium grained, weakly ce-
mented, and thin bedded to massive. In many outcrops, limonitic
sandstone concretions occur throughout the formation. The inter-
bedded shale and siltstone are generally dark gray, sandy, and lentic-
ular and range from a few inches to several feet in thickness. In
Niobrara County, the shaly facies normally composes a relatively small
part of the formation ; however, farther north the shales becorne more
abundant and locally may make up a large part of the Fox Hills
section.

Measured thicknesses of the Fox Hills Sandstone in Niobrara
County range from about 400 to 500 feet ; however, these sections may
not represent either the maximum or minimum thickness in the report
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area. The formation persists in the subsurface for some distance west
of the area of outcrop, but the regional dip causes it to lie at an in-
creasingly greater depth toward the center of the Powder River Basin
(fig. 4). Logs of deep oil-test holes indicate that the Fox Hills cannot
be distinguished from strata of the overlying Lance Formation in the
deep part of the basin. A section measured east of the village of Lance
Creek, where a small tributary of Crazy Woman Creek cuts through
the hogback formed by the Fox Hills Sandstone, and a section meas-
ured near the Niobrara-Weston County line illustrate the lithologic
character of the formation in the outerop area.

Section of the Fox Hills Sandstone cast of Lance Creek in SW1 sec. 14 T.36 N,
R. 64 W.

[Adapted from Dobbin and Reeside (1929, p. 20)1]

Thickness
(feet)
Lance Formation :
Sandy shale; contains thin beds of coal_ . _________________________ 25
Fox Hills Sandstone:
Sandstone, white, massive_________________ - - 60
Sandstone, yellowish, massive; contains brown concretions______.___ 20
Sandstone, brown thin-bedded_ ____________________________________ 25
Sandstone, white, massive________________________________________ (6]
Shale, soft, sandy ; contains thin sandstone beds in which are marine
fossils of Fox Hills age___________ 30
Sandstone, brown, shaly___________________ ________ 5
Sandstone, white, massive e 60
Sandstone, brown and gray, thin-bedded___________________________ 130
Sandstone, yellowish, massive; contains concretions in which are
Fox Hills fawna_______________________ L ____ 100
Measured thickness of Fox Hills Sandstone_____________________ 505

Pierre Shale :
Black shale

Section of the Fox Hills Sandstone near the Niobrara-Weston County line in
sec. 18, T. JO N., R. 61 W. and secs. 11 and 13, T. 4,0 N., R. 62 W.

[Adapted from Dobbin and Reeside (1929, p. 19-20)]

Thickness
Lance Formation (part) : (feet)
Shale, somber-colored; contains abundant remains of turtles and
dinosaurs___._____ __ 50
Shale, carbonaceous, and coal _____________________________________ 3
Fox Hills Sandstone:
Sandstone, brown, coneretionary__________________________________ 50
Sandstone, gray______ _ e 23
Sandstone, gray, and soft sandy shale_.____________________________ T4

Sandstone, yellowish, hard; capped by ripple-marked fossil con-
cretions_ . _ e 4
Shale, dark gray, and light-gray soft sandstone; contains concretions
of brown platy sandstone_______________________________________ 70
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Section of the Foz Hills Sendstone near Niobrara-Weston County—Continued

Thickness
Fox Hills Sandstone—Continued (feet)
Sandstone, brown, hard, platy________________________ 1
Claystone, somber-colored______________________________ —— 10
Concealed ; probably interbedded sandy shale and sandstone__________ 80
Sandstone, gray, platy .. _ o P 10
Sandstone, brown, limonitic, hard, and platy___.____________________ 12
Sandstone, yellow, soft, massive; contains large hard brown cal-
careous concretions___ ___ _______ o ___ 40
Sandstone, gray, shaly. . ___________ 23
Measured thickness of Fox Hills Sandstone______________________ 397

Pierre Shale:
Black shale
WATER-BEARING CHARACTER

Many stock wells and a few domestic wells obtain water from the
Fox Hills Sandstone. Most of the wells are in the outcrop area be-
cause the depth to the formation a short distance west of the Fox Hills-
Lance contact is too great for the economical development of ground
water.

The Fox Hills generally provides adequate supplies of water for
stock and domestic use; yields will differ from place to place, however,
depending upon the relative proportions of sandstone and shale and
the number of concretionary zones penetrated in drilling. Yield to
wells will normally increase with the thickness of saturated material
penetrated. Depths to water are greater along the east edge of the
outcrop where altitudes are generally higher and the sandstone has
been partly drained by stream valleys cut into the dip slope and by
the movement of ground water down the dip of the beds into the
Powder River Basin to the west.

Along the west margin of the Fox Hills outcrop, water in the
formation is normally under some artesian pressure. Water levels in
relatively shallow wells are generally near the land surface, and wells
drilled to the base of the Fox Hills (350 to 500 ft) may flow. Flows
will probably be weak, however, and artesian heads low. The yield
of wells will probably not be increased by drilling below the base of
the Fox Hills Sandstone, and drilling should be terminted when the
Pierre Shale is reached. If the well fails to yield the quantity of
water desired, an alternative site might be tested or a second well
drilled to supplement the first. Chemical analyses of water from the
Fox Hills Sandstone (table 8) indicate the water contains dissolved
solids in amounts that generally exceed 500 ppm (parts per million)—
the recommended limit for domestic use (U.S. Public Health Service,
1961) —though the quality apparently differs from place to place in
the formation.
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LANCE FORMATION

The continental deposits of the Lance Formation are indicative of
the final withdrawal of the Cretaceous sea from eastern Wyoming and
mark the end of the Cretaceous Period in Niobrara County. Because
this depositional environment persisted into early Tertiary time,
strata of the conformably overlying Fort Union Formation of
Paleocene age are distinguished with difficulty from those of the Lance
Formation. Brown (1958, p. 112) placed the contact between Cre-
taceous and Tertiary strata at the horizon above the highest dinosaur-
bearing beds, where the first coal seams occur.

DISTRIBUTION

Outerops of the Lance Formation occupy an area in north-central
Niobrara County that is 10 to 20 miles wide and that extends from
the middle of T. 36 N. to the Niobrara-Western County line and be-
yond. The west margin of the outcrop maintains a rather uniform
north-south trend and the east boundary has an alinement of about
N. 30° E. In sec. 14, T. 36 N, R. 64 W, the east boundary of the
Lance Formation swings sharply westward, and the breadth of out-
crop west of the village of Lance Creek is reduced to only a little more
than a mile owing to the steep dip of strata in the Lance Creek dome.
Overlapping Tertiary deposits have covered much of the formation
to the southwest.

The soft sandstone and shale of the Lance Formation underlie a
terrain of low grass-covered ridges and broad valleys. The slightly
more resistant sandstones are indicated only by poorly defined benches
in the exposed sides of isolated buttes and ridges. The poor exposures
prevent a precise determination of formational boundaries at many

places.
LITHOLOGY AND THICKNESS

The Lance Formation consists of a nonmarine sequence of inter-
bedded light-colored sandstone and dark-gray shaly claystone and
siltstone containing a few beds of carbonaceous shale near the base.
In some areas the formation can be divided into two distinet units.
The lower part consists of a thick sequence of interbedded black car-
bonaceous shale and thin beds of coal, gray siltstone, and dark- to
light-gray sandstone. The upper part is principally a series of lighter
colored sandstone and soft shale containing a few thin beds of dark
carbonaceous shale and impure coal.

The sandstones of the Lance Formation are white to yellowish gray
and brown, generally fine to medium grained, calcareous, and friable.
They may be thin to thick bedded and are commonly crossbedded. The
sandstone units are lenticular, and their thickness ranges from only
a few inches to several feet. The thicker beds locally contain loglike
masses of concretionary sandstone that reach lengths of several feet.
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The thickness of the Lance Formation in Niobrara County, as deter-
mined from logs of oil-test holes, reportedly ranges from 1,600 to 2,500
feet ; it increases toward the center of the Powder River Basin. The
scarcity of good exposures of Lance strata and the difficulty of estab-
lishing the contact with the overlying Fort Union Formation prevent
an accurate determination of the thickness at many places.

A partial description of the lower part of the Lance Formation in
an exposure north of Lance Creek village follows:

A section of the lower beds of the Lance Formation measured in sec. 23, T. 36 N.,
R.65 W

[Adapted from Hancock (1920, p. 105-6)]

Thickness
Lance Formation (part) : (feet)
Sandstone, light-yellow, soft, and sandy shale. .. _______________ 12
Shale, sandy; weathers pink_______________________ .2
Sandstone, light-gray to brown, hard—______________________________ 10
Shale, containing thin layers of sandstone; weathers pinkish to light
EYAY e 35
Sandstone, yellowish-brown, soft, thick-bedded, crossbedded ; contains
carbonaceous shale in lower 25 ft________________________ -~ 103
Sandstone, soft, thin-bedded--________________________ . 6
Shale, dark-gray, carbonaceous; very sandy at top—-— . _______ 14
Sandstone, light-yellow, soft, massive______________________________ 6
Coal R [ 5
Sandstone, soft; contains carbonaceous shale.____________________ 5
Sandstone, white, massive_____________________ 15
Poorly exposed, mainly sandy carbonaceous shale___________________ 25
Shale, black, carbonaceous; contains thin seams of coal____________ 10
Sandstone, white, soft, massive; contains thin hard reddish-brown
layers in lower part—____ . _____________ 143
Shale, sandy - - - 40
Sandstone, rust-colored, hard - e 5
Measured thickness of Lance Formation._. - 436

Fox Hills Sandstone :
Contact with Lance poorly defined.

WATER-BEARING CHARACTER

The Lance Formation is one of the principal aquifers in northern
Niobrara County and is generally a dependable source of ground water
for many stock and domestic wells. In the south half of the county,
most of the formation was removed during early Tertiary time by
erosion that accompanied the uplifting of Lance Creek dome. Where
the Lance is present, however, it generally lies too deep to be consid-
ered a potential source of water, except in the narrow outcrop west
of Lance Creek.

Wells drilled in outcrops of the Liance Formation are generally
completed after 100 to 150 feet of saturated material has been
penetrated. Yields of wells depend upon the number, permeability,
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thickness, and extent of the water-bearing sandstones penetrated;
consequently, yields differ from well to well throughout the area.
Because of the predominantly fine-grained texture of the Lance, how-
ever, yields will generally be small, although moderate supplies might
be obtained in some areas from deep wells penetrating a thick section
of saturated material. The saturated thickness is least along the east
edge of the outcrop, where the formation is thinnest and has been
deeply dissected and partly drained by the valleys of the Cheyenne
River and Lance Creek and their many tributaries. The construc-
tion of successful wells in this area may require drilling into the under-
lying Fox Hills Sandstone or testing the alluvial deposits underlying
the valleys of the Cheyenne River and Lance Creek and possibly the
lower reaches of Old Woman and Crazy Woman Creeks.

The saturated thickness of the Lance Formation increases westward
to the contact with the overlying Fort Union Formation, where the
Lance reaches its full thickness of about 2,500 feet. To obtain the
maximum amount of water available, wells should be drilled as deeply
as possible, and the casing should be perforated at each significant
water-bearing bed. West of the Lance-Fort Union contact, drilling
depths to the Lance Formation increase abruptly owing to the regional
dip of strata and to the increase in the altitude of the land surface
underlain by the Fort Union.

Depths to water in areas underlain by the Lance Formation are
generally greater in the western part of the outcrop, where land-
surface altitudes are higher and the terrain is more rugged and more
deeply dissected than in the eastern part. Artesian pressure in the
confined aquifers causes water levels in some of the deeper wells to rise
appreciably above the general water table in the area, but probably
only wells drilled in topographically low areas will flow.

The quality of the water in the Lance Formation ranges from
marginal for human consumption to fair for stock consumption. The
results of chemical analyses of samples of water from the Lance
Formation are given in table 8.

TERTIARY SYSTEM

The Tertiary System in Niobrara County comprises rocks of Paleo-
cent, Oligocene, and Miocene age; no deposits of Eocene age have been
identified in the area. Moderately to loosely consolidated deposits of
coarse sand and gravel containing cobbles and small- to medium-sized
boulders locally capping ridges and buttes may be of Pliocene age.
Because these deposits generally occupy topographically high areas
and probably are rapidly drained of any recharge received by them,
they are not a source of ground water in the region, and on the geologic
map are included in the formations with which they are most closely
associated. These deposits may play a part, however, in retarding
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runoff and increasing the amount of water that reaches the underlying

aquifers.
PALEOCENE SERIES

FORT UNION FORMATION

The Fort Union Formation in northeastern Wyoming has been
subdivided into three members listed in ascending order: the Tullock,
the Lebo Shale, and the Tongue River Members (Love and Weitz,
1951). In western Niobrara County, Dobbin (Dobbin and others,
1957) recognized the Tullock Member, but used the term “unnamed
unit” to designated the overlying sequence of interbedded sandstone
and shale. Because of the lithologic similarity of the units from
the hydrologist’s point of view, there is little reason for differentiat-
ing between them in this report, and Fort Union strata are mapped
simply as the Fort Union Formation. The Wasatch Formation of
Eocene age, which overlies the Fort Union in adjacent areas, has
not been identified in Niobrara County. In the southwestern part
of the county, strata of the Fort Union are overlapped by deposits of
the White River Group of Oligocene age.

DISTRIBUTION

The Fort Union Formation crops out along most of the west border
of Niobrara County in a broad band about 10 miles wide. The out-
crop narrows abruptly south of T. 36 N. as its east margin swings
westward around the Lance Creek dome. The formation is exposed
for several miles west of the line between Niobrara and Converse
Counties. ‘

The land surface underlain by the Fort Union Formation has
been deeply dissected by the converging streams of north- and east-
flowing drainage systems. The area is characterized by sharp-crested
and gullied ridges and deep narrow ravinelike valleys. Some areas
have been reduced to badlands; elsewhere, isolated sandstone-capped
buttes and mesas rise above the general surface. The rough terrain
is in sharp contrast to the rolling grasslands characteristic of the
topography of the Lance to the east.

LITHOLOGY AND THICKNESS

In Niobrara County the Fort Union Formation is composed of a
thick sequence of interbedded gray sandstone, darker gray siltstone,
and shale containing beds of lignitic coal. The occurrence of a
generally greater number of persistent coal beds in the Fort Union,
which produce a marked banding effect, is a commonly adopted field
method of distinguishing the Fort Union from the underlying Lance
Formation. The sandstones are light to yellowish gray, generally
fine to medium grained, and friable. The beds range in thickness
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from a few inches to several feet and are generally lenticular, thin
to thick bedded, and crossbedded.

The thickness of the Fort Union Formation exposed in Niobrara
County ranges from a relatively thin eroded edge along much of
the east margin of the outcrop to a reported maximum of about 2,270
feet (Dobbin and others, 1957) in the western part of the county.

WATER-BEARING CHARACTER

In areas of outcrop of the Fort Union Formation in Niobrara
County, wells generally yield sufficient water for stock and domestic
use. In adjacent areas, deep wells drilled in the formation produce
appreciably larger quantities of water. However, the rough terrain,
characteristic of outcrops of the Fort Union, is best adapted to
stock raising, and, generally, there is little need for larger supplies,
which in most areas could be obtained only at the expense of pro-
portionately higher pumping lifts. Saturated thicknesses are least
along the east edge of the outerop and increase westward because of
the dip of the beds and the increase in surface altitudes.

Depths to water in areas of outerop of the Fort Union Formation
generally are relatively great because the upper beds in many areas
have been drained by the many narrow stream valleys eroded deeply
into the upland surface. Owing to the irregularity of the topogra-
phy, the depth at which water will be found in drilling at any
specific site is difficult to estimate. Water levels measured during
the investigation ranged from at the land surface in one well to more
than 400 feet below land surface in another well. The shallow water
levels are probably due to the fact that the wells either were drilled
in topographically low areas along stream valleys or penetrated the
formation deeply enough to tap water under artesian pressure.
Nearly all the wells having deep water levels are in elevated areas
dissected by deep stream valleys.

