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GEOLOGY AND GROUND-WATER RESOURCES OF
GOSHEN COUNTY, WYOMING

By J. R. Rapp, F. N. VisgER, and R. T. LaTrLETON

ABSTRACT

Goshen County, which has an area of 2,186 square miles, lies in southeastern
Wyoming. The purpose of this study was to evaluate the ground-water resources
of the county by determining the character, thickness, and extent of the water-
bearing materials; the source, occurrence, movement, quantity, and quality of
the ground water; and the possibility of developing additional ground water.

The rocks exposed in the area are sedimentary and range in age from Pre-
cambrian to Recent. A map that shows the areas of outcrop and a generalized
section that summarizes the age, thickness, physical character, and water supply
of these formations are included in the report. Owing to the great depths at
which they lie beneath most of the county, the formations older than the Lance
formation of Late Cretaceous age are not discussed in detail.

The Lance formation, of Late Cretaceous age, which consists mainly of beds
of fine-grained sandstone and shale, has a maximum thickness of about 1,400
feet. It yields water, which usually is under artesian pressure, to a large number
of domestic and stock wells in the south-central part of the county.

Tertiary rocks in the area include the Chadron and Brule formations of
Oligocene age, the Arikaree formation of Miocene age, and channel deposits of
Pliocene age. The Chadron formation is made up of two distinct units: a lower
unit of highly variegated fiuviatile deposits that has been found only in the report
area; and an upper unit that is typical of the formation as it occurs in adjacent
areas. The lower unit, which ranges in thickness from a knife edge to about 95
feet, is not known to yield water to wells, but its coarse-grained channel deposits
probably would yield small quantities of water to wells. The upper unit, which
ranges in thickness from a knife edge to about 150 feet, yields sufficient quantities
of water for domestic and stock uses from channel deposits of sandstone under
artesian pressure. The Brule formation, which is mainly a siltstone, ranges in
thickness from a knife edge to about 450 feet and yields water to domestic and
stock wells from fractures and from lenses of sandstone. The Arikaree formation
ranges in thickness from a knife edge to about 1,000 feet, and yields water to
several domestic and stock wells in the northwestern part of the area. The
Pliocene channel deposits, which probably do not exceed 25 feet in thickness,
are not a source of water for wells in Goshen County.

The upland deposits, which are mainly of Pleistocene age, generally are dry
and do not serve as aquifers; however, test drilling revealed several deep,
buried channels occupied by deposits which probably would yield moderate
quantities of water to wells if a sufficient saturated thickness were penetrated.
The deposits of the third terrace, which are of Pleistocene age, range in thickness
from a knife edge to about 210 feet and yield water to a large number of irriga-
tion wells in the area. The ficod-plain deposits, which are of Pleistocene and
Recent age, range in thickness from a knife edge to about 200 feet. Those in

1



2 GEOLOGY, GROUND-WATER RESOURCES, GOSHEN COUNTY, WYO.

the valley of the North Platte River yield abundant water to many large supply
wells. The flood-plain deposits along the valley of Rawhide Creek consist mainly
of fine-grained materials and yield large supplies of water to wells only in the
lower stretches of the creek valley near its confiuence with the valley of the
North Platte River. The deposits along the valleys of Horse and Bear Creeks
generally are relatively thin and fine grained. In the vicinity of Lagrange, how-
ever, the deposits, which are about 45 feet thick, yield moderate supplies of
water to several irrigation wells. Other Recent deposits in the area—dune sand,
loesslike deposits, and slope wash—generally are fine grained and relatively thin
and, hence, are not important sources of ground water.

The unconsolidated sand and gravel of the flood-plain and terrace deposits
are the principal aquifers in the area. In some places they are in contact and
form a single aquifer; in others they are separated and form distinct aquifers.
However, generally they constitute a single aquifer and are so discussed. In
most places in the flood-plain deposits of the North Platte River wells yielding
1,000 to 3,000 gpm (gallons per minute) could be developed. Wells having yields
of 500 to 1,500 gpm probably could be developed in most of the terrace deposits.
In the valley fill along Horse and Bear Creeks near Lagrange, wells having yields
of 500 to 1,000 gpm could be developed. However, in the valley fill along Rawhide
Creek and along Horse and Bear Creeks, in the deposits of the third terrace, and
in the flood-plain deposits along the North Platte River at places where the
saturated thickness is less than 50 feet, the installation of large-capacity wells
should be preceded by test drilling to determine the characteristics of the water-
bearing materials. In favorable areas, wells with possible yields of 500 to 1,000
gpm could be developed in the Arikaree formation.

The specific capacity of wells in the unconsolidated sand and gravel of the
flood-plain and terrace deposits of the North Platte River valley ranges from 21
to 250 gpm per foot of drawdown and averages 120 gpm per foot of drawdown.
The wide range in specific capacity is due, in part, to the differences in the char-
acteristics of the aquifers and, in part, to differences in the construction and
development of the wells. Two irrigation wells in the valley fill along Horse and
Bear Creeks in the vicinity of Lagrange have specific capacities of 16.6 and 40
gpm per foot of drawdown, respectively. In the same vicinity an irrigation well
that produces water both from the alluvium and from fractures in the Brule
formation has a specific capacity of 25 gpm per foot of drawdown. Wells in the
bedrock formation generally could be expected to have much lower specific capaci-
ties than those in the unconsolidated sand and gravel deposits. A well that pro-
duces water from the Arikaree formation has a specific capacity of 12 gpm per
foot of drawdown, and two wells that are in the Lance formation have specific
capacities of 0.2 and 1.5 gpm per foot of drawdown.

The unconsolidated sand and gravel deposits of the valley fill of the North
Platte River are highly permeable and transmit water readily to wells. Pumping
tests indicate that the coefficients of permeability range from 1,500 to 8,700 gpd
(gallons per day) per square foot for the fiood-plain deposits of the North Platte
River, and from 2,300 to 5,900 gpd per square foot for the deposits of the third
terrace. The storage coefficient was determined to be 0.235 for the flood-plain
deposits and 0.216 for the deposits of the third terrace.

The depth to water in the alluvium along the streams generally is less than
50 feet, and in the terrace deposits it generally is less than 80 feet. In the
bottom land along the major streams, and in much of the irrigated land south of
the North Platte River, the water table is so near the surface that the capillary
fringe extends to the root zone of the vegetation or to the land surface. In these
areas much ground water is discharged by evapotranspiration. The depths to
water in the upland areas generally are between 200 and 300 feet.
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Recharge to the ground-water reservoir in the nonirrigated part ¢f Goshen
County is mainly by seepage from precipitation. The average annual precipita-
tion in the area is about 14 inches, of which possibly not more than 5 percent
percolates to the ground-water reservoir. In the irrigated area along the valleys
of Horse and Bear Creeks it is estimated that half of the water diverted for irri-
gation is recharged to the ground-water reservoir. In the North Platte project
area recharge to the water table in the area is from seepage from canals and
irrigated land, from precipitation, and from underfiow entering the area. It is
estimated that about 202,000 acre-feet of water is recharged to the water table
each year from the canals and irrigated fields, and about 6,000 acre-feet is
recharged by underflow into the area through the alluvial fill. Recharge from
precipitation and by underflow into the area through the bedrock formations
totals about 97,000 acre-feet annually for the 4 years studied (water years 194748
to 1950-51), but no attempt was made to determine the portion contributed by
each process.

Most of the recoverable ground water in the area is stored in the unconsolidated
sand and gravel deposits of the valley fill. Practically all the ground water
available for irrigation, industrial, and municipal supplies occurs in these de-
posits. The approximate quantity of ground water in storage in the valley fill
of the North Platte River was computed, by multiplying the volume of satu-
rated material by the average storage coefficient, to be 1,700,000 acre-feet. It
was computed that about 21,000 acre-feet of water is in storage in the upper-
most foot of the saturated material.

Sufficient data were not available to approximate the total amount of dis-
charge from Goshen County; however, it was determined that in the 4 years of
study an average of about 305,000 acre-feet of ground water was discharged
annually from the North Platte River project area. About 217,000 acre-feet
was discharged by streams and drains, about 59,000 acre-feet by evaportranspira-
tion (including about 38,000 acre-feet of the water pumped from wells), and
about 29,000 acre-feet as underflow through the valley fill.

Water in unconsolidated materials carries moderately low amounts of dis-
solved solids, principally calcium bicarbonate, and is characterized by hardness
exceeding 200 ppm (parts per million), a substantial part of which is noncar-
bonate, by a low percentage of sodium, and locally, by excessive iron. The
quantities of the individual constituents are influenced to some extent by irri-
gation practices. Water in the bedrock formations is characterized by low
hardness and a high percentage of sodium. Water from the deeper Lance for-
mation contains fiuoride in concentrations that exceed the desirable upper
limits for drinking water used by children. Wells in the valley fill near the
Interstate canal in general yield water having a slightly lower mineral content
than wells adjacent to the North Platte River.

Local problems in water quality occur where drainage from irrigated tracts
is retarded by underlying materials of low permeability and where concentration
©of the shallow water by evaporation and transpiration occurs.

Spot sampling of surface water showed that the Cherry Creek drain carries
about 2.3 tons of dissolved solids per acre-foot of runoff before the start of irri-
gation, but the mineral content fluctuates widely in response to surface inflow
during the irrigation season.

