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Geohydrologic Reconnaissance of Lake Mead
National Recreation Area—Las Vegas Wash
to Virgin River, Nevada

By R.L. Laney and J.T. Bales!

Abstract

This study is the last of a series of eight geohydrologic reconnaissance studies that were done
in the Lake Mead National Recreation Area. The studies were done to evaluate the water
resources in the recreation area and to identify areas having potential for the development of water
supplies that would be adequate for marinas and campgrounds. The study area includes about
250 square miles north of Lake Mead from Las Vegas Wash to the Virgin River (Overton Arm),
Nevada. Volcanic rocks, consolidated sedimentary rocks, and unconsolidated to semiconsolidated
sedimentary rocks underlie the area. Surface-water sources include the Colorado River, Virgin
River, Muddy River, and Las Vegas Wash. Elsewhere in the area, streamflow is meager and
extremely variable. Ground water originates from four sources: (1) subsurface flow in local
basins, (2) infiltration of water from Lake Mead into permeable rocks near the lake, (3) subsurface
flow in valleys of perennial streams, and (4) subsurface flow in consolidated rocks of the Muddy
Mountains. The quantity of water from Lake Mead that has saturated rocks adjacent to the lake
probably is greater than the quantity of ground water from all the other sources. Rocks saturated
by water from the lake probably extend less than 0.5 mile inland from the lake shore. The quality
of virtually all the ground water in the area is not acceptable for drinking purposes.

The most favorable areas for obtaining ground water are those underlain by the coarse-grained
deposits of the older alluvium and the younger alluvium adjacent to Lake Mead. The least
favorable areas are those underlain by the mudstone facies of the Muddy Creek Formation and
fine-grained rocks of the Horse Spring Formation. Four areas identified as having potential for
ground-water development are (1) near Overton Beach, (2) west of Callville Bay, (3) near Middle
Point, and (4) in the lower Moapa Valley. Usable quantities of water probably can be obtained at
these sites, but the quality of the water may not be acceptable for drinking purposes. Test drilling
for potable water supplies should be considered only as exploration.

INTRODUCTION and Lake Mohave extends 67 mi from Davis Dam
to the base of Hoover Dam (fig. 1). The two lakes
have about 700 mi of shoreline, which consists of
wide gravel beaches, shadowed coves, and steep
canyon walls. These physical settings provide
opportunities for boating, fishing, swimming,
scuba diving, water skiing, and beach camping. In

INorth Carolina Department of Environment, Health and addltlor}, the surroundmg de??rt canyons. an d
Natural Resources, Fayetteville, North Carolina. mountains  provide opportunities for hiking,

The Lake Mead National Recreation Area
(LMNRA) includes Lake Mead and Lake Mohave.
Lake Mead extends from Hoover Dam to about
105 mi up the former course of the Colorado River,
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climbing, and photography. Use of the area has
increased steadily over the years, and in 1993 more
than 9.3 million people visited the recreation area.
As the number of visitors increases, so does the
demand for potable water.

This report concludes a series of eight
geohydrologic reconnaissance studies of the Lake
Mead National Recreation Area by the U.S.
Geological Survey in cooperation with the
National Park Service (fig. 1). The original intent
of the project was to conduct studies of the entire
LMNRA. After the studies were begun, the area
east of the Grand Wash Cliffs was eliminated from
the project.

The studies were done to evaluate the water
resources in the recreation area and identify
areas having potential for development of
water supplies that would be adequate for
marinas and campgrounds. Each study included
(1) reconnaissance geologic mapping at a scale of
1:62,500, (2) an inventory of wells and springs,
(3) determination of the chemical quality of ground
water, and (4) determination of the geologic
controls on the occurrence and movement of
ground water. This report describes the last in a
series of eight study areas. Figure 1 shows the
locations of the study areas and the title, author,
and the publication date of each report.

The area of this report includes about 250 mi?
north of Lake Mead from Las Vegas Wash to the
Virgin River (Overton Arm), Nevada (pl. 1).
Altitudes range from about 1,200 ft above sea level
at the lake level to more than 3,000 ft in the Black
Mountains and Muddy Mountains. In the central
part of the study area, most of the terrain is
underlain by volcanic rocks and consolidated
sedimentary rocks and slopes steeply toward Lake
Mead. In the western part, between Las Vegas
Wash and Callville Bay and in the northern part
north of Echo Bay, most of the land surface is
underlain by alluvial material that slopes more
gently toward the lake. The climate is arid;
summer temperatures range from about 80 to
115°F, and winter temperatures range from about
35 to 55°F (Arizona State University, 1975). The
average annual precipitation ranges from 4 to 8 in.
(Hardman, 1965). At Lake Mead, the annual lake
evaporation is about 20 times the annual
precipitation (Houghton and others, 1975).
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ROCK UNITS AND THEIR
WATER-BEARING
CHARACTERISTICS

The study area is underlain by volcanic rocks,
consolidated sedimentary rocks, and uncon-
solidated to semiconsolidated sedimentary rocks.
A summary of the rock wunits and their
hydrogeologic characteristics is listed in table 1.
The mapped rock units are described below.