Drilling in the Fort Union Formation should be confined, when
possible, to stream valleys or lower slopes of ridges, where water
levels are normally nearer the surface, and the crests of ridges and
hills should be avoided. This is not everywhere feasible, however,
because many sites at low altitudes are not suitable for the successful
operation of wind-powered pumps. As in the Lance Formation,
wells should be drilled as deeply as economic consideration will
permit to obtain the maximum amount of water. Casing should be
perforated at each potential water-bearing bed below the water table.

The quality of the water in the Fort Union Formation is variable,
but, generally, the water is unsuitable for most domestic use because
of high concentrations of dissolved solids and iron. It is classified as
fair for stock consumption.
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OLIGOCENE SERIES
WHITE RIVER GROUP

Rocks of Oligocene age in Niobrara County are represented by the
Chadron Formation and the overlying Brule Formation. Although
both the Chadron and Brule can be recognized in Niobrara County,
the group has not been divided in this report and is mapped and
discussed as a single unit. The White River Group is overlain un-
conformably by the Arikaree Formation of Miocene age.

DISTRIBUTION

Outcrops of the White River Group are almost entirely confined to
the south half of the area, where they overlap most of the older sedi-
mentary rocks and, in places, have buried them beneath as much as
550 feet of claystone and siltstone. Older rocks are exposed only
where pre-Tertiary surfaces stood high enough to avoid inundation or
where erosion subsequently has removed the Oligocene cover. The
uppermost. White River deposits are best exposed in cliffs and steep
slopes where the soft strata are protected from erosion by the more
resistant beds of the overlying Arikaree Formation. Elsewhere the
formation is generally concealed beneath rolling grasslands.

LITHOLOGY AND THICKNESS

The White River Group is composed principally of silty claystone
and siltstone containing some very fine sandstone. Channel deposits
of coarse sand and gravel are common throughout the sequence. The
lower 200 feet (Chadron Formation) is predominantly a silty clay-
stone that is distinguished in many outcrops by its colorful gray,
red, and green banding. The upper 350 feet (Brule Formation) is
a massive pinkish-gray siltstone containing subordinate amounts of
very fine sandstone and claystone. The results of laboratory analyses
of samples of the White River Group are given in tables 4 and 5.
A section measured near Whitman, Wyo. (fig. 12), shows about 15
feet of medium to coarse sandstone near the middle of the Brule
Formation.

The thickness of the White River Group ranges from a thin eroded
edge where the strata overlap older rocks along the north and west
margins of the outerop to about 550 feet exposed between the base of
the Arikaree and the top of the Pierre Shale near Whitman, Wyo.
The thickness of White River deposits, however, differs from place to
place because the sediments were deposited on an erosion surface of
considerable relief. The thickness of the group increases eastward
in Nebraska where nearly 700 feet has been reported. The average
thickness in Niobrara County, where the entire section is present, is
about 500 feet.

746-672 0—65——3
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WATER-BEARING CHARACTER

Rocks of the White River Group yield water to both stock and
domestic wells in Niobrara County. The claystone and siltstone char-
acteristically have a low permeability (table 5), and successful wells
generally must penetrate an appreciable thickness of saturated mate-
rial. In some areas in southeastern Wyoming, the upper part of the
White River (Brule Formation) yields large quantities of water to
irrigation wells from fracture zones, fissures, and coarse-grained chan-
nel deposits (Rapp and others, 1953, p. 41; 1957, p. 33). No attempts
have been made to develop large supplies of water from the White
River Group in Niobrara County, but careful test drilling could
probably locate permeable lenses of sand and gravel (fig. 5) and pos-
sibly reveal fracture zones and fissures, as shown in the idealized sec-
tion illustrating hydrologic conditions occurring in the White River
elsewhere (fig. 6).

The success of wells drilled in areas of outcrop of the White River
Group is unpredictable. Water levels differ greatly, commonly within
short distances and, in some wells, without any apparent relation
to the altitude of the land surface. The depths of successful wells
differ, depending upon the type of material penetrated. Wells pene-
trating massive siltstone and claystone must generally be deep to sup-
ply even a small quantity of water, whereas wells completed in frac-
tured and fissured zones or channel deposits may be relatively shallow.

In most areas it is advisable to test the formation with several shal-
low test holes, rather than drill a deep well. The formation probably
becomes less permeable with depth because of compaction of the
deposits by the weight of overlying strata. Zones of fissures and
fractures are likely to be less numerous and extensive, and deeply
buried channel deposits receive little recharge. In prospecting for
water in areas of outcrops of the White River Group, sites that are
underlain by alluvial deposits along small streams or draws should be
tested first. Water contained in the alluvium may not be sufficient
to supply a stock well, but it might be a welcome supplement to any
water developed in the underlying bedrock.

Five samples of water from the White River Group were low in
concentration of dissolved solids (less than 500 ppm), although high
concentrations of iron, fluoride, and silica in some samples may limit
use of the water for domestic purposes.

MIOCENE SERIES
ARIKAREE FORMATION

The Arikaree Formation in Niobrara County includes all bedrock
strata above the White River Group, and is considered to be the stra-
tigraphic equivalent of the Arikaree Group of western Nebraska,
which is of Miocene age. Rocks of later Tertiary age either are not
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diameter. For example, a fourfold increase in the diameter of a
well will increase the yield only about 25 percent with the same draw-
down. Before a larger diameter irrigation well is constructed in the
Arikaree Formation, the area should be prospected by means of small-
diameter test holes to determine the depth to water, the character of
the water-bearing material, and, if possible, the approximate yield
of the aquifer.

Prospecting for water in the upland areas of the outcrop of the
Arikaree Formation south of Hat Creek Breaks should be done first in
topographically low areas, where water levels are generally nearest the
land surface. Depth-to-water areas outlined on plate 3 are necessarily
generalized but should be of value in determining where water levels
are shallow and where depths to water are so great that the cost of
pumping large quantities of water would be prohibitive. Drilling for
large supplies of water in the lower part of the Arikaree, along the
base of Hat Creek Breaks, should be continued through the basal con-
glomerate, where present, and terminated at the top of the underlying
White River Group. If the supply is inadequate, it is generally
preferable to drill a second well to supplement the first rather than
drill into the White River Group in an attempt to intercept water-
bearing channel deposits or fissured zones. Water from the Arikaree
Formation is hard but otherwise of good quality for domestic and
irrigation use. (See table 8.)

QUATERNARY SYSTEM

The Quaternary System in Niobrara County is represented prin-
cipally by unconsolidated deposits that probably range in age from
Pleistocene to Recent. Isolated outerops of semiconsolidated sand and
gravel capping ridges and buttes of Tertiary strata may be of early
Quaternary age but are probably older. Because of their generally
small areal extent and thickness, no attempt was made during this in-
vestigation to distinguish between these deposits and the underlying
White River Group or Arikaree Formation. These deposits are there-
fore mapped as a part of the formation with which they are most
closely associated.

ALLUVIUM
DISTRIBUTION

Alluvial deposits of sufficient thickness and extent to be considered
potential sources of ground water in the report area occur principally
along Lance Creek and its major tributary, Old Woman Creek, and
along the Cheyenne and Niobrara Rivers. Alluvium underlying the
valleys of some of the smaller streams contains some ground water at
times, but the quantity generally will be small and the supply dependent
upon seasonal runoff. These deposits are not shown on the geologic
map.
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LITHOLOGY AND THICKNESS

The alluvium underlying the valleys of the Cheyenne River and
Lance Creek, as seen in exposures in riverbanks and roadcuts, is com-
posed mostly of fine-grained clastic material ranging from clay to very
fine sand containing pebbles and cobbles of fine- to medium-grained
sandstone. Alluvial deposits having a wide range of grain size, how-
ever, commonly contain lenses of coarse sand and gravel of variable
thickness and extent. These lenses mark the position of a buried
former stream channel.

Alluvial deposits underlying much of the valley of Niobrara River
probably are predominantly intermixed fine sand and silt derived
from the Arikaree Formation. Coarser material probably occurs in the
upper reaches of the valley, where the stream and its tributaries have
access to the more resistant rocks of Rawhide Butte; however, the
thickness and areal extent of these deposits are probably not great.

Little information is available on the thickness and composition of
alluvial deposits in the report area, because few wells have been dug or
drilled into them. The alluvium of the Niobrara River valley probably
is a relatively thin, perhaps not more than 20 feet thick anywhere in
Niobrara County. The alluvium of the Cheyenne River and Lance
Creek is much thicker in places; some drilled wells reportedly have
penetrated as much as 100 feet of unconsolidated deposits.

WATER-BEARING CHARACTER

Alluvial deposits underlying the valleys of the Cheyenne River and
Lance Creek yield water to a few stock wells and to six irrigation
wells. The yield of wells will differ from place to place, depending
upon the thickness, extent, and permeability of the saturated material
penetrated and the rate of recharge to it. Small supplies of water
can probably be obtained from altuvial deposits at most places in the
valleys of the Cheyenne River and Lance Creek and their major tribu-
taries. Moderate supplies, adequate for limited irrigation, can be
developed at some locations where the alluvium is thick and contains
extensive lenses of saturated sand and gravel.

The fine-grained sand and silt, which compose most of the alluvium
in the valley of the Niobrara River, probably will yield enough water
to properly constructed wells to meet stock and domestic needs, but
the common practice in the area is to drill into the underlying Ari-
karee Formation, in which the water level is generally within a few
feet of the land surface. The deeper, but relatively trouble-free wells
drilled in the Arikaree are generally more economical. Deposits of
coarser material, which may occur locally in the upper reaches of
the Niobrara River valley, are probably much more permeable and
may be capable of yielding moderate quantities of water to wells in
some areas. The alluvium is not considered an important source of
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ground water in the valley of the Niobrara River, however, because
it is generally underlain by the more productive Arikaree Forma-
tion.

The quantity of ground water contained in alluvial deposits under-
lying the major stream valleys in Niobrara County probably remains
fairly constant because in most areas a large part of the recharge is
supplied by seepage from underlying and adjacent bedrock forma-
tions. Two geologic settings illustrating this hydrologic situation
are shown in figure 10.

Niobrara River

Alluvium

Arikaree Formation

Lance Creek

Alluvium

T

B

FIGURE 10.—Direction of movement of ground water in alluvium and adjacent bedrock.
A4, Niobrara River valley; B, Lance Creek valley. Most of underflow in alluvium is in
direction of stream gradient.
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In figure 10-4 the alluvium overlies the massive and relatively
permeable Arikaree Formation. The water table in the alluvium and
Arikaree Formation is continuous because water moves freely between
the two. Water levels in the Arikaree normally fluctuate within a
very narrow range, thus, water levels in the alluvium remain rela-
tively constant. Recharge to the alluvium from surface runoff is
rapidly dispersed in the common ground-water reservoir and has lit-
tle effect upon the water table. Water in the valley fill moves as
underflow in the general direction of the slope of the water table in
the alluvium (pl. 1), which is also the direction of the stream gradient.

In figure 10-B, the alluvium overlies water-bearing sandstones of
the Lance Formation throughout most of Lance Creek valley. Water
moving down the dip of the beds recharges and maintains a relatively
constant water table in the alluvium. Continuous measurements of
the water level in the alluvium of Lance Creek from March 24 to
September 10, 1960, were obtained by installing a water-stage recorder
on an unused irrigation well. The water table declined gradually and
reached a maximum of 0.78 foot on August 24. The decline probably
was appreciably influenced by the frequent pumping of a nearby irri-
gation well and the use of ground water by alfalfa being cultivated
in the area. Undoubtedly, sporadic flows in Lance Creek contribute
some recharge to the alluvium, but they are generally infrequent and
of short duration. Surface flow during the summer of 1960 was below
ayerage due to far below-normal precipitation.

Before an expensive, large-diameter irrigation well is constructed
in alluvial deposits it is generally advisable to prospect the area by
drilling a series of small-diameter test holes across the trend of the
valley. Unless the test drilling is carefully planned and systemati-
cally done, however, the results may not warrant the expense. The
purpose of the test drilling is to locate the thickest and most perme-
able water-bearing beds, which normally occupy former stream chan-
nels that were subsequently buried beneath more recent alluvium.
Where possible, the test holes should be drilled in a straight line and
at regularly spaced intervals. If the holes are drilled to the under-
lying bedrock and properly logged, a section across the valley fill is
obtained which shows the position of the buried channel and the type
of material lying in it.

Wells drilled in areas underlain by alluvial deposits along the
Cheyenne River, Lance Creek, and the lower reaches of Old Woman
Creek will generally yield sufficient water for stock and domestic
use. If the valley fill does not yield the quantity of water desired,
small supplies can generally be developed from the underlying Lance
Formation or Fox Hills Sandstone, Where the alluvium is thick,
saturated, and permeable, supplies adequate for limited irrigation
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can be developed. There is little possibility of appreciably increasing
the yield of an irrigation well by drilling into the underlying bedrock.

No water samples were obtained for chemical analysis from the
alluvium of Niobrara River, but the quality is probably comparable
to that in the Arikaree Formation. Chemical analyses of two water
samples obtained from wells drilled in the alluvium of Lance Creek
and one from the alluvium of the Cheyenne River (table 8) show that
the water is unsuitable for most domestic uses.

GROUND WATER
OCCURRENCE AND MOVEMENT

Water in the zone of saturation in the rocks below the surface of
the earth is called ground water. Because not all saturated rocks are
sufficiently permeable to yield measurable quantities of water to wells
or springs and seeps, for all practical purposes ground water might
be defined as that water occurring below the land surface that is re-
coverable in usable quantities from wells or by the development of
natural outlets. The water-bearing material, or aquifer, from which
man can extract water is called the ground-water reservoir. Thomas
(1951, p. 29) wrote:

Because there is usually movement of water through a ground-water reservoir,
the connotation is not quite the same as for surface reservoirs, which are con-
structed to halt and accumulate the flow of streams. But movement under-
ground is generally so slow, compared with that of streams or in the atmosphere,
that it represents a definite retardation in the hydrologic cycle. Ground-water
reservoirs thus provide slow-moving storage from which man may obtain water
as he requires. If an analogy is permitted with the distribution system for
manufactured goods, the ground-water reservoirs might correspond to giant
warehouses in which the movement of goods in ton-miles is far slower than the
rail, plane, or trucking phases of the system. Nevertheless, an essential
characteristic of ground-water reservoirs is movement of water through them.
Most of the saturated materials underground are dense rocks, shales, clays,
and glacial tills. They are not suitable reservoirs at all as far as man is con-
cerned, for they hold water in pores so small that it cannot be transmitted in
usable quantities to wells and springs.

Wells will yield a perennial supply only to the extent that water can be trans-
mitted to them through the entire course of the aquifer from the place where
the water enters the ground. Even without wells, the ground-water phase of
the hydrologic cycle is one of movement from the places where water enters the
aquifer—the “recharge” areas—to the place where the water is discharged
from the ground, either by evapotranspiration [evaporation from land and water
surfaces and transpiration by plants], by springs, or by seepage to streams or
lakes or directly into oceans. Thus, as a rule, usable ground water does not
remain at rest under a piece of land until the owner is ready to use it but is
moving continually to some point of discharge at the surface.

A detailed discussion of the principles of occurrence and movement
of ground water was given by Meinzer (1923).
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PHYSICAL AND HYDROLOGIC PROPERTIES OF WATER-BEARING
MATERIALS

The quantity of water that a rock formation will transmit, and
therefore, yield to wells depends upon the physical and hydrologic
properties of the water-bearing material composing the formation.
The examination of rock outcrops and the study of drillers’ logs are
useful in determining the physical properties of the rock formations,
but the determination of the hydrologic properties requires more com-
prehensive analysis of the materials by means of laboratory and field
tests. Laboratory procedure involves the mechanical analysis of a
sample of the water-bearing material, and the values obtained apply
only to the analyzed rock sample and rarely to the formation as a
whole. The results of laboratory studies are therefore of limited use,
unless supported by pumping tests to determine the water-bearing
character of the formation under field conditions.

Following are brief definitions of terms commonly used in a dis-
cussion of the physical and hydrologic properties of water-bearing
materials and the performance of wells drilled in them.