INTRODUCTION
PURPOSE AND SCOPE OF THE INVESTIGATION

A program of ground-water investigation was begun in Wyoming
in November 1940 by the U. S. Geological Survey in cooperation with
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the Wyoming State Planning and Water Conservation Board. As
part of this program a study of Goshen County was begun in 1943 by
J. B. Graham. The purpose was to evaluate the ground-water re-
sources of the county by determining the character, thickness, and
extent of the water-bearing materials; the source, occurrence, move-
ment, quantity, and quality of the ground water; and the possibility
of developing additional ground water. The study was discontinued
early in 1944 and later, in 1948, was renewed as part of the cooperative
program with the Wyoming State Engineer. A detailed study was
made of the North Platte River irrigation project in Goshen County
during 1949-51, as a part of the program of the Department of the
Interior for development of the Missouri River basin. The data col-
lected during that study are included in an open-file report * and most
of the data are incorporated in this report. The field work and col-
lection of data for this report were done by R. T. Littleton, F. N.
Visher, H. M. Babcock, and J. R. Rapp under the general supervision
of A. N. Sayre, chief of the Ground Water Branch of the Geological
Survey. The investigation was completed and the report was com-
piled under the direct supervision of H. M. Babcock, district engineer
for Wyoming.

The quality-of-water studies were made under the general super-
vision of S. K. Love, chief of the Quality of Water Branch of the
Geological Survey, and P. C. Benedict, regional engineer in charge
of the quality-of-water studies in the Missouri River basin.

The quantitative analyses of water-bearing materials were made
by A. I. Johnson in the hydrologic laboratory of the Geological Sur-
vey at Lincoln, Nebr.

LOCATION AND EXTENT OF THE AREA

Goshen County lies in the southeastern part of Wyoming (fig. 1).
It is bounded on the east by the Wyoming-Nebraska State line, and
on the north, west, and south by Niobrara, Platte, and Laramie
Counties, respectively. Goshen County is rectangular in shape and
measures about 72 miles in a northerly direction and about 3014
miles in an easterly direction. The county has an area of 2,186 square
miles, which covers 48 complete townships and parts of 12 others.

METHODS OF INVESTIGATION

A network of 65 observation wells was established in March 1949
to observe water-level fluctuations in the area; included were 27 wells
in which periodic water-level measurements had been made previously.

1Visher, F. N., Rapp, J. R., and Babeock, H. M., 1954, Geology and ground-water re-
sources of the North Platte irrigation project area in Goshen County, Wyo., with a section
on the chemical quality of the ground water by, W. H. Durum: U. 8. Geol. Survey
open-file report.
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Measurements were made monthly from March 1949 through No-
vember 1951.

Records of 938 wells and springs in the area were obtained.
Available information regarding the character and thickness of the
water-bearing formations and the discharge of the wells was ob-
tained from well drillers and well owners. An attempt was made
to include all wells of large discharge. The depth to water below
a fixed measuring point, generally the top of the well casing or the
top of the pump base, in 812 wells was measured using a steel tape.
The yield of 27 wells of large discharge was measured with a Hoff
current meter. Small discharges were measured by timing with a:
stopwatch the filling of a calibrated container. These measurements,
as well as other information about the wells, are given in table 7.
Reported data are listed for most of the wells that could not be.
measured. In addition to the wells inventoried, records of shotholes
made during seismic surveys by oil companies were studied but are
not included in this report. Instrumental levels were run to many
of the wells and to the test holes. Chemical analyses were made of
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126 water samples collected from wells, springs, drains, canals, and
streams in the area.

The hydrologic propertles of the unconsolidated sand and gravel
deposits were determined. in the field by F. N. Visher, who made
pumping tests of six wells. The physical and hydrologic properties
of 21 samples of the bedrock formations were determined in the
laboratory by A. I. Johnson at Lincoln, Nebr.

A study of the geology of the area was made by J. R. Rapp. Test
drilling at 44 sites, a total of 5,152 feet, was supervised by Rapp
and Visher, and the test holes were logged by Rapp.

The geologic and hydrologic field data were recorded on aerial
photographs and were later transferred to a base map adapted from
the Wyoming State Highway planning map. The wells shown on
plate 4 were located within the sections by use of an odometer and
by inspection of the aerial photographs their locations are believed
to be accurate within 0.1 mile.

WELL-NUMBERING SYSTEM

The wells are numbered according to their location within the
Bureau of Land Management’s system of land subdivision. All wells
are in the sixth principal meridian and baseline system. The well
number shows the location of the well by township, range, section,
and position within the section. A graphical illustration of the well-
numbering system is shown 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 follow-
ing the section number indicate the position of the well within the
section. The first letter denotes the quarter section and the second
the quarter-quarter section (40-acre tract). The subdivisions of the
sections are lettered a, b, ¢, and d in a counterclockwise direction,
beginning in the northeast quarter. Where more than one well is
in a 40-acre tract, consecutive numbers beginning with 1 are added
to the well number.

This numbering system was used also to designate test holes, loca-
tions where rock samples were collected for laboratory tests, and
locations where surface-water samples were collected for chemical
analysis.

PREVIOUS INVESTIGATIONS

- Several investigations of the geology and water resources of the
general area have been made previously. The reports on these studies
proved very useful in the preparation of this report, and many refer-
ences are made to them.

" The geology and water resources of much of the county were de-
scribed by Adams (1902) in a report on the Patrick and Goshen Hole
quadrangles. A report by Smith (1903) on the Hartville quadrangle
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describes a small section of the extreme western part of the county.
Darton (1903) studied and mapped the geology of the Scotts Bluff
quadrangle, Nebraska, which borders a part of Goshen County on
‘the east. A soil survey was made by Veatch and McClure (1921) of
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the Fort Laramie area, Wyoming and Nebraska, which includes part
of the North Platte River valley and part of Goshen Hole proper.
Schlaikjer (1935a, b, and ¢) described the geology of the Goshen Hole
area, which includes the part of the county south from the North
Platte River to about the south boundary of T. 20 N. Wenzel, Cady,
and Waite (1946) studied the geology and ground-water resources
of Scotts Bluff County, Nebr., which borders part of the county on
the east. Denson and Botinelly (1949) described the geology of the
Hartville uplift, which includes the. northwest corner of Goshen
County.

During the course of this investigation the following three special
studies were made in parts of the county. Babcock and Rapp (1952)
described the geology and ground-water resources along Horse and
Bear Creeks, which covers an area in the southern part of the county.
Visher and Babcock (1953) made a ground-water study in an area
several miles southwest of the town of Torrington. Visher, Rapp,
and Babcock ? deseribed the geology and ground-water resources of
the part of the county that lies approximately between the Interstate
and Fort Laramie canals. Many of the data compiled during these
studies are incorporated in this report.
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GEOGRAPHY
HISTORY

The history of Goshen County is closely associated with the different
stages in the settling of the West. The North Platte River valley
afforded an easy route for the early explorers and trappers, the cov-

2 Op. cit.
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ered wagons of the emigrants moving to the West, the cattlemen, and
later the homesteaders.

The following summary of the history of Goshen County is based
upon historical accounts of Wyoming, information obtained from the
U. S. Park Service at the Fort Laramie National Monument, records
of the U. S. Bureau of Reclamation, and records of the U. S. Bureau
of the Census.

The earliest known inhabitants of the area were prehistoric hunters

. whose flint dart points of the Folsom and Yuma types have been
found in the valley of the North Platte River. At present there is
no general agreement as to the age of these people, but they may have
occupied the area 8,000 to 10,000 years ago. They were followed some
time later by another hunting, nonagricultural people, whose imple-
ments have been found. Next came proto-Pawnee people of the Upper
Republican culture, who tilled the soil, made pottery, and built semi-
subterranean houses. After these came the sedentary tribes of the
true Pawnee Indians, who established farming villages of mud huts
in the valleys and hunted on the adjacent plains. These Indians were
living peacefully in the area when the white man first explored the
Platte River valley. About 1760, Indians of the Sioux, or Dacotah,
tribes, who then farmed and hunted in the forests south and west of
Lake Superior, were defeated by the Chippewa Indians. The Sioux
Indians, unable to defend themselves from the encroachment of the
Chippewas, who had obtained guns from the French traders, grad-
nally moved westward into the plains and assumed the culture of
the Plains Indians. The Brule and Ogallala bands of the Dacotahs,
with their allies, drove the established tribes of the Pawnee out of
the North Platte River valley.

Not long after the Louisiana Purchase, Americans began to ex-
ploit the fur resources of the Rocky Mountains and the Great Plains.
In 1812, Robert Stuart, traveling eastward from Astoria at the mouth
of the Columbia River, reached the junction of the Laramie and Platte
Rivers and gave what is apparently the first written description of
the region. Ten years later the Rocky Mountain Fur Co. began
operations in the area. Early in the summer of 1834, a trading station
was established near the junction of the Laramie and Platte Rivers
and called Fort William in honor of Capt. William L. Sublette. The
fort soon became known as Fort Laramie after the Laramie River
on which it was located. In 1849 the fort was taken over by the
United States Government and a military unit was established to
protect the emigrants who were traveling westward.

The history of the Oregon Trail as a wagon route began in 1830
when a party of trappers under the leadership of William L. Sublette
set out for the Wind River in what is now Wyoming. In all there
were 14 mule-drawn wagons, each loaded with 1,800 pounds of mer-
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chandise. The wagons returned to St. Louis by way of the North
Platte River valley loaded with pelts. In 1832 Captain Bonneville
led a wagon train to Oregon.

