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ABSTRACT

The upland plain in southern Dawes and northern Sheridan counties of
northwest Nebraska is underlain by rocks of Tertiary age. These rocks overlie
those of Cretaceous and Jurassic ages in this region of about 2250 square'
miles. Strata of Tertiary age are a source of groundwater for most of the
irrigation, municipal, stock, and rural-domestic needs of the area.

Nine stratigraphic units of Tertiary age were defined by examination of
test hole samples and logs and by examining electric logs of oil and gas
tests, driller's logs of irrigation wells, and outcrops. Stratigraphic corre-
lations are difficult in the area because the stratigraphy and structural
geology is complex. An unnamed section of brown, sandy siltstones overlying
the Whitney Member of the Brule Formation {s given the informal name, Beaver
Wall siltstone beds.

Rocks of the Ogallala Group are the most permedble rocks in the area. More
than 300 irrigation wells and wells of two municipalities tapped water supplies
in these rocks by the end of 1979. At that time, approximately 100 irrigation
wells and wells of another two municipalities obtained groundwater supplies
from the Arikaree Group, which is comprised of the Gering Formation, Monroe
Creek-Harrison formations, and the Upper Harrison beds. The Arikaree Group
is estimated to contain more water than the Ogallala Group, but the fine
grain size of the Arikaree presents difficulties for efficiently utilizing

this water.



INTRODUCTION

Purpose and Scope

Water for irrigation, municipal, stock, and rural-domestic needs in
southern Dawes and northern Sheridan counties is supplied primarily by ground-
water. The number of irrigation wells has been increasing, especially in
Sheridan County, and in the 1960s the city of Chadron developed a well field
on the tableland 18 miles south of the city. A few other municipalities
experience some difficulties with water supplies and may eventually-seek other
sources of groundwater. Irrigators in the Mirage Flats Irrigation Project in
west-central Sheridan County have had to supplement supplies from the Niobrara
River with groundwater to meet their needs. Furthermore, the electric-
generating industry has shown interest in establishing a power plant in Box
Butte County which would use groundwater from the southern Sheridan County area.

Because of these developments, the Upper Niobrara-White Natural Resources
District and the Conservation and Survey Division, Institute of Agriculture and
Natural Resources, University of Nebraska-Lincoln, agreed on a cooperative
project to investigate the geology and related groundwater supplies of. southern
Dawes and northern Sheridan counties. The initial agreement was signed in
June, 1978, and an extension was signed in April, 1979. This agreement called
for the drilling, sampling, and logging of a minimum of 42 holes (the number
eventually drilled), so that, a) the major aquifer system or systems could be
identified and delineated, b) the water-table configuration could be determined,
c) the base of the major aquifer system or systems could be mapped, and d) the

amount of groundwater in storage could be estimated. This report, through



narration, maps, and geologic sections, achieves these objectives. In
addition, the performance of wells tapping different hydrologic units is
summarized and the complexity of the geologic structures in the area is
indicated.

This report is an examination of the geology of the area as it relates
to groundwater, but some of the information presented can be applied to
certain aspects of uranium and oil and gas exploration. The information may
also be useful in an evaluation of soils, construction materials, construction

sites, and other utilizations of natural resources related to geology.



Conversion factors

A1l measurements in this repert are expressed in English units. Factors
used in converting these measurements to metric units are as follows:
Length-

1 foot = .3048 meters
1609 meters = 1.609 kilometers

1 mile

Area~

1 acre = 4.047 square meters = ,.4047 hectares = ,004047 square kilometers
1 square mile = 259.0 hectares = 2.590 square kilometers
Volume-
1 acre-foot = 1,234 cubic meters = .1234 cubic hectares
1 gallon = 3.785 liters = .003785 cubic meters
Slope rate-
1 foot per mile = .1894 meters per kilometer
Flow rate (volumetric)-
1 gallon per minute.= 3.785 liters per minute = ,0639 liters per second
= ,003785 cubic meters per minute = 5,450 cubic meters per day
Hydraulic conductivity (hydrologic term)-
1 gallon per day per square foot = .04074 meters per day
- Transmissivity (hydrologic term)- _
1 gallon per day per foot = .01242 square meters per day
Specific capacity (well-performance term)-
1 gallon per minute per foot of drawdown = 12.42 liters per minute per

meter of drawdown = .01242 cubic meters per minute per meter of drawdown



Location and extent of area

The area investigated with test-dril]ing'extended from the Pine Ridge
south to the Niobrara River in southern Dawes and northern Sheridan counties,
Nebraska. This area of northwestern Nebraska is in the central and northeast
parts of the Upper Niobrara-White Natural Resources District (Fig, 1).
Northern Dawes County borders the study area on the northwest; South Dakota
is on the north; and Cherry County is on the east. Southern Sheridan County
and Box Butte County lie to the south of the study area and Sioux County is to
the west. The area represented by the mapS in figures 5-12 of this report
is about 2250 square miles with a maximum east-west dimension of 72 miles

and a maximum north-south dimension of 39 miles.
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Location of study area and Natural Resources District
boundaries in Nebraska



Methods of investigation

Forty-two (42) test holes were drilled in southern Dawes and northern
Sheridan counties between August 1, 1978, and August 12, 1979 (Fig. 2).

Depths of the holes ranged from 410 to 800 feet and averaged 614 feet.

A hydraulic rotary-drill rig belonging to tne Conservation and Survey
Division was used for drilling the test holes. At most sites the upper part
of the hole, the younger rocks, was drilled in intervals of 5 feet and the
rest of the hole was drilled in intervals of 10 feet. The hole was flushed
after each interval was drilled so that material from up the hole would not
contaminate samples from the next deeper interval. Representative samples of
the cuttings were collected from each interval or from significantly different
materials within an interval. While the drilling was in progress, a geologist
described the samples and noted the drilling action and drilling time of each
interval. One or more electric logs were made for 39 of the holes. Because
of ho]é problems, electric logs were not obtained for 3 holes. The elctric
logs and the geologist's field logs are on file at Conservation and Survey
Division offices in Lincoln and Scottsbluff and at the Upper Niobrara-White
Natural Resources District office in Chadron.

The depth to water was measured with a chalked, steel tape in 31 of the

holes after the water level in the test hole had stabilized. Electric logs

and depths at which holes caved indicated the depth to water in another 5 holes.

Land surface altitudes of the test holes were taken from U.S. Geological Survey
7.5-minute and 15-minute topographic maps.

Test-hole samples at critical sites and depths were examined with a
binocular microscope in the laboratory. In a few cases, individual grains
were mounted on slides and examined under high magnification in order to

jdentify individual mineral grains. The electric logs and the field and
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laboratory descriptions are the basis for identifying the stratigraphic units
‘and assessing their water-bearing characteristics.

The geologic sections and one half of the maps in this report are based
largely on information obtained from the drilling., Supplemental information
includes the following: data from 4 test holes drilled near the Dawes-Box
Butte county line in 1975-76 (Souders et al., 1980); driller's logs and
water-level information on irrigation- and municipal-well-registrations (all
avaiiable records of this type were examined and information from many were
used); records of test drilling for the cities of Chadron, Rushville, and
Gordon; test-hole logs recorded by well drillers contained in Conservation
and Survey Division files; electric logs o; 20 o0il and gas tests; water-level

measurements made by the Conservation and Survey Division staff; and data

gleaned from topographic maps and satellite imagery.




Test-hole and well-numbering system

Each test hole, well, or oil and gas test referred to in this report is
identified by a number indicating its location in the U.S. Bureau of Land
Managemeint's survey of Nebraska. The figure preceding N (for “north") indicates
the township, the figure preceding W (for "west") indicates the range, and
the figure precéding the lowercase letters indicates the section. The lower-
case letters denote lccation within the section. As shown in figure 3, the
first of these letters indicates the quarter section, the second the quarter-
quarter section, and the third, if given, the quarter-quarter-quarter section.
Thus, in this system of numbering, a test hole or well in the SE% SEY SEX%
section 17, Townshin of 30 North, Range 47 West, is identified by the number
30N-47W~17ddd.

Each test hole drilled for the project is also identified by a field
number which consists of a sequential designation, a letter which identifies
the drill rig, and the year in which the hole was drilled. Thus, field

number 12-B~78 indicates the twelfth hole drilled with the B rig in 1978.



Well 30N-47W-17DDD

Fig. 3. System used for identifying test holes and wells

according to location
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Previous investigations

Keech (1964) described the groundwater resources of the Mirage Flats
area in west-central Sheridan County. His report contains very little
geological information but has detailed records of wells and water levels and
an excellent water-table map. Southern Dawes and northern Sheridan counties
are included in several very general reports about groundwater resources.
Bradley (1956) probably presented the most useful report of this kind. Hydro-
logic information from the Box Butte County reports by Souders et al, (1980),
Cady and Scherer (1946), and Nace {1953) is helpful in understanding groundwater
resources of Dawes and Sheridan counties._ All of these reports also include
some information about the quality of groundwater in the areas covered by the
reports. Streumpler (1979) and the National Uranium Resource Evaluation (NURE)
Program Report K/UR-141 (anonymous, 1980) provide additional information about
groundwater quality in northwest Nebraska.

The classic general report on the geology of western Nebraska was by
Darton (1899). Lugn (1939) provided the basic stratigraphic classification
for the Tertiary system in Nebraska but there now appears to be problems with
his stratigraphy. Schu]tz and Stout (1955) made a detailed classification of
Oligocene outcrops in western Nebraska and Singler and Picard (1980)
suggested a modification. DeGraw (1969) provided a comprehensive view of the
relations of the Cretaceous and Tertiary in western Nebraska. Souders et aj.

(1980) described the geology of Box Butte County. Skinner et al. (1977) gave
a detailed account of some Miocene strata in south-central Sioux County and
placed these strata in a broader context.

Detailed papers on segments of Tertiary stratigraﬁhy in parts of north-
west Nebraska are more common than comprehensive reports. McKenna (1965)

summarized the nomenclatural and geologic problems of the younger Tertiary ——
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rocks. Galusha (1975) described the Box Butte Formation outcropping in
southern Dawes and northern Box Butte counties. Hunt (1978), Yatkola (1978),
and Ccok (1965) reported on Miocene rocks eiposed in the vicinity of the
Niobrara River frcm southwest Dawes County west to the Wyoming border.

In the 1960s, J. R. MacDonald and J. C. Harksen, together and separately,
published numerous reports and papers about the geology and fossils in South
Dakota just north of the study area (eg. MacDonald, 1963, Harksen, 1967, 1968,
MacDbna]d and Harksen, 1968, Harksen and MacDonald, 1969a, 1969b). Skinner
et al. (1968) disputed some of their interpretations.

The references mentioned above, while not complete, give ideas about the
rocks of the study area and some of the controversies about the sequence,
grouping, ages, and significance of the strata. One important fact remains--

much more work will have to be done before the stratigraphy of the study area

is fully understood.
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STRATIGRAPHIC UNITS AND THEIR WATER-BEARING PROPERTIES

General geology

The strata at or near the land surface in southern Dawes and northern
Sheridan counties are divided into rock-stratigraphic units (Fig. 4). A rock-
stratigraphic unit is a body of rock that has some 1itho1ogic unity and has
identifiable boundaries, which may be gradational. The stratigraphic units
used in this report are members, formations, combinations of two formations,
and groups (a unit of two or more formations).

Shale and chalk of Cretaceous age are exposed along the White River from
near Crawford in western Dawes County northeast to the state line. These
exposures extend from 1 to 8 miles south of the river and thus occur in the
northwest part of the study area in Dawes County and northwest Sheridan
County. Shale and chalk also outcrop along the state Tine in the vicinity of
White Clay in Sheridan County.

The land surface slopes gently upward from the White River south to the
base of the Pine Ridge escarpment. Most of this long slope is underlain by
older Tertiary rocks which consist of siltstones, some claystones, and minor
amounts of sand and gravel. The Pine Ridge is an abrupt topographic rise of
400 to 700 feet that marks the north edge of a broad tableland area. Silt-
stcnes, sandstenes, and some gravel of younger Tertiary age are exposed along
this escarpment and underlie the tableland. The total thickness of the Tertiary
rocks south frem the crest of th2 Pine Ridge to the Niobrara River ranges from
about 8GO0 feet to more than 1400 feet.

Unconsolidated silt, sand, and gravel of Quaternary age mantle the older
rocks in many places throughout the study area but reach a thickness of more
than 50 feet only along the Niobrara River in Sheridan County. This report QE;
deals with the younger Tertiary rocks beneath the tableland, but the older

Tertiary, Cretaceous, and some pre-Cretaceous rocks need a brief description.
14
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Jurassic System

Uplift along the Chadron Arch at the end of the Cretaceous caused many
of the pre-Tertiary rocks along the arch to be eroded away. Thus, the
Tertiary strata in southern Dawes and northern Sheridan counties cover an
ancient, extensively-weathered landscape (the pre-Chadron surface) of
Cretaceous and older rocks. Part of this surface was exhumed by later erosion
and. is exposed in a very few places in the study area along the White River.
The uplift and erosion produced a complicated outcrop pattern and a subcrop
pattern* (Fig. 5) that is poorly known because it is, for the most part, deeply
buried.

DeGraw (1969) inferred from subsurface data that the Tertiary rocks may
lie directly on the Morrison and Sundance formations of Jurassic age along
the crest of the Chadron Arch in west-central Sheridan County. These formations
consist of mudstones, siltstones, sandstones, and some limestone. The formations
would occur beneath the Tertiary rocks at depths of 1400 feet or more and
would underlie the Cretaceous rocks at even greater depths thfough0ut the
remainder of the study area. Rocks of Permian age underlie the Sundance
Formation.

Sandstone beds of the Sundance could be reservoir rocks for fluids or
gases in some localities along the Chadron Arch, according to DeGraw (1969).
If water does occur in these beds, it is likely to be of very poor quality.
Jurassic rocks could be a potential source of uranium.
* A subcrop pattern would be the pattern of rocks outcropping if the Tertiary
rocks were stripped off. Or, a subcropping stratigraphic unit is one that was

exposed at an ancient land surface that is now buried by younger rocks.

16



Cretaceous System

Rocks of the Upper and Lower Cretaceous Series constitute most of the
pre-Chédron surface (Fig. 5) and some Upper Cretaceous rocks crop out in the
northwest part of the study area. The Cretaceous stratigraphic units, from
oldest (lowermost) to youngest (uppermost) are the Dakota Group, Graneros
Shale, Greenhorn Limestone, Carlile Shale, Niobrara Chalk, and Pierre Shale.

Dakota Group rocks consist of sandstones, shales, mudstones, and silt-
stones. The Dakota has a maximum thickness of about 1000 feet in the study
area. Some of the sandstone beds are medium- to coarse-grained and are
excellent reservoir rocks for fluids and gases. Sandstones of this group are
a source of oil and gas in the southern Nebraska Panhandle. Depths to the
top of the Dakota in the study area range from about 600 feet just north of
the Pine Ridge north-northwest of Hay Springs to about 1400 feet where the
rocks subcrop at the pre-Chadron surface beneath the tableland in Sheridan
- County. The group underlies younger Cretaceous rocks at generally greater
depths throughout the remainder of the study area.

Sandstone beds of the Dakota are known to be unsaturated (contain no
fluids or gases) or undersaturated along the Chadron Arch (DeGraw, 1969),
Water or other fluidc or gases should be present in the Dakota in most other
places and parts of the group comprise an aquifer in South Dakota. Water
contained in Dakota Group sandstones in the study area probably would be warm
and have relatively large amounts of dissolved minerals, so that water']ikely
would not be suitable for domestic or irrigation purposes. The most favorable
Tocality for exploring for water in these beds could be several miles north-
northwest of Hay Springs. Dakota Group rocks are probably of more interest

as potential sources of oil, gas, and uranium.

17
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The Graneros.Shale and Greenhorn Limestone subcrop at the pre-Chadron
surface in eastern Dawes County and across Sheridan County and underlie younger
Cretaceous rocks down the slope of the strata away from the subcrop areas.

The maximum thickness of the Graneros is about 350 feet while that of the
Greenhorn is about 30 feet. The Greenhorn is exposed at one spot just north
of the White River about 2 miles south-southwest of the point where the river
enters South Dakota. Neither the Greenhorn nor the Graneros are considered
to be a source of water in the study area.

The Carlile Shale crops out in the northeast corner of Dawes County south
of the White River and make a subcrop belt arouhd older rocks in the subsurface
to the south {Fig. 5). The maximum thickness of the Carlile in southern Dawes
and northern Sheridan counties is about 260 feet. The formation is not
considered to be a source of groundwater.

The Niobrara Formation consists of chalk, calcareous shale, and some
limestone and has a maximum thickness of about 460 feet in the study area. The
formation is exposed throughout much of northeastern Dawes and northwestern
Sheridan counties and outcrops in the vicinity of White Clay. The chalk and
calcareous shale weather to a distinctive yellow-brown or orange. In some
localities where the Niobrara outcrops or subcrops; joints, faults, and
solution channels may occur and the formation becomes a source of water,
especially for stock and domestic wells. The Niobrara is also a potential
source of natural gas where the formation is overlain by the Pierre Shale.

The Pierre is the youngest Cretaceous unit present in the study area. The
dark shales of this unit are exposed northward from just south of the White
River. Other exposures occur in northwest Sheridan County and near White Clay.
The Pierre is not a source of water supply.

The re1ation§hip of some of the Cretaceous rocks to the overlying Tertiary
rocks is shown in geologic sections A-A', B-B', C-C', and H-H' (Plates 1, 2,

and 4). 8 .



Tertijary System

White River Group
Chadron Formation-

Rocks of the Paleocene and Eocene series are missing in the study area
and erosion and weathering presumably dominated during these epochs. The
basal Tertiary strata in southern Dawes and northern Sheridan counties are
those of the Chadron Formation, White River Group, 0ligocene Series. Most of
the rocks comprising this formation are claystones and clayey siltstones
(mudstones), but some sandstones and graveﬁs occur locally near the base of
the formatioh. Chadron rocks are mostly green-hued but yellow, brown, and
bright red colors also appear. The Chadron is exposed above the Cretaceous
rocks for short distances south of the White River and directly overlies the
pre-Tertiary rocks throughout the remainder of the area (Plates 1, 2, and 4).

Most of the fine-grained rocks of the Chadron contain large percentages
of swelling clay (smectite) derived from weathering of volcanic ash. Sand
and silt (including ash) were probably deposited in stream channels, ponds,
and floodplains while windblown silt was deposited on stream divides of low
relief. Resting on nearly impermeable rocks, these sediments were saturated
for long periods of time and‘strongly alkaline conditions could have prevailed.
Such circumstances may have hastened the weathering of the volcanic ash to
smectite clays.

I follow Darton's classification (1899) and restrict the Chadron Formation
to the claystones, mudstones, and associated sandstones near the base of the
White River Group because these beds can be identified readily in the subsur-

face, especially on electric logs. Schultz and Stout (1955) and Singler and
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Picard (1980) include some higher siltstone beds in the Chadron Formation,
but these siltstones cannot be easily correlated on a regional basis,
especially in the subsurface. Furthermore, over a broad area, the siltstones
are more lithologically similar to the overlying Orella Member. The Chadron
ranges from about 50 to 200 feet thick where it is overlain by the Brule
Formation in southern Dawes and northern Sheridan counties.

Sandstone and gravel beds at the base or within the Chadron are sources
of ﬁater for some domestic and ;tock wells north of the Pine Ridge. Similar
beds occur in some localities south of the Pine Ridge but are from 800 to
1400 feet deep. The water is generally under artesian pressure and there are
some flowing wells in the Crawford area. “DeGraw (1969) notes that these beds
may not be saturated in places along the Chadron Arch.

In some localities the basal sandstones and gravels may exceed 50 feet
in thickness. Wells yielding up to a few hundred gallons per minute possibly
could be developed at these sites, but the drawdowns required to obtain such
yields would be a few hundred feet. The quality of water probably would not
be suitable for irrigation or municipal uses. The Chadron Formation contains
potentially exploitable uranium ores in the Crawford area and commercial

quantities may occur in other localities.
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Brule Formation~
Orella Member:

The Orella Member of the Brule Formation overlies the Chadron Formation,
generally fn a conformable relation, and consists of siltstones, mudstones,
and minor amounts of sandstone. The rocks are gray, greenish-gray, olive,
and brown, The Orella is exposed north of the Pine Ridge and occurs in the
subsurface throughout the remainder of the area south of the outcrop belt.
This member is about 240 feet thick in southwest Dawes County (geologic
section A-A', plate 1) but thins rapidly to the east-northeast and is only G0
to 70 feet thick in Sheridan County (geoldgic section H-H', plate 4). Electric
logs of oil and gas tests indicate the member may also become finer grained
to the east-northeast. Environments of deposition of the Orella Member include
floodplains, stream channels, and uplands.

Some of the thin sandstone beds could be a source of water to stock and
domestic wells, especially where the beds occur at shallow depths north of
the Pine Ridge. Joints, fractures, and faults in the Orella could make it
an aquifer in some localities. Generally, this stratigraphic unit is not a

good source of groundwater.
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Whitney Member:

| The Whitney Member of the Brule Formation crops out at the base and
footslope of the Pine Ridge escarpment. The predominant rock type is a well-
sorted, brown siltstone with small amcunts of clay and sand. Locally fine-
grained sandstone beds occur near the base of the unit, but elsewhere sand-
stones occur throughout much of the Whitney and contain medium to coarse sand
(see log of Test Hole 31N-49W-22acb). Most of the Whitney siltstones are
interpreted to have been deposited by wind. The sandstone beds indicate some
stream systems'crossed the area.

Volcanic ash, primarily glass shards, is a major constituent of the
Whitney siltstones (Souders et al, 1980, and Swinehart, 1979a) and several
beds of nearly pure volcanic ash occur within the member. Two of these beds,
the Upper Ash and Lower Ash of Schultz and Stout (1955), are relatively thick
(more than 5 feet in parts of the study area) and generally easy to identify
on electric logs, thus making them excellent stratigraphic markers for subsur-
face correlation. Using electric logs of oil and gas tests these two beds can
be traced from the southern Nebraska Panhandle to east-central Sioux, southern
Dawes, and west-central Sheridan counties. The logs available for the Pine
Ridge area of Dawes County and for northernmost Sheridan County indicate that
the ash beds are absent and that their stratigraphic intervals consist of mud-
stone and sandstone, Geologic sections A-A' (Plate 1) and H-H' (Plate 4)
indicate the relationship of the ash beds to the base and top of the Whitney.

The maximum thickness of the Whitney Member is about 400 feet in southwest
Dawes County. The member thins to the east-northeast and is about 280 feet
thick in the subsurface in west-central Sheridan County. In Dawes County, the
Khitney is commonly much thinner near the Pine Ridge and in outcrop because the
upper part has been removed by post-Whitney pre-Gering and post-Ogallala

erosion.
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In most places the lower boundary of the unit appears to be marked by a
break in the continuity of the strata (unconformity) between uniform Whitney
siltstones above and more or less distinctly bedded siltstones and mudstones
of the Orella below. Channel sandstones at the base of the Whitney
unconformably overlie the Orella in some localities. The interval between
the base of the Whitney and the Lower Ash is about 80 feet in southwest Dawes
County and thins somewhat to the east-northeast. Correlations north and east
of western Sheridan County are difficult because well control is limited, the
Lower Ash is absent, and the lithologic character of the Whitney is not
distinctive.

‘The Whitney Member is generally not a-source of water to wells but the
medium- to coarse-grained sandstone in Test Hole 31N-49W-22acb should be
capable of yielding several tens of gallons per minute. The fine-grained
sandstones at other sites might yield a few gallons per minute. More
importantly, the Whitney, like the Orella, may be jointed, fractured, or faulted =
in some localities. These features can create zones of secondary permeability
in an otherwise relatively impermeable mass of rock. A well installed at
Ft. Robinson in 1977 produces about 75 gallons per minute and the source of
water appears to be fractured rock and some thin sandstone beds in the lower

part of the Whitney and/or upper part of the Orella.
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Beaver Wall siltstone beds (informal name):

Souders et al {1980) recognized that a thick section of relatively uniform,
brown, sandy si1tstones occurs above the Whitney in northern Box Butte County.
This section of rocks, which essentially represents a continuation of Whitney
sedimentation but is coarser-grained, extends northward into the study area.
The section reaches a maximum thickness of more than 400 feet in the subsur-
face in southeast Dawes and in central Sheridan ccunties.

These sandy siltstone beds crop out along the Niobrara River in southwest
Dawes, northwest Box Butte, and east-central Sioux counties. Swinehart (1977)
noted that these outcrops have been misidentified as Monroe Creek Formation
(Lugn, 1939, Cady and Scherer, 1946, Yatkola, 1978). Field reconhaissance by
Gottula and me and chservations made in 1951 by Morris Skinner, then with the
Frick Laboratory, American Museum of Natural History, (personal communication,
1981) indicate extensive outcrops of these beds occur along Beaver Wall, a
prominent north-south trending cliff which forms the Pine Ridge escarpment in
northwest Sheridan County. The lower two-thirds of this section of siltstones
is quite distinct in Test Hole 33N-45W-31dad, which is about 5 miles southeast
of the south end of Beaver Wall. Because of the exposures along Beaver Wall,
this stratigraphic unit is inen the informal name, Beaver Wall siltstone
beds.

In many localities the base of the Beaver Wall unit seems to be defined
by the Nonpareil ash zone (Swinehart and Souders, 1979) which appears to
conformably overlie the Whitney siltstones. This zone is prominently developed
i the subsurface in southwest Dawes County (e.g., T.H. 29N-51W-24bba) where
it consists of a thick bed of nearly pure volcanic ash overlying a bed of very
ashy siltstone. The zene produces a distinctive electric-log curve which can
be correlated in many wells and test holes east-northeast into Sheridan County.
Many of the test-holes for this study were designed to reach this zone.
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The Nonpareil ash zone does not occur everywhere in the subsurface in
the study area. In some localities the stratigraphic interval in which it
occurs is replaced by silty, fine- to medium-grained sandstones. Similar
beds of sandstone locally occur throughbut the Beaver Wall unit (e.g., Test
Hole 31N-49W-22acb) and appear to be more common in the northeast part of the
study area. However, most of the Beaver Wall rocks are well-sorted, very
sandy siltstones which locally grade to well-sorted, very silty, very fine-
grained sandstones. The unit generally coarsens upwards and calcareous
nodules and concretions are common in the upper-part. The mineralogy of the
Beaver Wall unit is dominated.by volcanic ash, principally glass shards
(Souders et al., 1980; Swinehart and Soude;s, 1979; Swinehart, 1977) and ash
beds in addition to the Nonpareil do occur in the unit (e.g., T.H. 32N-44W-22abb).
The large amount of volcanic material and the relatively uniform character of
these fine-grained rocks indicate that most of the sediment was deposited by
wind. Stream systems deposited silt, sand, and some clay in several localities.

The top of the Beaver Wall unit is marked by an unconformity. Post-Beaver
Wall pre-Gering erosion removed most or all of the unit along the Pine Ridge
in Dawes County and much of the upﬁer part of the unit north of Highway 20 in
northern Sheridan County. Sand and sandstone of the Gering Formation overlie
the Beaver Wall (or Whitney if all the Beaver Wall siltstone beds were eroded)
throughout this area of extensive erosion. South of this area the Beaver
Wall is unconformably overlain by brown, sandy siltstone and silty sandétone
of the Monroe Creek-Harrison formations and the contact is often difficult to
determine with precision. Furthermore, the contacts between all the White
River units and between the Beaver Wall siltstone beds and the overlying
Arikaree units generally become less and less distinctive as one works east-

northeast from southwest Dawes County. The geologic sections (Plates 1 through
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4) illustrate my interpretation of how the post-White River rocks overlie the
Beaver Wall and Whitney rocks. ‘r

Singler and Picard (1980) suggested that the Brule Formation be elevated |
in rank to a subgroup and that the Oreila and Whitney members be recognized
as formations. Although I have not used this ranking, I agree with their
suggestion and would extend the concept further. The informal Beaver Wall
stratigraphic unit of this report needs to be examined in more detail,
especially the lower boundary. Then the unit should be given a formal name
and included as a third and uppermost formation of a Brule Subgroup.

The Nonpareil ash zone was recognized as a possible ash zone on electric
logs of oil and gas tests as early as 1965 _by DeGraw and Dreeszen (personal
communication, 1975). Test drilling in Box Butte County in 1975 and for this
project verified their interpretation of the logs. They speculated that the
zone might be equivalent to the Rockyford Ash of South Dakota (Nicknish and
Macdonald, 1962). To date, no one has demonstrated that the Rockyford and
the Nonpareil are equivalent units, but the units do appear to occupy similar
stratigraphic positions. If the two units are equivalent, then part of the
Sharps Formation of South Dakota and part or all of that sequence of rocks
in South Dakota called "Rosebud” by Skinner et al. (1968) would then appear
to be equivalent to the Beaver Wall siltstcne beds of this report.

The sandy siltstones and silty sandstones of the Beaver Wall unit can be
a source of water to stock and domestic wells, Wells yielding from a few tens
up to 200 gallons per minute could be developed in some localities if more
than 300 feet of saturated Beaver Wall beds were penetrated. The drawdown
during pumping would be large because the discharge of a well in the unit
probably would be less than 0.5 gallons per minute per foot of drawdown.

Larger yields or less drawdown might be possible in places where the unit is

fractured, ts:
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Probably more than 10 million acre-feet of good-quality groundwater is
stored in the Beaver Wall unit in southern Dawes and northern Sheridan counties.

The economic feasibility of developing this supply on any sizable scale

appears to be impractical, at least for the forseeable future.
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Arikaree Group

Gering Formation-

The extensive erosion that occurred after the deposition of the Beaver
Wall siltstore beds appears to have teen confined largely to the northern part
of the study area. Here, a rivér (or rivers) cut a deep valley more than 15
miles wide in northern Dawes and northernmost: Sheridan counties (Fig. 6). The

north side of this ancient valley (paleovalley) was removed by post-0Ogallala

erosion in Dawes and northwest Sheridan counties and lies north of the study area

east of White Clay, Nebraska. The south wall of the paleovalley is high and

steep except in northeast Sheridan County. The abruptness and height of the soutt

side of the paleovalley indicate faulting may have influenced the location and
depth of ercsion. Faults are interpreted to occur along this south wall in
several localities (geologic sections A-A' through D-D', plates 1 and 2).