Most of the volcanic rocks underlie a large part
of the mountainous area between Callville Bay and
Echo Bay (pl. 1). The volcanic rocks include
intermediate to mafic lava flows and flow breccia,
felsic tuff and mafic to felsic intrusive rocks of
varying composition and texture. Basalt flows of
less widespread extent make up the Fortification
Basalt Member of the Muddy Creek Formation.
The Fortification Basalt Member is present
northwest of Callville Bay, north of Echo Bay, and
at Middle Point.

Sedimentary rocks include, from oldest to
youngest: Paleozoic and Mesozoic sedimentary
rocks, undifferentiated; Horse Spring Formation
and Muddy Creck Formation of Tertiary age; older
alluvium of Tertiary and Quaternary age; and
colluvium and alluvium and younger alluvium of
Quaternary age.
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Table 1. Summary of rock units and their hydrogeologic characteristics

Estimated potentiai yieid to

Rock unit Rock type wells where saturated Remarks
Younger alluvium Silty sand, gravel,and |A few tens to a few hundred|Present along bottoms of present-day
boulders gallons per minute washes.  Saturated only near Lake

Mead, in Moapa Valley and locally
where large springs discharge in
washes.

Colluvium and alluvium

Silty sand, gravel, and
boulders

Generally unsaturated

Caps terraces along and underlies younger
alluvium in present-day washes; is
present on alluvial slopes and fans, and
may be on older rock units as a veneer
too thin to map. Upper few feet may be
cemented with caliche.

Mudstone facies

Fortification Basalt
Member

Conglomerate facies

tion, undifferentiated

Muddy Creek Forma-

Mudstone, siltstone,
gypsiferous mud-
stone and siltstone,
sandstone, bedded
gypsum and massive
halite

Basalt flows

Silty gravel to
well-cemented silty
conglomerate

Basal fanglomerate,
light-colored clastic
and evaporite beds,
some dark manganif-
erous sandstone and
intercalated lava
flows of Fortification
Basalt

Generally less than 1 gallon per
minute to springs; unknown
quantities of water are lost to
evapotranspiration by diffuse
upward seepage over a wide
area east of the Muddy Moun-
tains

Near Lake Mead, less than ten
to a few tens of gallons per
minute depending on the
degree of fracturing

Virtually no potential as a
source of water

Near Lake Mead less than | gal-
lon per minute to a few tens of
gallons per minute depending
on rock type

Older alluvium Silty sand, gravel, and |A few tens to a few hundred|Present between Las Vegas Wash and
boulders; silty, gallons per minute Callville Bay and Echo Bay and Virgin
sandy gravel/cobble River; generally unsaturated between
conglomerate and Las Vegas Wash and Callville Bay, but
silty sandstone; saturated near Overton Beach.
locally contains
gypsiferous silt

Muddy Creek Formation

Most widespread sedimentary rock unit in
the area. Bedded gypsum and massive
halite are present in the area bounded by
Echo Bay, Overton Beach, and the
Muddy Mountains.

Caps prominent mesa near Callville Bay
and present near Middle Point and
locally north of Echo Bay.

A minor unit in report area; present near
Las Vegas Wash and north of Callville
Bay.

Present near Middle Point, formation not
mapped in sufficient detail to show
extent of individual facies.

Volcanic rocks

Intermediate to mafic
flows and flow brec-
cia, felsic tuff, and
mafic to felsic intru-
sive rocks of varying
composition and tex-
ture

Near Lake Mead, a few tens of
gallons per minute depending
on degree of fracturing

Underlies much of mountainous area
between Callville Bay and Echo Bay
and at scattered locations west of
Callville Bay.
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Table 1. Summary of rock units and their hydrogeologic characteristics—Continued

Rock unit Rock type

Estimated potential yield to
wells where saturated

Remarks

Horse Spring Formation
erous mudstone,
sandstone, conglom-
erate, and gypsum

Tuff, limestone, gypsif- [Less than 1 gallon per minute

Present from near Blue Point Spring
southwestward to Las Vegas Wash
along the boundary of the area and
locally near Echo Bay; Bitter Spring
discharges more than 10 gallons per
minute of water from the unit to the
younger alluvium in Echo Wash; source
of water may be the Paleozoic and
Mesozoic sedimentary rocks, undiffer-
entiated, via fault zone that extends to
the Rogers Spring Fault.

Limestone, dolomite,
sandstone, quartzite,
and shale

Paleozoic and Mesozoic
sedimentary rocks,
undifferentiated

Discharges several hundreds of|Present in the Muddy Mountains and in
gallons per minute to springs
along the Rogers Spring Fault
on the east side of the Muddy
Mountains.
than | gallon per minute

and around Pinto Valley.