In 1841 the first organized band of about 80 homeseekers passed
through the area bound for California and the Oregon country. This
was the first of many wagon trains that went westward through the
area along the Oregon Trail. In 1843 the first large group passed
through the area—it consisted of 260 men, 130 women, and 610 chil-
dren in 200 wagons. In 1845, about 3,000 people traveled west through
the area. For the next quarter of a century annual caravans and
scores of independent companies took tens of thousands of emigrants
westward to build new states in the Rocky Mountain country and on
the Pacific coast. In 1848, from early spring until late summer, the
Oregon Trail was lined with so many trains that they were scarcely
out of sight of one another. The year 1849 probably was the most
important year in the history of the Oregon Trail, because of the
discovery of gold in California. Between May and October, it is
reported that 30,000 to 100,000 people passed through Wyoming; they
were the “forty-niners.” The Oregon Trail remained the great
thoroughfare of the covered wagon to the West until the construc-
tion of the Union Pacific Railroad in the late 1860’s, although wagons
continued to follow the trail until late in the 1880’s.

Led by Brigham Young, the first band of Mormons, which con-
sisted of 149 people and 72 wagons, passed through the area in May
1847 on their way to settle in Salt Lake Valley. This began a large-
scale migration of the Mormons into the Utah territory. Many of
the later Mormon emigrants made the entire trip on foot, pushing
and pulling handcarts containing their supplies and cooking utensils.

The rapid growth of American settlements in California, Oregon,
and Utah led to the establishment in 1850 of mail service between
Independence, Mo., and Salt Lake City, Utah. During most of the
1850’s Fort Laramie was the division point for the mail stages. Stages
from each end of the line were scheduled to meet at the fort on the
15th of each month. However, regular mail schedules were difficult
to maintain and the mail service was very slow and irregular. Not
until the Pony Express was established in April 1860 was there a
fast and reliable mail service in the West. The Pony Express could
not compete with the Overland Telegraph, however, and was aban-
doned upon completion of the telegraph line in October 1861.

Following in the footsteps of the trappers, traders, and emigrants
to the West came the permanent settlers. These hardy pioneers used
their homestead rights to file on lands adjacent to the streams, and
cooperatively with their own labor, teams, and equipment, built canals
to bring water to their lands. The oldest adjudicated water right in
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Goshen County is from Rawhide Creek, with a priority of 1881. This
was followed by the construction of the North Platte canal in 1883,
the Torrington canal in 1886, and the Lucerne canal in 1892. Large-
scale irrigation began with the construction of the Whalen Falls Carey
Act project in the early 1900’s, followed by the building of the Inter-
state and Fort Laramie canals by the Reclamation Service in 1910.

After the completion of the large canals considerable additional
land was brought under irrigation. This resulted in an increase in
farm population, which in turn led to an increase in the population
of the nearby towns. In recent years there has been a marked increase
of the population in and adjacent to the larger towns in the valley of
the North Platte River, especially Torrington, and a decrease in the
population of the smaller towns. According to the 1950 census the
population of Goshen County was 12,634, the Torrington area having
a population of 6,201, or almost half the total.

SURFACE FEATURES—LAND FORMS

Goshen County lies in the northwestern part of the High Plains sec-
tion of the Great Plains physiographic province. The major part of
the High Plains section, or the area that lies south of the 41st parallel,
is a tableland constructed on fluviatile Tertiary deposits (Pliocene),
which are frequently referred to as the “Tertiary mantle” (Fenneman,
1931). The rest, or northern part, of the High Plains section owes its.
relatively flat surface features to extensive erosion (mainly of Miocene
deposits) to a uniform slope, which was accomplished mainly by
stream action. Regionally, this surface consists of broad, nearly flat
or gently rolling tabular uplands between streams, with isolated buttes
and outlying ridges. In Goshen County the original High Plains
surface has been deeply eroded as the result of uplift, and the table-
lands and lower buttes and ridges are incompletely eroded features of
the North Platte River valley, which has been cut about 1,000 feet into
the plains. The surface features of Goshen County can be separated
into three main topographic units: the upland areas, a section of the
Hartville Hills, and the western part of the Goshen Hole lowland.

UPLAND AREAS

The upland areas comprise about the north third of the county, part
of the western margin, and the southwest corner of the county. In
the northern part of the county, in the area east of the Hartville Hills,
the Tertiary deposits have been dissected into moderate relief by the
drainage systems of Rawhide and Sheep Creeks. The upland area
along the west boundary and in the southwestern part of the county
is a divide area and consists of a more or less gently rolling tableland.
As this area mainly is underlain by permeable materials, there is little

416648—57—2
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or no surface runoff from it; consequently, the old tableland surface
has only been moderately eroded by stream action. Although the
surface is remaining more or less intact, the margins of the uplands
are slowly retreating, owing to the erosion of the bordering escarp-
ment faces by ground water which issues as springs and seeps.

HARTVILLE HILLS

In the northwestern part of Goshen County the relatively gentle
topography of the upland area is broken by the Hartville Hills. This
range of hills is comparatively rugged, owing to recurrent erosion
of the old, resistant Precambrian and Paleozoic rocks of which it is
made. Though the range has a mountainous appearance, the overall
relief is only moderate. The most striking difference in altitude is in
‘the Haystack Range on the east side of Whalen Canyon, where the
rise from the bottom of the canyon to the summit of the range, in a
distance of 1 mile, is.nearly 1,000.feet. In.many.places.along-the east
side of the range there are many resistant knobs, of no great altitude,
that project through the Tertiary rocks.

GOSHEN HOLE LOWLAND

In the central, western, and southern parts of the county the upland
area is:terminated abruptly by a line of escarpments and topographic
breaks which give way to the western part of an extensive erosional
lowland, known as the Goshen Hole lowland. The Goshen Hole
lowland, which in most places is clearly defined by escarpments, is
a great wedge-shaped widening of the valley of the North Platte River.
(See fig. 8.) The lowland is about 45 miles wide on the west in the
vicinity of Fort Laramie, Wyo., and narrows to about 2 miles on
the east in the vicinity of Lisco, Nebr.; it is about 100 miles long.
Several erosional outliers break the continuity of the lowland and,
owing to their sharp rise from the floor of the lowland, are prominent
surface features when viewed from the valley. The main outliers
are Wildcat Ridge in Nebraska, which includes the well-known,
historic salient, Scotts Bluff; and Sixty-six and Bear Creek Mountains
in Goshen County, Wyo. In Goshen County the lowland consists
mainly of two more or less distinct topographic units—the valley
of the North Platte River on the north, and Goshen Hole proper on

the south.
VALLEY OF THE NORTH PLATTE RIVER

The valley of the North Platte River consists of an inner valley and
a series of bordering pediments. The inner valley consists of a flood
plain and from one to three alluvial terraces that border the flood
plain. The terraces grade into a series of sweeping pediments which
extend away from the river to the upland. The terraces and pediments
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on the north side of the valley are best preserved because, for the
most part, they are underlain by gravel deposits, which, being pervi-
ous, resist erosion. On the south side of the valley, where little or
no gravel was deposited, the older surfaces largely have been destroyed
by erosion, which formed younger pediments graded to the lower
levels of the river.

In the upland areas north of the river there are several remnants of
surfaces that were formed when the river and its tributaries were
at considerably higher levels than at present. Many of these remnants
are underlain by gravel deposits which are older, truncated, channel
deposits or which were derived mainly from channel deposits.

The highest gravel deposits above the river occur on top of Spoon
Butte at an altitude of about 5,000 feet. They are about 900 feet
above the present level of the North Platte River and probably cor-
relate with the eighth terrace as described by Cady (Wenzel, Cady,
and Waite, 1946, p. 28-48). The next highest gravel deposits above
the river occur on top of Pine Ridge and Casebier Hill where they
overlie deposits of conglomerate. These gravel depesits were. so
intensively eroded that their origin could not be determined. How-
ever, because they occur at an altitude of about 800 feet above the
present level of the river, they are correlated with the seventh terrace
as described by Cady. About 650 feet above the North Platte River
in the vicinity of Pine Ridge and on top of a hill in the southwestern
part of T. 26 N, R. 60 W. are the next gravel deposits. The surface
formed by these deposits is a pediment that probably correlates with
the sixth terrace as described by Cady. The teps of the highest hills
in the northern part of T. 25 N., R. 61 W., and in the southwestern
part of T. 26 N., R. 61 W., and the relatively level area in the east-
central part of T. 26 N,, R. 63 W., are pediment remnants that lie
between about 500 feet and about 880 feet above the present level of
the river. This pediment is the second pediment above the third
terrace level of the river, as described by Visher (Babcock and Visher,
1951, p.9). The deposits underlying this surface probably are equiva-
lent to those that underlie the fifth terrace as described by Cady. In
part they are truncated channel deposits that probably would cor-
relate with the Broadwater formation of Shultz and Stout (1948).
The relatively extensive lowland in the central part of T. 26 N., Rs.
60 and 61 W., is a pediment remnant that lies between about 380
feet and about 280 feet above the present level of the river. It isthe
first pediment above the third terrace as described by Visher and
probably is equivalent to the fourth terrace as described by Cady. In
the eastern part of T. 25 N., R. 61 W., there is a pediment surface
that slopes southward and merges with the third terrace. This surface
slopes from about 450 to about 200 feet above the level of the river
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and probably includes parts of both the first and second pediments
:above the third terrace.

Remnants of the third terrace, the highest and oldest of the three
surfaces mapped as terraces rather than as pediments, occur at many
places along the inner valley of the North Platte River (see pl. 1).
‘The most extensive remnant is on the north side of the river and
extends eastward from about Rawhide Creek into Nebraska. It
reaches a maximum width of about 4 miles. The riverward edge of
this terrace generally is about 120 feet above the river, and the terrace
surface slopes gently upward away from the river. The upslope
boundary of the terrace generally is indistinet; it merges into alluvial
fans and pediment slopes that extend upward to the remnants of the
-older pediments or to the upland itself. Erosion has lowered the
.original surface of the terrace, as is evidenced by the gravel hills that
stand above the general terrace level in the southern part of T. 25 N.,
R. 61 W. Dune sand covers most of the third terrace between the
Arnold drain and the Nebraska-Wyoming State line. On the south
side of the river, only narrow remnants of the third terrace are present.

