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10
o |
By Fred Kunkel and G. H. Chase
11
49
ABSTRACT
56
i 1. Geology and water-bearing deposits.--Indian Wells Valley is virtually
60 ! a closed basin bordered by consolidated generally non-water-bearing rocks.
: g
This basin is filled by unconsolidated deposits of clay, sand, and gravel
65 ] derived from the mountains and bordering highlands. The principal water-
‘ bearing deposits are the younger and older alluviums; a main water body occurs
in these deposits, principally beneath the surface extent of the younger
66 alluvium.
69 i

Quality of water.--The quality of water in the main water body

contained in the younger alluvium is satisfactory for most domestic and

71 # agricultural uses. Locally, in the area southeast and east of Ridgecrest,

some water-bearing zones have chloride concentrations greater than 500 ppm

80 (parts per million) and a dissolved-solids content greater than 1,500 ppm.
Water of this concentration is unsatisfactory for most uses. Continued

80 $§ heavy pumping of ground water by wells in the vicinity of Ridgecrest might
induce & migration of poor-quality water, causing a deterioration of water
quality in areas where the quality now is satisfactory.

Water in and around the moist lands bordering China Lake is high in
chloride and dissolved solids and is unsatisfactory for domestic uses. There
are no producing wells in this area, but an increase of pumping at Intermediate
3 and vicinity might lower water levels sufficiently to induce a migration of
¢ poor-quality water from the area of China Lake toward the area where the
quality now is satisfactory. This was not a critical problem in 1953, but it
1s desirable to keep a periodic record of water level and water quality in

& key wells in order to anticipate and to take preventive action should such a
3 migration of poor-quality water occur.

A
R

_The Inyokern well field is sufficiently distant and far enough up
gradient from poor-quality water that no quality problem exists in this area.

1
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2 GEOLOGY AND GROUND WATER IN INDIAN WELLS VALLEY, CALIF.
- 3. Ground-water discharge.--In Indian Wells Valley ground-water discharge ?
A occurs naturally by evapotranspiration and underflow into Salt Wells Valley i ;
' and artificially by pumping from wells. Evapotranspiration is estimated as ‘ du
' having been approximately 11,000 acre-feet in 1912 and 8,000 acre-feet in 1953. Ie

This decrease of 3,000 acre-feet presumably was caused by a decline of water

levels in the area of evapotranspiration which has decreased the rate of  ——
The decrease in the rate may be due in part to the effects '

Serival fRpyirii e fefl)

v

; J~.evapotranspiration.
?‘ﬁ of a period of abnormally dry years since 1947, but the decline probably is pu
WY also due to greatly increased ground-water pumping since 1945. The decrease
¢ in rate of evapotranspiration caused by ground-water pumping represents natural
Q - ground-water discharge or waste that has been salvaged for beneficial use. 44
N eve
o ; Underflow from Indian Wells Valley into Salt Wells Valley occurs through Sa
5 a narrow channel backfilled with windblown sand in sec. 7, T. 26 S., R. 41 E. in
{ \\ This channel, the most recent outlet of China Lake, no longer carries surface va!
S qz flow, but the results of test drilling in this channel indicate that an esti- cav
-y mated maximum of 20 acre-feet per year of saline ground water may discharge mig
T < into Salt Wells Valley through this channel.
= Ground-water pumpage in Indian Wells Valley prior to 1943 is estimated to
. have averaged less than 2,000 acre-feet per year. Since 1944 ground-water
~: pumpage has increased each year. Pumpage in 1951, 1952, and 1953 is estimated
\é as 6,500, 7,200, and 8,200 acre-feet.
A
>~ The estimated total discharge is the sum of the evapotranspiration,
x ground-water outflow, and pumpage, OT about 16,000 acre-feet in 1953.
N 4. Transmissibility of the water-bearing deposits.—-Transmissibility of inve
. the water-bearing deposits in Indian Wells Valley, an essential factor in the Cent
3 estimate of perennial yield, was determined from a series of pumping tests run pere
., at selected wells in the valley. These tests indicated that the transmissi-
¥ bility of the upper 400 feet of saturated water-bearing deposits in the central
9 part of Indian Wells Valley is about 200,000 gallons per day per foot. hydr
of I
;E This estimate of transmissibility, utilized in conjunction with the cross- been
% ‘gectional area and the hydraulic gradient of 1921, suggests an underflow at been
> midvalley under natural conditions of about 15,000 acre-feet a year. The addi+
+ underflow is a measure of the recharge and discharge. The quantity of ground- earli
q& water discharge estimated as the sum of evapotranspiration and ground-water # and h
Sy outflow, or about 11,000 acre-feet per year under natural conditions, is about. | all t
{Q 4,000 acre-feet less than the estimate based on transmissibility, cross- ;48 Resou
VE*SQ sectional area, and hydraulic gradient. i
vk
f\' 5. Perennial yield.--Perennial yield of a ground-water basin is the rate; §§ DNeces:
at which ground water can be withdrawn year after year without depleting ground=§ at si:
water storage to such an extent that withdrawal at this rate is no longer "B estim
-% feasible because of increased pumping costs OT deterioration of quality. The f Centr;
O estimated perennial yield of Indian Wells Valley, based on estimates of § Inflow
< evapotranspiration and underflow at midvalley together with other ground-water | _
data, is_approximately 12,000 acre-feet per year--about 4,000 acre-feet more i )
than the estimated pumpage in 1953, but about 4,000 acre-feet less than the ”Umrﬁ

