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A RECONNAISSANCE OF THE GEOLOGY AND WATER RESOURCES OF THE

MISSION CREEX INDIAN RIESTERVATION, RIVERSIDE COUNTY, CALIFORNWIA

By F. W. Giessner

CONCLUSIONS

The Mission Creek Indian Reservatign in an arid region of
southern California, 15 miles northwest of Palm Springs in the
foothills of the San Bernardino Mountains, must rely solely on
ground water for the development of a dependable water supply.

The reservation is uninhabited at the present time, and the wateri;
resources have not been dewveloped. If the reservation is to prospér
and receive the benefits of financial investments, the water resources
must be developed.

The reconnaissance field investigatioﬁ of the area indlicates
that a good probability exists for developing a moderate supply of

vater; however, the annual quantity of ground water available for

development on the reservation is uncertain.



Analyses of water samples from two springs on the reservation
and from a nearby well show concentrations of fluoride, sulfate, and
dissolved solids above the maximum allowable by the U.S. Public Health
Service for drinking water used on interstate cerriers. It is possible
that better water may be optaired if wells are drilled on the res-
ervation; otherwise, some trcatment of the water may be desirable for
domestic use.

Additional data will be required before a full appraisal of the
ground -water potential of the Mission Creek Indian Reservation can be
made. A drilling program is suggested, and three tentative sites for
test wells have beer. proposed. These test wells may provide the data
necessary for a morc comprehensive evaluation of the amount of ground
water that could be devéloped.

All conclusions must be considered as tentative, pending completion

of test drilling proposed in this report.



INTRODUCTION

Purpose and Scope of the Study

In 1962 under an agreement with the Bureau of Indian Affairs,
the Morongo Corp. of Pasadena, Calif., made an investigation of the
peat deposits of the Mission Creek Indian Reservation. Shallow
excavation revealed that the peat deposits were too thin for com-
mercial development, and the high ground-water level would make
operations difficult. The U.S. Geological Survey was then requested
by the Bureau of Indian Affairs to make a reconnaissance study of
the area to determine (1) the quality of the wvater, (2) if the
quantity might be sufficient for commercial development, and
(3) where further exploration and investigation would be advisable.

The scope of the study included: (1) Reconnaissance geologiq‘
mapping at a scalé of 1:24,000 in sufficient detail to delineate and
describe the water-bearing units and to designate areas of recharge
and discharge; (2) eppraising the ground-water and surface-water
resources, including chemical quality; (3) determining the adequacy
of available data and the possible need for exploratory driiling;
(4) selection of test-well sites for subsurfacé exploration; and
(5) preparation of a report interpreting and sumarizing results

of the above.



Fieldwork began early Zn September 19€3 and continued inter-
mittently into October. Approximately 10 days were spent in the
fileld preparing a geologic map of the reservation area. Previous
geologic investigations, which included &ll or pert of the reservation,
also were used in compiling the reconnaissance geologlc map.

The fiel¢work and the preparation of this report were done by
the U.E, Geological Survey, Ground Water Branch, under the direction
of Fred Kunkel, district geoclogist for California, and under the
supervieior of L. C. Dutcher, geologist 1n charge of the Long Besach,

Calif., subdistrict office.
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The Missior Cree)l Indian Reservation cormprises Tour sections
in the foothillc on the castern side of the San Bernardiro Mountains
fa Riverside County, Calif., (fig. 1). Thc nearest populaticn
centsrs exre Pels Springs, 15 miles scutheast, and Desert Eot Springs,
€ miles southeast.

Access to the arce 1s provided by U.S. Highwoys 60, 70, and 99
end e ctate route, the Twentynine Palms Highway. An unpaved road
leads to the reservolion from the Twentynine Palms Highway.

The topcgraphy of the arec is rough, and the gltitudes of scme
hills exceed 2,000 feeit obove cea level. The principal drainage
feature is Mission Creel, an intermittent stream which flows in a
cenyon cxtendlanz throusk the rescrvaticn.

The climate of the ares is arid. Precipitation records are
not avallable for the reservetion, but it is estimated that the
ragdon receivec cnly slightls mere than € dnches of rain per year.
Becausc this orcz lies within the rair shodov of the San Bernardino
Mountains, it receives less precipitation than regions of equal

altitude on the western flank of the mounteins.
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At the time of this investigation, the reservation was not
inhabited nor was any of the land under cultivetion. In the early
history of the reservation, water was diverted from Mission Creek
et a point near the upstream end of the reservetion and delivered
by a buried pipeline to the a2lluviated areas vhere 1t was used for
irrigation and domestic purposes. As runoff decreased during drought
years, surface water in Mission Creek became inadequate to meet the
needs. The pipeline has been abandoned, and during the autumn of
1963 there was no surface flow at the diversion point. The reser-
vation is now in & state of complete inactivity duve to the lack of

a dependable water supply.