Remnants of the second terrace occur at many places on both sides
-of the river; however, the second terrace is best preserved between
the Interstate canal and U. S. Highway 26 as a narrow strip half a
mile wide that extends eastward from the center of R. 63 W. to the
.center of R. 64 W. The riverward edge of this terrace generally is 30
to 50 feet above the river. The surface of the terrace has been altered
by the deposition of colluvium and alluvial fans, which slope upward
away from the river at a gradient of about 70 feet to the mile. On
the north side of the river the terrace surface generally is terminated
on the landward side by a steep escarpment, but on the south side
-of the river the terrace surface in many places is continuous with an
extensive pediment that slopes upward away from the river.

The first terrace borders the flood plain of the North Platte River
-and is from 14 to nearly 2 miles wide. This terrace has an irregular
-surface of very low relief as it is 10 to 20 feet above the river and
is cut by a myriad of former channels of the river. Before the flow
of the river was controlled by upstream dams, the first terrace is re-
ported to have been inundated during very high floods.

Before the construction of the upstream dams, the flood plain, which
is 5 to 10 feet above the river, normally was inundated during heavy
:spring runoff. The flow of the river now is fairly well confined to
its present braided channel, which contains many bars and islands.

GOSHEN HOLE PROPER

Goshen Hole proper is separated from the inner valley of the North
Platte River by a maturely dissected ridge of the Brule formation,
which in places is several hundred feet above the flood plain of the
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river. (See pl. 1.) It is bounded on the northwest, the west, and the-
southwest by an escarpment that is several hundred feet high. (See-
plate 5.) On the south the escarpment is discontinuous; Bear Creek
Mountain and Sixty-six Mountain are erosional outliers of the once-
continuous upland. The east boundary of Goshen Hole proper, which
is poorly defined, is approximately the west side of Table Mountain.
Goshen Hole proper can be defined better asincluding the lowland area.
drained by Cherry Creek and the area drained by Horse Creek be-
tween its confluence with Bear Creek and the south Horse Creek lateral
division.

Topographically Goshen Hole proper is a low plain and a series
of sweeping pediments that in most places slope up to the rimming
escarpment. In many places the plain and lower slopes of the pedi-
ments are mantled with slope-wash material, which is pockmarked.
with windblown depressions, some of which are more than 40 feet deep.
The upper parts of some of the pediments are cut by gullies which
open onto the middle or lower slopes. The rolling topography of
the part of Goshen Hole proper underlain by the Lance formation re-
flects to some extent the unconformable surface between the Lance and.
Chadron formations.

PHYSIOGRAPHIC HISTORY OF THE GOSHEN HOLE LOWLAND
VALLEY OF THE NORTH PLATTE RIVER

The dissection of the area by the North Platte River began during
Pliocene time and has continued to the present time. Before the-
North Platte River began to downcut, it had shifted back and forth
across the Tertiary alluvial plain. As it began downcutting, the
river became established in essentially its present course. By the end
of Pliocene time the river had cut down through about 700 feet of
sediments to a height of perhaps 500 feet above its present level. In
earliest Pleistocene time the channel, or valley, of the river was re-
filled to a level of about 650 feet above the present stream—the mate-
rials that were deposited at this time probably are equivalent to the
Broadwater formation of Schultz and Stout (1948) in western
Nebraska. Subsequently, for a long period the river downcut, until
it was about 200 feet above its present level. During this period of
downcutting the valley of the river was cut below the contact of the
Brule and Airkaree formations. Characteristically, springs flow
down escarpment faces from along this contact; the underlying softer
Brule formation is eroded, undermining the Airkaree formation and
thereby causing the escarpments to retreat. In this manner the valley
was widened rapidly as the escarpments retreated and left a pedi-
ment surface. This surface is the second pediment above the third
terrace. When the pediment intersected the Brule-Arikaree contact
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the rate of retreat of the escarpment decreased greatly, and the
amount of material that was transported down the pediment slope
from the retreating escarpment decreased. Later, minor valleys were
cut into the relatively smooth pediment surface, and the sides of these
valleys in turn were widened to form a new pediment—the first pedi-
ment above the third terrace. Parts of the older pediment were pro-
tected by gravel deposits and preserved as isolated remnants in the
present topography.

Later in Pleistocene time there was a period of rapid downcutting,
which lowered the river to about 200 feet below its present level.
Before this period of downcutting, Rawhide Creek was a Yazoo-type
tributary—that is, it paralleled the North Platte River through the
eastern part of the county; thus, when the main stream cut down,
the tributary cut a deep valley parallel to it. These valleys were
afterwards refilled to about 180 feet above the present level of the
river. The remnants of this valley fill are the deposits of the third
terrace. (See pl. 1.)

After the valley was filled with the deposits of the third terrace
the North Platte River became mainly a degrading stream. It cut into
the deposits of the third terrace and reworked some of the older allu-
vial deposits as each successive terrace level was formed. Either in
latest Pleistocene or early Recent time, the river cut down to about 30
feet above its present level and formed a flood plain that was from
14 to 214 miles wide. There followed a period of reduced flow in the
river during which this flood plain was largely covered with a thin
veneer of colluvium and alluvial-fan material. The remnants of this
surface constitute the second terrace. After this, the river again
increased in erosive power and cut down to within 20 feet of its present
level and formed a new flood plain that was almost as wide as the
previous one, and removed most of the second terrace. This flood
plain constitutes the first terrace. The river then cut to its present

level.
GOSHEN HOLE PROPER

The formation of Goshen Hole proper was generally similar to, but
in some respects different from, the formation of the valley of the
North Platte River. As the river valley was cut below the Oligocene-
Miocene (Brule-Arikaree) contact, several tributary streams whose
courses were through the area now occupied by Goshen Hole proper
also cut down below the contact. Goshen Hole began to form with
the retreat of the escarpments along the contact. At this time Chug-
water Creek was working headward toward the south from the Lara-
mie River and intercepted the headwaters of the eastward-flowing
streams that entered Goshen Hole. A tributary working southward
from the North Platte River through Goshen Hole intercepted and
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diverted Bear Creek and then Horse Creek into Goshen Hole. Before
this piracy their course extended along what is now the valley of
Pumpkin Creek in Nebraska. The erosional processes of the expand-
ing Goshen Hole were dependent mainly upon the local climate;
whereas the erosion in the valley of the North Platte River was de-
pendent upon the amount of runoff in the headwaters as well as upon
the local climate. During the wetter periods large amounts of mate-
rial were eroded from the escarpments and older pediments, and these
were carried by the streams from Goshen Hole to the North Platte
River. However, during drier periods such as the present, there was
a decrease in erosion and essentially no external drainage from much
of Goshen Hole. The small amounts of material eroded during these
drier periods were deposited as alluvial fans in Goshen Hole, but these
largely were removed by wind. Gradually these erosional processes
exhumed some of the pre-Tertiary topography and produced a very
irregular landscape within parts of Goshen Hole.

DRAINAGE

Goshen County is drained mainly by the North Platte River and its
tributaries. The only other drainage system in the county is that of
the Niobrara River, which drains the extreme northeastern part of the
county. The rest of the area north of the North Platte River is
drained by Sheep Creek in the east, Rawhide Creek in the center and
northwest, and many small dry washes in the west. The area south
of the river is drained by Horse Creek and its tributaries in the south
and east, the Katzer drain in the east, the Cherry Creek drain and
several small intermittent streams in the center, and several dry washes
and the Laramie River in the west.

" The North Platte River is a perennial stream throughout its course
in Goshen County. The flow of the river is controlled by several up-
stream dams which release water according to downstream irrigation
demands. Before the construction of the dams, the river had rather
pronounced seasonal stages of high and low flow. Sheep Creek is an
intermittent stream along the part of its course that lies in Goshen
County. Rawhide Creek is a perennial stream throughout its course
in the county. Horse Creek and its principal tributary, Bear Creek,
are perennial streams throughout their courses in the county. Cherry
Creek, which drains the northern part of Goshen Hole, was an ephem-
eral stream throughout its course before irrigation began, and flowed
only during periods of heavy precipitation. Because of surface- and
ground-water runoff from irrigation, the lower part of Cherry Creek
(or the part of the creek lying east of the Fort Laramie canal) has
become a perennial stream. This part of the creek is now called the
Cherry Creek drain; it has entrenched itself as much as 35 feet below
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the bottom of its valley since irrigation was started. The Laramie
River, which rises in the mountains to the west, is a perennial stream
and in the county is second in size only to the main North Platte
River. During the winter its flow is diverted into the Fort Laramie
canal for use in generating power at the Lingle power station.

CLIMATE

The climate of the area is similar to that of other parts of the north-
ern High Plains. It is characterized by low precipitation, a high rate
of evaporation, and a wide range in temperature. The annual pre-
cipitation during the 30-year period of record and the normal monthly
precipitation (computed through 1950) for the station at Torrington,
Wyo., are shown graphically in figcure 4. The normal precipitation
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F1cURE 4.—Precipitation at Torrington, Wyo., 1922-51.

is 14.36 inches; the highest recorded annual precipitation was 20.91
inches and the lowest was 7.11 inches. About 51 percent of the annual
precipitation occurs during April, May, and June; only about 11 per-
cent occurs during November, December, January, and February,
when it generally is in the form of light, dry snow. The summer
rains, which are usually sporadic and unevenly distributed, occur
largely as thunderstorms. QOccasionally these storms are accompanied
by strong winds and hail, which cause considerable damage to crops.