Elsewhere less

Paleozoic and Mesozoic Sedimentary
Rocks, Undifferentiated

Consolidated sedimentary rocks that range in
age from Paleozoic to Mesozoic are exposed along
the east side of the Muddy Mountains, northward
along the LMNRA boundary, and in Pinto
Valley and Pinto Ridge, and nearby areas in the
Black Mountains (pl. ). The rocks consist of
limestone, dolomite, sandstone, quartzite, and
shale; and include the Sultan Limestone, Monte
Cristo Limestone, Bird Spring Formation, red
beds of lower Permian age, Kaibab Formation,
Toroweap Formation, Moenkopi Formation,
Chinle Formation, Moenave Formation, Kayenta
Formation, Aztec Sandstone, Willow Tank
Formation, and Baseline Sandstone (Bohannon,
1983). The rocks were folded and faulted during a
number of periods of deformation from Late
Mesozoic to as recently as 10 million years ago
(m.y.; Bohannon, 1983, table 1). The deformation
developed potential pathways for the movement
of ground water. Along the east side of the
Muddy Mountains, two large springs—Rogers
Spring (D-18-67)12dda and Blue Point Spring
(D-18-68)6dcc (fig. 2)—and a number of smaller
springs discharge more than 1,000 gal/min from
the Sultan and Monte Cristo Limestones along the
Rogers Spring Fault (pl. 1). The springs are in a

discharge area of the carbonate-rock aquifer
system of eastern Nevada and western Utah
(Prudic and others, 1993, p. 65). Elsewhere within
the study area, only a few springs are present in the
Paleozoic and Mesozoic rocks and none of these
springs discharge large volumes of water like those
along the east side of the Muddy Mountains.

Horse Spring Formation

The Horse Spring Formation of Tertiary age is
exposed from Blue Point Spring southwestward
through Bitter Spring Valley and discontinuously
to Las Vegas Wash; in addition, the unit is exposed
from Echo Bay northward (pl. 1). Major rock
types include white and green tuff, white
limestone; reddish-brown gypsiferous mudstone
and very fine grained sandstone; grayish-brown to
reddish-brown conglomerate; and tan, white, and
pink gypsum. Locally, in the western part of the
area, intermediate to mafic lava flows are
interbedded with the formation. Bohannon (1983)
divided the Horse Spring Formation into four
members—Lovell Wash Member, Bitter Ridge
Limestone Member, Thumb Member, and
Rainbow Gardens Member. The principal member
present in the LMNRA is the Thumb Member,
which consists of a sandstone, tuff, and gypsum
facies; a conglomerate facies; and a breccia
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The well and spring numbers used in this report are in accordance with the Bureau of Land Management’s
system of land subdivision. The land survey in Nevada and northern California is based on the Mount
Diablo meridian and baseline, which divide the area into four quadrants. These quadrants are designated
counterclockwise by the capital letters A, B, C, and D. All land north and east of the point of origin is in A
quadrant, that north and west in B quadrant, that south and west in C quadrant, and that south and east in D
quadrant. The first digit of a well or spring number indicates the township, the second the range, and the
third the section in which the well or spring is situated. The lowercase letters a, b, ¢, and d after the section
number indicate the well or spring location within the section. The first letter denotes a particular 160-acre
tract, the second the 40-acre tract, and the third the 10-acre tract. These letters also are assigned in a
counterclockwise direction, beginning in the northeast quarter. If the location is known within the 10-acre
tract, three lowercase letters are shown in the well or spring number. In the example shown, well number
(D-4-5)19caa designates the well as being in the NE1/4NE1/4SW1/4 sec. 19, T. 4 S, R. 5 E. Where there
is more than one well or spring within a 10-acre tract, consecutive numbers beginning with I are added as
suffixes.

Figure 2. Well- and spring-numbering system used in this report.
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facies. The sandstone, tuff, and gypsum facies is
most widespread in the LMNRA. The unit was
involved in major faulting and folding that also has
affected older rocks in the area (pl. 1). In some
places, beds of the unit are steeply dipping to
vertical.

The Horse Spring Formation is a confining unit
that potentially yields less than 1 gal/min of highly
mineralized water to wells. Bitter Spring in
Echo Wash about 1 mi west of the LMNRA
boundary (pl. 1), however, yields about 10 gal/min
of moderately mineralized water. =~ Water dis-
charges from the younger alluvium in the bottom
of the wash, which is cut into the Horse Spring
Formation. The spring is near the intersection of
the Rogers Spring Fault, the Borax Fault, and other
unnamed faults, which probably provide a pathway
for the movement of water from the carbonate
rocks in the Muddy Mountains (see section entitled
"Subsurface Flow in Consolidated Rocks of the
Mountains").

Volcanic Rocks

Volcanic rocks of Tertiary age are exposed in
much of the mountainous area between Callville
Bay and Echo Bay and, locally, northeast of Las
Vegas Wash (pl. 1). The unit consists of
intermediate to mafic lava flows and flow breccia,
felsic tuff, and mafic to felsic intrusive rocks of
varying composition and texture. Volcanic rocks
between Callville Bay and Echo Bay make up a
complex andesitic stratovolcano of late Miocene
age (Anderson, 1973). The volcanic complex was
disrupted by left-lateral movement on a series of
northeastward-trending strike-slip and oblique-slip
faults. The cumulative lateral displacement on the
entire fault zone was estimated to be 35 to 40 mi
(Anderson, 1973, p. 12). Only selected faults from
the many that were mapped by Anderson are
shown on plate 1. Basalt flows of much less areal
extent make up the Fortification Basalt Member of
the Muddy Creek Formation. These flows are
discussed under the section on the Muddy Creek
Formation.

