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FOREWORD

This reconnaissance appraisal of the ground-water rescurces of the
Biack Rock Desert area in northwestern Nevada is the 20th in this series of
reports. Under this program, which was initiated following legislative action
in 1960, reports on the ground~water resources of some 23 Nevada valleys have
been made.

The present report, entitled, "Ground-Water Appraisal of the Black
Rock Desert Area, Northwestern Nevada', was prepared by William C.
Sinclair, Geologist, U. 5. Geological Survey.

The Black Rock Desert area, as defined in this report, differs some-
what from the valleys discussed in previous reports. The area is very large
with some 9 tributary basing adjoining the extensive playa of Black Rock
Deserts The estimated combined annual recharge of all the tributary basins
amounts to nearly 44,000 acre-feet, but recovery of much of this total may be
difficult, Water which enters into the ground water under the central playa
probably will be of poor quality for irrigation, The development of good
producing wells in the old lake sediments underlying the central playa appears
doubtful. Also, the soils on the playa are unsuitable for crop production.

The report points out that the best opportunities for the development of
good yielding wells in areas where good soils are situated lies along the toes
of the alluvial slopes, where the main streams debouch from the mountains.
These areag are dispersed around Black Rock Desert and separated by wide
areas of mountains and desert, Tranaportation of materials and farm products,
both to and from the farms, will be a major problem in the development of these
areas,

These reconnaissance groundewater resources studies make available
pertinent information of great value to many State and Federal agencies. As
development takes place in any area, demands for more detailed information
will arise and studies to supply such information will be undertaken, In the

. meantime these reconnaissance type studies are timely and adequately meet

the needs for information on the ground-water resougces of the areas on which
reports are prepared,

Hugh A, Shamberger
Director
Department of Conservation
and Natural Resources

October 1963
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GROUND-WATER APPRAISAL OF THE BLACK RQCK DESERT AREA

NORTHWESTERN NEVADA

by
William C, Sinclair

Hedrgedesi

SUMMARY

The Black Rock Desert is one of the major structural basins in Nevada,
The valley floor is the sink, or discharge area, for runoff and ground-water
underflow from the surrounding watershed, which covers about 2, 600 square
miles in Humboldt, Pershing, and Washoe Counties, and for the Quinn River
which rises in Orepon, about 150 river miles northeast of the sink.

Mining and the manufacture of gypsum products are the principal indus-
tries in the area along with sheep and cattle ranching, The cultivation of
forage-type crops in conjunction with the ranching operations is also becoming
a significant part of the local economy, In this, ground water is being used
increasingly to supplement irrigation by streamflow,

The EBlack Rock Desert has a wide, extremely flat valley floor grading
from a large playa, into relatively steep alluvial slopes which flank the surroun-
ding mountainsides. The valley floor is underlain by silt and clay to an unknown
depth. WNear the edges of the basin, thin layers of sand and gravel are inter-
fingered with the less permeable silt and clay. The sand and gravel layers )
together with the alluvium flanking the mountainsideg constitute the principal
ground-water aquifers in the area.

The lake deposits which underlie the valley floor and playa contain an
abundance of evaporite minerals which are easily taken into solution by the
ground water as it moves from the surrounding upland areas of recharge toward
the central part of the basin, The development of ground-~water supplies of ’
chemical quality suitable for.-irrigation or domestic use, therefore, requires
that wells be drilled along the perimeter of the basin to intercept the relatively
fresh ground water. Even so, encroachment of the saline water beneath the
playa may limit the draft from the freshwater aquifers,

Estimates of average annual recharge to the ground-water reservoirs
of eight sub-watersheds in the Black Rock Desert area range from 2, 000 to
13, 000 acre~feet. These estirnates suggest an order of magnitude for the
perennial yield of the sub-watersheds and constitute a more reasonable - -~
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management tool than an estimate of the total percnnial yield for the entire
Black Rock Desert.

Althoupgh no direct estirmates were made of evaporation and transpira-
tion losses from areas of shallow ground water on the floor of Black Rock
Deserxt, the size of the areas involved suggest that the total may be in the
range of 10, 000 to 30, 000 acre-feet per year.

INTRODUCTION

Location and Extent of the Area:

The Black Rock Desert covers an area of about 2, 600 square miles in
parts of Hurnboldt, Pershing, and Washoe Counties, Nevada (fig. 1}. The
area described in this report also includes the High Rock Lake and Summit
Liake drainage basins; an additional 800 and 50 square miles, respectively.
These two watersheds, formerly tributary to the Black Rock Desert, were
closed by landslides which impounded the drainage to form the two lakes.

In addition to the natural watershed boundaries (pl. 1), the area
covered in this report does not extend beyond the vicinity of Gerlach, at the
southwest corner of the area, where the Black Rock, San Emidio, and Smoke
Creek Deserts come together; it is limited on the northeast by the Leonard
Creek Ranch Road. Pine Forest Valley, a northward extension and tributary
of the Black Rock Desert, lies north of the road and was described in report
4 of this series,

The Black Rock basin is a structural depression, bounded on the east
and west, and bisected in part, by north-trending fault-block mountains. The
valley floor therefore, is somewhat U-shaped and is noted for its large area,
about 700 square miles, of extremely low local relief, generally less.than 10
feet. The Black Rock Desert is the sink, or discharge area, for the waters
of the Quinn River, which rises in Oregon about 150 river miles northeast
of the sink, and of other smaller streams tributary to the basin, The Quinn
River enters the area, from the northeast, Mud Meadow Creek from the north-
west. When the strearnflow is sufficient to reach the valley floor, a lake is
formed on the playa in the area southwest of Black Rock Point.

The shipment of gypsum products from a quarry and mill near Empire,
about 8 miles south of Gerlach, makes the town of Gerlach an important stop
on the Western Pacific Railroad, which crosses the southern edge of the Black
Rock Desert. The gypsum plant is the largest economic development in the
area. Aside from placer gold operations at Mandalay Springs, Rabbithole,
and Placeritas, and the sulfur mine at Sulphur, all of which are conducted
on a very small scale, the rest of the area is devoted to the raising of sheep,
cattle, and feed crops,
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The population of the Gerlach-Empire metropolitan area is approxi-
mately 1, 000, The population of the remainder of the region may total 200,
although the influx of seasonal ranch help and Indian families to the Sumrmit
Lake Indian Reservation may increase this figure during the summer.

Although both Gerlach and Empire have a general store, the main
trading center for the region is Reno, about 110 miles south of Gerlach, State
Route 34 is paved from Gerlach south to U. S, 40. North of Gerlach it is
gravel, usually well maintained, and trends northward about 84 miles to Vya
and a junction with secondary roads to Cregem and California. State Route 81
is also paved through part of the 55 miles from Gerlach to the California
gtate line, and to Cedarville, 25 miles beyond.

Graded gravel roads connect Sulphur with Winnermucca, 56 miles east,
and Lovelock, 64 miles south, A graded road enters the region from highway
8A at Quinn River crossing and connects Leonard Creek, Battle Creek, and
Pahute Mcadows ranches with nearby towns. The gravel roads mentioned
above are usually passable with a relative degree of comfort and confidence
by passenger car, Other roads and trails in the area, some of which are
shown on Plate 1, are best attempted by plckup truck, and in many cases,
only with four-wheel drive vehicles,

Purpose and Scope of the Investigation:

This report is the 20th in a series of reconnaissance studies of the
valleys of Nevada (fig. 1) These studies are made by the U, S, Geolegical
Survey in cooperation with.the Department of Conservation and Natural
Resources, State of Nevada, and are part of a statewide study to evaluate
the ground-water resources of Nevada. '

The purpose of this study is: (l) to determine the nature and extent
of the aquifers; (2) to determine the occurrence and rmovement of ground
water, including the areas of recharge and areas of discharge; (3) to deter-
mine the sources of recharge and to estimate the average annual recharge to
the aquifers; (4) to estimate the quantity of ground water that can be developed
perennially and (5) to determine its chemlcal quality and suitability for irriga=-
tion and domestic use, '

The field work for this report was done at intervals during the period
January 1960 to May 1963, and represents a total of about 30 days. It con-
sisted of a brief study of the physiographic features of the area and of the
water-bearing character of the geoclogic units, an inventory of the wells and
springs, and collection of samples of water for chemical analysis.

The assistance provided by residents of the areas in supplying infor-
mation about wells and springs is gratefully acknowledged. Information from
the files of the Winnemucca Grazing District Office of the U. S, Bureau of
Land Management and data collected by the General Hydrology Branch of the
7.5, Gealogical Survey as part of a stock-well site study were also of value
in this study.
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Numbering System for Wells and Springs:

The well-numbering system used in this report indicates the location
of the wells within the rectangular subdivisions of the public lands, referenced
to the Mount Diablo meridian and base line, The first two segments of a well
number designate the township and range; the third segment is the section
number followed by a letter which desipnates the quarter section in which the
well or spring is located. Following the letter, a number indicates the order
in which the well or spring was recorded within the subdivision, The letters
a, b, c, and d designate, respectively, the northeast, northwest, southwest,
and southeast quarters of the section. For example, well number 33/23-244d1
designates the first well recorded in the SE 1/4 sec, 24, T, 33 N., R. 23 E,,
Mount Diablo base and meridian, In unsurveyed areas the land grid has been
arbitrarily extended from the nearest reference corner, and well location
numbers assigned accordingly.

Plate ! shows the locations of many of the wells and springs in the
area included in this report. " The available data for the wells are listed in
tables 2 and 4, and for selected springs in table 3. The chemical analyses
of water from selected springs and wells are shown in table 5.

PREVIOUS INVESTIGATIONS

A preliminary geologic map of Humboldt County by Ronald Willden
was published in 196}, The geologic units shown in plate 1 are based largely
on that map. The geology of the Jackson Mountains was studied in some
detail by Willden (1962).

The late Pleistocene history of the Black Rock Desertis, to a great
extent, the history of Lake Lahontan, which was studied in detail by Russell
{1885) and, more recently, by Morrison {1961).

GEOGRAFHIC FEATURES

Northwestern Nevada is typically a sagebrush desert, North-trending
mountain ranges separate desert basins which characteristically have no
drainage outlet under the present semiarid climate. The relief of the area
iz the result of vertical displacement of large mountain blocks by faulting,
and to their subsequent sculpture by erosion, The valleys generally are
underlain by the downfaulted blocks. They are the catchment areas for the
streamflow from the surrounding mountains and have been filled, commonly
to great thicknesses, with rock debris eroded from the mountains,

Mountains;
The Black Rock Range stands at an altitude of 8, 631 feet, about 4, 700
feet above the desert floor, near the northern border of the watershed. It

tapers southward to a narrow ridge extending into the center of the basin and
io within about 10 miles of the south edge of the desert floor, Along the
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northern border of the drainage basin the Black Rock Range coalesces with
the High Rock Lake area on the west and the Pine Forcst Range on the east,

. Although the major stream courses in the High Rock Lake drainage
are deeply entrenched, the upland topography is relatively subdued, rising
to occasional peaks at altitudes of about 7, 000 feet.

From High Rock Lake southward, the Calico Mountains border the
western edge of the desert, rising to an altitude of 8, 491 feet at Division
Peak, then decreasing in altitude southward, and finally dipping beneath the
alluvium of the valley fill, A low ridge of metamorphic rocks trends north-
east from the Granite Range to within about a mile of the southern terminus
of the Calico Mountains., Between the two a low alluvial divide, covered with
hummeocks of wind-blown silt, separates the Black Rock Desert from
Hualapai Flat, a small valley which was described in report 11 of this series
(Sinclair, 1962b).

The Granite Range rises abruptly from the desert floor north of
Gerlach and trends northwestward for about 15 miles, attaining an altitude
of 9, 056 feet at Granite Peak. Granite Basin, a small valley on the south
end of the Granite Range, drains to the Black Rock Desert through Bowen
Creek,

J South of the Granite Range the Black Rock Desert merges with the
. San Emidio Desert, then, through a narrow gap north of the. Fox Mountains,
. with the Smoke Creek Desert (pl. 1).

The Selenite Range trends northward along the east side of the San
Emidio Desert then curves northcastward to form a part of the south edge
of the Black Rock Desert. This and several other northeast-trending ridges
form the southern boundary of the Black Rock drainage. The topography
in the southern watershed is relatively subdued. Although the Seven Troughs
Range rises to peaks of 7, 782 and 7, 552 feet, the altitudes of most of the
other ridges in this area are about 6, 500 feet or less.

The eastern edge of the desert is bordered by the Jackson Mountains
whose ragpged crest ia generally above 7, 000 feet in altitude, King Lear Peak,
the highest point in the range, rises to an altitude of 8, 910 feet, roughly
5,000 feet above the desert floor. '

The northern end of the Jackson Mountains lies about 5 miles east
of the south end of the Pine Forest Range. The Black Rock Desert is open
to the north here, receiving occasional runoff via the Quinn River as well
a3 ground-water underflow from Pine Foresf Valley.

Piedmont Slopes and Desert Floor:

: Rock debris eroded from the mountains, carried downslope by gravity,
. streamflow, and storm runoff and deposited in the valley, is generally termed
alluvium, Alluvium bepgins to collect, generally in cone or fan-shaped deposits,
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at the mouths of canyons or other places where the stream gradient and
sediment-carrying capacity is sharply reduced. In time, these fans extend
well out into the valley and along the flanks of the mountains until they
coalesce and form a continuous slope of alluviurn, considerably less steep
than the mountain fronts and decreasing in 31013& until they merge, imper-
ceptibly, with the level desert floor,

The alluvial slopes flanking the mountains around Black Rock Desert
are relatively narrow and steep. The stoping action of waves and currents
in the lakes, which have occupied the basin in times past, has nibbled back
the lower slope of the alluvial apron, steepening the upper slope and removing
the fine particles for redeposition in the relatively still, deep waters toward
the center of the basin. Most of the desert floor i3 underlain by dense saline
clay, deposited in the many lakes whlch have occupied the basin intermittently
since it first began to form.

A well drilled to a depth of 1, 500 feet, 4 1/2 miles north of Trego on
the desert floor, penetrated clay throughout the entire depth. Occasionally
the ¢lay was reported as ""sandy", 'fossiliferous", or "marly'. No identi-
fication of the fossils was made in the log of this well, which is on file at the
office of the State Engineer (log No. 3929, Pershing County); itis not known
how rauch of the geologic time scale is represented in this 1, 500-foot section.
It seems probable, hGwever, that the downthrown fault blocks underlying the
Black Rock Desert ‘have been subsiding, relative to the surrounding moun-
tains, at least since rid«Tertiary time; an interval of about 25 million years.

The most remarkable feature of the Black Rock Desert is the desert
floor itself, A playa, utterly flat and devoid of any vegetation, occupies about
150 square miles, During the winter months and for a few days following
infrequent summmer storms, the playa becomes a sea of mud. The standing
water is generally only a few inches deep but may extend over many square
miles, As winter advances into spring, the water evaporates and the mud
dries to a hard clay surface crazed with polygonal desiccation fissures and
white with the efflorescence of minerals precipitated from the saline water.
The salts are scon dissipated, along with loose clay particles, by the winds
which constantly sweep, unhendered, across the level expanse of desert floor.

The wind, in fact, is the most important erosional force presently at
work in the Black Rock Desert, The flatness of the desert floor is due largely
to the planning action of the playa lakez as they are swept about by the wind.
The presence of the water table just benéath the desert floor is another con-
trolling factor, providing a base level which limits the effect of wind action
as an erosional agent,

An additional 550 square miles of valley floor surrounds the playa and
extends eastward to Sulphur and nerthward to Soldier Meadows along the west
side of the Black Rock Range and to Pine Forest Valley along the east side.
The land rises gradually northward at a rate of about 7 feet per mile, west
of the Black Rock Range and about 2 feet per mile in the eastern arm, toward
Pine Forest Valley,
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This area is covered with a sparse growth of salt-tolerant bush, A
dense pattern of incipient drainage lines has become incised a few inches or
feet into the desert floor, channelling the meager runoff toward the main
course of the Quinn River or to one of the many small playas, impounded by
minor surface irregularities in the valley floor. The local relief is rarely
more than a few feet, The drainage channels are sharply, though not deeply,
incised in the areas underlain by silt and clay. Elsewhere the surface is
irregular and usually soft, being composed of ridges and hummeocks of wind-~
flown silt, so that travel, by any method, is generally difficult.

Sand is notably lacking in the Black Rock Desert, although a few dunes,
stabilized by vegetation, occur along the west flank of the Black Rock Range
north of Double Hot Spring and to a lesser extent in an area north of Sulphur. .
Most of the material cornposing the valley floor is silt or clay.

Drainage:

. Most of the streams draining the mountains surrounding the Black
Rock Desert are relatively short, their profiles are irregular, and their !
canyons generally narrow and steep sided. The streams are fed principally
by snowmelt and storm runoff, Their flow, therefore, is ephemeral, occur-
ring during the spring and early summer, As summer progresses, the snow-
pack in the mountains is depleted, the headwaters of the streams decrease or
go dry, and the decreased flow is insufficient to reach the valley floor, owing
to seepage into the alluvium flanking the mountains and losses of water to the
vegetation growing along the stream channels, Flow in the perennial streams,
then, is limited to the middle reaches which are sustained by the discharge of
ground water from bedrock and alluvium farther upstream.