The mean annual temperature is 47.5° F., and the length of the
growing season generally is about 150 days. There is a wide range
between the maximum summer and the minimum winter temperature,
and also between maximum daytime and minimum nightime tempera-

ture.
AGRICULTURE

The present agricultural economy of the county has been developed
largely through irrigation, dry farming, and stock raising. The lower
lands, that is, those having access to surface-water supplies, generally
are intensively utilized. Usually the supply of surface water is suffi-
cient for irrigation, but shortages occur during periods of peak de-
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mand because of inadequate distribution facilities and also during
periods of very low runoff in the drainage basin of the North Platte
River. To overcome the shortages, some farmers have installed irri-
gation wells that are pumped for a supplementary water supply. The
lands without surface-water supplies generally are used for dry farm-
ing and for raising cattle. However, some of the land outside the irri-
gation projects is irrigated with water from wells. The chief crops
raised in the county are sugar beets, potatoes, beans, hay, and grain.
Most of the livestock are beef cattle, although some dairy cattle, sheep,
and hogs are raised.

The main industries in Goshen County are directly related to the
processing of agricultural products; the largest industry is a sugar
plant at Torrington, which extracts sugar from locally grown suga
beets. ;

TRANSPORTATION

Goshen County is served by lines of two railroads. The Casper
branch of the Chicago, Burlington & Quincy Railroad follows the
north. bank of the North Platte River across the county. A branch
of the Union Pacific Railroad for which Torrington is the terminal
station serves the southern part of the county and joins the main line
of the railroad to the south. The county is traversed by two main
highways—U. S. 26 in an easterly direction, and U. S. 85 in a norther-
ly direction. There are several black-top surfaced State and county
roads, and other county roads that are graveled and maintained
throughout the year.

GEOLOGY

SUMMARY OF STRATIGRAPHY

Goshen County is underlain by a considerable thickness of sedimen-
tary rocks ranging in age from Cambrian to Recent that lie on crystal-
line rocks of pre-Cambrian age. The age, thickness, physical char-
acter, and water supply of these formations are sumiarized below.
The areas of outcrop of the formations exposed in the county are
shown on plate 1.

The pre-Tertiary formations exposed in the county are pre-Cam-
brian, Cambrian(?), Devonian, Mississippian, Pennsylvanian, and
Late Cretaceous in age. All the pre-Tertiary rocks except the Lance
formation of Late Cretaceous age lie at great depths beneath most
of the county. These depths are considered excessive for the econom-
ic development of the formations as sources of ground water; there-
fore, these formations will not be discussed further. (For detailed
descriptions of these rocks the reader is referred to the publications
cited on page 94.
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GEOLOGIC HISTORY
PALEOZOIC AND MESOZOIC ERAS

Very few rocks of Paleozoic and Mesozoic age are exposed in Goshen:
County, but the geologic section underlying the county is complete so-
far as the regional sequence of formations is concerned. Deep oil
tests in the county and outerops of the rocks in nearby areas furnish
data on the unexposed rocks for the following brief discussion of the
geologic history of the county.

The basal sedimentary rock in the county is Cambrian () quartzite-
(Denson and Botinelly, 1949), which was laid down as sand on the-
beaches or near the shore of the Cambrian sea. During the rest of early
Paleozoic time, until deposition again occurred in Devonian time,.
the area was a land surface, or if any sediments were laid down they
subsequently were eroded away. During Devonian and Mississippian
time the sea invaded the area and thick deposits of limestone were laid
down to form the Guernsey formation. Later during Mississippian,.
Pennsylvanian, and Permian (%) time the sea became shallower, prob-
ably because of gradual uplift of the land, and beds of sand, sandy
and pure limestone, and marine clay were laid down to form most of’
the Hartville formation. As emergence of the land continued, shore-
line conditions prevailed and the sand at the top of the Hartville for-
mation was deposited. Total emergence of the land during the first
part of Permian time is indicated by the continental deposits of mud,.
silt, and sand that compose the Opeche shale. Then the sea again
temporarily invaded the area and pure and muddy limestone were
laid down to form the Minnekahta limestone. Later in Permian time-
the land again completely emerged to form wide mud flats. At this
time the climate was arid and the mud, silt, and gypsum of the so-
called gypsum and red-shale sequence were laid down.

In early Mesozoic time, during the Triassic period, local shallow-
basins and extensive mud flats predominated under prevailingly arid
conditions and the gypsum and gypsiferous red clay, silt, and sand
of the Chugwater formation were laid down. Chugwater deposition
ended with regional uplift which resulted in general planation that.
continued into Jurassic time. Then a submergence of the land took
place and, under shoreline conditions, sands and clays were deposited
during Sundance time. Shoreline conditions gave way to continental
conditions and, under a prevailingly humid climate, fresh-water clays-
and sands were laid down during Morrison time. At the beginning of
Cretaceous time there was some uplift, after which nearshore deposits
were laid down to form the Cloverly formation. Then the sea ad-
vanced and, during the remainder of Early and most of Late Cre-
taceous time, several thousand feet of marine clay and sand were de-
posited. These deposits comprise the Benton shale, the Niobrara for-
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mation, and the Pierre shale. The sea then began to retreat and in
the latter part of Fox Hills time a considerable thickness of sand was
laid down- on ‘the ‘great series of maririe clay and‘sand. After the
retreat of the Cretaceous sea the area was occupied by extensive bodies
of brackish water and then fresh water in which were deposited the
sand, clay, and carbonaceous material of the Lance formation. During
about the middle of Lance time the Cannonball sea advanced into
North and South Dakota. A brackish-water estuary or inlet extended
into Goshen County, Wyo., and brackish-water deposits were laid
down; this was the last invasion of the area by a sea. Subsequently,
continental deposition was resumed, and the Cretaceous period ended
with extensive mountain making.

CENOZOIC ERA
TERTIARY PERIOD

During Paleocene and Eocene time, or during the time between
the close of the Mesozoic era and the beginning of Oligocene deposi-:
tion, the area was uplifted and then, being topographically high, was
eroded by streams. The extent of this erosion is not known, but a
large regional basin was formed. This basin probably had a relatively
rugged topography that consisted of moderately high hills and stream
channels that were several hundred feet deep. Oligocene time-began:
with erosion that later gave way to alluviation by a system of streams
that crossed the area generally from west to east. These stream depos-
its, which constitute the lower unit of the Chadron formation, in part
were probably derived locally from the Lance formation; however, the
main source of the materials is not known. As materials continued to be:
deposited, the streams began to meander, as evidenced by the sinuous
channel sandstone in the upper unit of the Chadron formation. At
this time the clay, silt, and the occasional limy beds that later con-
solidated to form the claystone, siltstone, and limestone of the upper
unit were deposited as stream and lake deposits. The deposition of
the Brule formation during the remainder of Oligocene time occurred
under conditions that generally were similar to those that prevailed
during the latter part of Chadron deposition, no definite break
occurring in the deposition of the two formations. However, the
larger grain size of the materials that compose the Brule formation.
indicates that some renewed activity, either uplift or volcanism or-
both, took place to the west of the area. The character of the sedi-
ments comprising the Brule formation indicate that the sediments.
were deposited in a large basin that contained small fresh-water lakes.
and mud flats and meandering streams.

At the beginning of Miocene time, uplift in the Laramie Range to-
the west rejuvenated the eastward-flowing streams to such an extent
that they deposited very coarse materials in their channels. These:
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coarse materials make up the basal unit of the Arikaree formation.
Subsequently, the fine sand of the Arikaree formation in the region
was deposited by widely meandering streams, aided to a minor extent
by wind. During much of Pliocene time the area seemingly was
topographically high, and relatively little deposition is known to have
taken place. During the latter part of Pliocene time, however, the
streams aggraded their channels for a time; but for the most part they
were degrading. Possibly during early or middle Pliocene time, the
central part of the county was upwarped in the form of an arch, and
some faulting took place in the area at this time as well as later
during the Quaternary period. In late Pliocene time the North Platte
River is thought to have flowed in essentially its present course. At
the end of Pliocene time, considerable uplift of the mountains to the
west took place.
QUATERNARY PERIOD

During early and middle Pleistocene time, the uplift of the
mountains to the west and the increase in precipitation rejuvenated
the streams. During this time the North Platte River and its principal
tributaries in the area were mainly degrading streams; therefore, little
or no deposition took place. Then the climate became drier and the
streams began to alluviate. At this time the flood plain of the North
Platte River, which followed essentially its present course, was about
200 feet higher than the present level of the river. The lower course
of Rawhide Creek was approximately parallel to and north of that of
the river. In the latter part of Pleistocene time there was renewed
downcutting by the streams—the North Platte River cut a channel
about 200 feet below its present level, and Rawhide Creek deepened
its channel accordingly. Subsequently the two streams alluviated
and refilled their valleys to about 180 feet above the present level of
the river. Remnants of this valley fill are the third-terrace deposits.
During the subsequent formation of the lower terraces and the present
flood plains, the streams reworked the valley fill to unknown depths.
This reworking is indicated by the greater permeability of these
deposits.