Volcanic rocks in this area of the LMNRA are
not known to yield water to springs; however, the
structural forces that have faulted and fractured the
rocks have provided numerous potential pathways

for the movement of water. Volcanic rocks near
Lake Mead could yield to wells a few tens of
gallons per minute of water that infiltrates from the
lake depending on the degree of fracturing.

Muddy Creek Formation

In the Lake Mead region, the Muddy Creek
Formation makes up a widespread sedimentary
unit that was deposited in closed basins during the
development of the Basin and Range province
(Bohannon, 1984, p.58). Between Las Vegas
Wash and the Virgin River, the most common
rocks in the unit are mudstone, siltstone, and
fine-grained sandstone. Gypsum is present as
bedded deposits or as disseminated accumulations
in the mudstone, siltstone, and sandstone.
Sediments that contain halite crop out in the
Overton Arm area (Longwell, 1928, 1936;
Longwell and others, 1965), and on the basis of
drill-hole data, halite is in the subsurface west of
Overton Arm (Mannion, 1963). Conglomerate
may be present at the basin margins. For purposes
of this report, the Muddy Creek Formation is
divided into a mudstone facies, a conglomerate
facies, and the Fortification Basalt Member in most
of the study area. Near Middle Point in the
southeastern part of the study area, the formation
was mapped as an undifferentiated unit.

Mudstone Facies

The mudstone facies is exposed near Las
Vegas Wash and between Echo Bay and the Virgin
River, where it is the most widespread unit (pl. 1).
The mudstone facies consists of weakly to
moderately cemented light reddish-brown to
brown mudstone, gypsiferous mudstone, siltstone,
and very fine grained sandstone. Dirty-gray
bedded gypsum and colorless to gray massive
halite are present between Echo Bay and Overton
Beach (pl. 1). Gypsum may be disseminated
throughout or interbedded with the other rocks of
the Muddy Creek Formation. Near Valley of Fire
Wash and North Shore Road, sec. 32, T. 17 S.,
R. 68 E., the facies virtually is all bedded gypsum.

Halite crops out in the cores of truncated
anticlines at four locations between Echo Bay to
about 2 mi southwest of Overton Beach (fig. 3).

Rock Units and Their Water-Bearing Characteristics 7



























The thickness of the older alluvium ranges
from a few inches in veneers of lag gravels that
were too thin to map to exposures as much as
300 ft thick. Representative thicknesses are 50 ft
near Las Vegas Wash, 150 ft near Callville Bay,
250 ft near Echo Bay, 100 ft near Overton Beach,
30 ft at the south end of Mormon Mesa, and 150 to
200 ft at the junction of the Muddy and Virgin
Rivers southeast of Mormon Mesa (pl. 1).

In most of the area where it is exposed, the
older alluvium is virtually flat lying or dips only a
few degrees. Locally, the unit is faulted and folded
and beds dip as much as 50°. Faults generally are
high angle and of small displacement. Remnants
of relic river deposits are present where the folding
and faulting may have determined the location of
the river channel. The most striking example of
this structural control on the deposition in the
report area is at Middle Point (pl. 1). The older
alluvium consists of silt, sand, and rounded river
gravel deposited in a syncline formed in rocks of
the Muddy Creek Formation. Near the east and
west limbs of the syncline, older parts of the older
alluvium were involved in the folding, and beds
dip 40 to 50°. Folding continued during the
deposition of the older alluvium at this location
because younger parts of the unit unconformably
overlie the older parts. Folding, and possible
faulting, formed a downwarped area through which
the developing ancestral Colorado and Virgin
Rivers flowed. A similar, but much less extensive,
syncline is well exposed in a wash about 2.5 mi
west of Swallow Bay in the NW1/4 SW1/4 sec. 13,
T. 21 S., R. 64 E. (unsurveyed; pl. 1). Sand and
gravel of the older alluvium is folded into a
westward-trending  syncline  that  contains
well-sorted, cross-bedded sand along the axis of
the structure. Structural control on the location of
ancestral river channels and deposition of the older
alluvium also has been described south of Lake
Mead in the LMNRA (Laney, 19793, p. 35).