Grain size. A particle-size analysis of granular material consists
of separating the grains of different sizes into groups and determining
the percentage, by weight, of the total sample each size group consti-
tutes. The results of the particle-size analyses of the materials are
given in table 4, and a graph of a particle-size distribution curve that
is most nearly representative of the average grain size of the samples
collected is given in figure 11.

Porosity. The porosity of a saturated rock is the percentage of the
total volume of rock that is occupied by water. The quantity of water
the rock can yield is generally somewhat less than that contained in
its pore spaces. Some rocks, such as clay and slit, may have a high
porosity but will yield very little water to wells.

Specific retention and specific yield. Specific retention is the quan-
tity of water that a material will retain against the pull of gravity if
the material is drained after having been saturated and is expressed
as the ratio of the retained water to the total volume of material. The
specific yield of a water-bearing material is defined as the ratio of
the volume of water that a saturated aquifer will yield by gravity to
its own volume and is numerically equal to the porosity minus the
specific retention.

Coefficient of permeability. The coeflicient of permeability of a
rock, as determined in the laboratory, is the number of gallons of water
per day, at 60°F, that is transmitted laterally through 1 square foot
of the rock sample under a hydraulic gradient of 1 foot per foot.

Field coefficient of permeability. The field coefficient of perme-
ability of an aquifer, is the number of gallons of water per day trans-
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mitted under prevailing conditions through a cross section of aquifer
1 mile wide and 1 foot thick, under a hydraulic gradient of 1 foot per
mile.
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F16URE 11.—Particle-size distribution curve for a sample of the Arikaree Formation
representative of the average grain gize of samples analyzed.

Coefficient of transmissibility. The coeflicient of transmissibility
is the number of gallons of water per day transmitted under prevailing
conditions through a cross section of aquifer 1 mile wide and extending
through the entire thickness of the saturated material, under a hy-
draulic gradient of 1 foot per mile. Thus, transmissibility is the per-
meability multiplied by the saturated thickness of the aquifer being
tested.

Coefficient of storage. The coefficient of storage is the volume of
water an aquifer releases from, or takes into, storage per unit surface
area with each unit change in the component of head normal to that
surface. More simply, if the head on a column of the aquifer with a
base 1 foot square declines 1 foot, the volume of water, in cubic feet,
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released from storage from the column of the aquifer is the coefficient
of storage. The coefficient is expressed as a decimal number and
merely indicates the relation between the volume of aquifer affected
and the volume of water recovered.

Specific capacity of wells. The specific capacity of a well, or yield
per unit of drawdown, is expressed as the number of gallons per min-
ute that a well yields for each foot of drawdown of the water level in
the well. The amount of drawdown is influenced by the construction
and development of the well ; however, a comparison of specific capa-
cities is useful in estimating the permeability of aquifers and the rela-
tive efficiency of wells.

LABORATORY DETERMINATIONS

Twenty-four samples of the Arikaree Formation and five of the
White River Group were analyzed in the hydrologic laboratory to
determine their physical and hydrologic properties. The results of
these studies are summarized in tables 4 and 5. The stratigraphic
sections from which these samples were taken are shown in figures
12,13, and 14.

FIELD DETERMINATIONS

Pumping tests were made at four irrigation wells drilled in the
Arikaree Formation and at one irrigation well drilled in the alluvium
of Lance Creek. The selection of the wells was governed by the suit-
ability of the pumping equipment and the proximity of one or more
observation wells in which the effect of pumping upon the water level
in the aquifer could be observed. It also was desired to obtain as
broad a picture as possible of the permeability of the Arikaree Forma-
tion both vertically and areally. One well (34-62-29cd) penetrates
the lower part of the formation at the foot of Hat Creek Breaks; two
(32-63-2cc and -33bb) are where the Arikaree is relatively thin
adjacent to the Hartville uplift; and the fourth (32-62-17cd) pene-
trates the upper part of the Arikaree about 6 miles east of Lusk, where
the formation has nearly full thickness. Only one well drilled in
alluvial deposits met the requirements for a potentially successful
pumping test. The results of pumping tests are given in table 6.

WATER-TABLE AND ARTESIAN CONDITIONS

Water in the unconsolidated alluvial deposits and in the outcrop
areas of stratified sedimentary aquifers is generally under water-
table conditions and, when tapped by wells, does not rise above the
level at which it is penetrated. The water table in alluvial deposits
that depend principally upon surface runoff for recharge to the
ground-water reservoir generally fluctuates in response to seasonal
variations in the flow of streams. These fluctuations may be large or
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TaBLE 4.—Physical properties of samples of rocks from Arikaree and Brule
Formations of Tertiary age in Niobrara County

Particle-size distribution (percent by weight) for indicated size class (mm)

Depth .
(feet Sand Gravel
Sample | below | Clay Silt
topof | (< | (0.004-
sec- 0.004) | 0.0625) | Very Fine Me- | Coarse| Very | Very | Fine Me-

tion) fine | (0.125- | dium (0.5~ | coarse fine (4.0- | dium
(0.0625-| 0.25) | (0.25- | 1.0) 1.0~ (2.0- 8.0) (8.0-
0.125) 0.5) 2.0) (4.0) 16.0)

ARIKAREE FORMATION

Profile 1
[Near Whitman, Wyo., between sec. 8, T. 34 N., R. 60 W. and sec. 5, T. 33 N., R. 60 W. Measured by
D.”’a. Morris]

) DR 145 5 5.8 42.8 38.9 5.1 1.8

2 .. 145 6 8 37.4 40.8 7.4 .4

F: J 265 6.5 7 37.7 34.2 12.2 2

[ 445 4.5 31 43.5 17 3.6 .2

WHITE RIVER GROUP (BRULE FORMATION)
6. _ 665 25.0 39.4 6.6 11.2 17.4 0.2 0.2 o

ARIKAREE FORMATION
Profile 2

[Along old highway between Lusk and Hat Creek, Wyo., measured in secs. 24, 25, 36, T. 3¢ N., R. 63 W,
sec. 31, T.34 N., R. 62 W, and sec. 6, T.33 N., R. 62W]

0 4 4.8 49. 6 35.6 5.6

20 5 19 54 14.4 3.2

70 4.6 30. 2 47 12.4 5.8

140 4.1 6.7 13.9 4.1 21.5

200 4.2 16.2 46.6 26. 4 6.6

240 6.5 11. 5 61. 4 19.4 1.2

260 5.2 24 47 17 6.8

270 3.9 12.5 34 36 13. 6

295 3.8 7.8 78.2 10 .2

320 4.3 17.8 31.4 32.2 13.3

Profile 3
[Along highway between Manville and Lance Creek, Wyo., measured in secs. 2, 11, 12, T. 33 N., R. 65 W.]

21 _______ 0 3 15 52.4 21.6
22 .. 30 3.5 13.7 48.8 25.2
P2 FR 50 3.5 4.9 42.8 40.8
4 _______ 240 3.3 6 24.3 32.7
26_ .. 330 4.2 11.9 48.3 4.3
P 330 3.5 3 25.2 27.5
b7 440 5 5 44.8 36.2
b S 450 4.2 28.6 50. 8 13.2
29 ... 460 5.4 11.8 32.4 25.2

small. Water levels in thick consolidated sediments, such as the
Arikaree Formation, that obtain recharge principally from direct in-
filtration of precipitation may be affected only after several excep-
tionally wet years or a long period of drought. Fluctuations occur
slowly and are generally small.

The regional westerly dip of strata in the northern part of Niobrara
County produces widespread artesian conditions. Many of the
aquifers consist of relatively permeable sandstone alternating with
nearly impermeableé claystone and siltstone. Water entering the more

T46-672.0—65— 4
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TABLE 5.—Hydrologic properties of samples of rocks from While River Group

and Arikaree Formation of Tertiary age in Niobrara County

Coefficient of permeability
Depth gal per day per sq {t 2
Sample (feet below | Specific | Porosity ! Specific
top of retention ! yield *
section) Vertical 3 H(;zglzsou- Repack

ARIKAREE FORMATION

Profile 1
[Near Whitmen, Wyo., between sec. 8, T. 34 N., R, 60 W, and sec. 5, T. 33 N., R, 60 W. Measured by
D.A. Morri s]
145
145
265
445

665
821
906

WHITE RIVER GROUP (CHADRON FORMATION)

0. 001
. 002

ARIKAREE FORMATION

Profile 2
[Along old highway between Lusk and Hat Creek, Wyo., in sec 24 25, 36, T. 34 N, R. 63 W_; sec. 31,

T.34 N., R. 62 W.; and sec. 6, T. 33 N., R. 62 W.)
0 12.4 39.2

20 17.6 44

70 18.1 40.2

140 1.5 3L.6

200 18.2 33.5

240 10.2 43

260 16.9 33.1

270 5.2 5.2

295 9.9 54

320 19.9 33.5

ARIKAREE FORMATION
Profile 3

[Along highway between Manville and Lance Creek, Wyo., in secs. 2, 11, 12, T. 33 N., R. 65 W.]

2l 0 25.7 41.6 15.9
22 L 30 30.8 40.5 9.7
28 e 50 26.6 37 10.4
- T 240 15 18.3 3.3
26 e 330 8.1 53.7 45.6
26 e 330 4.7 44.8 40.1
27 L 440 7.5 36.7 29.2
28 450 16.8 40.6 23.8
29 . 460 6.1 16.2 10.1

1 Percent of volume of material,
2 At 60° F

* Undisturbed sample.
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DESCRIPTION

Sandstone, white to light-gray, very fine grained; contains hard layers of
very fine grained concretionary sandstone. (See samples 1,2, and 3,
tables 4 and 5)

Sandstone, light-gray, very fine grained, massive to thin-bedded; contains
lenses of coarse sandstone and thin concretionary layers

Sandstone, light-brownish-gray, very fine grained; contains hard, limy
sandstone layers. (See sample 4, tables 4 and 5)

Sandstone, light-brownish-gray, very fine grained, massive

Sandstone, light-brownish-gray, very fine grained; contains hard, limy

/ sandstone layers

Sandstone, pale-pinkish-gray, very fine grained.(See sample 5,tables 4 and 5)

~|——Conglomerate and loosely consolidated coarse-grained sandstone

Siltstone, pinkish-gray. (See sample 6, tables 4 and 5)
Sandstone, gray, medium- to coarse-grained, loosely cemented. (See

sample 7, table 5)

Siltstone, pinkish-gray to grayish-green. (See sample 8 table 5)

Claystone and siltstone, light-gray to green; contains oxidized zones in lower
part of section. (See samples 9 and 10, table 5)

Shale, dark-gray to black

F1eure 12.—Stratigraphic section of rocks of Tertiary age measured near Whitman, Wyo.,
between sec. 8, T. 34 N., R. 60 W., and sec. 5, T. 33 N, R. 60 W. Adapted from Babcock

and Keech (1957, pl. 1.)
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Altitude  Thick-
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Sample, tables

sea level (feet) 4and 5
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DESCRIPTION

Sandstone, light-gray, very fine grained, soft; contains hard con-
cretionary lenses and nodules

Sandstone, light-gray, very fine grained to fine-grained, contains
thin beds of siltstone and many concretionary lenses and
nodules

Sandstone, light-brownish-gray, very fine grained to fine-grained,
with thin beds of soft siltstone

Sandstone, light-gray, fine-to medium-grained, with conglomeratic
concretionary lenses

Sandstone, light-gray, very fine grained to coarse-grained

Sandstone, light-brownish-gray, very fine grained, soft

Siltstone and very fine grained sandstone, light-gray. soft

Sandstone, light-brownish-gray, very fine grained ; contains
concretionary nodules

Sandstone, light-gray, very fine grained and silty, soft

Covered; probably very fine grained soft sandstone and siltstone

Sandstone, coarse-grained, with firmly to loosely cemented
conglomeratic lenses

Covered

Siltstone and claystone

F16URE 13.—Stratigraphic section of the Arikaree Formation measured along old highway
from Lusk to Hat Creek in secs. 24, 25, 36, T. 34 N., R. 63 W.; sec. 31, T. 34 N,,
R. 62 W.; and sec. 6, T. 33 N, R. 62 W.
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Sample, tables 4 and 5 DESCRIPTION

21y

Sandstone, light-brownish-gray, very fine grained to fine-grained soft

Sandstone, light-gray, very fine grained to coarse-grained, soft,with thin
beds of conglomeratic sandstone and siltstone and hard concretionary
lenses and nodules; large- scale jointing in upper part

Sandstone, light-brownish-gray, very fine grained to fine-grained; con-
tains concretionary lenses and nodules

Sandstone, very fine gratned, soft

Sandstone, light-brownish-gray; very fine grained, soft, with coarse-
grained sandstone and conglomerate

Sandstone, coarse-grained and conglomeratic, firmly toloosely cemented

5500 —| 45
5400 —
190
5
£ 5300
©
£
i
8
<
5200 —
205
5100 —
20
25
12
- Q
b= =1
5000 —|

Siltstone and claystone

F16URE 14.—Stratigraphic section of the Arikaree Formation measured along highway
from Manville to Lance Creek in secs. 2, 11, 12, T. 33 N., R. 65 W.
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permeable beds in areas of outcrop moves by gravity down the dip
of the beds between the confining layers. The water is under artesian
pressure and rises in wells that penetrate water-bearing beds.

TABLE 6.—Results of pumping tests on wells

32-62-17cd | 32-63-2cc | 32-63-33bb | 32-64-24da | 34-62-29cd | 38-63-30cd;
Water-bearing formation Arikaree | Arikaree | Arikaree | Arikaree | Arikaree | Alluvium
Date of test Nov. 1958 | June 1959 | Nov, 1957 | June 1960 | Nov. 1957 | Mar. 1960
Duration of pumping___hr____ 96 115 16 72 17 24
Average rate of discharge
gpm.__.__ 730 370 160 1 650 195 295
Drawdown at pumped well
fto___ 47.4 10.4 20.2 2.8 230 36.1
Specific capacity of pumped
well_______. gpm per foot of
drawdown____ 15 36 8 230 6 8
Estimated saturated thick-
ness of aquifer.._.___ fto_..__ 500 250 250 40 100 50
Percent of saturated thickness
penetrated.._.__.___._.____. 25 50 80 30 50 100
Cofficient of transmissibility
gpd per ft_.__| 32,000 77, 000 8,000 |._._..____ 10, 000 33, 000
Average fleld coefficient of
permeability
gpd per sq. ft___. 64 310 80 |ecemieo 100 660
Storage coefficient __.________._ 1.5X10-3 2X10-8 |||

1 Reported discharge.
2 Measurement approximate.

DEPTH TO WATER

Depths to water in Niobrara County were determined only for that
part of the area underlain by the Arikaree Formation in which water-
table conditions exist and the water table is virtually continuous.
The water levels in wells throughout much of the north half of the
county do not coincide with the regional water table because of wide-
spread artesian conditions, and depths to water differ greatly and
often have no relation to the altitude of the land surface. The depth-
to-water map (pl. 3) was prepared from water-level measurements
made principally during the late summer and fall of 1958. In some
areas, however, because of the inability to obtain measurements,
depths are necessarily inferred. Also, local differences probably exist
that were not detected or were identified as anomalies on the regional
water table. Depths range from land surface where stream channels
intersect. the water table to 343 feet below the land surface in a well
drilled near the edge of the escarpment north of Lusk.