Figure 6 shows, in plan view, the location and present configuration of
the floor of the paleovalley. The majdr fault in northeastern Sheridan
County is accounted for on this map, but other known and inferred faults are
suggested only indirectly by the contours. Faults and lack of detailed control
limit the accuracy of this map. |

The Gering Formation of the Arikaree Group is limited to deposits within
the paleovalley and its small tributaries. The dominant Tithologies are sand-
stones with some interbedded siltstones and mudstoneé. Some of the sandstone
beds are relatively uniform, very fine- to fine-grained and silty. Other sand-
stone beds, however, are more roorly sorted and very fine- to medium-grained.
In places these beds contain coarse sand to fine gravel grains derived from
igneous and metamorphic rocks. The coarser-grained sandstone beds typically
contain fragments, or clasts, of locally-derived sedimentary rocks, principaily

siltstcne and mudstone. These lithic clasts gererally range from medium sand

28

&



to fine gravel in size, but some coarser clasts were found. Volcanically-
derived grains, mainly glass shards, occur in many of the siltstones and fine-
grained sandstones. Thin beds of relatively pure volcanic ash are locally
present.

The maximum drilled thickness of the Gering is 280 feet (Test Hole 32N-44W-
2bbb, north of Rushyille). The variable 1ithology and relative coarse grain
size, stratigraphic position, and relatively high resistance on electric logs
were the criteria used to identify the Gering Formation. The lower boundary
of the formation is difficult to establish with subsurface data in localities
where the Gering overlies fluvial beds of the White River Group, particularly
in the northeast part of the study area. The upper boundary generally is a
conformable contact, locally gradational, between fluvial and possible wind-
deposited sands of the Gering and relatively uniform, brown, sandy siltstones
above. I have restricted the Gering Formation to stream and floodplain deposits
which.contain what appear to be interbedded eolian deposits. The overlying
finer-grained rocks, which are from about 10 to 95 feet thick, also could be
included in the formation inasmuch as they seem to be limited to the paleovalley.

Geologic section G-G' (Plate 4) is a profile of the stratigraphic units
west to east down the paleovalley. The units correlate well, especially on
electric logs, from western Dawes County to north of Rushville. Between
Rushville and Gordon the Gering thins. Furthermore, the base of the formation
occurs at a much higher altitude north of Gordon than it does north of
Rushville. This situation is difficult to reconcile with the interpretation
of a single Gering valley. If the stratigraphic units are correctly identified,
then the Gering sands in the Gordon area are either part of a different fluvial
system or part of the same fluvial system that was uplifted after the deposition
of the sands. The electric log of o1l test 32N-43W-4db is the only usable |

control available to correlate across the area and the log is not definitive.
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Nevertheless, correlations using this log indicate structural movement,
possibly a north-south striking fault east of Rushville, could have occurred
during or after the depoﬁition of the Monroe Creek-Harrison formations and
before the deposition of the Upper Harrisan beds. A fault could explain the
anomalous altitude of the base of the Gering north of Gordon. Additional test
holes are needed in the Rushville to Gordon area to clarify the geology and to
further evaluate the groundwater resources.

Correlations from the western part of the study area, where the strati-
graphic units are generally more distinct, northeast to the South Dakota line
indicate the Sharps Formation of South Dakota is probably equivalent to the
Beaver Wall siltstone beds and part or all of the Gering Formation of this
report.

The sands and sandstones of the Gering at the base of the Arikaree Group
are the most permeable part of that group and furnicsh water to stock, domestic,
municipal, and irrigation wells. The base of the Gering Formation (Fig. 6)
can be viewed as the base of a complex aquifer system composed of rocks of the

Arikaree Group. Water supplies of this group will be discussed later.
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Monroe Creek-Harrison formations (undifferentiated)-

The Monroe Creek-Harrison and Gering stratigraphic units are the predohi-
nant rocks exposed along the Pine Ridge escarpment. Well-sorted silty,
sandstones and sandy siltstones containing numerous calcareous nodules and
ledge-forming concretions characterize the Monroe Creek-Harrison. The sand
is very fine to fine. Dominant colors are brown and grayish-brown. Volcanic-
glass shards comprise about a quarter of the very-fine sand grains (Souders,
et al, 1980; Stanley, 1976). The excellent sorting, the presence of signifi-
cant amounts of volcanic material, and the relative uniformity of the rocks
indicate the sediments were deposited by wind. From west to east across the
study area, the average grain size appears to decrease and the rocks generally
become browner.

The Monroe Creek-Harrison unit conformably overlies the Gering Formation
in the large west-east paleovalley and unconformably overlies the Beaver Wall —
unit south of that valley. The maximum drilled thickness of the Monroe Creek-
Harrison is 362 feet near the crest of the Pine Ridge southeast of Chadron
(Test Hole 32N-47W-33cbc). The unit is thicker in the paleovalley than it is
on the ancient upland south of the valley except east of Rushville in Sheridan
County. The Monroe Creek-Harrison appears to be only 15 feet thick at the
South Dakota border in northeast Sheridan County (geologic section F-F', plate
3). .

The upper boundary of the Monroe Creek-Harrison unit is marked by an
unconformity throughout the study area. Erosion that fol]owedﬂthe deposition
of the Monroe Creek-Harrison unit and preceded the deposition 6f the next
younger unit, the Upper Harrison, removed the Monroe Creek-Harrison from
southwest Dawes County and from other localities in the south part of the ' -

county (geologic sections A-A' and C-C', plates 1 and 2). Post-Upper Harrison



pre-Ogallala erosion removed more of the Monroe Creek-Harrison from southern
Dawes County (geologic sections B-B', C-C', and H-H', plates 1, 2, and 4). The
Monroe Creek-Harrison occurs throughout the subsurface in northern Sheridan
County south of the Pine Ridge (geolonic sections D-D' through F-F', plates

2 and 3).

Electric logs and test-hole samples indicate the Monroe Creek-Harrison
stratigraphic unit may be divisible locally into six or more subunits. The
electric logs provide better definition for subdivision than do the samples.
More subunits occur in the paleovalley, where the Monroe Creek-Harrison is
thickest, than on the ancient upland. Subunits on this upland appear to
correlate with the uppermost subunits in the paleovalley. However, differences
between subunits are small and correlations of such units are questionable,
especially on a regional basis. The differences noted are probably due to
subtle changes in grain size and the arrangement of the grains (fabric).
Although differences are noticeable, I found no solid evidence for making any
significant subdivisions within the Monroe Creek-Harrison stratigraphic unit.
The traditional division of the unit into an uppermost Harrison Formation and
a lowermost Monroe Creek Formation appears to me to be highly suspect, and I
think the classification of this section of rocks sﬁould be revised so that
only one formation is recognized.

The grain size and fabric of the Monroe Creek-Harrison indicate the unit
is not highly permeable. The calcareous-cemented concretions further reduce
the permeability although fractures may increase the permeability in some
localities. On the whale, the Monroe Creek-Harrison cannot be considered a
source of water for large-yield wells. The unit is permeable enough to furnish
water to stock and domestic wells and it undoubtedly contributes some water
to municipal and irrigation wells in the study area. The Gering, Monroe Creek-

Harrison and the Upper Harrison stratigraphic units constitute a complex

32 :



aquifer system throughout the area of the west-east paleovalley. The water
supplies available from this aquifer will be discussed in the section, "Water

Supplies of the Arikaree Group."
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Upper Harrison beds (informal name)-

Upper Harrison beds are exposed at the top of the Pine Ridge escarpment
and they occur at the surface of the tableland in east-central Dawes County
and north of U.5. Highway 20 in northern Sheridan County (Plates 1 through 3).
This stratigraphic unit consists of a thick section of brown, sandy siltstones
overlying generallg—thin basal sandstone beds. The basal sandstone beds do
not occur everywhere throughout the study area and locally the brown siltstones
1ie directly on older units. In some localities the unconformity at the base
of the unit is overlain by at least a few feet of slightly coarser-grained
material and, at a number of sites, by concentrations of dark, heavy-mineral
grains. The slightly coarser-grained rocks consist of brown to grayish-brown
sandy siltstones or silty sandstones. Sand grains range from very fine to
medium but a few coarser grains and some lithic clasts are present at a few
sites. The medium and coarser grains are noticeable because the rocks above
and belcw generally contain only very fine to fine sand. Relatively thick
and well-cemented concretion zones are generally associated with these basal
beds.

At still other sites the basal beds consist of a few feet to more than
40 feet of very fine- to medium-grained sandstones. C(lasts of igneous and
metamorphic rocks ranging from coarse sand to fine gravel size are commonly
present as are clasts of locally-derived mudstone and siltstone. Concretion
zones also occur with the sandstone beds. Test drilling and outcrop examination
indicate these basal sandstones are generally thicker in northernmost Sheridan
County north of Rushville and Gordon. Although little formal work has been
dune in this area, I believe these sandstone beds generally have been misidenti-

fied as the Harrison Formation by most geologists.



The brown siltstones which overlie the basal zone of the Upper Harrison
are 200 feet thick in parts of the study area. The siltstone section varies
in thickness in southern Dawes and northern Sheridan counties because post-
Upper Harrison pre-Ogaliala erosion and post-Ogallala erosion removed some to
all of the Upper Harrison in many Tocalities (Plates 1 through 4). The silt-
stones constitute a relatively uniform section of rocks, ranging from clayey
siltstone to very silty sandstone. A considerable amount (25%) of volcanically
derived material, principally glass shards, occurs in the siltstones (Souders
et al, 1980). The rocks are generally brown, but zones a few feet to several
tens of feet thick are green-hued where the siltstones are directly overlain
by saturated Ogallala rocks (see log of Test Hole 3IN-44W-34ddc). Brown
colors are probably due to oxidized iron particles. Reducing conditions
within the saturated rocks have de-oxidized the particles and produced the
green hues.

A reconstruction of the depositional history of the Upper Harrison beds
begins with post-Monroe Creek-Harrison pre-Upper Harrison erosion producing a
mildly undulating landscape. Then streams flowing in shallow valleys deposited
mostly sand which partIy filled the valleys. Large volumes of windblown dust
(silt, volcanic ash, and fine sand) then blanketed this landscape.

The Upper Harrison beds rest unconformably on the Monroe Creek-Harrison
and Beaver Wall units in the study area. The base of the siltstone section
of the Upper Harrison is easily determined on electric logs and from samples
but where the basal sandstone beds rest on the Monroe Creek-Harrison unit the
contact is more difficult to.estab1ish. Problems in distinguishing the base
of the Upper Harrison beds arise in the few localities where the basal sand-
stones are absent and siltstones of the Upper Harrison lie directly on the
Beaver Wall siltstone beds. Otherwise, the base of the Upper Harrison silt-

stone section is one of the easiest horizons to map throughout the study area,
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and such a map is more reliable than maps of older surfaces or horizons. The
base of the siltstone section was mapped and several profiles were made using
this horizon as a datum. The map and profiles were useful in making correlations
of older horizons, reconstructing geologic history, and defining structural
movements.

The grain size and fabric of the sandy siltstones of the Upper Harrison
indicate the rocks could be a source of water for stock and domestic wells.
These rocks, however, are not sufficiently permeable to support large-yield
wells. The more permeabie basal sandstones of the unit would also be 1limited
as a source of water for only stock and domestic wells. The Upper Harrison
beds dp contribute water to large-yield wells penetrating the Arikaree Group,
particﬁlar1y the few irrigation wells located near the South Dakota border

north of Gordon,

Water Supplies of the Arikaree Group

The Arikaree Group is a water-bearing system composed of a complex set of
rocks, the Upper Harrison, Monroe Creek-Harrison, and Gering units. This
system is restricted to the Gering paleovalley because the Gering sandstones
constitute the principal water-yielding materials. Hydraulic conductivities*
of this material, based on grain size and sorting, are estimated to range from
Tess than 50 gallons per day (gpd) per square foot (ft2) for the finer-grained
beds to perhaps as much as 400 gpd/ft2 for the coarser-grained beds. The
hydraulic conductivity of most o7 the sandstones is probably from 150 to 200
gpd/ftz. The basal Upper Harrison sandstones probably have similar hydraulic

conductivities.

*Hydraulic conductivity is, generally speaking, the volume of water that will
move in unit time under a unit hydraulic gradient through a unit area measured
at right angles to the direction of flow. The hydraulic conductivity is a
measure of the permeability of the rock. (Lohman, 1972, p. 4)
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Silty, fine-grained sandstones in the Monroe Creek-Harrison and Upper
Harrison units are estimated to have hydraulic conductivities that range from
50 to 100 gpd/ftz. The sandy siltstones of both units are less permeable,
hence these beds would have conductivity values that are less than 50 gpd/ftz.

Between 90 to 100 irrigation and municipal wells obtain water from the
Arikaree Group in northern Sheridan County. In Dawes County, one irrigation
well taps the Arikaree Group, two wells apparently obtain water from the
Monroe éreek-Harrison and Beaver Wall units, and perhaps as many as six wells
obtain some irriéation supplies from the Beaver Wall siltstone beds or,
possibly, from that unit and the QOgallala Group.

Yields of wells developed in the Arikaree Group range from about 80
gallons per minute (gpm) to as much as 1000 gpm. Thicknesses of saturated
Arikaree at the well sites are from less than 100 feet to more than 650 feet,
To obtain more than 400 gpm, the water-bearing materials generally must be
more than 200 feet thick and have a considerable thickness of Gering sandstone.

The drawdown of the water level when the well is pumped is an important
factor in well production. The relationship of the discharge of the well to
the drawdown is an indication of the efficiency of the well construction and
the transmissivity* of the aquifer. The specific capacity of a well is the
discharge divided by the drawdown. Assuming the discharge remains constant,
the drawdown will increase with the length of time the well is pumped. The
rate of drawdown diminishes after one to several hours of pumping, but the

rate is dependent on the transmissivity of the aquifer.

*Transmissivity is, generally speaking, the rate at which water is transmitted
through a unit width of the aquifer under a unit hydraulic gradient. It is
equal to a summation of the hydraulic conductivities across the saturated

part of the aquifer perpendicular to the flow paths (Lohman, 1972, p. 13).
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Many irrigation- and municipal-well registrations include reported
measurements of yield, depth to static water level, and depth to water level
during pumping. Specific capacities for the wells can be computed from these
reported data but the duration of pumping is unknown. Specific capacities
were determined from the available information and the average value per
township was calculated. Figure 7 shows these-average values and the locations
of wells. The northern 1imit of the uppermost aquifer system, the Qgallala,
is indicated on the map. Most or all of the wells north of this limit in
Sheridan County tap water in rocks of the Arikaree Group as does the well in
Township 31 North, Range 47 West, Dawes County,

Specific capacities of wells developed in the Arikaree Group range from
one to about 20 gpm per foot of drawdown. The average for all the wells was
slightly less than 6 gpm per foot of drawdown. Township averages indicate the
specific capacities are generally greater in the vicinity of Gordon. The
Gering in this area is relatively shallow and the sands, while not thick, are
relatively coarse and well-sorted. Wells of shallow depth are generally
easier to install and tend to be more efficient.

Low specific capacities indicate large drawdowns are needed to obtain
large yields. For example, 6 gpm per foot of drawdown means that 100 feet of
drawdown will be required to get 600 gpm. 300 feet of drawdown would be
required to get 600 gpm if the specific capacity is 2 gpm per foot of drawdown,
The reported drawdowns for several wells are greater than 300 feet.

The large drawdowns indicate rocks of the Arikaree Group have a low
transmissivity. The maximum transmissivity at favorable sites is probably
about 40,000 gpd/ft. In most areas the transmissivity is probably from 10,000
to 15,000 gpd/ft, and lower values occur in numerous localities. Large
drawdowns are also indicative of potential well problems because they are

racponsibie for high entrance velocities of the water and for water cascading
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into the wells. These factors, in turn, lead to corrosion and incrustation

to well screens and the movement of sand and silt into the well. Some or

much of the sand and silt may be discharged from the wells, causing numerous
problems when the suspended matter is put into irrigation and municipal systems.
The fine-grained nature of the group is responsible for the Tow transmissivity
and the poor well performance. Designing wells which will obtafn large yields
efficiently and which will remain trouble-free is extremely difficult.

The map showing the saturated thickness of the group (Fig. 8) was used
to estimate the volume of saturated Arikaree rocks in the area of the Gering
paleovalley. Lack of detailed control prohibits a precise calculation of this
volume, but a general figure of 100 million acre-feet is believed to be
reasonable. If the average porosity* is 35 percent, then about 35 million
acre-feet of water is stored in the rocks.

No laboratory or field tests have been made to determine the storage
coefficients** of the different rocks of the aquifer, and the fine grain size
of the rocks would make such tests difficult. The layering of the different
rock types also indicates artesian or semi-artesian conditions could exist, at
least locally. Such conditions make an evaluation of the amount of groundwater
the rocks may yield more complicated. Because of these problems, I had to
make some assumptions. I assumed that the water in the rocks was unconfined
and, given a sufficient length of time, would drain by gravity. I also assumed
an average storage coefficient of 0.10. Using this value, 1 estimate that
about 10 million acre-feet of water theoretically could be drained from the aquifer.
* The porosity of a rock is its property of containing interstices, or voids, and
may be expressed quantitatively as a ratio or percentage of the volume of the
interstices to the total volume (Lohman, 1972, p. 10).

** The storage coefficient, a dimensionless value, is the volume of water an
aquifer releases from or takes into storage per unit surface area of the aquifer
per unit change in head. In an unconfined body of saturated rock, the amount p

of water derived from or added to the aquifer comes from gravity drainage or —
f1111ng of pores (Lohman, 1972, p. 13)
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The average storage coefficient could be more or less than 0.10, and my
guess is that it is somewhat more, especially after several years of drainage.
A1l the water could be drained from the Arikaree Group only at an
exorbitant price. In fact, such drainage could be done only by trenching the
entire thickness of the aquifer at close intervals and pumping from sumps, or
by installing sm§11-yie1d wells only a few feet apart throughout the area of
the aquifer. Consequently, the amount of water practically recoverable is
much .Tess than the estimated 10 million acre-feet.
The Arikaree aquifer system is difficult to evaluate dnd to utilize. The
system contains a large volume of water, but this water cannot be extracted

easily, cheaply, or efficiently,
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Ogallala Group

Rocks of the Ogallala Group occur in most parts of Dawes County south of
the Pine Ridge and are present south of Highway 20 in Sheridan County (Fig. 9).
Arikaree and White Rivér strata are generally fine-grained, relatively uniform,
and contain large amounts of volcanic material. In contrast, Ogallala strata
are coarser grained, more diverse lithologically, more poorly sorted, and
contain only small amounts of volcanic material (Souders et. al. 1980;
Swinehart 1977; Stanley 1976). 0Ogallala rocks include large amounts of sand
and sandstone with some gravel, silt and siltstone, and mudstone, all of which
may be complexly interbedded. A few, thin beds of pure volcanic ash occur
locally. Igneous and metamorphic rock fragments, derived from western mountains
and washed eastward, are major constituents of the coarser sands and gravels.
Grays, olives, and browns are the most common colors.

Extensive erosion occurred throughout the study area following the deposi-
tion of the Upper Harrison beds. A large valley, or series of valleys, was
eroded across central Sioux County eastward through southern Dawes County and
into Sheridan County. This large west-to-east paleovalley undoubtedly has a
complex erosional history and is the location of several episodes of valley
cutting followed by deposition. The Ogallala Group is more than 350 feet thick
in the paleovalley north of the Niobrara River in west-central Sheridan County.
The group is thicker south of the river in central and eastern Sheridan County.
Figures 9 and 10 show the location of the paleovalley, the thickening of the
rocks into the valley and into southern Sheridan County, and the irregularity
of the surface on which the Ogallala sediments were deposited. Geologic
section B-B' through F-F' (Plates 1 through 3) show the paleovalley in profile.
Geologic section H-H' (Plate 4) is a geologic section west to east down the

paleovalley.
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The Ogallala Group includes several formations in the study area and in
general represent successive episodes of valley cutting and filling. The
sediments comprising these formations are primarily the products of fluvial
deposition. However, since most of these formations share many lithologic
characteristics differentiation of them is difficult. The formations include,
from oldest (Towermost) to youngest {uppermost), the Runningwater, Box Butte,
Sheep Creek, a possible unnamed formation, and the Valentine-Ash Hollow forma-
tions (undifferentiated). Some information about each of these is given in
this section but, for hydrologic purposes, the Ogallala Group is mapped as a
single system,

The Runningwater Formation consists mostly of sandstones and siltstones,
but includes some gravels and minor amounts of mudstone. The formation is
generally coarser grained and has a considerable amount of gravel near the axis
of its paleovalley in southern Dawes County {Test Hole 29N-49W-2laa). Along
the north margin of the paleovalley the rocks are generally finer grained and
include fine-to medium-grained sandstone, silty sandstone, and siltstone.
Sections of brown and gray siltstone more than 50 feet thick occur in some
localities north of the deepest part of the paleovalley (Test Hole 30N-47W-17ddd)

The Chadron city wells and most of the irrigation wells in Dawes County
tap the Runningwater Formation, which constitutes the largest volume of Ogallala
rock in the county. In this county, the formation can be identified throughout
much of the tableland area on the basis of lithology and stratigraphic position.
The Runningwater unconformably overlies Arikaree and White River units and the
coarser-grained rocks of the Runningwater, derived mostly from plutonic source
rocks, contrast sharply with the fine-grained rocks of the older units which
centain abundant volcanic material. The Box Butte Formation, a thin but
distinctive, fine-grained unit that is an excellent stratigraphic marker,

unconformably overlies the Runningwater in many localities on the tableland.
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The presence of this marker makés identification of the Runningwater a
relatively straightforward matter.

The Runningwater Formation is not easily identified along the Niobrara
River valley in southeast Dawes County or in Sheridan County. The Box Butte
Formation is absent in these areas and younger Valentine-Ash Hollow strata,
which are similar to Runningwater strata, rest directly on the Runningwater.
Test Holes 32N-44W-34ddd (131-239 feet) and 32N-42W-2 (157-280 feet) illustrate
the problem of differentiating the Runningwater and the Valentine-Ash Hollow.
Finer-grained rocks occur in the Tower part of the Ogallala Group in these two
test holes and at other sites. These finer-grained Ogallala rocks may be part
of the Runningwater Formation, but lack of stratigraphic markers, detailed well
control and compositional data precludes a positive identification at this time.
Additional information about these finer-grained rocks is needed if they are
to be mapped.

The Box Butte Formation (Galusha, 1975) overlies the Runningwater through-
out much of the tabieland area in southern Dawes County. Test Holes 30N-51W-13ccc
(2-18 feet) and 30N-49W-16ddd (2-13 feet) penetrated the formation, which
consists mostly of gray and brown clayey silt and large lime nodules. The
formation was not observed in Sheridan County. Thin, generally calcareous,
beds of silty sandstone and sandy siltstone occur above the Box Butte in parts
of Dawes County and are probably part of the Sheep Creek Formation. Another
unit, consisting of siltstones and fine-grained sandstones, may occur above the
Sheep Creek on the tableland in western Dawes County and may be equivalent to
the Olcott Formation in central Sioux County (Skinner et al., 1977). These
three units have little bearing on water supplies in the study area and they
were not examined in detail.

The Valentine-Ash Hollow unit is the principal water-bearing unit of the
Ogallala in Sheridan County. This unit unconformably overlies older strata
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and consists of fine- to very coarse-grained sandstones, some gravels, and
 some siltstones and mudstones. The rocks range from unconsolidated to
moderately consolidated. Pebbles of igneous and metamorphic rocks along with
quartz and feldspar grains dominate the mineralogy of the sandstones and
gravels. Locally-derived lithic clasts occur in some of the gravel beds.

Beds of volcanic ash are rare. Finer-grained rocks range from clayey to sandy
silts and sandstone beds are commonly silty. A few, well-sorted beds of sand
and silt are present in the Valentine-Ash Hollow but most beds are moderately-
well to poorly sorted. Olives and browns, or variations between these, are
the predominant colors,

The Valentine-Ash Hollow unit appears Fo be present in southeast Dawes
County and throughout most of the area where the Ogallala Group occurs in
Sheridan County. Remnants of the unit may occur on the crest of the Pine Ridge
in northwest Sheridan County (Test Hole 33N-45W-31dad). Ogallala rocks,
presumably including Valentine-Ash Hollow strata, extend north of Highway 20
east of Rushville and also occur in the northeast corner of Sheridan County.
The outlying remnants of the formation indicate the Valentine-Ash Hollow may
have once covered the entire area. The unit is interpreted to reach a thickness
of 343 feet (Test Hole 29N-46W-24abb) north of the Niobrara River in the Mirage
Flats area and is thicker south of the river in Sheridan County.

The test-hole samples and electric logs indicate the Valentine-Ash Hollow
(undifferentiated) and the Runningwater formations are mostly comprised of
mixed-load deposits of streams, Grave? beds indicate some of the sediments are
bed-1oad deposits, but these beds do not constitute a large percentage of the
total volume of sediment. The finer-grained rocks of the two units appear to
be suspended-load and overbank deposits. Deposits produced by the wind appear

to be insignificant, particularly in the Valentine-Ash Hollow.
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Water Supplies of the Ogallala Group

The Runningwater and Valentine-Ash Hollow units are the most permeable
formations of the group. Tﬁe group occurs in south-central and southeast
Dawes County, throughout most of northern Sheridan County south of Highway 20
(Figs. 7, 9, and 10), and the northeast corner of Sheridan County where it is
thin. The Ogallala Group is the major source of water supply of the study
area. |

Hydraulic conductivities of some of the clayey silts of the Ogallala may
be less than 20 gpd/ft2 while some sandy gravel beds may have hydraulic
conductivities greater than 1500 gpd/ftzi. Beds of slightly consolidated fine-
to medium-grained sandstone, common in both the Runningwater and Valentine-Ash
Hollow, probably have hydraulic conductivities of 400 to 500 gpd/ftz. The
grain size, sorting, fabric, and cementation of the rocks are factors that
affect the hydraulic conductivity. Because these factors vary so greatly in
the rocks of the Ogallala Group, no average hydraulic conductivity value can
be assigned to the aquifer.

Transmissivity vé]ues can be estimated from well performances, as was
done in the section about "Water Supplies of the Arikaree Group," or it can be
estimated by a method devised by E. C. Reed, former State Geologist of
Nebraska. Piskin (1971) refined and revised the method, which works in the
following way: Each layer of material drilled in the test hole is classified
and assigned a value for hydraulic conductivity. This value is mu]tib]ied by
the thickness of that material to obtain a transmissivity value for the layer.
The sum of all the safurated layers is the estimated transmissivity of the
aquifer at the test-hole site,

The transmissivity will differ from site to site for the Ogallala Group
because of differences in materials (see logs of test holes) and because of the
variability in saturated thickness (Fig. 10). For example, using the Reed-Piskin
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method the transmissivity of the Ogallala at Test Hole 32N-44W-34ddd is
estimated to be about 20,000 gpd/ft. Here, at the south edge of Rushville,
the group is 116 feet thick. At Test Hole 29N-46W-24abb, located on Mirage
Flats less than one mile north of the Niobrara River, the saturated Ogallala
is coarser grained and is 303 feet thick. The estimated transmissivity for
the group at this site is about 150,000 gpd/ft, or more than 7 times greater
than the transmissivity of the materials at the test-hole site at Rushville.
In general, transmissivities will be higher where the saturated thickness is
greater (Fig. 10) and where there are significant thicknesses of coarse sand
and gravel.

Transmissivity values, along with other hydrologic factors, are used to
estimate the amount of groundwater seeping from one area to another and to
describe the cone of depression in the water table caused by pumping a well
cr wells. A transmissivity value at a particular site is useful in predicting
what a well might yield at a specified drawdown, assuming that the well
efficiently utilizes the full saturated thickness of the rocks. For instance,
a well at the Rushville test-hole site probably would discharge about 200 gpm
with 3C feet of drawdown while one at the Mirage Flats site probably would
yield about 1500 gpm with the same drawdown. The specific capacity of a well
at the Rushville site, after several hours of pumping, would be between 6 and
7 gpm pef foot of drawdown. The specific capacity of a well at the Mirage
Flats site would be about 50 gpm per foot of drawdown.

Cata reported on irrigation- and municipal-well registrations show that
such large variations in specific capacities do occur in wells developed in
the Ogallala Group. Reported measurements for 251 wells in the study area
indicated specific capacities range from less than 5 to more than 50 gpm per
foot of drawdown. The average specific capacity for the 251 wells is 17 gpm
per foct of drawdown, which is nearly 3 times the average value for wells

tapping the Arikaree Group.
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Figure 7 shows average specific capacities in each township in the study
area and the number of wells used to compute the average. Values in townships
south of the line showing the northern limit of the saturated Ogallala Group
are the specific capacities for wells in that groundwater reservoir. Averages
are generally higher in the two townships in southeast Dawes County, in the
Mirage Flats area, and in two townships south of Gordon. Southeast Dawes
County and Mirage Flats are near the deepest part of the paleovalley where
the saturated Ogallala rocks are relatively coarse-grained and thick. More
than 200 feet of good water-bearing material was encountered in our second
test hole south of Gordon..

Average specific capacities of wells tapping the Ogallala are lower
along the margins of the grodp and in townships 3IN-42W, 3IN-43W, and 31N-44W,
Sheridan County. The group is generally thinner and finer grained in these
areas. Lower average values in the townships along or south of the Niobrara
River in Sheridan County are probably attributable to lack of wells for an
adequate sample, partial penetration of the aquifer by wells, and ineffective
well construction.

The complex interbedding and }arge range in grain size of the Ogallala
can be responsible forzsome inefficient wells. One type of well screen or
gravel pack is generally not suitable for effectively utilizing the water from
these different beds. Some inefficiency is to be expected unless large expenses
for materials and engineering are made for well-construction.

At the end of 1979, nearly 320 registered irrigation and municipal wells
tapped the Ogallala. The municipal supplies for Chadron and Rushville are
from this group. Additional irrigation wells are being installed, especially
in Sheridan County, and other municipal supplies may eventually be derived from

the Ogallala in the study area.



The saturated volume of Ogallala strata in southern Dawes and northern
Sheridan counties is estimated to be 45 to 50 million acre-feet based on
figure 10. If the average porosity of the rocks is 35 percent, then the total
volume of water stored in the aquifer in the study area is about 15 to 18
million acre-feet, Only a portion of this water is recoverable at a reasonable
cost. The storage coefficient (or coefficients) of an aquifer is a hydrologic
property of the rocks that is useful in hydrologic evaluations, especially in
determining rates at which water levels may lower in areas of large ground-
water withdrawals. Sdch a coefficient (or coefficients) has not been determined
for the Qgallala aquifer in the study area. [ suspect such coefficients,
after long periods of drainage, would range from .20 to more than .30 at
different sites.