estimated total discharge.
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INTRODUCTION

 svEe : 6. Ground-water storage capacity.--Grgund-water storage capacity of a
i ] basin is a reserve that can be utilized dyfing development of that basin and
Y

3 4 during periods when perennial yield is eyCeeded. In Indian Wells Valley this

3f953 |¢ reserve, relative to present pumpage, ig large. For a zone from the surface

i _of the 1954 water table to 100 feet bedow, the estimated ground-water storage
The most effective use of the storage

capacity is about 720,000 acre-feet
5 R g T e i AT, i YT 90 T g O g U R e - g o . . . .

rfects 1 capacity and perennial yield would require a more widespread distribution of
ol . 4 pumpage than now exists in the western part of the valley.

tel i

350 ‘ 7. Development of new well fields.--The most effective development of

ground water in Indian Wells Valley would be accomplished by a series of wells
evenly spaced west of a line extending northwestward from Intermediate to

h Sandquist Spa and northward from Sandquist Spa to the Inyo County line. Wells
f?ug in this area would intercept a maximum amount of ground-water recharge to the
Htace valley, yet, as long as pumpage was less than the perennial yield, would not
nﬁ,i_ cause chemically unsuitable water from the area in and around China Lake to
;;; migrate into areas of now potable water.

zed to |

;‘;id | INTRODUCTION
~imated

Purpose and Scope
% N
The U.S. Geological Survey in May 1952 began the ground-water N

e OF investigation of Indian Wells Valley in cooperation with the Naval Weapons 3
f:#ythe § Center, China Lake, Calif., for the purpose of determining the available . e,
q%ts run @ perennial water supply or perennial yield! of Indian Wells Valley.

sssi- e <
f?iintral f In this investigation an attempt has been made to assemble all existing
i # hydrologic and geologic data pertinent to the perennial ground-water supply 3
7 # of Indian Wells Valley. Accordingly, all existing wells in the valley have

s$e Cross- | been field canvassed, and, where possible, measurements of water level have

;ﬁ it # been made and water samples for chemical analyses have been collected. In

The % addition, all the hydrologic data contained in reports prepared as parts of

= ground- # carlier hydrologic investigations in Indian Wells Valley have been assembled,
;miter : and have been correlated with data obtained during the current investigation;

5 abouti all these records have been published by the California Department of Water _
;g— - Resources (Moyle, 1963). U
# To estimate the transmissibility of the water-bearing deposits, a