Some of the streams carry sufficient flow during flood periods for
their channels to have become incised in the valley floor, The most notable
of these are the channels of the Quinn River, The gradient of the Quinn River

‘in the Black Rock Desert is somewhat less than 2 feet per mile. As a result
of the extremely low gradient the Quinn River has developed several mea.nder-f
ing, braided channels, '

Throughout most of the year these channels are dry, and occasional -
pools of standing water are formed where the channel bottom lies below the
water table. In the winter, however, when precipitation is somewhat greater
and losses to evapotranspiration are less, the water table rises until it inter-
sects the channels of the Quinn River, which then becomes a drain carrying
the effluent ground water toward the playa in the southwest quadrant of the
valley floor.

The drainage which presently terminates in High Rock Lake was for-
merly tributary to the Black Rock Desert through Willow Creek. A landslide,
at what is now the head of Willow Creek Cany.on, blocked this drainage,
impounding the waters of High Rock Lake, In pluvial times the lake rose until
it spilled into ¥ly Creek, a few miles north of the former outlet, Under the



present climatic conditions the lake is generally several feet below the col
at the head of Fly Creek, and sometimes dries up completely in late summer
or early fall,

A debris slide forms the present drainage divide between Summit
Lake and 3oldier Meadows Creek., Slight fluctuations in lake level are indica-
ted by the faint shorelines which border the lake just a few feet above its
present level, but there is no evidence that Summit Lake overflowed during
late pluvial times. The fact that no evidence of significantly higher lake
stages was noted in the Summit Lake Basin suggests that the debris slide is
relatively recent, and probably occurred after the pluvial period had ended,
Evaporation from the lake's surface, and perhaps some seepage through the
debris and buried stream gravels into the head of Soldier Meadows Creek, is
sufficient discharge to balance the inflow to the lake under the present clima-
tic conditions, :

Climate:

The rainfall of northwestern Nevada is governed largely by the sea-
sonal migration of storm centers which move inland from the Pacific Coast
in the winter. During the summer months of July, August, and September,
less than one tenth of the total annual precipitation occurs, as illustrated
by the graphs in figure 2. Topography exerts considerable control on pre-
cipitation, and the high mountains of California intercept much of the moist
Pacific air that moves inland from the storm centers, The Black Rock
Desert lies to leeward of these mountains along the major storm tracks and
therefore has a relatively arid climate.

As the eastward moving air masses are forced upward by a mountain
range, the decrease in pressure and temperature causes precipitation, Most
of this precipitation occurs on the western flank of the range. As the air '
mass moves down the eastern flank it i3 warming and dry. This is well
illustrated by the Granite Range whose highest peaks seem to rake moisture .
from clouds which ordinarily drift on across the Black Rock Desert usually
without further precipitation,

Although the anmial precipitation may be as much as 15 to 20 inches
along the crests of some of the higher ranges surrounding the Black Rock
Desert, the valley floor itself probably receives somewhat less than 6 inches
per year, as indicated in the graphs compiled from U. S, Weather Bureau
data for stations at Gerlach, Sulphur, Quinn River Crossing Ranch and
l.eonard Creek Ranch (fig. 2). These graphs also give an indication of the
range of temperature and length of the average growing season.

The rate of evaporation from a free water surface in the area is
about 50 inches a year, according to Kohler, Nordenson, and Baker (1959,
pl. 2). This rate of evaporation is roughly 8 times the annual precipitation
on the valley floor,
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PHYSICAL CHARACTER AND WATER-BEARING
PROPERTIES OF THE ROCKS

Hydrologic Setting:

The present topography of the region and the present hydrologic setting
began to take form during the middle part of the Tertiary Period. Af that
time, and continuing well into the Pleistocene Epoch, the country rock was
disrupted by vertical movement along an extensive systern of faults; the
present basins were downfaulted and mountain ranges uplifted with respect
to one another. The vertical displacement along the major range-front faults
was even greater than the present relief would indicate, Erosional debris
from the uplifted areas has partly filled the basins with an unknown thickness
of alluvial, stream, and lake deposits. The thickness of the unconsoclidated
material in the Black Rock Desert may be on the order of several thousand
feet,

The Pleistocene Epoch was characterized by worldwide climatic
changes which resulted in the formation of lakes in many of the undrained
basins of Nevada. The most recent of these, Lake lahontan, intermmittently
covered a large part of western Nevada and attained a maximum altitude of
about 4, 380 feet, In the Black Rock Desert, which was a major arm of Lake
Lahontan more than 400 feet deep, the many stages and fluctuations of the
lake are recorded in the shoreline features which terrace the surrounding
mountainsides,

Bedrock:

Black Rock, a small steep hill at the south end of the Black Rock
Range, is composed of Permian marine and volcanic rocks; the westermost
exposure of fossilerous Permian strata known in the State {Gianella and
Larson, 1960). The Jackson Mountains are largely composed of Permian
and older rocks, named.the Happy Creek Volcanic Series by Willden (1962).
Intrusive masses; mainly granodiorite, occur in many of the surrounding
mountains and are probably Cretaceous or Tertiary in age. Various sedi-
mentary and metamorphic rocks, ranging in age {rorm Permian to Pleistocene,
also occur in the rmountains of the Black Rock Desert, but in general volcanic
rocks predominate. In the area north and west of Black Rock the terrane is
composed almost exclusively of a thick section of volcanic flow rocks inter-
calated with tuff and lake beds of Tertiary age. '

The movement of ground water in the consolidated rocks of the moun-
tain ranges is largely through joints and other secondary openings and in per-
meable zones between lava flows. Although the total velume of water moving
through bedrock may be quite large, as it is assumed to be in the volcanic
terrane of the High Rock Lake Repion, the success of a well penetrating the
bedrock is dependent on its tapping enough of the secondary water-bearing
zones to yield the required amount of water, The channes of intercepting a
sufficient number of water-hearing zones are generally so poor that the
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consolidated bedrock, whether in the mountaina or buried beneath the valley
fill, is not considered a dependable source of water for large-capacity wells.

Alluvium:

Alluvial fans coalesce to form the piedmont slopes which flank the
mountains surrounding the Black Rock Desert. This alluvium has been depcsi-
ted largely by mudflow and flood waters because of the flashy nature of the
streams. As a result, it is composed of poorly sorted rock particles ranging
in size from clay to boulders. The alluvium ranges in age from mid-Tertiary
to Recent.

The permeability of alluvium, although much greater than that of bed-
rock, is generally low to moderate, depending on the size and degree of sort-
ing of the rock particles, Layers and lenses of wellusorted sand and gravel
are found at various levels within the alluvium, These are best developed
off the mouths of the canyons where streamflow has sorted the particles
according to size and weight, carrying the finest particles farthest out ..
toward the center of the basin,

Wells penetrating a sufficient saturated thickness of alluvium may yield
moderate to large volumes of water, but along the alluvial slopes the depth to

water may be on the order of 100 feet or more; pumping lifts are even greater.

Lake Deposits:

The alluvium mantling the mountainsides has been reworked exten-
sively by wave action in the lakes which have filled the basin to various levels
throughout much of its history. The winowing action on the waves removed
much of the fine material from the shores leaving beaches and bars of well~
sorted sand and gravel ringing the basin at several elevations, both above and
below the present valley floor, In the central part of the basin the valley floor
is tnderlain by silt and clay deposited in the relatively still, deep parts of the
former lakes. As previously mentioned (p. 6 ), the section of clay underlying’
the central part of the desert floor is at least 1, 500 feet thick and probably
is much more. The lake deposits probably range in age from Pliocene to
Recent.

Around the margins of the basin the thick clay and silt sections are
separated by relatively thin layers and lenses of sand and gravel, which are
principally stream deposits and reworked alluvium that accumulated during
shallow stages of the lakes and periods of desiccation. These sheets of sand
and gravel, though thin, may be quite extensive and probably constitute the
rnost important aquifers in the basin., They are best developed along the
edges of the basin and thin basinward as they interfinger with the silt and clay,
eventually pinching out altogether.
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GROUND WATER

Cceocyrrence and Moverment:

Most of the available ground water occurs in the unconsolidated
deposits of the alluvium, or valley fill, Ground water also occurs in the con-
solidated rocks of the mountains. Moving through fractures in the rock, ground
water sometimes appears at the surface to form a spring or, more commonly,
discharges into the alluvium at some distance beneath the land surface, As’
previously mentioned, however, the bedrock is generally not a source of water
for large-capacity wells.

Ground water, like surface water, always moves downgradient toward
the area of lowest head. The alluvial aquifers in the Black Rock Desert are
recharged along the piedmont slopes at elevations several hundred feet above
the valley floor, The ground water then percolates downgradient toward the
center of the basin where it is discharged to the atmosphere either by evapora-
tion {rom the land surface or transpiration by the greasewood and other salt-
tolerant plants which cover most of the valley floor,

The horizontal permeability of lake deposits, and to a lesser degree
of alluvium, is generally greater than the vertical permeability, This is due
primarily to the modes of deposition which have resulted in relatively thin but
extensive layers of permeable sand and gravel overlain by layers of relatively
impermeable silt and clay. Thig sequence is repeated many times, each mem-
ber sloping from the margins of the basin toward the center, resulting in many
thin artesian aquifers interbedded with less permeable confining layers, Up-
ward leakage occurs through the confining layers, and ground water is dis-
charged at the land surface by evaporation and transpiration,

Recharge:

Precipitation is the ultimate source of redharge to the ground-water
reservoir of the Black Rock Desert, In addition to recharge from precipita-~
tion within the area defined on plate !, some ground water enters the basin by
underflow from beyond the surface drainage divides and along the course of the
Quinn River, :

The approximate amount of precipitation within the drainage area each
year can be estimated from aimap showing precipitation zones in Nevada
(Hardman, 1936)., Although the average annual precipitation-is less than 6
inches on the valley floor {p.8 ), precipitation increases with altitude, as des-
cribed by Hardman and Mason {1949), and the entire drainage basin can be
subdivided into precipitation zones based on aspect vegetation and altitude, as
shown in table 1, Some areas, although high, lack the relief which generates
precipitation in the mountain watersheds, The High Rock Lake drainage lies
6, 000 to 7, 000 feet above sea level, The topography is gently rolling desert
plateau, for the most part, and the aspect vegetation suggests that the average
precipitation probably is within the range of 8 to 12 inches per year, despite
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the altitide,

The amount of precipitation which infiltrates to the ground-water
reservoir is determined largely by the vegetation, soil cover, and geology of
the area. In areas of very little precipitation, such as the valley floor, all,
or nearly all, the available moisture may be lost to evapotranspiration.

Secpage from streams crossing the alluvium of the piedmont slopes is
generally an important source of recharge. The streambeds are composed of
permeable gravel and the piedmont surface is generally well above the regional
water table. Rapid infiltration is possible under these circumstances.

Recharge in the mountains is determined largely by the geology, soil
types, and vegetal cover, The permeability of most of the consolidated rocks
is relatively low; but sccondary openings, such as along bedding planes, joints,
and fractures are important avenues of infiltration. The manner in which the
various rock types weather has a considerable effect on the recharge potential.
A mantle of coarse rock debris retards the runoff from precipitation and snow=-
melt and permits the water to infiltrate. Once beneath the land surface the
water may .percolate into the bedrock, or, in the case of less permeable rock
types, move downward, through the alluvium, along the surface of the bedrock.
Springs and seeps occur where the mantle thins or the bedrock surface out-
crops, and arec the source of the basc flow of many of the small streams drain-
ing the mountains.

The percentage of precipitation that recharges the ground-water reser-
voir, even under favorable conditions, is small, and the perceatage for a given
amount of precipitation varies considerably with the terrane, A detailed
determination of the percentage of precipitation that infilirates to the water
table is impossible. The estimates of ground-water recharge from precipita-
tion shown in table 1 arce based on percentages determined empirically by
Eakin and others (1951) from studies in eastern Nevada and may be in the
proper order of magnitude for the Black Rock Desert area.

These estimates are made to facilitate rmanagement of the ground-
water resources by the State Engineer, in accordance with the Nevada Water
Law, which states in part that the withdrawal of ground water be limited to the
"reasonable lowering of the static water level',
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Precipita~ Estimate
Fre- Area tion of
cipita- - of (acre-feet Per- recharge
. tion Altitude zone per year) cent (acre-feet
- .Drainage Area =zone of zone (acres) re- per vear,
{inches) ({feet) (rounded) (rounded} charged rounded)
Watershead South
of Western Pac.
Railroaqd 8-12 above 5,500 78,000 £5, 000 3 2,000
TOTAL - 2,000
Jackson Mts. 15-20 above 7,000 3,200 5,700 15 800
12-15 6,000-7,000 16,500 18, 500 7 1,300
8-12  5,000-6,000 54,700 45, 500 3 1,300
TOTAL 3,400
Pine Forest
Range 15-20" above 7,000 7,560 11, 000 15 1, 6GO
; 12-15 6, 000-7,000 15,900 17,900 1 1,200
8-12 5,000-6, 000 27,300 22,700 3 700
TOTAL 3, 500
East side of 15-20 above 7,000 8,500 12,400 15 i, 800
Black Rock 12-15 &, 000-7, 000 35,900 40, 300 7 2, 800
Range 8-12 5,000-6,000 26,300 21,900 3 600
TOTAL 5,000
West arm of
Black Rock
Desert 15.20 above 7, 000 g, 500 12,400 15 1, 800
(W. side Black 12-15 &, 000-7, 000 53, 200 59, 800 7 4,200
Rock Range & 8-12 5,000-6,000 70,200 58, 400 3 }, 700
Calico Mtns)
TOTAL 8, 000
Granite Basin 15-20 above 7,000 1,100 1, 600 15 200
-+ (Bowen Creek 12-15 6,000-7,000 1,000 11,300 7 800
.. drainage) 8-12  5,000-6,000 3,900 32,500 3 1, 000
~ TOTAL 2, 000
High Rock Lake
(drainage) 8~-12 6,000-7, 000+ 525, 000 435, 000 3 13, 000
TOTAL 13, 000
Summit Lake 15.20 above 7, 000 10,400 15,300 15 2,300
(drainage) 12-15  below 7, 000 24,400 27,400 7 1, 900
TOTAL 13, 4,200

Table 1, --Estimated precipitation and recharge to the ground-water

reservoirsg of the Black Rock Dasert area.




Unlike many of the smaller basins in Nevada, the estimate of total
recharge to the Black Rock Desert is not a useful management tool, The
areas presently being developed and the areas having potential for develop-
ment lie along the margins of the basin, separated from one another by great
expanses of lake deposits which contain saline ground water, Thus, the
development of a given area is dependent on the recharge within its immediate
watershed and the amount of fresh water available from storage locally. In
most areas development will not affect the available ground-water supply in
another part of the basin., The estimates of recharge in table 1, therefore,
have been made on the basis of individual areas which are divided by reason
of geology, physiography, and hydrology into isolated hydrologic units.

In addition to direct recharge from precipitation, some ground water
enters the Black Rock Desert by ground-water underflow, or inflow. In the
study of the ground-water resources of Pine Forest Valley (Sinclair, 1962a},
it was estimated that about 2, 700 acre-feet of ground water per year moves
southward into the Black Rock Desert. Ground water ig also entering the
desert from Hualapai Flat (Sinclair, 1962b), but the amount is considered to
be small. Some ground water may also be moving from the High Rock Lake
region into Soldier Meadows, and the west arm of the Black Rock Desert.

Discharge:

Ground water is discharged to the surface by springs, seeps, and
pumping from wells, It is returned to the atmosphere by evaporation from
the land surface and by transpiration through plants,

Springs: Springs and seeps are common in the mountains surrounding
the Black Rock Desert and the principal springs are shown on plate 1, They
are principally the gravity type, occurring where the land surface intercepts
the water table or where infiltrating ground water encounters an impermeable
rock stratum and is forced laterally to the surface.

Artesian springs issue from the lake deposits in the vicinity of the
Wheeler Ranch and northward, Many artesian wells in this area are also
flowing unchecked, their discharge being used for flood irrigation and water-
ing stock,

Thermal springs, whose temperatures range from warm to boiling,
issue from the desert floor in several areas, These springs are probably
associated with recent movement along fault zones, which provide paths
along which ground water, heated at depth, can rise to the surface.