Water from the Ogallala Group is being widely used in the study area,
especially in Sheridan County, and recent developments indicate such use will
probably increase in the near future. Numerous wells are developed in the
Ogallala in the Mirage Flats Irrigation District, where the aquifer materials
are thick, and the water is used to supplement irrigation supplies from the
Niobrara River. The amount of water available to the district from the river
has been less than the amount that was originally hoped for. The presence of
the Ogallala Group in the area made the conjunctive use of surface water and
groundwater possible. Such a use is generally regarded as a desirable goal

of water management,



Quaternary System

—~

Quaternary sediments were only casually investigated. Test drilling and
roadside outcrop observations indicate these sediments are generally less
than.SO feet thick except in some localities along the Niobrara River in
Sheridan County. They consist of wind-deposited silt (loess) and sand, slope-
wash (colluvium), and stream-deposited silt, sand, and gravel (alluvium).

Most modern streams and drainages in the study area are underlain by several
feet of alluvium. Terraces associated with these drainages usually are
underlain by similar material. Some alluvial deposits consist of coarse
gravels composed of concretion fragments derived from underlying bedrock. More
than 100 feet of sandy alluvial material occurs along the Niobrara River in
parts of Sheridan County.

Some stock and domestic wells probably obtain water from Quaternary rocks

in the study area.
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STRUCTURAL GEQLOGY

Southern Dawes and northern Sheridan counties lie at the northern apex
of the Denver structural basin. The edge of this part of the basin is defined
on the northwest by the 01d Woman anticline and related structural features
between Lusk, Wyoming and the Black Hills. The Black Hills uplift terminates
the basin at the extreme north end, and the Chadron Arch, which passes through
Sheridan County (Fig. 5), marks the northeast edge of the Denver basin in
Nebraska. Rocks along these marginal structures have been strongly folded,
and faulted in wyomihg and the Black Hills, Less intense deformation occurred
within the basin near the north end including the study area.

The Pine Ridge in northwest Nebraska is a prominent topographic feature
that marks the south approach to the Black Hills Uplift. The ridge parallels
the southern margin of the hills but is quite distant from the major area of
uplift. West of the Chadron Arch, strata comprising the Pine Ridge dip
southeast at rates of from one-third of a degree to 3 degrees. Tertiary
strata dip 30 to 40 .feet per mile to the southeast immediately south of the
Pine Ridge in Dawes County and throughout most of northern Sheridan County.

In southernmost Dawes and central Sheridan counties, the Tertiary strata
generally dip to the east (geologic section H-H', Plate 4),.

Faulting is apparent in some localities along the Pine Ridge and at other
sites throughout the study area (geologic sections A-A' through F-F', Plates 1,
2, and 3). Most faults located or inferred from the test drilling are normal
faults downthrown to the north, but one fault located on outcrop and one fault
inferred from drilling are downthrown to the south. All faults are suspected
to have'high-angles of dip. Vertical offset of beds ranges from less than 10

feet to more than 250 feet.
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The fault with the largest amount of vertical displacement appears to be

the one near the South Dakota border north of Gordon (geologic section F-F',

~ Plate 3, Figs. 6 and 8). This fault trends northwest to southeast and is

defined on the surface by a topographic break. The fault could be a continua-
tion of the State Line fault (DeGraw, 1969) at White Clay, Nebraska. Test-hole
spacings were too far apart to determine the vertical offset across the fault
preciﬁe]y. but I have interpreted a vertical displacement ranging from 250 to
300 feet. Two test holes were drilled north of this fault {(Test Holes
35N-41W-19bc and 35N-41W-31ccc) and correlation of strata in these holes
indicates an apparent dip to the north. [ believe, however, that other faults
occur in this area and the dip is actually to the southeast. Closely spaced
test holes would be necessary to clarify the structural geology of the
locality. |

Test-drilling results indicate that most of the faulting occurred sometime
after the deposition of the Upper Harrison beds. The lowland north of the
fault near the South Dakota border (geologic section F-F', Plate 3) is mantled
by what appear to be Valentine-Ash Hollow and Quaternary fluvial rocks while
similar rocks are absent on the higher land immediately south of the fault. I
therefore suspect, but cannot prove, that at least some of the faulting in the
study area is post-Valentine-Ash Hollow. The steep, high, south wall of the
Gering paleovalley in Dawes County and the difficulties encountered in
correlating the Gering Formation between Rushville and Gordon indicate structural
movements may have occurred contemporaneously with the deposition of the Gering
or immediately following the deposition of the Monroe Creek-Harrison. Schultz
and Stout (1955, p. 28, Fig. 3, geologic section 9) report evidence for post-

White River pre-Arikaree faulting, These observations, plus the presence of
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an angular unconformity* between the Cretaceous and Tertiary rocks, indicate
that structural movements, including faulting, have occurred at different
times in northwest Nebraska since late in the Cretaceous period.

Numerous linear features (linears) appear on topographic maps, satellite
images, and aerial photographs of northwest Nebraska (Fig. 11). Linears were
primarily derived from the Alliance 1:250,000-scale topographic map, but
sate]lite images of the same scale were also utilized. 1:20,000 scale aerial
photographs and 7.5-minute topographic maps reveal additional but shorter |
linear features, most of which are not included on Figure 11.

A few of the linears are known to represent faults, some of them coincide
with inferred faults, and others probably represent joints or fractures.

Many of the linears reflect drainage alignments while some indicate other
linear topographic features such as ridges. Although Figure 11 presents a
complicated picture, some patterns can be elicited. Many linears are nearly
parallel to the Pine Ridge or the Niobrara River, which roughly parallel each
~other. Some linears run parallel, or nearly so, to parts of the axis of the
Chadron Arch. Other linears are oriented at nearly right angles to the
prominent topographic or structural features of the study area. Still other
linears are aligned with the prevailing wind direction. While numerous
interpretatioﬁs can be made from Figure 11, most would be speculative. The
principal reason the map is included in this report is to indicate the possible
complexity of the structural geology of the area.

Geologic structures, especially faults, can influence groundwater
conditions. If a formation that can serve as an aquifer is faulted, then wells

may need to be deeper on the downthrown side of the fault. In some cases, the

* An unconformity in which the beds above the unconformity transgress the
edges of folded and tilted beds.
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formation may be saturated on the downthrown side and unsaturated on the
upthrown side. Faults or dipping beds can influence the direction and rate

of groundwater movement either by creating groundwater dams or by serving as
conduits, Faults, joints, and fractures in an otherwise relatively impermeable
mass of rock can make the rock permeable enough to be considered an aquifer,

Orilling fluid losses encountered during test drilling are indicative of
fractured, jointed, and possible faulted rocks. The basic drilling mud was a
thick slurry of bentonite, lime, and water. Of 46 holes drilled in or near
the study area, drilling-fluid losses were slightly above normal in 5 holes,
moderately above normal in 4 holes, and greatly above normal in 7 holes.
Drilling-fluid losses greatly above normal- were severe enough to produce a
complete disruption in the drilling fluid circulation. One test-hole site
(T.H. 30N-42W-1bcc) had to be movéd because of circulation loss encountered
at shallow depths in the Ogallala Group. Drilling-fluid losses in White River
rocks terminated the drilling of 5 holes which were near their targeted depths.
Another test hole (T.H. 3IN-45W-19bbc), which had complete loss of circulation
in Arikaree rocks, was finally aborted before reaching the targeted depth
because a sufficient supply of water for drilling could not be maintained.

Test holes with moderate drilling-fluid losses were completed by adding large
amounts of bentonite {up to 1000 pounds); lime,.organic polymers, and sugar-beet
pulp; and very small amounts of borax. Seven (7) of the 16 holes in which
drilling-fluid losses occurred were located within 3 miles of the Niobrara

River and half of the holes drilled within this distance of the river had
circulation problems.

This study indicates that the structural geology of southern Dawes and
northern Sheridan counties is more complicated than was previously suspected.
Faults and tilted beds can inf]uencg the availability of water and other
resources, so additionai studies of the structural geology of the area could

be worthwhile,
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CONFIGURATION OF THE WATER TABLE

In general, the shape of the water table is a subdued reflection of
topography. The landscape of the study area is dominated by a prominent ridge
that separates two drainage basins with different topographic characteristics.
Similarly, the water table is dominated by a brominent groundwater divide which
nearly coincides with the topographic ridge and which separates two distinctly
different gradients of the water table. In northeastern Sheridan County,
wherelthe crest of the Pine Ridge becomes indistinct, the groundwater divide
also becomes less prominent and trends east-southeast.

Similarities in the topography and the water table occur because both
surfaces are fundamentally products of the éeologic history and climatic
conditions of the area. The slope of the water table is determined by
topography, transmissivity, stratigraphy, and geologic structures, and local
variations in the quantity of recharge and discharge.

Several sources of information were utilized to map the water table. The

depth to water was obtained from 36 test holes as described in the introduction.

Co-operative, water-level-measuring programs of the Division with the Upper
Niobrara-White Natural Resources District and the U.S. Geological Survey
provided data at 46 sites. The altitudes of springs and perennial lakes and
streams, all of which are fed by groundwater, were determined from 7.5-minute
ard 15-minute topographic maps. Depths to water reported on irrigation-well
registrations were considered. The water-table map of northwest Nebraska
(Souders and Freethey, 1975) was used for regional information.

Most of the water-level measurements were made south and east of the
crest of the Pine Ridge in the area where test holes were drilled (Fig. 12).
A large number of observation wells are located in the Mirage Flats Irrigation
Oistrict in west-central Sheridan County. Topographic maps furnished most of
the control for the area north of the crest of the ridge.
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The water table north of the grounwater divide in Dawes County slopes
steeply to the north-northwest. Water-table gradients along the Pine Ridge
escarpment are generally greater than 50 feet per mile and may exceed 150 feet
per mile. North of the escarpment the landscape and water table flatten
northward to the White River and the water-table gradient is generally less
than 50 feet per mile.

The configuration of the water table in northwest Sheridan County is
complicated because topographic spurs extend north from the crest of the Pine
Ridge and the ridge itself gradually terminates in north-central Sheridan
County. Water-table gradients slope away from the ridge and spurs toward all
points of the compass (Fig. 12). Gradients are generally greater than 50
feet per mile to the west, northwest, north, and northeast.

Water-table gradients are generally steep north of the crest of the Pine
Ridge because there is a large amount of topographic relief, the saturated
formations range from nearly impermeable, to only moderately permeable and
the strata dip gently to the southeast. Saturated Tertiary formations at the
crest of the ridge are the Upper Harrison, Monroe CreekQHarrison, Gering,
Beaver Wall, Brule, and Chadron. None of these are highly transmissive. The
water table forms a mound along the crest because the source of recharge is
Tocal precipitation which, once it reaches the water table, cannot rapidly
percolate away to points of groundwater discharge.

In southern Dawes County, the water table slopes southeast from the Pine
Ridge to the Niobrara River at gradients ranging from less than 25 to about
75 feet per mile. The steepér gradients occur in the southwest part of the
county where saturated, permeable Ogallala rocks are absent and the slope of
the land is greater. The Ogallala Group, comprised of the most permeable
rocks of the study area, occurs in south-central and southeast Dawes County

where the water-table gradient and the slope of the land are less.
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South of the crest of the Pine Ridge at the Dawes-Sheridan line, and
extending for several miles east and west of that point, is an area where the‘
water table slopes due easf at rates ranging from less than 10 to nearly 50
feet per mile. The eastward slope and different gradients are probably due to
topographic and geologic variations. The surface drainage, which south of the
Pine Ridge is normally oriented to the southeast, is to the east in this
particular area, and the edge of the Ogallala Group crosses the locality.
Faulting may play a role in the configuration of the water table in this area
either directly, by s]owiqg or speeding the percolation of groundwater, or
indirectly, by being one of the causes for the peculiar topographic and geologic
features. Except for this area of eastwarq‘s1ope, the water table generally
slopes to the southeast between the groundwater divide and the Niobrara River
in northern Sheridan County. North of the groundwater divide in northeast
Sheridan County, the water-table gradient is to the north and northeast.

The prominent groundwater ridge, or divide, includes isolated high mounds
which indicate the prfncipa1 source of groundwater recharge in the study area
is local precipitation. Canal losses and deep percolation from irrigation in
the Mirage Flats Irrigation District also provide some groundwater recharge
in that area {Pederson and Johnson; 1979, p. 100-101, and Gottula, 1980).
Groundwater moves slowly, probably only a few feet per day, down the slope of
the water table to points of discharge. Discharge north of the Pine Ridge is
principally to streams along the escarpment, to vegetation in the stream
valleys, and possibly to the White River. South of the Pine Ridge, groundwater
is discharged to shallow streams, vegetation along streams and in lowlands, a
few pords and small lakes, wells, and the Niobrara River. The deep depression
made in the water table by the river indicates the Niobrara is a principal area
of groundwater discharge. The water-table configuration also indicates large
amounts of groundwater may be discharged by evaporation and transpiration from

the depressions and broad, shallow valleys south of Hay Springs.
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The contour interval of the water-table map (Fig. 12) is 50 feet. Water-
table rises due to surface~water irrigation on Mirage Flats and water-table
lowerings due to pumping groundwater for irrigation and municipal uses are
not apparent using this contour interval, thereby implying such rises or
lowerings of the water table are local and of small-magnitude. The map can
be considered a base, ur bench-mark, from which large-scale changes can be
determined in the future if such changes should occur. Smaller and more
localized changes would have to be investigated in more detail than was done

in this study.

57



REFERENCES
Anonymous. 1980. Hyvdrogeochemical and stream sediment reconnaissance basic
data for Alliance NTMS quadrangle, Nebraska; South Dakota. National
Uranium Resezrch Evaluation Program K/UR-141, 38 pp., 3 appendices.
Union Carbide Corporation, Nuclear Division, prepared for the U.S.
Department of Energy.
Bradley, E. 1956. Geology and ground-water resources o? the upper Niobrara

River basin, Nebraska and Wyoming, with a section on Chemical quality

of groundwater by F, H. Rainwater. U.S. Geological Survey Water-Supply
Paper 13¢8. 70 pp.

Cady, R.C., and Scherer, 0.J. 1946, GéoXogy and ground-water rescurces of
Box Butte County, Nebraska. U.S. Geological Survey Water-Supply Paper
"969. 102 pp.

Cook, H.J. 1965. Runningwater Formation, middle Miocene of Nebraska.
American Museum Novitates 2227. 8 pp.

Darton, N.H. 1899. Preliminary report on the geology and water resources
of Mebraska west of the one hundred and third meridian. Ninteenth
Annual Report of the U.S. Geological Survey for 1897-98 (IV): 719-785.

~DeGraw, H.M. 1969. Subsurface relations of the.Cretaceous and Tertiary
in western Nebraska. Nebraska Geological Survey open-file report.
137 pp. University of Nebraska: Conservation and Survey Division.

Galusha, T. 1975. Stratigraphy of the Box Butte Formation. American
Museum of Natural History Bulletin 156/article 1: 3-68.

Gottula, J.J. 1980. Groundwater levels at Mirage Flats, Nebraska. File
memorandum. 2 pp. -University of Nebraska: Conservation and Survey
Division,

Harksen, J.C. 1967, Geology of the Porcupine Butte quadrangle, South
Dakota. South Dakota Geological Survey map and text.

o8



1968. Geology of the Sharps Corner quadrangle, South Dakota, second
edition. Soufh Dakota Geological Survey map and text.

Harksen, J.C., and Macdonald, J.R. 196%a. Type sections of the Chadron
and Brule formations of the White River Oligocene in the Big Badlands,
South Dakota. South Dakota Geological Survey Report of Investigations
899. 23 pp.

1969b. Guidebook to the major Cenozoic deposits of southwestern
South Dakota. South Dakota Geological Survey Guidebook 2. 103 pp.

Hunt, R.H., Jr. 1978. Depositional setting of a Miocene mammal assemblage,
Sioux County, Nebraska. Palaeogeography, Palaeoclimatology, Palaeoecology
24/part I: 1-52.

Keech, C.F. 1964. Grouhd-water resources of Mirage Flats, Nebraska. U.S.
Geological Survey Water-Supply Paper 1779-BB. 36 pp.

Lohman, S.W., et al. 1972. Definitions of selected ground-water terms--
révisions and conceptual refinements. U.S. Geological Survey Water-
Supply Paper 1988. 21 pp.

Lugn, A.L. 1939. C]assification of the Tertiary System in Nebraska.
Geological Society of America Bulletin 50: 1245-76.

Macdonald, J.R. 1963. The Miocene faunas from the Wounded Knee area of
South Dakota. American Museum of Natural History Bulletin 125/article 3:
141-238. _

Macdonald, J.R., and Harksen, J.C. 1968. Rosebud Formation in Souﬁh Dakota.
South Dakota Geological Survey Report of Investigations 97. 13 pp.

McKenna, M.C. 1965. Stratigraphic nomenclature of the Miocene Hemingford
Group, Nebraska. American Museum Novitates 2228. 21 pp.

Nace, R.L. 1953. Ground water for irrigation in Box Butte County, Nebraska

hY
with a section on Chemical quality of the water by W.H. Durum. U.S. —

Geological Survey Circular 166. 39 pp.

59 /\



Nicknish, J.M., and Macdonald, J.R. 1962, Basal Miocene ash in White River
badlands, South Dakota. American Association of Petroleum Geologists
Bulletin 46: 685-690.

Pederson, D.T., and Johnson, M.S. 1979. Groundwater levels in Nebraska,
1978. Nebraska Water Survey Paper 49. 116 pp. University of Nebraska:
Conservation and Survey Division, in cooperation with the U.S. Geological
Survey.

Piskin, R. 1971. Hydrology of the University of Nebraska field laboratory
at Mead. University of Nebraska-Lincoln Ph.D. thesis,

Schultz, C.B., and Stout, T.M. 1955, Classification of 0ligocene sediments
in Nebraska. University of Nebraska State Museum Bulletin 4/2: 17-52.

Singler, C.R., and Picard, M.D. 1680. Stratigraphic review of Oligocene
beds in northern Great Plains. Wyoming Geological Association Earth
Science Bulletin 13/1: 1-18.

Skinner, M.F., Skinner, S.M., and Gooris, R.J. 1968. Cenozoic rocks and
faunas of Turtle Butte, south-central South Dakota. American Museum
of Natural History Bulletin 138/article 7: 379-436.

1977. Stratigraphy and biostratigraphy of late Cenozoic deposits
in central Sioux County, western Nebraska. American Museum of Natural
History Bulletin 158/article 5: 265-371.

Sguders, V.L., and Freethey, G.W. 1975. Nater-tgb]e configuration, fall
1971, Alliance quadrangle, Nebraska, and part of Torrington quadrangle,
IWyoming and Nebraska. University of Nebraska: Conservation and Survey
Division, in cooperation with the U.S. Geological Survey.

Souders, V.L., Smith, F.A., and Swinehart, J.B. 1980. Geology and groundwater
supplies of Box Butte County; Nebraska. Nebraska Water Survey Paper

47. 205 pp. University of Nebraska: Conservation and Survey Division.

60

g



Stanley, K. 0. 1976. .Sandstone petrofacies in the Cenozoic High Plains

sequence, eastern Wyoming and Nebraska. Geological Society of America
" Bulletin 87:297-309.

Streumpler, A. W. 1979. Interre]ationships of selected physical properties
and chemical constituents of ground water in northwestern Nebraska.
Transactions of the Nebraska Academy of Sciences VII:41-45,

Swinehart, J. B. 1977. Stratigraphy and sedimentary petrography of subsurface
fertiary rocks in western Nebraska (abstract). American Association of
Petroleum Geologists:Rocky Mountain Section Annual Meeting.

Swinehart, J. B., Il. 1979. Cenozoic geology of the North Platte River valley,
Morrill and Garden counties, Nebraska.‘ University of Nebraska-Lincoln
M.Sc. thesis. 127 p.

Swinehart, J. B., and Souders, V. L. 1979. New siltstone unit recognized in
Brule Formation, western Nebraska (abstract). Nebraska Academy of Sciences (:
Annual Meeting.

Yatkola, D. A. 1978, Tertiary stratigraphy of the Niobrara River valley,

Marsland quadrangle, western Nebraska. Nebraska Geological Survey

Paper 19. 66 pp. University of Nebraska:Conservation and Survey Division.

b1



LOGS OF TEST HOLES

The rock descriptions and the identification of stratigraphic units were
based on field and laboratory observations and electric log characteristics,
Colors were determined by comparing a wet sample with the Munsell soil color
chart. The term lithic clast used in the rock descriptions refers to sand
and gravel particles composed of sedimentary rocks, primarily siltstone,
claystone, or lime-cemented sandstone.

Test hole 28N-484-laba
(Field No. UNW_22-76)

Location: About 1,870 ft. west and 6.9 ft. south of northeast corner, sec., 1,

T. 28 N., R. 48 W,
Ground altitude: 3,926 ft. (Box Butte NE 7.5-minute quadrangle)

Depth to water: 83.1 ft. {April 2, 1976)
Depth, in feet

From To
Quaternary:
Sand, very fine to medium, very silty............. e reeen . 0 3
Ogallala:

Sandstone, very fine to medium, in part very fine to

coarse with a Tittle vine gravel, slightly silty,

pale yellow, some pale olive, in part very to slightly

calcareous; some rootlet CasStsS ... iierronseoreonrsnnons 3 75

Upper Harrison:

Siltstone, sandy, clayey, yellow-brown; some calcareous

NOdUTES @nd ZOMES . .. ittt inire e eerenrnnneenaanenns 75 110
Silt to siltstone, sandy, clayey, yellow-brown; some

medium sand; some calcareous zones, some lime-cemented

sandstone; pale brown below 120 ft......... e eer e 110 130
Sandstone, very fine to fine, silty, dark yellow-brown;

snme calcareous nodules and zZONES. ... .o veees s eenenen.. 130 140
Siltstone, very sandy, dark yeliow-brown; some medium

sand; some calcarecns nodules and 20N@S. ... vs e enn. 140 170

Beaver wall siltstone:
Silt to siltstone, sandy, clayey, yellow-brown; some
calcareous nodules and zones, some silty sandstone...... 170 200

62



Test hole 28N-49W-6aaa -
(Field No. UNW 7-75) _—

Location: 62 ft. south and 70 ft. west of northeast corner, sec. 6,

T. 28 N., R. 49 W,
Ground altitude: 4,046 ft. (Box Butte Reservoir East 7.5-minute quadrangle)
Depth to water: 80.9 ft. (November 1, 1975)

Depth, in feet

From To
Quaternary:
Sand, very fine to medium, trace of coarse sand to fine
gravel. Very STy, . i iiiiiiiniieninniiernnnannnen 0 3
Sand, very fine to coarse, trace of very coarse sand to
fxne GYAVE ] . ittt ittt i e et e e 3 10
Silt, moderately sandy, slightly c]ayey, dark brown,
slightly calcareous; little medium sand................ 10 20
Ogallala:
Sand, gravelly; very fine sand to very coarse gravel..... 20 30
Limestone, sandy; light brown, silty; sand is very fine.. 30 33
Siltstone, slightly clayey, slightly sandy, brown to
yellowish brown; few calcareous and siliceous
L= 1173 1 1~ 33 48
Beaver Wall siltstone:
Limestone, sandy, 1ight gray......cvvtivinrrrinennnvaenns 48 58
Silt, moderately sandy, slightly clayey, brown to yellow- e
brown, moderately calcareous; some calcareous nodules;
some silty sandstone, brown below B0 ft................ 58 100
Sandstone, very fine, yellowish brown; some calcareous
1 D o I T O 100 108
Silt, slightly clayey, slightly sandy, yellow-brown, '
in part moderately CalCareouS.....vvuvrviivnrnveninenen 108 117
Silt to siltstone, slightly clayey, sl1ght1y sandy,
brown, in part very calcareous; some calcareous
material; some sandstone lenses from 206 to 214 ft..... 117 220

Test Hole 28N-51W-19aaa
(Fig]d No. UNW 10-75)

Location: 146 ft. south and 256 ft. west of northeast corner of sect. 19,
T. 28 N., R. 51 W.

Ground altitude: 4,300 ft. (Marsland 15-minute quadrangle)

Depth to water: 119.7 ft. (November 13, 1975)

Depth, in feet

From  To
Quaternary:
Sand, very fine to fine, some medium, a trace of
coarse sand to fine gravel.......coiiiiiiiiiiiienna., 0 10

L
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Test Hole 28N-51W-19%aaa - continued

Depth, in feet
From To

Ogallala:
Sand, very fine to medium, a trace of coarse to very
coarse, rare fine gravel, in part some sandstone, rare
root casts; slightly finer grained below 30 ft.......... 10 47
Monroe Creek-Harrison:
sandstone, very fine, some fine, calcareous, light gray... 47 58
Beaver Wall siltstone:
Silt to siltsteone, very sandy, slightly clayey, pale
brown to light yellowish brown; some calcareous
S 4 o1 58 80
Silt to siltstone; very sandy, moderately calcareous,
light brown; moderately sandy below 140 ft.............. 50 170
Silt to siltstone, slightly clayey, slightly sandy,
slightly to moderately calcareous, yellowish brown...... 170 280
Nonpareil ash zone:
Volcanic ash, light gray.......... B E P 280 300
Hhitney:
Silt to siltstone; moderately clayey, slightly sandy,
brown with some yellowish brown; some calcareous
T o 1 T Pt 300 320

Test hole 2SN-45W-6bbb
(Field No. 5-B-79)

Location: 181 ft. south and 17 ft. east of northwest corner of sec. 6,
T. 29 N., R. 45 W,

Ground altitude: 3,757 ft. (Hay Springs SW 7.5-minute quadrangle)

Depth to water: 12.4 ft. (May 29, 1979)

Depth, in feet

From To
Quaternary:
Y 1 0 2
Silt, sandy, clayey, dark gray and gray-brown ............ 2 6
Silt, very sandy, gravelly, pale brown............... P 6 10
Oga11ala:

Sandstone, silty, gray and light yellow-brown; sand is

mostly fine to medium with some very fine; some lithic

gravel below 23 ft.; contains some interbedded silt.... 10 26
Silt, sandy, clayey in parts, pale olive and light

yellow-brown; sand {5 mostly very fine to fine with

SOME MAdTUM. L v vttt it tiennoeenansossesononsasnononesnons 26 35
Sandstone and sand, very fine to fine w1th a trace of

medium, mostly light yellow-brown; silty in parts...... 35 56
Sitt, very sandy, pale olive, with some very silty sand;

sand is very fine to medwum ............... et 56 68
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Test hole 29N-45W-6bbb - continued

Depth, in feet
From To

Sand, medium to coarse; some very fine to fine and very

coarse sand and trace of fine gravel; more gravel and

coarser below 80 ft.; contains some thin silt seams..... 68 85
Silt, sandy, mostly brown; sand is very fine to medium

with some coarse; sand bed from 90-94 ft., mostly

medium sand.......coeivrieiiiinnanans Ciesereraaereerennens 85 100
sand and sandstone, fine to coarse, some very coarse sand

and fine gravel; very silty with some silt from 113-120

ft.; more very coarse sand and fine gravel below 120 ft. 100 135
Sandstone, silty, lime-cemented, white; sand is mostly

fine to medium. .. cvriniiineii i iiinieeennnonncesnons 135 138
sand, fine to very coarse with some fine grave1 ......... 138 140

sand and sandstone with interbedded silt, mostly pale
brown; sand is mostly fine to medium with some coarse

sand to fine gravel in parts; limy zohes common......... 140 179
Silt and siltstone with interbedded sand and sandstone,
mostly pale brown; sand is mostly very fine to medium... 179 190

Sandstone, fine to medium, some very fine, coarse and
very coarse sand with trace of fine gravel; silty in

UPDEY PArl. . .t tiiitet it rennrnsoarsstonnnronossonrnnneas 190 205
Sandstone and sand, slightly gravelly, mostly medium

sand to fine gravel...... Ceesesceracserannasansrraantan 205 215
Sandstone, mostly fine to medium w1th some coarse sand to

fine gravel; contains some interbedded silt............. 2315 221

Upper Harrison:
Silt and siltstone, very sandy, light brown; sand is very

fine to fine with trace of medium; contains limy zones.. 221 236
Limestone, silty, sandy, white; silt, very sandy, brown;

siltstone, sandy, lime-cemented, very pale brown........ 236 241
Siltstone, sandy, slightly clayey, mostly brown; sand

is very fine to fine; limy zones abundant............... 241 270

Siltstone, moderately to very sandy, mostly brown; sand

is very fine to fine with trace of medium below 304

t.; Timy zones abundant........cvvrireernrnrnrnnenanns 270 310
Sand and sandstone, silty, pale brown; sand is mostly

very fine to fine with some coarser grains; lithic

ClasStS COMMONM, . vetieentiieennrnenesnenananonnanennsennens 310 - 317
Siltstone, very sandy, brown; sand is very fine to fine;

contains limy zones below 327 ft....vvvvvrvnnunenoranens 317 332
Sandstone, very silty, lime-cemented, very pa]e brown;

sand is very fine to fine with some medium.............. 332 334
Limestone, sandy, silty, white to very pale brown......... 334 338
Sandstone, slightly silty, light brown; sand is very fine

to fine with trace of medium tO COArSE..cvvvrrvrnennnnns 338 340

Monroe Creek-Harrison:
moderately silty, brown and yellow-brown;
sand is very fine to fine; limy zones abundant.......... 340 368
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Test hole 29N-45W-6bbb ~ continued

Depth, in feet
From To

Siltstone, very sandy, mostly yellow-brown; sand is
very fine to fine; limy zones common....,... et er e 368 420
Beaver Wall siltstone: (approximate contact)
Siltstone and silt, moderately sandy, yellow-brown; very
sandy in parts; sand is very fine to fine; contains
some limy zones; less sandy below 580 ft.; slightly

clayey in parts below 60C ft....viiiiennunnrvnennnencns 420 686
Siltstone and silt, sandy, yellow-brown; sand is mostly

fine; lithic clasts abundant........ Cheteereaans feenan . 686 690
Siltstone, very sandy, grading to sand, very silty; sand

is very fine to fine with trace of medium to coarse..... 690 693
Silt and siltstone, sandy, slightly clayey, yellow-brown;

sand is very fine to fine..........vvvverennnnn. e rtseaa 693 740

Nonpareil ash zone?:
Silt and siltstone, sandy, very pale brown; probably very
ashy; contains a few 1ithic clasts...cvvvevenrnnnnnnnn.. 740 754
Whitney:
Silt and siltstone, sandy, slightly clayey, yellow-brown.. 758 170

Test hoie 29N-46W-24abb
(Field No. 6-B-79)

Location: Estimated 5-20 ft. south and about 2,400 ft. west of northeast
corner of sec. 24, T. 29 N., R, 46 .

