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AVAILABLE WATER SUPPLY OF THE LAS VEGAS
GROUND-WATER BASIN, NEVADA

By Grexn T. MALMBERG

ABSTRACT

The Las Vegas ground-water basin as described in this report includes the
southern part of Indian Spring Valley, Three Lakes Valley, the northern half of
Ivanpah Valley, and Las Vegas Valley. These valleys in part are inferred to
form a hydrologic unit that includes an area of about 3,000 square miles in the
southern part of Clark County, Nev.

The valleys forming the Las Vegas ground-water basin are broad structural
depressions surrounded by mountains. The climate of the region is arid, and
precipitation in the basin lowlands rarely exceeds 5 inches per year. Drainage
is interior except for occasional flood runoff and waste from the industrial plants
at Henderson; the occasional flood runoff and waste flow through the Las Vegas
Wash to Lake Mead. The mountain ranges are composed of indurated rocks
that impede the movement of ground water from the basin and form the boundary
of the ground-water reservoir.

The valley fill that forms the prineipal ground-water reservoir is composed of
a thick sequence ranging from Miocene(?) through Recent in age. Most of the
ground water is in a large leaky artesian system comprising four principal zones
of aquifers—the deep, middle, and shallow zones of artesian aquifers and the
near-surface zone of water-table aquifers. To facilitate quantitative analyses of
recharge, discharge, and yield, the aquifers have been divided arbitrarily into an
artesian system, which includes the three principal artesian aquifers, and the
near-surface water-table system.

Natural recharge to the artesian system is from precipitation in the mountains
within the drainage area of the basin. As ground water moves from areas of
recharge toward areas of discharge in the lower parts of Las Vegas Valley, it
becomes confined between relatively impermeable beds. Nearly impervious
barriers caused by faulting of the valley fill impede the lateral movement of the
ground water. Artesian pressure causes the water to leak upward along the
faults into shallow aquifers.

The average annual natural recharge to the Las Vegas artesian system was
estimated by the following methods: (1) Estimation of consumptive use by
phreatophytes under natural conditions prior to ground-water development; (2)
estimation of ground-water underflow to the Las Vegas area during a period of
near-stability in the ground-water reservoir; and (3) study of the relationship
between precipitation and recharge during periods of equilibrium in the ground-
water reservoir. Estimates of the natural recharge based on these methods
suggest that the average annual natural recharge to the basin is on the order of
25,000 acre-feet. The total draft on the artesian aquifers in 1955 was approxi-
mately 48,000 acre-feet, of which about 42,000 acre-feet was from wells and
springs and about 6,000 acre-feet was from upward leakage. Therefore, over-
draft on the artesian reservoir in 1955 was about 23,000 acre-feet.

1



2 WATER SUPPLY, LAS VEGAS GROUND-WATER BASIN

Recharge to the near-surface reservoir in 1955 was derived from upward leakage
from the underlying artesian aquifers and by infiltration of waste water. The
total estimated recharge to the near-surface reservoir in 1955 was about 25,000
acre-feet. The draft on the near-surface reservoir in 1955 was about 25,000 acre-
feet, of which about 24,000 acre-feet was discharged by phreatophytes and about
1,000 acre-feet was discharged by wells. During this study, the near-surface
reservoir was in a state of approximate dynamic equilibrium.

The above data indicate that the overdraft on the entire Las Vegas ground-
water basin in 1955 was approximately equal to the overdraft on the artesian
aquifers—that is, about 23,000 acre-feet.

As the artesian heads continue to decline in Las Vegas Valley, the quantity of
ground water lost through upward leakage and subsequent transpiration will
decrease. Conditions of optimum development of the artesian system will be
achieved when the artesian heads have been lowered to about 50 feet below land
surface, because most of the upward leakage that is currently discharged by
phreatophytes will have been eliminated. At the present rate of decline of the
artesian head and with the present distribution and amount of withdrawals, the
artesian head will be lowered sufficiently to prevent most natural discharge in
the Las Vegas area in about 40 years and in the Paradise Valley area in about 75
years. The maximum sustained yield that can be developed from the artesian
aquifers when the artesian head has been lowered below the root zone of phreato-
phytes will be limited to the approximate average annual natural recharge to the
artesian system plus the amount of nonconsumptively used ground water and
imported water which becomes available for reuse through downward leakage
or artificial recharge.

The accumulated annual discharge from the Las Vegas artesian aquifers has
exceeded the accumulated recharge since the development of the first successful
well in 1906, and as a result the artesian pressure has declined almost uninter-
ruptedly from year to year since that time. The artesian head in selected ob-
servation wells in the vicinity of Las Vegas and Paradise Valley declined about
30 feet between 1941 and 1956. During this time the approximate cumulative
overdraft amounted to about 300,000 acre-feet. The amount of overdraft per
foot of lowering of artesian head within the area of approximately 40 square
miles represented by the observation wells during this period was about 10,000
acre-feet.

The chemical quality of the ground water in Las Vegas Valley is, in general,
better in the northern than in the southern part of the valley. In the northern
part of the valley, water from the shallow and middle zones of aquifers is of better
quality than water in the deep zone of aquifers. As the ground water migrates
southward into the Paradise Valley and the Whitney-Pittman areas, the water in
the middle and shallow zones becomes more mineralized than the water in the
deep zone of aquifers.

The lowering of artesian head in the Las Vegas area between 1935 and 1950
has caused about 180 millimeters of local land subsidence in the vicinity of the
Bonanza Street underpass, where the sediments are predominantly clay and silt.
In the western part of the valley, where the sediments are predominantly sand
and gravel, subsidence during the same period of time was negligible.

INTRODUCTION

LOCATION OF THE AREA

The area described in this report covers about 3,000 square miles
and includes Las Vegas Valley, the southern part of Indian Spring
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F1GURE 1.-—~Location of area.

Valley, Three Lakes Valley, and the northern part of Ivanpah Valley.
Available data suggest that these valleys form a single hydrologic unit
which, for purposes of this report, is termed the ‘“Las Vegas ground-
water basin,” or simply the “‘Las Vegas basin.”! Most of the Las Vegas
basin is in Clark County, but small parts of the northern and the
northwestern parts of the basin are in Lincoln and Nye Counties.
(See fig. 1.)

This report describes an area more extensive than the area described
in previous publications because of the inclusion of parts of Indian
Spring and Ivanpah Valleys and all of Three Lakes Valley, for these

1 Hydrologic data from numerous deep test wells drilled in 1963 by the Atomic Energy Commission at
the Nevada Test Site and in the vicinity of Indian Springs suggest that the circulation of ground water in
the alluvial fill in Indian Spring and Three Lakes Valleys may be through the underlying Paleozoic car-
bonate rocks towards the Amargosa Desert. On the basis of the water-level altitude in some of the test
wells, Winograd (1963, pl. 2) suggested that there may be a ground-water divide 15 miles east of Indian

Springs that separates the ground-water reservoir in the alluvial fill in Indian Spring and Three Lakes
Valleys from Las Vegas Valley.
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valleys tentatively are considered tributary to the main ground-water
reservoir in Las Vegas Valley.