Water from the thermal springs is commonly highly mineralized due
to its high temperature, which is conductive to chemical reaction with the
environment and to its history of deep circulation, Most of the thermal water
is derived from the same ultimate source as all ground water--precipitation.
Thus it is unnccessary and, in most cases, unrcasonable to postulate that all
the thermal spring water originates beyond the watershed or from magma
deep within the earth's crust,
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Pumpage: Withdrawal of ground water to supplement surface irrigation
is becoming increasingly common in Nevada. Several large-capacity wells
have been developed at the Leonard Creek Ranch in the past few years. A
number of flowing wells in the vicinity of the Wheeler Ranch are used for
irrigation, in addition to one large-c¢apacity pumped well, The Garret Ranch,
along the southern edge of the desert, also has several flowing artesian wells
whose water ranges in temperature from 68°F to 125°F. The amount of
ground water presently being discharged by wells in the Elack Rock Desert,
however, is still a minor part of the total amount in the hydrologic regimen,

Underflow: An alluvial gap, about a mile in width, connects Smoke
Creek Desert with the San Emidio Desert, which in turn merges with the
Black Rock Desert at Gerlach, The altitude of the water table within the
three basins is so nearly cqual that interbasin movement of ground water by
underflow probably is negligible,

Evaporation: In addition to storm runoff reaching the valley floor, much
of the water evaporated from the playa is effluent ground water drained to the
playa during the winter months by the Quinn River and Mud Meadow Creck.
Ground water is discharged to the atmosphere by evaporation in areas where
the capillary fringe above the water table intersects the land surface. The
loss of water by evaporation decreases rapidly with increasing depth to the
water table, In clay the rate of evaporation is presumed to be very slight
below a depth of a few feet, The mud cracks which cover most of the playa
surface, however, may serve to facilitate evaporation of water from greater
depths. These cracks have been observed to extend as much as 4 feet below
the surface in areas where they were only a fraction of an inch wide at the
surface and formed polygons less than 6 inches across. The giant desiccation
fissures, described by Willden and Mabey (1961) along the northwest edge of
the playa, are generally a foot or more in width, forming polygonal blocks
with edges from 100 to 250 feet long, Tough irregularities in the fissure walls
limit visual estimates of their depth to a few feet, the size of their surface
features suggest that these giant fissures extend to considerable depth. During
the large runoff of February 1962, the area of giant fissures was completely
inundated, When the watcr had evaporated it was found that the cracks had
closed, apparently by swelling of the wetted clay rather than by filling.

In August 1962 the depth to water beneath the playa was nowhere greater
than 10 feet as shown in plate 1. In addition, pools of standing water in the
channels of the Ouinn River and Mud Meadow Creek indicate an extremely
shallow water table throughout much of the central part of both arms of the
valley floor. The total area of desert floor where the depth to water probably
was less than 10 feet might be on the order of 250 square miles, or roughly
150, 000 acres,

The area of the floor of Black Rock Desert beneath which water levels
are less than 5 feet may be as much as 200, 000 acres.
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If an average of only half an inch of evaporation o¢curs each year, the
discharge might be on the order of 5, 000 to 10, 000 acre-fect per year.
Although the ground-water discharge by evaporation can not be computed accur-
ately, it nevertheless is a major component of the hydrologic regimen of the
Black Rock Desert,

Transpiration; Evaporation and transpiration account for all of the .
natural discharge of ground water from the Black Rock Desert watershed.
Large quantities of ground water are transpired by plants, known as phreato-
phytes, whose roots descend to the water table or to the capillary fringe above
it, Typically, these plants grow along the foot of the piedmont slopes where
the land surface comes within root range of the water table. Greasewood is
the most commeon phreatophyte in the region, and the presence of certain
species ig generally an indication that the water table is within about 30 feet,
or less, of the land surface. The greasewood gives way, basinward, to the
more shallow-rooted, salt-tolerant plants, such as rabbitbrush, saltgrass,
and various saltbushes which dwindle in density and vigor toward the center
of the valley floor until they are unable to grow in the barren, saline ground
of the playa.

In other reports of this series an estimate of the discharge of ground
water by transpiration has been made by assuming a water-use factor for the
phreatophytes and mapping their areas, In the Black Rock Desert, however,
the lack of knowledge on depth to water and the inaccessibility of much of the
lowland areas made direct estimates of water use by plant types beyond the
scope of this study. However, the annual use may be on the same order of
magnitude as the evaporation (see below),

In the High Rock Lake drainage, phreatophyte vegetation covers an
estimated 4, 000 acres along Cottonwood Creek, in Smokey Canyon, and in
the immediate vicinity of the lake. The total discharge from these areas by
transpiration may be within the range of 500 to 1, 000 acre-feet per year.
Small clumps and stringers of phreatophytes surrounding the countless springs
in the uplands and growing along the many dry stream courses probably account
for most of the discharge of ground water from the High Rock Lake drainage.
The area of High Rock Lake ranges from nothing to as much as }, 000 acres,
Evaporation from the lake surface varies accordingly but probably does not
exceed 3, 000 acre-feet per year.

Phreatophyte vegetation in the Summit Lake watershed is limited to
the immediate vicinity of the upland springs and stream courses. As previously
mentioned, recharge to the basin is probably balanced by evaporation from the
lake surface and, to a minor extent, underflow through the rock debris which
forms the southern drainage divide,

Perennial Yield:

The development and use of the ground-water resources of Nevada is
predicated on the State Water Law, which states that the rate of ground-water
withdrawal from a basin be limited to the ''reasonable lowering of the static
water level" (Hutchins, 1955, p. 6l). Accordingly, the perennial yield is now
the limiting factor in any permanent or long-range development of the ground-
water resources of Nevada. .
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The perennial yield of a ground-water reservoir may be defined as
the amount of water that can be pumped, or otherwise diverted from the
reservoir, without causing an excessive depletion of the stored water, In
other terms, perennial yield is the amount of water that can be salvaged from
natural discharge, and is ultimately limited to the amount of recharge to the
reservolir,

The estimates of recharge to the individual watersheds in the Black
Rock Desert area (table 1) are considered to be a preliminary guide to the
reasonable development of the areas. The poor quality of water beneath the
playa of Black Rock Desert and the mecager data on well yields and quality of
water around the margins of the valley preclude an estimate of the yield of
this major part of the area, Each subarea that is developed for irrigation
adjacent to the playa must be evaluated on the basis of the quality of water,
well yields, and suitability of the soils for irrigation, If water levels are
drawn down substantially, water of poor quality may in time move laterally
into the wells from beneath the playa.

In pumping ground water from storage, as must be done in the early
stages of development, periodic samples of water for chemical analysis
should be obtained along with measurements of the water level, Ideally, this
might include drilling observation wells basinward from the area of develop-
ment so that any reversal of gradient of the water table could be detected
early and pumpage decreased to prevent the intrusion of saline water, There-
after, pumpage should be limited to the amount of fresh ground water that can
be intercepted as it moves basinward from the upland areas of recharge.

The perennial yield of the basins in the Black Rock Desert area can
be determined more accurately only after several years of development have
been closely ob served and much additional data have been collected and
evaluated. The pumpage from a basin may exceed the average annual recharge
to the extent that some of the applied water returns to the ground-water reser-
voir. Also, in the early stages of development, some ground water must be
removed from storage in order to induce ground-water movement toward the
pumping wells, In the final analysis, however, the perennial yield of these
basins will be determined largely by the amount of natural discharge that can
be salvaged or diverted to beneficial use.

Ground Water in Storage:

Large volumes of water saturate the unconsolidated deposits under-
lying the floor of the Black Rock Desert. Where these deposits are fine-
grained, as beneath the playa, the water is not available to wells, and in
general the water is not chemically suitable for most uses. Laterally away
from the playa, coarse-~grained deposits within the alluvium may yield as
much as 20 percent water by volume, This is the water that is generally avail-
able to wells and relatively low in mineral content.
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The amount of fresh water in stroage in the aquifers of the Black Rock
Desert area was not determined in this study, It seems likely, however, that
the volume of fresh water available for development in the upper 100 feet of
saturated deposits is many times the average annual recharge estimated for.
each of the subareas listed in table 1.

CHEMICAL QUALITY OF THE GROUND WATER

In addition to sediments carried in suspension by the streams tribu-
tary to the Black Rock Desert, large amounts of dissolved minerals were
carried basinward in solution, having been leached from the rocks of the
surrounding mountaing, The dissolved minerals were precipitated when the
water evaporated from the lake, and were intermixed with the silt and clay
which has been gradually filling the central part of the basin.

Most of the chemical constifients in ground water are acquired by the
solution of minerals in the material through which the water percolates, In
general, the dissolved-solids content of the water is determined by the solu-
bility of the rock or soil, the area and duration of contact, and other factors,
such as pressure and temperature,

Water moves slowly through fine-grained material, and silt and clay
usually are susceptible to ion exchange with the percolating water, because
of their chemical composition and large surface area. The rapid movement
of water through gravel aquifers, on the other hand, coupled with the chemical
stability of most pebbles, provides less opportunity for significant changes of *
water quality within the aquifer,

In general, ground water in the Black Rock Desert is relatively fresh
along the margins of the basin, close to the areas of recharge, but becomes
saline as it moves through the mineralized deposits toward the center of the
basin. Clean sand and gravel aquifers may contain relatively fresh water,
even though interbedded with saline clays.

Water for Irrigation:

The suitability of water for irrigation may be evaluated on the basis
of the salinity hazard, the sodium (alkali) hazard, and the concentration of
bicarbonate, boron, and other ions (Wilcox, 1955, p. 7-12).

Salinity Hamard: The salinity hazard depends on the concentration of
dissolved solids, which can be measured in general terms by the specific
conductance of the water, expressed as micromhos per centimeter at 25°C,
Water of low conductivity is generally more suitable for drrigation than water
of high conductivity.
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Sodium {(alkali} Hazard: The sodium, or alkali, hazard is indicated
by the sodium-adsorption-ratio {SAR), which may be defined by the formula:

Na+

SAR=

\ / Cat+ Mg+t
/ +

in which concentrations are expressed in equivalents per million., If the pro-
portion of sodium among the cations is high, the alkali hazard is high; but if
calcium and magnesium predominate, the alkali hazard is low., An SAR in
excess of about 10, or less where specific conductance is high, probably will
present a sodium hazard in the fine-textured soils of the Black Rock Desert,

Bicarbonate ion: Residual sodium carbonate S‘RSC), which may be
defined by the formula RSC = {CO3 - + HCO3~) - (Ca s Mg++), in which
concentrations are expressed in equivalents per million, is a measure of the
hazard involved in the use of high-bicarbonate water. If residual sodium
carbonate is greater than 2.5 epm (equivalents per million), the water is not
suitable for irrigation. The water is marginal if the residual sodium carbon-
ate is between 1,25 and 2,5 epm, and probably is safe if the residual sodium
carbonate is less than 1,25 epm (U. 3. 3alinity Laboratory Staff, p. 8l).

Boron: Nearly all natural water contains boron in amounts that
range from a trace to several parts per million. Although boron in small
amounts is essential to plant growth, it is toxic at concentrations slightly
higher than the optimum, Scofield (1936, p. 286) proposed limits for boron
in irrigation water, depending on the sensitivity of the crops to be irrigated.
In general, boron in excess of 3 ppm (parts per million} is injurious to most
crops,

Classification and Interpretation of Analyses:

Chemical analyses were made of water from 10 wells and 6 springs
in the Black Rock Desert, The results of these analyses are listed in table 5.
The salinity and alkali hazards of all the samples that were analyzed are
plotted on a diagram proposed by Wilcox for the classification of irrigation
water (fig. 3). Geochemical interpretation of the analyses is also aided by
the diagrams illustrating the general chemical character of the ground water,
These arce drawn by plotting the concentrations of six key ions, in equivalents
per million, and connecting the plotted points (Stiff, 1951).

Both illustrations show a wide range in the quality of the water in
the basin, The ground water is characteristically a sodium-bicarbonate type,
but water from the flowing wells at the Garrett Ranch {33/25-10b4) contains
mainly sodium chloride, as does water from Great Boiling Spring near
Gerlach, Several other analyses show mixtures of these two types of water:
Coyote Spring (34/25-16dl) about a mile north of the Garrett Ranch;
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Well 33/23-26d1, at the edge of the playa near the mouth of Bowen Creek;
and well 37/27-8dl, at the edge of the valley floor on the east side of the
Black Rock Range.

The salinity and alkali hazards of nearly all the water sampled, as
shown in table 5, indicate that most of the water is marginal for irrigation,
particularly if used with the fine-grained, high-sodium soils which are so
prevalent.in the Black Rock Desert, Forage-type crops are grown almost
exclusively in the region, and these are relatively tolerant to the salinity
of the irripgation water, Ewven so, the quality of the water and its chemical
reaction with the crops and soils will continue to be a limiting factor in the
development of ground water for irrigation,

Water for Domestic Use:

Much of the water in the Black Rock Desert, although soft, is un-
satisfactory for domestic use due to the high dissolved-solids content, The
occurrence of fluoride in excess of the 1,5 pprm optimum suggested by the
U. S, Public Health Service (1962) is common in the saline water and may be
a hazard to health,

Water for Gerlach is piped 10 1/2 and 7 1/2 miles from Garden and
Granite Springs, respectively, in the Granite Range northwest of town.
Water is imported by rail for domestic use in Sulphur, Most of the ranch
headquarters are near the mouths of canyons where streamflow supplies
fresh water for domestic use.
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CONCLUSIONS

The potential for agricultural developrment throughout most of the
Black Rock Desert is limited by the arid climate, the steepness of the allu-
vial slopes flanking the mountainsides, and the salinity of the soils and
water. '

Most of the ground water in storage beneath and near the playa is
unsuitable for domestic or irrigation use, The development of a supply of
ground water of good quality, therefore, requires that wells be drilled near
the lower edge of the alluvial slopes so that fresh ground water may be
intercepted before it comes in contact with the mineralized deposits near
the playa.

The few areas presently under cultivation, or having a potential
for development, are relatively small and are separated from one another
by ridges of bedrock or wide expanses of desert. The effect of ground-
water development, or overdevelopment, in one area on the ground«water
regimen in another area, therefore, would be negligible,

The perennial yield of any of the subareas may be on the order of
magnitude shown for recharge in table 1, or may range from 2, 000 to
13,000 acre-feet, However, the yield will depend largely on the location of
wells and the manner in which they are pumped. On the floor of Black Rock
Desert pumping in moderate amounts from several properly spaced wells,
rather than from one large-capacity well, may be necessary to intercept
the fresh ground water that is moving basinward and to avoid excessive
drawdown and the resultant encroachment of saline ground water.
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Talle 2,--Necards of wells In che Rlack Roek Dasert area, Novada
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Table 3, -- Selected springs in the Black Rock Desert

Use of water:

Ind., industrial; S, stock.

B, bathing; D, domestic; I, irrigation;

Estimated Temp-

Spring discharge Use | erature

number Name {gpm) (°F) Remarks

40/25-23 Soldier Meadows - 1,8 - Chern, Anal.,
many springs and
seeps,

40/28-29 Pinto Mountain 50 S Boiling |Chem, Anal.

39/27-30dl | Cain 5 S 74 Chem. Anal.

38/25-34 -- 100 IS - About 10 separate

- pools '
37/29+27bl | Macfarlanes'’ 5 D, S 170 --
bathhouse

36/26-4bl Double hot 250 LS Boiling |-~

36/26-~34bl { Black Rock 50 1.5 136 Chem. Anal.

35/24-35d1 | Lost 5 S - -

35/25-35bl | Sulphur - Ind. - --

35/30-9d1 Mandalay - - 56 Area of shallow
water table; seeps

34/25-16d1 | Coyote 1 - 60 Spring mound on
playa

34/25-31bl | -~ 35 1 Hot -

32/23-15bl | Great Boiling 200 B Boiling [Chem. Anal.
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Table 4. --Drillers' logs of wells in the Black Rock Desert area.

Thick-
ness Depth
(feet) (feet)

41/23-1d1
Casing perforated

70" to 98!
Bentonite and gravel 16 16
Sandstone 59 75
Rock, broken; water 23 98
41/28-11al
Casing perforated 100" to

330'; 1/2" % ZI'T
Soil 5 5
Clay, brown 9 14
Sand and gravel 36 50
Gravel, cemented 45 95
Clay, brown 10 105
Gravel and sand 15 120
Clay, brown 5 125
Gravel and sand 15 140
Gravel and clay i5 155
Sand and gravel 7 162
Cemented 20 182
Gravel and clay mix 19 201
Gravel and sand 43 244
Cemented 16 260
Gravel and clay mix 10 270
Sand and gravel 18 288
Clay : 4 292
Sand and gravel 8 300
Gravel and clay mix 16 316
Pinch clay 4 320
Sand and gravel 5 325
Pinch clay 10 335
Sand and gravel 5 340

25.