Ground altitude: 3,775 ft. (Skunk Lake 15-minute quadrangle)

Depth to water: 50.1 ft. (June 11, 1979)

Depth, in feet

From To
Quaternary:
Soil...eiininn.. Ceeeiheicereraana, Cevaanns e ereereerea, 0 3
Silt, clayey, sandy...c.ovevnvennnn... et reere e 3 4
Gravel, sandy, silty, fine sand to medium gravel, lithic
ClastS ittt ettt cerenns Ceerareeianas 4 10
Ogallala: '

Silt, very sandy, and sand, very silty, pale brown and

pale olive; sand is very fine to fine with a trace of

medium; trace of coarse to very coarse sand below

L B R e raeee e 10 28
Sandstone, sTightly silty, pale brown and pale olive;

sand is very fine to fine with a trace of medium; trace

of coarse to very coarse sand from 60-75 ft.; contains

scme thin silt beds in parts.......oouueinvnnnnn s 28 B2
Silt, very sandy, slightly clayey, pale olive to pale
yellew; Yess clayey below 85 ftu.uuuuvune e onnnrsnnnnn., 82 80
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Test hole 29N-46W-~2d4abb -~ continued

Depth, in feet

From To

Sand and sandstone, slightly silty, pale brown; sand is

very fine to fine with a trace of medium; trace

coarse sand from 95-100 ft.; some coarse to very coarse

sand and trace of fine gravel from 100-105 rt........... 80 113
Silt, clayey, sandy, pale yellow....ovviiiiavenenannnnans 113 114
Sand and sandstone, medium to very coarse, some fine sand

and trace of fine gravel. ... ..ciiiiiririiiiiienennnn, 114 122

Silt, sandy, slightly clayey, olive; sand is very fine to

medium with trace of coarse; some interbedded medium

sand to fine gravel below 125 ft......cioviiiinninnnns, 122 130
Sand and sandstone, medium to coarse, with some very

coarse sand to fine gravel, coarser from 135-140 ft.;

contains a few silt beds less than 1-foot thick......... 130 145
Silt, sandy, slightly clayey, olive; sand is very fine

B0 MBATUM, ottt ittt ieararnresososonsscoacsnonencasnns 145 147
Sandstone, silty; sand is fine to med!um .................. 147 150
Sandstone, fine to coarse, some very coarse sand to fine

e Lot K I U 150 155
Sand, slightly gravelly, medium sand to medium gravel..... 155 160
Interbedded sand and silt; sand is fine to very coarse

and silt is clayey and sandy, mostly olive.............. 160 165
Silt, sandy, slightly clayey, olive to pale brown; sand

is fine to coarse with some coarser grains.............. 165 175

Sand and sandstone, silty, with some interbedded s11t
seams; sand is very fine to very coarse with trace

OF Gravel. . ..ot iiitreneorrocoonannssrsroasssssasens 175 180
Sand, slightly gravelly, medium sand to medium gravel,
some fine sand; contains two thin silt seams............ 180 190
Sand, gravelly, medium sand to medium gravel, much
very coarse sand to fine gravel.....cviviiiiinnirnnroanns 190 196
Silt, sandy, olive to pale brown, with some sand seams;
sand is very fine to very €Coarse.....c.vveuevevenaccncans 196 205
Sandstone, very fine to medium with trace of coarse....... 205 212
Silt, sandy, slightly clayey, olive to pale brown......... 212 215
Sand and sandstone, fine to coarse, some very fine and
" very coarse sand and fine gravel......coovriiieneinnrians 215 223

Sand and sandstone, very silty, light brown; sand is
very fine to medium with some coarse; less silty in '
TOWEr Part. . .ttt it it ettt 223 230

Sandstone, medium to very coarse, some fine sand and
trace of fine gravel. . ... eriiieiernnennorasonsasaanos 230 245

Siltstone, sandy, with some interbedded sandstone, light
brown; sand is very fine to medium with trace of

0TS it s teeevnnnnanssonsonsssososnsnssanaesansnsssenss 245 260
Sand and sandstone, very fine to medium with trace of

COAT S B et svvesovonsnsrovensssoseasnaonssseosssnssnssaasssans 260 265
Siltstone, sandy and sandstone, s11ty, 11ght brown; sand

mostly very fine to medium with some coarser grains..... 265 275
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Test hole 29N-46W-24abb -~ continued
Depth, in feet

From To
Sand and sandstone, medium to very coarse, some very
fine and fine sand and fine to medium gravel; more
gravel 275-280 ft. ... it vrieeininenenrecarnsanesnasonnnne 275 285
Silt, sand, and sandstone; sand mostly fine to coarse..... 285 290
Sandstone, fine to very ccarse, trace gravel.............. 290 305
Gravel, sandy, medium sand to medium gravel............... 305 310
Sandstone, gravelly, medium sand to medium gravel, lithic
clasts abundant. ... vt i ittt ittt eitai et 310 315

Gravel, sandy, medium sand to medium gravel, trace lithic
.clasts below 320 ft.; scme interbedded silt below
S O Cerereraees 315 340
Sand, gravelly, fine sand to fine gravel, trace of medium
gravel, with silt layer from about 346-349 ft.; coarser
beTow 350 ft. . i iiin i iirreenreeeernorneonennnanes 340 353
Mecnroe Creek-Harrison:
Siltstone, very sandy, which grades to sandstone, very
silty in many parts, light brown and light yellow-
brown; sand is very fine to fine, limy zones abundant... 353 460
Beaver Wall siltstone:
Silt and siltstone, moderately to very sandy, slightly
clayey, mostly yellow-brown; sand is very fine to fine.. 460 520

Test hole 29N-46W-34dd
(Field No. 7-B-79)

Lecation: 8 ft. north and 561 ft. west of southeast corner of sec. 34,
T. 29 N., R. 46 W.

Ground altitude: 3,785 ft. (Skunk Lake 15-minute quadrangle)

Depth to water: 34.4 ft. (June 11, 1979)

Depth, in feet

From To
o2 L I T T 0 6
Ogallala:

Sandstone, silty and siltstone, sandy, light gray and

pale brown; sand is mostly very fine to medium with

some coarser grains; limy zones abundant................ 6 60
Sandstone, mostly fine to coarse, some very fine; finer

grained below 70 ft.; silty rear base..........covuu.... 60 80
Silt, sandy, and sandstone, siity, mostly olive; sand is

very fine to medium with trace of coarse; more coarse

sand and trace of very coarse sand below 95 ft.......... 80 100
Sandstone and sand, fine to coarse, some very coarse

sand and trace Of gravel. ... ... iiveiiiinerrnrennsrenns 100 119
STTt, sandy, 0Tive. vt it ittt e i inaeaenns 119 122
Sandstone, fine to coarse, some very coarse sand and fine

gravel; trace of medium gravel below 135 ft.; slightly

coarser overall below 140 ft..........oovuiiiiiinnennnn, 122 145



Test Hole 29N-46W-34dd - continued

Depth, in feet

From To
Sand and sandstone, gravelly; fine sand to medium gravel
with a trace of coarse gravel in parts; some inter-
bedded silt from 180-210 ft... . viir it innennnnnnnn 145 220
Silt, sandy, slightly clayey, pale yellow; saud is very
fIne 20 TiNB. .y e e iiinereeenunennnnnnsnenannnsanes 220 224

Sand, fine to very coarse with some very fine sand and
trace of fine gravel; contains sandy, clayey silt bed
2-ft. thick between 235-240 ft....covivnviineriinnnens 224 240
Upper Harrison:
Siltstone and silt, slightly sandy, slightly clayey,
mostly yellow-brown; sand is very fine to fine; grades
to very sandy at base; limy zones common, more
abundant at base.......viiieriii it it e it 240 300
Monroe Creek-Harrison: (approximate contact)
Siltstone and silt, very sandy, slightly clayey, yellow-
brown; sand is very fine to fine..........covvivvnn.. 300 350
Siltstone, very sandy, grading down to sand, very silty,
pale brown to gray-brown; sand is very fine to fine
with trace of medium; limy in upper part. (This
interval is an alternative choice for the basal part
of the Upper Harrison) . u.ve e eriienernnnneonnnnnnenss 350 369
Siltstone and silt, very sandy, grading to very silty
sandstone in parts, yellow-brown, pale brown, and
brown; sand is very fine to fine with trace of mediim
in parts; limy zones abundant................ Ceraeeen 369 421
Beaver Wall siltstone: (approximate contact)
Siltstone and silt, very sandy, mostly brown; sand is
very fine to fine; limy zones in upper part........... 421 462
Siltstone and silt, moderately to very sandy, slightly
clayey, brown and yellow-brown; sand is very fine to
fine; few 11my 20NeS....... Lt eere e as et 462 524
Volcanic ash, impure, gray to brown-gray................ 524 528
Siltstone and silt, moderately sandy, slightly clayey,
Tight brown; sand is very fine to fine; fewlimy

ZONES . i itvernnsrronsotannesessncnconna Creererese e 528 603
Volcanic ash, impure, gray......ceeeeeeeneereoacocansses 603 £05
Siltstone, slightly to moderately sandy, slightly clayey, :

Tight brown to brown; sand is very fine to fine....... 605 640

Test hole 29N-47W-4bch
(Field No. 11-B-78)

Location: About 1,640 ft. south and 55 ft. east of northwest corner of
sec. 4, T. 29 N., R. 47 W.

Ground altijtude: 3,929 ft. (Chadron 3 SE 7.5-minute quadrangle)

Depth to water: Unable to measure. Test hole caved at 48.3 ft. (October 17,
1978), which is about the depth to water indicated on the electric log.
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Test hole Z9N-47W-4bcb - continued
Depth, in feet

From To
Quaternary:
1Y 1 0 3
Silt, sandy, brown and gray-brown, sand is very fine to '
very coarse with some fine gravel; contains lithic
CTAS TS+ e et eeeee e e ee e e e e e e e et e 3 15
Silt, slightly sandy, dark brown; sand is very fine...... 15 17
Gravel and sand, silty, brown; very fine sand to very
COArse gravel.....uieinerenenrnrnnsostoesninananssnens 17 20
Ogallala:
Sand, fine to medium with some very fine and coarse to
very coarse sand and fine gravel.......cc.vivnnnvnavans 20 45
Sand, very fine to medium with some coarse; some very
coarse sand and trace of fine to medium gravel from
60-70 ft., 75-80 ft., and 85-97 ft.; silt beds or
silty zones from 50-52 ft., 65-66 ft., 70-71 ft., and
B2-88 ft.. .. iiiiiiiiniiiininnnnnaneas v hee e . 45 96
Silt, sandy, gray....... e tsearesereaaeann Cetenrereenans 96 100 .
Sand, very fine to mecium, trace of coarse ........... 100 105
Sand, fine to medium with some very fine and very coarse
sand; silt bed from 110-112 ft....... Cerrencanes b 105 115
Sand, fine to very coarse with trace of fine to medium
e Lot - terres 115 125
Sand, gravelly, fine sand to fine gravel; much very
coarse sand to fine gravel. ... ieeerreee i iivnnnnoannans 125 130
Sand, fine to medium with some very fine, coarse and
very coarse sand, trace of fine gravel; silty in lower
£ 3 o /e 130 140
Sand, very fine to medium, trace of coarse and very
o+ T 3 o0 - 140 145
Sand, fine to medium, some very fine, coarse and very
OIS B, i v i v evusasssvantoasanenansnnssassansnnentssns 145 155
Sand, fine to coarse, some very fine sand and trace of
flne oL R - 155 160
Sand, sandstone, and gravel, fine sand to fine gravel
with much very coarse sand to fine gravel.............. 160 170
Sand, very fine to medium with some coarse sand to fine
e Lat= K- O 170 175
Sand, medium to very coarse with some very fine to fine
sand and fine gravel. .. ...t iirieiiinnenrenrovennnnns 175 180
Sand, medium to coarse with some very fine, fine, and very
coarse sand, trace of fine gravel.. ... .coviivernenenn.. 180 190
Sand and grave], fine sind to medium gravel; much
coarse sand to fine gravel............ Ceeeentaresanenan 190 198
Monroe (reek-Harrison:
Sandstone, very silty, mostly brown; sand is very fine;
grades to very sandy silt in parts; contains some thin
L1+ 1= 198 251
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Test hole 29N-47W-4bcb - continued

Depth, in feet
From To

Beaver Wall siltstone: (approximate contact)

$i1t, sandy, brown; sand is mostly very fine; gradgs to

very sandy silt in parts and is slightly clayey in

parts; contains some limy zones...... R PP ST ERRPERE 251 520
Sand, very silty, brown; sand is very fine to f!ne

except below 550 where there is also some medium to

coarse; lithic clasts common to abundant............... 520 560
Silt, very sandy, light brown.........ceciiiievvnnrennns 560 570
Sand, very silty, light brown and brown; sand is very

fine to fine with some medium to very coarse; lithic

clasts common to abundant......c.vieiivianiiiieninoenn 570 610
Silt, slightly sandy, slightly clayey, brown............. 610 635
Nonpareil ash zone:
Volcanic ash, impure, brownish gray to gray.............. 635 643
Silt, very slightly sandy, possibly very ashy, grayish
brown 0 DroWn........ieriitireiienesenaascnncnonsons 643 650
Whitney:
Silt, moderately clayey, mostly brown..........covvuvunn 650 680

Test hole 29N-47W-18daa
(Field No. 10-B-78)

Location: About 2,395 ft. north and 36 ft. west of southeast corner of
sec. 18, T. 29 N., R. 47 W,

Ground altitude: 3,908 ft. (Box Butte NE 7.5-minute quadrangle)

Depth to water: Unable to measure. Estimated to be about 50 ft. from
electric log (September 20, 1978).

Depth, in feet

From To
Quaternary:
Y+ 3 1 OO 0 3.5
Sand, very silty, dark brown; sand is very fine to fine.. 3.5 5.5
Sand, fine to medium with some coarse sand to coarse
e Lt 52 = S AP e 5.5 8.0
Ogallala:
'Silt and siltstone, sandy, pale yellow; sand is very
fine to MediUM. ..t ettt it tninenveerneanareennes 8.0 14
Silt, very sandy, mostly pale olive and brown, with
interbedded silty sand; sand is mostly very fine to
medium but has some coarse in parts and contains a
gravelly zone somewhere between 30 and 35 ft........... 14 75
Sand and sandstone, very fine to medium with some
coarse to very coarse, yellow-brown.........c.vvervans 75 95
Sand and sandstone, very fine to fine, brown............. 85 112
Silt, slightly sandy, pale olive and light yellow-brown,
with a few interbedded silty sand zones. Sand is

very fine.....,. et esrr ettt e, s 112 128
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Test hole 29N-47W-18daa ~ continued

Depth, in feet
From To

Sandstone, gravelly, silty, paie olive; very fine sand
to fine gravel; bed is lime-cemented................... 128 130
Sand, very fine to fine with some medium, pale olive and
1ight yellow-brown; sandy silt zones from 131-132 ft.,
135-137 ft., 146-147 ft.; contains some limy zones in
DT =2 G 1T B ol A Ceee e 130 154
Monroe Creek-Harrison:
Sandstone, silty, brown; sand is very fine to fine;
contains some thin 1imy zones......cvviiveneearrenrann 154 176
Silt. very sandy, brown and yellow-brown; grades to very
silty sand in parts; sand is very fine to fine;
contains a few, thin limy zZones......cvcicvirreiennnnenns 176 196
Beaver Wall siltstone:
Silt, very sandy, yellow-brown; sand is very fine with
some fine; less sandy and slightly clayey in parts
below 370 ft. .. ittt it eenrinmenraenonnns . 196 504
Silt, very sandy, ye]]ow-brown, probably grades to s1ity
sand in parts; sand is very fine to fine; interval

contains 1ithic €lasts. i irrrinierrenernonornennnns 504 516
$ilt, sandy, yellow-brown; sand is very fine............. 516 524
‘Sand, very silty, and silt, very sandy, yellow-brown and

brown: sand is very fine; contains 1ithic clasts....... 524 560

(Hote: aborted hole at 560 ft. because of drilling problems.)

Test hole Z9N-49W-21aad
(Field No. 9-8-78)

Location: About 740 ft. south and 10 ft, west of northeast corner of sec. 21,
T. 29 N., R. 49 W,
Ground altitude: About 4,180 ft. {Box Butte Reservoir East 7.5-minute

quadrangle)
Dapth to water: 159.9 ft., (September 18, 1978)

Depth, in feet

From To
Ogallala:
Sandstone, very fine to coarse, olive-brown, yellow-

brown and pale oiive, with some very silty and lime-

CemeNted ZONBS .. iin et i ronanceneeneenesenennsonsnonnnns 0 30
Siltstone, sandy, pale yellow; <znd is fine to coarse.... 30 40
Sand, very fine to very coarse with a trace of fine

1= 40 65
Sand, slightly gravelly; fine sand to fine grave] w1th a

trace of medium gravel; less gravel below 85 ft.

contains a silt bed from 89-90 ft........covvurvnrnn.. 65 94
Silt, moderately sandy, very pale brown and light

yel1ow-brown, sand is very fine to fine................ 94 110
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Test hole 29N-49W-21aad - continued

Depth, in feet

From To
Sand, very fine to medium, pale brown, with some silty
sand zones; slightly gravelly from 110-112 ft.......... 110 121
Silt, slightly sandy, slightly clayey, pale yellow....... 121 124
Sand, very fine to medium; more medium and some coarse
A o o T« 124 130
Sand and sandstone, very fine to coarse with some very
coarse sand and gravel. ... ittt e 130 135
Gravel and sand, very fine sand to medium gravel ......... 135 141
Silt, sandy, pale 01ive. .. iiiiiiiiriininerneenennnennens 141 144
Sand, gravelly, fine sand to med1um grave] ............... 144 149
Silt, sandy, pale brown.......c.veiiiinenenencnnnnnannnns 149 151
Sand, very fine to medium, SOmMe €COArSe.....covvrvuvnnnnnn 151 157
Sand, silty, pale brown and yellow-brown; sand is most]y
very fine to fine; 1imy zones abundant................. 157 178
Sand, mostly very fine to medium; some coarse sand to
fine gravel from 185-190 ft.....coviviriineiiinernnenn. 178 195
Sand and gravel, very fine sand to fine gravel........... 195 200
Sand, very fine to fine with some medium; sandy silt
beds from 212-213 ft. and 217-219 ft.....cviivevernn.. 200 220
Sand, slightly gravelly, very fine sand to fine gravel... 220 230
Sand and gravel, very fine sand to medium gravel......... 230 240
Sand, very fine to medium; contains some coarse sand to
fine gravel in upper part; silt lenses from 240-242 ft.
and 248-250 ft. ... iiiniei it ietaere i 240 250
Sand, very fine to fine with some medium and trace of
OB S, 4 v in e ivnenesoneocasssananeansanosssarsennsnossas 250 260
Sand and gravel, fine sand to medium grave] .............. 260 265
Silt, sandy, clayey, pale brown; sand is very fine to
L 11T PP 265 275
Gravel, sandy; medium sand to coarse gravel; lithic
clasts COmMON. .vevrenreernvivennnnans fberese e e 275 286
Beaver Wall siltstone:
Silt, slightly clayey, mostly pink.e...vverrvnenrniennnen, 286 294
Silt, probably sandy, mostly light yellow-brown.......... 294 315
Sand, very silty, light gray to brown; sand is very fine.. 315 320
Silt, slightly to very sandy, slightly clayey in parts,
mostly light yellow-brown; sand is very fine; grades ,
to very silty sand in parts...... Creertens ey 320 406
Nonpareil ash zone:
Volcanic ash, impure, light gray.........coovivinvnannny 406 414
Silt, slightly sandy, slightly clayey, probably very
ashy, pale to very pale brown......co.ieeeeeerivennenenes 414 425
Whitney:
Silt, light yellow-brown.... ... ciriiiieriiiiiieerinnnan 425 450
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Test hole 29N-51W-24bba
(Field Mo. 1-B-78)

Location: 35 ft. south and 883 ft. west of northwest corner of sec. 24,
T. 29 N., R. 51 W.

Ground altitude: 4,175 ft. (Marsland 15-minute gquadrangle)

Depth to water: 93.) ft. (August 14, 1978)

Depth, in feet

From To
Quaternary:
NO SAMPle. o v iee it riiinisnerrannssonsnsnassasasenones 0 4
Silt, moderately sandy, slightly clayey, yellow-brown.... 4 9
Gravel, slightly sandy, fine sand to coarse gravel;
gravel mostly composed of lithic fragments............. 9 30
Sandstone, slightly gravelly, fine sand to fine gravel... 30 36
Beaver Wall siltstone:
Silt, very sandy, yellow-brown, some calcareous zones;
SANd TS VEYY Fine. . .uii ittt ieiiieneroenoeenanannns 36 a5
Sand, very silty, yellow-brown; some limy nodules; sand
1S VBPY TN it r ittt iitnaniensnsnnosansosocnnsasons 45 52

Silt, moderately sandy, yellow-brown; contains a few

limy nodule zones; sand is very fine; very slightly

to slightly clayey below 75 ft..i.uuiieeerneinionnnanrans 52 95
Silt, slighty sandy, sl1gnc1y clayey, ye110w~brown,

lost circulation at 126 ft.; less sandy and more

clayey below 150 ft................. Cenerenree e 95 185
Nonpareil ash zone:
VOlCanic aSh, gray...iieieiiirenrnneenernrenoennanranens 185 204
Silt, slightly clayey, some ash intermixed, mostly
yellow=brown........coiiiinnnnnnnnnnn eeereanus e aeas 204 218
Whitney:

Silt, slightly sandy, slightly clayey, yellow-brown to
brown; few limy nodules; moderately clayey below

300 ft.eineiiiiieninaneneecsoronsnonneennnns Ceeeesenns 218 330
Silt, moderately clayey, DroWN.......oivirienoenenenenns 330 378
Volcanic ash, silty, clayey, gray-brown (Upper Whitney

< E 3 £ 378 382
Silt, moderately clayey, brown to gray-brown; sl1ght1y

sandy in upper part................. Ceeeear sy 382 470
Volcanic ash, silty, clayey, light brownish gray (Lower

Whitney ASh) . uuerevrireineineensenneesenennsnnenennsons 470 475
Silt, moderately clayey, gqray- brown..... ................. 475 500

Test hete 29N-51W-33cad
(Field No. UNW 9-75)

Location: 2,460 ft. east and 1,430 ft. north of southwest corner of sec. 33,
T. 29 M., R. 51 W.

Ground a1titude 4,150 ft. (Marsland 15-minute quadrangle)

Depth to water: 37.9 ft. (November 13, 1975)



Test hole 29N-51W-33cad - continued

Depth, in feet

From To
Quaternary:
Silt, very sandy, slzght]y clayey, moderate]y calcareous,
Pale BroOWN. ..ttt i it i e it e e 0 1
Gravel, sandy, fine sand to coarse gravel; gravel is
composed principally of lithic material................ 1 36
Beaver Wall siltstone:
Silt to siltstone, very sandy, brown; in part moderately
to slightly sandy; in part very calcareous with some
€alcareoUs NOAUTES . cve it iereeneenenrooneeeeennonnanns 36 140
Sandstone, very fine to fine, slightly silty, slightly
calcareous, bDrown.. ... oeiiieninerinennotenneeannenenns 140 147
Silt to siltstone, slightly clayey, slightly sandy,
brown; in part slightly to moderately calcareous....... - 147 220

Test hole 30N-42W-1bcc
(Field No. 24-8-79)

Location: About 2,270 ft. south and about 95 ft. east of northwest corner
of sec. 1, T. 30 N., R. 42 W.

Ground altitude: 3,652 ft. (Rushville 4 SW 7.5-minute quadrangle)

Depth to water: Unable to measure

Depth, in feet

From To
Soil and subsoil .. ittt i it i i 0 6
Ogallala:

Sandstone, silty, brown, pale yellow, and yellow-brown;

sand is very fine to fine; contains root casts......... 6 30
Volcanic ash, 1ight gray.....coviiriiininineeneennnnnns 30 36
Sandstone and sand, silty in parts, ye]]ow brown; sand

is very fine to fine with some medium; severe mud loss

at 51 ft., stem dropped from 51.0-51.3 ft. This was

second hole at this site; first hole drilled about

1046 ft. north of this site and had complete and

unrecoverable circulation loss at 42 ft.......vvevennnn 36 107
Silt, clayey, sandy, pale yellow......coeviirnnrennnnnnnn 101 104
Sandstone and sand, very fine to fine, light browinsh- '

gray and pale brown..........c..eiiviininrniiranninenas 104 135
Sandstone and sand, silty, with interbedded sandy silt,

olive; sand is very fine tomedium.............ccvvu... 135 176
Sandstone and sand, fine to medium with some coarse sand

to fine gravel, olive-brown; contains some interbedded

silt and silty sand. . .vieiinniiiiii it iienervenenenss 176 225
Silt, sandy, light olive-brown........cciviiviirinrennns 225 230
Sandstone and sand, fine to coarse, some very coarse

sand to medium gravel. ... ... ittt ittt 230 258
Silt, sandy, clayey in parts, pale yellow, pale brown,

and light gray; contains some interbedded sandstone.... 258 273
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Test hole 30M-42W-1bcc - continued

Depth, in feet

From To

Sandstone and sand, fine to medium grading downward to

fine to coarse; contains some fine to medium gravel.... 273 295
Sand and sandstone, very fine to medium, silty, grading

downward to sandy silt, yellow-brown................... 295 300
Siltstone, sandy, gradwng downward to silty sandstone,

pale hrown; sand is very fine to medium................ 300 30
Sandstcne and sand, fine to medium with some coarser

grains, pale brown........civeuirntveetesccctacrsrinnsns 310 324
Silt, sandy, light yeliow-brown; sandier wuth depth

sand is very fine to medium with some coarser grains... 324 336
Sandstone ana sand, fine to medium with some coarse sand

to fine gravel. .. .ottt ittt v 336 347
Silt, sandy, clayey, gravelly, pale yellow........ccvuvnun 347 351
Sandstone and sand, fine to coarse with some very coarse :

sand to fine gravel............ccvvnns et 351 366

Upper Harrison:
Silt and siltstona, sl1ght]y sandy, slightly clayey,
yellow-brown; sand is very fine to fine; small limy
zones common; olive-oray from 444-450 ft............... 366 488
Siltstone and silt, moderately to very sandy, light
yellow-brown with some light gray and olive-gray; sand
is very fine to fine; limy zones abundant.............. 488 517
Sandstone and sand, silty, light brown; sand is very
fine to coarse with some very coarse sand; contains
sone gravel-size lithic clasts; limy in parts.......... 517 532
Monroe Creek-Harrison:
Siltstone and silt, very sandy, grading to very silty
sandstone in parts, pale brown; sand is very fine to
fine; limy zones abundant........... e earee et 532 617
Beaver Wall siltstone:
Silt and siltstone, moderately sandy, clayey in parts,
YET T OW-broWN. . L i i i e it e e 617 669

Test hole 30N-44W-15dba
(Field No. 12-B-79)

Location: About 2,500 ft. north and about 1,900 ft. west of southeast corner
of sec. 15, T. 30 N., R. 44 W,

Ground altitude: 3,752 ft. (Rushville SW 7.5-minute quadrangle)

Depth to water: Unable to measure. Caved at 129.9 (June 25, 1979). Electric
log and depth of caving indicat: a depth to water of about 130 ft.

Depth, in feet

From To
Quaternary:
127+ T 0 1.5
Sand, silty, dark brown and light brown; sand is very
fine to medium, MUCh Fine... ... it nnrinnnnnnnnn 1.5 10



Test hole 30N-44W-15dba ~ continued

Depth, in feet

From To

Sand, very fine to coarse, much fine to medium........... 10 16
Sand, very fine to medium, much fine; conta1ns some thin

STTt DeAS . v iii ittt iiteetrareovrnvetotncnenerannnss 16 48

Sand and gravel, fine sand to coarse grave]; yravel

mostly lithic clasts; samples more than 70 percent

gravel in parts........ Ceteeerabect et 48 80
Sand, very fine to very coarse with some fine to coarse

gravel; more gravel from 90-95 ft.; lithic clasts _

COMMON . v ovevennensanecnnnsenans Ceeeeuns v s reencenene 80 105

Ogallala: (approx1mate contact)

Sand, very fine to coarse, much medjum; contains root

CASES v eseononnasasonnsoenasososusssosnsasosnnnsnanss 105 130
Sand and sandstone, very fine to very coarse contains

some Tithic €lasts. . iiiinniiin e innaennoncnaaens 130 140
Sand and gravel, fine sand to medium gravel; gravel

mostly 1ithic clasts....ovvuiirrniiiinnniniiinnnennns 140 - 155

Gravel, sandy, fine sand to coarse gravel; gravel mostly

lithic clasts. (Interval from 105-160 ft. also could

be Quaternary.)..eeveeeeneereans st eneer e e, 155 160
Sand and sandstone, silty in parts w1th some interbedded

sandy silt, pale olive, light brownish-gray, and pale

yellow; sand is very fine to very coarse with much

11T T O 160 183
Sand and sandstone, very fine to coarse, much medium;

silty in parts from 190-195 ft...... beteeaer e 183 200
Sand and sandstone, slightly gravelly; fine sand to fine

gravel, much coarse sand; contains some silt seams..... 200 207

Sand and sandstone, silty, with some interbedded silt
and non-silty sand; colors are pale olive, light
yellow-brown, pale yellow, and light gray; sand is
very fine to very coarse but is mostly fine to

- medium; thin limy zones common......... Cenereces e 207 231
Sand and sandstone, very fine to coarse, some very
coarse and trace of fine gravel; silty in lower part... 231 243

Interbedded silty sand, sandy silt, sand, and clayey
silt, pale yellow; sand is mostly very fine to medium
but some coarser grains occur; individual beds

generally less than a foot thick........cocvvvininennns 243 275
Silt, sandy, pale yellow; sand is very fine to fine _

With SOME COArSer grainS.....ci.ieeereeeneenennosooncnns 275 280
Sand and sandstone, silty and clayey in parts, pale

yellow; sand is mostly very fine to medium............. 280 290
Silt, clayey, sandy, pale yelloW. . oue i eie v onnenrnnnonns 290 295
Sandy silt grading downward to silty sand, light

ye]low-brown ........................................... 295 300

Sand, silty in parts, light gray with brown; sand is
very fine to fine w1th some medium; limy in parts with
Timy zone at base.....vvvevieniennnnn Creveesnancennaas . 300 309
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Test hole 30N-34W-15dba - continued

Depth, in feet
From To

Upper Harrison:
Silt and siltstone, slightly clayey, light yellow brown;
contains some Timy ZONeS. . v rvienveovenecaonrasnonns 309 330
Silt and siltstone, sandy in part, mostly light brown;
very sandy below 430 ft.; sand is mostly very fine;

contains some 1imy ZONeS...ierevirervnoronnsncacsnnnass 330 434
Sand, silty, brown; sand is very fine to medium; limy
LI O <= 1 i -3 P 434 439

Monroe Creek-Harrison: (approximate contact)
Sandstone, very silty, brown and pale brown; sand is
very fine to fine with some medium; limy zones

UMY OUS . oo v coevrsvonsonecnonsoansssssossananonsnansnns 439 467
Silt and siltstone, sandy, light brown; sand is very
fine; contains some Jimy ZOMES....vveriveneenennnnnnn 467 481

Beaver Wall siltstone: (approximate contact)
Silt and siltstone, slightly sandy, light brown with
pinkish brown bh2low 540 ft.; sand is very fine;
contains some limy zones.......... i eseareeneareaecns 481 560

Test hole 30N-44W-35ccc
(Field Mo. 13-8-79)

Location: 115 ft. north and 28 ft. east of southwest corner of sec. 35,
T. 30 N., R. 44 W.