The river later cut down to about 30 feet above its present level and
formed a flood plain that was from 15 to 214 miles wide. During
this time the flow of the river was reduced and materials that were
derived from the valley sides were deposited as colluvium on the flood
plain, the remnants of which are the second terrace. The erosive
power of the river again was increased and the river lowered its
flood plain to within 20 feet above its present level. This level is
well preserved and constitutes the first terrace. Since then the river
has cut to the level of its present flood plain. While in the process of
forming the second and first terraces and the flood plain, the river
reworked the underlying valley fill to unknown depths.
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GEOLOGIC FORMATIONS AND THEIR WATER-BEARING
PROPERTIES

CRETACEOUS SYSTEM
LANCE FORMATION

Character—~In Goshen County the Lance formation of Late Cre-
taceous age consists of two distinct units: a lower unit that consists
predominantly of dark materials, and an upper unit that consists of
a sequence of light, variegated beds. The color distinction between
the two units probably is due mainly to weathering of the upper unit
but partly to the greater abundance of carbonaceous material in the
lower unit. Thin beds of coal occur in both units of the formation
but they are more numerous in the lower unit.

The lower unit consists of a thick sequence of beds of carbonaceous
shale, gray siltstone, and dark- to light-gray sandstone, and thin beds
of coal throughout the sequence. This unit does not crop out in the
report area, but it was penetrated in drilling wells and test holes.

The upper unit consists of a colorful sequence of beds of sandstone
and soft shale. The extreme upper part of the unit consists mainly
of platy clay that is red, blue, green, brown, and brownish yellow,
with no restriction of color to individual beds. Contained in this clay
zone are a few thin dark-gray beds of carbonaceous soft shale, and
lenses of dark- to very-light-gray loosely to well-cemented sandstone,
some of which contain moderately hard yellowish-brown sandstone
concretions. These lenses of sandstone are somewhat similar to the
channel deposits of sandstone in the upper unit of the overlying
Chadron formation, but they are lacking in the many very small flakes
of biotite that are contained in the Chadron. Below the predominantly
shaly unit is a relatively thick sequence of beds that is mostly sand-
stone and partly soft shale. The beds of sandstone range from yellow
to white, are very fine to fine grained, and for the most part are loosely
cemented. These beds contain very hard dark-brown sandstone and
ironstone concretions, which are as much as 2 feet in diameter and
weather into typical concave-convex fragments. The beds of shale
mainly are yellowish brown, but a few are carbonaceous and there-
fore are dark gray.

The unit contains a few thin beds of coal, a few thin beds of impure
limestone that contain oyster shells, and brown pebbles, cobbles, and
boulders of chert. Schlaikjer (1935a, p. 81-68) subdivided this upper
unit into three parts: a lower continental deposit 100-200 feet thick
that contains ceratopsian and other reptilian remains; a middle brack-
ish-water deposit 80125 feet thick; and an upper continental deposit
60-100 feet thick, that contains in its upper portion a new and very
advanced form of I'riceratops.

416648—57——3
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Samples of sandstone from three beds in the upper unit of the Lance
formation were collected for mechanical analysis. The particle-size
distribution, by percentage of total weight of the sample, is given
below.

Particle size in millimeters

Sand
Sample no, Clay
less Silt
than 0.004- |[Veryfine; Fine Medium | Coarse Very
0.004 0.0625 0.0625— 0.126- | 0.25-0.5 | 0.5-1.0 coarse
0.125 0.25 1.0-2.0
11.0 33.4 54.8 0.8 fommemece e e
15.0 61.4 22.4 .2 0.2 0.4 0.4
14.0 13.2 36.0 36.2 I 3 F— .2

Extent and thickness—The Lance formation is exposed in the south-
central part of the county. Itsareas of outcrop are irregular because,
after deposition, it was deformed and uplifted and then subjected to
erosion. Streams cut deeply into the Lance formation and subsequent-
ly filled their channels with sediments; hence, in many places the
younger Chadron formation either overlaps the Lance formation or
occurs as outliers within it.

The thickness of the Lance formation ranges from a knife edge to
about 1,400 feet. The greatest thickness found in the county was in
an oil test in sec. 32, T. 22 N., R. 63 W., where about 1,400 feet was
penetrated. In this well about 300 feet of the upper unit of the for-
mation is present; the remaining 1,100 feet represents the lower unit.

Water supply—The Lance formation supplies water to a large num-
ber of domestic and stock wells in the south-central part of the county.
Also, it supplies water to both the municipal and the railroad wells at
the town of Yoder. The most productive of these wells is reported to
yield about 100 gpm. Possibly larger quantities of water could be
developed from the formation, but it is doubtful that these would be
adequate for irrigation or large industrial needs. Water is yielded
from sandstone beds in the formation and generally is under artesian
pressure, which in places is sufficient to bring the water to the land
surface.

TERTIARY SYSTEM

Tertiary sedimentary rocks in the area include the Chadron and
Brule formations of Oligocene age and the Arikaree formation of
Miocene age. The ages of the formations were determined by verte-
brate remains, and by lithology and stratigraphic position.

OLIGOCENE SERIES

CHADRON FORMATION

In Goshen County only the upper part of the Chadron formation
is typical of the formation as it occurs in adjacent areas. The lower
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part of the formation consists of a series of variegated fluviatile de-
posits which, in the main, are strikingly different from the upper part
of the formation. Schlaikjer (1935b, p. 69-97) proposed the use of
the term Yoder formation for these beds; however, later studies by
J. R. Hough (oral communication, 1951) and by P. O. McGrew (oral
communication, 1951) indicated that the Yoder formation should be
considered as part of the Chadron formation. However, owing to the
differences between this lower unit and the rest of the formation, it is
discussed separately.

Lower unit.—The lower unit is of fluviatile origin and consists of a
series of lenses and beds of deposits that range in grain size from clay
through coarse to very coarse gravel; the coarsest materials represent
channel deposits. The overall color is red ; the beds of clay and silt are
brick red, dark red, green to blue green, and buff; and the beds of
sandstone and conglomerate are brick red, maroon, purple, and green.
Two samples of the most permeable deposits were collected near the
town of Yoder for mechanical analysis. The grain-size distribution,
by weight, is given below.

Particle size in millimeters
Sand Gravel
Sample no. Clay
less Silt
than | 0.004 | Very | Fime Very | Very

0.004 | 0.0625 | finé | 0.125- | Medium | Coarse | coarse [ fine | Fine
0.0620- | 0.25 | 02505 | 0.5-1.0 | 10-20 2.0-4.0 | 4.0-8.0
0.

23-62-29del ... 5.0

16.8 0.7
23-62-204€2 oo 6.3

lotad
Q0 k=

15.2 43.
1.

7
15.6 0

Bo
B et

4.6
24,2

®N
©w
-

The channel deposits in the western part of the county contain coarse
to very coarse gravel; in the eastern part of the county the deposits
are mainly fine- to medium-grained sand. Sample 23-62-29dc2 is
thought to be typical of most of the finer grained channel deposits.

Except for the extreme upper part, the unit is quite distinctive be-
cause of its overall red color. It crops out in several places in the
area, but the areas of outcrop are not very extensive. The largest of
these is in the vicinity of the town of Yoder; a good section of the
unit is exposed in a cut of the Fort Laramie canal about a mile north-
west of Yoder. For the most part, the material is loosely consolidated
and is easily eroded. The extent of the unit is imperfectly known be-
cause of the irregular occurrence of its areas of outcrop, but it is
known to underlie the area south of the North Platte River from
Yoder eastward to about the Wyoming-Nebraska State line. In test
hole 24-62-26da, 95 feet of the unit was penetrated—this probably rep-
resents about its maximum thickness in the county.
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Water in sufficient quantities for domestic and stock use very likely
could be developed from the coarse-grained channel deposits of the
unit. However, to locate these channel deposits by drilling probably
would be difficult, owing to the irregular distribution of the unit and
the sinuous courses of the channel deposits. Some wells in the county
probably produce water from the lower unit, but logs of wells that
might be producing from the unit are not sufficiently detailed to show
accurately the source of the water supply.

Upper unit—The upper unit consists mainly of green, brown, red,
or buff bentonitic loosely to moderately cemented clay and silt. The
upper unit is sandy in places, and coarse-grained channel deposits
occur at different horizons but are concentrated near the top. In addi-
tion, the upper unit contains a few lenticular beds of limestone and
volcanic ash.

Although the upper unit consists predominantly of clay, the upper-
most part of it consists mainly of silt with an admixture of clay and
sand—in places the top is marked by the top of channel-sandstone
deposits. The percentage distribution of grain sizes, by weight, for
seven samples of the uppermost part of the unit is given below.

Particle size in millimeters
Sand Gravel
Sample no. Clay
less silt
than | 0.004- | Very | Fine Very | Very

0.004 | 0.0625 | fine | 0.125- | Medium | Coarse | coarse | fine Fine
Ooﬂfgg— 0.25 0.25-0.5 | 0.5-1.0 | 1.0-2.0 | 2.0-4.0 | 4.0-8.0

22.0 73.8 3.8
19.3 60.9 10.2
21.2 62.0 1.2
27.1 50.9 17.4
28.4 70.0 1.4
36.2 60.8 2.4
22.1 73.9 3.4
5.0 10.2 9.2
3.5 5.2

The three samples collected at 23-62—1bb are of clayey silt from the
transitional zone (which in a few places contains minor channel de-
posits of sandstone) in the uppermost part of the Chadron formation;
they are listed in descending order. The transitional zone is overlain
by the Brule formation and is underlain by the typical clay of the
Chadron formation. Samples 24-62-12ca4, 12ca5, and 12ca6 were
collected respectively, from immediately below the contact of the
Brule and Chadron formations, from 314 feet below the contact, and
from 614 feet below the contact. At this locality, the uppermost
channel sandstone is about 20 feet beneath the top of the formation.
In places, the upper part of the unit consists of channel deposits of
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loosely to well-cemented sand and gravel. In the western part 'of
Goshen Hole proper, these deposits contain a considerable amount of
gravel, some of which is very coarse, but eastward they grade into
fine- to coarse-grained sandstone. The two samples that were collected
from a channel sandstone at 24—62-26cb consist mainly of fine to coarse
sand. The sample collected at 24-62-26bc consists predominantly of
silt but is considered to represent the Chadron formation because it
was taken from below a channel sandstone, the bop of which marks
the top of the Chadron formation.