PURPOSE AND SCOPE OF THE INVESTIGATION

This study of the hydrology of the Las Vegas basin is the second
quantitative investigation of the area by the U.S. Geological Survey.
The first investigation, made in cooperation with the State Engineer
of Nevada began in July 1944 and included as its main objectives a
study of the geology of the area and of the relation of the geology to
the source and occurrence of ground water and an estimate of the
recharge to Las Vegas and Indian Spring Valleys. These objectives
were accomplished and reported, insofar as available data would
permit, in a comprehensive report by Maxey and Jameson (1948).
These authors estimated that the annual recharge to Las Vegas
Valley is between 30,000 and 35,000 acre-feet and that the recharge to
Indian Spring Valley, which was assumed to be separate from Las
Vegas Valley, is about 4,700 acre-feet.

The purpose of this report is to refine the estimates of the average
annual recharge to the Las Vegas ground-water reservoir by using
additional data that have become available since the earlier report.
Three methods of estimating the annual recharge to the ground-water
reservoir are described, and these methods are applied to the Las
Vegas basin for 1955 and for periods during the development of the
ground-water reservoir. In general, the results agree reasonably well
with those of Maxey and Jameson (1948) although they are somewhat
lower.

Other objeetives of this report iuclude a study of the occurrence
and availability of ground water in selected areas of the ground-water
basin and the relationship between the average annual decline in
ground-water levels and the annual overdraft. This report includes a
review of the existing literature on ground-water conditions in the area,
a review and analysis of existing hydrologic data, and discussions on
the occurrence and movement of the ground water in the ground-
water reservoir. The report also includes an analysis of the water
budget, an estimate of the amount of upward leakage of ground water
from deep aquifers to shallower aquifers, a discussion of land sub-
sidence resulting from ground-water withdrawals, and an interpretation
of the chemical quality of the ground water in the different aquifers
at many places in the basin.

During the course of this study, considerable data were collected
from wells in the Las Vegas basin but are not included in this report.
Data were collected for 33 permit wells (wells drilled for purposes
other than domestic use that are subject to appropriation according to
provisions of the ground-water law of the State) and 54 selected
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domestic and test wells drilled during the period 1946-57. These
data, which were collected to supplement the well data previously
published by Maxey and Jameson (1948), are available for inspection
in the Office of the State Engineer of Nevada and in the district office
of the Water Resources Division of the U.S. Geological Survey,
Carson City, Nev.

The fieldwork, begun in July 1954, consisted principally of inven-
torying the wells and collecting the data needed to calculate the
amount of ground water discharged under natural and artificial
conditions, establishing a network of observation wells throughout
the valley for the purpose of observing and recording fluctuations of
ground-water levels, making pumping tests, collecting water samples
for chemical analysis, determining the elevation of measuring points
in observation wells, and measuring the discharge from wells and
springs.

This report was prepared by the U.S. Geological Survey under the
supervision of 0. J. Loeltz, district engineer in charge of ground-water
investigations in Nevada.

PREVIOUS INVESTIGATIONS

Studies of the geology and hydrology of the Las Vegas area have
resulted in several published and unpublished reports, some of
which are included in the list of selected references.

The following summary of previous investigations is a chronological
sketch of the publications from which data on the quantity and quality
of ground water in the area were obtained during the preparation of
this report.

The earliest hydrologic investigation of the Las Vegas area was
made by Mendenhall (1909). His report summarized the water
resources of southern Nevada and California. It briefly described
the location of wells and springs and presented data on their yields
and their quality of water. In 1912 the U.S. Geological Survey
began a comprehensive ground-water survey of the entire State of
Nevada to determine the possible development of ground-water
supplies for irrigation. The first report resulting from these investi-
gations, written by Everett Carpenter, was published as Water-Supply
Paper 365 in 1915. The report included data on the quality and
quantity of ground water in Las Vegas and Indian Spring Valleys and
discussed the source and occurrence of ground water. From 1922 to
1936 the University of Nevada Agricultural Experiment Station,
under the direction of George Hardman, made studies on the occur-
rence and utilization of ground water in Las Vegas Valley. Valuable
data on the discharge of wells and springs and water-level measure-
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ments collected during these investigations are contained in several
published reports that are included in the list of references.

In 1938, in response to a request by the State Engineer of Nevada,
the U.S. Geological Survey made an investigation of underground
leakage in Las Vegas Valley. This study, made by Penn Livingston
and reported as Water-Supply Paper 849-D, pointed out that the
aggregate leakage from the wells at that time was not enough to
account for the serious decline in water levels in the valley.

The most intensive investigation of the ground-water resources of
the Las Vegas and Indian Spring Valleys was made by G. B. Maxey,
of the U.S. Geological Survey, and C. H. Jameson, of the Office of
the State Engineer, during the period 1944-48. Various aspects of
this study were published in Nevada Water Resources Bulletins 3,
4, 5, and 6. Bulletin 5 (Maxey and Jameson, 1948) contains all the
data and results of the investigation. It summarizes many of the
reports on the geology of the area and describes the stratigraphy and
the water-bearing characteristics of the formations. It also includes
estimates of recharge to and discharge from the ground-water reservoir
and discusses the significance of water-level fluctuations.

Since 1948 several mimeographed reports pertaining to the hy-
drology of the Las Vegas basin have been prepared by the U.S.
Bureau of Reclamation. These reports are included in the list of
references at the end of this report.

WELL-NUMBERING SYSTEM

Wells listed in this report are numbered according to their location
within the Federal system of land divisions and are identified by a
local number used by the Office of the State Engineer. The number
assigned to a well by the Geological Survey consists of three principal
parts: (1) a capital S followed by the number of the township south
of the Mount Diablo base line; (2) a slanted line followed by the num-
ber of the range east of the Mount Diablo meridian; and (3) & hyphen
followed by the section number and letters that designate the location
within the section. The letters a, b, ¢, and d designate, respectively,
the northeast, northwest, southwest, and southeast quadrants. The
first letter designates the quarter section; the second letter, the
quarter-quarter section; and the third letter, the quarter-quarter-
quarter section (10-acre tract). Finally, the wells in each 10-acre
tract are numbered consecutively in the order in which they were re-
corded. For example, the first well recorded in the NE/NW14SW14
sec. 1, T. 20 S., R. 61 E., would be numbered S20/61-1cbal (fig. 2);
the second well would be numbered S20/61-1cba2, and so forth.
Where the 40-acre and 10-acre tracts are unknown, the numbering
systems is modified to include only the designations for the sub-
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divisions of the section that are known. In this report the Geological
Survey number is followed by the State Engineer’s local field number
in parentheses (where numbers have been assigned) to further identify
the well. A typical well identification number as used in this report
would be as follows: S20/60-36dbbl (No. 18).
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GEOGRAPHY

The area deseribed in this report includes approximately one-third
of Clark County and small areas in Nye and Lincoln Counties, as
shown on plate 1. The boundary of the irregularly shaped area was
arbitrarily drawn along the drainage divides of mountains that
border the principal valleys, along ground-water divides across the
southern end of Indian Spring Valley, and through the central part
of Ivanpah Valley. The area includes a series of structural depressions
that have a combined length of about 110 miles and a maximum width
of about 50 miles. The area lies between longitude 115°00" and
116°00" W. and latitude 35°30” and 37°15’ N.