Thick-
ness Depth
{(feet) (feet)
41/28-11dl
Casing perforated 106!
to 392'; 3/16"
Topsoil 10 10
Grawvel, coarse 28 38
Clay and gravel 54 92
Gravel, loose sand 106 198
Clay and gravel 128 326
Gravel, coarse 66 392
Clay 28 420
Gravel -- -
41/28-12¢l
Casing perforated 49 to
75'; 3/16" x 6" torch cuts
Topseil 7 7
Clay, hardpan 7 14
Clay, gravelly 17 31
Sand, fine; water 7 38
Clay, sandy 14 52
Sand and gravel 25 T
41/28-23cl
Casing perforated 30' to
50'; 3/16" x 6' torch cuts
Topszoil, sandy clay 12 12
Clay, sticky bentonite 3 15
Sand, water seep 3 18
Clay, sandy 23. 41
Sand and gravel 12 53
40/26-204d1
Casing perforated 135" to
2107
Topsoil 3 3
Tuff, bluish 187 190

Volcanic rock, porous 25 215
Volcanic rock, broken
aoft 85 300



ir

Table 4 (continued)

Thick- Thick-
ness Depth : neas . Depth
{(feet) (feet) ‘ : {feet). - {feet}
40/27-2cl 37/25-9dl {continued)
Casing perforated 30! Clay, gray; sand 13 - 423
to 707; 1/4" x 3 Clay, red; rock 2 425
| Clay, gray; sand 17 442
Gravel 438 48 Clay; redish white; rock 4 446
Clay 10 58 Clay, gray; sand 21 - 457
Sand and pravel 12 70 Clay, white, sugary 2 469
Sand; pgray; clay 36 505
-_11.0/27—143.1 Sand, brown, coarse; '
T clay 8 513
Hardpan 10 10 Clay, white; sand 9 522
Clay 30 40 Clay, white 24- 546
Sand, gravel; water 22 62 Clay, blue 6" 546'6"
o -Clay, white; sand - 516! 552
37/25-941 Rock, white 3 555
' : Clay, white b 561
Sand, top soil 3 3 Clay, white; sand 8 569
Gravel 4 7 Clay, gray, hard 9 ..578
Sand 11 ig Sand, white; rock 7 585
Clay, red; gravel ‘ 12 30 Clay, white, hard 12 597
Clay, red; sand 8 38 Clay, gray ' 11 608
Clay, brown; gravel 18 56 Clay, gray; sand 22 630
Clay, brown; sand 6 62 Clay, white 22 652
Clay, yellow; gravel b 68 Clay, gray 5 657
Gravel, sand, and water 8 76 Rock, red 7. 664
Clay, red; gravel 26 102 ‘Clay, gray , 8 672
Clay, red; sand b 108 Clay, white .36 708
Clay, red; gravel 26 134 Clay, gray ' 27 735
Gravel, sand, water FA 136 Clay, gray, hard 17 752
Clay, brown; gravel 20 156 Clay, white 11 7163
Clay, gray 6 162 Rock, pink 13- 716
Clay, red; gravel 28 190 Clay, brown, hard 25 . 801
Clay, gray 6 196 Clay, white 7 808
Clay, red; gravel 45 241 Clay, brown 9 817
Clay, gray 11 252 Clay, gray 8 825
Clay, red; gravel 25 277 Clay, brown 7 832
Clay, brownish white, . Clay, gray 6 838
sandy 15 292 Clay, brown 8 - B4b
Clay, red, sandy 41 333 Clay, blue 6 852
Clay, brown; sand 9 342 Clay, blue 1 853
Clay, white; gravel and Clay, brown 8 - ‘8pl
zand 15 357 Clay, gray 1t - I
CIELY, white; sand 53 410 Clay, brown ? : B79

26.



Table 4 {continued)

37/25-9dl {continued)

Clay, white

Clay, brown

Clay, gray

Clay, blue

Sand, brown
Rock, black

Rock, whitish gray

37/25-10d1

Gravel, sandy

Clay, vellow; sand

Clay, black; water strata

Sand, black; yellow clay; small gravel
Clay, yellow; sand and small gravel
Clay, yellow; fine sand

Clay, yellow, soit

Clay, yellow, soft; sand and small gravel
Clay, rusty, =oft

"Small stratas of clay', pea-sized gravel
Gravel, course; sand; water strata

Gravel stratas; soft brown to yellow clay; water 7

'""Small stratas of yellow, pink, light green

clays!

"Small clay stratas, water gravel stratas 2'
o thick'

Gravel stratas, cemented very hard

Gravel and soft stratas of pink clay, srnall .

Clay, pink; gravel

Clay, pink; gravel

Clay, pink

Clay; pink; gravel

Clay, white; "artesian hot water indications"

"Small stratas, pink, green and white clays"

Clay, pink

Clay, pink; gravel

Clay, pink; sand and gravel

Clays, pink and dark green, hard

Gravel, cemented, very hard white quariz

Gravel, very hard white quartz mixed

Gravel, very hard white quartz mixed

Clay, brown and pink

"White hot water clays"

{continued) 27,

Thick-
ness Depth
{feet) (fect)
8 887
10 897
10 907
6 913
5 918
56 974
38 1012
L& 10
10 20
10 30
10 40
10 50
10 60
10 70
10 80
10 94
20 ilo
5 115
S 122
11 133
7 140
5 145
5 150
10 160
8 1568
2 170
10 180
26 206
4 210
3 213
17 230
i6 246
2 248
24 272
8 280
15 295
5 300
20 320



Table 4 {continued)

Thiclk-
NGsEs
{feet)

37/25-1041 {continued)

2" to 3" stratas of rust brown and gray clays, with quartz'
Clays, white gray; white quartz sands; water strata; sand
Clays, rusty brown; white quartz; loss of mud; water strata
Sands, brown, cernented, hard

Clay, white and gray; loss of mud; water strata

QOuartzs, white, cemented; or solid strata

"Alternate white and brown clay stratas, small ones"

Clay, brewn; quartz sands; water strata

Clay, brown; quartz sands; water strata

37/25-11btl

Silt, black; yvellow clay

Hardpan and yellow clay

"soft whitish hot water clay"

Gravel, small; sand and clay

Clay, brown and yellow, hard

Gravel, coarse

Clay, blue, hard

Clay, blue, soft

Clay, blue, soft gummy

Clay, blue; 1/2" gravel

Clay, blue; heavy large gravel

Clays, sandy creamn and blue; large gravel

Gravel and blue clay

Clay, blue

Clay, blue; gravel

Clay, blue

Clay, white to yellow; gravel, "hot water clay deposits"

Sand and gravel, no clay

Clay, blue

Clay, blue; fine sand

"Small stratas of white and green clays"

Clay, yvellowish white; "hot water deposits"

Limestone, white, hard; "hot water lime"

Clay, white; quartz, some red gravel

"Terrific loss of drilling mud, level dropped 207,
well began flowing before rods could be pulled.
Flowing 212 gpm, Static head is in excess of 35,
small volume, Itis hard to determine exactly
where the flows are originating,

28,

10
10

60 -

10
20
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Depth
{feet)

330

340
400
410
430
440
450
460
490

20
40
73
77
82
86
90
95
104
108
110
120
160
165
167
169
190
198
200
220
228
250
253
265
267



Table 4. (continued)

Thick-

ness

(feet)

37/29-11b2

—
oo

Mud, blaclk

Clay, gray, sandy;
some water

Clay, white

Clay, blue

Sand, black; water

Clay, white

Sand, brown: water

Clay, blue

Sand, brown; water

Clay, brown

Sand, brown

Clay, brown

Clay, blue

Sand, brown

Clay, yellow

Clay, blue

Sand, brown

Clay, white; sand

=
[0 s}

—

L
WD e oW TV OO D 00~ o O [V

=

35/25-33al

Casing perforated
134" to 144!
1f4|| x 6"

"Fine granite sands" 20
Sand, coarse, and clay 5
Gravel and clay, cemented 5
Gravel and hard pink clay 64

Clay, pink, soft &
Clay, sand, and fine '
gravel 10

Clay, pink, medium soft 10
"8mall hard and soft

strata alternate" 14
Gravel, small loss of mud 1
Clay, pink, hard 1
Gravel, medium loss,

small amount of water 4
Clay, sand, hardpan 4

Depth
{feet)

16

34
52
54
58
17
81
89
g6
104
113
121
156
158
162
174
180
183

20
5
30
94
100

110
120

134
135
136

140
144

29,

33/29-5d1

Top soil
Clay, vellow
Gravel; water
Clay, blue
Shale, brown
Gravel; water
Shale, brown
Clay, gray

33/29-8bl

Casing perforated
30' to 164!
1/4u Y 311

Top soil

Clay, vellow
Gravel; water
Clay, blue

Shale, brown
Ciravel

Shale, brown
Shale, blue; gravel
Clay, pgray, sandy
Gravel, quartz
Clay, brown, sandy
Clay, gray, sandy
Clay, brown
Clay, dark brown
Clay, light brown
Hardpan and shale
Clay, light gray
Clay, brown
Clay, gray

Clay, brown
Clay, gray

Thick-
ness Depth

{feet) (feet)

15 15
18 33

5 38
14 52
11 63
3 66
11 77

8 85
15 15
18 33

5 38
14 52
it 63
3 66
11 77
20 97
56 153
4 157

& 163
25 188
4 192
18 210
3z 242
20 262
13 275
53 328
48 376
14 390
10 400



Table 4 {continued)

" 33/29.34b1

“ Casing perforated
50' to 108!
1/8" x 3"

Clay, sandy
Gravel and clay
Gravel, large; clay
Sandstone, soft
Clay, sandy
Gravel, cemented
Gravel, cemented;
boulders

Rock, gray, solid

Thiclkw
ness Depth
{feat) (feet)
7 7
8 15
40 55
5 60
7 67
63 130
34 164
4 168

30,
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Table 5,.--Cherdeal snalyses, in parts per mfillion, of pround water in the Slack Bock Deserkb Axea

{Analyses by 0.3, Geological Surver}
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11,

1z,

13,

PREVIOUSLY FUBLISHED REPORTS OF THE

GROUND-WATER RESOURCES - RECONNAISSANCE SERIES

Mook s

Ground-Water Appraisal of Newark Valley, White Pine County,
Nevada, Dec. 1960, by Thomas E. Eakin,

Ground-\Vater Appraisal of Pine Valley, Eureka and Elko
Counties, Nevada. Jan., 1961, by Thomas E. Eakin.

Ground-Water Appraisal of Long Valley, White Pine and Elko
Counties, Nevada. June 1961, by Thomas E. Eakin.

Ground-"ater Resources of Pine Forest Valley, Humboldt County,
Nevada. Jan. 1962, by William C. Sinclair.

Ground-Water Appraisal of the Imlay Area, Humboldt River Basin,
Pershing County, Nevada. Feb., 1962, by Thomas E. Eakin,

Ground-Vater Appraisal of Diamond Valley, Eureka and Elko
Countiez, Newvacda, Feb, 1962, by Thomas E. Eakin.

Ground-Vater Resources of Desert Valley, Humboldt County,
Nevada. April 1962, by William C. Sinclair.

Ground-Water Appraisal of Independence Valley, Western Elko
County, Nevada. May 1962, by Thomas E, akin.

Ground-V/ ater Appraisal of Gabbs Valley, Mineral and Nye
Counties, Nevada. June 1962, by Thomas E. Eakin.

Ground-‘ater Appraisal of Sarcobatus Flat and Casis Valley,
Nye County, Nevada. Oct. 1962, by Glenn T. Malmberg and
Thomas E, Ezakin,

Ground-iVater Resources of Hualapai Flat, Washoe, Pershing, and
Humboldt Counties, Nevada. ©Oct. 1962, by William C. Sinclair,

Ground-Water Appraisal of Ralston and Stonecabin Valleys,
Nye County, Nevada, Oct. 1962, by Thomas E, Eakin,

Ground~Water Appraisal of Cave Valley in Lincoln and Vhite Pine
Counties, Nevada. Dec, 1962, by Thomas E. Eakin,

31,



List of previously published reports {continned)

Report
No.

14,

15,

16.

17,

18.

1'9-

Ground-Water Resources of Amargosa Desert, Nevada~CGalifornia,
March 1963, by George E, Walker and Thomas E. Eakin,

Ground-Water Appraisal of the Long Valley-Massacre Lake Region,
Washoe County, Nevada, by William C, Sinclair; also including a
gection on The Soils of Liong Valley by Richard L. Malchow,

May 1963,

Ground~Water Appraisal of Dry Lake and 'Delam_ar Valleys,
Lincoln County, Nevada. May 1963, by Thomas E, Eakin.

Ground-Water Appraisal of Puck Lake Valley, Washoe County,
Nevada. June 1963, by William C. Sinclair.

Ground-Water Appraisal of Garden and Coal Valleys, lincoln
and Nye Counties, Nevada, July 1963, by Thomas E. Eakin,

Ground-Water Appraisal of Antelope and Middle Reese River

Valleys, Lander County, Nevada. September 1963 by E. G.
Crosthwaite, :
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EXPLANATION

Lake deposits
Mainly silt and clay of low permeability.
Permeable sand and gravel shore features
around periphery.

Alluvium
Unconsolidated, poorly-sorted rock debris
ranging in size from boulders to clay.
Permeability ranges widely depending on
particle size and degree of sorting.

Bedrock

Mainly volcanic rocks and their sedimentary
derivatives. Granitic and metamorphic rocks
also prevalent. Permeability largely dependent
on secondary openings; joints, fissures, etc.
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Geology of Humboldt County adapted from
Willden, 1961. William C. Sinclair ( 1963)

Plate 1.—Generalized Geologic and Hydrologic Map of the Black Rock Desert area, Northwestern Nevada




Vaev uf Leomml Creek -Rdlldl

GROUND-WATER RESOURCES-RECONNAISSANCE SERIES
REPORT 20

GROUND-WATER APPRAISAL OF THE BLACK ROCK DESERT AREA
NORTHWESTERN NEVADA

By

WILLIAM C. SINCLAIR
Geologist

Price $1.00

Prepared cooperatively by the

TRQR E&TY’" OF
NEV.L H: A u iAL L LG E;

PLEASEDO NOTREMOYEFROMTHIS OFFICE



B3

.f GROUND-WATER RESOURCES--RECONNAISSANCE SERIES

Report 20

GROUND-WATER APPRAISAL OF THE BLACK ROCK DESERT AREA

NORTHWESTERN NEVADA

by

William C, Sinclair

. ‘ | Geologist
-

Prepared cooperatively by the

- Geological Survey, U. S, Department of Interior

October, 1963



h}'h
oy

FOREWORD

This reconnaissance appraisal of the ground-water rescurces of the
Biack Rock Desert area in northwestern Nevada is the 20th in this series of
reports. Under this program, which was initiated following legislative action
in 1960, reports on the ground~water resources of some 23 Nevada valleys have
been made.

The present report, entitled, "Ground-Water Appraisal of the Black
Rock Desert Area, Northwestern Nevada', was prepared by William C.
Sinclair, Geologist, U. 5. Geological Survey.

The Black Rock Desert area, as defined in this report, differs some-
what from the valleys discussed in previous reports. The area is very large
with some 9 tributary basing adjoining the extensive playa of Black Rock
Deserts The estimated combined annual recharge of all the tributary basins
amounts to nearly 44,000 acre-feet, but recovery of much of this total may be
difficult, Water which enters into the ground water under the central playa
probably will be of poor quality for irrigation, The development of good
producing wells in the old lake sediments underlying the central playa appears
doubtful. Also, the soils on the playa are unsuitable for crop production.

The report points out that the best opportunities for the development of
good yielding wells in areas where good soils are situated lies along the toes
of the alluvial slopes, where the main streams debouch from the mountains.
These areag are dispersed around Black Rock Desert and separated by wide
areas of mountains and desert, Tranaportation of materials and farm products,
both to and from the farms, will be a major problem in the development of these
areas,

These reconnaissance groundewater resources studies make available
pertinent information of great value to many State and Federal agencies. As
development takes place in any area, demands for more detailed information
will arise and studies to supply such information will be undertaken, In the

. meantime these reconnaissance type studies are timely and adequately meet

the needs for information on the ground-water resougces of the areas on which
reports are prepared,

Hugh A, Shamberger
Director
Department of Conservation
and Natural Resources

October 1963
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GROUND-WATER APPRAISAL OF THE BLACK RQCK DESERT AREA

NORTHWESTERN NEVADA

by
William C, Sinclair

Hedrgedesi

SUMMARY

The Black Rock Desert is one of the major structural basins in Nevada,
The valley floor is the sink, or discharge area, for runoff and ground-water
underflow from the surrounding watershed, which covers about 2, 600 square
miles in Humboldt, Pershing, and Washoe Counties, and for the Quinn River
which rises in Orepon, about 150 river miles northeast of the sink.

Mining and the manufacture of gypsum products are the principal indus-
tries in the area along with sheep and cattle ranching, The cultivation of
forage-type crops in conjunction with the ranching operations is also becoming
a significant part of the local economy, In this, ground water is being used
increasingly to supplement irrigation by streamflow,

The EBlack Rock Desert has a wide, extremely flat valley floor grading
from a large playa, into relatively steep alluvial slopes which flank the surroun-
ding mountainsides. The valley floor is underlain by silt and clay to an unknown
depth. WNear the edges of the basin, thin layers of sand and gravel are inter-
fingered with the less permeable silt and clay. The sand and gravel layers )
together with the alluvium flanking the mountainsideg constitute the principal
ground-water aquifers in the area.

The lake deposits which underlie the valley floor and playa contain an
abundance of evaporite minerals which are easily taken into solution by the
ground water as it moves from the surrounding upland areas of recharge toward
the central part of the basin, The development of ground-~water supplies of ’
chemical quality suitable for.-irrigation or domestic use, therefore, requires
that wells be drilled along the perimeter of the basin to intercept the relatively
fresh ground water. Even so, encroachment of the saline water beneath the
playa may limit the draft from the freshwater aquifers,

Estimates of average annual recharge to the ground-water reservoirs
of eight sub-watersheds in the Black Rock Desert area range from 2, 000 to
13, 000 acre~feet. These estirnates suggest an order of magnitude for the
perennial yield of the sub-watersheds and constitute a more reasonable - -~
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management tool than an estimate of the total percnnial yield for the entire
Black Rock Desert.

Althoupgh no direct estirmates were made of evaporation and transpira-
tion losses from areas of shallow ground water on the floor of Black Rock
Deserxt, the size of the areas involved suggest that the total may be in the
range of 10, 000 to 30, 000 acre-feet per year.