In places the upper unit is gray, owing to concentrations of voleanic
ash. Lenses of relatively pure volcanic ash probably occur in the unit
but, owing to the gentle relief on the formation and to the cover of
eolian and slope-wash materials, none are exposed on the surface.
Several limestone beds, which are very near the base of the unit, crop
out in secs. 25, 26, and 84, T. 23 N, R. 63 W. The limestone is light
pink and granular, and contains disseminated grains of calcite, quartz,
and basic minerals and thin lenses of clay pebbles (1 to 2 millimeters
in diameter).

Because it is soft and fine grained, the upper unit typically weath-
ers to a gently undulating topography characterized by small, well-
rounded hills. In places the resistant channel deposits of sandstone
form mesalike prominences. The unit is exposed throughout much
of the central part of Goshen Hole proper and in the valley of the
North Platte River; it underlies younger formations in many other
parts of the county. The upper unit ranges in thickness from a knife
edge to about 100 feet in most of its area of outcrop, but its is as much
as 150 feet thick in the eastern and southeastern parts of Goshen
Hole proper.

The upper unit yields small quantities of water to many domestic
and stock wells in the central part of the county. The water is pro-
duced from sandstone channel deposits and generally is under artesian
pressure, which in some wells is sufficient to cause the water to flow
at the surface. The channel-sandstone deposits generally are narrow,
sinuous, and widely separated ; therefore, they are difficult to locate
by drilling.

BRULE FORMATION

Character—The Brule formation, of Oligocene age, consists of
buff, moderately hard, brittle argillaceous siltstone that is sandy at
the top and in places at the base. It contains moderately thick channel
deposits of sand and sandstone, localized beds of limestone, moderately
thick beds of clay, and a few beds of volcanic ash. In places it lies
unconformably on the Chadron formation; elsewhere the contact is
conformable. In most places the Brule is overlain unconformably by
the Arikaree formation.
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The lower part of the Brule formation is sandy in places. In the
area south of Torrington, channel deposits of sand and sandstone
as much as 20 feet thick occur about 20 feet above the base of the
formation. Laterally the channel deposits grade into sandy siltstone,
which grades into the massive siltstone of the formation. Above
this zone is a thick section that is predominantly siltstone and which
constitutes about four-fifths of the formation. A few beds of pure
voleanic ash occur in this part of the formation, but the volcanic
ash mainly is admixed with reworked siltstone. Many of these re-
worked zones are channel deposits that grade laterally into the char-
acteristic siltstone of the formation. The formation also contains
thin lenticular beds of cherty limestone; several of these beds crop
out along the ridge south of the town of Torrington and on Table
Mountain. In places the limestone beds contain silicified gastropod
shells and streaks of chalcedony and agate.

The upper part of the Brule formation consists of a moderately
well consolidated admixture of silt and very fine grained sand, which
is intermediate between that of typical deposits of the Brule and of
the Arikaree. This part of the formation is fairly persistent and
occurs as a relatively uniform deposit on Sixty-six and Bear Creek
Mountains and on most of the escarpment surrounding Goshen Hole.
On the escarpment about 7 miles southwest of Lingle, where the Brule
formation is overlain by the basal conglomerate of the Arikaree for-
mation, the upper part of the Brule consists of typical silt and sand
interbedded with lenses of conglomerate, and the contact with the
Arikaree is indistinet and difficult to establish.

Barite crystals occur throughout much of the Brule formation.
The crystals occur as fill in cavities, in columnar or spheroidal clus-
ters in which most of the crystals are very small, or they occur as
fill in fractures in which the individual crystals may be as much as
half an inch across. Calcium carbonate also occurs as cavity or frac-
ture fill throughout most of the formation; it occurs in both its
amorphous and crystalline (calcite) forms. These deposits probably
are of secondary origin, but the calcium carbonate probably was de-
posited in disseminated form with the other materials of the forma-
tion during deposition, and later was concentrated in the voids.

Mechanical analyses of six samples of the Brule formation indi-
cate that it is composed mainly of silt and varying amounts of clay
and sand. The percentage of silt in the samples ranged from 53.8
to 77.6, and averaged about 70. The weight percentage by grain
size of the samples is given below.
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Particle size in millimeters

Sand
Sample no. Clay less Silt
than 0.004-
0.004 0.0625 |Veryfine| Fine Medium | Coarse Very
0.0625- 0.125- 0.25— 0.5-1.0 coarse
0.125 0.256 0.5 1.0-2.0
19-62-1bbl oo 14.1 74.1 10.0 1.4
19-62-1bb2. .. - 15.6 76.4 7.6 .2
24-62-12cal.__ 19.5 70.7 7.2 2.4
24-62-12ca2.__ 23.4 66.2 7.6 2.6
24-62-12ca3... . 23.8 53.8 17.2 5.0
24-62-156dC. oo 19.4 77.6 2.4 .2

Samples 19-62-1bbl and 1bb2 were collected on the steep south
slope of Bear Creek Mountain, about 100 feet below the top of the
formation. Three samples collected at 24-62-12ca represent the
lower part of the formation; the first sample was taken about 32 feet
above the contact of the Brule and Chadron formations; the second,
about 14 feet above the contact; and the third, immediately above the
contact. Three other samples were collected at this location from
below the contact; the results of the analyses of those three samples
are included in the discussion of the upper unit of the Chadron for-
mation. Sample 24-62-15dc was taken about 300 feet above the con-
tact of the Brule and Chadron formations.

The Brule formation is cut by many fractures, fractured zones,
fissures, and faults—these are especially in evidence on weathered
surfaces. Many of these fractures, the result of weathering, are
small and superficial and are filled with clastic materials, calcium
carbonate (calcite), or barium sulfate (barite). There are also zones
of fractures that are quite different from the fractures caused by
weathering. The zones are made up of loosely assembled blocks or
chunks of siltstone, which may be spaced as much as half an inch
apart, and have a shattered appearance. One of these zones was
found beneath a cover of detritus in sec. 20, T. 24 N., R. 61 W., and
another was exposed in sec. 1, T. 23 N., R. 61 W., where a bulldozer
had removed the overlying loose material. The fissures, which range
in width from about 1 inch to about 214 feet, probably extend the
entire thickness of the formation. They probably resulted from
warping, either regional or local, or both. Other than on badland
surfaces the fissures are difficult to detect, as they are covered by
eolian and fluviatile deposits, but parts of their surface traces can
be determined on aerial photographs. The fractured zones and fis-
sures constitute lines of weakness which generally show up on aerial
photographs. The surface expression of a fissure is shown in plate 6.

Faults also cut the Brule formation, but they do not seem to be as
numerous as the fractures and fissures. Only a few faults were
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detected, owing to the homogeneity of the formation and to the cover
of loose materials, but undoubtedly there are many more. The most
conspicuous fault is the Whalen fault, which has an estimated 700
feet of vertical displacement of beds with the upthrow on the west.

Ewxtent and thickness.—The Brule formation crops out in much of
the central and southern parts of Goshen County. It makes up the
bases and lower slopes of escarpments that surround the Goshen Hole
lowland, and its area of outcrop has the appearance of a broken ring
that is somewhat elongated northwestward into the inner valley of
the North Platte River. Several erosional outliers occur; south of
Torrington is one that is 13 miles long in an easterly direction. In
Goshen County the Brule formation ranges in thickness from a ]nufe
edge to about 450 feet.

Water supply—Generally, the Brule formation, which consists
mainly of an argillaceous siltstone that is relatively impermeable, does
not yield water abundantly to wells. However, most wells in the for-
mation produce small quantities of water for domestic and stock
purposes from fractures. Lenses of sandstone in the formation alse
are thought to yield small quantities of water to wells.

In the southern part of the county near Lagrange, fissures and
fractured zones yield relatively large quantities of water to irrigation
wells. Yields of as much as 870 gpm are obtained from wells that
tap both fractures and fissures in the Brule formation and sand and.
gravel in the overlying alluvium. Logs of successful irrigation wells
in this area show a moderate thickness of saturated alluvium above
the Brule formation. Water percolates downward through overlying
permeable materials into interconnecting fractures and fissures,
through which the water is transmitted to the wells.

In places in Goshen County additional supplies of water for irriga-
tion probably could be developed from fractured zones and fissures
in the Brule formation. The stream valleys, such as that of Horse
Creek in the vicinity of Lagrange, are the most likely areas for fur-
ther development, because they contain great thicknesses of saturated,
coarse-grained materials that overlie the Brule formation. However,
test drilling would be required to determine the location of the frac-

tured zones.
MIOCENE SERIES

Generally, the deposits of Miocene age in Goshen County constitute
a fairly homogeneous, mappable unit. Detailed geclogic and paleon-
tologic work in western Nebraska, however, has demonstrated that
the Miocene deposits, at least in Nebraska, can be divided into smaller,
mappable units. The following tabulation of Miocene deposits in
adjacent areas in western Nebraska was abstracted from table 1 in the
report by Lugn (1939, p. 1245-1276)—
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Unconformity
Hemingforad group 250-400 feet
(1) Sheep Creek formation 140-300 feet
Unconformity
(2) Marsland formation (old “Upper Harrison”) 125-200 feet

Unconformity
Arikaree group 700-800 feet
(1) Harrison formation 200 feet
(2) Monroe Creek formation 375 feet
(3) Gering formation 100-200 feet

Unconformity

In places in Goshen County lateral equivalents of some of these forma-
tions were recognized or have been reported, but the scope of this report
did not warrant the necessary detailed study needed to subdivide
accurately the sandstones of Miocene age. Of the above-mentioned
formations all those of the Arikaree group of Lugn (1939) and the
Marsland formation of the Hemingford group of Lugn (1939) prob-
ably are present in Goshen County. The complexities of the problem
of subdividing the Miocene deposits is evidenced by the conflicts in
the data presented by Schlaikjer (1985¢, p. 111-120) and Lugn (1939,
p. 1251-54, p. 1268-69) and by others. As these deposits are fairly
homogeneous and seemingly have similar water-bearing properties,
they are herein grouped under Arikaree formation.