Las Vegas Valley, the largest of the four valleys included in the
basin, trends southeast about 50 miles from Indian Springs to Las
Vegas Wash. The northern part of the valley, which extends 30
miles from Indian Springs to Tule Spring, is irregularly sbaped and
relatively narrow; it ranges from 4 to 10 miles in width. South of
Tule Spring the valley widens into a rectangular-shaped basin that is
approximately 18 miles wide and 24 miles long. The cities of Las
Vegas and North Las Vegas are in the center of this part of the
valley, and it is within this area that the major development of ground
water has taken place. There has also been substantial development
of ground water in the area locally known as Paradise Valley, imme-
diately south of Las Vegas.

Mountains surround the lowland areas of the Las Vegas ground-
water basin. The southwestern side of the basin is bordered by the
lofty Spring Mountains, which reach an elevation of nearly 12,000
feet. The northeastern side of the basin is bordered by several
somewhat lower mountain ranges, chiefly by the Sheep and Las
Vegas Ranges, and by Frenchman Mountain. The part of Indian
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Spring Valley that forms the northern part of the basin is bordered
by a series of spurs from the north-trending Pintwater and Desert
Ranges and by the southern end of the Spotted Range. Black Moun-
tain and parts of both the River Mountains and the McCullough
Range are adjacent to the southern end of the basin.

Most of Las Vegas Valley is tributary to the Colorado River through
Las Vegas Wash. However, drainage from the northern part of Las
Vegas Valley and from Indian Spring Valley, Three Lakes Valley,
and Ivanpah Valley énds in playas. The only perennial stream in
the area is in Las Vegas Wash. The flow in the wash is composed
principally of industrial waste water and sewage effluent but occa-
sionally is in part flood runoff. The other washes carry surface water
only during, and for short periods after, infrequent storms. Water
from even the larger springs and from snowmelt in the mountains
ordinarily disappears within short distances in the gravels of the
drainage ways or is lost through evaporation and transpiration.

Indian Spring Valley is northwest of Las Vegas Valley and is sep-
arated from it by a low alluvial divide about 4 miles east of Indian
Springs. It is a long narrow crescent-shaped valley about 6 miles
wide and 36 miles long. It extends 12 miles eastward from near the
Clark-Nye County line to Indian Springs, and thence northward ap-
proximately 24 miles to Quartz Spring. Only the southern part of
Indian Spring Valley was included in the study area because water-
level data and geologic information indicate that the north-trending
limb of Indian Spring Valley is separated from the southern part of
the valley by a ground-water barrier that seems to coincide with the
axis of an anticline extending eastward from the southern end of the
Spotted Range to the southern end of the Pintwater Range. Only
the southern part of Indian Spring Valley, south of this flexure, seems
to have hydraulic continuity with the Las Vegas ground-water
reservoir.

Three Lakes Valley, which is east of Indian Spring Valley, is as-
sumed to be in hydraulic continuity with the Las Vegas basin; how-
ever, there are only meager data to substantiate this assumption.
Three Lakes Valley parallels the northern limb of Indian Spring Valley
and is somewhat similar to it topographically. The valley is about
35 miles long and has three playas along its axis where surface drain-
age from the bordering mountains ends. The Pintwater and Desert
Ranges border the valley on the west and on the east, respectively.

Ivanpah Valley is separated from the southern end of Las Vegas
Valley by low hills underlain by limestone and by andesite or basalt
flows. However, it is assumed that the northern part of the valley
is hydraulically connected with Las Vegas Valley because the slope
of the piezometric surface is northward toward Las Vegas Valley from
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a point near the California-Nevada boundary where there seems to
be a ground-water divide (George Hardman, 1931, written commun.).
Ivanpah Valley north of the California-Nevada boundary is roughly
crescent shaped and is approximately 24 miles long and 6 miles wide.
The valley extends northward from the California-Nevada boundary
approximately 12 miles to Jean, Nev., and from there northeastward
beyond Sheep Mountain toward Las Vegas Valley. There are two
small playas in the northern part of the valley, and a third and larger
playa is in the southern end of the valley near the State line. The
valley is bordered by the Spring Mountains on the west, the McCul-
lough Range on the east, and the southern end of the Bird Spring
Range and a low range of unnamed hills on the north.

PHYSICAL FEATURES

The area described in this report lies within the Basin and Range
physiographic province. The province is characterized by desert
basins having interior drainage flanked by mountains that generally
are sparsely covered with vegetation. The high mountains usually
are dissected by deep ravines that open onto broad alluvial fans.
Commonly, fans from adjoining canyons have coalesced and formed
a continuous alluvial slope along the base of the mountain ranges.
These slopes extend outward into the valleys, where they merge with
the valley floor or extend across the valley toward the adjacent moun-
tain ranges to form alluvial divides. Beyond the toes of the fans is
the valley floor. The valley floors are usually flat and contain one
or more playas where periodic runoff from storms accumulates and

eventually evaporates.
MOUNTAINS

About half of the drainage area tributary to the Las Vegas ground-
water basin consists of mountains. The mountains are composed
largely of well-consolidated sedimentary rocks of Paleozoic and
Mesozoic age that have been considerably deformed by folding and
faulting. The generally rugged topography of the mountainous areas
is characterized by sharp peaks and ridges, steep and precipitous
slopes, and deep, steeply sloping canyons.

The highest peaks in the area are in the Spring Mountains along
the western margin of Las Vegas and Ivanpah Valleys. The elevation
of much of the range from Mount Stirling southward to Table Moun-
tain, a distance of about 56 miles, is above 5,000 feet. Charleston
Peak, the highest peak in the range, has an elevation of 11,918 feet.

Deep canyons have been incised into the eastern slope of the range.
Most of these canyons follow fault zones or other areas of structural
weakness. The canyons are narrow and have steep, precipitous
slopes. In most places the canyon floors are mantled with highly
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permeable gravel deposits and rock debris, and consequently infiltra-
tion rates are high. Runoff infiltrates quickly into this permeable
material to the underlying bedrock where part of it may seep into
fractures or other secondary openings and part of it may move laterally
beneath the floor of the canyons to the alluvial fans at the mouths
of the canyons.

The main canyons on the eastern slope of the Spring Mountains
are Lee, Kyle, and Red Rock Canyons and Cottonwood and Good-
springs Valleys.

The Pintwater, Desert, Sheep, and Las Vegas Ranges which border
the northeastern part of the Las Vegas ground-water basin, are
somewhat similar to the Spring Mountains; but they are lower and
not as deeply dissected and commonly are more barren. Of the four
ranges, only the Sheep Range reaches elevations of 8,000 feet or more.
Sheep Peak, which is the highest peak in the range, has an elevation
of 9,926 feet. Frenchman Mountain, east of Lias Vegas, has an
elevation of 4,054 feet; but the elevation drops rapidly toward Las
Vegas Wash, where it is about 2,000 feet.

