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SUMMARY

Six counties of eastern Nevada contain 36 localities that include areas of exposed clay-
rich sedimentary bedrock, slightly to moderately metamorphosed derivatives of such rocks, or
both (fig. 1). In each locality one or more of these kinds of rocks constitute one or more
geologic units greater than 152 m (500 ft) in thickness and 0.8 km2 (0.3 miz) in area at the
ground surface.

The several kinds of sedimentary and metamorphic rocks considered here, kinds in which
nuclear wastes might be stored below the around surface, are referred to, for the purpose of
this report, as "clay-rich rocks.” These rocks locally meet or exceed arbitrarily selected
minimum conditions of lithology, thickness, and areal extent. These places are grouped into
localities and may be deemed suitable for further investigation. The localities identified
are in Clark, Elko, Eureka, Lincoln, Nye, and White Pine Counties.

The types of clay-rich rocks that might be useful include claystore, siltstone, shale,
and various mixtures of them, together with metamorphic derivatives which include argillite,
metasiltstone, slate, phyllite, schist, and gneiss. The geologic units that contain such
clay-rich rocks also commonly contain mixtures, interlayers, and lenses of sandstone, conglom-
erate, and limestone, and their metamorphic derivatives: quartzite, conglomerite, and marble.

Initially, the principal areas in Nevada where clay-rich rocks more than 31 m (100 ft)
thick are exposed at the ground surface were identified by searching published geologic liter-
ature. From those areas, localities that contain exposed clay-rich rocks more than 152 m
(500 ft) thick and of more than 0.8 km’
a brief descriptive text was prepared. Seven factors that might be significant in selecting

0.3 miz) in area were selected. For each Tocality

specific localities best suited for further investigation are summarized therein. The factors
are: (1) geographic location, (2) land ownership, (3) accessibility, (4) proximity to popula-
tion concentrations, (5) geologic setting, {(6) hydrologic setting, and (7) mineral-resource
activity.

INTRODUCTION
Purpose and Scope

The possibility of using rock as a medium for the underground storage or disposal of
nuclear waste materials has been recognized for several years (National Academy of Sciences/
National Research Council, 1957; U.S. Department of Energy/Office of Science and Technology Policy,
1978). Several very different kinds of rock have been suggested for this purpose. Notably
these include salt, shale, granite, basalt, and welded tuff, each of which might have one or
more useful physical or chemical properties for the purpose.
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Figure 1.--Localities containing exposed clay-rich bedrock and .
metamorphic derivatives of such rocks in eastern Nevada, N )
excluding the Nevada Test Site, described in this inventory o
report. Llocalities are numbered sequentially by counties, 350

and Nye County is arbitrarily divided into two parts.



This report contains the results of the first phase of an investigation of the geologic
and hydrologic potential for such use of exposed shale in Nevada, other clay-rich rocks, and
slightly to well-metamorphosed derivatives of such rocks. The NTS (Nevada Test Site) is
excluded from consideration here as comparable studies are being made there by others. This
investigation was made by the USGS (U.S. Geological Survey) at the request of the DOE (U.S.
Department of Energy).

The first phase of this investigation was based mainly on an examination of published
geologic and hydrologic literature, as only a few of numerous unpublished theses and disserta-
tions on the area are readily accessible. In many cases, however, the data and conclusions
in such unpublished reports are included or summarized by others, perhaps with modification,
in the published literature. Nearly all of the published geologic material was prepared by
geologists of the Nevada Bureau of Mines and Geology, the USGS and various colleges and
universities. A few of the publications were prepared by geologists in commercial enterprise
or private consulting practice. Sources of hydrologic data consist predominantly of
reconnaissance-series and water-resources reports prepared by USGS personnel for publication
by the Nevada Department of Conservation and Natural Resources.

_Procedure

Geologic 1iterature was scanned for information about clay-rich rocks in Nevada. Effort
then was concentrated mainly on the eastern part of the State for it was evident from the
geologic history, and from the literature scanned, that the finer grained, thicker geologic
units are located there. A map compilation was made of those areas in eastern Nevada where
clay-rich rocks are known to be exposed and are known to be 31 m (100 ft) or more thick.

From this compilation were selected those places where the clay-rich rocks were known to be
152 m (500 ft) thick or more, and the surface exposure is apparently larger than 0.8 km2
(0.3 mi). '

These constraints were arbitrarily selected on the following inferences: (1) a minimum
unit thickness of nearly 31 m (100 ft) might be required for underground operations as
presently contemplated, (2) a minimum unit thickness of 152 m (500 ft) might be needed for
any useful properties that clay-rich rocks might possess to be significantly effective in
containment of stored nuclear wastes, and (3) a surface area of 0.8 km2 (0.3 kmz) might be the
minimum extent required for surface facilities at a storage location. These constraints were
derived by the senior author from concepts illustrated in figures prepared by the Office of
Waste Isolation, Union Carbide Corp., Oak Ridge, Tenn., for the U.S. Energy Research and
Development Administration (now DOE) (see figs. OWI-76-118R1, p. 1-13; OWI-76-141, p. 1-14;
OWI-301, p. 6-7; and OWI-6-272, p. 1-12 in Office of Waste Isolation/Union Carbide Corp., 1976).

The places were then divided into geologically and geographically related groups, or
localities, by counties and plotted on the county-outline maps (pls. 1-7). The identified
localities are in Clark, Elko, Eureka, Lincoln, Nye, and White Pine Counties. Nye County is
represented on two maps because of its large size. Each locality was named for appropriate
geographic feature, and given a symbol consisting of two letters from the county name, and a
numerical designation. The distinctly separate parts of some localities were given letter
designations as well. Places where the thickness of a unit has been determined in the field



are indicated on the plates, and marginal information summarizes the lithologic and thickness
information available. Hydrologic information is also represented on plates 1-7. In addition,
the county maps show some highways to help the reader orient the locality within the county.
Other geographic information is not compiled on the county maps for this report; it can be
obtained from sources listed in the bibliography, notably maps in the 1:250,000-scale (2.5 km/
cm or 4 mi/in.) series published by the USGS, Lockard (1970), Lutsey and Nichols (1972),

Schilting (1976), Garside and Schilling (1977), and Payne and Papke (1977).

The main body of this report includes a brief characterization of each county as a whole,
a short description of the geologic, hydrologic, and geographic features within a 40-km (25-mi)
radius of the boundary of each locality, and a listing of source materials including biblio-
graphic references and lists of topographic maps.

- Seven topical considerations are included in each locality description.

below with brief explanatory comments.

These are listed

Geographic location.--The general location within the county, the geographic coordinates

and land-survey data for each locality constitute a major part of this topic.

Geographic coordinates are given to the nearest minute of latitude and longitude, and

land-survey data are located within 1.6 km (1 mi).
topographic maps published at a scale of 1:250,000.
location, that fact is indicated.

The information was obtained from USGS
Where land-net data represents an unsurveyed

Generalized land ownership.--Land mainly in open-space use is classed as under Federal,

State, or private ownership.

The principal Federally controlled lands include the following

subclasses, together with the name and symbol of the supervisory or trustee agency.

Subclass

Public lands
National forests

Wildlife ranges, refuges, and
management areas

National monuments and
recreation areas

Withdrawn land

Indian reservations
Military facilities

Energy research facilities
Wilderness areas

Federal agency

U.S. Bureau of Land Management
U.S. Forest Service
U.S. Fish and Wildlife Service

U.S. National Park Service

U.S. Bureau of Reclamation
U.S. Bureau of Indian Affairs
U.S. Air Force

U.S. Department of Energy

(Various agencies share
responsibilities within

specific areas of expertise.)

Abbreviation

BLM

USFS
FWS

USNPS

USBR
BIA
USAF

DOE

Land owned by the State of Nevada includes the following subclasses, but the supervisory
State agencies are not identified in this report.

Wildlife areas
Scenic areas
Stock driveways
Recreation lands

Highways (both State and Federal) and

secondary roads
Natural areas
State parks

4



Areas and distances given are intended to characterize the locality and its vicinity, and
are not intended to be encyclopedic. Where given, these data are estimated mainly from Lutsey
and Nichols (1972) and partly from topographic maps of the 1:250,000-scale series published
by the USGS. .

Distances were measured to the nearest one-tenth of a mile, converted to kilometers,
then reduced to the nearest whole mile and kilometer, unless the distance was found to be less
than 1.6 km (1 mi). In that case the distance was converted, but no reduction was made. Some
areas were estimated by counting square miles. These were then converted to square kilometers,
and are reported to the nearest square mile and square kilometer. In other areas, the relative
percentages of different kinds of open-space land ownership were estimated by inspection.

Areas were estimated and converted, and are reported to the nearest square mile and square
kilometer.

Accessibility.--This topic considers the proximity of a locality to Federal highways,
State routes, secondary roads, trails, railroads, petroleum,and natural-gas pipelines, power-
transmission lines, and public water-supply pipelines. Distances from a locality boundary to
such features were measured and are reported as were distances for land ownership. The features
reported, and their distances from localities, are taken mainly from Lockard (1970), and in
part from topographic maps published at a scale of 1:250,000 by the USGS.

Remoteness.--The proximity of localities to cities, towns, and villages for which the
population was reported in the 1970 Federal census is given. Place names and census data are
taken from Rand McNally (1977); distances were measured and reported in the same manner as were
those in land ownership.

Geologic setting.--This topic includes the names of all clay-rich units present, and
briefly describes the lithology and thickness of those more than 152 m (500 ft) thick as
reported in geological publications. The information is compiled from numerous publications by
many geologists; their maps were prepared at differing scales, and so can differ in the degree
of detail represented.

Most thicknesses given in the literature for geologic units are calculated from map data,
and are approximate. Places where the thickness of units were measured in the field are shown
on the county maps, and the thickness given. Unit thicknesses are consistently reported in
" feet and inches in the literature. Here they are converted and reported to the nearest meter
or centimeter and shown to the nearest foot or inch.

Hydrologic setting.--The generalized position of each area in the regional ground-water

flow system or systems, and the drainage basin or basins in which the locality is located, is
given. The nearest significant discharge areas are identified insofar as the available litera-
ture permits, and distances to these areas were measured and are included in the text.

Mineral-resource activity.--The direction and distance to active metal and nonmetal mines,
inactive mining districts, patented lode-mining claims, petroleum and natural-gas test holes,
and oil fields are given. Sand, gravel, and crushed-rock pits are not included. The data is
taken from Schilling (1976), Payne and Papke (1977), and Garside and Schilling (1977). Distances
are measured and reported as are those for land ownership.




Regional Setting

Eastern Nevada is characterized geomorphically by numerous rugged, assymetrical mountain
ranges that trend northward and that are separated by flat-floored alluvium-filled valleys.
The ranges are tilted segments of the Earth's crust that are bounded by normal faults, and
that are broken by other normal faults into blocks that differ in size, shape, cross section,
and the attitude of the geologic units that compose them.

The rocks, faults, and folds of the ranges commonly are readily apparent, for the soil
mantle is thin. Igneous, sedimentary, and metamorphic rocks are present in all of the ranges.
Those rocks of sedimentary origin, in part more or less modified by metamorphism, constitute
four groups of strata that represent the four eras (fig. 2) of geologic time. Strata of the
first, second, and fourth groups are included in this report. Strata of the second group
commonly are present in the localities described herein, in part because clay-rich rocks are
relatively common in the group, and in part because normal faulting has caused repeated
occurrence of the clay-rich units.

The character of the environment in which the first, or Precambrian, group of sedimentary
strata--now more or less well metamorphosed--was deposited, and the time or times during which
the metamorphism occurred is not clear. Their mineral composition indicates that in part they
are metamorphosed equivalents of sedimentary units similar to those of the second group and
they had a similar depositional environment.