The water table is not a stationary surface but moves up or down
as water is added to or withdrawn from the ground-water reservoir.
Water-level fluctuations in thick and extensive aquifers such as the
Arikaree Formation are small and are generally not detectable except
after long periods of drought or above-normal precipitation. Ten
observation wells were selected for periodic measurement of water
levels to record the fluctuations of the water tabel in the Arikaree
Formation and alluvial deposits.
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RECHARGE

Ground water in Niobrara County is derived chiefly from precipita-
tion falling directly on the land surface; lesser quantities are obtained
by infiltration from streams flowing across areas of outcrop and by
seepage from stock ponds and irrigation reservoirs of water diverted
from the Cheyenne River and Lance Creek. In the lowland areas
north of Hat Creek Breaks, most of the precipitation is diverted to
surface runoff due to the low permeability of the soil, the generally
impervious character of the underlying rocks, and the relative scarcity
of vegetative cover. The numerous well formed stream patterns indi-
cate large surface flows at times. The uplands in the southern part
of Niobrara County, which are underlain by the more permeable
Arikaree Formation, show a marked difference in the development of
drainage systems. The stream channels are few and generally poorly
defined. A relatively large part of the precipitation falling on the
Arikaree surface, which is well covered with grass, percolates directly
downward into the underlying rocks to enter the ground-water reser-
voir. Most of the county, however, is underlain by fine-grained rocks
of low permeability, and the total amount of recharge to the ground-
water reservoir, therefore, is small in proportion to the amount of
water lost as surface runoff and by evaporation.

DISCHARGE

Ground water moves out of Niobrara County as streamflow derived
from effluent seepage and springs, as underflow through the aquifers,
as evapotranspired moisture from the land surface, and as discharge
from wells. The loss of ground water to streams and underflow
through water-bearing formations are the major factors contributing
to the discharge of ground water in the area. Loss through evapora-
tion and transpiration by plants is small except where the water table
is at, or very close to, the land surface such as in the bottom lands along
the Niobrara and Cheyenne Rivers and Lance Creek. The estimated
average maximum depth from which plants can transpire ground
water is less than 20 feet, and the depth from which water can be
raised to the land surface by capillary action is less than 10 feet. Dis-
charge from wells also is meager because of the small capacity of most
of the pumps used. The quantity of water discharged by stock and
domestic wells and from the few irrigation wells drilled in the Arik-
aree Formation is a small part of the total quantity of water available.
The irrigation water that is not lost to evapotranspiration returns to
the ground-water reservoir by downward seepage.

STREAMS

Most of the water flowing in the Niobrara River is derived from pre-
cipitation stored in the Arikaree Formation. The amount of flow as
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measured at the Wyoming-Nebraska State line varies with the seasons,
generally being lowest during late summer, when evapotranspiration
along the river is greatest, and highest in late winter and early spring,
when snowmelt and spring rains increase the recharge to the Arikaree
and contribute some runoff directly to the stream. Average discharges
for the period of record (water years 1956-59) range from about 6
acre-feet per day during August and September to about 14.5 acre-
feet during April and May. These extremes reflect the effect of evapo-
transpiration and precipitation on streamflow in the Niobrara River.
The base flow (when no surface runoff is entering the stream and no
water is being lost through evaporation) is estimated to be about 7.2
acre-feet per day at the Wyoming-Nebraska State line (Babcock and
Keech, 1957, p. 10). No data are available on the quantity of ground
water moving out of Niobrara County through Muddy Creek.

Very little ground water is discharged into streams in the Cheyenne
River drainage basin. A few seeps and small springs occur where
river channels have cut water-bearing strata, but the water is normally
lost by evaporation and transpiration within a short distance. The
discharge of numerous other seepage areas probably evaporates as soon
asit reaches the surface. Ground-water discharge from aquifers whose
outlets are buried beneath the alluvium of stream valleys is largely
protected from evaporation and may contribute appreciable quanti-
ties of water to underflow in the valley fill. (See fig. 10.) Generally
speaking, however, ground water discharge into streams north of Hat
Creek Breaks probably is relatively small.

SUBSURFACE OUTFLOW

Most of the ground water in Niobrara County leaves the area as sub-
surface outflow. In the northern part of the county, water in the Fox
Hills Sandstone and the Lance and Fort Union Formations generally
moves westward down the dip of the beds into the Powder River strue-
tural basin. Very little ground water is transmitted through the rela-
tively impermeable White River Group except where the strata con-
tain interconnected fissures and fractures or extensive channel deposits.
The Pierre Shale, which occupies much of the northeastern part of the
county, is practically impervious to ground-water movement. In the
southern part of the county, water in the Arikaree Formation, as
shown by contour lines on the water table (pl. 1), moves radially from
the high area north of Lusk and Manville. The direction of movement
is at right angles to the contour lines. Most of the water in the Ari-
karee Formation moves to the north toward Hat Creek Breaks and to
the southeast across the Wyoming-Nebraska State line. Smaller quan-
tities move to the west and southwest into Converse and Platte Coun-
ties, respectively. Babcock and Keech (1957) estimated the underflow
in the Arikaree Formation across the Wyoming-Nebraska State line
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to be between 5 million and 8 million gpd (gallons per day). The esti-
mate was based on data obtained by two entirely different methods: (1)
permeability of the aquifer X hydraulic gradient X cross-sectional area,
and (2) ground-water discharge from the Arikaree into the Niobrara
River.

During the present investigation, water levels were measured and
altitudes were determined at more than 200 wells to determine the di-
rection of movement of ground water through the Arikaree Formation
and the slope of the water table. The water-table contours shown on
plate 1 are based on the altitude of the water levels in these selected
wells. The additional control used in mapping water-level contours
provided a more precise definition of the shape of the water table and
established the presence of some local anomalies but did not materially
change the position of the contour lines established by Babcock and
Keech (1957).

The results of the pumping tests, however, indicate such a wide
range in the permeability of the Arikaree Formation that it is impos-
sible to arrive at a reasonable average. (See table 6.) The permeabil-
ity data probably apply only to that part of the aquifer penetrated by
the well and could not be applied to the entire formation ; however, the
data obtained from the test on well 32-62-17cd is probably more char-
acteristic of the Arikaree Formation as a whole than those obtained
from the other wells. The well penetrates strata that seem to be typical
of the major part of the Arikaree—very fine to fine-grained sandstone
containing some interbedded siltstone. There is no indication that any
coarser material or fractured zones were penetrated during the drilling.

The results of the pumping test at well 32-62-17cd indicates a
transmissibility for the Arikaree Formation at that site to be about
32,000 gpd. This figure agrees with the estimate of Babcock and
Keech (15,000 to 30,000 gpd), even though the coefficient of permea-
bility used in the calculations for this test was somewhat greater (64
gpd per sq ft) than that used by Babcock and Keech (40 gpd per sq
ft) in their calculations. However, because this well penetrates ap-
proximately the upper 25 percent of the aquifer, the specific capacity
and the calculated transmissibility would probably be appreciably
greater if the well penetrated the entire thickness of the Arikaree
Formation. If the strata penetrated by well 32-62-17cd are repre-
sentative of the Arikaree as a whole, the quantity of water moving as
underflow across the Wyoming-Nebraska State line may be somewhat
greater than that determined by Babcock and Keech. But, as pointed
out by the authors of the underflow study, any computation of the
amount of underflow in the Arikaree Formation based on information
presently available is subject to certain errors. A more accurate esti-
mate would require carefully planned test drilling to determine the
thickness and character of the Arikaree Formation in the vicinity
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of the State line and controlled pumping tests to evaluate the permea-
bility of the formation in this area.

EVAPORATION AND TRANSPIRATION

Records of the U.S. Weather Bureau show that the average rate of
evaporation from the surface of lakes and other large bodies of water
is about 44 inches per year in Niobrara County. (See Kohler and
others, 1959.) In other words, nearly 4 acre-feet of water is lost each
year by evaporation from an acre of free-water surface. Where such
water bodies are supplied by ground-water discharge, this loss of water
constitutes a draft on the ground-water reservoir. Ground water is
also discharged by evaporation from land surfaces in areas where the
water table is sufficiently close to the land surface. The height to
which soil capillarity will raise water above the water table depends
upon the texture of the soil and is greater in fine material than in
coarse. There are few extensive exposures of free-water surface in
Niobrara County, except for the relatively short reach of the Niobrara
River that has a perennial flow, and in only a few small areas is the
water table close enough to the land surface to permit evaporation
from the capillary fringe. Consequently, relatively little ground
water is lost by evaporation in the report area.

Transpiration is the process by which water is extracted from the
soil by plant roots and subsequently discharged into the atmosphere
as vapor from leaf surfaces. Plants that obtain all or most of their
water from the ground-water reservoir are called phreatophytes. In
areas of dense vegetation, large quantities of ground water are con-
sumed annually. The quantity of water used by the different species
differs greatly, ranging from only a few inches per year for some
plants to several feet per year for some trees. The quantity of water
consumed by each species is determined principally by the depth to
water, density of growth, and climatic conditions.

The climatic factors influencing the use of ground water by vegeta-
tion, as enumerated by Robinson (1958, p. 17), are temperature, rela-
tive humidity, wind movements, precipitation, length of growing sea-
son, hours of sunlight, and altitude. The element that exerts the
greatest effect is temperature, because it not only controls the length
of the growing season but also the rate of water use during the grow-
ing season. For example, saltgrass was found to require about twice
as much water at a temperature of 70° F as at 54° F. It seems logical
to assume that this general relation of increased use of water to in-
crease in temperature holds true for all phreatophytes. However,
water use may not increase with temperature at the same rate for all
species.

The use of ground water by phreatophytes varies inversely with
relative humidity. A low relative humidity combined with a high
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air temperature is conducive to a high rate of evaporation and, thus,
transpiration.

The rate of evaporation is also affected by wind movement, which
removes the humid air overlying a surface of evaporation and replaces
it with drier air. Wind movement is therefore effective in increasing
the rate of transpiration by keeping the relative humidity low next
to the plant leaves.

The effect of rainfall in the growing season is to supply some of the
water needs of phreatophytes and to thus reduce the draft on ground
water. The plant temporarily obtains part of its supply from the
increased moisture in the soil, and transpiration is reduced because
of the rise in humidity and decrease in temperature generally accom-
panying the precipitation.

The length of the growing season and hours of sunlight, other
factors being equal, directly affect the amount of ground water used
by vegetation.

The effect of altitude on the consumption of ground water by
phreatophytes is largely the result of its effect on temperature and
length of the growing season, which generally decrease as the alti-
tude increases. Thus, a decrease in the use of ground water by phre-
atophytes occurs at higher altitudes.

During this investigation, an attempt was made to determine the
quantity of water consumed by cottonwood trees growing along the
valley of Lance Creek between its confluence with the Cheyenne River
and Lance Creek village. To estimate the total area supporting thick
stands of cottonwood trees along Lance Creek, a map (R. F. Hadley,
unpub. data) showing the extent of alluvial deposits in the valley of
Lance Creek was used. Available aerial photographs (scale, 2 in.=1
mile) permitted an estimate to be made of the density of cottonwoods
along the stream. This estimate was supported by actual field inspec-
tion of various stands of trees where the foliage cover appeared to be
about 100 percent. Areas of heavy growth were measured with a polar
planimeter, and the density of each area was estimated by using areas
of 100 percent density as a reference. It is calculated that stands of
cottonwood trees in the valley of Lance Creek, between Cheyenne River
and the village of Lance Creek, occupy an equivalent of about 1,450
acres of 100 percent density.

During this investigation quantitative data were not obtained on the
use of ground water by cottonwoods. Consequently, the writer had to
draw on the results of studies and controlled experiments made by in-
vestigators in other areas. Estimated transpiration by phreatophytic
vegetation—grasses, shrubs, and trees—is about 18 inches per year in
Scotts Bluff County, Nebr. (Wenzel and others, 1946, p. 118). This
figure can probably be applied to Niobrara County. The quantity used
by cottonwood trees, however, is appreciably greater than the average
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of 18 inches for all types of vegetation. Studies made by the U.S. Bu-
reau of Reclamation (1952) of the consumption of water by irrigated
crops in the North Platte Irrigation Project of eastern Wyoming and
western Nebraska show that the average use during the normal 5-month
growing season, for the period of record 1926-50, was about 2 acre-feet
per acre.

Data obtained from an intensive study of the use of ground water
by phreatophytes growing along the Gila River in Safford Valley,
Ariz., indicate that in areas of 100 percent density of foliage cover,
where the depth to water ranges from 4 to about 30 feet, cottonwood
trees annually transpire an estimated 6 acre-feet of ground water per
acre (Gatewood and others, 1950, p. 195).

Available data suggest that deep-rooted cottonwood trees in Lance
Creek valley use appreciably more ground water per unit area of 100
percent density than field crops grown on the North Platte Project
and somewhat less than the amount estimated for the cottonwoods
used in the Safford Valley study. Although 6 acre-feet per year is
probably a more realistic rate of consumptive use than 2 acre-feet per
year, the conservative value of 3 acre-feet was used in computing the
quantity of ground water transpired annually by cottonwood trees in
the valley of Lance Creek. Therefore, if the draft on the ground-
water reservoir is assumed to be 3 acre-feet per acre per year, the
annual consumption of ground water by 1,450 acres of cottonwoods
of 100 percent density is about 4,350 acre-feet. This consumption of
water is equivalent to about 12 acre-feet, or nearly 4 million gpd.
If it is further assumed that most of this discharge occurs during the
growing season (normally about 5 months), the draft on the ground-
water reservoir during the summer months, when water is in greatest
demand, may exceed 20 acre-feet per day.

Stands of cottonwood trees are of value, both economically and
esthetically, to the ranches and farms occupying the valleys of Lance
Creek and Cheyenne River. The trees serve as windbreaks, furnish
shelter for livestock from winter storms and summer heat, and aid in
retarding surface runoff and resulting land erosion. They also pro-
vide a pleasant contrast to the otherwise bleak and generally treeless
terrain. In some areas, however, dense growths of cottonwoods could
probably be thinned appreciably without reducing their economic
value. The elimination of unnecessary trees would reduce the draft
on the ground-water reservoir and thus result in a generally higher
water table in the alluvial deposits. In some areas, if the water table
were raised only a few inches, it is probable that perennial flows might
occur in some reaches of stream channels, which at the present time are
dry during much of the year. For example, R. F. Hadley (oral
commun. 1961) noted that many ephemeral streams in this area begin
to flow shortly after the first killing frost in the fall and continue to
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flow until the start of the growing season in late spring or early sum-
mer. Transpiration by plants does not cease entirely during the
nongrowing season, but the rate is greatly reduced.

A higher water table would result in the discharge of larger quanti-
ties of ground water to streams and thus provide additional surface
water for irrigation and stock watering. The decreased depth to water
would probably promote a heavier growth of alfalfa and native
grasses, especially in areas where these plants no longer had to com-
pete with cottonwood trees.

The rate of discharge of ground water to the atmosphere by evapora-
tion from water and soil surfaces will increase appreciably as the
water table rises. In most areas, however, evaporation loss would be
confined principally to stream channels, where the water table rises
above the streambed or sufficiently close to the surface to permit evapo-
ration from the capillary fringe. The total area thus affected would
be relatively small, and the discharge of ground water by evaporation
would probably be proportionately low in comparison with that dis-
charged by transpiration.

RECOVERY OF GROUND WATER
SPRINGS AND SEEPS

The perennial flow in the Niobrara River and in the streams rising
at the foot of the escarpment of Hat Creek Breaks is supplied by
many small springs and seeps in the Arikaree Formation where the
stream channel has dissected the water table (depression springs) or
the downward percolation of ground water is retarded by a relatively
impermeable bed (contact springs). Springs and seeps occur also in
the Fox Hills Sandstone and the Lance and Fort Union Formations,
generally at the contact between permeable and relatively impervious
beds. Water issuing from springs and seep areas is chiefly used for
watering livestock. Few attempts have been made to develop springs
and conserve the water, and unused water is soon lost to vegetation
and evaporation.

WELLS

Drilled wells supply water for most stock and domestic use in
Niobrara County; a few dug wells serve where the water table is
sufficiently close to the surface. All irrigation and industrial supplies
and most public supplies are obtained from drilled wells. The wells
are generally cased with steel pipe ranging in diameter from 2 inches
for stock wells to a reported 30 inches for one irrigation well. Most
wells, however, are 4 to 6 inches in diameter. In areas where the walls
of the well stand without caving, only the upper part of the hole is
cased to protect the pump column and cylinder or bowls. Elsewhere,
properly constructed wells are cased throughout their entire length
with pipe containing perforated or screened sections.
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Most of the domestic and stock wells in the area are equipped with
cylinder pumps powered by wind, gasoline, or electricity. Some farms
and ranches have installed electricially operated jet pumps for the
house supply. Irrigation and public supply wells are generally
equipped with turbine pumps powered by electric motors or gasoline
engines.