The River Mountains and the McCullough Range along the south
side of Las Vegas Valley are rugged barren mountains whose highest
peak is less than 4,000 feet above sea level. These mountain ranges
differ from the other ranges in the area in that they are principally
underlain by igneous and metamorphic rocks.

Except in the high parts of the Spring Mountains and the Sheep
Range where precipitation is adequate to support plant life, the
mountain ranges are barren of all but the hardiest type of desert

vegetation.
ALLUVIAL FANS

In Las Vegas and Indian Spring Valleys, large fans have formed
along the eastern and northern slopes of the Spring Mountains. The
largest and most extensive fans, at the mouths of Kyle and Lee
Canyons, head high in the Spring Mountains at elevations of about
9,000 feet and extend about 15 miles from the heads of the fans onto
the basin lowlands. Smaller fans have formed at the mouths of
Red Rock Canyon, Cottonwood Valley, and smaller canyons along the
mountain front. Many of the fans have coalesced to form an exten-
sive alluvial apron along the front of the Spring Mountains. The
largest fans flank the highest mountains; accordingly, the fans along
the eastern side of the basin are in general much smaller than those
flanking the Spring Mountains. The largest fans on the east side of
the basin are along the southern and western sides of the Las Vegas
and Sheep Ranges.

The surfaces of fans near the upper limit of the alluvial apron
ordinarily slope away from the mountains at angles of 4° to 6°. The

761-389—65—2
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upper limit of the alluvial apron is well defined in most places by the
abrupt change in slope between the mountain front and the alluvial
slope and by the difference in type of rock material, but the lower
parts of the alluvial slopes commonly merge imperceptibly with the
valley floor.

BASIN LOWLANDS

The lowland areas beyond the toes of the fans are commonly
characterized by playas, or dry lakes. Most of the lowlands are
well-defined flat areas which, for the most part, are barren of vege-
tation. The playa deposits are composed almost entirely of fine sand,
silt, clay, and evaporite. Occasionally, runoff from desert storms,
laden with sediment, accumulates in these playas, but most of the
time they are dry and dusty.

In the Las Vegas basin, playas occur only in Indian Spring, Three
Lakes, and Ivanpah Valleys. There are no playas in the main part
of Las Vegas Valley. The area east of the city of Las Vegas between
Nellis Air Force Base and Las Vegas Wash probably was a playa in
the recent geologic past, although at the present time it drains east-
ward into the Colorado River.

Older lacustrine deposits that border the playas consist of light-
colored calcareous silt and clay and contain vertebrate and inverte-
brate fossils of Pleistocene age. These lacustrine deposits are similar
to the sediments currently being deposited in playas and, in general,
are less than 50 feet thick. Where lacustrine deposits crop out in
Las Vegas Valley, they have been eroded to a badland topography
that is typified by a labyrinth of deep arroyos and narrow divides.

Sand dunes and other wind-built features are also present in the
basin lowlands. Dunes are especially numerous in three widely
scattered areas in Las Vegas Valley; the largest area is in Paradise
Valley, south of the city of Las Vegas. Here the dune area extends
from Warm Springs Ranch to Whitney, a distance of about 7 miles. In
the vicinity of Sand Hill Road, the dune area has a maximum width of
approximately 2 miles. Other large dune areas occur northeast of
Lake Mead Military Base in the northeastern part of Las Vegas Valley
and along the toe of the alluvial fan at the foot of the Sheep Range
north of Corn Creek Springs.

Other prominent topographic features of the basin lowlands are the
north-trending scarps that traverse the valley floor in the vicinity of
Las Vegas. The longest scarp has a length of approximately 16 miles
and forms an arc around the west side of the city of Las Vegas from
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the vicinity of the intersection of the Warm Springs Road and U.S.
Highway 91 to a point about 3 miles north of the Craig Ranch in
T. 19 8., R. 61 E. Several other, nearly parallel shorter scarps occur
as far east as Grapevine Spring, about 1 mile west of the town of
Whitney.

The scarps, which range from a few feet to nearly 100 feet in height,
are believed by Maxey and Jameson (1943, p. 70) to have resulted from
faulting of the sediments of the valley fill. These faults have a
profound control on the occurrence and movement of ground water
in the shallow aquifers of Las Vegas Valley and are discussed in some
detail in a later section of this report.

CLIMATE

The climate of southern Nevada ranges from arid on the valley
floor to semiarid in the mountains. The arid climate of the lowlands
of the Las Vegas basin is characterized by low precipitation, low
humidity, and wide extremes in daily temperature. The winters are
relatively short and mild, and the summers, long and very hot. Most
of the precipitation occurs during the winter months and in July and
August. Precipitation in July and August commonly is from highly
localized thunderstorms which typically are of high intensity and
short duration, whereas precipitation during the winter usually is from
regional storms of lower intensity and longer duration. Evaporation
rates at lower elevations are extremely high and probably exceed 80
inches per year. Strong winds are common throughout the year but
are prevalent during the spring.

Climatological data for stations listed in table 1 show that the
precipitation at any station may vary widely from year to year. At
the Las Vegas station, annual precipitation has varied from 0.60 inch
to 8.63 inches and averages 4.56 inches for the period of record
1896-1955. Records of precipitation at other stations in the valley
span a much shorter period of time and range between 0.55 inch and
5.66 inches at North Las Vegas, 0.76 inch and 10.72 inches at Nellis
Air Force Base (formerly Las Vegas Airport), 0.56 inch and 5.55
inches at Las Vegas Airport (McCarran Field), 1.00 inch and 8.74
inches at the Desert Game Range, and 0.66 inch and 7.04 inches at
Indian Springs. Figure 3 shows precipitation recorded at the Las
Vegas Weather Bureau station from 1896 to 1899 and from 1908 to
1956. The cumulative departure from average was computed by
algebraically adding the annual departures from the 52-year average
precipitation of 4.56 inches.
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TaBLE 1.—Annual precipitation, in inches, at stations in the Las Vegas basin

[From records of U.S. Weather Bur.; no records available for 1900-07. Elevation, in feet, at each station
shown in parentheses)

Station

Nellis Air | Las Vegas

Year North Las Vegas | Force Base | Airport Desert Indian
Las Vegas | (2,033 to (formerly | (McCarran Game Springs
(1,820) 1947; 2,006 | Las Vegas field) Range (3,136)
after 1947) A(ilrg%;) (2,162) (3,025)

1939 . o |ecaaa- 67 |l 4. 58
1940 _ |- 93 536 |oceooe e 3.28
1941 _ oo 40| 10.72 |ooo-_. 8.74 6.44
1942 o |eeooo 45 2.39 |- 1.83 1.19
1943 . . 5.66 4,24 |________ . 66 5.72
1944 _____ ... 1.91 2.20 |________ 3.26 2.20
1945 _ |- 4 .34 5.28 |_.____. 5.43 5.44
1946 |- 3. 58 3.29 |_______. , 33 3.64
1947 . 2.65 |- ool

See footnotes at end of table.
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TABLE 1.—Annual precipitat’on, in inches, at stat ons inthe Las Vegas basin—Con.