Sedimentary strata of the second, or Paleozoic, group--also now more or less metamorphosed--
were derived from a probably mountainous source area {geanticline) and deposited in a broad,
elongate sea adjacent on the east. The sea occupied a trough (geosyncline) that trended north-
northeast across eastern Nevada. Clastic sediments were deposited in this sea mainly adjacent
to the source area, whereas deposits that later became limestone and dolomite were dominant
farther east. Local changes, mainly in the elevation of the source area, the capacity and
competency of the drainage, the character of the marine currents, and depth of the sea floor,
caused continuing local changes in the 1ithology and thickness of the sedimentary beds as they
were deposited. Late in the early part of the accumulation process (about Late Devonian time),
horizontal stresses in the Earth's crust caused folding of the strata, and a major system of
thrust faults (the Roberts Overthrust System) developed. These thrust faults caused lateral
displacement of successive sheets of the deposits eastward, and a sequence of such sheets has
been identified in most of the ranges.

Strata that accumulated during the third (Mesozoic) era were deposited in separate marine
basins, and are sparse in eastern Nevada. None meet the arbitrary constraints selected for
this report. The era, however, is noted for development of a second (Sevier) overthrust-fault
system located chiefly in what is now the State of Utah. The thrust faulting was accompanied,
and perhaps followed, by extensive normal faulting that formed the faulted, tilted crustal
segments that now constitute the mountain ranges. Most ranges in eastern Nevada are tilted
downward toward the east, but there are some exceptions. Igneous activity also became
significant during this era.

During the fourth (Cenozoic) era, sediments that accumulated in eastern Nevada were wholly
continental rather than wholly or partly marine. One of the geologic units deposited was
clay rich and sufficiently thick to be included in this report. At this time the plutonic and

6
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Figure 2.--Diagrammatic representation of the principal divisions of geologic time. Height of
space between boundaries is proportional to known or inferred duration of each division;
time approximate; all figures in million of years.
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volcanic activity that had become significant during the Mesozoic Era now became dominant;
this activity is represented today by the basaltic lava flows commonly observed and the wide-
spread deposits of acidic volcanic tuff. Normal faulting continued as well. In addition,
erosion continued to shape the fault-block ranges, and the eroded sediment was deposited
between the ranges, accumulating to depths as great as about 400 m (1,200 ft), to form the
nearly level modern valley floors.

The stratigraphic sequence of eastern Nevada is thus very complex. One geologic unit
may be identifiable in various parts of several adjacent ranges, whereas another unit of equal
significance in this report may be known only in a single range. In addition, significant
differences in the lithology and thickness of a geologic unit can occur both from range to
range and even from one part of a single range to another part. These changes in lateral
extent, lithology, and thickness all reflect the continuing change in the environment of
deposition mentioned above, and in part reflect the observations and opinions of the individual
geologists who mapped different areas.

Table 1 of this report lists alphabetically only those geologic units named in this text,
shows the geologic age of each unit as accepted by the USGS, and identifies the localities
where the unit is described and may be suitable for further investigation. Those readers who
wish to relate a unit to its position in geologic history and thus to geologic events outlined
above, can ascertain the age in table 1 and then determine its proper group from figure 2.
Actually, the geologic age of a unit is not of itself a direct factor in determining physical
or chemical characteristics of the unit, and so is of Tittle concern in this report.A The best
and most comprehensive effort at correlation of geologic units in Nevada is that prepared by
the Stratigraphic Committee of the Eastern Nevada Geological Society (1973); it systematically
includes references published prior to 1965.

Eastern Nevada is considered arid, but the amount of precipitation differs locally; in
general, it increases from south to north and with increasing altitude. The valley floors,
which are characterized by a desert climate, receive as little as 8 cm (3 in.) of rain per
year. Vegetation on them is thin to sparse, and is most dense around springs and in areas of
shallow ground water. The mountains, which rise 1,000-2,000 m (3,000-6,000 ft) above the
valley floors, receive larger amounts of moisture, and precipitation can exceed more than 62 cm
(25 in.) per year on the crests of the northern ranges. Vegetation on ranges in the southern
part of the State is generally sparse or absent, but conifer forests commonly mantle those in
the north.

The present surface drainage in Nevada is distinctive for its basically internal character
(fig. 3). Extensive master drainage routes are recognizable, but none has experienced through
flow on the ground surface in historic time, and hydrologic evidence indicates that these routes
have not had significant surface through flow since the Great Ice Age--the Pleistocene Epoch. The
perennially flowing Colorado River is the dominant river of the region. In Nevada, the sole
perennially flowing tributary is the Virgin River of Utah, which enters the Colorado River in
Clark County, Nev. Neither river receives through flow from the four other master surface
drainage routes of eastern Nevada. These routes are: (1) the Las Vegas Valley route of southern
Nye and Clark Counties, which trends southeastward through Las Vegas directly to the Colorado
River, (2) the White River Valley drainage route which heads in southern White Pine County and



Table 1.--Alpahbetical 1list of major geologic units and subunits referred to in this report,

together with the geological age of each as used by the U.S. Geological Survey and a

1isting of those localities wherein the unit may be suitable for further investigation

Geologic unit or subunit

Geologic age

Localities where described

Argillite of Lee's Canyon (informal
name used by Smith and Ketner, 1975)

Cabin Shale
Carrara Formation
Chainman Shale

Dunderberg Shale
Eleana Formation

Kanosh Shale
Lincoln Peak Formation
Mayflower Schist

McCoy Creek Group of Misch and
Hazzard (1962)

Osceola Argillite, possible
correlative of subunit G,
both of Misch and Hazard
(1962)

Strawberry Creek Formation,
possible correlative of
subunit E, both of Misch
and Hazzard (1962)

Subunit C of Misch and Hazzard
(1962)

Subunit B of Misch and Hazzard
(1962)

Ninemile Formation

Ordovician-Cambrian shale and
lTimestone (informal name used by
Kleinhampl and Ziony, 1967)

Patterson Pass Shale of Kellogg (1963)
Pilot Shale

Pioche Shale

Poorman Peak Formation of Coash (1967)
Secret Canyon Shale

Schoonover Formation of Fagan (1962)
Sheep Pass Formation

Early Mississippian(?)

Early Cambrian
Early and Middle Cambrian

Early -and Late
Mississippian

Late Cambrian

Late Devonian to Late
Mississippian; locally
Mississippian only

Middle Ordovician

Middle and Late Cambrian
Ordovician(?)

Late Proterozoic

Late Proterozoic

Late Proterozoic

Late Proterozoic
Late Proterozoic

Early and Middle
Ordovician

Ordovician and Cambrian

Middle Cambrian

Late Devonian and
Early Mississippian;
locally Late Devonian
only

Early and Middle
Cambrian; locally
Early Cambrian only

Permian(?)

Middle Cambrian
Mississippian to Permian
Cretaceous(?) to Eocene

Stoneberger Shale of Kay and Crawford (1964)0rdovician

Toquima Formation

Unnamed clay-shale unit (informal name
of Ekren and others, 1971)

Webb Formation
Wood Canyon Formation

Woodruff Formation

Ordovician
Middle Cambrian

Early Mississippian

Late Proterozoic and Early
Cambrian

Early to Late Devonian

EL-6

(none)
CL-1, NS-1

EL-3, EL-5, EL-6, EL-7,
EU-1, EU-2, LI-1, LI-2,
LI-3, LI-6, NN-3, NN-4,
NN-5, NN-6, WP-1, WP-2,
WP-3, WP-4, WP-5, WP-6,
WP-7, WP-8, WP-9, WP-10,
WP-11, WP-12

NN-2, NN-4, WP-4
NN-2

WP-6

WP-8

(none)

EL-4, WP-3, WP-4

Wp-3, EL-4

WP-3, Wp-4

WP-3, WP-4
WP-3, WP-4
(none)

NN-1

LI-2

WP-2, WP-3, WP-4, WP-5,
WP-6. WP-7

L1-2, LI-4, LI-5, LI-7,
WP-2, WP-3, WP-4

EL-2

EU-2, WP-3, WP-11
EL-1

WP-9

NN-4

(none)

NS-1

EL-6
NS-1

EL-6
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extends south and southeast into the Moapa Valley, a tributary of the Virgin River valley;

(3) the Amargosa River valley drainage route of southwestern Nye County; it follows a circuitous
route southwest to Death Valley, Calif.: and (4) the perennially through-flowing Humboldt River
of Elko County and northeastern Nevada,which disappears in theHumboldt Sink of western Nevada.

Most precipitation on the mountain ranges evaporates; the remainder migrates toward the
valleys, in part as surface flow and in part as ground water. The surface runoff generally
sinks into the ground on reaching the valley alluvium, but occasionally can flow across the
surface to temporarily flood playas that are commonly present on the floors of undrained
(closed) valleys. Ground water in the ranges locally reaches the alluvial surface near the
valley margins, or it may enter the valley alluvium well below the ground surface. Wherever
ground water is at or near the alluvial surface, large amounts are lost by evaporation and by
transpiration from vegetation.

The ground water that saturates the alluvial beds and underlying volcanic rocks of most
valleys is part of an underground flow system that is represented on the county maps and
summarized on figure 4. Each system includes one or more of several valleys, and one system
may be tributary to another. Discharge from a system ultimately may be into an adjacent State,
or it may be totally within Nevada.

There are 10 ground-water flow systems wholly or partly in eastern Nevada that eventually
discharge into adjacent States. These externally drained systems are the Snake River, Great
Salt Lake Desert, Snake Valley, Sevier Desert, Virgin River Valley, Sarcobatus Flat, Pahute
Mesa, Ash Meadows, White River Valley, and the Las Vegas Valley ground-water systems.

Nine ground-water systems wholly or partly in eastern Nevada have internal drainage, and
thus do not discharge into an adjacent State. Three of these systems involve only a single
valley, and are wholly in eastern Nevada; they are the Gabbs Valley, Monte Cristo Valley, and
Pennoyer (Sand Springs) Valley ground-water systems. Five of the nine involve more than one
valley, and are wholly or partly in eastern Nevada; the five are the Newark Valley, Diamond
Valley, Railroad Valley, Clayton Valley, and Ruby Valley ground-water systems. The last of the
nine, the Humboldt Valley ground-water system, is intimately associated with the perennially
flowing Humboldt River surface drainage system of northeastern Nevada, and T1ike it flows south-
west to terminal discharge in the Humboldt Sink of western Nevada.

Future Investigations

As this report is the first phase of an investigation of clay-rich geologic units in which
nuclear wastes might be stored in eastern Nevada, consideration has been given only briefly to
the seven geographic, geologic, hydrologic, and mineral-resource factors previously listed.
Subsequent phases of the investigation should develop in greater thoroughness three of the
factors already touched upon, these are (1) the geologic character of the rocks, especially
their lithology and structure; (2) the hydrologic character of the localities and adjacent
regions; and (3) mineral-resource assessment of mineral-resource areas. In addition, investiaa-
tion of at least two additional factors not included in this report should be undertaken for
any locality that might be selected for further study. These factors are (1) the topographic
characteristics of relief, slope, and terrain; and (2) ceophysical and seismic characteristics,
Tocation of earthquake epicenters and intensities, and tectonics.
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The present investigation has considered only the 1ithology, thickness, and areal extent
of exposed clay-rich bedrock. Thus, neither the attitude of the formation, nor the character
of any folding has been considered. Examination of these structural characteristics might
increase the potential for nuclear waste storage in some geologic units.

From the imposed constraint of exposed clay-rich rock it is inferred that (1) construction
of an underground storage facility in a single, homogeneous, structurally simple geologic unit
of considerable areal extent at the ground surface is preferred, and (2) the thickness of the
unit should be great enough to permit sufficient depth of emplacement to provide a factor of
safety for long-term containment. Thorough field investigation will be essential in order to
confirm the favorable attributes of a potential storage area.