INTRODUCTION

Location and Extent of the Area:

The Black Rock Desert covers an area of about 2, 600 square miles in
parts of Hurnboldt, Pershing, and Washoe Counties, Nevada (fig. 1}. The
area described in this report also includes the High Rock Lake and Summit
Liake drainage basins; an additional 800 and 50 square miles, respectively.
These two watersheds, formerly tributary to the Black Rock Desert, were
closed by landslides which impounded the drainage to form the two lakes.

In addition to the natural watershed boundaries (pl. 1), the area
covered in this report does not extend beyond the vicinity of Gerlach, at the
southwest corner of the area, where the Black Rock, San Emidio, and Smoke
Creek Deserts come together; it is limited on the northeast by the Leonard
Creek Ranch Road. Pine Forest Valley, a northward extension and tributary
of the Black Rock Desert, lies north of the road and was described in report
4 of this series,

The Black Rock basin is a structural depression, bounded on the east
and west, and bisected in part, by north-trending fault-block mountains. The
valley floor therefore, is somewhat U-shaped and is noted for its large area,
about 700 square miles, of extremely low local relief, generally less.than 10
feet. The Black Rock Desert is the sink, or discharge area, for the waters
of the Quinn River, which rises in Oregon about 150 river miles northeast
of the sink, and of other smaller streams tributary to the basin, The Quinn
River enters the area, from the northeast, Mud Meadow Creek from the north-
west. When the strearnflow is sufficient to reach the valley floor, a lake is
formed on the playa in the area southwest of Black Rock Point.

The shipment of gypsum products from a quarry and mill near Empire,
about 8 miles south of Gerlach, makes the town of Gerlach an important stop
on the Western Pacific Railroad, which crosses the southern edge of the Black
Rock Desert. The gypsum plant is the largest economic development in the
area. Aside from placer gold operations at Mandalay Springs, Rabbithole,
and Placeritas, and the sulfur mine at Sulphur, all of which are conducted
on a very small scale, the rest of the area is devoted to the raising of sheep,
cattle, and feed crops,
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The population of the Gerlach-Empire metropolitan area is approxi-
mately 1, 000, The population of the remainder of the region may total 200,
although the influx of seasonal ranch help and Indian families to the Sumrmit
Lake Indian Reservation may increase this figure during the summer.

Although both Gerlach and Empire have a general store, the main
trading center for the region is Reno, about 110 miles south of Gerlach, State
Route 34 is paved from Gerlach south to U. S, 40. North of Gerlach it is
gravel, usually well maintained, and trends northward about 84 miles to Vya
and a junction with secondary roads to Cregem and California. State Route 81
is also paved through part of the 55 miles from Gerlach to the California
gtate line, and to Cedarville, 25 miles beyond.

Graded gravel roads connect Sulphur with Winnermucca, 56 miles east,
and Lovelock, 64 miles south, A graded road enters the region from highway
8A at Quinn River crossing and connects Leonard Creek, Battle Creek, and
Pahute Mcadows ranches with nearby towns. The gravel roads mentioned
above are usually passable with a relative degree of comfort and confidence
by passenger car, Other roads and trails in the area, some of which are
shown on Plate 1, are best attempted by plckup truck, and in many cases,
only with four-wheel drive vehicles,

Purpose and Scope of the Investigation:

This report is the 20th in a series of reconnaissance studies of the
valleys of Nevada (fig. 1) These studies are made by the U, S, Geolegical
Survey in cooperation with.the Department of Conservation and Natural
Resources, State of Nevada, and are part of a statewide study to evaluate
the ground-water resources of Nevada. '

The purpose of this study is: (l) to determine the nature and extent
of the aquifers; (2) to determine the occurrence and rmovement of ground
water, including the areas of recharge and areas of discharge; (3) to deter-
mine the sources of recharge and to estimate the average annual recharge to
the aquifers; (4) to estimate the quantity of ground water that can be developed
perennially and (5) to determine its chemlcal quality and suitability for irriga=-
tion and domestic use, '

The field work for this report was done at intervals during the period
January 1960 to May 1963, and represents a total of about 30 days. It con-
sisted of a brief study of the physiographic features of the area and of the
water-bearing character of the geoclogic units, an inventory of the wells and
springs, and collection of samples of water for chemical analysis.

The assistance provided by residents of the areas in supplying infor-
mation about wells and springs is gratefully acknowledged. Information from
the files of the Winnemucca Grazing District Office of the U. S, Bureau of
Land Management and data collected by the General Hydrology Branch of the
7.5, Gealogical Survey as part of a stock-well site study were also of value
in this study.
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Numbering System for Wells and Springs:

The well-numbering system used in this report indicates the location
of the wells within the rectangular subdivisions of the public lands, referenced
to the Mount Diablo meridian and base line, The first two segments of a well
number designate the township and range; the third segment is the section
number followed by a letter which desipnates the quarter section in which the
well or spring is located. Following the letter, a number indicates the order
in which the well or spring was recorded within the subdivision, The letters
a, b, c, and d designate, respectively, the northeast, northwest, southwest,
and southeast quarters of the section. For example, well number 33/23-244d1
designates the first well recorded in the SE 1/4 sec, 24, T, 33 N., R. 23 E,,
Mount Diablo base and meridian, In unsurveyed areas the land grid has been
arbitrarily extended from the nearest reference corner, and well location
numbers assigned accordingly.

Plate ! shows the locations of many of the wells and springs in the
area included in this report. " The available data for the wells are listed in
tables 2 and 4, and for selected springs in table 3. The chemical analyses
of water from selected springs and wells are shown in table 5.

PREVIOUS INVESTIGATIONS

A preliminary geologic map of Humboldt County by Ronald Willden
was published in 196}, The geologic units shown in plate 1 are based largely
on that map. The geology of the Jackson Mountains was studied in some
detail by Willden (1962).

The late Pleistocene history of the Black Rock Desertis, to a great
extent, the history of Lake Lahontan, which was studied in detail by Russell
{1885) and, more recently, by Morrison {1961).

GEOGRAFHIC FEATURES

Northwestern Nevada is typically a sagebrush desert, North-trending
mountain ranges separate desert basins which characteristically have no
drainage outlet under the present semiarid climate. The relief of the area
iz the result of vertical displacement of large mountain blocks by faulting,
and to their subsequent sculpture by erosion, The valleys generally are
underlain by the downfaulted blocks. They are the catchment areas for the
streamflow from the surrounding mountains and have been filled, commonly
to great thicknesses, with rock debris eroded from the mountains,

Mountains;
The Black Rock Range stands at an altitude of 8, 631 feet, about 4, 700
feet above the desert floor, near the northern border of the watershed. It

tapers southward to a narrow ridge extending into the center of the basin and
io within about 10 miles of the south edge of the desert floor, Along the
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northern border of the drainage basin the Black Rock Range coalesces with
the High Rock Lake area on the west and the Pine Forcst Range on the east,

. Although the major stream courses in the High Rock Lake drainage
are deeply entrenched, the upland topography is relatively subdued, rising
to occasional peaks at altitudes of about 7, 000 feet.

From High Rock Lake southward, the Calico Mountains border the
western edge of the desert, rising to an altitude of 8, 491 feet at Division
Peak, then decreasing in altitude southward, and finally dipping beneath the
alluvium of the valley fill, A low ridge of metamorphic rocks trends north-
east from the Granite Range to within about a mile of the southern terminus
of the Calico Mountains., Between the two a low alluvial divide, covered with
hummeocks of wind-blown silt, separates the Black Rock Desert from
Hualapai Flat, a small valley which was described in report 11 of this series
(Sinclair, 1962b).

The Granite Range rises abruptly from the desert floor north of
Gerlach and trends northwestward for about 15 miles, attaining an altitude
of 9, 056 feet at Granite Peak. Granite Basin, a small valley on the south
end of the Granite Range, drains to the Black Rock Desert through Bowen
Creek,

J South of the Granite Range the Black Rock Desert merges with the
. San Emidio Desert, then, through a narrow gap north of the. Fox Mountains,
. with the Smoke Creek Desert (pl. 1).

The Selenite Range trends northward along the east side of the San
Emidio Desert then curves northcastward to form a part of the south edge
of the Black Rock Desert. This and several other northeast-trending ridges
form the southern boundary of the Black Rock drainage. The topography
in the southern watershed is relatively subdued. Although the Seven Troughs
Range rises to peaks of 7, 782 and 7, 552 feet, the altitudes of most of the
other ridges in this area are about 6, 500 feet or less.

The eastern edge of the desert is bordered by the Jackson Mountains
whose ragpged crest ia generally above 7, 000 feet in altitude, King Lear Peak,
the highest point in the range, rises to an altitude of 8, 910 feet, roughly
5,000 feet above the desert floor. '

The northern end of the Jackson Mountains lies about 5 miles east
of the south end of the Pine Forest Range. The Black Rock Desert is open
to the north here, receiving occasional runoff via the Quinn River as well
a3 ground-water underflow from Pine Foresf Valley.

Piedmont Slopes and Desert Floor:

: Rock debris eroded from the mountains, carried downslope by gravity,
. streamflow, and storm runoff and deposited in the valley, is generally termed
alluvium, Alluvium bepgins to collect, generally in cone or fan-shaped deposits,
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at the mouths of canyons or other places where the stream gradient and
sediment-carrying capacity is sharply reduced. In time, these fans extend
well out into the valley and along the flanks of the mountains until they
coalesce and form a continuous slope of alluviurn, considerably less steep
than the mountain fronts and decreasing in 31013& until they merge, imper-
ceptibly, with the level desert floor,

The alluvial slopes flanking the mountains around Black Rock Desert
are relatively narrow and steep. The stoping action of waves and currents
in the lakes, which have occupied the basin in times past, has nibbled back
the lower slope of the alluvial apron, steepening the upper slope and removing
the fine particles for redeposition in the relatively still, deep waters toward
the center of the basin. Most of the desert floor i3 underlain by dense saline
clay, deposited in the many lakes whlch have occupied the basin intermittently
since it first began to form.

A well drilled to a depth of 1, 500 feet, 4 1/2 miles north of Trego on
the desert floor, penetrated clay throughout the entire depth. Occasionally
the ¢lay was reported as ""sandy", 'fossiliferous", or "marly'. No identi-
fication of the fossils was made in the log of this well, which is on file at the
office of the State Engineer (log No. 3929, Pershing County); itis not known
how rauch of the geologic time scale is represented in this 1, 500-foot section.
It seems probable, hGwever, that the downthrown fault blocks underlying the
Black Rock Desert ‘have been subsiding, relative to the surrounding moun-
tains, at least since rid«Tertiary time; an interval of about 25 million years.

The most remarkable feature of the Black Rock Desert is the desert
floor itself, A playa, utterly flat and devoid of any vegetation, occupies about
150 square miles, During the winter months and for a few days following
infrequent summmer storms, the playa becomes a sea of mud. The standing
water is generally only a few inches deep but may extend over many square
miles, As winter advances into spring, the water evaporates and the mud
dries to a hard clay surface crazed with polygonal desiccation fissures and
white with the efflorescence of minerals precipitated from the saline water.
The salts are scon dissipated, along with loose clay particles, by the winds
which constantly sweep, unhendered, across the level expanse of desert floor.

The wind, in fact, is the most important erosional force presently at
work in the Black Rock Desert, The flatness of the desert floor is due largely
to the planning action of the playa lakez as they are swept about by the wind.
The presence of the water table just benéath the desert floor is another con-
trolling factor, providing a base level which limits the effect of wind action
as an erosional agent,

An additional 550 square miles of valley floor surrounds the playa and
extends eastward to Sulphur and nerthward to Soldier Meadows along the west
side of the Black Rock Range and to Pine Forest Valley along the east side.
The land rises gradually northward at a rate of about 7 feet per mile, west
of the Black Rock Range and about 2 feet per mile in the eastern arm, toward
Pine Forest Valley,
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This area is covered with a sparse growth of salt-tolerant bush, A
dense pattern of incipient drainage lines has become incised a few inches or
feet into the desert floor, channelling the meager runoff toward the main
course of the Quinn River or to one of the many small playas, impounded by
minor surface irregularities in the valley floor. The local relief is rarely
more than a few feet, The drainage channels are sharply, though not deeply,
incised in the areas underlain by silt and clay. Elsewhere the surface is
irregular and usually soft, being composed of ridges and hummeocks of wind-~
flown silt, so that travel, by any method, is generally difficult.

Sand is notably lacking in the Black Rock Desert, although a few dunes,
stabilized by vegetation, occur along the west flank of the Black Rock Range
north of Double Hot Spring and to a lesser extent in an area north of Sulphur. .
Most of the material cornposing the valley floor is silt or clay.

Drainage:

. Most of the streams draining the mountains surrounding the Black
Rock Desert are relatively short, their profiles are irregular, and their !
canyons generally narrow and steep sided. The streams are fed principally
by snowmelt and storm runoff, Their flow, therefore, is ephemeral, occur-
ring during the spring and early summer, As summer progresses, the snow-
pack in the mountains is depleted, the headwaters of the streams decrease or
go dry, and the decreased flow is insufficient to reach the valley floor, owing
to seepage into the alluvium flanking the mountains and losses of water to the
vegetation growing along the stream channels, Flow in the perennial streams,
then, is limited to the middle reaches which are sustained by the discharge of
ground water from bedrock and alluvium farther upstream.

Some of the streams carry sufficient flow during flood periods for
their channels to have become incised in the valley floor, The most notable
of these are the channels of the Quinn River, The gradient of the Quinn River

‘in the Black Rock Desert is somewhat less than 2 feet per mile. As a result
of the extremely low gradient the Quinn River has developed several mea.nder-f
ing, braided channels, '

Throughout most of the year these channels are dry, and occasional -
pools of standing water are formed where the channel bottom lies below the
water table. In the winter, however, when precipitation is somewhat greater
and losses to evapotranspiration are less, the water table rises until it inter-
sects the channels of the Quinn River, which then becomes a drain carrying
the effluent ground water toward the playa in the southwest quadrant of the
valley floor.

The drainage which presently terminates in High Rock Lake was for-
merly tributary to the Black Rock Desert through Willow Creek. A landslide,
at what is now the head of Willow Creek Cany.on, blocked this drainage,
impounding the waters of High Rock Lake, In pluvial times the lake rose until
it spilled into ¥ly Creek, a few miles north of the former outlet, Under the



present climatic conditions the lake is generally several feet below the col
at the head of Fly Creek, and sometimes dries up completely in late summer
or early fall,

A debris slide forms the present drainage divide between Summit
Lake and 3oldier Meadows Creek., Slight fluctuations in lake level are indica-
ted by the faint shorelines which border the lake just a few feet above its
present level, but there is no evidence that Summit Lake overflowed during
late pluvial times. The fact that no evidence of significantly higher lake
stages was noted in the Summit Lake Basin suggests that the debris slide is
relatively recent, and probably occurred after the pluvial period had ended,
Evaporation from the lake's surface, and perhaps some seepage through the
debris and buried stream gravels into the head of Soldier Meadows Creek, is
sufficient discharge to balance the inflow to the lake under the present clima-
tic conditions, :

Climate:

The rainfall of northwestern Nevada is governed largely by the sea-
sonal migration of storm centers which move inland from the Pacific Coast
in the winter. During the summer months of July, August, and September,
less than one tenth of the total annual precipitation occurs, as illustrated
by the graphs in figure 2. Topography exerts considerable control on pre-
cipitation, and the high mountains of California intercept much of the moist
Pacific air that moves inland from the storm centers, The Black Rock
Desert lies to leeward of these mountains along the major storm tracks and
therefore has a relatively arid climate.

As the eastward moving air masses are forced upward by a mountain
range, the decrease in pressure and temperature causes precipitation, Most
of this precipitation occurs on the western flank of the range. As the air '
mass moves down the eastern flank it i3 warming and dry. This is well
illustrated by the Granite Range whose highest peaks seem to rake moisture .
from clouds which ordinarily drift on across the Black Rock Desert usually
without further precipitation,

Although the anmial precipitation may be as much as 15 to 20 inches
along the crests of some of the higher ranges surrounding the Black Rock
Desert, the valley floor itself probably receives somewhat less than 6 inches
per year, as indicated in the graphs compiled from U. S, Weather Bureau
data for stations at Gerlach, Sulphur, Quinn River Crossing Ranch and
l.eonard Creek Ranch (fig. 2). These graphs also give an indication of the
range of temperature and length of the average growing season.