Ground altitude: 3,802 ft. (Rushville SW 7.5-minute quadrangle)

Depth to water: Unable to measure. Test hole caved at 162 ft.
(July 9, 1979)

Depth, in feet

From To
Quaternary:
SoiY and suUbSOT T vin ittt et ennr e et ee e 0 4
Sand, very fine to fine. .. .ver it iinennneacesnnnnnans 4 8
Ogallala:

Sandstone and sand, very fine to fine, some medium below

14 ft., mostly light yellow-brown; more medium sand

from 20-41 ft. and below 109 ft.; contains root casts

and white siliceous zones; contains a few silty zones.. 8 122
Interbedded silty sand, sand, silt, clayey silt, and

clayey sand; colors are pale irown, pale yellow,

and light grayv; sand is mostly very fine to fine....... 122 141
Sand and sandstore, very fine to medium, trace of

coarse below 180 ft.; silty in parts, especially so

below 212 fluiiii ittt it it tiiae e ienraaenaans 14} 231
Sand, clayey, silty, light gray; sand is very fine to

MEATUM. . vt e av s e vrennnvraseetnnssveeeasnannsnnensonenss 231 249
Sand and sandstone with interbedded silty sand and sandy

silt, very pale brown; sand is very fine to medium..... 249 255
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Test hole 30N-44W-35ccc - continued

Depth, in feet

From To

Sand and sandstone, very fine to medium; mostly pale

brown; contains root casts and a few silt seams........ 255 315
Sand and silty sand, mostly light gray; sand is very -

fine Lo Medium. .. it iiiniiinnnnecnonneasononnoarns 315 325
Sand and sandstone, very fine to medium, light gray;

contains some interbedded clayey and sandy silt........ 325 345
Interbedded silty sand, sand, sandstone, and sandy silt, :

mostly pale yellow; sand is very fine to medium........ 345 365
Sand, gravelly, very fine sand to medium gravel.......... 365 377
Silt, sandy, 1ight gray....vcieieriienerenrnrenenenonnnes 377 380
Sand, very fine to medium; some coarse sand to fine

gravel below 395 ft.. ... .ieriiiiienrneninnnenennennnn .. 380 410
Sand and gravel, very fine sand to medium gravel; much

very fine to medium sand and fine gravel; contains

some interbedded silt below 417 ft.. ... innnnnnn 110 420
Interbedded sand, sandstone, silty sand, and sandy silt,

very pale brown; sand mostly very fine to fine......... 420 429
Silt and siltstone, sandy, limy in most parts, very pale

brown and wWhite. . ....ieiiiiiiinerrineeneeenernenonenns 429 441
Sand and sandstone, silty, with sandy silt and silt-

stone, light gray and very pale brown; sand is very

finc to fine with trace of medium in parts; limy

Z0NES COMMOM. o iv e nnrvnnasonssnenossnsosoroaresnsaonas 44 470
Sand, very fine to fine; silty at base.........covuvvuvun.. 470 485

Upper Harrison:
Silt and siltstone, very sandy, pale brown and light
brown, 1imy ZONeS COMMON. v.vurversenrenrennnnensnenns 485 505
Sand and sandstone, mostly very silty, 1ight brown; sand '
is very fine to fine with trace of medium; contains

SOME 1AMy ZOMBS .. vt ieevrroinneonvonoaneennenasnnaennns 505 513
Sand and sandstone, very silty, light brown; sand is
very fine to fine; some limy zones.........ccvvvuvnnn. 513 540

Sandstone and sand, very silty, light brown; sand is
very fine to fine with some medium and trace of
coarse; some limy zones............ Cereeerr et 540 548
Monroe Creek-Harrison:
Sandstone and sand, very silty, grading to very sandy
siltstone in parts, light gray, pale brown and brown,
sand is very fine to fine with rare medium grains in
parts; limy zones abundant..........coviiriiiinnnnnnnn. 548 650
Beaver Wall siltstone: (approximate contact)
Silt and siltstone, slightly to very sandy, brown; sand
is very fine to fine; few limy zones; less sandy
below 680 . ... ettt ittt ieneininranes 650 720
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Test hole 3JON-45W-13dad
{Field No. 16-B-78)

Location: 24 ft. north and 527 ft. west of southeast corner of sec. 13,
T. 30 N., R. 46 W.

Ground altitude: 3,780 ft. (Hav Springs SW 7.5-minute quadrangle)

Depth to water: 28.2 ft. {October 26, 1978)

Depth, in feet

From To
Quaternary
Soil and subso . it i i it et e s 0 4
Silt, clayey, sandy, brown.........veeriuiinenronrnosnenns 4 17
Gravel, sandy, silty; gravel mostly composed of lithic
clasts: sand is mostly very fine to medium............ . 17 25
Ogallala:
Sand, silty, very pale brown and pale yellow, with some
interbedded silt; sand is very fine to medium.......... 25 35

Sand and sandstone, fine to coarse, mostly pale brown;

some very coarse sand and trace fine gravel below

40 ft.; some interbedded Silt.. ... cvrriirennnnnnnnnn 35 47
Sand and sandstone, mostly very fine to medium, mostly

pale brown, intervedded with silt, sandy, very pale

brown; sand is mostly very fine to medium but contains

a trace of coarse in parts; sand is 3ilty in parts;

about 50% sand beds throughout the interval with no

ped more than d-ft. thicK. ... vttt er iiereneneennernns 47 97
S2nd and sandstone, very fine to medium, very pale
Lrown; contains a few, thin, silt beds.....vvvvrcnenans 97 108

Clayey silt and sandy silt, light gray, very pale brown,
and light yellow-brown, with some interbedded sand;

sand is mostly very fine to medium..............ovvnv... 108 120
Sand and sandstone, mostly very fine to medium, mostly

very pale brown; contains some thin, sandy silt beds... 120 133
SiTt, sandy, 11ght gray...civeeniriiiiinirenrenennnsorns . 133 136
Sand and sandstone, gravelly, very fine sand to medium '

gravel, trace of coarse gravel. . ... et eennnss 136 143

Upper Harrison:
Silt, sandy, slightly clayey in parts, mostly brown;
sand is very fine to fine; limy zones common; large
mud 10Ss @t 145 . i it it it e it e itrnanen 143 170
Silt, sandy, mostly light brown; grades to very silty :
sand near top and below 260 ft.; sand is mostly very

fine: contains a few Timy ZONeS....uui'rvnreneneannsss 170 270
Sand and sandstone, silty, brcun; sand is very fine to
fine; lime-cemented helow 274 ft......... e ieanranae 270 276

Monroe Creek-Harrison:

. Sand and sandstone, very silty, mostly brown; sand is
mostly very fine with scme fine; intermittent limy
ZONES tHrOUghOUL . . ittt it ittt eeriesrnennrenenenenss 276 360
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Test hole 30N-46W-13ddd - continued
Depth, in feet

From To
Beaver Wall siltstone: (approximate contact)
Silt and siltstone, very sandy, mostly brown; sand is
very fine; less sandy below 560 ft.; contains some
SMall Timy ZONeS ...t ittt it iineeenerroneaennenes 360 620
Silt and siltstone, mostly s]1ght1y sandy, mostly brown;
more sandy from 660 680 ft.; few limy zones............ 620 729
Nonpareil ash zone: :
Volcanic ash, very impure, pinkish white................. 729 731
Silt, probably very ashy, Tight yellow-brown............. 731 740
Whitney: -
Silt and siltstone, light yellow-brown................... 740 775

Test hole 30N-47W-17ddd
(Field No. 12-B-78)

Location: 11.5 ft. north and 102 ft. west of southeast corner of sec. 17,
T. 30 N., R. 47 W.

Ground altitude: 4,105 ft. (Chadron 3 SE 7.5-minute gquadrangle)

Depth to water: 156.6 ft. (October 17, 1978)

Depth, in feet

From To
Quaternary: :
Y+ 1 0 2
Silt, very slightly clayey, yellow-brown and olive-brown. 2 8
Ogallala:

Silt, mostly slightly sandy, pale brown with some olive

and pale yellow; sand is very fine; limy zones common.. 8 68
Silt, slightly to very sandy, light brown; sand is very

fine with some fine; limy zones commoOn.......oveeeemnnn 68 78
Sand, very silty, limy, white; sand is very fine to fine. 78 80
Sand, very fine to medium, some coarse to very coarse,

L T T o o 80 82
Sand, very silty, grayish brown; sand is very fine to

fine with some medium; some coarse sand below 85 ft.... 82 90
Sand, very fine to medium with some coarse; limy silt

bed from 98 t0 99 ft. .. ittt ittt iri i ienanes 90 103
Sand, very silty, and very sandy silt, brown; sand is

mostly very fine to fine with some medium.............. 103 110
Sand, fine to medium with some very fine, coarse and

VO Y COBI Syt rvreossrntosooaniansonososennennonnssases 110 116
Sand, very silty, brown; sand is very fine to fine with

SOME MEATUM. oo ittt et ittt eennennnenrenneernnnenss 116 120
Sand, fine to coarse with some very fine and very

coarse; mostly fine to medium below 125 ft............. 120 130
Sand, silty; sand is very fine to medium, some coarse.... 130 136
Sand, fine to coarse, SOME VEry COArS€...ueeerenneenenens 136 142
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Test hole 30N-47%-17ddd - continued

Depth, in feet

From To
Sand, s5ilty, pale yellow and olive; sand is very fine to
7 1 -3 P teeeaen 142 150
Sand, fine to very coarse with some fine gravel; much
medium to coarse; silty below i55 ft.......... . cvvvt 150 157
Silt, sandy, pale brown; sand is mostly very fine but
contains coarser grains in parts............. e 157 175
- Sand, very fine %o very coarse, some very Poarse
sandy silt bed from 180-182 ft.; some fine grave] from
175-180 ft. and below 190 ft. ... ... . iuieiniiiiiiivnnnans 175 200
Sand, gravelly, very fine sand to fine gravel; mostly
medium tO VEry COars® SaNG.....vvververreansnnnonnaness 200 205

Upper Harrison:
Silt, mostly very sandy, brown; sand i5 mostly very fine
but some fine and trace of medium occur in parts;
numerous thin 1imy ZOReS. . vt iiueertranrreassonnsosasss 205 285
Monroe Creek-Harrison: (approximate contact)
Sandstone, very siltv, brown and 1ight brown; sand is

very fine; limy zones abundant..... e h e 285 330
Silt, mostly very sandy, light brown and brown; sand is
very fine; limy zones abundant.........c.cvivinirennnans 330 370

Beaver Wall siltstone: (approximate contact)
Silt, mostly very sandy, brown and yellow-brown; grades
to very silty sandstone in a few parts; sand is very
fine; slightly clayey in parts; limy zones common
except below 550 ft.. . i ittt ittt iiannens 370 600

Test hole 30N-49K-3bbb
(Field No. 6-B-78)

Location: 102 ft. south and 9 ft. east of northwest corner of sec. 3,
T. 30 N., R. 49 W,
Ground altitude: 4,334 ft. (Ft. Robinson 4 SE 7.5-minute quadrangle,
advanced print)
Depth to water: 106.3 ft. (Septembar 18, 1978)
Depth, in feet

From To
Road fill...ouivviinnnininnnns et irese e eeeaes 0 2
Ogallala: '
Sandstone, fine to very fine with a trace of medium,
o oo 3 8
Sandstone, slightly silty, yellow-brown and olive; sand
is very fine to fine; much lime cement................. 8 17
Lime-cementied siltstone and silty limestone, sandy,
yellow-brown to white.... ... ittt inerenns 17 3
Upper Harrison:
Silt and siltstone, slightly tc very sandy in parts,
clayey in parts, mostly brown; sand is very fine;
Some Timy ZONaS Presenl.. ... eierrceenrnnernonnsanans 31 70



Test hole 30N-49W-3bbb - continued

Depth, in feet
From To

Silt, very sandy, very pale brown to yellow-brown, sand
is very fine to fine; 1imy zones abundant.............. 70 105
Silt, mostly moderately sandy, slightly clayey in parts,
pale brown to yellow-brown; sand is mostly very fine;
contains some 1imy zones.........ooiveiiiinieninnennn. - 105 260
Sand, silty, limy, pale brown; sand is very fine with
trace of fine; dark, heavy minerals abundant below ,
265 ft........ C e e tetaesaenea ettt ra e . 260 270
Monroe Creek-Harrison: (approximate contact)
Sandstone, very fine to fine, mostly pale brown; silty

in parts and contains numerous hard limy zones......... 270 315
Siltstone, very sandy, pale brown and yellow-brown;

sand is very fine; contains some limy zones............ 315 350
Sandstone, moderately silty, yellow-brown and brown;

sand is very fine with some fine; 1imy zones common.... 350 366
Siltstone, very sandy, mostly yellow-brown; sand is very

fine; contains some 1imy 20NeS.....ovievevnnnennnunnnns 366 400

Gering: (approximate contact)
Sandstone, moderately silty grading downward to very
slightly silty, brown to yellow-brown; sand is very

fine t0 fine.. ittt iiiinrrentneronoencannonnns 400 420
Sand, very fine to fine, yellow-brown.............cc.u.... 420 430
Sand, fine to very fine with a trace of medium to coarse;

containg SOmMe Marly ZONeS......eeevevrenesnnereraeonnns 430 436

Beaver Wall siltstone:
Silt, very sandy, yellow-brown, with some very silty

sand zones; sand is very fine; some limy 2ones......... 436 546
Sand, very silty, brown; sand is very fine; trace of :

Tithic clasts below 550 ft.. ... covviiiveiirnenenenns. 546 560
Probably silt, very sandy, brown (from e-log)........... 560 567
Sand, silty, yellow-brown; sand is very fine to fine;

Tithic clasts COmmON. ... ..viivirnererneenesnsnnnnncenns 567 577
Mostly silt, sandy, brown te yellow-brown................ 577 586
Sand, very fine to fine with a trace of medium to very

coarse sand, pale brown; lithic clasts abundant........ 586 600
Interbedded sand, silt, and some claystone, pale brown;

sand 1s mostly very fine; contains some lithic clasts.. 600 617
Silt, sandy, clayey, mostly pale brown; sand is very .

fine to fine; trace of lithic clasts...........vevnunnn 617 630

Sand, mostly very fine to fine but contains some medium
in parts, pale brown; silty and clayey in parts;

contains trace of lithic clasts in parts............... 630 671
Whitney:
Silt, moderately to very clayey, slightly sandy in parts,
yellow-brown; sand is very fine........covviuieinnnnenn. 671 730
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Test nole 30N-394W-16ddd
(Field No. 7-B-78)

Location: 0.5 ft. north and 94 ft. west of southeast corner of sec. 16,
T. 30 N., R. 49 W.

Ground altitude: 4,306 ft. (Ft. Rebinson 4 SE 7.5-minute quadrangle,
advanced print)

Depth to water: Unable to measure. Hole plugged at 91.5 ft,

Depth, in

feet

From

0gallala:
Silt, very clayey and clay, siity, pale brown with some
olive-gray; contains large, white, lime nodules........ 2
Siltstone and silt, sandy in parts, mostly light gray to
grayish brown. .. .v.eie ittt iiiernentsnenrecnennes 13
Siltstone and silt, mostly very sandy, mostly pale brown
but with light gray, pinkish-brown, and yellow-brown;
grades to silty sandstone in parts; sand is mostly
very fine but has some fine in parts; limy zones
COMMON . v et ees v s vesncineennsesononnsonsosssnsenssanes 21
Sand, very fine to medium, light qray and pale brown;
silty in parts; lime-cemented in a few parts........... 65
Silt, sandy, brownish-gray; sand is very fine to fine;
L LRV I T+ i A G 89
Sand, very fine to medium, pale brown to white; lime-
cemented at the base..........iiiiiiiiiiiiiiiinnennens 91
Upper Harrison:
Silt, very sandy, mostly pale brown; grades to very
silty sandstone in parts; sand is very fine to fine;
contains some thin Timy zZoneS.....cvveiininr v innenns 98
Silt, slightly to moderately sandy, slightly clayey in -
parts, mostly pale brown but with some light-gray and
pinkish brown; sand is very fire; contains a few limy
4 o) 1 -3 130
Probabiy silt, very sandy grading to sand, very silty,
pale brown; sand is very fine................. ceermnene 175
Monroe Creek-Harrison: (approximate contact)
Siltstone and silt, very sandy, and sandstone, very
silty, brown to light gray; sand is very fine:
PUMETOUS TimY ZOMBS . ittt iennnennenoaronsnannenanens 190
Sand and sandstone, mostly moderate]y silty, brown to
light gray; sand is very finc to fine; limy zones
Y 1T e £ 1.1 O 210
Sand, moderately S11ij‘ mosily brown; sand is very fine;
CoONtaing SOmMe Ty ZONES . ...t inenienenrenenrnnnronenns 264
Silt, probably very sandy, mostly yellow-brown; sand is
very fine; contains some limy zones.........ccvvvuennn. 281
Gering?:
Sand, silty, pale brown: sand is very fine; contains
IR A 13 KR ol - -3 23 AT 330

To

13
21

65
89
9
98

130

175
190

210

264
281
330
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Test hole 30N-49W-16ddd - continued

Depth, in feet
From To

Beaver Wall siltstone?:
Silt, very sandy, mostly brown, grading to very silty
sand, mostly brown, in parts; sand is very fine........ 334 510
(Aborted hole at 510 ft.; problems with hole from 145 ft. on down.)

Test hole 30N-49W-34ccc
(Field No. 8-8-78)

Location: 189 ft. north and 7 ft. east of southwest corner of sec. 34,
T. 30 N., R. 49 W.

Ground altitude: 4,148 ft. (Ft. Robinson 4 SE 7.5-minute quadrangle,
advanced print)

Depth to water: 77.6 ft. (September 18, 1978)

Depth, in feet

From To
Road fill and slope wash.......civvenririnnrnrnnnenennnn. 0 10
Ogallala:

Sandstone, silty, pale brown to light gray with inter-

bedded sandy silt; sand is very fine to fine; numerous

Time-cemented ZONBS...uvetreereennernnenennenannennonnas 10 55
Sand and sandstone, very fine to medium, brown; some

coarse sand from 55-60 ft.; silty from 75-80 ft......... 55 83
Silt, clayey, pale yellow, grading downward to sandy

silt and silty sandy, brown; sand is very fine to fine.. 83 95
Sand, slightly gravelly; sand is mostly fine to medium

but very fine sand to medium gravel is present.......... 95 - 114
Sandstone, probably silty, very pale brown, with some

interbedded sandy silt; sand is very fine to fine with

some medium TN PartsS...vuieviriinernnnenaoncrvonnsnsenss 114 127
Silt, sandy, light yellow-brown grading downward to

silty sand; sand is very fine to fine with some medium.. 127 133

Sand and sandstone, very fine to medium, brown, inter-

bedded with gray limy and silty sandstone and some

SANAY ST t. . e iiinerin ittt ireieeenveeranaresenoosean 133 150
Sand, gravel]y, with some interbedded silty and limy

sand grain size ranges from very fine sand to medium

grave] ......................................... Chreeeas 150 170
Sand and sandstone, very fine to medium..........o0vuenen. 170 175
Sand, silty, 1ight brown and gray; sand is very fine to

fine and 1imy at tOP.. . veiiiiinintinnnenneenssarconenes 175 185
Sand and sandstone, very fine to fine, brown, with some

thin silty and Timy ZoneS....ccuvrviienrirnrnnnannenons 185 208
Silt, slightly clayey, light yel]ow-brown and light brown. 208 222
Silt, sandy, Tight Brown........viiiiiinenrninnnennnnnas 222 22¢
Sand and sandstone, very fine to fine, brown, 1imy near

base...... fhetecneeeb s e 229 236



Test hole 30N-49W-3d4ccc - continued

Depth, in feet
From To
Silt, sandy, limy, gray with some interbedded silty sand. 236 247
Sand, very fine, pale green, with some interbedded silty
sand ‘and sandy silt........ Cerreeenane e enrareere 247 268
Gering?:
Silt, slightly sandy, clayey, gray at top grading down
to pale brown; sand is very fine........cccvivivennvnnnn 268 282
Sand, silty, light gray; sand is very fine; lithic
clasts common and reach gravel SizZe..........eovnvennsn 282 290

Beaver Wall siltstone:
Sand, very silty, light olive-gray at top grading down
through grayish-brown to pale brown at base; sand is
very fine; contains a few limy zones.......c.ccvuvvunnnn 290 310
Silt, probably mostly very sandy, mosily brown; grades
to very silty sand in parts; sand is very fine;

contains a few limy zones; less sandy below 380 ft..... 310 434
Nonpareil ash zone:
Volcanic ash, light gray....c.civieieiinirneroeennnnnens 434 442
Silt, slightly sandy, probably very ashy, light yellow-
brown; sand is very fine......cocriireininiiniirnnnenns 442 453
Whitney:
Silt, slightly sandy, slightly clayey, yellow-brown and
brown; sand is very fine; more clavey below 490 ft..... 453 500

Test hole 30N.51W-2aa
(Field No. 4-B-78)

Location: 28 ft. south and about 600 ft. west of northeast corner of sec. 2,
T. 30 N., R. 51 W.

Greund altitude: 4,456 ft. (Ft. Robinson 3 SE 7.5-minute quadrangle,
advanced print)

Depth to water: 211 ft. (September 5, 1978)

Depth, in feet
From To

Upper Harrison:
Silt, very sandy, brown; sand is very fine; contains
abundant Timy ZONeS. ... .. viiiiiiiinnnenronennerosnenss . 0 . 4c
Sandstone, very silty, brown; sand is very f1ne with
trace of fine; contains hard, well-cemented limy zones
) and dark, heavy minerals........ooiiitieinenevnornnennes 40 56
Monroe Creek-Harrison: (approx1mate contact)
Sand, moderately silty increasing downward to very silty,
brown; sand is very fine to fine; limy zones common.... 56 100
Silt, very sandy, with some interbedded very silty
sandstone, brown; sand is very fine; limy zones :
COMIMON . s 4 vt s ee e asannraosouasseeosnonnnsaenoenanansennns 100 160
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Test hole 30N-51W-2aa - continued

Sand, moderately silty decreasing downward to non-silty,
mostly pale brown; sand is very fine to fine; below
200 ft. contains a trace of medium sand; limy zones

COMMON . ¢4 s e et nsnsoonasosunosanosonsonasensnnarensess
Silt, very sandy, y2llow-brown; sand is very fine........
Gering:
Sand, very silty, brown; sand is very fine to fine;
marly below 243 ft. ..ttt ineiieennnnneeronnnennnes
Sand, fine to very fine with some medium, brown to pale
brown; contains lithic clasts and some limy zones......
Sand and lime-cemented sandstone, silty, brown and gray:
sand is very fine. ... coieieiiein ittt ittt
Sand, fine, with some medium and very fine; contains
Tithic clasts. . iiveieniieenannnnnns feese et
Volcanic ash, impure, silty, sandy, gray........cvevuen..
Sand, very silty, brown; sand is very fine to fine;
contains Timy and marly ZONES.....cveveennrrnveoenennen
Silt, slightly to moderately sandy, mostly slightly
clayey, brown and pale brown; sand is very fine........
Sand, silty, brown; sand is very fine to fine with a
trace of medium. ... vtiiiiiiiiiiiiiiireierororaneaanen
Silt, very sandy, brown; sand is very fine...............
Sand, very fine to medium with, in parts, some coarse;
contains lithic clasts and a few limy zones............
Sand, very silty, brown, with some thin beds of silt;
sand is very fine to fine....virviiiiireneneiennnnnnenn
Silt, sandy, Drown........veiinrnineereerinrenrenernnas

Sand, silty, brown; sand is very fine to fine; contains
some lithic clasts from 407-410 ft. and some limy

Whitney:
Silt, siightly sandy, slightly clayey, pale brown; sand
is very fine except from 444-450 ft. where there is

some fine sand and Tithic clastS......oovveviinnennnn.
Silt, slightly sandy, pale brown; possibly impure '
VOICANTC BSh. vttt ittt ie i inrersnraaeanneanas

Silt, slightly to moderately clayey, brown to pale brown.

Test hole 30N-51W-13ccc
(Field No. 3-B-78)

Location: 322 ft. north and 60 ft. east of southwest corner of sec.

T. 30 N., R. 51 W.

Depth, in feet

From

160
214
240
245
260

265
284

285
296

335
344

357
387
401

407

415

500
501

To

214
240
245
260
265

284
285

296

335

344
357

387
401
407

415

500

501
550

Ground altitude: 4,545 ft. (Ft. Robinson 3 SE 7.5-minute quadrangle map,

advanced print)
Depth to water: 215 ft. (August 22, 1978)
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Test hole 30N-51W-13ccc - continued

Depth, in feet
From To

Y5 3 A 0 2
Ogallala:
Silt, very clayey, slightly to very sandy, light gray;
sand is very fine to fine; contains some lime
oo Tod - 8 o 11 2 11
Sandstone, very s11ty. moderately clayey, light gray and
light ye]low, sand is very fine to fwne with a trace
of medium; lime-cemented in parts.....veeivvivennrenens 11 18
Upper Harrison:
Silt, mostly slightiv sandy, mostly slightly clayey,

brown; sand 1is very fine; contains some limy zones..... 18 40
Silt, moderately sandy, brown; sand is very fine; less

sandy below 52 fl. ...ttt irierianiannennanans 40 56
Silt, very sandy, brown; contains some limy zones; sand

s very fine.. ...t iiiiiiiinrnsvnrensonsnnnonsnnonn 56 71
Sand, very silty, pale brown; sand is very fine.......... 71 80
Silt, very sandy, pale brown; sand is very fine.......... 80 92
Silt, slightly to very sandy, very slightly clayey, pale

olive and light brown; sand is very fine............... 92 110
Sand, moderately silty, brown; sand is very fine to fine, 110 114

Si1t, slightly to very sandy, slightly clayev in parts,
pale brown to yellow-brown; sand is very fine;
contains some Timy ZONeS......couirvnnrnienrnannnnnenns 114 189
Monroe Creek-Harrison:
Sandstone, moderately to very silty, pale brown to light
brownish-gray; sand is very fine with scme fine; limy

ZONE@S COMMON. . ouveteevnoroeoonnsosuronsnnnnanensennnnens 189 215
Silt, very sandy, brown; sand is mostly verv fine; limy

ZONES COMMONM . o st v s onossanunceaenaransosnensonesooennnns 215 238
Siltstone, very sandy, with some sandstone, very silty, '

brown; many hard, well-cemented limy zones............ 238 270

Beaver Wall siitstone:
Silt, moderately to very sandy, brown; sand is mostly

very fine; 1imy ZONes COMMON. . ..vt e ivrnrenrnnerenness 270 310
Silt, slightly sandy, slightly clayey in most parts,

brown; sand is very fine; contains some 1imy zZones.... 310 390
Sand, very silty, brown; sand is very fine with trace

Of Fine.. oo i i i e 390 400

Silt, mostly moderately sandy but with some slightly
and very sandy zones, mostly slightly clayey, pale
brown and brown; sand is very fine;, contains some

limy zones..... C et eeeete i er et ta e e 400 508
Silt, stightly sandy, moderately clayey, brown; sand
1S VEPY fiMmB. ittt ittt ieienneerensneerroeennnnnnns 508 536
Nonpareil ash zone:
Volcanic ash, impure, light brownish-grav............... 536 552
Silt, moderately clayey, slightly sandy, probably very

ashy, pale brown; sand is very fine.......cvverenun... 552 566
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Test hole 30N-51W-13ccc - continued

Depth, in feet

From To

Whitney:
Silt, moderately to very clayey, brown to yellow-brown... 566 570

Test hole 30N-51W-36ccce
(Field No. 2-8-78)

Location: 192 ft. north and 35 ft. east of southwest corner of sec. 36,

T. 30 N., R. 51 W.
Ground altitude: 4,348 ft. (Ft. Robinson 3 SE 7.5-minute quadrangle,

advanced print)
Depth to water: 178.1 ft. (August 22, 1978)

Depth, in feet

From 70
20T T N o T 0 5
Ogallala:
Sand and sandstone, medium to fine, trace of coarse,
brown and Pale bBroWn. .. .cviiieri ittt ivrnearnanenn 5 20
Upper Harrison:
Sandstone, very fine to fine, interbedded with sandy
STltstone, Drown. ... u.iverereenieneennnnsnnnenonnenenns 20 32
Sandstone, very fine, very silty, mostly yellow-brown.... 32 58
Silt, very sandy, mostly yellow-brown; contains numerous
limy zones; sand is very fine.......coiiiiivinnneennans 58 108

Beaver Wall siltstone: (approximate contact)
Silt, moderately sandy, very slightly clayey, yellow-
brown; contains some intermittent limy zones; less
sandy below 130 ft.; sand is very fine................. 108 163
Silt, slightly sandy, slightly clayey, yellow-brown;
sand is very fine; some intermittent limy zones;

moderately sandy 235-242 ft., 285-300 ft., 308-340 ft.. 163 340
Silt, slightly sandy, moderately clayey, pale brown;
sand is very fine; more uniform than above............. 340 362
Nonpareil ash zone:
Volcanic ash, light brownish gray to light gray.......... 362 382

Silt, slightly clayey, probably very ashy, pale brown.... 383 397
Whitney:
Silt, moderately clayey, bDrown........ccviiiuiinnvenvennn 397 410

Test hole 31N-42W-1bchb
(Field No. 23-B-79)

Location: About 1,707 ft. south and 37 ft. east of northwest corner of
sec, 1, T. 31 N., R. 42 W,

Ground altitude: 3,634 ft. (Rushville 4 NW 7.5-minute quadrangle)

Depth to water: 128.7 ft. (August 8, 1978)
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Test hole 31N-42H-1bcbhb ~ continued

Depth, in feet

From To
Soil........ Cesennan e et e eieceattee e . 0 1
Ugallala:

cand, silty, dark brown; sand is fine to medium with

trace of COArsSe.. i ieriiearransnons Ceeeenan Cereeranae 1 4
Sand, medium to coarse; trace of very coarse in parts.... 4 55
Sandstone, silty, olive and olive-brown; sand is very

fine to fine with some coarser grains.........cccuve... 55 65
Sandstone and sand, very fine to medium with some coarse

sand to fine gravel. . ... ieiri v iienrereornrosnsonnns 65 73
Sandstone and sand, very silty grading downward to

slightly silty, light olive-brown and brown; sand is

very fine to fine at top with medium to very coarse

SaNd in Tower Part. ... ... ittt nrieteeenrnnonnceennones 73 80
Sand and sandstone, fine to very coarse with trace of

fine gravel; s11ty NeaAr DASC..viiieeernennnonnneannns 80 100
Sand, silty, brown; sand is mostly very fine to medium... 100 105
Sand, medium to coarse with some coarser grains.......... 105 111
Sand and sandstone, silty, with some interbedded sandy

silt and sand, olive, light yellow-brown and brown;

sand is mostly very fine to medium with some coarser

grains from 111-127 ft. and fine to medium with some

coarser grains below 127 ft....... it e sere e m 145
Sand and sandstone, fine to c¢oarse with trace of very

coarse and fine grave] .......... et esararer e . 145 160
Sand and sandstone, silty in parts, brown; sand is very

fine to medium with trace of coarse; contains trace

of coarser grains I1n Parts...cve.ververrreerennnneonenns 160 201
Silt, very sandy, and sandstene, silty, brown; sand is

very fine to fine with some medium to coarse........... 201 210
Sandstone and sand, fine to coarse with some very coarse

and fine gravel, trace of medium gravel........ccvuvunn 210 235
Sand, very fine to medium with some coarse.......coveuen.. 215 217
Silt, sandy, and silty sandstone, pale brown; sand is

very fine to fine; some medium sand and lime-cemented

T A - 3 - T 217 224
Silt, sandy, clayey, paie yellow, pale olive, and light

yellow-brown............ C et e erec s aart et e euaees 224 230
Sandstone, very silty, brown, sand mostly very fine to

1 T - 230 " 243

Sand and sandstone, very fine to medium with some coarse

to very coarse; trace of fine gravel in parts; contains

some interbedded sandy silt below 255 ft.........c..... 243 263
Silt, sandy, pale brown, with some interbedded silty

sandstone and sand; sand is very fine to medium with

SOME COAPSEr GraiNS .. . vee e inernsenennnenennnnesnnnenns 263 275
Sand and sandstone, very fine to medium with some coarse

to very coarse and trace of fine gravel; slightly

finer grained below 285 ft.; silty below 290 ft........ 275 293
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Test hole 31N-42W-1bcb - continued

Depth, in feet
From To

Upper Harrison:
Siltstone and silt, slightly to moderately sandy,
slightly to moderately clayey, yellow-brown and brown;
sand is very fine to fine; small limy zones common,.... 293 410
Siltstone and silt, very sandy grading downward to very
silty sandstone, brown; sand is very fine to fine with
trace of medium; contains Tithic clasts in parts; very
Timy below 418 ft......... Cer s eaa et aees s 410 422
Sandstone, very silty, brown and white; sand is very
fine to fine with trace of medium and possibly coarse
below 430 ft.; large limy zones abundant............... 422 436
Monroe Creek-Harrison:
Siltstone, slightly to very sandy, clayey in parts,
brown and yellow-brown; sand is mostly very fine but
with some fine; limy zones abundant.................... 436 484
Beaver Wall siltstone: (approximate contact)
Silt and siltstone, mostly slightly sandy, slightly to
moderately clayey, yellow-brown and brown; sand is
mostly very fine; small limy zones common.............. 484 560

Test hole 31N-42W-23add
(Field No. 25-B-79)

Location: About 2,250 ft. south and 46 ft. west of northeast corner of
sec. 23, T. 31 N., R. 42 W.