Prominent erosion surfaces are developed on
the older alluvium as a result of at least four major
cycles of denudation (Longwell, 1928). Some of
the surfaces are quite prominent in the Overton
Arm area. The highest, oldest, and most prominent
erosion-surface remnant is on Mormon Mesa,
which is about 650 ft above the levels of the
Muddy River and Virgin River (pl. 1). The upper
levels of the dissected surface that extends

westward from Echo Bay to the Muddy Mountains
may be correlative with the surface on Mormon
Mesa on the basis of similar development of
caliche in the upper few feet of the unit. As much
as 8 ft of caliche underlies the surface of both
areas. The upper 4 ft of the most indurated
material on Mormon Mesa is termed "calcrete” by
Gardner (1972, p. 144) for "caliche concrete."
Similar material underlies the surface of the older
alluvium west of Echo Bay. In a detailed study of
the origin of the caliche on Mormon Mesa,
Gardner (1972, p. 143) concluded that the caliche
formed largely from pedogenic processes,
probably under slowly aggrading, aeolian
conditions. The thickness of the caliche is less on
lower-level, younger erosion surfaces that are
underlain by the older alluvium. Near Overton
Beach, the caliche is 2 to 4 ft thick where remnants
of the surface remain.

The older alluvium consists of an upper and
lower part that are most evident near the shores of
Lake Mead between Las Vegas Wash and Callville
Bay and from Echo Bay to the Virgin River (pl. 1).
The two parts could not be traced with certainty
throughout the area, thus, they were not mapped
separately. The upper part consists of weakly to
moderately cemented silty sand and gravel, which
unconformably overlies the lower part that consists
of sandstone and conglomerate. Both parts contain
an overall similar mix of subangular rock clasts
from nearby mountains and rounded clasts of more
distant origin. The lower part is strongly cemented
with calcium carbonate, is not greatly fractured,
and tends to form large vertically faced slabby
blocks where undercut by streams. The distinction
between the two parts has importance when
considering the movement of water from Lake
Mead to wells drilled in the older alluvium near the
lake. Between Las Vegas Wash and Callville Bay,
only the lower part is in contact with the water of
Lake Mead and the upper part is unsaturated.
Between Echo Bay and the Virgin River, the lower
part is in contact with Lake Mead north of Overton
Beach. At Overton Beach and at the junction of
the Muddy and Virgin Rivers, only the upper part
is exposed and extends beneath the lake.

The upper part of the older alluvium near Lake
Mead potentially could yield several hundred
gallons of water per minute to properly located and
constructed wells. The yield of water to wells from
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the lower part is dependent on the amount of
fracturing, and yields to wells probably would be
only a few tens of gallons of water per minute. The
hydrologic aspects of the unit are discussed in
more detail in the section entitled "Favorable Areas
for Ground-Water Development."

Colluvium and Alluvium

Colluvium and alluvium consist of tan to
grayish-brown, light-orange brown, subangular to
angular silty sand, gravel, and boulders. The
alluvium caps terraces and underlies the younger
alluvium along the present-day washes. The
colluvium is present on alluvial slopes, and fans
and may be on older rock units as a veneer too thin
to map. Along washes, the unit may include
deposits of younger alluvium. The upper few
inches to a few feet of the deposits on terrace
surfaces may be cemented with caliche. Along
washes the unit probably is less than 50 ft thick.
The colluvium and alluvium generally are
unsaturated but could yield a few hundred gallons
of water per minute to wells near Lake Mead. The
yields would vary with lake levels, and the unit
might not be a dependable source of water.

Younger Alluvium

The younger alluvium consists of tan to
grayish-brown, subangular to angular silty sand,
gravel, and boulders of local origin. The unit
underlies the bottoms of present-day washes and is
saturated only near Lake Mead, in Moapa Valley
and locally where springs discharge in washes.
The unit probably is less than 25 ft thick, but when
combined with the colluvium and alluvium, the
total may be as much as 50 ft thick and as much as
150 ft thick in Moapa Valley. The combined
thickness of the two units could yield a few tens to
a few hundred gallons of water per minute to wells
near Lake Mead at the mouths of large washes;
however, the amount of available saturated
thickness would vary with lake levels.

HYDROLOGY

The average annual precipitation in the study
area ranges from 4 to § in. (Hardman, 1965). The
average annual evaporation is about 15 times
greater than the precipitation on the basis of the
comparison of average annual precipitation to
evaporation maps of Kohler and others (1959). As
a result, most precipitation evaporates soon after it
reaches the ground or is transpired by vegetation.
Surface-water sources include the Colorado River,
Virgin River, Muddy River, and Las Vegas Wash,
which have perennial flow in the area. Elsewhere
in the area, streamflow is meager and extremely
variable, but occasional floodflows may result from
local intense thunderstorms. Rush (1968)
estimated that less than 1 percent of the
precipitation is recharged to the ground-water
system in the study area. Major sources of ground
water include infiltration of water into permeable
rocks near Lake Mead and subsurface flow from
the consolidated rocks of the Muddy Mountains.
Springs along the Rogers Spring Fault on the east
side of the Muddy Mountains discharge more than
1,000 gal/min of water at defined orifices.
Probably several hundreds of gallons of water per
minute more is discharged by diffuse upward
leakage through fine-grained sedimentary rocks
and by evapotranspiration east of Rogers Spring
Fault.