ARIKAREE FORMATION

Character—In Goshen County the Arikaree formation consists
mainly of loosely to moderately cemented very fine to fine grained tan
to gray sand and silt that contain layers and concretions of hard, tough
fine to very fine grained brown to gray sandstone; it contains also a
few beds of white to gray volcanic ash, thick basal channel deposits
of conglomerate, zones of loosely to moderately consolidated fine to
very fine grained sand that are either markedly to slightly crossbedded
or thinly laminated, and beds of white to light-gray volcanic ash. In
places, the lithology of the lower part of the formation is quite dif-
ferent from that of the overlying part, and, for this reason, the two
divisions of the formation are discussed separately as the basal unit
and the upper unit. On plate 1, however, these units are not identified
but are shown together as the Arikaree formation.

In Goshen County, the basal unit for the most part is a conglom-
erate that was laid down as channel deposits. These deposits consist
of lenses of medium- to coarse-grained loosely to well-cemented sand-
stone that are interbedded with lenses of loosely to well-cemented
conglomerate, which range in grain size from very fine gravel through
large boulders. The conglomerate consists of pebbles of quartzite,
granite, basic rocks, sandstone, chert, and limestone; red quartzite
fragments (pebbles through large boulders) transported from the
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Hartville Hills are conspicuous by their number, color, and size. This
basal unit crops out mainly on the escarpment in the area west of
Lingle, where the escarpment forms an approximate semicircle that
extends on both sides of the valley of the North Platte River. The
beds composing the channel deposits are unequally resistant to erosion
and, therefore, form escarpments with prominent ledges. The chan-
nel deposits grade laterally into alluvial-fan deposits characterized by
lenticular beds of sandstone that exhibit small-scale crossbedding.
The alluvial fans grade into loosely to moderately cemented sandstone
which may be massive or heavily crossbedded, or may show a nearly
horizontal, finely laminar bedding. The lower unit generally is con-
spicuously unconformable with the underlying Brule formation and
in different places is overlain either unconformably or conformably
by the upper unit.

The upper unit consists mainly of fine-grained soft to moderately
hard generally massive sandstone. A sample of the sandstone was
collected at 19-62-1bb3 and the weight percentage by grain size was
determined to be clay 4.0; silt, 28.4 ; very fine sand, 62.0; fine sand, 5.2;
medium sand, 0.2; and coarse sand, 0.2. In general, there is very little
horizontal bedding and only local small-scale crossbedding ; therefore,
the massiveness of the upper unit generally is broken only by con-
cretionary layers, pipes, and nodules of well-cemented sandstone and
by a few lenticular beds of volcanic ash. The concretions probably
were formed by the cementing of sand by calcium carbonate that was
deposited by percolating ground water. This phenomenon is dis-
cussed more fully by Cady (Wenzel, Cady, and Waite, 1946, p. 73-75).
The beds of volcanic ash generally are thickest and most numerous
nearer the top of the formation.

In Goshen County the Arikaree formation is cut by several faults
and by many fractures. These were probably caused by post-Miocene
stresses along faults which were active during the Laramide orogeny,
and by regional post-Miocene upwarping of the area. On the west
side of the Whalen fault the top of the Brule formation lies in fault
contact with beds on the east side that were estimated by Schlaikjer
(1935¢, p. 121) to be 700 feet higher in the section. There also are
several other faults and many fractures and fissures in the north-
central part of the county. (See pl. 1.) Many of these fractures and
fissures are open, but some are filled, as indicated by the occurrence of
clastic dikes in the area. The dikes are resistant, and where erosion
has been active they are prominent features. These dikes also are as-
sociated with faults in the area.

E'xtent and thickness—The Arikaree formation crops out in the
upland areas in Goshen County. It is relatively resistant to erosion
and generally constitutes the upper part of the Goshen Hole escarp-
ment. In many places erosional outliers are entirely of the Arikaree



GEOLOGIC FORMATIONS AND THEIR WATER-BEARING PROPERTIES 37

formation or are capped by it. In the county, it ranges in thickness
from a knife edge to about 1,000 feet.

Water supply—The Anka,ree formation yields water to many
domestic and stock wells in the county, and to three irrigation wells in
the northern part of the county. Owing to the relatively low perme-
ability of the material, a considerable saturated thickness of the for-
mation normally must be penetrated in order to develop a well of large
discharge. A well in Niobrara County, Wyo., about 6 miles north
of the Goshen County line, reportedly yields 1,000 gpm with a draw=
down of 14 feet, or a specific capacity of about 71 gpm for each foot
of drawdown. This is a high specific capacity for wells in the
Arikaree formation, and indicates that the water probably is coming
from fractures. As there appear to be many fractures in the Arikaree
in Goshen County, large yields should be available where the fractures
can be located by test drilling. '

PLIOCENE SERIES

In Goshen County the Pliocene deposits present a complex system
of channel deposits that have been isolated, truncated, and obscured,
or completely destroyed, by subsequent erosion. A more detailed study
of the Pliocene deposits would be needed to define them accurately.
Underlying the conglomeratic cap rock on Pine Ridge is a deposit of
sandy siltstone about 60 feet thick that may be of Pliocene age. The
coarse channel deposits that occur on several high isolated hills very
likely are of Pliocene age, but the age of some of the lower channel
deposits which are in the valley of the North Platte River, is very
questionable. As they are quite similar to that of the Quaternary
deposits of sand and gravel, these lower channel deposits are included
with the upland sand and gravel in this report. Only the coarse chan-
nel deposits that occur on Pine Ridge, Casebier Hill, and Spoon Butte,
and those that occur as isolated remnants on the upland area about
2 miles southeast of Casebier Hill are considered to be Pliocene.

CHANNEL DEPOSITS

The Pliocene channel deposits consist mainly of coarse sand and
gravel which in places contain cobbles and medium-sized boulders.
The deposits that form the cap rock on Pine Ridge and Casebier Hill
are cemented by calcium carbonate into a moderately hard conglom-
erate that contains boulders ranging from small to medium. Pebbles
of volcanic materials (probably rhyolite) were found on both Pine
Ridge and Spoon Butte, and a fragment of stream-rounded red scoria
was collected in the loose gravel on top of Pine Ridge. The deposits
that occur on top of Spoon Butte consist of unconsolidated sand and
gravel in which were found fragments of bones and horse teeth.
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The Pliocene channel deposits in Goshen County as herein described
probably do not exceed 25 feet in thickness. They are topographically
high and are well drained; therefore, they are not a source of water
for wells in Goshen County.

QUATERNARY SYSTEM

In the report area the Quaternary deposits include upland deposits,
valley fill, dune sand, loesslike deposits, and slope wash. The areal
distribution of the loesslike deposits and the slope wash wasnot mapped
because these deposits generally occur only as a thin veneer, although
they are present over much of the area. The loesslike deposits of
eolian material range in size from silt to medium-grained sand, which
indicates that their source is local. The slope wash occurs mainly as
a mantle of detritus and rill wash on slopes below escarpments and
hills and in bordering lowlands where stream erosion is at a minimum.
The slope wash in the area is derived mainly from the Brule and
Chadron formations and, therefore, consists mainly of fine-grained
materials. Locally, the slope wash is as much as 54 feet thick in the
area about 4 miles southwest of Torrington (section C-C’, pl. 1).
Neither the loesslike deposits nor the slope wash are an important
source of ground water.

PLEISTOCENE SERIES
UPLAND DEPOSITS

The upland deposits, of Pliocene(?) and Pleistocene age, include
the deposits of sand and gravel that underlie the upland slopes which
border the valley of the North Platte River. The lower boundary of
these slopes is indistinct in many places, but it is about 200 feet above
the present level of the river. Channel deposits of unconsolidated
sand and gravel that probably are of Pliocene age are included with
the Quaternary deposits because of their similarity to the younger
deposits. The upland deposits consists of remnants of terrace de-
posits, pediment deposits, and the residuum from conglomerates—
especially of the basal channel conglomerate of the Arikaree formation.

In the area about half a mile north of the town of Lingle the upland
deposits form a conspicuous ridge. The origin of this deposit of sand
and gravel is debatable, but probably is due to multiple conditions that
include deposition by streams, accumulation of detritus, and disinte-
gration of nearby rock. If the original pediment slope from the base
of Pine Ridge, which lies about 5 miles to the northwest, is projected
outward from the ridge, this deposit can be correlated with the gravels
that underlie remnants of the pediment. However, because the deposit
lies in the valley of the North Platte River within the limits of the
level of the third terrace, it includes some river deposits. These up-
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land deposits are topographically high and are largely drained and
thus do not serve as an aquifer.

Test drilling in the valley of the North Platte River revealed several
channel deposits of sand and gravel, the tops of which are about
200-450 feet above the level of the North Platte River. The extent of
these channels is shown by bedrock contours (pl. 2), and their thick-
ness is shown by cross sections (pl. 1). These thick channel deposits
would yield adequate supplies of water to wells for irrigation if a
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