[From records of U.8. Weather Bur.; no records available for 1900-07. Elevation, in feet, at each station
shown in parentheses]

Station
Nellis Air | Las Vegas
Year North Las Vegas | Force Base| Airport Desert Indian
Las Vegas | (2,033 to (formerly | (McCarran Game Sprin;
(1,820) 1947; 2,006 | Las Vegas field) Range (3,136
after 1947) | Airport) (2,162) (3,025)
(1,876)
1948 o |eeeao 1.00 P (S 0 P 1.19 .74
1949 _ _ ) __. 6. 88 4.42 | |oo_o__ 7.04
1950 _ | 2.056 2.34 |________ 1.41 . 66
1951 ______ 23.16 | 23.01 2.81 |_.._____ 4.21 1.95
1952 . ______ 5. 66 6.98 |_____.__ 5.55 6. 54 3.26
1953 . .55 .60 | __ . 56 1.00 1.41
1964 . ______ 4.75 14,75 |oeaooC 4.71 3.05 3.02
1955 o ___ 3.75 598 |.___.-__ 5.40 3.64 1.73
Average.. .. ._.__ 3. 57 4. 56 3.93 4.05 3.87 3.27
1 Estimated from nearby stations.
2 Total for 11 months.
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FIGURE 3.—Annual precipitation and cumulative departure from average precipitation at Las Vegas, Nev.
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The average annual precipitation is greater in the mountain areas
than in the adjacent valleys. In most places in the basin above 6,000
feet elevation, precipitation occurs in sufficient amounts to provide
practically all the recharge to the ground-water reservoir. The
amount of moisture recorded in four precipitation storage gages
located at various altitudes in the Spring and Sheep Mountains and
the departure from average annual precipitation for the period
1947-52 is shown in figure 4. The storage gages are visited twice a

ANNUAL PRECIPITATION AT FOUR STORAGE GAGES AND AT LAS VEGAS, IN INCHES
Las Vegas Cold Creek Red Rock Summit Hidden Forest Lee Canyon Summit

gEIevation 2006 ft) (Elevation 6000 ft) (Elevation 6500 ft) (Elevation 7550 ft) (Elevation 9000 ft)
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FIGURE 4.—-Annual precipitation at four storage gages and at Las Vegas, and annual departure from 1947-52
average.
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year, usually in June or July and in October or November. The
annual precipitation for the four storage gages are based on monthly
precipitation values prorated by the U.S. Weather Bureau. For
comparison, precipitation recorded at Las Vegas is shown in the left
half of figure 4.

The amount of precipitation occurring as snow in the mountain
areas surrounding the basin probably represents a substantial part of
the water available for recharging the ground-water reservoir. The
water content of the snow pack in each of four snow courses in the
Spring Mountains is shown in table 2 as inches of water present as
of approximately April 1 of each year. The table shows wide annual
variations in the amount of water in the snow cover of each course.
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TaBLE 2.—Snow-course data from four stations in the Spring Mountains

[Record from the Nevada Cooperative Snow Surveys; figures give total water content of snow cover, in
inches, as of approximately April 1 each year. Elevation, in feet, at each snow course shown in parentheses)

Station
Year Lee Canyon
Rainbow Canyon| Kyle Canyon
(7,800) (8,200)
No.1 No. 2
(8,300) (9,000)
1941 . __ 21. 1 18. 5 16. 3 20. 8
1942 . _____ 11. 0 9.5 12. 6 15. 2
1043 . __ 15.0 None 7.3 None
1944 _________ 11. 2 11. 2 7.7 7.7
1945 . 16. 0 15.7 15. 6 15. 2
1946 - _________ 7.7 8 3 7.7 9.7
1947 . 6. 4 2.8 4.8 5.2
1948 . . 12. 6 10. 5 9.4 8.0
1949 . _________ 17. 1 16. 8 18. 7 20. 3
1950 - .. 9.4 5.1 3.9 4.8
1951 . . L1 .5 .5 1.8
1952 __ . ________ 310 26. 4 20. 4 23.0
1953 . 2.9 .6 0 .4
1954 ______ 18. 8 14. 7 14. 3 14. 8
1955 . 9.6 7.5 5.8 6.6
CULTURE

The cities of Las Vegas and North Las Vegas had a combined popu-
lation of approximately 50,000 people in 1955. Las Vegas, the
principal commercial center for Clark County and much of southern
Nevada, has prospered over the past several decades from a brisk
tourist trade.

Henderson, a city having a population of approximately 12,000, is
12 miles southeast of Las Vegas and is the principal industrial area in
southern Nevada. The industrial complex at Henderson includes the
various operations of Titanium Metals Corp., Stauffer Chemical Co.,
and U.S. Lime Products Co.

Indian Springs Air Force Base, about 45 miles northwest of Las
Vegas, and both Nellis Air Force Base and the adjoining Lake Mead
Military Base, about 7 miles northeast of Las Vegas, have bolstered
the population and economy of Las Vegas valley. Las Vegas also
serves as a field headquarters for operations at the Nevada Test Site
of the Atomic Energy Commission, about 75 miles northwest of
the city.

Other activities in the area include mining and, to a lesser degree,
ranching. Active mines include the White Eagle and Blue Diamond
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gypsum mines, the limestone quarries at Sloan, and numerous gravel
quarries throughout the valley. Ranching and farming are of minor
significance. During the period of this investigation, approximately
2,125 acres was irrigated annually. With the exception of five
ranches averaging about 265 acres each, the irrigated acreage con-
sisted of small farms, some as small as 1 acre.

GEOLOGY

The geology of Las Vegas Valley and the surrounding mountains
has been studied in considerable detail by several geologists, whose
works are contained in several published and unpublished reports.
The nature and occurrence of the rock formations discussed in this
section is based on those reports.

For convenience of discussion, the rocks of the area are divided
into two general groups on the basis of their hydrologic properties:
the consolidated, relatively impervious rocks that crop out in the
mountains and that underlie the valley fill deposits; and the uncon-
solidated permeable sediments of the valley fill. The approximate
extent and areal distribution of these to groups of rocks is shown
on plate 1. Outcrops of the consolidated rocks are limited in most
places to isolated inliers and to the mountainous areas that form the
impermeable barriers along the margins of the basin. The unconsoli-
dated sediments are widespread throughout the central part of the
basin, and because of their capacity for storing and trasmitting
significant quantities of ground-water, they form the principal ground-
water reservoir in the Las Vegas basin.