Future field investigations must include studies performed both within the area of expo-
sure and in its vicinity, perhaps in part at a distance of some miles from the outcrop. More-
over, the studies must include both surface study and mapping, and subsurface exploration by
means of drilling and geophysical techniques, together with sampling for laboratory analysis.
Drilling exploration must be planned in a manner consistent with criteria imposed for borehole
proximity to possible storage chambers. Hydrologic data will be obtained in conjunction with
other geologic information.

If appropriate structural conditions are found, neither the constraint of exposed clay-
rich rock nor the constraint of thickness may continue to be applicable, and additional geo-
logic situations then may be acceptable for emplacement. As an example: a gently to moderately
tilted, essentially planar rock unit that is locally exposed topographically low on the flank
of a mountain range adjacent to a broad, alluvium-filled valley, may permit downdip tunneling
perhaps to a location beneath the bedrock floor of the valley. Although such an emplacement
position might be saturated with water, so also might a location be saturated in the general
emplacement concept of a geologic unit that is exposed at the ground surface. However, the
emplacement concept of a moderately tilted unit can offer a much greater thickness of roof
rock above the emplacement, and thus perhaps greater security.

Another example is a desirable clay-rich geologic unit that is overlain by a geologic
unit of 1ittle attractiveness for nuclear waste storage. This relation might be a geologic
succession of units, or the result of low-angle (thrust) faulting that caused overriding of
one unit by another. In such a situation it might be feasible to sink a shaft into the clay-

,fich unit and then tunnel laterally, if necesséry, to a location beneath the overlying formation.
This might achieve greater thickness, strength, or both, in the roof, thus increasing security.

Future investigations also should include hydrologic studies. Closed valleys, those
lacking both surface and subsurface through flow from the valley, are hydrologically attractive,
but additional evidence that ground water does not leak from them must be obtained.

Annotated definitions

This preliminary report contains the results of a technical and scientific study. As such,
it has been the goal of the authors to be technically correct, and yet to express findings in
terms that can be understood by interested nongeologists. Technical words used are definable
generally from their context, or with the aid of a desk-type dictionary. A few terms are
defined below as they are used in this report. These definitions are based on those contained
in the "Glossary of Geologic Terms," second edition, published by the American Geological
Institute, Washington, D.C.
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Attitude.--The position of a planar bed or surface relative to an imaginary horizontal
plane, expressed quantitatively by two components: (1) dip, the angle between the bed or
surface and a horizontal plane, and (2) strike, the compass direction of the 1ine of intersection
of the bed or surface with the horizontal plane.

Block (of land).--An area of land ownership that is not contiguous with other, similarly
owned areas of land, except perhaps at area corners.

Clay minerals.--Loosely defined and chemically complex silicates characterized by extremely
small particle size, flakelike or feathery form, and the ability to absorb substantial quantities
of water and other dissolved ions on particle surfaces.

Clay-size particles.--Fragments of any mineral that are the general size of clay minerals,
and thus constitute a particle-size class finer than that of silt.

Clay-rich rock.--Normally sedimentary bedrock estimated to contain more than 30 percent by
volume of clay minerals, clay-size particles, or some combination of both; here extended to
include those clay-rich units which have been slightly to thoroughly altered by consolidation
and recrystallization of the minerals originally present through regional metamorphism.

Cleavage.--The quality a rock or mineral has of splitting in a direction independent of
bedding planes.

Fissility.--The quality a rock has of splitting parallel to bedding planes.

Metamorphism.--The mineralogical and structural adjustment of rock to change in physical
and chemical conditions of its environment, resulting principally from heat, moisture, and
pressure imposed below the near-surface zones of weathering and cementation.

Vicinity.--The area within a distance of 40 km (25 mi) from a locality boundary.
The following rock types are also defined here as they are used in this report:

Claystone.--S1lightly indurated rock containing approximately twice as much clay-mineral
material and clay-size particles as it does silt-size particles, and lacking fissility; it may
contain as much as 10 percent sand-size particles. Commonly subject to slaking. Includes the
"clay shale" of some geologists and civil engineers.

Mudstone.--Slightly indurated rock containing about equal amounts of clay-mineral material
and clay-size particles combined, and of silt-size particles; lacks fissility. Commonly subject
to slaking. Includes the "clay shale" of some geologists and civil engineers.

Shale.--Slightly indurated rock consisting of claystone, mudstone, or siltstone in composi-
tion, but characterized by fissility. Includes the "clay shale" of some geologists and civil
engineers.

Argillite.--Somewhat indurated rock derived from claystone or mudstone by slight metamorphism;
lacks the fissility of shale and the cleavage of slate. Term used by some geologists for slightly
metamorphosed siltstone.

Conglomerite.--Somewhat indurated rock derived from conglomerate by slight metamorphism. Is
the"metaconglomerate" of some geologists.
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Metasiltstone.--Used by some geologists for somewhat indurated rock derived from siltstone
by metamorphism; lacks the fissility of shale and the cleavage of slate. Includes the "siltite"
of some geologists.

Slate.--Moderately indurated rock derived from any of the above rock types by metamorphism,
and characterized by cleavage.

Phyllite.--Moderately metamorphosed rock derived from any of the above, and characterized
by a silky sheen caused by the nearly parallel orientation of sericite mica or chlorite.

Schist.--Thoroughly metamorphosed rock derived from any of the above; characterized by
parallel orientation of platy to prismatic minerals which constitute more than 50 percent of
the rock, with some minor lenticles of equidimensional minerals.

Gneiss.--Very thoroughly metamorphosed rock derived from any of the above; characterized
by alternation of bands or lenticles of equidimensional minerals which constitute more than 50
percent of the rock, with bands or lenticles of coarsely platy or prismatic minerals.

Conversions and Abbreviations

Both metric and English units of measurement are used in this report. Units of measurement,
abbreviations, and conversion factors are shown below.

Multiply English unit By To obtain Metric unit
inch (in.) 2.54 centimeter (cm)

foot (ft) 0.3048 meter (m)

mile (mi) 1.609 kilometer (km)

square mile (miz) 2.59 square kilometer (kmz)
Multiply Metric unit By To obtain English unit
centimeter 0.3937 inch

meter 3.281 foot

kilometer 0.6214 mile

square kilometer 0.3861 square mile

Compilation and Acknowledgments

This report involved the compilation and evaluation of information from geologic, hydrologic, -

and geographic disciplines. The geologic material was compiled by Howard E. Simpson, the geo-
graphic material and the county maps were prepared mainly by Simpson and in part by James E.
Weir, Jr., and the hydrologic material by Weir. Lee A. Woodward served as stratigraphic con-
sultant. Simpson and Weir are geologist and hydrologist, respectively, with the USGS, Denver,
Colo.; Woodward, a member of the geological faculty at the University of New Mexico, Albuquerque,
is under contract with Sandia Laboratories of the same city. Mark Parchman and Duncan Edwards,
both then employed by Sandia Laboratories, assisted briefly in the compilation. Critical,
helpful reviews of the report were made by Klaus Keil, petrologist, also of Sandia Laboratories,
J. R. Connolly, geologist, University of New Mexico, F. E. Rush, hydrologist, and W. C. Swadley,
geologist, USGS, Denver, Colo.
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CLARK COUNTY

Parts of three localities that contain clay-rich rock suitable for further investigation
are present in northwestern Clark County, Nev. One, the Spring Mountain locality (CL-1),
probably extends northwestward into adjacent southern Nye County. The other two, the Meadow
Valley locality (LI~6) and the Desert Range locality (LI-7) extend into Clark County from
Lincoln County, where the characteristics of the bedrock units are perhaps better described.
These localities are described, therefore, in the Lincoln County section of this report.

In the Spring Mountain locality, one geologic unit that might be suitable for further
investigation is exposed. It is the Carrara Formation, a varied assemblage of shale and
limestone about 274 m (900 ft) thick. The relative areal extent of surface exposures is
moderate to small.

Few readily available geologic references contain detailed information about the three
localities, or the Carrara Formation, in Clark County. Perhaps the single most useful report
contains a geologic map at a scale of 1:250,000 (2.5 km/cm or 4 mi/in.) prepared by Longwell,
Pampeyan, Bowyer, and Roberts (1965).

Clark County occupies the southernmost part of Nevada. It has a total area of 20,324 km?
(7,847 miZ), and a 1970 census population of 273,288 (Rand McNally, 1977). Las Vegas, the
county seat, had a 1970 census population of 125,787, and is surrounded by suburban development.
The city is located in the center of the county, about 56 km (35 mi) from the nearest parts of
the three localities of exposed clay-rich bedrock. The community is situated on U.S. Interstate
Highway 15 and U.S. Highway 95, and is additionally served by U.S. Highway 93 and State Routes
52 and 41. These, as well as others, radiate across much of the county. The city is oriented
to recreation and to commerical service for southern Nevada, an area of cattle ranches and
mines that produce various metallic ores or nonmetallic minerals. As of 1970 (Lockard), Las
Vegas, and thus the county, was served by several power transmission lines that ranged in size
from 14,000 to more than 80,000 V ac. Natural-gas pipelines serve the Las Vegas area and the
southern tip of the county, and a single railroad traverses the county in a north-south
direction, passing through Las Vegas. Parts of the county are occupied by a large national
recreational area and part of a national forest, plus State-controlled parks, recreation lands,
and natural areas. In addition, Nellis Air Force Base occupies great amounts of land in the
central and northwestern parts of the county.

" Two topographic maps of the 1:250,000-scale series together represent the county. These
maps are at a scale of 2.5 km/cm (4 mi/in.), have a contour interval of 200 ft, and are
identified in the 1ist of reference materials following the Reference list.
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CL-1: Spring Mountains Locality

Locality CL-1 is Jocated in the central part of the Spring Mountains, in the west-central
part of Clark County. It is a very slender, sinuous area of irregular form that extends from
the northeasterly end of Indian Ridge southwestward to the Nye County line. From there it
probably continues northwestward into southern Nye County, very likely to the northwestern
end of the Spring Mountains, but detailed lithologic descriptions are not readily available
for the part in Nye County. Thus, the Nye County part of the locality is not included in the
description below. CL-1 consists of a single part.

Geographic location.--The northeastern end of the locality is at lat 36%29" N., long
115%38" W.; the southernmost extremity is just east of the western boundary of Clark County
at lat 36%16' N., long 115%52* W. Thus, the Jocality extends from the W 1/2 sec. 7, T. 17 S.,
R.'57 E., to the.SE cor. sec. 22, T. 19 S., R. 54 E.

Locality CL-1 is represented topographically on maps at two different scales; these maps

are listed following the Reference list.

Approximate area.--The minimum width of the Tocality is 0.8 km (0.3 mi), the maximum
width is 3 km (2 mi) and the average width is estimated at 2 km (1 mi). Its sinuous length
is about 40 km (25 mi), so the total area is approximately 65 km? (25 mil).

An estimated 80 percent of the locality is exposed bedrock containing some clay-rich rock,
but the actual extent of the clay-rich rock is not determined.

Land_ownership.--Part of the locality occupies about 0.8 km2 (0.3 miz) of private land,

and about the same amount of the Charleston Peak segment of the Toiyabe National Forest. The
remainder of the locality is Federal public land. In the vicinity of the locality, that is
the area within a radius of about 40 km (25 mi) of the locality boundary, there are 29 blocks
of privately-owned land. Two of these are very large; one is 8 km (5 mi) west of CL-1; the
corner of the other, an area centered about Las Vegas, is 33 km (20 mi) from the locality.
In addition, there are some 27 small, scattered blocks of privately-owned land in the vicinity.
The Jarge Nevada Test Site is 24 km (15 mi) from CL-1, the extensive USAF Bombing and Gunnery
Range is as close as 10 km (6 mi), and the Desert National Wildlife Range is 10 km (6 mi)
distant. Nevada's Desert View Natural Area is 9 km (6 mi) southeast, and the Red Rock Canyon
Recreational Lands are 27 km (17 mi) southeast of CL-1.