< the Tate Necessary factor in the estimate of perennial yield, pumping tests were run
f;ng gro'f at six different well fields. To appraise the ground-water discharge
T@ger ‘§ Cstimates were made of total pumpage and of evapotranspiration from the \
iiv- The =~ & Central playa area df the valley. Insofar as the data allowed ground-water
- X inflow into Indian Wells Valley was also estimated.
:‘:’.pnd—watef:ﬁf

ggt more ;"tE l'lhu term ''perennial yield" is here used to designate the annual rate at which water can be

wan the 4 f;?';‘}‘l‘ﬂwn from the ground-water reservoir without depleting the supply or impairing the chemical
“Hilty to such an extent that withdrawal at this rate is no longer feasible.
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depth of 621 feet, and drilled 7 deep test :
wells and 1 test hole, aggregating 2,800 feet. 1In addition, the Geologic i
Division of the Geological Survey, in connection with another investigation,

drilled a 700-foot test hole.

Utilizing these data the perennial yield was estimated, and suggestions
have been included for refining the estimate.

This investigation was carried on by the Water Resources Division of the
Geological Survey, United States Department of the Interior, during 1952-55
under the general supervision of J. F. Poland, district geologist in charge of
ground-water investigations in California, and under the immediate supervision
of G. F. Worts, Jr., geologist in charge of the Long Beach subdistrict office.

Location of the Area

The area under consideration in this report comprises Indian Wells Valley, §
Coso Basin, Rose Valley, and Salt Wells Valley. This area is in the western ]
part of the Mojave Desert along the eastern side of the Sierra Nevada near the
junction of Kern, Inyo, and San Bernardino Counties (fig. 1). The area is
about 125 miles north of Los Angeles and 60 miles northeast of Mojave. The
boundaries of Indian Wells Valley are between lat 35°25' and 36°15! N., and
long 117°25' and 118°10' W. The main topographic features of the valley are
shown on the Searles Lake quadrangle, scale 1:250,000, of the Geological
Survey. Detailed features of the area are shown on parts of the Haiwee
Reservoir, Coso Peak, Little Lake, Mountain Springs Canyon, Trona, Onyx,
Inyokern, Searles, Searles Lake, Cross Mountain, Saltdale, and Randsburg

quadrangles at a scale of 1:62,500.

The area considered in detail comprises the flat playas and alluvial
slopes of Indian Wells Valley together with parts of the surrounding mountains

and hills with their fans and bajadas.>2

7 . o

Bajadas, as defined by Gilluly, Waters, and Woodford (1951, p. 353), are compound alluvial
aprons along mountain bases. The bajadas flatten gradually valleyward and merge imperceptibly
with the valley floor.
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Previous Work

rk in Indian Wells Valley was in 1912 by

Lee (1913). Further work was done in 1920 by Thompson (1929) and in 1921 by
Whistler (1923). Each of these investigators assembled important hydrologic

data, but only Lee attempted an estimate of perennial yield.

The earliest hydrologic wo

Naval Weapons Céntef:at China Lake in
Bailey (1946), and Wilcox, Hatcher, and
d released reports related

Following the establishment of the
1943, Buwalda (written commun., 1944),
Blair (1951) conducted hydrologic investigations an
to the water supply of Indian Wells Valley.

Thompson (1929) mapped the geologic formations in Indian Wells Valley in
a reconnaissance manner, Samsel (1950) mapped the southeast quarter of the
Cross Mountain quadrangle, and Dibblee (1952) mapped the Saltdale quadrangle
in detail. Several other geologists have worked in the area, but, with the
exception of Dibblee, their work has been very sketchy. For the most part,
the geologic formations in Indian Wells Valley were generally unmapped.
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Topographic Features and Drainage
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:;azﬁe Indian Wells Valley is a structural and topographic depression on the
i east side of the steep escarpment of the southern Sierra Nevada, which reaches
;? ? altitudes of 6,000 to 8,000 feet in this area. The area considered (fig. 2)

is bounded on the east by the Argus Range, which reaches altitudes of over
5,000 feet, and on the south by the El Paso Mountains, whose peaks are

4,000 to 5,000 feet above mean sea level. On the north Indian Wells Valley
is separated from Coso Basin by a low ridge and a still lower narrow divide,
and from Rose Valley by the Coso Range. On the southeast low ridges separate

e te S

Indian Wells Valley from Salt Wells Valley (fig. 1). Most of the central part

%) of the valley is less than 2,400 feet above mean sea level. The east-central
t,of part of the valley is occupied by low playas, the largest and lowest of which
e is China Lake at an altitude of 2,152 feet above mean sea level.