UTILIZATION OF GROUND WATER

At present (1962), most of the ground water developed in Niobrara
County is for stock and domestic use. No attempt was made to inven-
tory all stock and domestic wells in the county ; instead, the collection
of data was confined principally to areas where information was most
needed. All pertinent data on the wells inventoried during the investi-
gation are given in table 9, and the locations of the wells are shown in

plate 1.
DOMESTTIC AND STOCK SUPPLIES

Although domestic and stock wells develop most of the ground water
used in Niobrara County, their combined yield in most areas is only
a small part of the total amount of available ground water. The dis-
charges of the small-capacity pumps have little effect upon the amount
of water in storage in the ground-water reservoir, except where the
water-bearing material is of small extent and thickness and where the
amount of water available for recharge is small. It is impossible to
estimate from available data the quantity of water used annually for
stock and domestic supplies. In some areas, notably along the base
of Hat Creek Breaks, seeps and springs provide perennial supplies of
ground water for stock use.

In some parts of the county, especially in the northeast part, the
chemical quality of the ground water limits its domestic use; however,
the water is generally suitable for livestock consumption.

PUBLIC AND INDUSTRIAL SUPPLIES

The community of Lusk (population 1,847 in 1960) operates the
largest public supply system in Niobrara County. The system is sup-
plied by five drilled wells that reportedly produced 112 million gallons
of water from April 1, 1958, to April 1, 1959. This is about 310,000
gpd, or an average of about 215 gpm. Except for the relatively small
amount of water used by one oil refinery, there is little industrial con-
sumption of water. The wells range from 130 to 180 feet in depth, and
all obtain water from the Arikaree Formation. The water is low in
mineral content but hard.

Manville, with an estimated population of 150, consumed about 6%
million gallons of water during 1959. An additional 14,156,000 gal-
lons were sold for use in highway construction during the year. The
two community wells are 185 and 200 feet deep and penetrate 145 to
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160 feet of saturated Arikaree Formation. The water is of similar
quality tothat at Lusk.

The village of Lance Creek obtains water from a large diameter well
dug in the alluvium of Lance Creek valley. The well is 11 feet deep
and at the time of measurement contained 4.65 feet of water. The
water level fluctuates with the flow in Lance Creek and generally be-
comes very low during the summer. The well supplied an estimated
1,300,000 gallons of water in 1959 to the eight residences, bar, cafe,
and service station. The water, although soft, is of poor quality for
domestic use.

The Continental Oil Co. and Ohio Oil Co. at Lance Creek oil field
operate a joint water supply system for industrial needs and domestic
use of resident employees. The water is supplied by three wells
drilled into the Inyan Kara Group about 5 miles south of Lance Creek
village. The wells range in depth from 265 to about 500 feet and are
reported to yield 60 to 300 gpm each by pumping. The water is
under artesian pressure, and one of the wells flowed with a low head
when completed. During the water year, September 1958 to Septem-
ber 1959, about 62,300,000 gallons of water was pumped and piped to
the oil field; however, most of the water was consumed in industrial
processes and by lawn and garden irrigation. The water is of good
quality though hard. The Chicago and North Western Railway
formerly had wells at Van Tassell, Lusk, and Manville, but since the
advent of diesel locomotives these wells have been abandoned or put
to other use. Small quantities of ground water are pumped for in-
dustrial use at the Mule Creek oil field.

IRRIGATION SUPPLIES

The study of the water resources of Niobrara County was made
principally to determine the availability of ground water for irriga-
tion. During the investigation, 22 irrigation wells were inventoried;
6 of these were tested by pumping to determine the yield characteris-
tics of the wells and, where possible, the hydrologic properties of the
aquifer. Statistical data on the wells are contained in table 7 and the
results of the pumping tests are given in table 6. The fact that most
of the wells were drilled in the late 1950’s indicates that the irrigation
potential of some areas has become known only recently. Most of the
irrigation water used in Niobrara County is pumped from the Arikaree
Formation ; smaller quantities are obtained from the alluvial deposits
of Lance Creek and Cheyenne River. The more productive wells are
generally in the vicinity of Lusk and along the Niobrara River valley
to the east where water levels are at relatively shallow depths.

The quantity of water pumped during 1959 by the eight irrigation
wells that account for the major draft on ground water in the Arikaree
Formation was calculated from records of power consumption sup-
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plied by the office of the Niobrara Electrification Association and by
distributors of butane gas, and from measurements of the power input
and well discharge made during the investigation. The total pump-
age of water for irrigation from these wells for the year is estimated
to be about 700 acre-feet. An additional 100 acre-feet of water might
have been pumped from the Arikaree Formation by the eight other
irrigation wells operated on a small scale during the year.

Five of the irrigation wells inventoried are in the alluvial deposits
of Lance Creek, and one is in the alluvium of the Cheyenne River. The
yields of these wells range from a reported 170 gpm to 295 gpm meas-
ured during a pumping test. No attempt was made to estimate the
annual pumpage from alluvial deposits, but it is probably very small.

POSSIBILITIES OF DEVELOPING ADDITIONAL LARGE SUPPLIES OF
GROUND WATER

The development of large supplies of water adequate for irrigation
use is unltkely except from the Arikaree Formation and from aluvial
deposits in the valleys of Lance Creek and the Cheyenne River. Yields
adequate for small-scale irrigation might be obtained from deep wells
drilled in the Fox Hills Sandstone and the Lance and Fort Union
Formations in some areas, but pumping lifts would probably be
excessive for most purposes.

ARIKAREE FORMATION

Sixteen irrigation wells drilled in the Arikaree Formation penetrate
saturated strata ranging in thickness from 14 to 200 feet; the average
is about 96 feet. The yields of these wells reportedly range from 150
to 1,100 gpm; however, only two wells are reported to yield less than
500 gpm, and the average is about 650 gpm. Pumping tests made on
four of the wells indicated that specific capacities of the wells ranged
from 7.9 to 35.6 gpm per foot of drawdown. One well drilled in a
fractured zone had a drawdown of ony 2.8 feet after pumping 7 hours
at a reported average discharge of 650 gpm. The more productive
wells are uncased except for surface pipe.

The Arikaree does not have a uniform permeability because of local
cemented zones and silty beds. The yield of water is influenced by
the number and extent of these relatively impermeable beds pene-
trated in drilling. At most places, however, the Arikaree should
be capable of yielding at least 5 gpm for each foot of drawdown, and
at many places, particularly from deeper wells, yields of perhaps 30
gpm per foot of drawdown could be pumped. In areas where the
formation contains fractures and fissures much larger yields might
be obtained.

To the north and south of the shallow water-table area underlying
the Niobrara River valley and along the pediment at the base of Hat
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Creek Breaks, the higher pumping lifts or unfavorable topography
limit the economic development of irrigation water. High pumping
costs and small irrigable acreage restrict the crops that can be grown
profitably to those having high cash values. Before irrigation wells
are constructed in these areas, test holes should be drilled to determine
the depth to water and the quantity available.

At present (1962), there is no evidence that discharge by wells has
affected the amount of ground water in storage in the Arikaree For-
mation and the position of the water table. Undoubtedly much
larger quantities of water could be pumped from existing irrigation
wells or from additional wells without noticeably affecting water levels
or the amount of discharge of ground water into the Niobrara River.

ALLUVIAL DEPOSITS

Several attempts have been made to develop irrigation supplies in
the alluvium of Lance Creek and the Cheyenne River to supplement
water derived from sporadic runoff in the streams. Diminished flow
in the streams in recent years has spurred the development of ground
water for irrigation; however, at the time of this investigation little
systematic exploration has been undertaken. Specific capacities of
six irrigation wells drilled in the valleys of Lance Creek and Cheyenne
River are given in table 7.

Drilling in alluvial deposits has met with varying success; yields
reportedly range from 170 to 300 gpm. Wells of equal or greater
capacity can probably be developed in other areas where extensive
deposits of saturated sand and gravel are present. No evidence is
present at the surface to indicate the position of the more permeable
deposits; so, the only effective method of locating these deposits is
by test drilling.

The amount of water that can be withdrawn from alluvial de-
posits without causing excessive permanent lowering of the water
table depends upon the capacity of, and the amount of recharge to,
the ground-water reservoir. If water is pumped from the ground-
water reservoir at an average rate greater than the average rate of
recharge, the water level declines and the supply is eventually depleted.
If the recharge during the nonpumping period replaces the pumped
water, the discharge can exceed the average rate of recharge for
short periods of time without causing serious lowering of the water
level. In this way the aquifer could be used as a storage reservoir,
to which water could be added or from which water could be with-
drawn. To develop the maximum amount of ground water from the
valley fill, water must be pumped in excess of the rate of recharge
during the growing season. This water will normally be replaced
during the nongrowing season, when the rate of recharge exceeds the
discharge from the aquifer.
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CHEMICAL QUALITY OF THE GROUND WATER

By T. RAY CUMMINGS

This section describes the chemical quality of ground water from
each of the geologic sources discussed in this report and evaluates its
suitability for domestic, municipal, irrigation, and livestock uses.
Conclusions on the quality of ground water available in Niobrara
County are based on the chemical analyses of 41 water samples
obtained from 8 different stratigraphic units. The data were collected
by the U.S. Geological Survey, and analyses are tabulated in table 8.

TaBLE 8.—Chemical analyses of ground

[Results in parts per million except as indicated.

Ap- Tem- Cal- | Mag- | Sodi- | Po-
Depth | proxi- | Date of col- | pera- | Silica | Iron ci- nesi- um | tassi-
Well (Feet) | mate lection ture | (8i0y)| (Fe) | um | um | (Na) | um
yield (°F) (Ca) | (Mg) X)
(gpm)
Inyan Kara
34-64-9db____._____ 145 10 | Dec. 4,1959 47 9.8 0.01 53 6.8 56 |11
Oct. 13,1959 | ___.___ 9.6 .03 21 2.3 57 6.6
Not kKnown |- .. |cocoo|oomoo | aamao s , 300
834
731
520
304
336
338
Pierre
35-65-15ad.-.._.____ 80 5| Dec. 3,1959 |...____ 29 0.01 61 18 123 |11
Fox Hills
37-63-13cb. ... 3004+ 5| Dec. 1,1959 |______._ 12 0.20 | 46 37 325 4.1
38-62-17aa. 10 || do__._____ 45 8.0 .- 14 3.2 | 1,040 2.9
38-63-23de._._ ... 105 | I do.__.._._ 42 9.8 14 | 37 13 598 4.5
Lance
36-65-14db_ 73 5 0.03 | 89 30 221 12
37-65-7bb. 128 3 8.6 12 1.5 432 1.7
38-63-30cc 70 10 .33 | 99 32 301 7.6
39-65-21cc- - 280 5 .01 47 3.5 922 4.0
21d 250 5 .04 29 11 574 3.1
40-63-33bb._ 400 3 .07 4.5 .2 596 2.0
40-64-laa__________ 112 5 02| 13 2.6 675 2.3
Fort Union
275 5| Dec. 2,1959 46 7.6 | 0.42( 14 4.9 486 3.5
290 i I P doo_ . 11 .13 | 136 88 474 6.4
213 || doo ... 56 9.5 | 6.9 4.5 1.2 456 3.8
132 5| Dec. 1,1959 36 | 12 .68 | 151 73 333 8.2

See footnote at end of table.
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Although analyses of some samples are more comprehensive than
others, all the analyses provide useful information about the chemical
quality of the water.

The Arikaree Formation and the White River Group yield water
of the best general quality in Niobrara County. Water from both
formations has some undesirable characteristics, but these character-
istics are not necessarily the same for the two formations. The Inyan
Kara Group, the Pierre-Shale, and the Lance Formation will probably
yield water of fair to good quality for most purposes.

waters, Niobrara County, Wyo.
Analyses by U.S. Geol. Survey]

Dissolved | Hardness Spe-

solids as CaCOs cific

con-

Bicar- | Car- Per- | Sodi- | due-
bonate [ bon- | Sul- |Chlo-| Fluo-| Ni- | Bo- cent | um- |tance Col-
(HCO3)| ate fate | ride | ride |trate | ron Resi- | Cal- |{Non-| sodi- | ad- | (mi- | pH | or

(COs)| (Soq) | (C) | (F) |(NOg)| (B) | Cal- | due |cium,| car- | um | Sorp- |crom-

cula- | at | mag-| bon- tion- | hos

ted | 180° | nesi- | ate ratio | at

C um 25°

)

Sandstone

528 0 5431 90| 0.2 59 (0.27 11,240 |1,240 | 268 0 72| 86 |1,800 (77 6

380 0| 1,970 | 23 .6 .2 | .48 |3,250 (3,290 48 0 98 | 66 4,440 ] 7.8 7

380 0 1,120 | 11 3 2.6 (.31 (1,980 (2,000 | 144 0 90 |1 22 (2,780 | 7.7 6
Formation

384 0| 393 80 0.5 | 0.4]0.23 11,030 [1,040 | 347 | 32 57| 5.2 (1,540 | 7.5 |_____

515 0| 523 6.7 1.5 6.9 .18 1,250 (1, 250 36 0 96 | 31 1,80 | 7.8 |.._ -

548 0| 553 9.9 8 81.10 (1, 1,310 | 379 0 63| 671,840 | 7.4 (.____

676 0 {1, 500 15 2|13 .14 (2,850 (2,900 | 132 4] 94 (35 [3,040 [ 7.6 ...

666 0| 752 7.4 4| 7.3|.12 1,730 |1,740 | 116 0 91 [ 23 (2,470 7.6 |-_._-

1,370 0 .3 (110 5.4 2 | .62 {1,400 (1,430 12 0 99 (76 (2,270 | 7.8 |[.____

1, 050 0| 611 6.5 7| 5.1].17 {1,840 1,870 43 0 97 | 45 (2,720 | 7.7 | ...
Formation

558 0 583 3.7 0.8 87 0.13 {1,390 1,400 55 0 95 | 28 2,070 | 7.6 |- .-

744 0 (1,050 18 9 2.91.15 12,150 (2,190 701 91 59 | 7.8 12,900 | 7.0 |.___.