The rate of evaporation from a free water surface in the area is
about 50 inches a year, according to Kohler, Nordenson, and Baker (1959,
pl. 2). This rate of evaporation is roughly 8 times the annual precipitation
on the valley floor,
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PHYSICAL CHARACTER AND WATER-BEARING
PROPERTIES OF THE ROCKS

Hydrologic Setting:

The present topography of the region and the present hydrologic setting
began to take form during the middle part of the Tertiary Period. Af that
time, and continuing well into the Pleistocene Epoch, the country rock was
disrupted by vertical movement along an extensive systern of faults; the
present basins were downfaulted and mountain ranges uplifted with respect
to one another. The vertical displacement along the major range-front faults
was even greater than the present relief would indicate, Erosional debris
from the uplifted areas has partly filled the basins with an unknown thickness
of alluvial, stream, and lake deposits. The thickness of the unconsoclidated
material in the Black Rock Desert may be on the order of several thousand
feet,

The Pleistocene Epoch was characterized by worldwide climatic
changes which resulted in the formation of lakes in many of the undrained
basins of Nevada. The most recent of these, Lake lahontan, intermmittently
covered a large part of western Nevada and attained a maximum altitude of
about 4, 380 feet, In the Black Rock Desert, which was a major arm of Lake
Lahontan more than 400 feet deep, the many stages and fluctuations of the
lake are recorded in the shoreline features which terrace the surrounding
mountainsides,

Bedrock:

Black Rock, a small steep hill at the south end of the Black Rock
Range, is composed of Permian marine and volcanic rocks; the westermost
exposure of fossilerous Permian strata known in the State {Gianella and
Larson, 1960). The Jackson Mountains are largely composed of Permian
and older rocks, named.the Happy Creek Volcanic Series by Willden (1962).
Intrusive masses; mainly granodiorite, occur in many of the surrounding
mountains and are probably Cretaceous or Tertiary in age. Various sedi-
mentary and metamorphic rocks, ranging in age {rorm Permian to Pleistocene,
also occur in the rmountains of the Black Rock Desert, but in general volcanic
rocks predominate. In the area north and west of Black Rock the terrane is
composed almost exclusively of a thick section of volcanic flow rocks inter-
calated with tuff and lake beds of Tertiary age. '

The movement of ground water in the consolidated rocks of the moun-
tain ranges is largely through joints and other secondary openings and in per-
meable zones between lava flows. Although the total velume of water moving
through bedrock may be quite large, as it is assumed to be in the volcanic
terrane of the High Rock Lake Repion, the success of a well penetrating the
bedrock is dependent on its tapping enough of the secondary water-bearing
zones to yield the required amount of water, The channes of intercepting a
sufficient number of water-hearing zones are generally so poor that the
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consolidated bedrock, whether in the mountaina or buried beneath the valley
fill, is not considered a dependable source of water for large-capacity wells.

Alluvium:

Alluvial fans coalesce to form the piedmont slopes which flank the
mountains surrounding the Black Rock Desert. This alluvium has been depcsi-
ted largely by mudflow and flood waters because of the flashy nature of the
streams. As a result, it is composed of poorly sorted rock particles ranging
in size from clay to boulders. The alluvium ranges in age from mid-Tertiary
to Recent.

The permeability of alluvium, although much greater than that of bed-
rock, is generally low to moderate, depending on the size and degree of sort-
ing of the rock particles, Layers and lenses of wellusorted sand and gravel
are found at various levels within the alluvium, These are best developed
off the mouths of the canyons where streamflow has sorted the particles
according to size and weight, carrying the finest particles farthest out ..
toward the center of the basin,

Wells penetrating a sufficient saturated thickness of alluvium may yield
moderate to large volumes of water, but along the alluvial slopes the depth to

water may be on the order of 100 feet or more; pumping lifts are even greater.

Lake Deposits:

The alluvium mantling the mountainsides has been reworked exten-
sively by wave action in the lakes which have filled the basin to various levels
throughout much of its history. The winowing action on the waves removed
much of the fine material from the shores leaving beaches and bars of well~
sorted sand and gravel ringing the basin at several elevations, both above and
below the present valley floor, In the central part of the basin the valley floor
is tnderlain by silt and clay deposited in the relatively still, deep parts of the
former lakes. As previously mentioned (p. 6 ), the section of clay underlying’
the central part of the desert floor is at least 1, 500 feet thick and probably
is much more. The lake deposits probably range in age from Pliocene to
Recent.

Around the margins of the basin the thick clay and silt sections are
separated by relatively thin layers and lenses of sand and gravel, which are
principally stream deposits and reworked alluvium that accumulated during
shallow stages of the lakes and periods of desiccation. These sheets of sand
and gravel, though thin, may be quite extensive and probably constitute the
rnost important aquifers in the basin., They are best developed along the
edges of the basin and thin basinward as they interfinger with the silt and clay,
eventually pinching out altogether.
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GROUND WATER

Cceocyrrence and Moverment:

Most of the available ground water occurs in the unconsolidated
deposits of the alluvium, or valley fill, Ground water also occurs in the con-
solidated rocks of the mountains. Moving through fractures in the rock, ground
water sometimes appears at the surface to form a spring or, more commonly,
discharges into the alluvium at some distance beneath the land surface, As’
previously mentioned, however, the bedrock is generally not a source of water
for large-capacity wells.

Ground water, like surface water, always moves downgradient toward
the area of lowest head. The alluvial aquifers in the Black Rock Desert are
recharged along the piedmont slopes at elevations several hundred feet above
the valley floor, The ground water then percolates downgradient toward the
center of the basin where it is discharged to the atmosphere either by evapora-
tion {rom the land surface or transpiration by the greasewood and other salt-
tolerant plants which cover most of the valley floor,

The horizontal permeability of lake deposits, and to a lesser degree
of alluvium, is generally greater than the vertical permeability, This is due
primarily to the modes of deposition which have resulted in relatively thin but
extensive layers of permeable sand and gravel overlain by layers of relatively
impermeable silt and clay. Thig sequence is repeated many times, each mem-
ber sloping from the margins of the basin toward the center, resulting in many
thin artesian aquifers interbedded with less permeable confining layers, Up-
ward leakage occurs through the confining layers, and ground water is dis-
charged at the land surface by evaporation and transpiration,

Recharge:

Precipitation is the ultimate source of redharge to the ground-water
reservoir of the Black Rock Desert, In addition to recharge from precipita-~
tion within the area defined on plate !, some ground water enters the basin by
underflow from beyond the surface drainage divides and along the course of the
Quinn River, :

The approximate amount of precipitation within the drainage area each
year can be estimated from aimap showing precipitation zones in Nevada
(Hardman, 1936)., Although the average annual precipitation-is less than 6
inches on the valley floor {p.8 ), precipitation increases with altitude, as des-
cribed by Hardman and Mason {1949), and the entire drainage basin can be
subdivided into precipitation zones based on aspect vegetation and altitude, as
shown in table 1, Some areas, although high, lack the relief which generates
precipitation in the mountain watersheds, The High Rock Lake drainage lies
6, 000 to 7, 000 feet above sea level, The topography is gently rolling desert
plateau, for the most part, and the aspect vegetation suggests that the average
precipitation probably is within the range of 8 to 12 inches per year, despite
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the altitide,

The amount of precipitation which infiltrates to the ground-water
reservoir is determined largely by the vegetation, soil cover, and geology of
the area. In areas of very little precipitation, such as the valley floor, all,
or nearly all, the available moisture may be lost to evapotranspiration.

Secpage from streams crossing the alluvium of the piedmont slopes is
generally an important source of recharge. The streambeds are composed of
permeable gravel and the piedmont surface is generally well above the regional
water table. Rapid infiltration is possible under these circumstances.

Recharge in the mountains is determined largely by the geology, soil
types, and vegetal cover, The permeability of most of the consolidated rocks
is relatively low; but sccondary openings, such as along bedding planes, joints,
and fractures are important avenues of infiltration. The manner in which the
various rock types weather has a considerable effect on the recharge potential.
A mantle of coarse rock debris retards the runoff from precipitation and snow=-
melt and permits the water to infiltrate. Once beneath the land surface the
water may .percolate into the bedrock, or, in the case of less permeable rock
types, move downward, through the alluvium, along the surface of the bedrock.
Springs and seeps occur where the mantle thins or the bedrock surface out-
crops, and arec the source of the basc flow of many of the small streams drain-
ing the mountains.

The percentage of precipitation that recharges the ground-water reser-
voir, even under favorable conditions, is small, and the perceatage for a given
amount of precipitation varies considerably with the terrane, A detailed
determination of the percentage of precipitation that infilirates to the water
table is impossible. The estimates of ground-water recharge from precipita-
tion shown in table 1 arce based on percentages determined empirically by
Eakin and others (1951) from studies in eastern Nevada and may be in the
proper order of magnitude for the Black Rock Desert area.

These estimates are made to facilitate rmanagement of the ground-
water resources by the State Engineer, in accordance with the Nevada Water
Law, which states in part that the withdrawal of ground water be limited to the
"reasonable lowering of the static water level',
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Precipita~ Estimate
Fre- Area tion of
cipita- - of (acre-feet Per- recharge
. tion Altitude zone per year) cent (acre-feet
- .Drainage Area =zone of zone (acres) re- per vear,
{inches) ({feet) (rounded) (rounded} charged rounded)
Watershead South
of Western Pac.
Railroaqd 8-12 above 5,500 78,000 £5, 000 3 2,000
TOTAL - 2,000
Jackson Mts. 15-20 above 7,000 3,200 5,700 15 800
12-15 6,000-7,000 16,500 18, 500 7 1,300
8-12  5,000-6,000 54,700 45, 500 3 1,300
TOTAL 3,400
Pine Forest
Range 15-20" above 7,000 7,560 11, 000 15 1, 6GO
; 12-15 6, 000-7,000 15,900 17,900 1 1,200
8-12 5,000-6, 000 27,300 22,700 3 700
TOTAL 3, 500
East side of 15-20 above 7,000 8,500 12,400 15 i, 800
Black Rock 12-15 &, 000-7, 000 35,900 40, 300 7 2, 800
Range 8-12 5,000-6,000 26,300 21,900 3 600
TOTAL 5,000
West arm of
Black Rock
Desert 15.20 above 7, 000 g, 500 12,400 15 1, 800
(W. side Black 12-15 &, 000-7, 000 53, 200 59, 800 7 4,200
Rock Range & 8-12 5,000-6,000 70,200 58, 400 3 }, 700
Calico Mtns)
TOTAL 8, 000
Granite Basin 15-20 above 7,000 1,100 1, 600 15 200
-+ (Bowen Creek 12-15 6,000-7,000 1,000 11,300 7 800
.. drainage) 8-12  5,000-6,000 3,900 32,500 3 1, 000
~ TOTAL 2, 000
High Rock Lake
(drainage) 8~-12 6,000-7, 000+ 525, 000 435, 000 3 13, 000
TOTAL 13, 000
Summit Lake 15.20 above 7, 000 10,400 15,300 15 2,300
(drainage) 12-15  below 7, 000 24,400 27,400 7 1, 900
TOTAL 13, 4,200

Table 1, --Estimated precipitation and recharge to the ground-water

reservoirsg of the Black Rock Dasert area.




Unlike many of the smaller basins in Nevada, the estimate of total
recharge to the Black Rock Desert is not a useful management tool, The
areas presently being developed and the areas having potential for develop-
ment lie along the margins of the basin, separated from one another by great
expanses of lake deposits which contain saline ground water, Thus, the
development of a given area is dependent on the recharge within its immediate
watershed and the amount of fresh water available from storage locally. In
most areas development will not affect the available ground-water supply in
another part of the basin., The estimates of recharge in table 1, therefore,
have been made on the basis of individual areas which are divided by reason
of geology, physiography, and hydrology into isolated hydrologic units.

In addition to direct recharge from precipitation, some ground water
enters the Black Rock Desert by ground-water underflow, or inflow. In the
study of the ground-water resources of Pine Forest Valley (Sinclair, 1962a},
it was estimated that about 2, 700 acre-feet of ground water per year moves
southward into the Black Rock Desert. Ground water ig also entering the
desert from Hualapai Flat (Sinclair, 1962b), but the amount is considered to
be small. Some ground water may also be moving from the High Rock Lake
region into Soldier Meadows, and the west arm of the Black Rock Desert.

Discharge:

Ground water is discharged to the surface by springs, seeps, and
pumping from wells, It is returned to the atmosphere by evaporation from
the land surface and by transpiration through plants,

Springs: Springs and seeps are common in the mountains surrounding
the Black Rock Desert and the principal springs are shown on plate 1, They
are principally the gravity type, occurring where the land surface intercepts
the water table or where infiltrating ground water encounters an impermeable
rock stratum and is forced laterally to the surface.

Artesian springs issue from the lake deposits in the vicinity of the
Wheeler Ranch and northward, Many artesian wells in this area are also
flowing unchecked, their discharge being used for flood irrigation and water-
ing stock,

Thermal springs, whose temperatures range from warm to boiling,
issue from the desert floor in several areas, These springs are probably
associated with recent movement along fault zones, which provide paths
along which ground water, heated at depth, can rise to the surface.

Water from the thermal springs is commonly highly mineralized due
to its high temperature, which is conductive to chemical reaction with the
environment and to its history of deep circulation, Most of the thermal water
is derived from the same ultimate source as all ground water--precipitation.
Thus it is unnccessary and, in most cases, unrcasonable to postulate that all
the thermal spring water originates beyond the watershed or from magma
deep within the earth's crust,
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Pumpage: Withdrawal of ground water to supplement surface irrigation
is becoming increasingly common in Nevada. Several large-capacity wells
have been developed at the Leonard Creek Ranch in the past few years. A
number of flowing wells in the vicinity of the Wheeler Ranch are used for
irrigation, in addition to one large-c¢apacity pumped well, The Garret Ranch,
along the southern edge of the desert, also has several flowing artesian wells
whose water ranges in temperature from 68°F to 125°F. The amount of
ground water presently being discharged by wells in the Elack Rock Desert,
however, is still a minor part of the total amount in the hydrologic regimen,

Underflow: An alluvial gap, about a mile in width, connects Smoke
Creek Desert with the San Emidio Desert, which in turn merges with the
Black Rock Desert at Gerlach, The altitude of the water table within the
three basins is so nearly cqual that interbasin movement of ground water by
underflow probably is negligible,

Evaporation: In addition to storm runoff reaching the valley floor, much
of the water evaporated from the playa is effluent ground water drained to the
playa during the winter months by the Quinn River and Mud Meadow Creck.
Ground water is discharged to the atmosphere by evaporation in areas where
the capillary fringe above the water table intersects the land surface. The
loss of water by evaporation decreases rapidly with increasing depth to the
water table, In clay the rate of evaporation is presumed to be very slight
below a depth of a few feet, The mud cracks which cover most of the playa
surface, however, may serve to facilitate evaporation of water from greater
depths. These cracks have been observed to extend as much as 4 feet below
the surface in areas where they were only a fraction of an inch wide at the
surface and formed polygons less than 6 inches across. The giant desiccation
fissures, described by Willden and Mabey (1961) along the northwest edge of
the playa, are generally a foot or more in width, forming polygonal blocks
with edges from 100 to 250 feet long, Tough irregularities in the fissure walls
limit visual estimates of their depth to a few feet, the size of their surface
features suggest that these giant fissures extend to considerable depth. During
the large runoff of February 1962, the area of giant fissures was completely
inundated, When the watcr had evaporated it was found that the cracks had
closed, apparently by swelling of the wetted clay rather than by filling.

In August 1962 the depth to water beneath the playa was nowhere greater
than 10 feet as shown in plate 1. In addition, pools of standing water in the
channels of the Ouinn River and Mud Meadow Creek indicate an extremely
shallow water table throughout much of the central part of both arms of the
valley floor. The total area of desert floor where the depth to water probably
was less than 10 feet might be on the order of 250 square miles, or roughly
150, 000 acres,

The area of the floor of Black Rock Desert beneath which water levels
are less than 5 feet may be as much as 200, 000 acres.
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If an average of only half an inch of evaporation o¢curs each year, the
discharge might be on the order of 5, 000 to 10, 000 acre-fect per year.
Although the ground-water discharge by evaporation can not be computed accur-
ately, it nevertheless is a major component of the hydrologic regimen of the
Black Rock Desert,

Transpiration; Evaporation and transpiration account for all of the .
natural discharge of ground water from the Black Rock Desert watershed.
Large quantities of ground water are transpired by plants, known as phreato-
phytes, whose roots descend to the water table or to the capillary fringe above
it, Typically, these plants grow along the foot of the piedmont slopes where
the land surface comes within root range of the water table. Greasewood is
the most commeon phreatophyte in the region, and the presence of certain
species ig generally an indication that the water table is within about 30 feet,
or less, of the land surface. The greasewood gives way, basinward, to the
more shallow-rooted, salt-tolerant plants, such as rabbitbrush, saltgrass,
and various saltbushes which dwindle in density and vigor toward the center
of the valley floor until they are unable to grow in the barren, saline ground
of the playa.

In other reports of this series an estimate of the discharge of ground
water by transpiration has been made by assuming a water-use factor for the
phreatophytes and mapping their areas, In the Black Rock Desert, however,
the lack of knowledge on depth to water and the inaccessibility of much of the
lowland areas made direct estimates of water use by plant types beyond the
scope of this study. However, the annual use may be on the same order of
magnitude as the evaporation (see below),

In the High Rock Lake drainage, phreatophyte vegetation covers an
estimated 4, 000 acres along Cottonwood Creek, in Smokey Canyon, and in
the immediate vicinity of the lake. The total discharge from these areas by
transpiration may be within the range of 500 to 1, 000 acre-feet per year.
Small clumps and stringers of phreatophytes surrounding the countless springs
in the uplands and growing along the many dry stream courses probably account
for most of the discharge of ground water from the High Rock Lake drainage.
The area of High Rock Lake ranges from nothing to as much as }, 000 acres,
Evaporation from the lake surface varies accordingly but probably does not
exceed 3, 000 acre-feet per year.