Surface Water

Perennial streams in the LMNRA include the
Colorado River, Virgin River, Muddy River, and
Las Vegas Wash. All these streams except the
Colorado River discharge to Lake Mead within the
study area. Mean annual discharge of the three
streams is shown in table 3. The mean annual
discharge of 172 ft¥/s of Las Vegas Wash above
Three Kids Wash below Henderson, Nevada, is
based on only 4 years of record—water years
1989, 1990, 1991, and 1992. Discharge and
water-quality records have been collected from
1957 to 1983 and 1985 to 1988 at a gaging station
near Henderson, Nevada, about 2 mi upstream
(Hess and others, 1993). However, the average
discharge for the 3 years at the gaging station
above Three Kids Wash is more representative of
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Table 3. Discharge at continuous-record gaging stations in and near Lake Mead National Recreation Area, Las Vegas

Wash to Virgin River

[Data from Hess and others, 1993]

Mean annual discharge

Nevada, about 4 miles upstream from Lake Mead

Cubic feet Acre-feet
Station name and location per second per year Perlod of record
Virgin River at Litttlefield, Arizona, about 36 miles upstream 235 171,000 October 1929 to September
from Lake Mead 1992

Muddy River above Lake Mead near Overton, Nevada (pl. 1) 8.91 6,450 October 1978 to September
1983; October 1984 to
September 1992

Las Vegas Wash above Three Kids Wash, below Henderson, 172 125,000 |[May 1988 to September 1992;

average discharge based on
complete year’s records in
water year 1989-92; dis-
charge includes treated sew-
age cffluent and some
wastewater from municipal
and industrial sources

current discharge of surface water to Lake Mead
than is the long-term average discharge of Las
Vegas Wash. Discharge of Las Vegas Wash has
increased about eight times since the late 1950's. A
considerable part of the discharge consists of
treated sewage effluent and wastewater from
municipal and industrial sources that have
increased over the years as the population and
water use in the Las Vegas metropolitan area have
increased.

The average annual discharge of 8.91 ft’/s in
the Muddy River above Lake Mead near Overton,
Nevada (table 3), is representative of the surface-
water flow reaching Lake Mead from this stream.
Continuous stream-discharge records at a gaging
station near Glendale, Nevada, about 16 mi
upstream from Lake Mead show an average annual
discharge of 43.8 ft’/s (Hess and others, 1993,
p-75). The difference in the flow at the two
stations represents diversions from the river for
irrigation in Moapa Valley and a wildlife-
management area. Part of the water diverted for
irrigation is consumed and part is recharged to the
ground-water flow system beneath Moapa Valley
and then discharged to Lake Mead as subsurface
flow.

Few measurements of surface-water flow have
been made in the larger washes of LMNRA where
streamflow occurs on the average of about once a
year (Bentley, 1979a). Peak flood discharge was
determined at a crest-stage partial-record station on
Valley of Fire Wash in the northeastern part of the
area (pl. 1, table 4). The table shows the annual
maximum discharge for water years 1987-92.

Table 4. Annual maximum discharge at crest-stage
partial-record gaging station at Valley of Fire Wash near
Overton, Nevada (see pl. 1 for location)

[Sources of data: 1984, 1987, Pupacko and others (1989a, b);
1989, Pupacko and others (1990); 1990, Bostic and others
(1991); 1991, Garcia and others (1992); 1992, Hess and
others (1993). Dashes indicate no data]

Measurement Gage helght, Discharge, in cublc
date in feet tfeet per second
7-22-84 1220
7-1687 e 1649
10-24-87 45.16 120
8-17-89 43.29 130
8-16-90 55.65 4,940
3-1591 40.95 1100
3-15-92 41.62 1230
IEstimated.
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Ground Water

Information on ground water was obtained
from an inventory of 13 springs and 6 wells in and
near the study area (tables 2, 5, and 6). Additional
data from three wells in Moapa Valley were
obtained from Rush (1968, table 19). Stauffer
Chemical Company provided well logs for four of
their test holes between Echo Bay and Overton
Beach (pl. 1, table 2). These logs provided
information on the geologic units in the subsurface
from which inferences on the movement of ground
water were made.

The sources of ground water in the study area
include:

1. Subsurface flow in local basins that
drain to Lake Mead, °

2. Infiltration of water from Lake Mead
into adjacent permeable rocks,

3. Subsurface flow in valleys of perennial
streams, and

4. Subsurface flow from the consolidated
rocks of the Muddy Mountains.

The sources of ground water are discussed in a
qualitative or semiquantitative manner only to
provide perspective for the relative potential of the
sources in the study area. A water budget was not
developed for the ground-water flow system.

Subsurface Flow in Local Basins that Drain to Lake
Mead

Low rates of average annual precipitation and
high rates of evaporation in the study area limit the
recharge from precipitation to less than 1 percent
of the total precipitation (Rush, 1968, p. 23). The
average annual precipitation ranges from 4 to 8 in.
One percent of an average of 6 in. of precipitation
per year is equivalent to about 3 acre-ft of recharge
per square mile or about 800 acre-ft over the study
area. This is a relatively small quantity of water
compared with other sources of ground water in
the area.