Accessibility.--The northeast end of the locality is 8 km (5 mi) southwest of U.S. Highway

" 95. The locality boundary is as little as 9 km (6 mi) northeast of State Route 16, it is 12 km
(7 mi) to the northeast end of State Route 52 at its junction with Route 16 at Pahrump, and it
is 13 km (8 mi) from the western end of State Route 39 into the Charleston Peak area from
U.S. Highway 95. An access road to the Desert View Natural Area and to private land within
the Toiyabe National Forest is as 1ittle as 10 km (6 mi) from the locality, and a secondary
road that extends northeast from Pahrump crosses the southern part of the area.

Remoteness.--The intersection of U.S. Interstate Highway 15 and U.S. Highway 95 in the
city of Las Vegas is 60 km (38 mi) from the northeastern part of the locality. The population
of the Las Vegas ‘area ("Ranally Las Vegas Metropolitan-Area," a trade name) was 321,000 (Rand
McNally, 1977) in the 1970 census. Three other places had populations reported in that census;
they are:
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1970 Distance

Town or village Population km mi Direction From
Indian Springs, Nev. 900 n 7 N northern end
Charleston Park, Nev. 150 13 8 SE SE margin
Pahrump, Nev. 500 1 7 SW SW extremity

Mercury, headquarters for the NTS, generally has people in temporary residence, but it had no
population reported in the 1970 census; it is 31 km (20 mi) from the middle part of the
locality CL-1.

Geologic setting.--The Spring Mountains are distinctive chiefly for their northwestward
rather than northward trend and for the several spurlike ridges that trend northeastward
along the northeastern flank of the range. Lateral movement along a fault zone beneath Las
Vegas Valley is inferred from local differences in the attitudes of the strata that compose
the spurs. The crustal block that constitutes the southwest side of the valley moved northwest
relative to the crustal block that constitutes the northeast side.

One clay-rich bedrock unit, the Carrara Formation, is present at the ground surface in the
locality. For geologic reasons, this unit here includes three stratigraphic units that can be
identified individually in the eastern part of the State (Longwell and others, 1965). The
Carrara Formation is not mapped as an individual unit either on available reference maps
{Longwell and others, 1965) or on the map accompanying this section of the report; it is
instead combined with adjacent units stratigraphically above and below.

The formation is described (Longwell and others, 1965, p. 18) as “. . .a varied assemblage
of shale and limestone," and is shown (pl. 3) to be about 274 m (900 ft) thick in Indian Ridge,
11 km (7 mi) south-southeast of Indian Springs village. One of the three units in eastern Clark
County believed to be equivalent to part of the Carrara Formation in Indian Ridge is the Pioche
Shale. In Indian Ridge this unit may be represented as an especially shaly part of the Carrara
Formation, but neither the presence of such a part, nor a thickness for it, is reported.

Hydrologic setting.--The CL-1 locality is in the Pahrump Valley and Ash Meadows ground-
water systems. Runoff from the outcrops flows to Pahrump, Mercury, Indian Springs, and Three
Lakes Valleys.

The two most significant nearby discharge areas are (1) at Indian Springs, 10 km (6 mi)
north of the northeast outcrop and (2) at Pahrump, 13 km (8 mi) southwest of the southern
outcrop. The water is used for public supply and military purposes at Indian Springs. The
ground water is used in Pahrump Valley for irrigation, public supply, and domestic purposes.

Mineral-resource activity.--No active mines are situated in the Spring Mountains locality

nor are there any active or inactive mines reported (Payne and Papke, 1977) within a radius
of about 40 km (25 mi). Several patented lode-mining claims of the Johnnie mining district
are located in the northwestern Spring Mountains in southern Nye County, about 17 km (10 mi)
west of the locality.

Two test hales for 0il and gas have been drilled (Garside and Schilling, 1977) within a
distance of about 40 km (25 mi) from the locality. One is located 24 km (15 mi) to the south-
east, the other about 33 km (21 mi) east-southeast; both are reported as. abandoned.
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ELKO COUNTY

Seven localities of clay-rich rock suitable for further investigation are situated wholly
within Elko County. Another, the Ruby Mountain Locality (WP-1), extends into the county
from adjacent White Pine County, where the larger part of the locality is located; it is
therefore described in the White Pine County section of this report.

Seven geologic units that might be suitable for further consideration are represented
in one or more of these seven localities. The rock types in the units range from slate,
metasiltstone, marble, and argillite, all of Unit G of the McCoy Creek Group of Misch and
Hazzard (1962), through a broad variety of sedimentary materials that are in part interbedded;
these materials include fissile to non-fissile claystone, siltstone, sandstone, and small
amounts of conglomerate and 1imestone, together with their mildly metamorphosed equivalents,
chiefly argillite, metasiltstone, quartzite, and conglomerite. The strata are assigned
to the Chainman Shale for the most part, and to the Poorman Peak Formation, Webb Formation,
Woodruff Formation, the informally named Argillite unit of Lee's Canyon of Smith and Ketner
(1975), the Schoonover Formation, and the McCoy Creek Group.

Commonly these units are not differentiated from adjacent units above and below on the
geologic reference maps, and so may or may not be differentiated on the accompanying map of
Elko County localities.

Thicknesses of these units, or the more useful parts of them, range from "several
hundred feet" to about 1,524 m (5,000 ft), and the areal extent of surface exposure is good
to excellent. The relative areal extent of surface exposures of each aeologic unit ranges
from moderate to large.

Elko County is moderately well studied geologically, so some information is available
in published literature on nearly all localities. The single most useful report on the
county is by Stewart and Carlson (1974). It contains a geologic map at a scale of 1:500,000
(5.0 km/cm, or about 8 mi/in.) and its explanation, although there is no descriptive text.

Elko County constitutes the northeasternmost county of Nevada. It has a total area of
44,452 km2 (17,163 miz), and a 1970 population of 13,958 (Rand McNally, 1977). The county
seat is the town of Elko, with a 1970 census of 7,621. The community is situated somewhat
southwest of the center of the county, adjacent to two of the localities and 55 km (34 mi)
or more from the others. The town is on U.S. Interstate Highway 80 and U.S. Highway 40,
plus State routes 46 and 11. It is oriented to local service in an area of cattle ranches
and some active mines, and to the needs of highway travelers. As of 1970 (Lockard), one
natural-gas pipeline reached Elko from the west, and another crossed the northwest corner
of the county. Power lines that carry from 14,000 to more than 80,000 V ac serve Elko and
some of the northeastern parts of the county.

The entire county is represented on parts of four topographic maps published by the
USGS. These maps are at a scale of 1:250,000, or 2.5 km/cm (about 4 mi/1 in.) with a contour
interval of 200 ft. The maps are listed following the Reference 1ist. '
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EL-1: Independence Mountains Locality

Locality EL-1 in northwestern Elko County is partly in the northern Independence
Mountains and partly in the mountainous terrain north thereof, yet south of the Idaho
boundary. The locality consists of two parts: A, the northern, and B, the southern.

Part B is situated on both flanks of the Independence Range, and part A is 17 km (11 mi)
north of part B.

‘Geographic location: Part A is nearly rectangular and trends east-west. Its
northeast corner is at lat 41953 N., long 115951' W., and the southwest corner is at
Tat 41%52" N., long 116°04' W. Part B is roughly oval and trends north-south. Its
northern extremity is at lat 41%3 N., long 115%9" W.; its southern extremity is at
lat 41%28' N., Tong 116%04' W. In land-survey terminology the NE corner of Part A is in
the’ (unsurveyed) NW 1/4 sec. 14, T. 46 N., R. 54 E., and the southwest corner is in the
SW 1/4 sec. 19, T. 46 N., R. 53 E. The northern extremity of part B is in the NE 1/4
sec. 15, T. 44 N., R. 53 E., and the southern extremity is in the NW 1/4 sec. 7, T. 41 N.,

R. 53 E.

Idaho-Nevada boundary is 8 km (5 mi) north from the nearest part of the locality boundary.

The Tocality is represented on parts of topographic maps at different scales; these
maps are ]fsted following the Reference list.

Approximate area: Part A of Locality EL-1 is about 17 km (11 mi) Tong by an average
width of about 4 km (3 mi); thus the area is about 67 km2 (26 miz). Of this an estimated
35 percent is exposed bedrock, but the extent of clay-rich rock is not determined. Part B
is 28 km (17 mi) long, by a maximum width of 16 km (10 mi), or an estimated area of 223 km2
(86 miz). About 75 percent of this part is estimated to be underlain by exposed bedrock,
but the extent of clay-rich rock is not determined.

The total area of the locality is thus about 290 km2 (2 miz), and an estimated 80 percent
is exposed bedrock that consists in pa t of clay-rich rock; the extent of such rock has not
been determined.

Land ownership: A map by Lutsey and Nichols (1972) shows the ownership subclasses of
land in Locality EL-1, and within a 40 km (25 mi) radius of the locality boundary for the State
of Nevada. A somewhat similar map (USBLM, 1965) covers that part of the vicinity that lies
within the adjacent State of Idaho.

The Lutsey and Nichols (1972) map indicates that the western one-third of part A lies
within the Duck Valley Indian Reservation. The remainder of part A is within the boundary
of the Humboldt National Forest. The boundary of part B 1ies mainly within the same segment
of that forest, but an estimated 52 km2 (20 miz), or roughly 30 percent of the area of part B,
is privately owned lands. It constitutes about 70 blocks, which range in size from about
0.7to 5 km2 (0.3 to 2.0 miz) in area. In addition, four blocks of Federal public land lie
within the boundary of part B. These total about 5 km2 (2 miz) in area. In addition, two
blocks of withdrawn land, one a quarter section, the other an area of 6.5 sections, lie 7 km
(5 mi) east of the boundary of part B.
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Land controlled by the State of Nevada essentially constitutes four major stock
driveways near the locality. One, on the west is 7 km (4 mi) from the western boundary of
part B. The head of another driveway is 12 km (7 mi) south of the southern extremity of
part B. Two other driveways are east of part B; the nearest of them is 14 km (9 mi) from
part B.

Beyond the boundaries of parts A and B, yet within a radius of 40 km (25 mi), are
extensive privately-owned land holdings. These are in part checkerboarded or scattered,
and in part contiguous. Most of the intervening space in the checkerboarded and scattered
area is Federal public land or is the stock driveway land mentioned above.

The USBLM (1965) map of Idaho indicates that within the 40 km (25 mi) radius of
Locality EL-1 about 202 km® (78 mi?) belong to the Duck Valley Indian Reservation, 12 small
. blocks of land totaling about 117 km2 (45 miz) are inferred to be privately owned, and about
32 scattered blocks totaling 135 km2 (52 miz) are controlled by the State. The remainder,
about 1,647 km2 (636 miz) is Federal public domain.

Accessibility: State Route 51 traverses the western one-third of part A and crosses
the vicinity of the locality from north to south. The route is roughly parallel to the
eastern side of part B, at a distance of about 7 to 20 km (5 to 12 mi). State Route 11 is
west of the locality, 6 to 15 km (4 to 9 mi) from part A, and 0.16 to 10 km (0.1 to 6 mi)
from part B. State Route 11-A lies just within the northwest boundary of part B. Secondary
roads are nearby, and unmapped trails accessible by 4-wheel-drive vehicles are likely to
exist.

A powerline from Idaho to the Mountain City area (Lockard, 1970) carries 50,000 to
80,000 V ac, and lies about 5 km (3 mi) south of the southeast corner of part A. Railroads
and all other transmission lines are more than 40 km (25 mi) from the locality.