Phreatophyte vegetation in the Summit Lake watershed is limited to
the immediate vicinity of the upland springs and stream courses. As previously
mentioned, recharge to the basin is probably balanced by evaporation from the
lake surface and, to a minor extent, underflow through the rock debris which
forms the southern drainage divide,

Perennial Yield:

The development and use of the ground-water resources of Nevada is
predicated on the State Water Law, which states that the rate of ground-water
withdrawal from a basin be limited to the ''reasonable lowering of the static
water level" (Hutchins, 1955, p. 6l). Accordingly, the perennial yield is now
the limiting factor in any permanent or long-range development of the ground-
water resources of Nevada. .
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The perennial yield of a ground-water reservoir may be defined as
the amount of water that can be pumped, or otherwise diverted from the
reservoir, without causing an excessive depletion of the stored water, In
other terms, perennial yield is the amount of water that can be salvaged from
natural discharge, and is ultimately limited to the amount of recharge to the
reservolir,

The estimates of recharge to the individual watersheds in the Black
Rock Desert area (table 1) are considered to be a preliminary guide to the
reasonable development of the areas. The poor quality of water beneath the
playa of Black Rock Desert and the mecager data on well yields and quality of
water around the margins of the valley preclude an estimate of the yield of
this major part of the area, Each subarea that is developed for irrigation
adjacent to the playa must be evaluated on the basis of the quality of water,
well yields, and suitability of the soils for irrigation, If water levels are
drawn down substantially, water of poor quality may in time move laterally
into the wells from beneath the playa.

In pumping ground water from storage, as must be done in the early
stages of development, periodic samples of water for chemical analysis
should be obtained along with measurements of the water level, Ideally, this
might include drilling observation wells basinward from the area of develop-
ment so that any reversal of gradient of the water table could be detected
early and pumpage decreased to prevent the intrusion of saline water, There-
after, pumpage should be limited to the amount of fresh ground water that can
be intercepted as it moves basinward from the upland areas of recharge.

The perennial yield of the basins in the Black Rock Desert area can
be determined more accurately only after several years of development have
been closely ob served and much additional data have been collected and
evaluated. The pumpage from a basin may exceed the average annual recharge
to the extent that some of the applied water returns to the ground-water reser-
voir. Also, in the early stages of development, some ground water must be
removed from storage in order to induce ground-water movement toward the
pumping wells, In the final analysis, however, the perennial yield of these
basins will be determined largely by the amount of natural discharge that can
be salvaged or diverted to beneficial use.

Ground Water in Storage:

Large volumes of water saturate the unconsolidated deposits under-
lying the floor of the Black Rock Desert. Where these deposits are fine-
grained, as beneath the playa, the water is not available to wells, and in
general the water is not chemically suitable for most uses. Laterally away
from the playa, coarse-~grained deposits within the alluvium may yield as
much as 20 percent water by volume, This is the water that is generally avail-
able to wells and relatively low in mineral content.
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The amount of fresh water in stroage in the aquifers of the Black Rock
Desert area was not determined in this study, It seems likely, however, that
the volume of fresh water available for development in the upper 100 feet of
saturated deposits is many times the average annual recharge estimated for.
each of the subareas listed in table 1.

CHEMICAL QUALITY OF THE GROUND WATER

In addition to sediments carried in suspension by the streams tribu-
tary to the Black Rock Desert, large amounts of dissolved minerals were
carried basinward in solution, having been leached from the rocks of the
surrounding mountaing, The dissolved minerals were precipitated when the
water evaporated from the lake, and were intermixed with the silt and clay
which has been gradually filling the central part of the basin.

Most of the chemical constifients in ground water are acquired by the
solution of minerals in the material through which the water percolates, In
general, the dissolved-solids content of the water is determined by the solu-
bility of the rock or soil, the area and duration of contact, and other factors,
such as pressure and temperature,

Water moves slowly through fine-grained material, and silt and clay
usually are susceptible to ion exchange with the percolating water, because
of their chemical composition and large surface area. The rapid movement
of water through gravel aquifers, on the other hand, coupled with the chemical
stability of most pebbles, provides less opportunity for significant changes of *
water quality within the aquifer,

In general, ground water in the Black Rock Desert is relatively fresh
along the margins of the basin, close to the areas of recharge, but becomes
saline as it moves through the mineralized deposits toward the center of the
basin. Clean sand and gravel aquifers may contain relatively fresh water,
even though interbedded with saline clays.

Water for Irrigation:

The suitability of water for irrigation may be evaluated on the basis
of the salinity hazard, the sodium (alkali) hazard, and the concentration of
bicarbonate, boron, and other ions (Wilcox, 1955, p. 7-12).

Salinity Hamard: The salinity hazard depends on the concentration of
dissolved solids, which can be measured in general terms by the specific
conductance of the water, expressed as micromhos per centimeter at 25°C,
Water of low conductivity is generally more suitable for drrigation than water
of high conductivity.
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Sodium {(alkali} Hazard: The sodium, or alkali, hazard is indicated
by the sodium-adsorption-ratio {SAR), which may be defined by the formula:

Na+

SAR=

\ / Cat+ Mg+t
/ +

in which concentrations are expressed in equivalents per million., If the pro-
portion of sodium among the cations is high, the alkali hazard is high; but if
calcium and magnesium predominate, the alkali hazard is low., An SAR in
excess of about 10, or less where specific conductance is high, probably will
present a sodium hazard in the fine-textured soils of the Black Rock Desert,

Bicarbonate ion: Residual sodium carbonate S‘RSC), which may be
defined by the formula RSC = {CO3 - + HCO3~) - (Ca s Mg++), in which
concentrations are expressed in equivalents per million, is a measure of the
hazard involved in the use of high-bicarbonate water. If residual sodium
carbonate is greater than 2.5 epm (equivalents per million), the water is not
suitable for irrigation. The water is marginal if the residual sodium carbon-
ate is between 1,25 and 2,5 epm, and probably is safe if the residual sodium
carbonate is less than 1,25 epm (U. 3. 3alinity Laboratory Staff, p. 8l).

Boron: Nearly all natural water contains boron in amounts that
range from a trace to several parts per million. Although boron in small
amounts is essential to plant growth, it is toxic at concentrations slightly
higher than the optimum, Scofield (1936, p. 286) proposed limits for boron
in irrigation water, depending on the sensitivity of the crops to be irrigated.
In general, boron in excess of 3 ppm (parts per million} is injurious to most
crops,

Classification and Interpretation of Analyses:

Chemical analyses were made of water from 10 wells and 6 springs
in the Black Rock Desert, The results of these analyses are listed in table 5.
The salinity and alkali hazards of all the samples that were analyzed are
plotted on a diagram proposed by Wilcox for the classification of irrigation
water (fig. 3). Geochemical interpretation of the analyses is also aided by
the diagrams illustrating the general chemical character of the ground water,
These arce drawn by plotting the concentrations of six key ions, in equivalents
per million, and connecting the plotted points (Stiff, 1951).

Both illustrations show a wide range in the quality of the water in
the basin, The ground water is characteristically a sodium-bicarbonate type,
but water from the flowing wells at the Garrett Ranch {33/25-10b4) contains
mainly sodium chloride, as does water from Great Boiling Spring near
Gerlach, Several other analyses show mixtures of these two types of water:
Coyote Spring (34/25-16dl) about a mile north of the Garrett Ranch;
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Well 33/23-26d1, at the edge of the playa near the mouth of Bowen Creek;
and well 37/27-8dl, at the edge of the valley floor on the east side of the
Black Rock Range.

The salinity and alkali hazards of nearly all the water sampled, as
shown in table 5, indicate that most of the water is marginal for irrigation,
particularly if used with the fine-grained, high-sodium soils which are so
prevalent.in the Black Rock Desert, Forage-type crops are grown almost
exclusively in the region, and these are relatively tolerant to the salinity
of the irripgation water, Ewven so, the quality of the water and its chemical
reaction with the crops and soils will continue to be a limiting factor in the
development of ground water for irrigation,

Water for Domestic Use:

Much of the water in the Black Rock Desert, although soft, is un-
satisfactory for domestic use due to the high dissolved-solids content, The
occurrence of fluoride in excess of the 1,5 pprm optimum suggested by the
U. S, Public Health Service (1962) is common in the saline water and may be
a hazard to health,

Water for Gerlach is piped 10 1/2 and 7 1/2 miles from Garden and
Granite Springs, respectively, in the Granite Range northwest of town.
Water is imported by rail for domestic use in Sulphur, Most of the ranch
headquarters are near the mouths of canyons where streamflow supplies
fresh water for domestic use.
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CONCLUSIONS

The potential for agricultural developrment throughout most of the
Black Rock Desert is limited by the arid climate, the steepness of the allu-
vial slopes flanking the mountainsides, and the salinity of the soils and
water. '

Most of the ground water in storage beneath and near the playa is
unsuitable for domestic or irrigation use, The development of a supply of
ground water of good quality, therefore, requires that wells be drilled near
the lower edge of the alluvial slopes so that fresh ground water may be
intercepted before it comes in contact with the mineralized deposits near
the playa.

The few areas presently under cultivation, or having a potential
for development, are relatively small and are separated from one another
by ridges of bedrock or wide expanses of desert. The effect of ground-
water development, or overdevelopment, in one area on the ground«water
regimen in another area, therefore, would be negligible,

The perennial yield of any of the subareas may be on the order of
magnitude shown for recharge in table 1, or may range from 2, 000 to
13,000 acre-feet, However, the yield will depend largely on the location of
wells and the manner in which they are pumped. On the floor of Black Rock
Desert pumping in moderate amounts from several properly spaced wells,
rather than from one large-capacity well, may be necessary to intercept
the fresh ground water that is moving basinward and to avoid excessive
drawdown and the resultant encroachment of saline ground water.

21,



.

REFERENCES

Eakin, Thomas E., and others, 1951, Contributions to the hydrology of eastern
Nevada: Nevada State Engineer Water Resources Bull. 12, 171 p.

Gianella, V, P., and Larson, E. R., 1960, Marine Permian at Black Rock,
Nevada; Geol. Soc. America Bull., v. 71, p. 2061,

Hardman, George, 1936, Nevada precipitation and acreages of land by rainfall
zones: Nevada Univ. Agr, Expt. Sta. mimeo. rept. and map, 10 p.

Hardman, George, and Mason, Howard G., 1949, Irrigated lands of Nevada:
Nevada Univ. Ag. 5t. Bull. 183, 57 p,

Hutchins, Wells A., 1955, The Nevada law of water ripghts: Carson GCity,
Nevada, State Engineer of Nevada,

Kohler, M. A., Nordenson, T. J., and Baker, D. R., 1959, Evaporation maps
for the United States: U. S, Department of Commerce, Wcather Bureau
Technical Paper no. 37, 13 p., 5 pls.

Morrison, R, B., 1961, Correlation of the deposits of Lakes Lahontan and
Bonneville and the glacial sequences of the Sierra Nevada and Wasatch
Mountains, California, Nevada, and Utah: U. 8. Geul, Survey Prof,
Paper 424-D, p. D-122-124, 1 fig.

Russell, I. C., 1885, Geological history of Lake Lahontan, a Quaternary lake
of northern Nevada: U, 8. Geol, Survey Man. 1}, 288. :

Scofield, C. 5., 1936, The salinity of irrigation water: Smithsonian Inst, Ann,
Rept., 1935, p. 275-287.

Sinclair, William C., 1962a, Ground-water resources of Pine Forest Valley,
Humbeldt County, Nevada: Nevada Ddpt. Conserv, Nat, Resources,
Ground-Water Resources Reconnaissance Ser, Rept., 4, 19 p., illus,
incl. hydrologic map,

Sinclair, William C., 1962b, Ground-water resources of Hualapai Flat, Washoe,
Pershing, and Humboldt Counties, Nevada: Nevada Dept. Conserv, Nat.,
Resources, Ground-Water Resources-Reconnaissance Ser. Rept, 11,

16 p., illus, incl., hydrologic map.

Stiff, H, 5., 1951, The interpretation of chemical water analyses by means of
patterns: Jour. Petrolearmn Technology, p. 15-17.

U. 5. Public Health Service, 1962, Prinking water standards: Federal Register,
Mar, 6, p., 2152-2155,

U. 8. Salinity ‘Laboratory Staff, 1954, Diagnosis and improvement of saline
and alkali soils; U.S. Dept. of Agriculture Handbook no. 60,

22,



Wilcox, L. V., 1955, Classification and use of irrigation waters: U.S, Dept.
Agriculture, Circ. 969, 19 p.

Willden, Ronald, 1961, Preliminary geclogic map of Humboldt County, Nevada;
U. 8. Geol. Survey Mineral Inv, Map MF-236,

_Willden, Ronald, 1962, Geology of Humboldt County, Nevada; Nevada Bur.
Mines Bull. 59 (in press).

Willden, Ronald, and Mabey, D. R., 1961, Giant desiccation fissures on the

" Black Rock and Smoke Creek Deserts, Necvada: Science, v. 133, no. 3461,
p. 1359-1360, illus., April 28, 1961,

23,



Talle 2,--Necards of wells In che Rlack Roek Dasert area, Novada

UVac of witwr: 0, domestie; I, irrigatiom; %, wtock; T, teost.
Water Level aad Lwaperatore: 3, measured: R, cuportwl,

f Wilar Twunl Meaguring polul

Baeluw
Depth [ Above
- Well . Ha- of matn uring M Tund
= numher and Tat= LETEE Depeh aquifers point ar wrrface Deas
. lovution et driiled {inchea) {Lachan) (feat) {fact) R Dute (et} eription Mgw Resarha
- A2/30-3241 - - i -- -- w36 M 4-14-60 L Tup ol ewaing & .
"‘ 42/30-3%41 twreau of Land Hanngmm:lﬂ: - & 57 -- 57.0a 4 S+ 30-R0 1 Top of Caolig 5 - -
B 41733%- 1d1 Buread ol Twwd Mansgement M- T -1 8 98 — 43 it £ =45 - - - 5 -
41/28-11n1  [womacd Creek Raneh - L& 31y 97-330 &Y E 5= «60 - - - N - -
A1/28-11d1l  Leonard Crexk Runch E h=51 14 LEH Lo-18 15 & H- =51 - - I ..
41/28-12c) Leonard Creek Eaonch - & 77 52-77 28 B 1Da14-%7 - - - - - -
41/2R-73c1 Lecnard Ureek Raoch 14-57 [ | 41-53 11 I 10-17-37 - - - & "=
41fa1- dul - -- i -- - 17,66 “ n-30-60 1 Top ol c0diug 3 - -
4L1/31-4b1 Hum:m of Tand Management - - i 75 -- 2a, 27 M 10- A-60 1 Top ol waning 5 - -
4LF31- 5bl Burcad of Twml Munxgumenf - ] 74 am 0,1 M 10- A-6U 1 TL;p ul crking B Chewdzal andlysis,
55.5%"F, H
ALf3l~28bL Deer Growk Ranch -- - - - - - - - - - - - 0.5 - -
Wi/ 2h-2Tr)  Buresu ot Heslawacicon 11-56 8 aue L90-2:5 10 B 1):15-56 - .- - LYa)
GU/a7- el nun.t.lu Cravck Banch’ 5-5% -] n £0-70 - - - ~ . - - - 1) &7°F
40/27-141 Ustele Croch Ronch - 1953 © [ 40-52 - - - - .- - - -
AD/27-24LT  Burawn of Iypd Hanagement -- [ - - 39.%% M L=lza00 a Top of casing 15 - -
40031~ Sul Bl Delong -- 1 - -- 10 R 11a A-R0 - - - - - -
J7/2U«131  Ruresn of Land Manageoment - & w7 -- ) E - - - Lop of easlag - - -
B 47/2%« 441 Whewelar Ranch 14 iz -- EY-L M Gml 46l a lole in puamp I - -
N bage
A - :l?!?i—iﬂ;:l Wheusler Ranch 10-47 ) [AITY -- 4 R 12a11-47 1 ‘Top of casing = - -
37 f25=10d1 - - - -- - - - - - - = - - - Cheodcdl analyels,
97, M
47/%5-11k] wheeler Banch L0-47 u 287 - dat B 10-26-47 - - - - - -
37/25-11b2 Whealar Runch 2m51 10 i - - - - - . - - - - W03°F, ®
- 47/2%:73¢1 JIuckaon bros. 1930 4 120 -- - - - - - - - - 6,7 Co- -
37/25-286al  Jackaon - 3 - L 29 M Ll--w-3U - - - 5,1 7i°F, M
37 /3% 36l Jackeon - 4 il - nom - - - - - 1 Ry, n
- AYF37- H11 Furssn of Land Managewent - - ‘-- - - - - . - - - g Chem{rsl analyeis,
. _ 6o, 5°F, ¥
37/30-fhl  Bureau of Lowd Munspgament - - <= -— a - - - - - . u 4 - -
36/25-10d1 Drover O, leckeon ' 194E - st N B, e - - - - BTYF, M
36/29- 251 -- -- [ -- - 78, 4 L A-15-40 H Tap of cxaing B -
36/29- 3dl Bubtewu of Tand Hanagemcnt - - - - 100+ E - - - - - ] -
23/70 -3zl Ldwin van Ripér -- & L1 ub - - - - - - - - i, L (.:hen:icnl Zudlynls,
35/28-03a1 W. W, Tryin A 4 Lad - 55 R 4el1ubR - o - 629Ff'q§aLity object-
. feahla, R
A5/30-17al Dob wigle - B - - 2 H 5-25-63 1. Tia erib | 50"F, M
34/29=78:)  Ben Conatance -- 16 200 - - = - - - - . D,In - -
- 34/30-35c1 Mauda wall - 3'x6’ a5 -- 20,85 i 3e25i63 [+ Tie orib o,In Lo -
) 33/23=24d1 -- - 3 e .- 1,90 M p-15-80 0 Tap of Ixh 5 - -
v block .
T 43/13-26d1 Frad Vogel -- - - -- - - R - 9-4l - - D.S. Chemical chnalyals
s 33/25-10al Carrett Buch - - . - - - - R - S 3 . o1maeF, M
A J3/23=10h1  Garrett Hanch -- ] 138 12%-110 - - - - r s = 1 65, M
b 33/25-10b2 Carrect Runch - 2 90 - - - - ‘ - . - . 1 108°F, M
31/25=1043 Gurrett Hanck - b a0 - - -. - - - - - - 1 104 °F, M
33 25-1004 Garralt Raoch 1324 [ 12% 125 - - . Coe - - - - 1 i ¢hemical onalysia,
. . 927w, M
13729 541 Federal Uranium 3-57 10 B3 -1 18 CE o 3=lymaT. . - - 0 .-
. 33/20- 8bl Federal Weanlpm A7 i 40U 153-15% 30 E 4-19-57 - . n . .
33/20-3hl Federal Uraoium } 5-57. ] L& 55eB0 52 )] ‘:--24-17 - - - D .-
’ 32/29- lal Plavseritas . -- - &l - - - - - - - .- in .-




Table 3, -- Selected springs in the Black Rock Desert

Use of water:

Ind., industrial; S, stock.