Infiltration of Water from Lake Mead into Adjacent
Permeable Rocks

In terms of the entire Lake Mead area, the
water that infiltrates the permeable rocks adjacent
to the lake is the largest source of ground water.
Langbein (1960, p. 100-102) estimated that at any
given level of Lake Mead a volume of water
equivalent to about 12 percent of the lake capacity
is in bank storage. Lake Mead at full capacity (at
an altitude of 1,221 ft) contains 29,680,000 acre-ft
of water, and about 3,600,000 acre-ft of water
would be in bank storage. As the lake level rises,
water moves into the permeable rocks and the
water table rises. Conversely, when the lake level
declines, water stored in the permeable rocks is
discharged into the lake and the water table
declines. Rocks saturated by lake water probably
extend less than 0.5 mi from the lake.

Subsurface Flow in Valleys of Perennial Streams

The subsurface flow to Lake Mead in the lower
Virgin River Valley was estimated on the basis of a
basinwide water budget at about 40,000 acre-ft/yr
(Glancy and Van Denburgh, 1969, p.51 and
table 16). The flow probably is through both the
alluvium and the underlying consolidated rocks.
The authors acknowledged that this estimate may
be unreasonably large and in considerable error.
The subsurface flow in the lower Moapa Valley
was estimated to be at about 1,100 acre-ft/yr
(Rush, 1968, table 7). Rush also estimated that the
subsurface flow in the alluvium in Las Vegas Wash
was less than 400 acre-ft/yr. Significant subsurface
flow beneath Las Vegas Wash in the study area is
not likely because the stream has cut a channel into
the mudstone facies of the Muddy Creek
Formation (pl. 1). The mudstone facies has low
permeability and does not transmit large quantities
of ground water.

Subsurface Flow in Consolidated Rocks of the
Muddy Mountains

Subsurface flow in the consolidated rocks of
the mountains is a significant source of ground
water only along the east side of the Muddy
Mountains. Near the Rogers Spring Fault, several
springs discharge a total of about 1,000 gal/min of
water (fig. 3). Most of the discharge is from two
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Table 5. Records of selected springs in and near the Lake Mead National Recreation area, Las Vegas Wash to Virgin

River

[Discharge: E, estimated; M, measured. Use: N, not used; R, recreation. Remarks: C, chemical analysis of water shown in table 7. <, less than]

Spring number Water-bearing unit

Discharge
Altitude

of the
land
surface
(feet)

Date
meas-
ured or
estimated

Amount
(galions
per
minute)

Use Remarks

(D-17-68)21bcb2 Muddy Creek Formation,

mudstone facies

Paleozoic and Mesozoic
rocks, undifferentiated

(D-17-68)31dbd

(D-18-67)12dda Paleozoic and Mesozoic

rocks, undifferentiated

(D-18-67)13aba Mesozoic and Paleozoic

rocks, undifferentiated

(D-18-67)13bcb Mesozoic and Paleozoic

rocks, undifferentiated

See footnote at end of table.

1,370 0.1E 5-17-78

1,435 IE 5-5-77

1375M

l780M
4™
720

10-25-63
2-5-68
5-18-77

(See
remarks)

1,595

1,580 <.1E 5-5-77

1,595 2E 5-4-77

N C; Getchel Spring; spring is near
crest of a faulted west-plunging
anticline; water discharges from
a reverse fault in the mudstone
facies of the Muddy Creek For-
mation in a 10- to 12-foot-deep

gulley.

N  C; unnamed spring in Valley of Fire
Wash near power-transmission
lines; water discharges from
Aztec Sandstone at contact with
Chinle Formation.

R C; Rogers Spring; located along the
Rogers Spring Fault on the east
side of the Muddy Mountains;
most of the water discharges into
the bottom of a shallow pool
from a nearly vertical fracture in
brecciated limestone; about 720
gallons per minute average dis-
charge based on continuous
records since 1985 (Hess and
others, 1993, p. 78).

N Unnamed spring along Rogers
Spring Fault; fault well exposed
in sides of canyon; mesquite and
other vegetation is immediately
down the canyon from fault and
covers an area of approximately
2 acres; water discharges from
alluvium about 150 feet down the
canyon from fault; considerably
more water is lost to evapotrans-
piration than indicated by esti-
mated discharge of the seep.

N C; unnamed spring along the Rog-
ers Spring Fault; water dis-
charges at contact of zone of
brecciated  limestone  and
cemented rubble about 200 feet
down the canyon from the bed-
ded limestone of the mountain
front.
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Table 5. Records of selected springs in and near the Lake Mead National Recreation area, Las Vegas Wash to Virgin
Rive—Continued

Altitude Discharge
of
the Amount Date
iand (galions meas-
surface per ured or
Spring number Water-bearing unit (feet)  minute) estimated Use Remarks

(D-18-68)4bac Older alluvium 1,235 20E 5-19-78 N C; unnamed spring near mouth of
20E 2-2592 Valley of Fire Wash; water dis-
charges from vegetated area that
extends as much as 0.75 mile
upstream from Lake Mead; esti-
mated discharge is minimum
because of probable seepage
beneath the wash to the lake and
evapotranspiration; most measur-
able flow issues from the older
alluvium at several places on the
left bank downstream from expo-
sure of the mudstone facies of the
Muddy Creek Formation.