Remoteness: Ten places are mapped (Lutsey and Nichols, 1972; USBLM, 1965) within 40 km
(25 mi) of the boundary of part A or of B of Locality EL-1. Only five of these are reported
(Rand McNally, 1977) to have a 1970 census population; they are as follows:

-Town or 1970 Distance

village Population km mi Direction From
Jarbidge, Nev. 30 ¥ 22 E SE cor., part A
Mountain City, Nev. . 70 4 3 S center, part A
Owyhee, Nev. 500 8 5 NW NW cor., part A
Tuscarora, Nev. 50 21 13 SW S extremity, part A
Riddle, Idaho 25 37 23 N center, part A

Geologic setting: The Independence Mountains constitute a distinct range from just
north of Carlin, in Elko County, northward to the headwaters of the North Fork, Humboldt
River. Part B of Locality EL-1 is located mainly in this range. Farther north are scattered
peaks and ridges that include The Mahoganies. Part A and the northern part of B are located
in this terrain. The Independence Range itself is part of the Basin and Range province,
and the general characteristics of the range are similar to other ranges in that province.
The northern end of the range marks the northern margin of the province. The rugged but
irregular terrain to the north is included in the adjacent Owyhee Upland, a part of the ‘
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Columbia Intermontane Plateau. The Owyhee Upland is essentially a dissected, structurally
domed plateau in which lava flows of acidic composition are common. Where these have been
removed by erosion, sedimentary and igneous rocks might be exposed.

The Independence Mountains Locality is underlain extensively by the Schoonover Formation,
which is divided (Fagan, 1962) into 10 members. These members are named and can be numbered
consecutively from the base unit upward. Of the 10 members, 2 might be included here.

The Dorsey Creek Member, subunit 2 of the formation, consists of two facies. One is
a thinly bedded claystone, interbedded with scattered thin beds of chert, sparse beds of
quartzose silt, and a few thin flows of amygdaloidal lava. This facies grades laterally into
the other facies, which is composed dominantly of successive lava flows interbedded locally
with volcanic agglomerate. The member is reported to be 198 m (650 ft) thick.

The Frost Creek Member is subunit 7 of the series. It also consists of two facies,
but these are vertically gradational from one to the other. The lower facies consists of
interlayered chert beds and clay-rich beds plus beds of siltstone. This facies grades upward
into a facies of more attractive lithology which consists of thin-bedded to fissile claystone.
The thickness of the member is believed by Fagan (1962) to be less than 198 m (650 ft),
although it appears to be thicker because of folding.

In the Owyhee Quadrangle, the area within part A is underlain in part by the Upper
Mississippian Banner Formation, containing a black slate member, and the Carboniferous(?)
Mountain City Formation, largely a quartz-muscovite-biotite schist. A cross section
suggests considerable thickness for the latter formation.

Hydrologic setting: Part A of Locality EL-1 is in the Owyhee River ground-water system
and drainage basin. The river flows through west-central part A. Although the Owyhee River
probably receives some ground-water influx within part A, discharge downstream in Duck
Valley, about 10 km (6 mi) northwest of the center of the part is larger and more significant.
Wells pump ground water for domestic supplies in Duck Valley, and streamflow, related closely
to the ground water, is used for livestock and irrigation.

part B of Locality EL-1 is predominantly in the South Fork, Owyhee River, and the
Owyhee River ground-water system and drainage basin. About one-tenth of the eastern part
of B drains to the North Fork Humboldt River, and is in Humboldt River basin ground-water
system. Discharge occurs, less than 1 km (0.6 mi) from the southern outcrop, in Independence
Valley, which is drained by the South Fork Owyhee River. Sufficient ground-water discharge
occurs in the eastern one-third of segment B to support perennial flow in several streams,
including the North Fork Humboldt River. The water is used in the region mainly for domestic,
livestock, and irrigation purposes.

Mineral-resource activity: A map that shows active mines in Nevada (Payne and Papke,
1977) 1is available, but no similar map is readily available for the State of Idaho.

No active mines are located within either part of Locality EL-1. About 19 km (12 mi)
southeast of the southeast corner of part A is an active tungsten mine; a single silver
mine is located 6 km (4 mi) south of that mine, and a gold mine is 4 km (2 mi) southeast
of it. One active silver mine is located 9 km (5 mi) west-southwest of the northern extremity
of part B, and one barite mine is 7 km (5 mi) south-southeast of the southern extremity.
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Garside and Schilling (1977) show locations of three oil-test holes that have been
drilled outside the boundary of Locality EL-1. The nearest of two adjacent holes located
on either side of State Route 11-A is 8 km (5 mi) from the western boundary of part B.

One hole had shows of 0il and natural gas; the other is reportedly abandoned. The third
test hole is located 25 km (16 mi) southeast of the southern extremity of part B; it, too,
is reportedly abandoned.

No patented mining claims are located in either part of Locality EL-1, but there are
several such claims nearby. Most lie within a belt that extends from just north of Mountain
City, thus about 5 km (3 mi) south of the center of part A, southwestward to a point about
28 km (17 mi) southwest of the southern extremity of part B. This belt includes (Lutsey
and Nichols, 1972} 12 individual patented claims, plus 5 small blocks of claims. Another
block of claims plus two individual claims is at Tuscarora, 21 km (13 mi) west-southwest
of the southern extremity of part B, one claim is 14 km (9 mi)} and two claims are 34 km
(21 mi) northeast from the easternmost point on the boundary of part B. A moderately large
block of claims is located at Jarbidge, 35 km (22 mi) east of the eastern extremity of
part A, and two small blocks are 18 km (11 mi) southeast of that extremity. Other claims
are more than 40 km (25 mi) from either part.
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EL-2: Wild Horse Locality

Locality EL-2 is located in north-central Elko County in mountainous terrain that lies
east of Wild Horse Reservoir and the community of Wild Horse, and west of the community of
Charleston. The locality consists of a single part.

Geographic location: The small, somewhat dumbbell-shaped locality trends approximately
east-southeast. Its approximate center is at lat 41%2" N., long 115%41 W. In land-survey
terminology this point is in the SE 1/4 sec. 17, T. 44 N., R. 56 E. The entire locality
lies within T. 44 N., R. 6 and 7 E.

The Idaho-Nevada boundary is 28 km (18 mi) north from the nearest part of the locality
boundary.

The locality is represented on topographic maps at two scales; these maps are listed
following the Reference 1ist. .

Approximate area: The locality is about 15 km (9 mi) long by an estimated average
width of 7 km (5 mi) wide, and has a total area of about 117 km2 (45 miz). Of this, perhaps
25 percent is exposed bedrock, and of this an estimated 75 percent is probably clay-rich
rock.

Land ownership: A map showing subclasses of land ownership in Nevada (Lutsey and
Nichols, 1972) is published, and a somewhat similar map (USBLM, 1965) is available for the
adjacent State of Idaho and covers that part of the vicinity that lies within that State.

Within the locality boundary (Lutsey and Nichols, 1972) an estimated 80 km2 (31 miz)
is privately-owned land, 3 km2 (1 miz) is Federal public land, 10 km2 (4 miz) is in the
Humboldt National Forest, and 4 km2 (2 miz) is stock driveway controlled by the State of
Nevada.

Within a distance of 40 km (25 mi) from the locality boundary, and within Nevada,
roughly 40 percent of the land is in the Humboldt Mational Forest. Part of that forest
area includes the Jarbidge Wilderness, the western boundary of which is 14 km (9 mi) east
of the locality boundary. About 20 percent of the vicinity is privately-owned, and is in
scattered, checkerboarded, or contiguous holdings. Another estimated 20 percent is Federal
public land, interspersed with the private land. Nearly 10 percent of land in the vicinity is
within the Duck Valley Indian Reservation. The southeast corner of this reservation is 18 km
(11 mi) from the locality boundary. Of the remainder, 19 km2 (8 miz) constitutes two blocks
" of withdrawn land, and about 194 km2 (75 miz) is in four stock driveways under State control.

The USBLM (1965) map indicates that approximately 660 km2 (255 miz) of the vicinity
within a radius of 40 km (25 mi) of the boundary of EL-2 1ies within the adjacent State of
Idaho. Of this, about 80 percent is Federal public land, 8 percent is part of the Duck
Valley Indian Reservation, 6 blocks totaling about 44 km2 (17 miz), or 6 percent, is private
land, and 14 checkerboarded blocks totaling 36 km2 (14 miz), or about 5 percent, is controlled
by the State of Idaho.

Accessibility: Nevada's State Route 51 is 4 km (3 mi) west of the locality, and Routes 11
and 11-A are 35 km (22 mi) and 16 km (10 mi) west, respectively. One secondary road that
leaves State Route 51 is 2 km (6 mi) north of Wild Horse and traverses the locality in a
north-northeast direction. A second secondary road locally lies 9 km (6 mi) to the south,
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and a third Ties 8 km (5 mi) to the east of EL-2. Except for the second of the three
secondary roads, all the above roads extend northward into Idaho. In Idaho a fourth
secondary road extends southward to about 3 km (2 mi) from the Nevada boundary, and is
thus 31 km (19 mi) from the locality. Scattered trails are present, and unmapped trails
accessible by 4-wheel-drive vehicles might be available.

No railroad, or petroleum or natural-gas pipeline is within 40 km (25 mi) of the
-locality (Lockard, 1970), but a single powerline that extends from Idaho south to Jarbidge
and west to the Mountain City area is about 11 km (7 mi) from the locality boundary. The
line carries from 50,000 to 80,000 V ac.

Remoteness: Eight places in Nevada are mapped (Lutsey and Nichols, 1972) within a
distance of 41 km (26 mi) of the locality; none 1ie within the locality or in Idaho. Of
. the eight, only three have a population reported in the 1970 census (Rand McNally, 1977).

They are:

Town or 1970 Distance

village Population km mi Direction From
Jdarbidge, Nev. 30 23 14 NE NE boundary
Mountain City, Nev. 70 20 12 NW NW extremity
Owyhee, Nev. 500 36 22 NW : NW extremity

Geologic setting: Like the northern part of Locality EL-1, the Wild Horse Locality
is situated in the Owyhee Upland, a part of the Columbia Intermontane Province. The upland
is a dissected, structurally domed plateau in which lava flows of acidic composition are
common. Where these have been removed by erosion, sedimentary and other igneous rocks can

be exposed.

Coash (1967) has mapped and described the Poorman Peak Formation in the Mt. Velma
quadrangle. In a measured section in secs. 10 and 11, T. 44 N., R. 55 E., he found two
subunits of shale in a series of 13 subunits he designated numerically from the base upward;
the total thickness of the entire section is 1,177 m (3,860 ft). The basal subunit, composed
of alternating beds of shale and chert, is approximately 305 m (1,000 ft) thick. The sixth
subunit is a black shale approximately 305 m (1,000 ft) thick. As the formation is cut by
faults, true thicknesses are not known.

Hydrologic setting: Locality EL-2 is in Owyhee River and Bruneau River ground-water
systems and drainage.basins. Significant ground-water discharge occurs within the locality

.along Penrod and Hay Meadow Creeks, perennial streams that empty into Wild Horse Reservoir
Tocated 5 km (3 mi) west-southwest of the southwestern boundary of the locality. Ground water
and closely related surface water is used in the region primarily for irrigation, livestock,
and domestic purposes. ’

Mineral-resource activity: From Payne and Papke's (1977) map for Nevada, it appears
that one active mine producing gold 1ies just within the locality boundary. An active
mercury mine nearby is just north of the boundary, and an active tungsten mine is about 2 km
(1 mi) north of the mercury mine. The only other active mines in Nevada within 40 km (25 mi)

of the locality are: a silver mine about 31 km (19 mi) west of EL-2, and a barite mine about
35 km (22 mi) southwest. Patented lode-mining claims in Nevada are located mainly to the
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northeast and northwest of EL-2. A block of claims is mapped (Lutsey and Nichols, 1972)
at Jarbidge, 22 km (13 mi) northeast, with two single claims just south of there. Two
small blocks of claims 1ie about 5 km (3 mi) north. Four small blocks of claims plus

13 individual claims constitute a belt that trends northeast and that lies about 21 km
(13 mi) northwest of the locality.