PREVIOUS GEOLOGIC INVESTIGATIONS

The geologic work of the early investigators throughout the Western
United States generally covered wide areas and was usually a recon-
naissance. The first brief description of the geology of southern
Nevada appeared in a U.S. Geological Survey publication by Gilbert
in 1875; in this report Gilbert described the geology of the Spring
Mountains. Reports by Spurr (1901, 1903) described the geologic
structure of Las Vegas Valley and the Spring Mountains.

Detailed geologic studies were begun by Longwell in 1921 and have
been in progress since that time. Since 1927 various local aspects of
the geology of the region have been discussed in publications by
Glock (1929), Hazzard and Mason (1935), Hewett (1931, 1956),
Hewett and others (1936), Hunt and others (1942), Longwell (1921,
1925, 1926, 1928, 1930, 1936, 1945, 1946, and 1952), Miller (1944), and
Nolan (1929, 1943). A report on the water resources of Las Vegas
Valley, published by Maxey and Jameson (1948), summarized much
of the geologic work of the authors mentioned. Also, it included
descriptions of the lithology, stratigraphy, and water-bearing charac-
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ter of the rocks, a discussion of the geologic structure and history,
and geologic maps and sections. The reader is referred to this
publication for a summary of the geology of the area.

ROCKS OF THE MOUNTAIN RANGES
OCCURRENCE AND DISTRIBUTION

The mountains that border the area described in this report are
composed of consolidated sedimentary, metamorphoric, and igneous
rocks ranging in age from Precambrian to Quaternary.

The rocks exposed in the Spring Mountains west of Las Vegas
include a wide variety of consolidated sediments, as well as intrusive
igneous rocks and lavas, that range from Cambrian to Recent in age.
In the southern part of the Spring Mountain Range, the aggregate
thickness of sedimentary rocks is about 13,000 feet. According to
Hewett (1931, p. 9), about 8,500 feet of limestone, dolomite, sand-
stone, and shale of Paleozoic age are overlain by about 4,500 feet of
sandstone, shale, conglomerate, and limestone of Mesozoic age. To-
ward the northern end of the range, the Paleozoic section thickens
to about 33,000 feet. The basal part of the section is composed of
about 12,000 feet of quartzite and shale of Early Cambrian age,
most of which is missing or is not exposed in the Goodsprings area.
The upper part of the Paleozoic section is composed mostly of cal-
careous rock.

Along the northern and eastern borders of the Las Vegas basin in
the Spotted, Pintwater, Desert, Sheep, and Las Vegas Ranges, an
aggregate thickness of approximately 20,000 feet of sedimentary rocks
is exposed. About 7,800 feet of rocks ranging in age from Pre-
cambrian through Mesozoic is exposed at Frenchman Mountain
about 6 miles east of Las Vegas.

The northern extremities of the River Mountains, which border
Las Vegas Valley on the southeast, are composed of about 1,000
feet of lava flows of Tertiary and Quaternary age. The lavas are
predominantly porphyritic latitic flows and flow breccias. Black
Mountain, about 9 miles south of Henderson, comprises a series of
andesitic and basaltic lava flows of late Tertiary and Quaternary age.
South of Black Mountain in the McCullough Range, a complex of
schist and gneiss of Precambrian age is exposed.

WATER-BEARING CHARACTER

In general, the consolidated rocks are dense and well indurated,
but locally they are highly fractured and, therefore, may contain water
in secondary interstices, such as joint and fracture systems or solution
openings. Of the total aggregate thickness of about 33,000 feet of
exposed sedimentary rocks in the mountain ranges surrounding the
area, the Sultan limestone and Monte Cristo limestone of Devonian
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and Mississippian age, respectively, probably are the most permeable.
Although these two formations are well consolidated, they are cav-
ernous in part and probably are capable of transmitting significant
quantities of ground water. Many small mountain springs issue from
these formations, particularly where they are cut by faults or joints.

Limited quantities of ground water are also transmitted through
the thin-bedded limestone at the base of the Moenkopi formation of
Triassic age. Ground water has been developed at Goodsprings,
Nev., from shallow wells penetrating this formation (Hewett, 1931,
p. 7).

The igneous rocks in the drainage basin tributary to the Las Vegas
ground-water basin in most places are impervious and commonly act
as barriers to the movement of ground water. Movement of water
through these rocks is confined largely to joint openings and other
fractured zones or to scoriaceous zones between lava flows. Few
springs issue from the igneous rocks, and only one well, S24/61-28bb1,
is believed to have been developed in igneous rock.

The consolidated rocks are buried by a considerable thickness of
saturated valley fill in most parts of the ground-water basin; therefore,
there has been no attempt to develop a water supply from them.
However, deep oil test wells in Las Vegas Valley have found water
in the consolidated sedimentary rocks; this water locally is of poor
chemical quality and under high artesian head. Although little is
known about the occurrence and movement of ground water in the
consolidated rocks beneath the valley fill, there is no evidence of
ground-water discharge from Las Vegas Valley to adjacent areas by
underflow. Therefore, in this report the consolidated rocks are
considered to form a barrier to ground-water underflow from the
basin.?

SEDIMENTS OF THE VALLEY FILL

TERTIARY DEPOSITS
MUDDY CREEK FORMATION

The oldest sediments of the valley fill consist principally of a thick
sequence of beds of light-colored fine-grained sand, silt, and clay that
is similar to the Muddy Creek formation of Pliocene(?) age (Maxey
and Jameson, 1948, p. 55). Outcrops of the Muddy Creek formation
occur in isolated outcrops in Las Vegas Valley and adjacent moun-
tains, but they are small and show the character of only a small part
of the stratigraphic section. The most reliable data on the character

? Recent (1962-63) exploratory drilling by the Atomic Energy Commission in the vicinity of Indian
8prings indicates that ground water contained in the highly fractured Paleozoic carbonate rocks underlying
the southern part of Indian Spring Valley may be in hydraulic continuity with a regional ground-water
system that drains toward the Amargosa Desert.
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of the formation in Las Vegas Valley are the logs of deep wells that
penetrate it. The logs show that the formation consists of sand,
silt, clay, gravel, and evaporite.

Maxey and Jameson (1948, p. 69) stated that the materials con-
stituting the Muddy Creek formation differ considerably from the
overlying sand and gravel beds in that they are finer grained, better
assorted, and more thinly and evenly bedded. Characteristically,
the formation consists of thin sand lensés and some fine gravel inter-
bedded with thick beds of clay. The sand and gravel lenses usually
contain silt and clay and in places are cemented with calcareous
material. Where the sediments crop out, the predominant colors
range from buff to red. Well logs show that the formation also
contains beds of brown, gray, and green sediments.

The Muddy Creek formation, or its equivalent, is believed to
underlie almost all of Las Vegas Valley and the adjacent valleys.
Widely distributed outcrops of the formation indicate that the beds
probably extended over a much larger region in the past than at
present. As Longwell (1928, p. 95) pointed out, the character of the
sediments indicates that they probably were deposited in great basins
having environmental conditions of deposition similar to those pre-
vailing in the present-day playas.