398 37 | 562 20 .71 2.71.06 [1,300 |1,310 16 0 98 | 50 (1,970 | 8.6 |.____

806 04 775 8.8 01 .09 (1,770 11,780 | 676 15 51| 5.6 (2.380 | 7.6 6
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TABLE 8.—Chemical analyses of ground

Ap-
proxi- Tem- Cal- | Mag- | Sodi- | Po-
Well Depth | mate Date of col- | pera- | Silica | Iron ci- nesi- um [tassi-
(Feet) | yield lection ture | (8i03)| (Fe) | um um (Na) | um
(gpm) (°F) (Ca) | Mp) (X)
‘White River
6 | Sept. 14, 1957 54 3.3 8.5 0.2 (121 9.6
5] Oct. 2,1957 60 .01 73 2.9 | 62 26
........ Oct. 12,1957 9.2 W11 3.2 .0] 131 3.4
5 | Sept. 11,1957 49 .06 6.5 .2 | 167 10
5 | Dec. 4,1959 5.7 26 3.6 | 124 11
Arikaree
150 | Oct. 7,1952 49 | 54 0.01 { 50 13 10 7.6
5 | Sept. 29, 1957 51| 54 48 | 62 6.71 19 8.6
51 Dee. 2,1959 44 | 57 01 | 102 21 14 7.8
450 | Apr. 81958 51| 57 00 7.3 11 5.2
........ Dec. 2,1959 3 (U SESURY SRURRION FERIN FROURRI IR O,
160 | Nov. 12, 1957 50 | 56 00| 83 17 17 7.8
125 | Dec. 2,1959 37| 54 01| 55 15 18 10
195 | Nov. 14,1957 |__.____ 60 05 | 51 10 8.9 7.5
Allu-
5 | Nov. 12,1959 29 3.1 95 22 176 17
16 | Nov. 11,1957 |_ 22 2.7 102 31 230 15
250 | Dec. 1,1958 20 .30 | 60 25 306 7.7
250 |- (& 1 T 7.7 19 37 42 527 10

1 Crawford (1940). Analyses from oil test holes drilled prior to 1940 and not located on geologic map.
REPORTING OF DATA

In presenting chemical-quality data, the concentrations of dissolved
chemical constituents are generally expressed in parts per million
(ppm). A part per million is one unit weight of a constituent in one
million unit weights of water. Frequently, it is more conventent to
work with equivalents per million (epm) when studying special
problems of water chemistry and the effects of irrigation waters on
soils. An equivalent per million is one unit chemical combining weight
of a constituent in one million unit weights of water and is calculated
by dividing the concentration of the constituent in parts per million
by its chemical combining weight. For convenience in making this
conversion, the reciprocals of chemical combining weights of the most

commonly reported constituents (ions) are given in the following
table:

Cation Factor Amnion Factor
Calcium (Ca*®)__.__________ 0. 04990 Bicarbonate (HCOs™') .. __ 0. 01639
Magnesium (Mg+2) _________ . 08224 Carbonate (COs?®)oceoo_ . 03333
Sodium (Na*')_.____________ . 04350 Sulfate (80¢2) oo . 02082
Potassium (K*) . 02558 Chloride (Cl-%) . 02820

Fluoride (¥-*) o _______ . 05263

Nitrate (NOs™') oo . 01613
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waters, Niobrara County, Wyo.—Continued

Dissolved | Hardness Spe-
solids as CaCO3 cifie
Sodi- | con-
Bicar- | Car- | Sul- |Chlo-| Fluo-| Ni- | Bo- Per- | um- | due-
bonate | bon- | fate | ride | ride | trate | ron Resi- | Cal- cent | ad- |tance [ pH | Col-
(HCOs)| ate | (Sos) | (CD) | (F) {(NOg)| (B) | Cal- | due |cium,|Non-| sodi- | sorp- | (mi- or
(CO3) cula-| at |mag-|car- | um | tion- |crom-
ted | 180° | nesi- | bon- ratio | hos
C um | ate at
25°
)
Group
307 0 25 12 1.2 | 3.9 0.12 | 387 | 383 22 0 88 | 11 553 [ 8.0 |--_--
268 0 44 57 4122 .08 | 479 | 491 194 0 37} L9 720 | 7.7 |-
318 0 20 9.8 50 .11.37 320 | 324 8 0 96 | 20 536 | 7.7 |-----
360 0 40 33 1.9 | 10 .28 | 495 | 500 17 0 92 | 18 746 | 8.0 |_.___
386 0 25 11 6 .4|.06 | 428 | 428 80 0 74| 6.0 670 | 7.4 |.._..
Formation
214 0 16 5.0 0.2 |10 J0.01 271 | 276 { 178 3 10{ 0.3
224 0 24 9.0 2|14 04 | 308 | 302 182 0 18 .6
270 0 21 29 4 (102 7 | 535 | 342 | 121 8 .3
219 0 9.9 3.0 3| 39 |- 260 | 234 | 165 0 12 .4
.................................. 49 JERU EESURI SVIU FSI U NSRRI, P,
294 0 29 11 3|46 08| 412 | 412 | 278 | 37 11 4
237 0 26 10 5 51].07 ) 311 317 198 4 16 6
218 0 10 4.0 3| 3.8|.03] 263 | 261 169 0 10 3
vium
429 0| 348 14 0.4 0.5)0.23 | 915 | 922 | 326 0 521 4.211,330 | 7.1 {..___
419 0| 495 19 .5 .41.29 (1,120 1,140 | 382 | 38 56| 5.11(1,610 | 7.1 |___..
533 0| 454 11 1.0 .41.10 (1,150 1,160 | 253 0 72| 8.311.680 [ 7.6 |..._
340 0 {1,080 21 .74 3.5].11 (1,900 {1,920 | 264 0 81|14 (2,670 | 7.5 |-—---

One equivalent per million of a positively charged ion (cation) will
react with one equivalent per million of a negatively charged ion
(anion). Because the positive and negative charges are balanced in a
solution, the total equivalents per million of the common cations
(calcium, magnesium, sodium, and potassium) are approximately
equal to the total of the equivalents per million of the common anions
(bicarbonate, carbonate, sulfate, chloride, fluoride, and nitrate).

CHEMICAL QUALITY IN RELATION TO USE

Ground water in the report area is primarily used for domestic and
livestock purposes. Although ground water is used for irrigation in
Niobrara County, irrigation is not as extensive as in many other parts
of Wyoming. Future water-supply development in many areas will
depend upon the availability of water having suitable chemical quality.
In the evaluation of the suitability of a water for use, certain water-
quality criteria generally accepted as valid should be considered. A
discussion of these criteria follows.

DOMESTIC USEH

Chemical-quality standards for water used for drinking and culinary
purposes on interstate commerce carriers were established in 1914 by



66 GROUND WATER AND GEOLOGY, NIOBRARA COUNTY, WYO.

the U.S. Public Health Service. These standards have been revised
several times, and recently an advisory committee to the U.S. Public
Health Service (1961) has suggested further revision. Although
these standards establish recommended allowable concentration limits
for water used on common carriers, many municipal and domestic wa-
ter supplies in Wyoming exceed these limits in some respects. The
absence of other supplies and the high cost of treatment prevents
strict adherence to suggested standards. Some of the limits on chemical
constituents in drinking water are as follows:

Mazimum allowable Mazimum allowable
Constituent concentration (ppm) Constituent concentration (ppm)
Iron (Fe) . ____ 0.3 Fluoride (F) oo ____ 1817
Manganese (Mn)_________ .05 Nitrate (NOs) oo o____ 45
Sulfate (SO4) e 250 Dissolved solids__________ 500
Chloride (Cl) oo ___ 250

1 Recommended limits for fluoride are based on the annual average of maximum daily air
temperatures. For example, when the average temperature is 50.0° to 53.7°F, the recom-
mended upper limit is 1.7 ppm ; when the average temperature is between 79.3° and 90.5°F,
the upper limit is 0.8 ppm.

Hardness, a property of water familiar to many people, is prin-
cipally caused by high concentrations of calcium and magnesium.
Water has been arbitrarily classified in terms of hardness as follows:
60 ppm or less, soft; 61 to 120 ppm, moderately hard ; 121 to 180 ppm,
hard ; and 181 ppm or greater, very hard.

AGRICULTURAL USE

Although investigations relating the chemical quality of water to
its suitability for agricultural purposes are not numerous, guidelines
generally considered reliable have been proposed (Beath, in Miller,
1956 ; Beath and others, 1953 ; Eaton, 1950 ; Scofield, 1936; U.S. Salin-
ity Lab. Staff, 1954). The information in this section was extracted
from the summary of the published results of these investigations;
however, many supplies of water that do not meet these requirements
have been used for many years for agricultural purposes.

The primary agricultural uses of water are for stock watering and
irrigation. Although many chemical constituents or properties of
water affect its suitability for irrigation purposes, the two main cri-
teria for determining a suitable supply are (1) the dissolved-solids
content and (2) the sodium content and its concentration relative to
the calcium and magnesium concentrations. Also, concentrations of
bicarbonate, boron, and selenium are detrimental under certain con-
ditions, which are described later.

The application of water having a high dissolved-solids content
(salinity) tends to upset the salt balance of the soil. The use of saline
water in the absence of a favorable salt balance increases the osmotic
pressure of the soil solution and thus results in a retardation of plant
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growth. As a rule, the higher the salinity of a water, the less suit-
able the water is for use. Because the salinity of a water is directly
related to its specific conductance, an easily measured property of
water, the following classification has been established. The salinity
hazard for a water having a specific conductance between 100 and 250
micromhos per centimeter is classed as low; between 250 and 750,
medium; between 750 and 2,250, high; and greater than 2,250, very
high (U.S. Salinity Lab. Staff, 1954).

If an irrigation water containing a high concentration of sodium
re. ‘tive to the calcium and magnesium concentration is used, sodium
tene * to replace the calcium and magnesium adsorbed on the soil col-
loids. Soil colloids then tend to disperse and restrict the movement
of air a. d water through the soil, a condition resulting in a soil of poor
tilth and »oor permeability. As a measure of the suitability of water
for irrigation use, the sodium-adsorption-ratio (SAR) is frequently
used. It is an indicator of the hazard entailed in using water of high
sodium content and is calculated as follows:

SAR= epm Nat!
Jepm Cat?-+epm Mg+?
2

For water whose specific conductance is 750 micromhos per centi-
meter, the following approximate relations between the SAR and the
sodium (alkali) hazard of a water have been established (U.S. Salin-
ity Lab. Staff, 1954) :

Sodium Rodium
SAR (approwx.) (alkali) hazard SAR (approwx.) (alkali) hazard
0- 6 Low. 12-18 e High.
612 Medium. 18 + Very high.

The sodium hazard increases as the specific conductance increases, even
though the SAR value remains constant. Similarly, as the specific
conductance decreases, the sodium hazard decreases even though the
SAR remains the same.

Bicarbonate, when present in sufficient concentration, also may make
the use of water for irrigation objectionable. The carbonates of cal-
cium and magnesium tend to precipitate, increasing the relative pro-
portion of sodium in the soil solution. This, in effect, is the same as
applying irrigation water of initially high sodium content. The harm-
ful effects of excessive concentrations of bicarbonate are often meas-
ured and expressed as “residual sodium carbonate” (Eaton, 1950),
which is equal to the concentrations (epm) of carbonate plus bicar-
bonate minus the concentrations (epm) of calcium plus magnesium.
Water whose residual sodium carbonate value is less than 1.25 epm is
probably safe, 1.25 to 2.5 epm is marginal, and greater than 2.5 epm is
unsafe.
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Studies by Scofield (1936) indicate that a significant reduction of
crop yield may occur if water having a boron concentration as low as
0.67 ppm is used for boron-sensitive crops, as low as 1.33 ppm for
semitolerant crops, and as low as 2.00 ppm for tolerant crops.

Where even small amounts of selenium are present in irrigation
water, accumulation may take place in plants and vegetation in suffi-
cient quantities to be toxic to humans and animals. Beath (in Miller,
1956) suggested the following standards:

Selentum
(ppm) Effect
0.00-0.10_______ No plant toxicity expected.
0.11-0.20___.___ Usable, may accumulate over long periods of time.
0.210.50_______ Probably toxic accumulation in plants if conditions

are favorable.
More than 0.50_. Nonusable under any conditions.

The relation of the quality of water consumed to the health of
livestock is not well defined, but water of very high sodium content
may cause adverse effects. With respect to dissolved-solids content,
the following classification has been established (Beath and others,
1953) :

Dissolved solids Dissolved solids
Classification (ppm) Classification (ppm).
Good— o ___ less than 1,000 Very poor (questionable) 5, 000-7, 000
Fair (usable)__.________ 1,000-3,000 Not advised________ more than 7, 000
Poor (usable)._________ 3, 000-5, 000

CHEMICAL QUALITY IN RELATION TO SOURCE

In discussing the quality of water from the various aquifers in
Niobrara County, only those characteristics that seem to be of special
significance are mentioned. The suitability of water for present and
future uses is also discussed. Figure 15 illustrates the diverse chemical

,quality of water from the different formations. As indicated by the
diagrams, the chemical quality of water in some formations may be
very variable and in others, comparatively uniform.

INYAN KARA GROUP

Chemical analyses of nine samples of water from aquifers in the
Inyan Kara Group indicate that the water is generally of the sodium
bicarbonate type. Results of the analyses are given in table 8. Al-
though calcium and magnesium were not specifically determined in
some of the analyses of water from the deeper wells, sufficient data
are available to show that the two cations were very low in concentra-
tion. Calcium in solution probably has been replaced by sodium as a
result of cation exchange with aquifer material. Water from the
deeper wells also contains high concentrations of bicarbonate. The
relatively high concentration of bicarbonate may have been formed
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Inyan Kara Group Fort Union Formation
3040 2190
=65-4b ' =
351 1310 37-66-10cc
4ad
. White River Group
P S|
uerr6e44hale 191 124
34-61-
35-65-15ad %F 2234-55-
$ 17ca ach
Fox Hills Sandstone Arikaree Formation
3290 38-62-17 317
) I— ~-bc~1/aa
— E;sz-es-mcz
T
1240 535 234
32-62-
e K S e
i 7bbl
Lance Formation Alluvium
2900 922
}
N 39-65-2lcc 2;— 35-60-
T 27ba
1430 1920

e T
40-64-1dc

EXPLANATION

460
| HCO,+CO0,

Ca
Na+K Cl+NO
05 ' 510 s

Equivalents per million
Pattern illustrated represents water of the
calcium bicarbonate type. Number above
diagram is the dissolved-solids content, in
parts per million. Well number is to the
right of each diagram

FIGURE 15.—Chemical characteristics of ground waters, Niobrara County, Wyo.

by the reduction of sulfate. In the presence of carbon or hydrocar-
bons and certain bacteria, sulfate may be reduced to form hydrogen
sulfide and bicarbonate. The reaction is illustrated by Hem (1959,
p-103) as follows:

CaS0,+CH,—»CaS+C0O,+2H.0
CaS+2C0,+2H,0-H,S+Ca(HCO,),

The suitability for domestic use of water from most of the deeper
sources of the Inyan Kara Group is questionable. The high sodium and
bicarbonate concentrations preclude use of the water for irrigation,
even if wells of sufficient yield could be obtained. As a stock supply,
the water ranges from good to poor. Analyses of water samples from
wells 34-64-9db and 34-65-1bc indicate that water of good quality for
most uses may be obtained at some places where the Inyan Kara Group
lies at relatively shallow depths.
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LANCE FORMATION

Water from the Lance Formation ranges in dissolved-solids content
from 1,040 to 2,900 ppm. Sodium content exceeds 60 percent of the
total cations on all but one of the analyses and is more than 95 percent
on three. The low concentrations of calcium (only 4.5 ppm on one
analysis) suggest some cation change. In all but one sample (well
40-63-33bb) from the Lance Formation, sulfate and bicarbonate are
the dominant anions. In that sample, bicarbonate (1,370 ppm) is
dominant and sulfate (4.5 ppm) is almost absent. The low concentra-
tion of sulfate indicates that reduction of sulfate is a factor in deter-
mining the chemical quality of the sample of water from well
40-63-33bb.

All but one of the wells sampled are used as domestic supplies; how-
ever, water from none of the wells meets drinking water standards
of the U.S. Public Health Service (1961). Dissolved-solids content
of all supplies exceed the recommended maximum of 500 ppm, and
only one sulfate content is less than the recommended maximum of
250 ppm. Hardness of the water ranges from 12 ppm in well 40-63—
33bb to 379 ppm in well 38-63-30cc. The water from well 38-63-30cc,
in addition to being very hard, contains 0.33 ppm of iron. Water
from well 37-65-Tbb contains 8.6 ppm of iron. Water from well 40—
63-33bb has a fluoride concentration of 5.4 ppm, which impairs its
suitability for domestic use. High sodium concentrations make Lance
Formation water generally unsuitable for irrigation, although some
of the water might be used satisfactorily on tolerant crops under good
drainage conditions. For stock purposes, this water may be regarded

as fair.
FORT UNION FORMATION

Chemical analyses of four samples of water from the Fort Union
Formation indicate that the formation contains a sodium sulfate type
of water. The dissolved-solids content of the water ranges from 1,310
to 2,190 ppm. Hardness of the four samples analyzed ranges from
16 (soft) to 701 ppm (very hard), and iron concentrations range from
0.13 to 6.9 ppm. High iron, sulfate, and dissolved-solids contents make
water from this formation generally unsuitable for domestic use. High
concentrations of sodium would prevent indiscriminate use of the
water for irrigation, although under proper conditions the water might
be acceptable for certain crops. Except for the generally high iron
concentrations, the water may be classified as fair for use as stock
supplies.