Two petroleum and natural-gas test holes are located within 40 km (25 mi) of the
locality boundary. They are 34 km (21 mi) southwest of the northwest extremity of the
Tocality.

No map similar to the Payne and Papke (1977) map for Nevada is readily available for
that part of the EL-2 vicinity that is in Idaho.
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EL-3: HD Range Locality

Locality EL-3 is moderately large, very irregular in form, and consists of two parts
that are located north and northeast of the town of Wells in northeastern Elko County. The
more northern part, A, occupies a prominent saddle in the ridge that extends south from
Knoll Mountain of the HD Range. Part B lies 15 km (9 mi) southwest of part A, and consists
of three areas of exposed bedrock. One area is on Summer Camp Ridge, one in the Windemere
Hills, and one is on the southern end of the Snake Mountains, just north of Wells. This
range, called the Snake Range on the Wells quadranale of the 1:250,000-scale topographic map
series of the USGS, can be confused with a range of the same name about 185 km (115 mi) southeast
in eastern White Pine County.

Geographic location: Part A is a small, narrow, elongate area of exposed clay-rich
rock. The area trends north, and is centered at lat 41%32" N., long 114%1' W. Part B is
very roughly triangular in shape; it is about 20.9 to 27.4 km (13 to 17 mi) on a side, and
is centered at about the village of Melandco, at lat a1%7 N., Tong 114%9' W. Thus part A
extends from the S 1/2 sec. 36, T. 43 N., R. 64 E., to the NW 1/4 sec. 30, T. 42 N., R. 64 E.
The locations of the approximate extremities of part B are: northern, SE 1/4 sec. 27,

T. 41 N., R. 63 E.; southeastern, SE 1/4 sec. 27, T. 39 N., R. 64 E.; southwestern, SE 1/4
sec. 15, T. 38 N., R. 62 E.

The locality is represented on topographic maps of two different scales; these maps
are listed following the Reference list.

Approximate area: Part A is about 8 km (5 mi) long by an average width of 3 km (2 mi).
Its area is thus approximately 23 km2 (9 miz). Nearly the entire part is underlain by
exposed clay-rich rock. Part B has an estimated area of roughly 228 km2 (88 miz). Its
maximum dimension is 30 km (19 mi), and the perpendicular dimension is 16 km (10 mi).

Nearly half of this part is underlain by exposed clay-rich rock.

Thus, the total area of the locality is about 251 km2 (97 miz), of which about 111 km
(43 mi2) is exposed clay-rich rock.

Land ownership: Within a distance of 40 km (25 mi) of the locality boundaries, almost
the entire area is equally divided between private land and Federal public land. Much of
the land thus owned and controlled is checkerboarded, although some irregular areas of
moderate size are entirely privately owned or entirely publicly controlled. South-southwest
of part B about 15 km (9 mi) is the north end of a segment of the Humboldt National Forest.
This segment, 1ike the land around, is mainly a checkerboard pattern of mostly private land
versus forest land. Finally, 54 km2 (21 miz) of land constitute parts of two stock
driveways supervised by the State of Nevada. One begins 7 km (4 mi) south of part B, and
extends south; the other 27 km (17 mi) southwest and extends northwest.

Accessibility: U.S. Interstate 80 is from 5 to 10 km (3 to 6 mi) south of part B in
the vicinity of Wells. North from Wells, U.S. Highway 93 traverses the middle of part B,
and is about 7 km (4 mi) west of part A. A secondary road leaves U.S. 93 about midway
between parts A and B, and leads northeastward. At the nearest point it is 6 km (4 mi)
southeast of part A, and is about 7 km (4 mi) northeast of part B. An additional secondary
road and a few trails extend into the locality along the lower slopes and valleys, but

2

except in the Windemere Hills, none reach or cross exposure areas. Additional trails accessible
by 4-wheel-drive vehicles may also be available.
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Three railroad companies operate on trackage in the vicinity of Wells. One line extends
north from Wells, approximately parallel and adjacent to U.S. 93; it traverses part B, and
is about 10 km (6 mi) west of part A. Double and triple tracks extend east and west from
Wells, and are as 1ittle as about 3 km (2 mi)} south of part B.

Powerlines that carry from 50,000 to 80,000 V ac follow the rail lines and highways
east and west from Wells, and are less than about 10 km (6 mi) from the southern boundary of
part B. Another powerline extends north from Wells along U.S. 93, and so lies about 10 km
(6 mi) west of part A. No petroleum or natural-gas pipelines are within 40 km (25 mi) of
Locality EL-3.

Remoteness: Twenty places are mapped (Lutsey and Nichols, 1972) within 40 km (25 mi)
of the locality boundaries. Of these only four had a 1970 census figure (Rand McNally, 1977);

they .are: .
Town or 1970 Distance
village Population km mi Direction From
Contact 15 23 14 N north end, part A
Deeth 50 30 19 SW SW corner, part B
Wells 1,081 6 4 S SW corner, part B
Wilkins 15 5 3 N north corner, part B

Geologic setting: Locality EL-3 Ties within the Basin and Range province, and just
south of the Owyhee Upland of the Columbia Intermontane Province. The geologic character of
the locality is typical of most other ranges to the south, and is attributed mainly to thrust
faulting and later block faulting. The latter raised elongate crustal blocks on their west
side, tilting them downward to the east. Other faults have broken the main blocks so that
their parts differ in shape, cross section, and attitude of the sedimentary rock layers in
them.

One clay-rich rock unit is exposed in this locality. It is the Chainman Shale, and
in some of the locality it is not differentiated from the overlying Diamond Peak Formation,
a coarse-grained unit. The shale, which is poorly exposed in the HD Range, is described
(Riva, 1970) as brittle, black, shale with some siltstone and a few thin interbeds of
sandstone. The rock has been deformed and folded. Riva inferred its thickness to be
"hundreds of feet." Oversby (1972) describes the unit in this area as containing thin beds
of chert and small siliceous, argillitic nodules, plus a sandy limestone bed less than I m
(3 ft) thick.

The formation is widely exposed in the Windemere Hills, where it is described by
Oversby (1972) as fissile, black argillite, with sporadic beds of sandstone composed of
quartzose chert. The thickness here he believes to be about 610 m (2,000 ft).

Hydrologic setting: Part A of Locality EL-3 is in the Thousand Springs Valley ground-
water system and drainage basin. The nearest significant discharge is 18 km (11 mi) eastward
at the confluence of the Thousand Springs and Rock Springs Creeks, where the water is used
for domestic and livestock purposes.
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Segment B of Locality EL-3 is in the Humboldt River basin, Thousand Springs Valley, and
Independence-Clover Valley ground-water systems. Runoff flows to the Humboldt River, Thousand
Springs Creek, and Independence Valley (or eastern Elko County). Discharge occurs within
the segment along the upper reaches of the Humboldt River, where the water is used for
domestic, livestock, and irrigation purposes. At Wells, Nevada, a short distance downstream,
the ground water is used for public supply.

- Mineral-resource activity: No active mines are located in this locality, and only two
active mines are located within 40 km (25 mi) of it (Payne and Papke, 1977). One is a
barite mine 26 km (16 mi) west of part A. The other is a tungsten mine about 15 km (9 mi)
southwest of the southwestern extremity of the locality.

Patented lode-mining claims are located 16 to 28 km (10 to 18 mi) north of part A;
four blocks of claims and one single claim in this group are situated just west of the
village of Contact. An additional single claim is 13 km (8 mi) northeast of Contact.

Six widely scattered o0il and gas-test holes have been drilled in the vicinity of EL-3;
none are within its boundaries. The six holes range from about 3 to 39 km (2 to 24 mi)
from the boundary, of part B, and are located in all four compass quadrants.
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EL-4: Pilot Range Locality

Locality EL-4 is on the northeast flank of the Pilot Range in central eastern Elko
County, and consists of one part. The locality is a very small, short, narrow area.
Geographic location: The approximate center of EL-4 is at lat 41%02" N., long 114%05" w.
The locality extends from NW 1/4 sec. 28, T. 37 N., R. 70 E., to SW 1/4 sec. 1, T. 36 N.,
R. 69 E., and at the closest point is about 2 «m (1 mi) west of the Utah-Nevada boundary.
The locality is represented topographically on maps at two different scales; these are
listed following the Reference list.
Approximate area: This locality is about 6 km (4 mi) long,.and 1 km (0.6 mi) wide.
Thus its total area is about 5 km2 (2 miz). The entire exposure area is believed to be

underlain by clay-rich rock.

Land ownership: A map showing land ownership for Nevada {Lutsey and Nichols, 1972) is
published; no similar map for Utah is available.

Private land, and Federal public land is well checkerboarded overlabout 90 percent of
that part of Nevada that lies within 40 km (25 mi) of EL-4. In the southernmost part of the
vicinity, land is wholly in the Federal public domain except for about 39 km2 (15 mi2) included
in Wendover Air Force Range.

In Utah, the northwest corner of the Wendover Air Force Range is 29 km (18 mi) south-
southeast of EL-4, and the Wendover Air Force Auxiliary Field is 5 km (3 mi) farther in the
same direction. To the southeast of FL-4 35 km (22 mi) is the Bonneville Salt Flats Race
Track. An estimated 90 percent of that part of the EL-4 vicinity that 1ies in Utah constitutes
the western margin of the Great Salt Lake Desert; the remainder includes the Silver Island
and Little Pidgeon Mountains, and the eastern flank of the Pilot Range.

Accessibility: U.S. Highway 40, Interstate 80, U.S. Highway Alternate 50, and the
Western Pacific Railroad all pass through the town of Wendover; of these routes only U.S.
Highway 50-A trends southwestward from the town, and thus is no closer than 32 km (20 mi)
south-southwest of EL-4. The other routes trend northwest from Wendover and are about 22 km
(14 mi) southwest of the center of the locality. Nevada Route 30 and trackage of the Southern
Pacific Railroad lie 19 km {12 mi) north-northwest of the center of the locality. A secondary
road is 3 km (2 mi) west of the southwest tip of the locality, and another about 34 km (21 mi)
northeast passes through Lucin. Mapped trails are common in the vicinity, and other unmapped
trails accessible by 4-wheel-drive vehicles probably are present.

Lockard (1970) shows that a powerline carrying 14,000 to 50,000 V ac from Utah passes
through Montello, one branch extending to Cobre, another to the west flank of the Pilot Range;
thus much of the line is within 23 to 26 km (14 to 16 mi) of EL-4. In addition a powerline
adjacent to U.S. Highway 40 and carrying 50,000 to 80,000 V ac 1ies 19 km (12 mi) southwest
of the locality.

No pipelines are reported by Lockard (1970) within 40 km (25 mi) of EL-4.

Remoteness: Wendover, Nevada, is 23 km (20 mi) south-southeast of EL-4 and in 1970
had a census population of 60 persons (Rand McNally, 1977). Wendover, Utah, just across the
State boundary, had a population of 781 reported. Montello, with a population of 150 in
1970, is 23 km (14 mi) northwest of EL-4. Seven other mapped places in Utah and Nevada, that
lie within a 40-km (25-mi) radius of the locality, had no populations reported in 1970.
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Geologic setting: The geologic character of the Pilot Range is similar to that of
most other ranges in the province. Here normal faulting has raised elongate crustal
segments on the west side, tilting them downward to the east.