The thickness of the Muddy Creek formation in Las Vegas Valley
is not known with certainty and undoubtedly varies considerably
from place to place. An oil test well east of Whitney, S21/62-22dd1,
penetrated approximately 3,050 feet of sediments that resembled the
Muddy Creek formation before entering the underlying bedrock.
Another oil test well, S21/61-23bal, penetrated bedrock at a depth of
about 1,200 feet. Although no log of the alluvial material in this
hole was kept, data from other wells in the vicinity suggest that the
top of the Muddy Creek formation is at a depth of about 700 feet.
The apparent thickness of the Muddy Creek formation at this location,
therefore, is approximately 500 feet.

ALLUVIAL DEPOSITS OF PLIOCENE(?) AND PLEISTOCENE(?) AGE

Overlying the Muddy Creek formation are deposits of gravel,
sand, silt, and clay that form the alluvial fans and aprons along the
mountain fronts. According to Maxey and Jameson (1948, p. 58),
these alluvial deposits lie unconformably on the Muddy Creek for-
mation and are unconformably overlain by lacustrine deposits of
Pleistocene age. These sediments were derived from the surrounding
mountajn areas and were transported to lower parts of the valley by
rapidly fluctuating streams and intermittent flood runoff following
the infrequent torrential rains. Where this unit has been penetrated
by wells, the aggregate thickness is on the order of 500 to 1,000 feet.
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The alluvial-fan deposits are of two general types: poorly sorted
heterogeneous mixtures of boulders, gravel, sand, silt, and clay; and
stringers of sorted gravel deposited in the drainages. The poorly
sorted deposits, which make up the bulk of the fan deposits, occur in
the interstream areas and are probably the result of erratic stream-
flow, sheet wash, or mudflows. They are relatively impermeable
and, where saturated, yield water very slowly. They are commonly
cemented with caliche into thick beds of conglomerate that are highly
resistant to erosion. However, in many fresh exposures along road-
cuts and in washes, the deposits are only poorly cemented and are
virtually unconsolidated. The alluvium is coarsest at the apex of
the fans, becomes progressively finer down gradient, and eventually
grades into silt and clay.

Intrenched in the fans or alluvial aprons are drainage channels or
arroyos formed by ephemeral streams and flood runoff. Commonly
the main stream channels divide near the head of the fan into several
distributaries that radiate from the mouths of the canyons. Moder-
ately well sorted deposits of gravel accumulate in these washes and
form highly permeable trains of gravel leading down the slope of the
fan. Most of these gravel trains are incised in the heterogenous
mixture of colluvial and alluvial material of the fans and are in a
favorable position to receive recharge from the runoff and to transmit
it to underlying parts of the valley fill. Characteristically, channel
deposits are coarsest near the mouth of a canyon and become pro-
gressively finer grained away from the mountains. Where larger
streams of greater permanence existed, clean gravel was deposited at
points many miles from the mountains. As the fans were built up,
the principal drainage ways shifted many times, and the abandoned
channels eventually became covered with poorly sorted alluvium.
As the fans grew, they became a thick mass of heterogenous sediments
enclosing stringers of relatively clean gravel. The gravel trains
not only absorb and transmit recharge to the main ground-water
reservoir but also, yield water readily to wells in areas where they
occur within the zone of saturation.

Near the toe of the fans in the lower parts of the valley, the coarser
material gives way almost entirely to fine-grained sand, silt, and clay.
Where gravel has been deposited in the lower parts of the valley, it is
commonly interbedded with the fine-grained playa deposits or dis-
persed in them, and in most places the gravel is moderately stratified.

The playa deposits range from white or light yellow to red. Al-
though data from driller’s logs generally do not permit individual beds
to be traced over wide areas, a layer of light-greenish-blue to dark-
blue clay about 200 to 250 feet above the base of the alluvial deposits
is commonly reported and can be used locally in the Las Vegas Valley



GEOLOGY 23

as a stratigraphic -marker bed. This unit ranges in thickness from
10 to 60 feet and has been found in wells drilled in an area extending
from sec. 9, T. 19 S., R. 60 E., to Pittman, Nev.

PLEISTOCENE LAKE BEDS

Lake beds of Pleistocene age as much as 50 feet thick occur in
widely separated areas in Las Vegas, Indian Spring, and Three Lakes
Valleys. These deposits of fine-grained sand, silt, and clay lie
unconformably on Pliocene and earlier Pleistocene sediments and
in part are overlain by a veneer of Recent gravels. The deposits
consist mostly of light-buff slightly calcareous fossiliferous material
that has been considerably eroded. The lake beds that crop out
in the Las Vegas basin are commonly cut by arroyos that breach the
entire thickness of the deposits and expose the underlying older graveis.

RECENT ALLUVIUM

The surficial deposits of gravel, sand, silt, and clay that overlie
the lake beds of Pleistocene age form a thin mantle over much of the
valley floor. They include playa deposits in Indian Spring, Three
Lakes, and Ivanpah Valleys and are composed principally of reworked
material from the lake beds of Pleistocene age, the alluvium of Pliocene
and Pleistocene ages, and the Muddy Creek formation. Deposits
of Recent age also occur in the washes and as eolian deposits.

WATER-BEARING CHARACTER

The unconsolidated sediments of the valley fill form the principal
ground-water reservoir in the Las Vegas basin, and in this report this
reservoir is called the Las Vegas ground-water reservoir. The extent
of the ground-water reservoir is shown on plate 1. It is the area
outlined by the boundary between the bedrock and the alluvium.
The sediments have a wide range of hydraulic properties due prin-
cipally to lithologic differences inherent in alluvial deposits. Artesian
conditions within the Las Vegas ground-water reservoir are due in
part to confining layers of clay or other relatively impermeable
material and in part to differences in permeability of the water-bearing
materials themselves. Because of vertical and horizontal differences
in permeability of the sediments, the hydraulic continuity of indi-
vidual permeable zones and the intervening confining beds is relatively
poor. Leakege between individual aquifers results in a nearly con-
tinuous hydraulic system.

Although beds of widespread areal extent in the valley fill of Las
Vegas Valley are usually difficult to delineate, three rather indistinct
zones of artesian aquifers—a shallow, a middle, and a deep zone—were
described by Maxey and Jameson (1948, p. 81-82).

In addition to the three principal zones of artesian aquifers, there
is a shallower zone of ground water in Las Vegas Valley that is locally
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termed “‘surface water’” (Maxey and Jameson, 1948, p. 81). It is
part unconfined but more commonly is under slight artesian pressure.
In this report the aquifers containing the ‘“‘surface water’” are called
the near-surface zone of aquifers or the near-surface reservoir.

The shallow and middle zones of the artesian aquifers, which are
principally in the highly permeable alluvial deposits of Pliocene and
Pleistocene age, are the most productive sources of ground water in
Las Vegas Valley. The deep zone of artesian aquifers and the near-
surface zone of aquifers are composed dominately of fine-grained
deposits of low permeability, and except for development of domestic
water supplies in the near-surface reservoir, these two aquifer zones
have not been developed extensively.