WHITE RIVER GROUP

The dissolved-solids content of ground water from the White River
Group ranges from 324 to 500 ppm, which is lower than that of water
from the aquifers that have been discussed. Each of the five analyses
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represent water high in bicarbonate, and in all but one well (34-61-
17ca) sodium is the dominant cation. With one exception (well 34—
61-17ca), water represented by these samples may be considered as
soft to moderately hard. Silica content ranges from 9.2 to 60 ppm
and iron from 0.01 to 5.7 ppm. The maximum fluoride content is 5.0
ppm. Although the White River Group generally yields water of low
dissolved-solids content (less than 500 ppm), some of the water from
this group may prove unsuitable for domestic use because of high con-
centrations of iron, fluoride, or silica. Thus, each supply should be
evaluated on its own merits.

Water from the White River Group should be suitable for use by
livestock, except where high concentrations of iron make the water
unpalatable and where the precipitation of iron may tend to clog dis-
tribution systems. Although sodium-adsorption-ratios may be ex-
pected to be high for some of the samples, a salinity hazard of no
greater than medium may be anticipated.

ARIKAREE FORMATION

Water from the Arikaree Formation is of the calcium bicarbonate
type. Eight analyses of water show a range in dissolved-solids con-
tent of 234 to 535 ppm. Hardness ranges from 165 to 342 ppm, high
enough to class the water as hard to very hard. Water from three of
the sampled wells, two of which are used for domestic supplies, had
nitrate concentrations of 46, 49, and 102 ppm. Silica ranged from
54 to 60 ppm.

Water from the Arikaree Formation is suitable for irrigation and
is the best supply from sources sampled in the report area. Sodium-
adsorption-ratios are very low, and mineralization is moderate. Asa
stock supply, the water may be classified as good. As a domestic
supply, however, the hardness of the water requires the use of large
amounts of soap when used for washing. As just indicated, wells in
some areas yield water containing concentrations of nitrate that ex-
ceed 45 ppm, the upper limit recommended for infant feeding (U.S.
Public Health Service, 1961) ; however, this high concentration of
nitrate is apparently a local phenomenon. Two of the sampled wells,
one owned by the City of Lusk and the other by the town of Manville,
serve as public supplies. Water from both wells has a low nitrate
concentration, and, although hard, is somewhat less hard than most
water from the Arikaree Formation.

ALLUVIUM

Although usable, water from the alluvium is somewhat poorer in
quality than that from either the Arikaree Formation or White River
Group. Dissolved solids range from 922 to 1,920 ppm. Analyses
show that the water in the alluvium tends to be of the sodium sulfate
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type, although bicarbonate concentrations, as a percentage of the
anions, may be nearly as high as the sulfate concentrations. Despite
high sodium concentrations, hardness ranged from 253 to 382 ppm.
Iron concentrations ranged from 0.30 to 3.1 ppm.

As domestic supplies, water from the alluvium has several objec-
tionable characteristics: mineralization is high; sulfate exceeds rec-
ommended concentrations; and iron is high enough to cause a taste
problem and staining and to be subject to precipitation. Well 35—
65-3cc, however, is used by the village of Lance Creek as a public
supply.

As stock supphes, water from the alluvium is classed as fair, al-
though iron might present some problems. For irrigation, the alkali
hazard is generally low, but the salinity hazard is high; therefore,
good soil drainage is a necessity. Water from well 38-63-30cd2,
which is currently being used for irrigation, is probably unusable
under any circumstances, on the basis of the criteria of Eaton (1950).
It has a “residual sodium carbonate” of 3.69 epm, exceeding the sug-
gested maximum of 2.5 epm.

CONCLUSIONS

Ground water in Niobrara County occurs in both unconfined (water-
table) and confined (artesian) aquifers. Water-table conditions pre-
vail in the southern part of the county, where the thick and massive
Arikaree Formation is the principal aquifer. Artesian conditions are
widespread through the northern part of the county in aquifers such
as the Inyan Kara Group, Fox Hills Sandstone, and the Lance and
Fort Union Formations. Unconfined water occurs principally in al-
luvial deposits of Lance Creek and the Cheyenne River and their major
tributaries.

At the present time (1962), shallow wells drilled in the Arikaree
Formation, which is the best ground-water reservoir in Niobrara
County, furnish moderate to large quantities of ground water for irri-
gation. Larger yields could probably be obtained from wells pene-
trating a greater thickness of saturated aquifer. Supplies of water
adequate for small-scale irrigation may be developed at some places
from the alluvium along Lance Creek and the Cheyenne River. Suf-
ficiently deep wells drilled in the Lance Formation, the Fox Hills
Sandstone, and the Inyan Kara Group may yield moderate supplies
of water, if properly constructed, but none of the wells in these forma-
tions is likely to yield sufficient water for economical irrigation.
Water in these formations is normally under some artesian pressure,
and water levels in the deeper wells may rise to within a relatively
short distance below the land surface. Generally, only small quanti-
ties of water may be expected from the other water-bearing forma-
tions in the county.
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Ground water in Niobrara County is derived principally from pre-
cipitation within the county, although some water may enter the
area as underflow through deep aquifers exposed on the flanks of the
Black Hills to the east and north. Ground water moves out of the
county mostly as underflow through artesian aquifers into the Powder
River Basin to the west and as underflow through the Arikaree Forma-
tion into Nebraska to the east. The estimated underflow across the
Wyoming-Nebraska State line is between 5 and 8 million gpd. Smal-
ler quantities of ground water are discharged by streams, wells, and
evapotranspiration. An estimated average of at least 4 million gpd
of ground water is transpired by cottonwood trees along Lance Creek,
and the rate of transpiration is probably much greater during the
summer months. In 1959, the discharge of irrigation wells in the Ari-
karee Formation was about 800 acre-feet, or about 700,000 gpd. Dur-
ing the same year, the City of Lusk used about 300,000 gpd, and the
town of Manville used an estimated 60,000 gpd. No attempt was
made to estimate the yield of stock and domestic wells.

Water from the White River Group and from the Arikaree For-
mation in Niobrara County is of the best quality for general use.
Although water from these sources has certain undesirable character-
istics for some uses, a well drilled into one of these rock units would
probably provide water of better quality than water obtained from
other rock units in the area. Because of the diversity of dissolved
constituents, which cause water from some of the wells to be objection-
able, water from either of these sources intended for purposes re-
quiring a specific quality should be chemically analyzed.

At certain locations, the Inyan Kara Group is capable of yielding
water of fair to good quality from rather shallow depths, although
the quantities obtainable may not be great.

Water from the Pierre Shale, Fox Hills Sandstone, Lance and Fort
Union Formations, and alluvium is generally suitable for stock sup-
plies but may not be suitable for irrigation at some locations. In
general, water from these sources should be considered usable only
if no other supplies are available.

RECORDS OF WELLS AND OIL-TEST HOLES IN NIOBRARA
COUNTY

Table 9 contains records of 441 water wells and oil-test holes. Much
of the data was obtained from well owners or tenants, well drillers,
or records of the Niobrara County Agricultural Stabilization and
Conservation Office at Lusk. The depth to water and the depth of the
well were measured by the author when possible. The locations of
the wells and test holes are shown on plate 1.
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DRILLERS’ LOGS OF WATER WELLS AND OIL-TEST
HOLES IN NIOBRARA COUNTY

The following pages (table 10) contain logs of 59 water wells and
oil-test holes drilled in Niobrara County. The data were obtained
principally from drillers’ records, well owners, and files of the Nio-
brara County Agricultural Stabilization and Conservation Office at
Lusk. The descriptive terminology used is mainly that of the driller.
Most stratigraphic interpretations were made by the author. The lo-
cations of wells and oil-test holes for which logs are available are
shown on the geologic map (pl. 1) and are numbered according to the
system used for numbering wells as previously described.

TABLE 10.—Drillers’ logs of water wells and oil-test holes in Niobrara County,

Wyo.
Thick- | Depth Thick- | Depth
Material ness (feet) Material ness (feet)
(feet) (feet)
31-61-11dc
Alluvium: Arikaree Formation—Continued
Quicksand 20 20 50 80
Arikaree Formatio 20 100
Hard rock 10 30 30 130
31-61-29cd
Alluvium: Arikaree Formation—Continued
Topsoil. .- . 10 10 Sandstone____._______________ 160 200
Arikaree Formation: Sandstone, brown (water at
Butte rock (sandstone).....__ 30 40 200 £6) o 30 230
31-65-18cb
Arikaree Formation—Continued
15 15 Chalk rock (tuffaceous layer?). 2 130
Sandstone (water at 185 ft) . __ 60 190
Sandstone__..._...__....___.._ 113 128
32-62-6bc
Alluvium: Arikaree Formation:
Topsoil .. .. 10 10 Sandstone_ ... .. ... 225 235
32-62-17cd
(Log of test hole about 60 ft from well)
Arikaree Formation—Continued
6 6 Limestone, hard 1 2 56
2 8 Sandstone, soft._. 68 124
Sand and gravel___ 2 10 Limestone, hard ! 2 126
Arikaree Formation: Sandstone..________ 10 136
Limestone, hard *____________ 2 12 Limestone, hard ! 2 138
Sandstone, fine, soft_ . R 24 36 Sandstone, soft, layers of
Limestone, hard *____________ 1 37 hard limestone_.._..___..__ 30 168
Sandstone, soft__.____________ 17 54

1 Concretionary sandstone or siltstone.



88

GROUND WATER AND GEOLOGY, NIOBRARA COUNTY, WYO.

TABLE 10.—Drillers’ logs of water wells and oil-test holes in Niobrara County,

Wyo.—Continued
Thick- | Depth Thick- | Depth
Material ness (feet) Material ness (feet)
(feet) (feet)
32-62-20bd,
Alluvium: Arikaree Formation—Continued
Topsoil.. ... ________ 10 10 Gravel 2. ____________________ 30 80
Arikaree Formation: Sandstone, brown 7 87
Lime shell, sandy *_____._____ 5 15 QGravel, hard shell 2. 3 90
Sandstone, gray and brown__ 10 25 Sandstone, brown 13 108
Lime, shell, hard, sandy 1. __ 5 30 QGravel, hard 2. __ 3 106
Sandstone, brown (water at Sandstone, brown._.__________ 44 150
401ty . 20 50
1 Concretionary sandstone or siltstone.
2 Conglomerate.
32-63-2cc
Alluvium: Arikaree Formation—Continued
Sand and gravel______________ 17 17 Sandstone_.__________________ 4 70
Arikaree Formation: Chalk rock, fractured 2. 3 73
Sandstone, fractured_________ 34 51 Sandstone and clay... 2 75
Limestone, hard 3. ____.______ 1 52 Sandstone, soft.. . 25 100
Sandstone, soft_______________ 5 57 Sandstone, hard. 15 115
Limestone, hard 1. ___________ 1 58 Sandstone, soft. 19 134
Sandstone______._____________ 7 65 Sandstone, hard 16 150
Limestone!. . ________________ 1 66 Sandstone, soft . _..________.. 50 200
1 Concretionary sandstone or siltstone.
2 Tuffaceous layer.
32-63-7Tbb2
Alluvium(?): Arikaree Formation—Continued
Sandyloam.._ ... ________ 65 65 Sandstone_ ... o ....._.._ 15 115
Arikaree Formation: Gravel, fine 1. - 13 128
Sandstone.___________________ 10 75 Chalkysilt 2. ... ._.__ 2 130
Gravel, fine?_________._____._. 25 100
1 Col;fglomerate.
2 Tuffaceous layer.
32-63-8db2
Alluvium(?): Arikaree Formation—Continued
Sandyloam..._.. ... __ 60 60 ravel, fine t ] 20 120
Arikaree Formatio; Sandstone._ 6 126
Sandstone_____ - 10 70 QGravel, coarsi 24 150
QGravel, flne! 20 90 Chalky silt2..__ 1 151
Sandstone____________________ 10 100
1 Conglomerate.
2 Tuffaceous layer.
32-64-14ba
Alluvinm: Arikaree Formation—Continued
Sandyelay._.._._____________ 10 10 Sandstone____________________ 30 220
Arikaree Formation: Precambrian: -
Sandstone (water)..._.__.____ 170 180 QGranite, red. ... 5 225
Clay (claystone or siltstone)__ 10 190
32-64-18bhd
Alluvium: Arikaree Formation—Continued
Topsoil.._____________________ 6 6 Sandstone, soft fractured._..._. 17 70
Arikaree Formation: Sandstone, hard_____________. 14 84
Sandstone, hard______________ 35 41 Hard rock (Hartville(?) For-
Chalk rock, hard (tuffaceous mation)_ .. __.__._____._____ 26 110
layer). . ... 12 53
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TaBLE 10.—Drillers’ logs of water wells and oil-lest holes in Niobrara County,
Wyo.—Continued

Thick- | Depth Thick- | Depth
Material ness (feet) Material ness | (feet)
(feet) (feet)
32-64-24da
[Log of test hole about 30 it from well}
Alluvium: Arikaree Formation—Continued
Clay,sandy .. ...-.._____..__ 10 10 Sandstone, broken_...________ 60 90
Arikaree Formation: Shale, sandy .................. 10 100
Limestone (concretionary
sandstone or siltstone) .. ... 20 30
32-64-25da
Alluvium: Arikaree Formation—Continued
Silt, sand, and gravel._- 10 10 Limestone, fissured, and loose
Clay..coc-- 3 13 roek ' .. 2 51
Arikaree Forma Sandstone, 4 55
Limestone 1. 1 14 Limestone 1_. 4 59
Sandstone, Sandstone, soft.. 8 67
ehips._.__ ... 7 21 Sandstone, hard___.__ 6 73
Sandstone, moderately h: 21 42 leestone, broken 1__ 2 75
Limestone, fissured 1. .__ 2 44 Sandstone. .. _______..___ 7 82
Sandstone...__.._..___..._..._ 5 49
! Concretionary sandstone or siltstone.
32-65-35bb
Alluvium: Arikaree Formation—Continued
Silt and finesand..........._. 10 10 Sandstone, brown (water at
Arikaree Formation: 110-120 £y 20 120
Sandstone, brown, hard._____ 80 90 Hard shell 1 .................. 10 130
Hard shell Y. ... 10 100 s:mdstone, brown (water).... 10 140
Chalkroek 3. ___________.._ 10 150
1 Concretionary sandstone or siltstone.
2 Tuffaceous layer.
32-66-26da
Alluyium Arikaree Formation—Continued
Dirt. 4 4 Chalk rock (tuffaceous 1a‘yer)_- 1 81
Arikaree Formation: Sandstone (water at 170 ft)____ 93 174
Sandstone.._______________.__ 76 80
32-67-11dd
Alluvium Arikaree Formation—Continued
Di 1 1 Sandstone (water at 141 and
Arikaree Format: 192 ). . 182 195
Chalk rock (tuﬁaceous layer)_. 12 13
33-62-6cb
Alluvium: Arikaree Formation:
Topsoil.o oo 5 5 Sandstone (water at 310 ft)..__ 335 340
33-63-30cc (oil test)
White River Group or Arikaree: Precambrian:
Formation______._____________ 248 248 Schist, brown, micaceous.____ 62 350
White wash sand(?)....._..__ 40 288 Schist and shale, green_______ 65 415
Schist, black, micaceous... .. 35 450
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TABLE 10.—Drillers’ logs of water wells and oil-test holes in Niobrara County,
Wyo.—Continued.