One rock unit, defined for the purpose of this report as a clay-rich rock, is present
in the Tocality. The rock is believed to represent subunit G (0'Neill, 1968) of the McCoy
Creek Group of Misch and Hazzard (1962), a thick sequence of metamorphosed clay-rich sediments.
The rock consists mainly of greenish-gray slate and metasiltstone, and green to gray argillite,
with about 23 m (75 ft) of black-and-white marble. Large crystals of chlorite, biotite,
and epidote are present in the finer grained groundmass. The subunit is believed to be
348 m (1,140 ft) thick.

Hydrologic setting: Locality EL-4 is in the Great Salt Lake Desert ground-water system.
Runoff flows to Pilot Creek valley and the Great Salt Lake Desert in Utah. The nearest
significant discharge is 13 km (8 mi) south-southeast of the center of the locality, where
the water is used for livestock and domestic purposes.

Mineral-resource activity: No active mining is present in Nevada within 40 km (25 mi)
of Locality EL-4 (Payne and Papke, 1977). Two oil and gas exploratory holes were drilled
about 27 km (17 mi) west-northwest, and northwest, of the Tocality. The former had a
reported show of 0il (Garside and Schilling, 1977). No similar map for the State of Utah
is readily available.
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EL-5: Spruce Mountain and Pequop Range Locality

Locality EL-5, located in central eastern Elko County, consists of three parts,
designated A through C from north to south. Part A occupies the north end of the Pequop Range,
part B 1ies on both flanks of the middle part of that range, and part C is on both the
east and west flanks of Spruce Mountain. Parts A and B are separated by a distance of 11 km
(7 mi) and parts B and C by 26 km (16 mi). The locality has a long, generally slim, somewhat
sinuous shape.

Geographic location: Part A extends from about lat 41°%9' N., Tong 11438 W. to
lat 41°01' N., Tong 114%34' W. Part B extends from lat 40°56' N., Jong 114°35' W. to
lat 40%45' N., Tong 114%36' W. Part C extends from Jat 40°38' N., Tong 114%51' ¥. to
lat 40°32' N., Tong 114%8' W.

The northern and southern extremities of part A thus are in the SE 1/4 sec. 31,

T. 38 N., R. 66 E., and the NE 1/4 sec. 12, T. 36 N., R. 65 E., respectively. The extremities
of part B are in the SE 1/4 sec. 13, T. 35 N., R. 65 E., and the (unsurveyed) NW 1/4 sec. 13,

T. 33 N., R. 65 E., respectively. The north end of part C is in the NE 1/4 sec. 28, T. 32 N.,
R. 63 E., and the southern end is in the NW 1/4 sec. 31, T. 31 N., R. 64 E.

The three parts of EL-5 are represented on topographic maps at three different scales.
These map§ are listed following the Reference list.

Approximate area: Part A, which is roughly triangular in shape, has an area of
approximately 62 km2 (24 miz). Part B, relatively longer and slimmer, has an area of
21 km2 (8 miz). Part C has a total area of about 10 km2 (4 miz). In each case, 90 to 95
percent of the part is underlain by an undivided geologic unit, but the extent of clay-rich

rock is not determined.

Land ownership: The narrow width and the considerable length of EL-5 gives an oval
shape to its vicinity, the area that 1ies within 40 km (25 mi) of the locality boundary.
The northern half of this vicinity is about 90 percent a checkerboard of private land and
Federal public domain (Lutsey and Nichols, 1972). The eastern margin of the East Humboldt
Range segment of the Humboldt National Forest is 35 km (22 mi) west of the locality. Much
of the forest land is also checkerboarded with private land. The small area remaining,
about 39 km2 (15 miz), constitutes a north-south Jivestock driveway. The southern half of
the vicinity is about 95 percent Federal public land, with about 35 blocks of private land
scattered about; only one of these is larger than about 10 km2 (4 miz). The Ruby Mountains
segment of the Humboldt National Forest occupies the westernmost part of the area, and two
additional north-south 1livestock driveways, together with the eastern extensions of one, are
at the southern end. The driveways are 6 km (4 mi) and 30 km (18 mi), respectively, from
the southern end of part C.

Accessibility: U.S. Highway 40 and U.S. Interstate Highway 80 cross the southern
portion of part A, and a secondary road crosses the middle portion of part B. U.S. Highway 93
lies west of the locality; the highway is 20 km (12 mi) northwest of part A, 29 km (18 mi)
west of part B, and 7 km (5 mi) west of part C. State Route 11 is 33 km (2] mi) west of
part B and 16 km (10 mi) northwest of part C. Other minor roads are numerous in the vicinity,
and unmapped trails accessible by 4-wheel-drive vehicles probably are present.

32



Railroads lie 4 km (3 mi) northeast of part A, and 5 km (3 mi) east of part B, and 17 km
(10 mi) southeast of part C.

Power-transmission lines carrying 80,000 V ac and more follow Federal highways east,
west, and north from Wells. . Thus, one line crosses the southern portion of part A; the
1ine north is about 21 km (13 mi) northwest of part A and 37 km (23 mi) northwest of part B.

No pipelines are within 40 km (25 mi) of the locality.

- Remoteness: No populated places 1ie within any part of the locality, but three are
within 40 km (25 mi) of it (Rand McNally, 1977). Wells, the largest town, is 26 km (16 mi)
from part A, and in 1970 had a population of 1,08]. Montello, with a 1970 census population
of 150, is 30 km (19 mi) northeast of part A, and Currie, with a 1970 population of 30 is
29 km (18 mi) south of part C. Eleven other mapped places in the vicinity of EL-5 had no
population.

Geologic setting: The Pequop Range and Spruce Mountain are similar in geologic
character to most other ranges in the Basin and Range province; normal faulting raised
elongate crustal blocks on their west side, tilting them downward to the east. The southern
part of the Pequop Range and Spruce Mountain apparently constitute two contiguous crustal
segments.

One clay-rich rock unit, the Chainman Shale, is exposed in Locality EL-5, but on
reference maps the unit has not been separated from the overlying Diamond Peak Formation.
The Chainman Shale consists chiefly of shale interbedded with siltstone. Lithologic details
differ locally, but the black rock is in places well indurated (argillitic?), fissile to
nonfissile and from thinly bedded to thickly bedded. Sandstone and pebble conglomerate are
locally interbedded. Thickness of the undivided unit also varies from place to place.
Thorman (1970, plate II) indicates a thickness of about 905 m (2,970 ft) in the northern
Pequop Range, and Robinson (1961) gives a thickness of 366 to 457 m (1,200 to 1,500 ft) for
the central part of the range. In Spruce Mountain, Hope (1972) gives a figure of 762 m
(2,500 ft).

Hydrologic setting: Segments A and B of Locality EL-5 are in the Independence-Clover
and Goshute Valleys ground-water systems. Runoff flows to Goshute Valley and Independence
Valley (of eastern Elko County). Discharge occurs as evapotranspiration in Independence
Valley 8 km (5 mi) southwest of the center of part A and 5 km (3 mi) west of the center of
- part B. Ground water is .used in Independence Valley principally for domestic and livestock
purposes.

Segment C of Locality EL-5 is in Butte Valley and Independence-Clover Valley around-
water systems. Runoff flows to Butte and Clover Valleys. Discharge occurs by evapotranspiration
in northern Butte Valley, 11 km (7 mi) southwest of the center of the segment. Ground water
is used in northern Butte Valley mainly for domestic and livestock purposes.
Mineral-resource activity: Active mines are shown (Payne and Papke, 1977) at two
places near the locality. One is about 8 km (5 mi) southwest of Wells and 37 km (23 mi)
west of part A of the Jocality; the other is about 16 km (10 mi) northeast of Currie and
24 km (15 mi) southeast of part C. Tungsten is mined near Wells and copper, molybdenum,
silver, and gold near Currie. A block of patented lode-mining claims is near the center of

33




part C, and six single claims are nearby. Two other single claims are located 30 km (19 mi)
southeast of part C.

Seven exploratory boreholes have been drilled for 0il and gas within 40 km (25 mi) of
the approximate centers of the three parts of the locality (Garside and Schilling, 1977).
Two of these holes, about 27 km (17 mi) north and northeast, respectively, of part A,
reportedly had oil shows, and the other five widely scattered holes are reported as
abandoned.
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EL-6: Pinon Range Locality

Locality EL-6 is located just southwest of Elko in southwest Elko County. The locality
occupies parts of both flanks of the Pinon Range, and both flanks of the northern part of
the Sulphur Spring Range, which extends into Elko County from adjacent northern Nye County.
EL-6 consists of a single part; it is large, long, extremely irregular, and somewhat
doglegged in general shape.

Geographic location: The northern extremity of EL-6 is at lat 40°50" N., long 115%7' wW.
The western extremity, the outside angle of the dogleg, is at lat 40°37° N., Tong 116%07" W.
The southern extremity is at lat 40°10' N., long 116°00' W. These extremities are located
on land-survey maps as follows: northern extremity, SE 1/4 sec. 28, T. 34 N., R. 55 E.;
western extremity, SE 1/4 sec. 34, T. 32 N., R. 3 E.; southern extremity, NE 1/4 sec. 4,
T. 26 N., R. 53 E.

The topography of the locality is represented on parts of maps at three different scales.

These maps are Jisted following the Reference list.

Approximate area: EL-6 is about 81 km (50 mi) long and from less than 2 km (1 mi)
to as much as 14 km (9 mi) wide. The total area is estimated at approximately 647 km2
(250 miz). Of this an estimated 65 percent is exposed bedrock containing in part clay-rich
rocks. The extent of the exposed bedrock area that is clay-rich is not known.

Land ownership: The vicinity of Locality EL-6, determined by the length and width of
EL-6 plus a radius of 40 km (25 mi) from the locality boundary, is approximately oval in
shape. MWithin this vicinity, land use is highly varied. The vicinity adjacent to the
northern four-fifths of the locality is notable for a widespread checkerboard of private land
with Federal public land (Lutsey and Nichols, 1972). West of the locality this checkerboard
encloses scattered large areas of wholly private land; east of the locality are comparable
large areas of enclosed wholly Federal public land. Also east of the locality at a minimum
distance of 14 km (9 mi) is the moderately small southern segment of the South Fork Indian
Reservation. The smaller northern segment of the reservation consists of five separate
blocks of land that together constitute 12 km2 (5 miz) located 4 km (2 mi) east of the
northern part of EL-6 and 8 km (5 mi) north of the southern segment. The western boundary
of the Ruby Mountains segment of the Humboldt National Forest is 24 km (15 mi) east of
Locality EL-6.

The vicinity adjacent to the southern one-fifth of the locality is mainly Federal
public land, with about 50 scattered blocks of private land plus four blocks of withdrawn
land that total about 4 km2 (2 miz). The Ruby Lake National Wildlife Refuge is 38 km (24 mi)
east of the south end of the locality. Scattered about the entire vicinity are parts of seven

extensive State-controlled livestock driveways. These mainly trend north-south, but in part
trend northwest-southeast.

Accessibility: Locality EL-6 lies just south of the Humboldt River valley, which
constitutes a major east-west transportation corridor. Within the corridor are various
highways, two railroads, power-transmission lines, and a pipeline. Al1 these facilities
generally lie within about 2 to 5 km (1 to 3 mi) of the nearest point along the EL-6
boundary. The major highways present are U.S. Interstate Highway 80 and U.S. Highway 40,
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which are in part combined. The powerline, which carries from 50,000 to 80,000 V ac, ties
a generating station at Elko to another at Wells and to points beyond. Two subsidiary
powerlines carry from 14,000 to 50,000 V ac; one extends northwestward from Elko, the other
southeastward from Elko 27 km. (17 mi) to Lemoille; it is as little as 3 km (2 mi) from
EL-6. The pipeline carries natural gas, and extends from the west to Elko. State Route 46
extends southeastward from Elko, and at the nearest point is 5 km (3 mi) from EL-6. State
Route 11 heads northwest from Elko, and is as close as 3 km (2 mi) to EL-6. A southerly
extension of Route 11 leaves the corridor at Halleck, northeast of Elko and is 30 km {19 mi)
from the northeast end of the locality. State Route 5] in adjacent Eureka County trends
north-south, and is from 3 to 5 km (2 to 3 mi) west of the locality. A secondary road
extends across the northern part of EL-6, and local roads are present. Unmapped trails,
some perhaps accessible only by 4-wheel-drive vehicles, probably are present.