The shallow zone of artesian aquifers lies between a depth of
approximately 200 feet and the top of a blue clay layer that occurs
at depths ranging from about 380 to 450 feet below the land surface
(Maxey and Jameson, 1948, p. 81-82). Most of the wells finished
in this zone tap water in several permeable sand and gravel lenses
that interfinger with semiconfining layers of clay and silt. The per-
meable beds generally contain ground water under artesian pressure.

The middle zone of artesian aguifers underlies the blue clay layer
mentioned above. Most wells developed in this zone tap water under
sufficient artesian head to raise the static water level to within a few
feet of land surface or, in some localities, considerably above land
surface. Logs of wells developed in this zone show that the aquifers
are extremely permeable in the vicinity of the Las Vegas Valley
Water District well field, in secs. 30 and 31, T. 20 S,, R. 61 E., but
that in the area east and south of the field the sediments grade into
fine-grained material of relatively low permeability.

The deep zone of aquifers includes all the aquifers below approxi-
mately 700 feet. Water is developed in this zone from thin lenses of
fine-grained sand in the Muddy Creek formation. The sand and
gravel lenses commonly contain much silt and clay and, consequently,
do not yield water readily to wells. Where wells are developed in
the deep zone, artesian pressure may initially cause the water to rise
as much as 40 to 50 feet above the composite piezometric surface of
the shallower zones. However, as the wells are developed and used
the artesian head rapidly declines to the elevation of the regional
composite piezometric surface.

The near-surface zone of aquifers is not well defined in areal extent
or depth, and except where it occurs as the semiconfining deposits
above the shallow artesian aquifers, it is difficult to delineate because
it is not a distinct lithologic or hydrologic unit.

In the vicinity of Las Vegas and The Strip, the near-surface zone
of aquifers occurs in the cofining beds overlying the shallow artesian
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aquifers and in these areas is about 200 feet thick. KEast of Las
Vegas and The Strip, however, the lithology of the principal artesian
aquifers changes from predominately coarse- to fine-grained material,
and as a consequence, there are no distinct zones of artesian aquifers.
East and southeast of Las Vegas, in the lower part of the basin, ground
water occurs in a thick sequence of fine-grained sand, silt, and clay
that for practical purposes is a single hydraulic unit. In most parts
of this area, ground water is under some artesian pressure.

The near-surface aquifers in the Las Vegas and Paradise Valley
areas is composed principally of playa, eolian, and channel deposits
derived from the older rocks of the alluvial slopes and mountains. The
channel deposits of sand and gravel in most places are permeable and
locally contain small quantities of unconfined water. However, most
of the ground water developed in the near-surface aquifers is from thin
sand and gravel lenses in playa and other fine-grained valley-fill
deposits. The permeability of most of the deposits in the near-
surface reservoir is low, and consequently the yields of wells developed
in this aquifer are sufficient only for domestic use.

Water in the near-surface reservoir usually occurs at depths ranging
from a few feet to 40 or 50 feet below land surface. In many areas in
Las Vegas Valley below an elevation of about 2,100 feet, the water is
near enough to the surface to support the growth of phreatophytes.

GROUND-WATER HYDROLOGY
GENERAL PRINCIPLES

The principles of ground-water hydrology have been described in
detail by Meinzer (1923 a, b), Tolman (1937), Wenzel (1942), and
others. Only a brief discussion of the general principles of ground-
water hydrology as they apply to the Las Vegas basin, therefore, is
presented.

The main supply of ground water in the Las Vegas basin is in the
porous alluvial deposits of the valley fill. Ground water contained in
these deposits is chiefly derived from precipitation on the mountains
within the drainage basin.

Ground water is generally considered to occur under either of two
conditions: artesian (confined) or water table (unconfined). Artesian
conditions occur if ground water in permeable material is confined
under hydrostatic pressure by a relatively impervious material. When
an artesian aquifer is tapped by a well, the water entering the well
will rise above the bottom of the confining bed. The height of the
column of water that extends above the zone of saturation and that
can be supported by the hydrostatic pressure at a given point is
called the artesian head. The imaginary surface that everywhere
coincides with the static level of the water in the artesian aquifers
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defines a piezometric surface. Where the artesian head is great enough
to cause a well to flow at the land surface, the well is known as a
flowing artesian well.

Water-table conditions occur if the upper surface of the zone of
saturation is not overlain by an impermeable barrier, and conse-
quently recharge can enter the reservoir by direct downward infiltra-
tion. The upper surface of the zone of saturation is called the water
table, and its position is marked by the water level in wells tapping
the aquifer.

Artesian aquifers differ markedly from water-table aquifers. Ar-
tesian aquifers serve chiefly as conduits that transmit water from the
intake area to outlets of natural or artificial discharge, whereas water-
table aquifers function mostly as storage reservoirs. When ground
water is discharged from water-table aquifers, the water table around
the well is lowered and a hydraulic gradient is established toward the
well from all directions. In response to the decline in head, the water
released from storage is attributed partly to gravity drainage from the
zone through which the water table moved and partly to compressibil-
ity of the water and aquifer material in the saturated zone. The
volume of water thus released divided by the product of the area of
aquifer surface over which the head change occurs and the component
of head change normal to that surface is the storage coefficient (S) of
the aquifer. Usually, the volume of water attributable to compressi-
bility is a negligible proportion of the total volume of the water re-
leased and can be ignored. Therefore, the coefficient of storage for
practical purposes may be considered equal to the specific yield.

When an artesian aquifer is tapped by a well and ground-water
discharge begins, the piezometric surface around the well declines and
a pressure gradient is established toward the discharging well. Some
water is released from storage as a result of the decline in hydrostatic
pressure, not by unwatering of a part of the formation but by com-
pression of the aquifer and of the adjacent confining beds and by a
slight expansion of the water itself. The results of these properties
can also be expressed quantitatively as the coefficient of storage of the
artesian aquifer, which is defined as the volume of water released from,
or taken into, storage per unit surface area of the aquifer per unit
change in the component of head normal to that surface. The storage
coefficient for artesian aquifers is on the order of a thousandth of the
coefficient of storage under water-table conditions. Until the artesian
head declines below the bottom of the confining bed, the water in
storage in the artesian aquifer remains virtually the same as under
natural conditions, because there has been no drainage of the saturated
sediments.
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In the Las Vegas basin, ground water occurs in a large leaky artesian
system under both confined and unconfined conditions. The princi-
pal features of the hydrology of the Las Vegas ground-water basin are
shown in figure 5. All natural replenishment to the ground-water
body is by infiltration of precipitation occurring principally in the
Spring Mountains and in the Sheep Range. In the lower parts of the
area below an elevation of about 6,000 feet, where the annual precipi-
tation averages less than 5 inches a year, virtually all the precipitation
evaporates or is transpired, and there is probably no direct natural
recharge to the ground-water reservoir. At elevations above 6,000
feet, precipitation commonly occurs in sufficient quantities to permit
some water to infiltrate through the alluvium to the zone of saturation.
The main intake areas, or areas where the ground-water body is re-
charged by direct downward percolation of precipitat