Ground alttitude: 3,535, ft. (Rushville 4 NW 7.5-minute quadrangle)

Depth to water: About 73 ft. (August 11, 1979-estimated from electric log)

Depth, in feet

From To
Quaternary:
1Y 12 AP 0 2
Sand, silty, gray-brown; sand is fine to medium.......... 2 4
Gravel, sandy; fine sand to very coarse gravel; gravel
most]y composed of 1ithic clasts...vvveiiriennnnnnnnns 4 11
Ogallala:
Silt, sandy, pale olive. ... .ot iierinernnirnnennnnnnnns 1N 12
Sandstone and sand, fine to very coarse, olive-brown..... 12 21
Sandstone and sand, fine to coarse with some very coarse
sand to fine gravel, light olive-brown................. 21 25
Sandstone and sand, fine to medium with some coarse sand
to fine gravel, light olive-brown...........cocuv.u.... 25 37
Silt, sandy, clayey, pale olive, with some interbedded
sand, fine to mMedium. ... it nieninnrnnnnenanes 37 42
Sandstone and sand, fine to medium with some coarse to
very coarse, olive-brown; trace of fine gravel below
75 ft., contains some silty zones below 85 ft.......... 42 140
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Test hole 31N-42W-23add - continued

Depth, in feet
From To

Sand and sandstone, fine to very coarse with some gravel,

olive-brown; silty in parts; limy at base.............. 100 121
Sandstone and sand, very fine to medium with some

coarse and trace of coarser grains, olive- brown, silty

in parts......... Vrerernaeenenns . Ceere e 121 143
Silt, sandy, grading to s11ty sandstone 1n parts yellow-

brown; sand is very fine to medium; less silty below

-1 AU 143 155
Sandstone and sand, fine to very coarse with some fine

to medium gravel .. .. ...ttt ittt i, 155 161
Interbedded silt, 'silty sandstone, and gravelly sand..... 161 170
Sandstone, mostly very silty, olive-brown; sand is very

fine tomedium. ... ..ot ieinierrenencnnns Cerearneaen s 170 185
Sandstone and sand, very fine to very coarse, some

gravel in parts; interbedded silt seams in parts....... 185 200
Sand and sandstone, very fine to medium, trace of

coarse; much medium sand..... vt ter et ernees 200 215
Sand and sandstone, very fine sand to f1ne gravel much

coarse sand; contains gravel-size lithic clasts........ 215 220
Sand and sandstone, very fine tO COArSe...vuienrvoennaass 220 225
Sand and sandstone, very fine to medium, much fine;

STIEY TN PartsS. i ittt it ittt itneererenerenranens 225 230
Sand and sandstone, silty, with 1nterbedded sandy silt;

sand mostly very fine to fine.......covvvevnn.n. eeeana 230 240

Upper Harrison:
Silt and siltstone, mostly slightly sandy, mostly
slightly clayey, brown and yellow-brown; sand is very
fine to fine; small limy zones common; sandier below
L 10T i 240 350
Sandy silt to silty sand and sandstone, light yellow- :
brown; sand is very fine to fine; contains some
interbedded sandy silt (olive); contains small limy

P4+ ) 11~ 3N 350 360
Sand and sandstone, very fine to fine with some medium, .
vellow-brown; some Timy ZONeS.......ve.ovevsevnnoocennves 360 370

Monroe Creek-Harrison:
Sandstone and sand, silty, mostly yellow-brown; sand is
very fine to fine; limy zones abundant................. 370 390
Beaver Wall siltstone:
Silt and siltstone, very sandy, yellow-brown; sand is
very fine to fine; small limy zones common...... Cereean 390 420
(Aborted hole at 420 ft. because of mechanical protlems.)
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Test hole 3I1N-44W-14ccc
(Field No. 10-B-79)

Location: 7 ft. north and 465 ft. east of southwest corner of sec. 14,
T. 31 N., R. 44 W.

Ground altitude: 3,670 ft. (Rushville 7.5-minute quadrangle)

Depth to water: 22.7 ft. (June 25, 1979)

Depth, in feet

From To
ROAA Filluuieiiiiiiioerneesonneneennnononenennsnsnnonnnss 0 3
Ogallala:

Sand, fine to medium with some coarse to very coarse..... 3 5
Sand and sandstone, fine sand to medium gravel; much

coarse to very coarse sand......coveeivnvrnncrnennnnnas 5 10
Sand, fine to very coarse with a trace of gravel......... 10 17
Sandstone and sand, silty in parts, mostly pale brown;

sand is very fine to medium with trace of coarse;

finer-grained from 17-20 ft.; contains some thin

L3 I8 R A T - U 17 30
Sand, gravelly, fine sand to medium gravel, much coarse

sand to fine gravel ... ...t iiiiiennienrnenenennnanes 30 35
Sand and sandstone, fine to coarse, some very coarse

sand and SOMe gravel ... ... iinrenrenernnoenanens 35 40
Sand and sandstone, very fine to coarse, much fine to

MEAT UM s e v e st esvenoneneconseessnsesnonseanoenasenons 40 55
Silt, sandy, grading down to silty sand, pale yellow and

light yellow-brown; sand is very fine to medium........ 55 60
Sandstone, very fine to fine with some medium and

coarse, mostly light olive-brown; more medium sand

from 95-105 ft.; silty in parts....vvevevneenenennnnn 60 115
Sandstone, fine to very coarse with trace of gravel...... 115 125
Siltstone, sandy and sandstone, lime-cemented, white to

very pale brown; sand is very fine to medium........... 125 134
Siltstone and silt, sandy, light yellow-brown; sand is

very fine to fine. ... ..ottt iiiiiiinriennvnennanonnnns 134 140
Sand, silty, light yellow-brown; sand is very fine to

MediUM.e s cveverevennan Cerervunes C et vt aaueann 140 143

Upper Harrison:
Silt and siltstone, sandy in parts, clayey in parts,
pale yellow and pale olive; sand is very fine to fine.. 143 158
Silt and siltstone, slightly clayey in parts, light
brown and pinkish-brown; hard limy zones (grading to

Timestones) below 180 ft.....c.eeeereeriivinnnannnnnnns 158 187
Silt and siltstone, light brown; some sma11 limy zones
below 210 ft.. et iiiiiiiitiiieiniennnnennrnnans vee 187 261

Sandstone and sand, silty, brown and light brownish-

gray; sand is very fine to fine; some medium and

coarse sand below 271 ft.; limy zones abundant......... 261 282
Sandstone and sand, probably silty, brown; sand is very

fine to medium; 1imy zones abundant; some olive below

K01 282 308

93



Test hole 31N-44W-14cce - continued

Depth, in feet

From To

Limestone, sandy, White. ... vuereireiiirnnnrnnnennnresens 308 309
Sandstone and sand, probably silty, mostly olive; sand

is very fine to coarse, much fine to medium............ 309 320

Monroe Creek-Harrison:
Sandstone, very silty and siltstone, very sandy, light
olive-brown and light yellow-brown; sand is very
fine to fine.......ovvnvenrnnns Ceteesmeatesearaecesnans 320 331
Beaver Wall siltstone:
Silt and siltstone, moderately to very sandy, mostly
light brown; sand is very fine to fine; less sandy
and slightly clayey below 480 ft.; limy zones common
N PartS.eeeiieenroassenesnns Ceererarserenaaens eren e 331 520

Test hole 31N-44W-34ddc
(Field No. 11-8-79)

Location: 12 ft. north and 676 ft. west of southeast corner of sec. 34,
T. 31 N., R. 44 W.

Ground altitude: 3,773 ft. (Rushville SW 7.5-minute quadrangle)

Depth to water: 110.1 ft. (June 25, 1979)

Depth, in feet

From To
Quaternary:
20T Y T 1 I o 0 1
Sand, slightly s11ty, sand is fine to medium with some
very fine and COarsSe. ... rinnnneneerrnnnnnnesvens 1 30

Ogallala: (approximate contact)
Sand and sandstone, very fine to coarse; much fine to
medium sand; containg root CastsS...oiier e innnnennss 30 45
Sandstone and sand, very fine to coarse, much fine;
contains interbedded sandy silt, clayey silt, and

STTItY SANd. . . urr it ieiiiitteenrnecnnnennnnnress Ceeraes 45 70
Sand and sandstone, very fine to coarse, much f1ne ....... 70 90
Sandstone and sand, silty in parts; sand is very fine

to coarse with much fine........coiiinrrninennnen 80 110
Sandstone and silty sand, light gray to pale brown; sand :
s mostly very fine to medium with some coarse......... 110 140
Silt, sandy in parts and clayey in parts, light gray,

pale olive, and white; contains some limy zones........ 140 156
Sand and sandstone, very fine to coarse, much fine to

medium; silty from 156-160 ft... ..ot nnennnns 156 164

sand, silty, clayey, pale yellow; sand is very fine to

coarse, trace of gravel in parts; contains a few limy

¢ 1T 164 176
Sandstone, limy sand, and s11t pale olive and pale

yellow; sand is very fine to coarse, some very coarse

and fine gravel. ..ottt ittt ittt e, 176 185



Test hole 31N-44W-34ddc - continued

Depth, in feet

From To

Sand and sandstone, very fine to coarse, much fine to

medium; some silt seams from 200-205 ft................ 185 212
Silt, sandy, clayey in parts, with some interbedded

sand, pale olive and pale yelloW.. ..o vriniinennnnnnn 212 230
Sand and sandstone, very fine to coarse, pale yellow and

pale olive; Silty in pParts. .. iiieireninonnnensns 230 249
Silt, sandy in parts, clayey in parts, mostly pale

2= K L 249 258
Sand and sandstone, very fine to very coarse with some

fine gravel, 0live. . . .iriiiirinii it tiennnnnnnronns 258 266
Silt, sandy, pale yelloW....ivueuer e iienonnrennnenuanens 266 270
Sand, very fine to medium, much fine, silty in parts..... 270 275
Sand, slightly gravelly, fine sand to medium gravel...... 275 285
Sand, gravelly, fine sand to medium gravel with some

coarse gravel below 290 ft.; Timy at base.............. 285 30

Upper Harrison:

Silt and siltstone, sandy in parts, clayey in parts,

pale olive; sand is mostly very fine; limy zones

COMMONM ., 4 s o vvesnanenroornsnnsenanansnssosasssoasennsonnnensae 301 421
Silt and siltstone, sandy, brown; sand is mostly very

fine; Timy zones abundant.........ciiiiiniininnnnennnn. 421 442

Sandstone and sand, silty, pale brown and brown; sand is
very fine to fine with some medium; 1imy zones
Y o1V T3 T =1 O 442 462
Monroe Creek-Harrison:
Siltstone and silt, moderately sandy, brown; sand is
mostly very fine; Timy zones common..........ocveenuusn 462 502
Beaver Wall siltstone: (approximate contact)
Silt and siltstone, slightly sandy, slightly clayey in
parts, brown; sand is very fine; contains some thin
Timy zones; olive-gray below 548 ft........ccvvveivuens 502 550

Test hole 31N-45W-~19bbc
(Field No. 3-B-79)

Location: 906 ft. south and 9 ft. east of northwest corner of sec. 19,
T. 31 N., R. 45 W.

Ground altitude: 3,788 ft. (Hay Springs 7.5-minute gquadrangle)

Depth to water: 31 ft. (May 19, 1979).

Depth, in feet

From To
ROAd Il ittt i it ttreenerscaronsnsnnannans 0 4
Ogallala:
Sandstone, fine to coarse, some very coarse, limy, light
gray; some fine gravel from 4-10 ft. and gravelly
below 15 ft.; contains 1ithic clasts below 15 ft....... 4 21
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Test hole 31N-45W-19bbc - continued

Depth, in feet

From

Upper Harrison:
Siltstone and silt, very sandy, mostly light yellow-
brown but with some light olive, gray~brown, and
olive~brown; sand is mostiy very fine to fine;
contains some limy zones...... e beereae et hb e . 21
Sand and sandstone, silty, pale brown, sard is very fine
to fine with some coarser grains; contains limy zones. 79
Monroe Creek-Harrison: )
Siltstone, very sandy, yellow-brown with some brownish
gray; sand is mostly very fine; limy zones abundant,
Tost circulation at 117 ft. ... . iiiniirerernnnnnnone 84
Beaver Wall siltstone: (approximate contact)
Siltstone, very sandy, yellow-brown and brown; grades to
very silty sandstone in some parts; sand is very fine
with some fine in sandier parts; contains limy zones
but fewer than above.............c.... Tt eceeracereeen 196
(Aborted hole at 480 ft. because of circulation problems.)

Test hole 3IN-45W-31c¢ccd
(Field No. 4-B-79)

Location: 4.5 ft. north and 663 ft. east of southwest corner of sec.

T. 31 N., R. 45 W.
Ground altitude: 3,774 ft. (Hay Springs SW 7.5-minute quadrangle)
Depth to water: 26.1 ft. (May 29, 1979)

Depth,

To

79
84

196

480

31,

in feet

From

SOl and Fill. .ttt iiii ittt it renieenannsnonnnesanes 0
Ogallala:

Sandstone, silty, light yellow-brown to pale olive; sand

is very fine to fine with some medium; numerous limy

2o 11 =1-3 A P 5
Silt, sandy, clayey in parts, light gray to pale olive;

sand is mostly very fine to f1ne, limy zones in

Upper Part...ceeeceeioecennenn. Ceieea Cerevanee Cerevaes 16
Sand, fine to coarse, some very coarse; more medium to

coarse below 45 ft.. .. iitiiiiinninnrnnenennnns e 42
Silt, sandy, clayey, light gray to pa]e olive, w1th

interbedded silty sand; sand is very fine to fine

with some medium belcw 523 ft. and some coarser grains

below 57 ft.uin it iiiiir it ettt neeerensenonnnanss 48
Sand and sandstone, silty, gray to olive; contains some

interbedded silt; sand mostly fine to medium with

Coarser grains TN Parts. . ...t inennennenonnnsen 60
Gravel, sandy; gravel mostly composed of lithic clasts;

sand is medium to very coarse; contains some coarse

to very coarse crystalline gravel below 85 ft.......... 82

9%

To

5

16

42

- 48

60

82

90



Test hole 31N-45W-31ccd - continued

Sand and sandstone, silty, mostly pale yellow; sand is
mostly very fine to medium; contains some interbedded
3 T R /A
Sand, medium, with some fine and coarse; contains a

trace of very coarse sand and fine gravel..............
Gravel, sandy; gravel mostly composed of Tithic clasts;
sand mostly medium t0 very COArSEe. . u.vriinrrnneernnnsas
Sandstone, mostly very fine to medium; silty in parts;
contains some coarse sand to fine gravel in parts......
Interbedded sand, sandstone, and silt with some clay-
stone seams; sand is very fine to medium..........cv.u..

Silt, sandy, mostly gray to olive, with interbedded
silty sand and sand; silt is clayey from 156-161 ft.
and 179-181 ft.; sand is mostly very fine to medium....

Sand and sandstone, fine to coarse, some very coarse
sand and fine gravel.......cie e iininiientnnecnnennnns

Sand, medium to coarse with some very fine, fine, and
very coarse sand, trace of gravel; more coarse sand
to fine gravel below 195 ft... ... .o ernn.

Upper Harrison:

Silt and siltstonz, mostly very sandy, mostly brown;
sand is very fine to fine; contains some limy zones;
contains some flesh-colored claystone below 250 ft.....
Sandstone, silty, brown; sand is fine to very fine with
some medium and trace of coarse; contains many limy
70 -

Monroe Creek-Harrison:

Sandstone, very silty, mostly yellow-brown; grades to
very sandy siltstone in parts; sand is very fine to
fine; contains numerous 1iMy ZONES. ... it rernnnnns

Beaver Wall siltstone: (approximate contact)

Silt and siltstone, very sandy, light yellow-brown and
yellow-brown; grades to very silty sand in parts
from 510-600 ft. and from 670-680 ft.; sand is very
fine; contains some 1imy 2o0nes; contains some lithic
clasts in parts from 480-510 ft, 560-570 ft.;

590-600 ft.; and 660-690 ft.. ... iiivrienininenrnnnnnns
Nonpareil ash zone:
Volcanic ash, very impure, light yellow-brown............
Silt and siltstone, very ashy, light yellow-brown........
Whitney?:
Silt and siltstone, yellow-brown..........ciiirivnenn.
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Depth, in feet

From

90
110
115
120
140

156
185

130

205

260

270

360

747
750

756

To

110
115
120
140
156

185
190

205

260

270

360

747

750
756

760

C



Test hole 3IN-47W-20aaa
(Fieid No. 14-8-78)

Location: 119 ft. south and 10 ft. west of northeast corner of sec. 20,

T. 30 N., R. 47 Y.
Ground altitude: 4,044 ft. (Chadron 3 NE 7.5-minute quadrangle)
Depth to water: 42.8 ft. {October 30, 1978)

Depth, in feet

From To
Quaternary:
RoOAd fill. . ittt it ireiectearotoconoronasannnas 0 3
Silt, dark brown with some yellow-brown............c..... 3 15
Gravel, sandy: fine to coarse gravel composed of lithic
ClaS S st sttt ienanrsaoeaonoeroransutonnsonsononnsenes 15 20
Quaternary or QOgallala?:
Sand with some sandstone, very fine to medium ........... . 20 30

Upper Harrison:
Siltstone and silt, very sandy, light yellow-brown,
yellow-brown, and brown; grades to very silty sand-
stone in parts; sand mostly very fine; few limy zones.. 30 142
Sandstone, silty, brown; sand is very fine to fine with
a trace of medium to coarse; contains root casts and
dark minerals or manganese Stain........vcvevenrennnnn, 142 146
Monroe Creek-Harrison:
Sandstone, very silty, mostly brown from 146-253 ft. and
mostly yellow-brown below 253 ft.; sand is very fine
with some fine; grades to very sandy silt in parts;
limy zones abundant. ... ... iiiniiirin e 146 336
Siltstone and silt, very sandy, light yellow-brown and
yellow-brown; sand is very fine; only slightly sandy

below 348 ft.; few 1imy zOnes.......ovviivnnerneneenens 336 366
Gering:
Silt, sandy, yellow-brown and pinkish-brcwn; sand is
very fine; contains claystone and lithic clasts........ 366 37

Sand, slightly silty, yellow-brown; sand is very fine

to fine with a trace of medium below 380 ft.; few

LR 1 E o ol - 3 3N 390
Sand, probably slightly silty, brown; sand is very fine

to fine with some medium to coarse; abundant gravel-

size lithic clasts from 390-400 ft.......ovvvevvnnnnnns 390 410
Sand, probably slightly silty, brown; sand is very fine

to very coarse with a trace of fine to medium gravel;

contains some gravel-size Tithic ClastS. ..o veenrnnenns 410 420
Sand, probably slightly silty, mostly brown; sand is

very fine to fine with some medium to coarse; coarser

and with a trace ¢t fine gravel from 440-449 ft.:

limy from 449-451 ft. and in & few other parts......... 420 465
$ilt, very sandy, brown and pink; sand is very fine

to fine; 1imy TN Parts...vuiit ittt ernreinenrneasennns 465 484
Sand, silty, pink; sand is very fine to fine............. 484 493
Sandstone and sand, very fine to fine, brown; contains

a few Tithic clasts and 1imy zones........c.vevenennnnns 493 500
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Test hole 31N-47W-20aaa - continued

Depth, in feet
From To

Beaver Wall siltstone:.

Silt, moderately to very sandy, p1nk pinkish gray, and

pale brown except from 526-538 ft. where it is light

gray to pale olive; sand is very fine; lithic clasts

or thin, interbedded claystone from 520 to 530 ft.;

some lithic clasts 550-560 ft......c.iieiriniiennennnnnn 500 562
Sand, slightly silty, pale brown and pinkish gray; sand

is very fine to fine; contains lithic clasts........... 562 578
Silt, very sandy, pinkish-gray; sand is very fine to

fine; contains a few lithic clasts.....coevvinnennnnnn 578 595
Sand, moderately silty, pale brown; sand is very fine

With SOme fine. .. .. vviiiinenereinnenneeennonrennsannaans 595 605
Silt, sandy, slightly clayey, pink; sand is very fine.... 605 610
Sand, very silty, pink; sand is very fine; interval

also contains two ft. of very fine to -fine sand

between 610-619 ft.; possibly some volcanic ash

between 619-620 ft.. ..ot iniiiriennnrereneenrannnns 610 622
Silt, sandy, light olive-gray to lTight gray; possibly

very ashy; sand is mostly very fine..........ccovuvenn. 622 637

Whitney:

Silt, slightly to moderately clayey, light brown, pink,

and Pinkishegray .. vt inieetiiienernreoearnnnerannns 637 630

Test hole 31N-47W-32ddd
(Field No. 13-B-78)

Location: 4.5 ft. north and 170 ft. west of southeast corner of sec. 32,
T. 31 N., R. 47 W.

Ground altitude: 4,155 ft. (Chadron 3 SE 7.5-minute quadrangle)

Depth to water: 147.2 ft. (October 17, 1978)

Depth, in feet

From To
Quaternary: :
o T ' T 0 O 0 3
Silt, very to slightly clayey, brown and pale brown...... 3 5
Ogallala:
Siltstone, sandy, light olive-brown and white; sand is
very fine; lime-cemented; grades to very silty, limy,
sandstone in Jower pPart.......veeeeiinennrnnnnnnncnenns 5 18
Silt, very clayey with less clay downward pale yellow;
lime zones or nodules from 20-21.5 ft........covvnvun.n. 18 24
Siltstone and silt, very sandy, pale olive, pale yellow,
and 1ight brown; grades to very silty sandstone in
parts; sand is very fine; limy zones abundant.......... 24 65
Sand, very fine to very coarse with some fine gravel;
much very fine to medium sand.......coiniiennrennnvnnn. 65 80



Test hole 3I1N-47W-32ddd - continued

Depth, in feet

From To

Silt, very sandy, pale yellow, yellow-brown, gray and

olive; sand is very fine; contains sand bed from

B3-84 fl. .. .uitiiiin i iireeininonanctsnnsaiatooronnenas 80 50
Sand, very fine to med1um with trace of coarse; sandy

Silt from 99-100 ft. ... v.rveineiisieinmnsnonnonaens . 90 102
Silt, very sandy, pale brown; sand is very fine with

SOME FIMB. i . it ittt iiiavresnasasssooessorrasonanenos 102 108
Candstone and sand, silty, light yellow-brown; sand is

very fine t0 COArsSe. it ieiintnsoertonnonssens R 108 110

Upper Harrison:

Silt, mostly very sandy, light yellow-brown; sand is

very fine; 1imy ZONes COMMON. . .vsreveneneosenonernnnens 110 140
Silt, slightly sandy, slightly clayey, light yellow-

Dl OWM . it it i i e i i e e et e et 140 162

Silt, very sandy, most]y 11ght yellew- brown, grades to
very silty sand in a few parts; sand is very fine;
Timy ZONeS COMMON. .\ uuuienrnroernosrnsesneononanonenns 162 283
Sandstone, very silty, and silt, very sandy, yel]ow-
brown and very pale brown; sand is very fine; dark
minerals abundant below 289 ft.......coiviirnrrnnenens 283 290
Monroe Creek-Harrison:
Sandstone, very silty, yellow-brown and light yellow-
brown; sand is very fine and probably some fine;
grades to very sandy silt in a few parts; limy
ZONES COMMON. .ot irieeernnnsooncnsasnoesansnnsannns e 290 396
Beaver Wall siltstone: (approxwmate contact)
Silt, very sandy, yellow-brown; grades to very silty
sandstone in parts; sand is very fine with some fine

in parts; limy zones more common in upper part......... 396 590
Silt, slightly to very sandy, slightly clayey in most
parts, yellow-brown with some brown; sand is very fine. 590 725

Nonpareil ash zone:
Volcanic ash, very impure, and very ashy silt, clayey,

all very pale brown. ......c.ciiieininiiinieniennnnennas 725 738
Whitney:
Silt, slightly sandy, clayey, yellow-brown; sand is
very fine.....iieiiinennnnnnnnns Ceereaereret oo 738 750

Test hole 31N-49W-22ach
(Field No. 5-8-78)

Location: 824 ft. north and 11 ft. east of the center of sec. 22,

T. 31 N., R. 49 W.
Ground altitude: 4,
9

13
Depth to water: 59.0

5+ 10 ft. (hand level from Potter-Federal #1 oil test)
ft. (September 5, 1978)
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Test hole 3IN-49W-22ach - continued

No sample; road fill.. . iiieiiiiii i iie i iriennnanns
Upper Harrison:
Sand, very silty, brown to yellow-brown; sand is mostly
very fine; contains a few 1imy zZones.......cevevennnnnn
Sandstone, slightly silty, brown; sand is very fine to
fine; contains abundant dark, heavy minerals and a
trace of Jithic clastS..iierr i iiniireenrnnncnnnnenn
Monroe Creek-Harrison:
Sandstone, slightly silty, brown and gray; sand is fine
to very fine; contains abundant lime-cemented zones....
Sandstone, mostly moderately silty, brown to pale brown;
sand is very fine; contains abundant lime-cemented
ZOMBS et e ten s st oo anaeareataraatana e et
Sand and sandstone, very silty, brown with some yellow-
brown; sand is very fine; limy zones abundant..........
Sand and sandstone, slightly silty, brown; sand is very
fine to fine; limy zZONeS COMMON......vverrnnenreernenns
Sand, mostly moderately silty, pale brown; sand is very
fine; some 1imy ZONeS...iueririeeennennreeennesnocnnnas
Gering:
Sand, moderately silty, pale brown; sand is very fine to
fine with some lithic clasts at base............o.v....
Sand, slightly silty, pale brown; sand is fine to very
1 <2 O
volcanic ash, possibly interbedded with sand.............
Sand, very slightly silty, pale brown; sand is fine to
very fine with trace of medium; contains lithic
ol - -3
Sand, silty and marly, gray; sand is very fine to fine,
Sand, fine, with trace of medium to coarse; Tithic
fragments abundant. ... ..ot iiii it ittt
Beaver Wall siltstone:
Silt, very to moderately sandy, pale brown; sand is very
fine; contains a few limy zonmes........otirriiiiannnnnn
Sand, silty, with some interbedded sandy silt, pale
brown; sand is very fine to fine.....ovviviiinieennnen.
Silt, sandy, clayey in parts, pale brown with some pale
olive; sand is very fine; contains a few )imy and
T B ol I T o -
Sand, fine to very fine, brown; contains some lithic
o I R
Silt, very sandy, brown; sand is very fine........c.vvu..
Sand, very silty, pale brown; sand is very fine to fine;
contains Tithic Clasts. it ininirneneenennenanannnns
Si}?, very sandy, slightly clayey, brown; sand is very
L
Sand, very silty, pale brown; sand is very fine with
some fine; contains trace of lithic c¢lasts.............
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Depth, in feet

From

3.5

34

40

53
126
195
216

274
284
294
296
312

317

325
366

390

410
417

425
449
457

To

3.5
34
40
53

126
195
216
274

284 (

294
296

312
317
325

366
390

410

417
425

449
457

473 e



Test hole 3IN-4S9W-22acb - continued

Depth, in feet

From To
Silt, slightly to very sandy, slightly to moderately
clayey, pale brown; sand is very fine;, marly in
o7 ol -3 473 503
Nonpareil ash zone?:
Volcanic ash, impure, mostly light gray........cc.ovvennn. 503 514
Whitney?:
Silt, slighty sandy, slightly clayey, brown; sand is
Very fime.. . .. iiiiiiininocononcearesoneaecesnnaneons 514 526
Silt, very sandy, and silty sand, pale brown; sand is
mostly very fine; contains lithic clasts............... - 526 570
Silt, slightly sandy, moderately clayey, yellow-brown;
sand S very fine.i.. ..t iiiiiinienneerrnoeenrnannanas 570 582
Sand, very silty, brown; sand is very fine to fine;
contains Tithic €lasts. . iiit i i nenerinnneneenaennn 582 594
Clay to claystone, brownish-yellow.........vvvvnrnvenann, 594 596
Sand, silty, mostly pale brown, with interbedded sandy
and clayey silts and abundant lithic clasts; sand is
very fine t0 fine.. ...t iierieiinerronnnnononnenns . 596 618
- Silt, very clayey in parts, very sandy in parts, mostly
PBTE DrOWN. vttt ittt ittt ettt ittt e e 618 635
Sand, silty, with interbedded siltstone and claystone, '
mostly pale brown; sand is mostly very fine; lithic
Clasts COMMON. .o vt ivuennrnennronssnns heeereceraarseas 635 667
Silt, very clayey, light brown, with a little inter-
bedded claystone and silty sandstone........cvvvvveeenn. 667 676
Sand, silty, mostly brown, with interbedded sandy silt
and claystone; sand is very fine with some fine;
Tithic clasts abundant..........civeiinrienrennannns 676 710
Sand, fine to very fine with some medium and a trace of
coarse; coarse lithic clasts abundant.................. 710 733
Sand, medium with some coarse and very coarse; coarse
Tithic clasts abundant....ioiviiiiininrenennnenneennes 733 740
Claystone, silty, light yellow-brown....... Ceresreeaeaens 740 741
Sand, medium to fine with some coarse to very coarse,
probably silty and Clayey....vveeirinerinnrnnesnnsenens 741 743
Silt. mostly slightly sandy, mostly moderately clayey,
yellow-brown and pale brown; possible volcanic ash
zones in the intervals from 763-770 ft,, 773-776 ft.,
780-789 ft., and 790-796 ft.....cuiiiiiinreiirnrnennnnns 743 800
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Test hole 32N-424-2
(Field No. 21-8-79)

Location: About 1,075 ft. south and about 75 ft. west of northeast corner of
sec. 2, T. 32 N., R. 42 Wl. Note: This is a short section in the north-
south direction,

Ground altitude: 3,665 ft. (Gordon 7.5-minute quadrangle)

Depth to water: Unable to measure. Test hole caved at 117 ft. (August 8,
1979). The electric log and depth of caving indicate a depth to water of
about 120 ft.