B, bathing; D, domestic; I, irrigation;

Estimated Temp-

Spring discharge Use | erature

number Name {gpm) (°F) Remarks

40/25-23 Soldier Meadows - 1,8 - Chern, Anal.,
many springs and
seeps,

40/28-29 Pinto Mountain 50 S Boiling |Chem, Anal.

39/27-30dl | Cain 5 S 74 Chem. Anal.

38/25-34 -- 100 IS - About 10 separate

- pools '
37/29+27bl | Macfarlanes'’ 5 D, S 170 --
bathhouse

36/26-4bl Double hot 250 LS Boiling |-~

36/26-~34bl { Black Rock 50 1.5 136 Chem. Anal.

35/24-35d1 | Lost 5 S - -

35/25-35bl | Sulphur - Ind. - --

35/30-9d1 Mandalay - - 56 Area of shallow
water table; seeps

34/25-16d1 | Coyote 1 - 60 Spring mound on
playa

34/25-31bl | -~ 35 1 Hot -

32/23-15bl | Great Boiling 200 B Boiling [Chem. Anal.
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Table 4. --Drillers' logs of wells in the Black Rock Desert area.

Thick-
ness Depth
(feet) (feet)

41/23-1d1
Casing perforated

70" to 98!
Bentonite and gravel 16 16
Sandstone 59 75
Rock, broken; water 23 98
41/28-11al
Casing perforated 100" to

330'; 1/2" % ZI'T
Soil 5 5
Clay, brown 9 14
Sand and gravel 36 50
Gravel, cemented 45 95
Clay, brown 10 105
Gravel and sand 15 120
Clay, brown 5 125
Gravel and sand 15 140
Gravel and clay i5 155
Sand and gravel 7 162
Cemented 20 182
Gravel and clay mix 19 201
Gravel and sand 43 244
Cemented 16 260
Gravel and clay mix 10 270
Sand and gravel 18 288
Clay : 4 292
Sand and gravel 8 300
Gravel and clay mix 16 316
Pinch clay 4 320
Sand and gravel 5 325
Pinch clay 10 335
Sand and gravel 5 340

25.

Thick-
ness Depth
{(feet) (feet)
41/28-11dl
Casing perforated 106!
to 392'; 3/16"
Topsoil 10 10
Grawvel, coarse 28 38
Clay and gravel 54 92
Gravel, loose sand 106 198
Clay and gravel 128 326
Gravel, coarse 66 392
Clay 28 420
Gravel -- -
41/28-12¢l
Casing perforated 49 to
75'; 3/16" x 6" torch cuts
Topseil 7 7
Clay, hardpan 7 14
Clay, gravelly 17 31
Sand, fine; water 7 38
Clay, sandy 14 52
Sand and gravel 25 T
41/28-23cl
Casing perforated 30' to
50'; 3/16" x 6' torch cuts
Topszoil, sandy clay 12 12
Clay, sticky bentonite 3 15
Sand, water seep 3 18
Clay, sandy 23. 41
Sand and gravel 12 53
40/26-204d1
Casing perforated 135" to
2107
Topsoil 3 3
Tuff, bluish 187 190

Volcanic rock, porous 25 215
Volcanic rock, broken
aoft 85 300



ir

Table 4 (continued)

Thick- Thick-
ness Depth : neas . Depth
{(feet) (feet) ‘ : {feet). - {feet}
40/27-2cl 37/25-9dl {continued)
Casing perforated 30! Clay, gray; sand 13 - 423
to 707; 1/4" x 3 Clay, red; rock 2 425
| Clay, gray; sand 17 442
Gravel 438 48 Clay; redish white; rock 4 446
Clay 10 58 Clay, gray; sand 21 - 457
Sand and pravel 12 70 Clay, white, sugary 2 469
Sand; pgray; clay 36 505
-_11.0/27—143.1 Sand, brown, coarse; '
T clay 8 513
Hardpan 10 10 Clay, white; sand 9 522
Clay 30 40 Clay, white 24- 546
Sand, gravel; water 22 62 Clay, blue 6" 546'6"
o -Clay, white; sand - 516! 552
37/25-941 Rock, white 3 555
' : Clay, white b 561
Sand, top soil 3 3 Clay, white; sand 8 569
Gravel 4 7 Clay, gray, hard 9 ..578
Sand 11 ig Sand, white; rock 7 585
Clay, red; gravel ‘ 12 30 Clay, white, hard 12 597
Clay, red; sand 8 38 Clay, gray ' 11 608
Clay, brown; gravel 18 56 Clay, gray; sand 22 630
Clay, brown; sand 6 62 Clay, white 22 652
Clay, yellow; gravel b 68 Clay, gray 5 657
Gravel, sand, and water 8 76 Rock, red 7. 664
Clay, red; gravel 26 102 ‘Clay, gray , 8 672
Clay, red; sand b 108 Clay, white .36 708
Clay, red; gravel 26 134 Clay, gray ' 27 735
Gravel, sand, water FA 136 Clay, gray, hard 17 752
Clay, brown; gravel 20 156 Clay, white 11 7163
Clay, gray 6 162 Rock, pink 13- 716
Clay, red; gravel 28 190 Clay, brown, hard 25 . 801
Clay, gray 6 196 Clay, white 7 808
Clay, red; gravel 45 241 Clay, brown 9 817
Clay, gray 11 252 Clay, gray 8 825
Clay, red; gravel 25 277 Clay, brown 7 832
Clay, brownish white, . Clay, gray 6 838
sandy 15 292 Clay, brown 8 - B4b
Clay, red, sandy 41 333 Clay, blue 6 852
Clay, brown; sand 9 342 Clay, blue 1 853
Clay, white; gravel and Clay, brown 8 - ‘8pl
zand 15 357 Clay, gray 1t - I
CIELY, white; sand 53 410 Clay, brown ? : B79
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Table 4 {continued)

37/25-9dl {continued)

Clay, white

Clay, brown

Clay, gray

Clay, blue

Sand, brown
Rock, black

Rock, whitish gray

37/25-10d1

Gravel, sandy

Clay, vellow; sand

Clay, black; water strata

Sand, black; yellow clay; small gravel
Clay, yellow; sand and small gravel
Clay, yellow; fine sand

Clay, yellow, soit

Clay, yellow, soft; sand and small gravel
Clay, rusty, =oft

"Small stratas of clay', pea-sized gravel
Gravel, course; sand; water strata

Gravel stratas; soft brown to yellow clay; water 7

'""Small stratas of yellow, pink, light green

clays!

"Small clay stratas, water gravel stratas 2'
o thick'

Gravel stratas, cemented very hard

Gravel and soft stratas of pink clay, srnall .

Clay, pink; gravel

Clay, pink; gravel

Clay, pink

Clay; pink; gravel

Clay, white; "artesian hot water indications"

"Small stratas, pink, green and white clays"

Clay, pink

Clay, pink; gravel

Clay, pink; sand and gravel

Clays, pink and dark green, hard

Gravel, cemented, very hard white quariz

Gravel, very hard white quartz mixed

Gravel, very hard white quartz mixed

Clay, brown and pink

"White hot water clays"

{continued) 27,

Thick-
ness Depth
{feet) (fect)
8 887
10 897
10 907
6 913
5 918
56 974
38 1012
L& 10
10 20
10 30
10 40
10 50
10 60
10 70
10 80
10 94
20 ilo
5 115
S 122
11 133
7 140
5 145
5 150
10 160
8 1568
2 170
10 180
26 206
4 210
3 213
17 230
i6 246
2 248
24 272
8 280
15 295
5 300
20 320



Table 4 {continued)

Thiclk-
NGsEs
{feet)

37/25-1041 {continued)

2" to 3" stratas of rust brown and gray clays, with quartz'
Clays, white gray; white quartz sands; water strata; sand
Clays, rusty brown; white quartz; loss of mud; water strata
Sands, brown, cernented, hard

Clay, white and gray; loss of mud; water strata

QOuartzs, white, cemented; or solid strata

"Alternate white and brown clay stratas, small ones"

Clay, brewn; quartz sands; water strata

Clay, brown; quartz sands; water strata

37/25-11btl

Silt, black; yvellow clay

Hardpan and yellow clay

"soft whitish hot water clay"

Gravel, small; sand and clay

Clay, brown and yellow, hard

Gravel, coarse

Clay, blue, hard

Clay, blue, soft

Clay, blue, soft gummy

Clay, blue; 1/2" gravel

Clay, blue; heavy large gravel

Clays, sandy creamn and blue; large gravel

Gravel and blue clay

Clay, blue

Clay, blue; gravel

Clay, blue

Clay, white to yellow; gravel, "hot water clay deposits"

Sand and gravel, no clay

Clay, blue

Clay, blue; fine sand

"Small stratas of white and green clays"

Clay, yvellowish white; "hot water deposits"

Limestone, white, hard; "hot water lime"

Clay, white; quartz, some red gravel

"Terrific loss of drilling mud, level dropped 207,
well began flowing before rods could be pulled.
Flowing 212 gpm, Static head is in excess of 35,
small volume, Itis hard to determine exactly
where the flows are originating,

28,
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Depth
{feet)

330

340
400
410
430
440
450
460
490

20
40
73
77
82
86
90
95
104
108
110
120
160
165
167
169
190
198
200
220
228
250
253
265
267



Table 4. (continued)

Thick-

ness

(feet)

37/29-11b2

—
oo

Mud, blaclk

Clay, gray, sandy;
some water

Clay, white

Clay, blue

Sand, black; water

Clay, white

Sand, brown: water

Clay, blue

Sand, brown; water

Clay, brown

Sand, brown

Clay, brown

Clay, blue

Sand, brown

Clay, yellow

Clay, blue

Sand, brown

Clay, white; sand

=
[0 s}

—

L
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=

35/25-33al

Casing perforated
134" to 144!
1f4|| x 6"

"Fine granite sands" 20
Sand, coarse, and clay 5
Gravel and clay, cemented 5
Gravel and hard pink clay 64

Clay, pink, soft &
Clay, sand, and fine '
gravel 10

Clay, pink, medium soft 10
"8mall hard and soft

strata alternate" 14
Gravel, small loss of mud 1
Clay, pink, hard 1
Gravel, medium loss,

small amount of water 4
Clay, sand, hardpan 4

Depth
{feet)

16

34
52
54
58
17
81
89
g6
104
113
121
156
158
162
174
180
183

20
5
30
94
100

110
120

134
135
136

140
144

29,

33/29-5d1

Top soil
Clay, vellow
Gravel; water
Clay, blue
Shale, brown
Gravel; water
Shale, brown
Clay, gray

33/29-8bl

Casing perforated
30' to 164!
1/4u Y 311

Top soil

Clay, vellow
Gravel; water
Clay, blue

Shale, brown
Ciravel

Shale, brown
Shale, blue; gravel
Clay, pgray, sandy
Gravel, quartz
Clay, brown, sandy
Clay, gray, sandy
Clay, brown
Clay, dark brown
Clay, light brown
Hardpan and shale
Clay, light gray
Clay, brown
Clay, gray

Clay, brown
Clay, gray

Thick-
ness Depth

{feet) (feet)

15 15
18 33

5 38
14 52
11 63
3 66
11 77

8 85
15 15
18 33

5 38
14 52
it 63
3 66
11 77
20 97
56 153
4 157

& 163
25 188
4 192
18 210
3z 242
20 262
13 275
53 328
48 376
14 390
10 400



Table 4 {continued)

" 33/29.34b1

“ Casing perforated
50' to 108!
1/8" x 3"

Clay, sandy
Gravel and clay
Gravel, large; clay
Sandstone, soft
Clay, sandy
Gravel, cemented
Gravel, cemented;
boulders

Rock, gray, solid

Thiclkw
ness Depth
{feat) (feet)
7 7
8 15
40 55
5 60
7 67
63 130
34 164
4 168

30,
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Table 5,.--Cherdeal snalyses, in parts per mfillion, of pround water in the Slack Bock Deserkb Axea

{Analyses by 0.3, Geological Surver}
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Ground-Water Appraisal of Newark Valley, White Pine County,
Nevada, Dec. 1960, by Thomas E. Eakin,

Ground-\Vater Appraisal of Pine Valley, Eureka and Elko
Counties, Nevada. Jan., 1961, by Thomas E. Eakin.

Ground-Water Appraisal of Long Valley, White Pine and Elko
Counties, Nevada. June 1961, by Thomas E. Eakin.

Ground-"ater Resources of Pine Forest Valley, Humboldt County,
Nevada. Jan. 1962, by William C. Sinclair.

Ground-Water Appraisal of the Imlay Area, Humboldt River Basin,
Pershing County, Nevada. Feb., 1962, by Thomas E. Eakin,

Ground-Vater Appraisal of Diamond Valley, Eureka and Elko
Countiez, Newvacda, Feb, 1962, by Thomas E. Eakin.

Ground-Vater Resources of Desert Valley, Humboldt County,
Nevada. April 1962, by William C. Sinclair.

Ground-Water Appraisal of Independence Valley, Western Elko
County, Nevada. May 1962, by Thomas E, akin.

Ground-V/ ater Appraisal of Gabbs Valley, Mineral and Nye
Counties, Nevada. June 1962, by Thomas E. Eakin.

Ground-‘ater Appraisal of Sarcobatus Flat and Casis Valley,
Nye County, Nevada. Oct. 1962, by Glenn T. Malmberg and
Thomas E, Ezakin,

Ground-iVater Resources of Hualapai Flat, Washoe, Pershing, and
Humboldt Counties, Nevada. ©Oct. 1962, by William C. Sinclair,

Ground-Water Appraisal of Ralston and Stonecabin Valleys,
Nye County, Nevada, Oct. 1962, by Thomas E, Eakin,

Ground~Water Appraisal of Cave Valley in Lincoln and Vhite Pine
Counties, Nevada. Dec, 1962, by Thomas E. Eakin,
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Ground-Water Resources of Amargosa Desert, Nevada~CGalifornia,
March 1963, by George E, Walker and Thomas E. Eakin,

Ground-Water Appraisal of the Long Valley-Massacre Lake Region,
Washoe County, Nevada, by William C, Sinclair; also including a
gection on The Soils of Liong Valley by Richard L. Malchow,

May 1963,

Ground~Water Appraisal of Dry Lake and 'Delam_ar Valleys,
Lincoln County, Nevada. May 1963, by Thomas E, Eakin.

Ground-Water Appraisal of Puck Lake Valley, Washoe County,
Nevada. June 1963, by William C. Sinclair.

Ground-Water Appraisal of Garden and Coal Valleys, lincoln
and Nye Counties, Nevada, July 1963, by Thomas E. Eakin,

Ground-Water Appraisal of Antelope and Middle Reese River

Valleys, Lander County, Nevada. September 1963 by E. G.
Crosthwaite, :
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EXPLANATION

Lake deposits
Mainly silt and clay of low permeability.
Permeable sand and gravel shore features
around periphery.

Alluvium
Unconsolidated, poorly-sorted rock debris
ranging in size from boulders to clay.
Permeability ranges widely depending on
particle size and degree of sorting.

Bedrock

Mainly volcanic rocks and their sedimentary

derivatives. Granitic and metamorphic rocks
also prevalent. Permeability largely dependent
on secondary openings; joints, fissures, etc.
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Plate 1.—Generalized Geologic and Hydrologic Map of the Black Rock Desert area, Northwestern Nevada