(D-18-68)6dcc Mesozoic and Paleozoic 1,580 1150E 11-27-45 R  C: Blue Point Spring; located along
rocks, undifferentiated 248M 5-18-77 the Rogers Spring Fault on the
east side of the Muddy Moun-

tains at Blue Point; at head of

spring, water discharges at a rate

of about 5 gallons per minute

from fractured and shattered

limestone in a depression in

salt-encrusted soil and alluvium;

discharge increases downslope to

a picnic area where measurement

was made; most of major washes

between Blue Point Spring and

spring (D-18-67)13bcb south-

west of Rogers Spring contain

thick growths of vegetation in the

mudstone facies near the moun-

tain front indicating seepage

along and downslope of the fault.

(D-18-68)7acc Muddy Creek Formation, 1,510 7.5M 5-19-78 N C; unnamed spring downslope of
mudstone facies culvert at North Shore Drive
about 0.5 mile south of Blue
Point Spring; flow accumulates
in a small pond; discharge mea-
sured about 400 feet down-
steam where water flows over a
gypsum ledge; rock is red-
dish-brown mudstone interbed-
ded with white gypsum; dip of
beds undulates but is easterly
near spring; at measuring point
strike is N. 55 W.,, dip is 35 NE.

See footnote at end of table.
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Table 5. Records of selected springs in and near the Lake Mead National Recreation area, Las Vegas Wash to Virgin
River—Continued

Discharge
Altitude
ofthe Amount Date
land (gallons meas-
surface per ured or
Spring number Water-bearing unit (feet)  minute) estimated yse Remarks
(D-18-68)8ccb Muddy Creek Formation, 1,360 See 5-19-78 N C; unnamed spring about 0.5 mile
mudstone facies remarks down the canyon from spring

(D-18-68)7acc; no measurable
running water; water ponded in
places in zone of thick vegetation
about 150 feet wide and 0.25
mile long in canyon that is about
30 feet deep; may be partly water
from spring (D-18-68)7acc.
(D-18-68)19bac Older alluvium 1,320 2E 5-19-77 N C; unnamed spring about 0.25 mile
downstream from power-line
road; water supports thick
growth of vegetation about 150
feet wide and 0.33 mile long in
wash about 30 feet deep; water
discharges in wash bottom from
weakly to moderately cemented
silty and sandy gravel and cob-
bles that are overlain by
fine-grained sand and silt; about
4 feet of gypsum caps the
sequence; the sand and silt
matrix of the gravel and cobbles
are stained red; some gravel and
cobbles are encased in soft black
manganese oxide; the gravel and
cobbles are the water-bearing
sequence; the wash slope is
greater than the dip of the beds
and the spring is at the intersec-

tion of the two.
(D-18-68)31bdc Muddy Creek Formation, 1,260 See 5-18-78 N  C; unnamed spring on the west side
mudstone facies remarks of Calico Bay about 1.5 mile

north of Echo Bay; a seep in an
area of thick vegetation about 50
by 200 feet in wash about 50 feet
deep; vegetation extends up the
wash from the discharge point at
the contact with mudstone and
tuff of the Horse Spring Forma-
tion; two somewhat smaller areas
of thick vegetation indicate seeps
but no visible discharge about
0.15 mile to the northwest and
0.2 mile to the south; all
three seeps are aligned near a
northwestward-trending  scarp
that marks a fault separating the
Muddy Creek Formation from
See footnote at end of table.
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Table 5. Records of selected springs in and near the Lake Mead National Recreation area, Las Vegas Wash to Virgin

Rive—Continued

Discharge

Altitude
of the Amount

fand  (gallons

surface per
(feet) minute)

Date
meas-
ured or

Spring number Water-bearing unit estimated

Use Remarks

(D-18-68)31bdc—Continued

110E
10E

(D-19-67)16bbc 1,665 11-13-67

5-3-77

Mesozoic and Paleozoic
rocks, undifferentiated

(D-20-66 1 )18bdc
(unsurveyed)

Mesozoic and Paleozoic 1,920 <1E 5-3-77

rocks, undifferentiated

the Horse Spring Formation; the
Muddy Creek mudstone facies at
the seeps dips as much as 50° to
the west; 0.25 mile to the west
the dip is less than 10°; the mud-
stone of the Muddy Creek For-
mation is capped near the seeps
by gravel and silt of the older
alluvium; many of the clasts are
well rounded and from a distant
source; as much as 5 feet of gyp-
sum caps the land surface and
conforms to slope of the surface;
the gypsum caps may represent
older spring deposits.

N C; Bitter Spring in Echo Wash;
water discharges from alluvium
in wash cut into siltstone of
Horse Spring Formation; thick
vegetation covers an area about
100 feet wide by 1,000 feet
downstream from head of spring;
scattered phreatophytes extend
for as much as a mile down-
stream from spring; losses to
evapot<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>