<on of

+ed by the - . X

ST The striking physiographic features of the valley are th§ steep fault

& | scarp along the base of the Sierra Nevada and the broad alluvial fans that

" of the extend from the mouths of the Sierra Nevada canyons. These fans, which have
;;nthal coalesced to form bajadas several miles wide, slope with gradually decreasing
gind Steepness from the escarpment eastward toward playas along the east side of

the valley. Along the western margin of the playa area small sand dunes are
common. Deposits of sand dotted with small hollows, in which playa deposits
are revealed, form a transitional zone between the toes of the fans and the
large east-central playas.

ander Cunniff
sivision Head;
= Works Officeg
spequently - ©

sicient and

~ In the southern part of Indian Wells Valley a low ridge underlies
Ridgecrest and much of the residential area of the Naval Weapons Center. On
the southwest an elevated spur of the valley separates the El Paso Mountains
from the Sierra Nevada. Elsewhere on the south coalesced fans form a bajada
Senior sloping gently northward from the Rademacher Hills and the E1 Paso Mountains.
4 * K topographic low exists south and east of Ridgecrest surrounding the dry

1if., ané =
;iglied by Playas known as Mirror and Satellite Lakes.
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At the north end of the valley almost no alluvial cover is found on the
gently southward-sloping basalt flows and older lacustrine deposits. On the
west side of the valley the basalt flows are separated from the steep escarp-
ment of the Sierra Nevada by a deep stream channel (probably a former channel
of the ancestral Owens River). During periods of stream runoff from Rose
Valley, the water crosses the toe of the basalt flows; at one point the water
plunges over a small waterfall to reach the valley floor. Along the east side
of the channel nearly vertical bluffs mark the margin of the thickest basalt

flows.

Coso Basin is also a topographic depression whose lowest part is occupied
by a dry lake. The basin is bounded by the Argus Range on the east, by the
Coso Range on the north, by basalt and older lacustrine deposits on the south-
west and south, and by extensive alluvial fans on the southeast. Around much
of its perimeter extremely steep slopes mark the basin limits, but on the

southeast side the extensive fans of the Argus Range separate Coso Basin from

Indian Wells Valley by a low divide. No surface runoff from Coso Basin reaches ? ﬁ

Indian Wells Valley.

which is more nearly isolated from Indian Wells Valley, is

Rose Valley,
an extension of the Owens Valley structural trough. On the west it is bounded a
by the escarpment of the Sierra Nevada, on the east by the Coso Range, and on 0
the southeast by volcanic flows. Rose Valley is tributary to Indian Wells m:
Valley, and, during periods of infrequent storms, stream runoff discharges a1
through Little Lake into Indian Wells Valley. 2:

ar.

Indian Wells Valley has entirely internal drainage. Many small streams of
in the canyons of the Sierra Nevada convey runoff to the fans where, after Ca
crossing the Sierra Nevada fault zone, the seepage loss becomes recharge to 15
the ground-water body. Recharge to the ground-water reservoir is also derived In
from the runoff of the Argus Range and from surface runoff and underflow from ’
Rose Valley at Little Lake.

Inc

A narrow gorge, now part of the Salt Wells Valley drainage, once afforded Acc
the lowest exit for surface drainage from Indian Wells Valley. The divide on at
this gorge, now filled with windblown sand, has a surface altitude of 2,190 feetd nmax
In secs. 30 and 31 of T. 26 S., R. 41 E., a granite ridge at an altitude of Fro
about 2,400 feet marks the apparent site of rapids of another outlet through rec
which discharge occurred in an earlier period when lake level was above U.s
2,400 feet.

The total drainage areas for Indian Wells Valley, Coso Basin, and Rose - B logc
Valley are 900, 240, and 180 square miles. Salt Wells Valley, an area of /!B sump
about 60 square miles, lies topographically below Indian Wells Valley.
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