Thick- | Depth Thick- | Depth
Material ness (feet) Material ness | (feet)
(feet) (feet)
33-64-25db (oil test)
Arikaree Formation and White Quartzite of Cambrian(?) age:
River Group. .. _._._._________ 525 525 Sandstone, red. ... .________ 21 909
Conglomerate(?). 255 780 Sandstone, red and purple.___ 37 946
Guernsey Formation: Precambrian(?):
Limestone and dolomite, gray. 55 835 Shale, green and yellow_._.._. 39 985
Sandstons, pink._.____________ 21 856 Shale, green, metamorphosed. 243 1,228
Limestone, pink- 19 875 Schist black. .. ... 12 1,240
Sandstone, pink.._.___..______ 13 888
33-65-35ba2 (oil test)
Arikaree Formation and White Carlile(?) Shale:
River(?) Group: Siltstone, light-gray, calcare-
Sandstone, clear, white, pink, ous, containing gray, green,
and brown, fine- to coarse- and brown bentonitic shale
grain, unconsolidated to and sandstone_._.___.___._. 216 1,402
slightly calcareous; con- Greenhorn Formation_ ___________ 88 1, 490
tains weathered glauconite Belle Fourche and Mowry
and biotite. .. ___.______.___ 500 500 Shales ... _________ 406 1,896
Sandstone as above, becom- Newecastle Sandstone and
ing more calcareous_._.____. 550 1,050 Skull Creek Shale.___.._._. 244 2,140
Sandstone, containing flakes
of biotite._.__...______.____ 75 1,125
Sandstone..__.______..__...____ 61 1,186
33-66-9ba (oil test)
Arikaree Formation and White Morrison Formation..____._..._.. 207 1,364
River Group_ ..__._____.__..____ 985 985 || Sundance Formation. 408 1,772
Inyan Kara Group...-co_........ 172 1,157 || Spearfish Formation___.__________ 23 1,795
33-66-18db (oil test)
Arikaree Formation._.__.__._____ 750 750 || Minnekahta Limestone._...___.._ 50 1,910
‘White River Group.-- 490 1,240 gf)eche Formation._____ 60 970
Spearfish Formation 620 1,860 innelusa Formation

33-66-20ac (oil test)

Arikaree(?) Formation_____._____ 695 695 || Minnelusa Formation—Con.
White River(?) Group........__.. 295 990 Sandstone, claystone, lime-
Minnelusa Formation: stone, and dolomite____..__. 240 1,390
Sandstone._ .. .. _._.______._ 160 1,150
33-67-1dc
Alluvium: Arikaree Formation—Continued
Topsoil. ... 10 10 Sandstone and conglomerate._ 20 110
Arikaree Formation: Sandstone, layers of hard
Sandstone_.____.__..__._______ 70 80 chalkroek.____.____________ 110 220
Chalk rock, hard, and sand-
stome..____ . ____________ 10 90
33-67-15¢d
Alluvium: Arikaree Formation—Continued
1 1 Chalkrock 1. . ____._.__._ 115 9114
Sandstone___. 33l 125
17 18 Chalkrock L. _________._.___ 2 127
1 19 Sandstone. ... ... 79 206
71 90 Conglomerate (water).._.__._ 4 210

1 Tuffaceous layer.
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TABLE 10.—Drillers’ logs of water wells and oil-test holes in Niobrara County,

Wyo.—Continued.
Thick-| Depth Thick- [ Depth
Material ness (feet) Material ness (feet)
(feet) (feet)
34-60-28ba
Alluvium: White River Group—Continued
Clayandsilt.________________ 10 10 Shale.. .. ___.._________ 40 160
White River Group: Coarse sandstone and gravel
Shale, variegated (water)._.__ 50 60 (conglomerate), soft - - . .- 25 185
Shale, blue. ... ____.._.__ 60 120
34-62-28bb
Alluvium: Arikaree Formation:
Topsoil. ... 5 5 Sandstone.__..-.o.o_ooo_. 357 362
34-63-2dd (oil test)
White River Group: White River Group—Continued
Shale, llght-yellow red and Sandstone; grains all colors
sandy at base.__--..._...._. 116 116 and shapes__.____._________ 12 212
Sandstone, white and brown__ 2 118 Shale, yellow, blue, dark-red,
Shale, yellow and blue.._. 3 121 and purple.. ... 38 250
Sandstone, variegated .- . 3 124 Sandstone. gray and varie-
Shale, yellow and brown._.__ 2 126 || gated. oo 33 283
Sandstone, brown, white, Shale, blue, gray, purple,
yellow, and pink___._______ 43 169 SANAY . oo 14 297
Shale, blue and yellow......__ 2 171 Sandstone, variegated, fine-
Linestone, blue, brown, and grained, and black and
pink_._.... 7 178 brown shale. ... 13 310
Shale, blue, pink, and yellow. 10 188 Shale, black; some white
Sandstone, gray and brown.._ 10 198 fine-grained sandstone_.._._ 7 317
J.imestone, sandy________.____ 2 200
34-63-3da (oil test)
[Log of tops of formations only]
White River group.__.__._.____._. Surface || Morrison Formation_ ... .. ___.__|_______ 355
Inyan Kara Group.._.._._.__.___| _______ 170 Totaldepth. ... . | . 1,300
34-65-1bc
‘White River Group......-.._____ 133 133 || Inyan Kara(?) Group—Continued
Inyan Kara(?) Group: Sandstone, brown._. ______.__ 34 250
Sandstone (water)....._._____ 77 210 Shale, variegated .. ...__._____ 15 265
Shale,sandy.___. .. _._._.______ 6 216
34-65-4cb (oil test)
White River Group. ........_.._ 349 349 || Inyan Kara Group.-—--...._..__- 239 1,042
Belle Fourche(?) Shale. 101 450 || Morrison Formation. 198 1,240
Mowry Shale_.___________________ 168 618 || Sundance Formation.._ 361 1,601
Newcastle Sandstone and Skull Spearfish Formation _..__________ 14 1,615
Creek(?) Shale. . ____..._.______ 185 803
34-67-27bb
Alluvium Fort Union Formation—Con. 10 190
Topsoil.._ .. 20 20 Sandstone (water)___ 53 243
Fort Union Formation: Shale. .. ool
Shale.._..____________________ 160 180

746-672 0—65——7
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TABLE 10.—Drillers’ logs of water wells and oil-test holes in Niobrara County,
Wyo—Continued.

Thick- | Depth Thick- | Depth
Material ness | (feet) Material ness | (feet)
(feet) (feet)
35-62-8cb
White Rlver Group—Continued
10 10 Shale ... _.______. 10 200
Sa.ndstone (water)._...._..___ 20 220
20 30|l Shale.. 10 230
70 100 Sandstone (water) ... 10 240
40 140 (| Shale..._ 55 295
50 190
35-62-29bb (oil test)
[Log of tops of formations only]
‘White River Group- Surface || Inyan Kara Group. 600
Newecastle Sandstone. 440 Totaldepth_ . __________.___ 623
Skull Creek Shale..____...____...| ____.__ 480
35-63-15dc (oil test)
[Log of tops of formations only]
‘White River Group._._._.__._____[__._____ Surface || Sundance Formation..___ ... __| _._____ 1, 000
Inyan Kara Group. ... 465 Total depth. ... ___|._____ 2, 605
Morrison Formation_____________{__._____ 760
35-63-27dd
Alluvium: Inyan Kara Group—Continued
Sandyelay. ... ... __ 10 10 Sandstone____________._______ 10 110
Inyan Kara Group: hale.__._._____ 20 130
Sandstone.___ 20 30 Sandstone (water)__ 10 140
10 40 Iron rock (quartzite). 10 150
10 50 Sandstone water)__ 10 160
30 80 |] Shale.._.......__._ 10 170
10 90 Sandstone (water) ... 30 200
10 100
35-64-5¢a
Alluviom: ‘White River Group—Continued
Sandyeclay......_..__. . 10 .10 Shale._ .. ______________ 100 180
Whlte River Group Sandstone (water).. 20 200
......................... 60 70 Shale (water)..._....._...___ 40 240
Sandstone (water) ...._..__.__ 10 80
35-64-20ac
Alluvium: White River Group—Continued
Topsoilo.o ... __________ 10 10 Shale, yellow. 80 190
White Rlver Group: Sandstone, green._____________ 15 205
Shale, yellow___...__._._..____ 70 80 || Pierre Shale:
Sandstone, greem__________.__ 30 110 Shale, black ... _.________._. 5 210
35-65-32da (oil test)
[Log of tops of formations only]
White River Group--__...__._____|__.__.___ Surface || Inyan Kara Group..-..-._.-..__|--—._.__ 735
Mowry Shale._...__ 376 || Sundance Formation___._._._____|......._ 1, 466
Newcastle Sandstone_____________[ _______ 543 —
Totaldepth_ ... ________|. ______ 1,625
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TABLE 10.—Drillers’ logs of water wells and oil-test holes in Niobrara County,
Wyo.—Continued.

Thick- | Depth Thick- | Depth
Material ness (feet) Material ness (feet)
(feet) (feet)
35-65-35ab
[Log of test hole about 500 ft from well]
Alluvium_ ... ___________ 16 16 || Inyan Kara(?) Group—Con.
‘White River Group: Sandstone, brown, fine- to
Shale, light-gray, soft__.__._._ 22 38 coarse-grained; coarser to-
Shale, light-gray (some green ward base; consists of
and blue streaks), slightly quartz grains___.___________ 72 310
SaNAdY _ oo 92 130 Sandstone, medium-grained,
Shale, light-gray to Dblue; interbedded with coarse-
coarse-grained conglomerat- grained conglomeratic sand-
ic sandstone near base..____ 28 158 stone; consists of quartz and
Shale, light-brown to pink, chert grains__.._.____.______ 30 340
blue and green_.___________ 62 220 Shale, reddlsh -brown; coarse-
Inyan Kara(?) Group: rained sandstone near
Sandstone, coarse-grained, ASE_ oo meemmmmeee 20 360
conglomeratic; finer grained Sandstone, gray, medium-
toward base; consists of to fine-grained; consists of
grains of quartz and chert__ 18 238 quartz grains. .. _._________ 34 394
Sandstone, gray, medium-
grained. ... ___._.__.___ 9 403
Not logged . ..o . .. 95 498
36-63-34ad
White River Group: White River Group—Continued
Shale ... . 30 30 Sandstone (water).__.._______ 80 180
Sandstone. - 50 80 Shale, blue. ..o ... 30 210
Shale, blue. . S 20 100
36-64-29bb
Alluyium: Pierre Shale—Continued
Clayandsilt. ... _.._...___. 10 10 andstone. .. ... 10 300
Pierre Shale: Shale, sandy...... - 10 310
Shale, black _ 10 20 Sandstone (water) . .._.._._.__ 10 320
Sandstone. . _ 10 30 Shale, black .. ._.____.________ 30 350
Shale, black. 260 200
36-66-15ba
Fox Union Formation—Con
10 10 20 210
10 220
50 60 40 260
30 90 15 275
100 190
37-62-5da
[Water at 170 and 240 ft]
Fox Hills Sandstone: Fort Hills Sandstone—Continued
Shale, yellow..___._._.______. 40 40 Shale, blue, sandy.._._.._.__. 30 230
Shale, blue_ .. 80 120 Sandstone. ... 25 255
Sandstone._._.________ 1117 80 200
37-63-2bb
Alluvium: Fox Hills S8andstone—Continued
Topsoil ... _____________ 10 10 Mudstone 60 130
Fox Hills Sandstone: Sandstone (water). 30 160
Sandstone.__._.__._._____._ 40 50 Sandstone 65 225
Sandstone, hard, ferruginous . 10 60 Sandstone, hard, fenugmous_ 5 230
Sandstone_. __________________ 10 70 Sandstone. ... _.___.___.. 10 240




94

GROUND WATER AND GEOLOGY, NIOBRARA COUNTY, WYO.

TABLE 10.—Drillers’ logs of water wells and oil-test holes in Niobrara County,
Wyo—Continued.

Thick- | Depth Thick- | Depth
Material ness (feet) Material ness (feet)
(feet) (feet)
37-63-34bc
[Water at 190 ft]
Alluvium: Lance Formation—Continued
Clay, yellow_____________.____ 10 10 e, blue. ... _________ 40 120
Fox Hills Sandstone. Shale, yellow, sandy, cal-
Sandstone_._._.______________ 20 30 CATEOUS. - - oo 30 150
Shale, yellow, sandy. ... 50 80 Shale, gray, sandy, calcareous. 75 225
37-65-21ac
Alluvium: Fox Hills Sandstone—Continued
Topsoil oo 10 10 Sandstone, blue 60 120
Lance Formation: Shale, blue_______ 65 185
Sandstone. .. .___.___.__.__.__ 10 20 Sandstone (water).. 15 200
Shale, brown_ 20 40 Shale, blue. ... _..._..____ 70 270
Shale, blue__.________________ 20 60
37-67-26dd2
Alluvium: Alluvium—Continued
Topsoil ... _____________. 4 4 Sand, coarse, and gravel___.___ 13 25
Sand, fine, and silt 8 12
38-62-32db
Aluvium Fox Hills Sandstone—Con.
Clay oo 20 20 Sandstone, blue. 30 180
Fox Hl s Sandstone: Shale, blue_ . 80 260
Shale, black.._..____...__.._. 130 150 Sandstone (water)__........_. 40 300
38-63-27dd
Alluvmm Fox Hills Sandstone—Con.
_______________________ 10 10 Sandstone (water). I 10 110
Fox Hills Sa.ndstone Shale, blue_._._. 10 120
Shale, yellow_________________ 10 20 Sandstone, brown, hard 10 130
Sa.ndstone, brown. _ 20 40 Shale, gray. . 60 190
Shale, gray_..__.___ 20 60 Sandstone, 30 220
Sandstone, brown 20 80 Shale, blue.- 30 250
Shale, blue____.__ 20 100 Sandstone, bl 25 275
38-63-30cdl
Alluvium: Lance Formation—Continued
Topsoil .. ____ 5 5 Sandstone, blue, soft, con-
Clay, silt, sand, and gravel.._ 40 45 glomeratic. - 3 58
Lance Formation: Shale, black . 9 67
Shale, blue, sandy__.._.______ 10 55
38—64-12ab
Lance Formation: Lance Formation—Continued
50 50 Sandstone (water at 160-170
ft) 50 180
70 120 70 250
10 130
38-64—22aa
Alluvium Lance Formation:
Topsoil.... 5 5 Shale, blue__.__._.___________ 2 39
Clay, blac] 9 14
Sand and gravel; clay and silt. 23 37
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TABLE 10.—Drillers’ logs of water wells and oil-test holes in Niobrara County,
Wyo.—Continued

Thick- | Depth Thick- | Depth
Material ness (feet) Material ness | (feet)
(feet) (feet)
39-63—9ca
Alluvium:

Sand.._______________________ 10 10 12 142
Lance Formation: 18 160

Shale. 12 22 22 182

Sandstone - 18 40 18 200

Shale. 32 72 20 220

Sandstone 18 90 10 230

Shale 24 114 50 280

Sandstone 16 130 13 203

40-61-35dd
Alluvium: Inyan Kara Group:

Sand and gravel._____..__.___ 20 20 Sandstone (water)._._...__.__ 12 272
Mowry Shale_ ____________.______ 140 160 Shale.___.___.__._ 52 324
Newecastle Sandstone: Sandstone and shale. 12 336

Sandstone (water).__.________ 40 200 Sandstone (water) 8 344
Skull Creek Shale: Shale, gray.__._._ 8 346

Shale, sandy.. ... 40 240 Shale, red ... 4 350

Sandstone and shale___.______ 20 260

40-63-26db
Alluvium: Lance Formation—Continued

Topsoil . . 10 10 h 70 100
Lance Formation: 10 110

Shale._._ . ..o 10 20 90 200

Sandstone_________.___________ 10 30 12 212

40-66-19dc
Alluvium: Fort Union Formation—Con.

Sand and gravel___.__..______ 20 20 Shale, gray. 30 200
Fort Union Formation: Sandstone (water) _ 20 220

Shale, dark, sandy___.__.___._ 150 170 Shale, dark, sandy.._.__..____ 106 325

40-67-25ab
Aluvium_ . ______________________ 25 25 || Fort Union Formation—Con.
Fort Union Formation Sandstone and coal___._______ 10 170
ale - 25 50 60 230

Sandstone. .. _____________ 10 60 20 250

Shale.___________________._..__ 10 70 10 260

Sandstone.. ... 40 110 90 350

Shale. ... 10 120 10 360

Sandstone. ... 40 160

41-66-26dd
Allaviam__.______________________ 5 5 || Fort Union Formation—Con.
Fort Union Formation: Shale, gray, sandy (water) _ __ 350 370

Shale, brown, sandy.._.__.___ 5 10 Sandstone (water).___________ 31 401

Sandstone._..__._.___________ 10 20 .
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