Depth, in feet

From To
Quaternary:
Soil and SuUbSOTT. ... iei it ittt e irnieenerennarnns 0 4
Sand, silty, pale brown; sand is very fine to fine....... 4 9
Ogallala:
Interbedded c¢laystone and sandy silt, pale olive......... 9 23
Sandstone, silty in parts, olive; sand mostly fine to
medium with some coarser grains; some lithic gravel.... 23 30
Sand and gravel; fine sand to medium gravel; most of the
gravel composed of lithic clasts..........cvvvvuvnians, 30 33
Claystone, silty with some interbedded sandy silt,
MOStlY pPale OTIVe. .t it ittt it ittt iernnenarnneens 33 40

Sandstone and sand, silty, with interbedded sandy silt

and minor amounts of claystone; individual beds are

less than 2-ft. thick; mostly brown with some pale

olive; contains a thin bed of lithic gravel between

45-50 ft.; sand is mostly very fine to fine but

CONtains Coarser grains. ... ... ie v nnreinenonnnns 40 66
Sand and sandstone, fine to medium with some coarse to

very coarse; trace of fine gravel; contains lithic

Lol 1= X3 - 66 70
Silt, sandy, with some interbedded sand and claystone.... 70 80
Sand and sandstone, mostly medium, brown in upper part

and olive in lower part; also contains some very fine

to fine and coarse to very coarse sand; contains trace

to some fine crystalline gravel and some lithic gravel

clasts in parts; silty in parts.....oiiiiininnnnnnsnn 80 157
Sand and sandstone, silty, with interbedded sandy silt,
mostly very pale brown; sand is very fine to fine...... 157 170

Sand and sandstone, silty in parts, brown; sand is very

fine to fine with some medium; some interbedded clayey

silt below 185 ft....... et e e e e 170 190
Silt, very sandy, clayey in parts, with interbedded

silty sand, pale olive to pale brown; sand is very

fine L0 fine. .. it i i it ettt e 190 220
Sand, silty, with interbedded sandy silt, pale brown;

sand is very fine to fine; contains some small 1limy

20N vt ie it e it e et 220 230
Silt, very sandy, with interbedded c]ayey silt and some

silty sand, pale brown with some pale olive; sand is

very fine to fine..... ... it ittt 230 260



Test hole 32N-42W-2 - continued

Depth, in feet

From To
Sand, very silty, and sandy silt, light brownish gray
and pale yellow; sand is very fine to fine; contains
Tithic clasts from 260-263 ft. .. vevinniviennnnrennennnns 260 266
Sand, fine to coarse with some very coarse and trace of
fine gravel, pale brown; contains some lithic clasts... 266 280

Upper Harrison:
Silt and siltstone, sandy, clayey, light yellow-brown
with some olive at top; sand is very fine; small
Timy ZONES COMMON. v v erevononraseorornnoasnsnerennsns 280 312
Monroe Creek-Harrison: (approximate contact)
Sandstone and sand, very silty, light brown and brown;
sand is very fine to fine with a trace of medium
from 340-351 ft.; 1imy zones abundant.................. 32 376
Siitstone and silt, mostly very sandy, pale brown and
brown; sand is most1y very fine; 11my zones common to
abundant....... ... e, e Cr e 376 408
Beaver Wall siltstone:
Silt and siltstone, siightly to very sandy, slightly to
moderately clayey, brown; sand is mostly very fine;
small 1imy ZONesS COMMON . ., vt renrenversnreensnsnnas 408 615
Silt, very sandy, grading to silty sand, pale brown;
sand is very fine to fine; lithic clasts common and
SOME 3re gravel STZe....i.iiieeeeraseernonennanronnonsas 615 630
Silt and siltstone, slightly to moderately sandy,
51ightly to moderately clayey, pale brown and brown;
sand is mostly very fine; very sandy with some fine
sand from 668-673 ft. . . .. ier it nnrenennnenennes . 630 680

Test hole 32N-42W-23aaa
(Field No. 22-8-79)

Location: 9 ft. south and 165 ft. west of northeast corner of sec. 23,
T. 32 N., R. 42 W.

Ground altitude: 3,610 ft. (Rushville 4 NW 7.5-minute quadrangle)

Depth to water: 64.5 ft. (August 8, 1976)

Depth, in feet
From . To

Road fill and colluvium. . ..o innr it iiereneennnnenns 0 6
Ogallala:

Sandstone and sand, silty in parts, light olive-brown;

sand is very fine to medium with trace of coarse sand

to fine gravel below 10 ft..... ... ...t iiiivenenn, 6 25
Sand and sandstone, fine to medium with some coarse and

very coarse, trace of fine gravel, brown; finer and

contains some silty zones below 45 ft.........c0.vens. 25 46
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Test hole 32N-424-23aaa - continued

Depth, in feet
From To

Sandstone and sand, silty, olive; sand is very fine to

fine; less silty and contains medium sand to fine

gravel below 57 ft. .. ittt 46 60
Sand and sandstone, silty, light olive-brown and olive;

sand mostly very fine to medium, trace coarse to very

coarse below 65 fl.. ... iiiiririiiienrarenrronioaennnns 60 75
Sand, fine to medium, trace coarse to very coavse, brown. 75 82
Sand and sandstone, very silty at top with decreasing

silt downward, olive; sand is very fine to fine at

top grading downward to very fine to medium with some

coarse to very coarse and a trace of fine gravel....... 82 - 90
Sand and sandstone, fine to coarse, some very coarse,

and trace of fine gravel, brown..........cvivrvnennnns 90 100
Sandstone and sand, silty, brown; sand is very fine to

medium with trace of coarse and very coarse............ 100 105

Sand and sandstone, very fine to medium with trace of

coarse and very coarse grading downward to fine to

coarse with some very coarse sand and fine gravel...... 105 117
Sandstone, very fine to fine, very silty, pale brown..... 17 120
Sand and sandstone, very fine to medium with trace of

coarse and very coarse; coarser with trace of rine

gravel from 130-135 ft.. e e i aeana 120 139
Sandstone, very silty at top with less silt at depth, _

yellow-brown; sand is very fine to fine................ 139 145
Sand and sandstone, very fine to medium with some coarse

and trace of very coarse; silty and limy at base....... 145 155
Silt, very sandy, pale brown, with some interbedded sand

and siltstone, mostly very fine to medium.............. 155 165
Sand and sandstone, very fine to medium with trace of

coarser grains, silty in parts.....ccvvireeriiveenennn. 165 180
Sand, fine to very coarse with some fine and trace of

medium gravel . . ..ttt it iirianearsercnsannnnanen 180 185

Silt, very sandy, slightly clayey, olive and very silty
sand and sandstone, pale brown; sand is very fine to

fine; contains some 1imy ZONES....uieviveeenveoneenanan 185 203
Sandstone, silty in parts, brown; sand is mostly very

fine to medium with trace of coarse in parts........... 203 213
Silt, sandy, very pale brown, with some interbedded

silty sandstone; sand is mostly very fine to fine...... 213 225
Sandstone and sand, very fine to medium with trace of

coarse, olive-brown; contains some lithic clasts....... 225 237

Interbedded sandstone, sand, and sandy silt, pale brown
with some pale olive; sand is mostly very fine to

fine; some medium and trace of coarse from 245-248 ft.. 237 254
Sand, very fine to medium, some coarse to very coarse.... 254 260
Silt, clayey, sandy, pale 01ive. ..o neenrrernanes 260 265

Sand, very fine to very coarse with trace of fine
gravel; coarser sand and more fine gravel below 270
ft.: contains some olive silt seams.............co..... 265 275
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Test hole 32N-42W-23aaa - continued

Depth, in feet
From To

Silt and siltstone, sandy, slightly clayey, pale olive,

grading downward to a very silty sand; sand is very

fine to fine.. .. veeiierinieinnanernonsannsncorsaonaas . 275 285
Sand and sandstone, slightly 511ty, olive-brown, with

some interbedded olive silt; sand is very fine to fine

With SOme Medium. ... v ittt eierreennnneocsaeseesannnens 285 295
Silt, clayey, sandy, pale yellow; sandier at base;

contains some Timy ZONeS....ceeerivesearnsscnaroenass ‘e 295 300
Sand and sandstone, silty in parts, brown; sand 1s very

fine to fine; contains a few Timy Zones.........cecveenn 300 312

Monroe Creek-Harrison:

Silt and siltstone, slightly sandy, slightly clayey,

pale yellow and light brownish-gray; sand is mostly

very fine; limy zones abundant........ciiiiiiinniansan 312 330
Sandstone and sand, very silty, gray1sh brown, light

yellow-brown, and pale olive at base; grades to sandy

siltstone in parts; sand is very fine to fine;

contains trace of medium grains from 345-360 ft.;

Timy zones abundant. .. c.ivv it enennneeinroenansonenoees 330 3N

Beaver Wall siltstone:

Silt and siltstone, slightly to very sandy, slightly
clayey in parts, brown except at top where it is pale
yellow and olive; sand is very fine to fine; small
Yimy zones common....... S ieeeres s teebseaecan 371 430

Test hole 32N-44W-2bbb
(Field No. 14-B-79)
Location: 63 ft. south and about 3 ft. east of northwest corner of sec. &,
T. 32 K., R. 44 W,
Ground altitude: 3,826 ft. (Clinton SW 7. 5-m1nute quadrangle)
Depth to water: 63.1 ft. (July 9, 1979)

Depth, in feet

From To

Quaternary
Soil. e eeeertere et aenan f e reearsse e 0 Z
Silt, c1ayey, grad1ng down to silty sand...... e 2 7

Upper Harrison:

Silt and siltstone, slightly candy, mostly light yellow-

brown and light brown; more sandy in parts from

7-80 ft. and at base; sand is very fine; limy zones

common from 7-88 ft........... et eeeraeeenra ety 7 137
Sand, silty, pale Lrown; sand is very fine w1th some

fine; little or no silt and some medium sand below

02 ceeees 137 141
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Test hole 32N-44W-2bbb - continued (T

Depth, in feet
From To

Sandstone, very fine to medium with some coarse sand to
fine gravel, olive yellow to pale olive; contains
lithic clasts and much lime in parts.......cveieivnnnns 141 159
Monroe Creek-Harrison:
Siltstone and silt, mostly very sandy, mostly pale brown;

sand is very fine to fine; limy zones abundant......... 159 220
Silt and siltstone, slightly sandy, brown, more sandy

near base; sand is very fine, some fine............. ve 220 259

Gering:

Sand and sandstone, silty in parts, mostly light brown;

sand is very fine to fine; limy zones common......... . 259 276
Silt, slightly sandy, light brown; sandier in parts;

sand is mostly very fine.... ..ottt nennnnnes 276 318
Sand and sandstone, very fine to fine, brown; silty at

170+ 3O PPt et erera e 318 326

Silt and siltstone, mostly very sandy, mostly light
brown; grades to very silty sand in parts; sand is

mostly very fine; few limy zones.......voevievnnnrensns 326 351
Silt and siltstone, slightly sandy, light brown; sand
is very fine; few limy ZOneS......cvuiiivrrurecnnnnnsnns 351 380
Sand, silty, light brown and brown; sand is very fine
with some fine; limy zones common near base............ 380 395 (:

Silt, slightly sandy grading downward to very sandy,

1Tight brown; sand is mostly very fine; trace of lithic

clasts in TOWer Part. ... c.i.verircennnrannsccnroacsnnnsns 395 410
Sand, silty in parts, pinkish-gray and pink; sand is

very fine with some fine; contains some lithic clasts;

Timy @t DASE. .. i’ itii vttt irrreearseartsarnnseennnans 410 428
Volcanic ash, pinkish-white........oiivieiiiiieenvennnns 428 431
Silt, sandy, grading downward to s11ty sand, light brown;

sand is very fine to fine...oovriiienininiienneennnns 431 440

Sand, silty ip parts, mostly light brown but w1th some
pink; sand is very fine to fine; contains some
interbedded c1aystone, some limy zones, and some

Tithic clasts in PArtS ... v e ittt ietenvansannans 440 456
Silt and siltstone, light brown; contains a few lithic

clasts from 470-480 ft.... vevrriiinnrnnneonannonas e 456 500
Silt, sandy, light brown; sand is mostly very fine....... 500 505

Sand, silty in parts, light brown and light yellow-
brown; sand is very fine to fine; contains a few
lithic clasts and a few limy zones. (The interval
from 456-536 ft. possibly could be the Beaver Hall
R R A e Y- T 505 536
Beaver Wall siltstone:
Silt and siltstone, slightly to very sandy, light brown;
grades to very silty sand in a few parts; sand is very

fine to fine; trace of small limy zones.........e.vvnn. 536 576 (f?
Silt and sandstone, brown; possibly clayey in lower part,
(This interval possibly could be the Whitney.)......... 576 660
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Test hole 32N-44W-22abb
(Field Mo, 8-8-79)

Location: 24 ft. scuth and about 2,460 ft. west of northeast corner of
sec. 22, T7. 32 N., R. 44 W,

Ground altitude: 3,757 ft. (Rushville 7.5-minute quadrangle)

Depth to water: 22.2 ft. {(June 11, 1979)

Depth, in feet

From To

Quaternary:
Road Fill. .. iiii it ir it iiitanctaronnroasoaronnas 0 3
SiTt, sandy, gray t0 Drown e eoeeenrocnsonrsscacnssennns 3 7

Unper Harrison:
Siltstone and silt, slightly to moderately sandy, pale
brown and light yellow-brown; sand is very fine to
fine; Timy ZONeS COMMON ... vererevevencnenns Cresaeeaaaes 7 153
Sandstone and sand, silty, vellow-brown and pale brown;
sand is very fine to medium with a trace of coarse;
lime-cemented at base........c.vvvunne Ceereetesrensenan 153 165
Monroe Creek-Harrison:
Siltstone and silt, mostly very sandy, pale brown and
yellow-brown; grades to very silty sandstone in a few
parts: sand is very fine to fine; limy zones common,
especially in upper part. ... ... iiniireinirinreennanns 165 270
Siltstone and silt, mostly very sandy, slightly clayey,
yellow-brown; sand is very fine to fine; contains
trace of medium sand from 300-310 ft. and 316-319 ft.;

few thin Timy Zones...u.eve it rinrennnneneeneranrannens 270 365
Siltstone and silt, moderately sandy, slightly clayey,
yellow-brown; sand is very fine to fine.......... Cieaen 365 387
Gering:

Sandstone and sand, slightly silty, mostly brown; sand

js very fine to fine with some medium and coarse,

trace of very coarse; very silty in parts; contains

soime Tithic clasts below 410 ft.... ...t iinennnnnnn. 387 425
Siltstone and silt, very sandy, light brown and light

yellow-brown; sand is very fine to fine; limy below

ST S /A 425 437
Sandstone and sand, moderate]y to very silty, yellow-

brown and pale brown; sand is very fine to fine with

trace Of MeAiUM. .. ottt iiiitetiiennnerereronnnnsneens 437 450
Sandstone and sand, slightly to moderately silty, '

yellow-brown; sand is very fine to medium; lithic

clasts, many of gravel size, abundant.............. cens 450 466
Interbedded siltstone, lithic gravel, and sandstone...... 466 477
Sand, silty, yellow-brown; sand is very fine to fine

with a trace of medium; contains a few lithic clasts... 477 485
Sandy silt and silty sand, yellow-brown; sand is very

fine 0 fiMB. . ittt ittt ie ittt iienvnenennnnss 485 494
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Test hole 32N-44W-22abb - continued

Depth, in feet
From To

Sandstone and sand, silty, mostly yellow-brown; sand is
very fine to fine with some medium to very coarse;
some fine gravel below 510 ft.; contains lithic clasts,
some of gravel size; contains some silt seams.......... 494 520
Beaver Wall siltstone:
Siltstone and silt, most]y very sandy, slightly clayey

in parts, brown; sand is very fine to fine............. 520 615
Volcanic ash, gray; contains gold biotite flakes......... 615 620
Siltstone and silt, moderately sandy, slightly clayey,

yellow-brown; sand is very fine to fine......... eenaa 620 644

Nonpareil ash zone:
Volcanic ash, very impure, gray......eeveseesecceseoneeas 644 646
Silt and siltstone, moderately sandy, sl1ghtly c1ayey,
mostly yellow-brown; probably very ashy ................ 646 656
Whitney:
Silt and siltstone, sandy, clayey, brown.........couvu... 656 680

Test hole 32N-444W-34ddd
(Field No. 9-8-79)

Location: 18 ft. north and 180 ft. west of southeast corner of sec. 34,
T. 32 N., R. 44 y,

Ground altitude: 3,795 ft. (Rushville 7.5-minute quadrangle)

Depth to water: Unable to measure. Test hole caved at 122.5 ft. Electric
log and depth of caving indicate depth to water of about 123 ft.

Depth, in feet

From To
Quaternary:
R0 T AU 0 1.5
Silt, sandy, pale brown. .......i'eeerenreernnneronnonenns 1.5 3.5
Sand, silty, grave]ly, light yel]ow-brown ................ 3.5 4
Ogallala:
Sand and sandstone, silty in parts, pale yellow and pale
olive; sand is very fine to medium with some coarse;
contains some interbedded sandy silt..........ovvvun... 4 18
Silt, sandy, light gray to brownish-gray; sand is very
fine to fine. . vueir it er i ii it iiieeernrnenrnenennnnns 18 22
Sand and sandstone, fine to coarse, mostly light yellow-
brown with some pale olive and very pale brown;
mostly very fine to medium from 22-30 ft.; contains
some very coarse sand below 30 ft. and some lithic
clasts below 45 ft.; contains a few thin silt beds..... 22 64
Silt, sandy, light brownish-gray to pale yellow......... . 64 73
Sand and sandstone, very fine to medium with some coarse,
VerYy Pale DrOWN. . ittt ittt i it e e 73 86



Test hole 32N-44W-34ddd - continued

Depth, in feet
From To

Silt, pale yellow to pale brown, with some interbedded

sandy silt and silty sand.....cciiiinriienriiiennnnnnas 86 95
Sand and sandstone, fine to coarse, with some gravel-

size lithic clasts below 100 ft.; contains a few, thin

STIt S@aMS . ... ittt it iierer ettt ioreatcsnionnans 95 120
Sand and sandstone with some interbadded silty sand and

silt; sand is fine to very coarse with some fine to

COATSE Gravel ... i iienneiitiesnneresronsonsnonsonannens 120 131
Interbedded silt, sandy silt, and silty sand, light

gray in upper part, pale yeilow in middle part, and

pale brown in lower part; sand is very fine to fine.... 131 162
Silt and siltstone, pale yellow and pale brown;

contains thin sandy beds.....coveiii i rinnnnens 162 198
Sandstone, gravelly, fine sand to medium gravel, with

interbedded sandy silt. ... iveiriiiererrnerenrensennenes 198 210

Sandstone, silty, with interbedded sandy-silt, light
gray; sand is mostly very fine to medium but includes
some coarse and very coarse sand and gravel............ 210 239
Upper Harrison:
Silt, slightly clayey, sandy in parts, pale yellow;
sand is very fine to fine......vviiriinniiinnnnnennn 239 250
Siltstone and silt, slightly to very sandy, pale brown
and light yellow-brown; sand is very fine to fine;
very limy below 277 ft..... ettt eeteaeeaa ey 250 285
Monroe Creek-Harrison: (approximate contact)
Siltstone and silt, mostly very sandy, grades to very
silty sand in parts, brown; sand is very fine to fine;
Timy ZONES COMMON. ...ttt it iietenrnnnsneoneninnnnans 285 370
Beaver Wall siltstone: (approximate contact)
Siltstone and silt, mostly moderately sandy,
brown; grades to very sandy silt and silty sand in
parts; sand is very fine to fine; limy zones common
from 370-440 ft., less common below 440 ft............. 370 51
Siltstone and silt, mostly slightly sandy, pinkish
brown and brown; sand is mostly very fine; few limy
20N S . it ettt ettt ettt te et e e e 511 664
Sand, very silty, slightly clayey in parts, pa1e brown;
sand is very fine to fine with some medium in parts;

contains some 1ithic clasts below 680 ft........ccnov... 664 762
Whitney?:
Siltstone and silt, slightly clayey, Drown.....v.veeennn. 762 780

Test hole 32M-45W-18ccc
(Field No. 1-B-79)

Llocation: 11 ft. north and 116 ft. east of southwest corner of sec. 18,
T. 32 N., R. 45 W.

Ground altitude: 3,960 ft. (Hay Springs 7.5-minute quadrangle)

Depth to water: 58.8 ft. (May 14, 1979)
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Test hole 32N-45W-18ccc - continued

Depth, in feet

From To
o B R O e etae e ee ettt 0 3
Upper Harrison:

Sandstone, very silty, and siltstone, very sandy,

yellow-brown; sand is very fine; few limy zones........ 3 30

Siltstone, very sandy, yellow-brown and brown; sand is '

mostly very fine; contains a few limy zones............ 30 70
Sandstone, very silty, and siltstone, very sandy,

mostly brown; sand is mostly very fine........vovvene.n 70 156

Sand and sandstone, silty, light brown; sand is very
fine to fine with some medium to coarse; limy zones
COMMON . o s et eeenvonnesnnesssenasosonsosnensanaonssosansss 156 170
Monroe Creek-Harrison:
Siltstone, very sandy, mostly brown; sand is mostly very

fine; 1imy ZOnes COMMON. .. ..uveerinreneneeennrannonannn 170 200
Sandstone, very silty, mostly brown; sand is mostly
(V=2 oV 1 1 T 200 240
Silt and siltstone, sandy, mostly yellow-brown; sand is
very fine; some Timy ZONeS..u.eeueeernrurearosoanaonons 240 270
Gering:

Sand and sandstone, silty, yellow-brown and pale brown;
sand is very fine to fine; some medium sand and lithic
clasts below 310 ft.. i iiiiininineinvrvrsensononsoanes 270 317
Beaver Wall siltstone:
Sand, very silty, and silt, very sandy, mostly yellow-
brown; sand is very fine; limy zones common............ 317 460
Silt, very sandy, mostly yellow-brown; grades to very
silty sandstone in a few parts; sand is very fine;
contains lithic clasts in sandy zones from 542-567 ft.. 460 612
Nonpareil ash zone:
§ilt, very sandy, yellow-brown grading down to pale brown,
sand is very fine; contains lithic clasts; probably

VEry aShy @t D8Se... . v iireerennnsosnsosnsoncsnoassanns 612 620
Volcanic ash, very impure, pale brown..... s saanecans 620 624
Silt, sandy, yellow-brown; sand is very fine............. 624 630

Whitney: (approximate contact)
Silt, slightly sandy, dark yellow-brown...........ccoviven 630 650

Test hole 32N-45W-31ccc
(Field No. 2-B-79)

Location: 120 ft. north and 1 ft. east of southwest corner of sec. 31,
T. 32 N., R. 45 W.

Ground altitude: 3,870 ft. (Hay Springs 7.5-minute quadrangle)

Depth to water: 40.4 ft, (May 14, 1979)
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Test hole 32N-45W-31ccc ~ continued

Depth, in feet

From To

Soil and subsoil. .. ..o il 0 7
Upper Harrison:
Siltstone and silt, mostly very sandy, mostly yellow-
brown; sand is mostly very fine; limy zZones common..... 7 115
Sand and sandstone, silty; sand is very fine to fine
with some medium to very coarse; contains lithic
clasts and 1imy ZONeS.....cviuinrrneene s onoanonens 115 125
Monroe Creek-Harrison: (approximate contact)
Sandstone, silty, brown and yellow-brown; sand is mostly
very fine to fine and may contain some coarser grains;
containg numerous TiMmy ZONEBS.......eeveernsossonnonsson 125 150
Sandstone, very silty, mostly yellow-brown; grades to
very sandy siltstone in parts; sand is very fine with
some fine, 1imy ZONES COMMON. . .uvernrvmrnrernosnenronsns 150 230
Siltstone, very sandy, mostly yellow-brown; grades to
very silty sandstone in many parts beldw 260 ft.;

sand is very fine; limy zones commON.........evvveveens 230 310
Silt and siltstone, sandy, yellow-brown; sand is very _

fine; contains some 1iMy ZONES......c. v v ivvvrannenunrs 310 340

Gering:

Sand and sandstone, silty, light yeliow-brown; sand is

very fine to fine with some medium............cvvvuveen 340 360
Sand and sandstone, silty, yellow-brown; sand is fine to

medium and contains lithic clasts and limy zones....... 360 367

Sand and sandstone, silty, light yellow-brown; sand is

very fine to fine with some medium below 380 ft.;

possible volcanic ash bed from 370-371 ft.; contains

lithic clasts from 371-376 ft.; sandy silt in parts.... 367 384
Sand, very fine to very coarse, yellow-brown; contains

lithic fragments below 390 ft. and some gravel below

400 ft.: probably silty. ..o it iiiireerennnenas 384 406
Silt, sandy, yellow-brown: sand is very fine............. 406 414
Sand and sandstone, silty, light yellow-brown: sand is

very fine to very coarse and contains lithic clasts..... 414 VA

Silt. very sandy, pale brown and yellow-brown, with some

interbedded silty sand: sand is very fine; contains

few Tithic clasts from 421-428 ft...... ... rinrvnnnn 421 434
Sand, very fine to very coarse, with some gravel......... 434 440

Beaver Wall siltstone:

Silt and siltstone, sandy, yellow-brown; sand is very

fine; contains some Timy ZONES. ... rinenennoes 440 508
Sand and sandstore, silty, light yellow-brown and pale

hrown; sand is very fine except below 520 ft. where

it is very fine to medium and contains lithic clasts... 508 525
Silt and siltstone, sandy, yellow-brown; sand is very

fine: some lithic clasts from 539-.540 ft. and

547-564 ft.. grades to very silty sand, very fine

to medium from 547-560 ft. .. ... iininreiiirnne e 525 580



Test hole 32N-45W-31ccc - continued

Sand and sandstone, very fine to very coarse, pale
brown, with interbedded sandy silt; contains lithic
clasts and Timy zones in partS....cveeveievnnnnennnnns
Whitney:
Silt, slightly sandv, mostly slightly clayey, yellow-
brown and brownish yellow; sand is very fine; contains
some small Timy ZONeS....uviieirnennrorenronnornnns vees

Test hole 32N-47W-33cbe
(Field No. 15-B-78)

Depth, in feet

From

580

604

To

604

740

Location: About 1,420 ft. north and 8 ft. east of southwest corner sec. 33,

T. 32 N., R. 47 W,

Ground altitude: 4,080 ft. {Chadron 3 NE 7.5-minute quadrangle)

Depth to water: 131.3 ft. (October 30, 1978)

Quaternary:
Road fill. ..ttt it itereeearnencenenunnnnnns
Silt, slightly sandy, pale brown; sand is very fine......
Gravel and sandy silt; gravel composed of 1ithic clasts..