Remoteness: Eleven places are mapped (Lutsey and Nichols, 1972) within 40 km (25 mi)
of Locality EL-6; five of these had populations reported (Rand McNally, 1977) in the 1970
census:

Town or 1970 Distance

village Population km mi Direction From

Elko . 7,621 2 2 N -NE extremity

Carlin 1,313 5 3 NW NW edge

Beowawe 100 30 19 W W edge, northern part
Lamoille 40 24 15 . E E edge, northeast part
Halleck 25 3 19 NE NE extremity

Geo169ic setting: The Pinon Range and Sulphur Springs Range are similar geologically
to most other ranges in the Basin and Range province. Normal faulting raised elongate crustal
blocks on their west side, and tilted them downward toward the east.

Within this locality there are four bedrock units that can be defined as clay-rich for
this report and each of them is present in sufficient thickness to warrant further consideration.
The units are the Chainman Shale, the Webb Formation, the Woodruff Formation, and the
informally named argillite unit of Lee Canyon of Smith and Ketner (1975).

The Chainman Shale in this locality is more coarsely grained than it is farther east
(Smith and Ketner, 1975). The rock consists mainly of shale, mudstone, and siltstone, with
thin interbeds of sandstone and limestone. The shale, mudstone, and siltstone are mainly
very carbonaceous, gray, éoft, locally micaceous, and locally nonfissile. These beds include
pebbly mudstones, representing the deposits of mudfiows and density currents. In the deposits
the pebbles are also composed of claystone, mudstore, or siltstone. The beds are locally
metamorphosed to a siliceous argillite.

The interbeds of sandstone are lenticular and thinly layered, ranging from 1.3 to 15 cm
(0.5 to 6 in.) in thickness, but constituting individual beds as much as 31 m (100 ft) or
more thick. The rock is composed of quartzite or quartzitic material, plus chert, clay,
and micaceous material. These beds constitute at least as much as 15 percent of the section
Tocally.
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The interbeds of limestone include layers of sandy limestone and calcareous sandstone.
They are generally less than 0.4 m (1 ft) thick, constitute less than 1 percent of the
section, and locally display coatings and fracture fillings of solid bitumens.

Smith and Ketner give no thickness for the Chainman Shale but indicate a composite
thickness of 1,904 m (6,245 ft) for the undivided Chainman Shale and Diamond Peak Formation.
The Chainman Shale overlies the Webb Formation. A measured section of the Chainman Shale
is shown in table 2.

Table 2.--Section of Chainman Shale in the NW 1/4 sec. 18, T. 31 N., R. 53 E., and
$ 1/2 sec. 12, T. 31 N., R. 52 E. (from Smith and Ketner, 1975, p. 48)

Mississippian System: Feet
Diamond Peak Formation:
Conglomerate
Contact between Diamond Peak Formation and Chainman Shale is covered along
line of section.
Chainman Shale:
15. Covered; probably gray shale; cover includes some gravel on ridge crest
(same stratigraphic position as Chainman Shale at base of section S8)..... 45
14. Shale, gray; weathers gray; very small amount of sandstone. A thin
calcareous and sandy bed containing fossil fragments occurs 150 ft
AbOVe base. ... it et i, 220
13. Shale, gray; weathers gray; some beds are hard and black; very small
4 amounts of sandstone and quartzite; uncommon layers of ferruginous
siltstone 1/4 in. or less thick. Fossils occur in top 5 ft of unit;
this fossiliferous zone contains scattered pebbles as much as 2 in.
in diameter and is probably a pebbly mudstone; the shale is contorted

as a result of penecontemporaneous sliding or slumping............ccvuuun. 255
12. Sandstone and quartzite and subordinate gray shale............ ..o nn..n, 110
11. Sandstone, tan, fine-grained with rounded quartz and angular gray chert

grains; well cemented; slightly ferruginous........ccovvviiiiiinanian... 35
10. Shale, similar to that in unit 9, contains some sandstone but less than

LT - P 165

9. Shale, soft; gray; weathers to form soft gray slope; thin interbeds of
fine-grained sandstone in beds generally 1/4-1/2 in. thick, some 2 in.;
sandstone consists largely of quartz in sand and some silt-size grains,
some angular chert grains and small flakes of mica; sandstone weathers
tan and gray and reddish brown in places and forms platy fragments.

Shale makes up most of unit, some thin beds are of ferruginous siltstone.

Plant fragments were seen on bedding surfaces of some sandstone pieces;

a poorly preserved goniatite was found in a loose piece of sandstone

65 ft above base OF UNTt....evuenernerenuereneanenenenernenanennannnnns 200
8. Shale, soft, gray; weathers gray......cueeeentneenennreneenenseonennssannen 85
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Feet

7. Shale, soft, gray; weathers gray; some coarse sandstone and some

"mudflow" conglomerate or pebbly mudstone; upper 10 ft of unit lacks

"mudflow" conglomerate but contains ferruginous sandstone................ 75
6. Sandstone, similar to that in unit 4, and conglomerate; some of

conglomerate is mudflow type containing pebbles, cobbles, and boulders

of brown limestone, of quartz- and chert-grain sandstone similar to

that elsewhere in the section, and of chert, quartzite, and gray

limestone; gray limestone clasts probably derived from Devils Gate

Limestone [Middle and Upper Devonian . ....eeeiveereinennnieennennnennnn. 40
5. Shale, soft, gray; weathers gray; some "mudflow" conglomerate (pebbly

mudstone) with well-rounded pebbles, cobbles, and boulders of sandstone,

brown 1imestone, and chert. A lens of conglomerate about 12 ft thick

and 30 ft long contains pebbles and cobbles of black and green chert

and pebbles to boulders of gray limestone that probably were derived

from the Devils Gate Limestone; largest l1imestone boulder is 1 ft in

e B 11T o 115
4. Sandstone (possibly subgraywacke), medium- and coarse-grained; composed

chiefly of angular to subrounded black, tan, and green chert grains and

fewer rounded quartz grains; also contains angular, mostly elongate,

pebbles of gray chert and some fragments of black mudstone (similar to

some mudstone in Webb Formation) and gray siltstone. Beds are 1 1/2-

6 ft thick. Unit is a lens that extends about 900 ft along the strike... 45
3. Shale, soft, light-gray; weathers gray; shale breaks into small pieces,

mostly less than 1/4 in. across; contains scattered pebbles in places.

Basal 80 ft of unit contains subspherical to elliptical gray claystone

nodules 1/2-2 in. across, some of which contain barite. Scattered grains

of quartz in some shale layers. Thirty-five ft above base is a lens of

sandstone made up of coarse-grained chert fragments.........cciveeveeennn. 185
Total thickness of Chainman Shale................ ettt 1,575

Contact between Chainman Shale and Webb Formation is gradational.
Webb Formation:
2. Shale, siliceous, dark-gray to almost black; weathers gray, brown, and
bluish gray and breaks into plates 1/16-1/4 in. thick and 2 in. across.
Unit is transitional into Chainman Shale................. Cereecraearennas 25
1. Mudstone, hard, siliceous, gray and tan and some black; weathers gray and
tan; MaKeS SCIree STOPE..cuiuirereenrnrraernseeeoseneeunencsacsasseasnnannn 12

The Chainman Shale is locally mapped (Smith and Ketner, 1975) as a separate unit composed
mainly of shale and sandstone, but in places the Chainman is mapped as undivided from the
overlying Diamond Peak Formation because shale, sandstone and conglomerate are about equally
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prominent. The contact between the two units is gradational and interfingering, and so is
not readily traceable. An exposed section of the Chainman Shale and the underlying Webb
Formation, measured by Smith and Ketner, has been given.

The Webb Formation (Smith and Ketner, 1975) consists mainly of laminated to shaly,
locally thin-bedded, mudstone and claystone, interbedded with 1imestone and thin layers of
sandstone. The mudstone and claystone are gray to black, and contain angular grains about
0.05 mm (0.002 in) in diameter of quartz and chert that constitute about 10 percent of the
rock. The limestone interbeds are in some cases marl, and form lenses from about 0.3 m
(1 ft) to almost 61 m (200 ft) in thickness, and from approximately 1 m (3 ft) to 3 km
(2 mi) in diameter. The rock is porous to dense, weak to strong, and thinly bedded to platy.
The sandstone contains sparse rounded grains as large as 2 mm (0.06 in.) in diameter and is
cemented by chert.

The Webb Formation at its type locality near the north edge of sec. 19, T. 31 N.,

R. 53 E. and in the SE 1/4 sec. 13, T. 31 N., R. 52 E. is believed to be 224 m (735 ft)
thick, but in its northern exposures has a maximum thickness of at least 244 m (800 ft).

This formation is overlain by the Chainman Shale; the contact varies locally from gradational
to abrupt.

The Woodruff Formation consists of a considerable variety of rock types, but siliceous
mudstone and chert are dominant. In the southern part of the locality, along the east side,
a thick chert bed is underlain by 152 to 183 m (500 to 600 ft) of shale. The shale is aray
to black, carbonaceous, and characterized by "pencil" cleavage. Farther north the shale
(siliceous mudstone?) is interbedded with thinly layered chert, and the total thickness is
about 914 m (3,000 ft).

A clay-rich unit informally named the argillite unit of Lee Canyon of Smith and Ketner
(1975) is a local unit believed to be a correlative of the lower part of the Chainman Shale
and the Webb Formation. The rock is a black, fine-grained, very carbonaceous, mostly homogeneous
argillite composed mainly of silt-sized grains of quartz, plus about 10 percent clay minerals
and less than 10 percent potassium feldspar. Pyrite, generally oxidized, is common along
fractures, and in two thin sections diopside constituted 30 percent of the rock. Most beds
are from 2 to several centimeters thick. Interbeds of conglomerate and quartzite are present.
The conglomerate beds are as much as a "few feet" thick and 213 m (700 ft) across. The
quartzite beds are composed of quartz and chert grains. An aeromagnetic survey by the USGS
(Philbin and others, 1963; USGS, 1967) revealed that a pronounced large magnetic high
underlies the outcrop of argillite and the surrounding area. This high is interpreted by
D. R. Mabey of the USGS to indicate a large, buried intrusive body (Smith and Ketner, 1975,
p. A39-A40). The argillite appears to have fault contacts. If there is no structural
repetition of beds, the thickness of the unit is about'1,524 m (5,000 ft). No important
repetition or omission of beds was observed, but the rock is cut by a few small faults.
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Hydrologic setting: Locality EL-6 is in the Humboldt River basin ground-water system
and drainage basin. Runoff flows to Pine Valley, Humboldt River, Dixie Flats, and
Huntington Valley. Discharge occurs within 2 km (1 mi) of the northwestern and western
edges of the area, into the Humboldt River and Pine Valleys. Water in these areas is used
for public supply, domestic, livestock, and irrigation purposes.

Mineral-resource activity: Five active mines exist (Payne and Papke, 1977) within
40 km (25 mi) of Locality EL-6. Less than about 34 km (21 mi) northwest of Carlin, gold
and some silver are being mined from three workings. Iron is mined 11 km (7 mi) west of the
western edge of the locality near Palisade, Nevada. Gold and silver are mined about 39 km
(24 mi) west of the western edge of the southern extremity of the locality.
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