Upper Harrison:
Silt and siltstone, very sandy, light brownish gray with
some olive-brown at base; grades to very silty sand in

parts; sand is very fine to fine.........cccvvivnnn...
Sand, very silty, light olive-brown; sand is very fine
£ T 0 1 £ T3

Sand, slightly silty, light olive-brown; sand is very
fine to fine with some medium to coarse; few limy
L 111 =33 O PN

Monroe Creek-Harrison:

Sandstone, very silty, and siltstone, very sandy, mostly
brown; sand is very fine to fine; numerous hard limy
401413

Sandstone and sand, mostly very silty, mostly light
yellow-brown; grades to very sandy silt in one part;
sand is mostly very fine with some fine in parts; limy
zones common; volcanic ash from 270-271 ft......... teee

Silt and siltstone, very sandy, mostly yellow-brown;
sand is very fine; 1imy ZONES COMMON. ... vuervvnenenann

Silt, slightly sandy, brown and pinkish-brown; sand is
very fine; contains a few limy zones; lost circulation
I L1 A

113

Depth, in feet

From

N Oy O

14
40

55

68

110
282

374

To

12
14

40
55

68

110

282
374

430



Test hole 32N-47W-33cbc - continued
Depth, in feet

From To
Gering:

Sand and sandstone, silty, yellow-brown to light gray

with some pale olive in lower part; sand is mostly

very fine to fine;, below 442 ft., contains trace

medium sand to fine gravel and lithic clasts; some :

interbedded silt.. . i it iiiriniiniiieinronnncannonnnns . 430 451
Sand and gravel, fine sand to fine gravel, poorly sorted. 451 453
Sand and sandstone, slightly silty, mostly very pale

brown; sand is very fine to fine; contains some sandy

silt, lithic clasts, and a few iimy zones in parts..... 453 510
Sand, very fine to fine with some medium to coarse;

numerous 1ithic €lastS..v.vriririienrnenenanesnans cees 510 519
Silt, pale brown; Timy in PartS...c.eeieeeveverecrovnocans 519 523

Sandstone, silty, brown, with some interbedded sandy

silt and pink c]ayqtone, sand is very fine to fine;

Tithic clasts COmMmMON in partS.....ivirveeeenrenceenonns 523 543
Silt, slightly clayey, pale green and pxnk with some

interbedded silty sandstone and, in lower part,

claystone; sand is very fine; lithic clasts occur

R T o 1 L 543 563
Silt, mostly very sandy, light brown, with some inter-

bedded silty sand; sand is mostly very fine............ 563 576
Sand, silty, yellow-brown; sand is very fine............. 576 583
Silt, light gray and pale brown........vovvievernoennns . 583 585
Sand, silty, 1ight brown; sand is very fine with some

fine; limy below 888 ft. .. ... i iiiiiii e 585 589
Conglomerate composed mostly of Vithic clasts............ 589 590
Sand, slightly silty, brown, grading downward to sandy

silt; sand is very fine with some fine.......cvvuuvu... . 590 596

Whitney: '

Silt, slightly clayey, pink and light brown; limy zones '

common; lost circulation at 630 ft.......covivivnnnrnn 596 630

Test hole 33N-41W-5bbc
(Field No. 17-8-79)

Location: 922 ft. south and 23 ft. east of northwest corner of sec. 5,
T. 33 N., R. 41 W.

Ground altitude: 3,696 ft. (Gordon 7.5-minute quadrangle)

Depth to water: 81.9 ft. (July 23, 1979)

Depth, in feet

From To
Soil and subsoil..... ..., Ceeeereeeans Ceeeans 0 5
Upper Harrison:
Silt and siltstone, mostly moderately sandy, slightly
clayey, yellow-brown and brown; sand is mostly very
fine; contains small limy zones which are more common

BEIOW 70 Fl. i tenarinit i it iiinensenoevnonnsnsnnnennns 5 116



Test hole 33N-41W-5bbc - continued

Sand and sandstone, silty, yellow-brown and pale brown;
sand is very fine to fine with trace of medium to very
coarse; finer grained from 122-130 ft.; more coarse to
very coarse sand with trace of fine gravel below 130
ft.; some small Jimy ZONeS....cvivre i rneeneoennnenns

Sand and sandstone, very silty, grading to very sandy
siltstone in a few parts, gray-brown; sand is very
fine to fine; limy zones abundant......................

Sand and sandstone, silty in parts, gray-brown; sand
is very fine to medium with trace of coarse sand to
fine gravel; limy zones common; contains lithic clasts
below 167-181 ft.; slightly finer grained and lime-
cemented below 181 ft.. .. it iriinnnrann e

“onroe Creek-Harrison:

Sandstone, very silty, grading to very sandy siltstone
in parts, mostly brown; sand is very fine to fine
with trace of medium from 198-202 ft.; small limy
ZONES COMMON. ¢ttt ettt e s easnsneesosnnsoeasonoennoenanns

Silt and siltstone, mostly very sandy, clayey in parts,
brown; sand is very fine to fine; small limy zones
abundant. ... i e e s e e e

Gering:

Sandstone and sand, moderately silty, brown and gray-
brown; very silty in parts; sand is very fine to fine..

Sandstone and sand, very fine to fine with some medium,
gray-brown; very silty and finer grained from
302-306 ft.; lime-cemented from 306-309 ft.; more
medium sand and silty below 330 ft..........cvvvetn.

Beaver Wall siltstone:

Silt and siltstone, mostly very sandy, slightly clayey
in parts, brown; sand is very fine to fine; few small
TIMY ZOMES .t ittt ittt it e ettt

Silt and siltstone, very sandy, grading to very silty
sandstone in parts, brown; sand is mostly very fine;
sandiest from 380-390 ft......ciiviiiirnriin i

Silt and siltstone, very sandy, slightly clayey, brown;

sand is mostly very fine; small limy zones common......
Sand and sandstone; very silty, brown; sand is mostly
very fine; few small limy zones........vvveiveinnnennn.

Sand and sandstone, silty, brown; sand is very fine to
fine with trace of medium; more medium sand below
460 ft.; contains lithic clasts; lime-cemented from
452-458 ft.; and below 462 ft.. ... vrineniiinnnnnnn
Siltstone and silt, mostly slightly sandy, mostly
slightly clayey, yellow-brown; sand is very fine;
contains some small 1imy ZOMES.....vvv'venenrennreinnnnn

115

Depth, in feet

116

135

150

185

220

270

297

335

380

410

430

448

463
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150

185
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297

335
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410
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448

463

490

C



Test hole 33N-42W-14ddd
(Field No. 16-8-79)

Location: 284 ft. north and about 7 ft. west of southeast corner of sec. 14,
T. 33 N., R. 42 ¥,

Ground altitude: 3,603 7t. (Gordon 7.5-minute quadrangle)

Depth to water: 39.3 ft. (July 23, 1979)

Depth, in feet

From To
Quaternary:
2o e R i T 0 1.5
Clay, silty, very dark Gray...c..veeievonrnrnnncosannensas 1.5 6
Sand and gravel; gravel predomwnantly ]lthIC clasts...... 6 10

Upper Harrison:
Silt and siltstone, mostly moderately sandy, mostly
slightly clayey, yellow-brown with some brown; sand is
mostly very fine; contains some small limy zones....... 10 90
Silt, very sandy, grading downward to very silty sand,
yellow-brown; sand is mostly very fine; contains
Tithic clasts of gravel size below 95 ft............... _ 90 96
Monroe Creek-Harrison:
Sandstone and sand, mostly moderately silty, gray-brown;
sand is very fine to fine; limy zones abundant......... 96 139
Sandstone and sand, very silty, grading to very sandy
siltstone in parts, brown; sand is mostly very fine

with some fine; limy zones abundant...... Cerrrecenrseas : 139 147
Gering:

Sandstone and sand, moderately silty, gray-brown; sand

is very fine to fine; contains some small limy zones... 147 160
Sand, very fine to fine with some medium, brown to gray-

brown; contains some 1ithic clasts.....covvvereerovennss 160 185
‘Sandstone, very silty, lime-cemented, gray; sand is very

FIME, ittt iinrinernoenesaneeseesrunnoansnsnensancnns cean 185 186

Sandstone, very silty, grading to verysandys11tstone,

slightly clayey, brown; sand is very fine; limy

ZONES COMMOM e v v vt ot toeonenevronnoananossnsnnsonnnassosrss 186 204
Sand and sandstone, very fine to fine with some medxum

and trace of coarse, gray-brown; contains trace of

Tithic clasts; silty and limy at 147 P . 204 216
Sandstone, very silty, brown; sand is very fine to fxne 216 220
Sand, fine to medium with trace of coarse, brown; finer .

grained and limy below 222 ft......covvivinnnnnrnnnnnn 220 223

Beaver Wall siltstone:
Silt and siltstone, slightly to very sandy, slightly
clayey in parts, brown and yellow-brown; grades to
very silty sandstone in a few parts; sand is very
fine to fine; limy zones common to abundant in parts... 223 434
Silt very sandy, grading to silty sand, pale brown; sand :
is very fine to fine with a trace of medium; contains
some lithic clasts below 459 ft.; limy zone from
458-459 ft. .. i vrenenres e et e Ceree e 434 465

116



Test hole 33N-42W-14ddd - continued

C

Depth, in feet

From To
Silt and siltstone, slightly to very sandy, slightly
clayey in parts, brown; sand is mostly very fine;
contains some small Jimy ZONMES.....vvevrininrnnnrnnnn.s 465 530
Interbedded silty sand, sandy silt, and some claystone;
brown in color; sand is mostly very fine............... 530 551
Silt and siltstone, mostly slightly sandy, mostly
slightly clayey, mostly brown; sand is very fine:
contains some small Timy ZOMES.....veireeenerennnnnennn 551 650
Nonpareil ash zone:
Very ashy silt and very impure volcanic ash, pale brown.. 650 668
Whitney:
Silt and siltstone, slightly sandy, slightly clayey,
brown to gray-brown........ceteiriierrrevrereenasranans 668 680

Test hole 33N-44W-23bcc
(Field No. 15-8-79)

Location: About 2,440 ft. south and 51 ft. east of northwest corner of
sec. 23, T. 33 N., R. 44 W,

Ground altitude: 3,860 ft. (Clinton SW 7.5-minute quadrangle)

Depth to water: 140.9 ft., (July 7, 1979)

Depth, in feet (l
From To
01d road fill. ... e ittt eenennoanosonsennsanes 0 5
Upper Harrison:
Silt and siltstone, slightly sandy, light brown; sandier
below 40 ft.; sand is very fine to fine; few limy
.4 11 -1 5 66
Sand and sandstone, silty, pale brown; sand is very fine
to medium with trace of coarse and very coarse sand.... 66 80
Sand and sandstone, very fine to medium with some coarse
to very coarse, olive-brown; silty and limy in parts;
contains lithic clasts up to fine-gravel size.......... 80 113
Sand and sandstone, silty, limy, white; sand is very
fine to fiNE. .. i iiiinienennernrroeennensecaansnsnans 113 116
Monroe Creek-Harrison:
Silt and siltstone, sandy, light brown and light yellow-
brown: sand is mostly very fine; abundant hard limy
zones from 116-181 ft......oiiiiiiiiiiinriiiinnanerenn. 116 200
Gering:
Sand, silty, light brown; sand is very fine to medium.... 200 210
Sand and sandstone, very fine to coarse, much fine to
medium; Tithic clasts abundant; contains some inter-
bedded silty sand........cccvveriririrennriereeeonnennns 210 230
Silt, sandy, light brown; grades to silty sand in lower
part; sand is very fine to fine.....oveeviinenneeoeenns 230 240 (E?



Test hole 33N-44W-23bcc - continued

Depth, in feet

From To

Sand and sandstone, very fine to fine, light brown;

lithic clasts abundant; contains some interbedded

STty SANd. .. ittt iie i ieerrennrennenasessannonens 240 262
Siltstone and silt, very sandy, ye]]ow—brown and brown;

sand is mostly very fine; limy zones abundant.......... 262 272
Silt and siltstone, strong brown; sandy and contains

Timy zones below 288 ft...v.viveriiennrenennennnenanens 272 296
Sand and sandstone, silty, brown; sand is very fine to

1 1T 2 296 300
Sand, and sandstone, very fine to fine with some medium

and trace of coarse, light brown; contains some inter-

bedded silty sand and some lithic c¢lasts; 1ime-

cemerted below 312 fl.. ... iiniiiiiieerireneonnrnnsons 300 313
Sand, very fine to fine, light brown..........vevuvvnees 313 317

Silt and siltstone, slightly sandy, 11ght yel]ow brown;

sand content increases downward; sand.is very fine

to fine; Timy below 329 ft. ... .iiiieirinrrernnennnsnnens 37 330
Sand, very fine to medium, light brown; lithic clasts

common; contains some interbedded silty sand and,

near base, siltstone........... Cevenmceesaste e 330 342
Volcanic ash, very pale brown......c.vieeiveneeaennsonens 342 334
Silt and siltstone, mostly slightly sandy, brown; sand

is very fine..... i i et iienrnennnes e erenaren 344 355
Sand, silty in parts, brown; sand is very fine to fine

with some medium. . ...i.irinrinenernnieeooannansannns 355 363
Silt and siltstone, sandy, light brown; limy zones

COMMODN . vt e s s enoonsnsesnsoveornvonenssancasenassnnnss 363 373
Sand and sandstone, silty in parts, brown and pale

brown; sand is very fine to medium; few 1imy zones..... 373 382
Silt and siltstone, sandy, brown and pinkish brown; sand

is very fine to fine; few limy zones..........vvevunne. 382 390
Sand, silty, very pale brown; sand is very fine to fine

with some medium. .. ...t iivrinuinnnnnernononnses vese 390 395

Silt and siltstone, slightly sandy, brown; sand is very

fine; contains some silty sand from 406-413 ft,; few

TIMY ZOMES . ittt ittt tnsnoeonnassennsensennsnasonns 395 430
Sand and sandstone, silty, pa]e brown and brown; sand '

is mostly very fine to fine with some medium; lithic

clasts common in parts; limy at base.......ccovvvnvnnne 430 467
Beaver Wall siltstone?: (could be Whitney)
Silt and siltstone, mostly brown, few small limy zones... 467 560

Test hole 33N-45W-31dad
(Field No. 17-B-78)

Location: About 1,600 ft. north and 128 ft. west of southeast corner of
sec. 31, T. 33 N., R. 45 W,

Groun¢ altitude: 3,985 ft. (White Clay SW 7.5-minute quadrangle)

Depth to water: Unable to measure
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Test hole 34N-42W-24aba
(Field No. 18-B-79)

Llocation: About 7 ft. south and about 1,640 ft. west of northeast corner of
sec, 24, T. 34 N., R. 42 Y.

Ground altitude: 3,755 ft. (Gordon NW 7. 5-minute quadrangle)

Depth to water: Unable to measure

Depth, in feet

From To
Tep so0il and subsoil.....vviviienninens e e erressraaana 0 6
Upper Harrison:

Silt and siltstone, mostly slightly sandy, mostly

'slightly clayey, yellow-brown and brown; sand is

mostly very fine; small limy zones common from

T T i 6 94
Silt, very sandy, grading to sand, very silty, brown,

sand is mostly very fine....cviveteneininnnennnss ceenans 94 100

Sand, very silty, brown; sand is very fine to fine with

some medium and rare coarse grains; less silty and

Coarser downward, ... .. iiieeerrenrireererenereneaonannes 100 106
Sandstone and sand, silty in parts, mostly brown, sand

is very fine to medium with rare coarse grains;

contains lithic clasts below 122 ft.; limy zones

AbUNdaNt. .. i e et ittt e, 106 130
Sand and sandstone, silty in parts, brown, sand 1s f1ne

to medium with trace of coarse to very coarse; trace

of crystalline fine gravel from 130-147 ft.; lithic

clasts common from 130-147 ft., some of fine-gravel

size; finer grained and siltier from 147-150 ft.;

small Timy ZONES COMMON. ...uuvurvireensneennnnsannnnnnns 130 151

fonroe Creek-Harrison:

Sand and sandstone, silty, dark gray-brown; sand is very

fine to fine with trace of medium; limy zones

T T £ 151 164
Silt and siltstone, mostly moderately sandy, yellow-

brown and brown; sand mostly very fine; limy zones

COMMON o et i et nsnuvnrerosasassonnssoassnonsonsenasane 164 200
Silt and siltstone, slightly sandy, slightly clayey,

brown; sand mostly very fine; contains some small

limy zones; sandier and less clayey below 240 ft....... 200 250

Gering:

Sandstone and sand, slightly silty, brown; sand is very

fine to fine with trace of madium; very silty from

253-206 ft. ittt ittt i i i it ceeeinses . 250 260
Sand and sandstone, very fine to fine with some medium

and trace of coarse, brown; contains some inter-

bedded very silty sandstone, very fine to fine and

some lithic clasts from 280-288 ft. and below 290 ft.;

limy zones common below 280 ft........oivvivvenennnnns 260 297
Silt, very sandy, grad1ng downward to sand, very silty,

yellow-brown; sand is very fine to fine; some small

L7 T2 T T vevaans 297 303



Test hole 33N-45W-31dad - continued

Depth, in feet

From To
Quaternary: _
1Y« 1 0 2
Silt, slightly clayey, yellow-brown.......coveivvuvnnnnn. 2 5
Sand, silty, pebbly, pale brown; pebbles are mostly
LR 1 £ K ol I B3 5 11
Ogallala:
Sand, silty, pale brown; sand is very fine to fine with
some medium sand to fine gravel; one limy zone......... N 15

Sand and sandstone, very fine to medium with some
coarse to very coarse and a little fine to coarse
gravel; contains numerous 1imy zones and some inter-
bedded Silt. .. i eiiinniii ittt renrennaneannanennanns 15 4
Upper Harrison:
Silt, moderately to very sandy, brown and yellow-brown;
sand is very fine to fine; 1imy zones common in upper
0 o 3 41 101
Sand and sandstone, silty in upper part, brown and
yellow-brown; sand is fine to very fine; trace of
medium sand from 120-134 ft.; and trace of coarse sand
below 130 ft.; contains some limy zones.............. .. 101 134
Monroe Creek-Harrison:
Sand, mostly moderately silty, mostly brown; sand is

very fine to fine; contains few limy zones............. 134 189
Mostly silt, very sandy, yellow-brown and brown; sand is
very fine to fine... ..ottt iiiiaarnnnnnn 189 225
Gering:

Sand, silty, light brown and light gray; sand is very

fine to fine; contains lithic clasts from 225-230 ft.;

few Timy ZONES. .. vttt iiiiineenrnnreeannaeanenonenannns 225 243
Sand and sandstone, silty in parts with small amount

of pink claystone; sand is very fine to medium with

some coarse; lithic clasts and limy zones common....... 243 254

Beaver Wall siltstone:

Silt, sandy, yellow-brown to brown; grades to very silty

sand is one or two parts; sand is mostly very fine..... 254 460
Silt, very sandy, and sand, very silty, yellow-brown;
sand is very fine to fine; contains lithic clasts...... 460 . 468
Nonpareil ash zone:
‘Volcanic ash, very impure, very pale brown............... 468 473
Silt, slightly sandy, yellow-brown; sand is very fine,... 473 489
Silt, very sandy, brown; sand is very fine to fine;
Tithic clasts COMMON. . ...t eirt it iiiienniernnnnnnns 489 508
Whitney: '

Silt, slightly sandy, slightly clayey, mostly yellow-
brown and brown; very sandy in parts; sand is very

£ - 508 554
Silt, slightly clayey in parts, light brown............. 554 600
Silt, slightly to moderately clayey, mostly brown;

contains a few 1imy zOnesS......viiveiirenrnennnnns 600 796



Test hole 34N-42W-24aba - continued

Sand and sandstone, silty, yellow-brown; sand is very
fine to fine with some medium at top; limy zones
COMMON .+ v ve e vt enssunnensosononaoassosasosnssaansnansss
Beaver Wall siltstone:
Silt and siltstone, moderately to very sandy, mostly
slightly clayey, vellow-brown; sand is very fine;
small 1imy ZONeS COMMON. ... .uveuneerneenennneonnnnannns
Sand, silty, brown; sand is very fine to fine with trace
of medium and lithic clasts; very silty in parts and
grades to sandy silt in parts; some small limy zones...
Silt and siltstone, mostly very sandy, yellow-brown;
sand is mostly very fine; some small limy zones........
Sand, very silty, yellow-brown and brown; sand is very
fine to fine; trace of lithic clasts from 400-410 ft.;
some small Timy zones below 415 ft... . .....cvvenvnnnn..
Siltstone and silt, slightly to very sandy, yellow-
brown; sand is mostly very fine; some small limy zones.
Sand and sandstone, mostly very silty, brown; sand is
mostly very fine with some fine; contains trace of
medium from 470-476 ft.; more fine sand and less silty
below 480 ft.; few small Timy zones.......oovvuunn e
Silt, very sandy, brown; sand is very fine to fine.......
Silt and siltstone, mostly very sandy, yellow-brown and
pale brown; grades to very silty sand in parts; sand
is mostly very fine; some limy zones below 528 ft......
Silt and siltstone, mostly slightly sandy, slightly to
moderately clayey, brown; sand is very fine; contains
some SMAT] Timy ZONeS..uiuiueeeenereeeenroonnnnranrennns

Test hole 35N-41W-19bc
(Field No. 20-B-79)

Locafion: About 950 ft. south and about 600 ft. east of northwest corner of

sec. 19, T. 35 N., R. 41 W.

Ground altitude: 3,560 ft. (Gordon NW 7.5-minute quadrangle)
5.

Depth to water: 15.2 ft. (July 29, 1979)

Quaternary:
R ¢
Sand, fine to medium, brown........ciiiiitiiniinnrennanns
Silt, sandy, clayey, peaty, very dark gray...............
Sand, fine to medium, brown and olive-gray...............
Silt, sandy, clayey, olive-gray; contains some lithic
gravel in 1oWer part.......vu.iuiirineenernrnennnennns

Depth, in feet

From

313

354
374

400

420

466
493

500

540

To

313

354

374
400

420

466

493
500

540

610

Depth, in feet

From

To

25
28
46

50

C



Test hole 35N-41W-19bc - continued

Depth, in feet

From To
Ogallala:
Sand and sandstone, very fine to medium, brown; silty in _
a few parts....... C e ettt et e 50 81
Upper Harrison:
Silt and siltstone, mostly very sandy, greenish gray and
olive-gray from 81-97 ft. and pale brown below 97 ft.;
sand is very fine to fine; contains a few thin, clayey-
silt beds and some Timy ZONES.....eviveivennrorrncannns 81 110
Silt and siltstone, slightly sandy, slightly c]ayey,
Pale BrOWR. .. ittt ittt i ittt e 110 120
Siltstone, brown and pale brown; limy below 138 ft ....... 120 140

Siltstone and silt, mostly very sandy, grading to very

silty sandstone in parts, pale brown and light yellow-

brown; sand is very fine; contains a few claystone

seams in parts; limy Zones COMMON........vvvvevnreennns 140 180
Siltstone and silt, slightly to moderately sandy,

slightly clayey in parts, pale brown, brown, and light

yellow-brown; grades to very silty sandstone in parts

from 190-199 ft.: more sandy below 250 ft.; sand is

MOStly very fine....viirii ittt it reieirarennnnnenns 180 296
Sandstone and sand, very silty, mostly grayish brown

with some brown; grades to very sandy siltstone in a

few parts; sand is very fine to fine; some medium

cand with rare coarse grains below 314 ft.; limy zones

COMMON . 4 vt s entssenentonsoantnncasasoassnnsnsens Cerens 296 330
Sandstone and sand, fine to medium with a trace of

coarse, gray-brown to brown; more coarse sand below

340 ft.; rare very coarse sand and fine gravel grains

throughout: contains some lithic clasts, some of

gravel size: lime-cemented from 337-340 ft...... . 330 350

Monroe Creek-Harrison:

Sandstone and sand,Yvery silty, gray-brown to brown;

grades to very sandy siltstone in parts; sand is very

fine to fine; limy ZONES COMMON. . ... eevenrennennenns 350 365

Gering?;

Sand and sandstone, silty in parts, mostly gray-brown;

sand is very fine to fine with a trace of medium; rare

coarse grains and some interbedded claystone seams in -

parts; contains lithic clasts and some limy zones...... 365 about 385
Sand and sandstone, mostly very silty, gray-brown; sand

is very fine to fine; contains some lithic clasts and

TIMyY ZONeS . it ittt i it i ittt areentrraanannenans about 385 415
Sand, very fine to medium with a trace of coarse, very

pale brown: contains some interbedded sandy silt and

silty sand and trace of Tithic €1asts..ovnnr e invennnnns 415 420
Sand, medium to coarse with some very coarse sand and
fine gravel; contains some lithic clasts............... 420 423
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Test hole 35N-41W-19bc - continued

Depf h ) ]r]_ ~.fee t

From To
Silt and siltstone, very sandy, gray-brown; grades to
very silty sandstone in parts; sand is very fine to
fine; contains a few 1imy ZONeS.......veeerenennennnnnn 423 450
Sand, very fine to fine with trace of medium, gray-
brown; contains a few lithic clasts............ivvvonn. 450 460
Sand, very fine to fine with some medium and trace of
coarse to very coarse; contains some lithic clasts..... 460 470

Sand, medium to coarse with some very coarse sand to

fine gravel, gray-brown; contains lithic clasts and a

little interbedded silty sandstone, very fine to fine.. 470 480
Sand, very silty, grading downward to silt, very sandy,

gray-brown to brown; sand is very fine to f1ne, trace

of Tithic clasts from-480-484 ft. ... ... cviviinnnnnennn 480 490
Silt, very sandy, very slightly clayey, gray-brown;

grades to very silty sand in lower part; sand is very

M, i i i i i e et e et e et e 490 507
Sandstone, moderately silty, gray-brown; sand is fine to
very fine; probably contains trace of lithic clasts.... 507 510

Beaver Wall siltstone:

Silt and siltstone, moderately sandy, slightly clayey,

brown; more sand and less clayey below 550 ft.;

contains a few Timy ZONES......ccvvvevnvnenrvenenrnonnnn 510 560
Silt, very sandy, and sand, very silty, gray-brown to

brown; sand is very fine with some fine; limy be]ow

2 PN 560 585
Sand, very fine to fine with trace of medium, light

brownish-gray to light gray-brown; contains some

lithic clasts of fine-gravel size; 1imy and finer

grained below 593 ft. ... it iiieiiiirnnennnrnnss 585 594
Silt to siltstone, moderately to slightly sandy, mostly

slightly clayey, light yellow-brown to brown; sand

Is very fine....ieuierriineniinnennns Ceerieeirea e 594 630

Test hole 35N-41W-31cce
(Field No. 19-B-79)

Location: 322 ft. north and 12 ft. east of southwest corner of sec. 31,
T. 35 N., R. 41 W,

Ground altitude: 3,580 ft. (Gordon NW 7.5-minute quadrangle)

Depth to water: 6.8 ft. (July 23, 1979)

Depth, in feet

From To
Quaternary:
R Yo 0 3.5
Sand, fine to medium. ... ..ttt ittt ienenens 3.5 4.5
Sand and gravel; contains gravel-size lithic clasts...... 4.5 12



Test hole 35N-41W~31ccc - continued

Depth, in feet
From To

Ogallala:
Silt, sandy, clayey, with some interbedded sandstone,
light gray and light olive-gray; sand is very fine
to fine; contains some 1imy ZONesS......vvevvervennnnnns . 12 18
Sand, fine to coarse, olive..........oooviiiiiianiiae, 18 20
Upper Harrison:
Siltstone and silt, slightly to very sandy, mostly
slightly clayey, olive from 20-28 ft, and mostly
yellow-brown below 28 ft.; limy zones common........... 20 64
Sand, very fine to fine; contains some 1ithic clasts..... 64 68
Silt, moderately sandy, slightly clayey, pale yellow-
0] 414 ' 68 70
Sand, fine to med1um with trace of coarse; contains
11th1c ClASES . s it tennrnienensnsoanecssneacanonsnononenn 70 73
Silt and siltstone, slightly to very sandy, mostly
slightly clayey, mostly yellow-brown; small limy zones
COMMONM . st v teeevareesononoraconnconoosasannsnnesasonanas 73 100
Sand, very fine to medium with trace of coarse with
STTLY Clay S@AMS . . ucuvrtireieereeinusonnneneneassnansans 100 102
Siltstone and silt, mostly slightly sandy, variable clay
content, mostly yellow-brown; grades to very silty
sand, very fine in parts from 193-205 ft.; small limy
ZONES COMMOM . ottt versnvooesosasonsssoaanssasssasnsnonsss 102 229
Lime-cemented siltstone and s11ty sandstone most]y
white: sand is very fine to fine with some medium...... 229 234
Sandstone and sand, silty, pale brown; sand is very
fine to fine with some medium to coarse with rare very
coarse grains; lithic clasts common in parts and reach
medium gravel size; few small limy zones............... 234 270
Monrce Creek-Harrison?:
Sandstone, silty, gray-brown; sand is very fine to fine
with trace of medium sand from 289-300 ft.; limy zones

abundant, some as much as 2-ft. thick and hard......... 270 326
Gering?:

Sand, very silty, very fine to fine, with some light

brown Claystone. . vieiie it ierienerennrnenreenaneennens 326 329
Sand, very fine to fine, gray- brown, with few 11th1c '

o - 3 1O 329 N
Sand, fine to medium with some rnarse to very coarse

sand and trace of fine graveil; few lithic clasts..... .. 4 348

Silt, very sandy, slightly clayey, brown and yellow-

brown; sand is very fine to fine; small limy zones

COMMON . it e vttt avevonssasanssranasansonssesansonrans 348 376
Sand, very silty grading downward to slightly silty,

brown and gray-brown; sand is very fine to medium with

less medium from 376-380 ft............ revesenaoneanas 376 385
Silt, very sandy, grading to sand, very silty in parts,

mostly yellow-brown; sand is very fine to fine with

trace of medium below 395 ft.. ... et 385 410



Test hole 35N-414-31ccc - continued

Sand, moderately silty, brown; sand is very fine to fine.
Sand, slightly silty, very fine to fine with some medium
and a trace of coarse, brown; contains a few lithic

clasts up to fine-gravel size.....cviievnvncnnnnnncanns
Sand, moderately silty, very fine to fine with a trace
of medium, brown; limy zones abundant..................
Beaver Wall siltstone:
Silt and siltstone, slightly to moderately sandy,
slightly to moderately clayey, yellow-brown; contains
some sSMmall Timy Z0NeS. .. .vvtiivineiennnervroeennnronnan

125

Depth, in feet

From

410

420
430

440

To
420

430
440

470
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