11



Vell=lmbering fystenm

Tr¢ well=numbering system used in the report arca has been used

by the Ceologicel Survey ir California since 1340. It has been
adoptec by the California Dcpertment of Water Reosources and by the
Celifornia Water Pollution Cuutrol Board for use throughout the state.
1c1lls are assigned nuwsbers according to their location in the
rectangular system for the subdivision of public land. TFor example,
in the number 28/4E-16D3 the part of the number preceding the slash (/)
indicates the township (T. 2 S.) and the number following the slash
indicates the range (R. 4 E.), San Bernardino base and meridian; the
number following the hyphen (-) indicates the section (sec. 18); the
letter following the section number indicates the 40O-sere subdivision

of the section as shown below.

VWithin the WO-acre subdivision, the wells are numbered serially
as indicated by the finel digit. Taus, well £S/4E-18D3 is the third
well to be listed in the NWiWi sec. 18. The letters S and E are
used to indicate that the well lies in the southeast quadrant of
the San Bernardino base and meridian.

12



Springs are numbered aceording to the same system as wells,
except that the letter s has been substituted for the final digit

in the number.

13



GEOLOGIC UNITS AND TEEIR WATER-BEARING PROPERTIES

Four gzeologlc units crop out at the Mission Creek Reservation
and are shown on figure 2. From oldest to youngest, they are the
(1) vasement complex, (2) Coachelle Fanglomerate of Vaughan (1922),
(3) Cavezon Fanglomerate of Vaughan (1922), and (4) alluvium. These
units are divided into two brosd categories: Consolidated rocks and
unconsolidated deposits. The consolidated rocks, except for minor
amounts in fractures, are not considered as sources of ground water.
Hovever, the coarser unconsolidated deposits--sand and gravel--are
generslly permeable and, where saturasted, .probably would yield water

to wells.

1k



Consolidated Rocks

- The Basement Complex

The basement complex coneists of undifferentiasted igneous and
metamorphic rocks of pre-Tertiary age. These rocks crop out along
the north edge of the reservation avnd underlie the younger formations
in the area. These rocks are not water bearing, except for small

guantities in fractures or deeply weathered zones (residuum).

15



The Coachella Farglomerete of Veughan (1922)

The Coachella Fanglomerate of Vaughan (1922), of Miccene age,
is & well-indurated formation composed of angular boulders, gravel,
sand, silt, and clay. The formation alsc contains a middle member
of dense, fractured baszlt and gypsiferous tuff.

The Comchella is distinguishea from the overlying Cabezon
Fanglomerate by its greater induration, gray color, and well-defired,
steeply dipping vedding plains.. The deposit is poorly pvermeadle, and
little water could be extracted. Some water might be obtained f£rom

the fractured masalt member where it lies within the zone of saturction
%



Unconsol ‘dated Deposits

b . o 0 e A e i e ey e S

The Celezon Fanglomerate of Vaughen (1922)

The Cabezoz Famglomercte of Vaoughan (1%22), of Pleistocene age,
waconformebly overlies the Coachella Fanglomerzie of Vaughan (1922)
oo is characterized by moderately indurstced deposiis of large,
rounded boulders, gravel, sand, silt, and clay.

The formation is light brown to red in colcr und appears to be
nassive when viewed ot close range. Viewed at a distance, bedding

formztion tcuds to dip slizhtly southward.

W

is =vident and th
The polential for developing the Crbencn as a source of ground

waTer 15 totter than 1L 1z for the underlyin~ Coachelle Fanglomerate.

Locz1ly, the Cavezon Fanglomerate, where suaturated, probably would

yizld a small smount of waber to wells.

7



The Alluviunm

~

The alluviur, of Recent ase, consists of unconsolidated, poorly

sorted boulders, gravel, sand, silt, and clay and ies confined
to the channel of Mission Creek and to the coalescing alluvial fans
developed by the small tributaries of Mission Creek.

The alluvium 1s estimated to range in thickness from O to 50
feet or more. The stream-channel deposits probably have sufficient
permeability to yleld moderate supplies of water to wells, provided
the thickness of saturated materials is adequate.

Locally, the alluvium is interbedded with or overlain by marsh
deposits (fig. 2) at sites in sec. 12, T. 2 S., R. 3 E., and in
sec. 35, T. 1 S., R. 3 E. These deposits are unconsolidated and
are composed mostly of sand, silt, and clay. Both sites afe
regions of high water table and support dense growths of phreatophytes--
plant; which obtain water from the zone of saturation or through the
capillary fringe. The marsh in section 12, which was explored by
the Morongo Corp., is known to contain thin deposits of peat. Both

marsh deposits probebly would yield a small amount of water to wells.

18



WATTE RESOURCES

Surface Water

Tae drought now velng experlenced ir southern California has
radically affected the Mission Creek Indian Reservation. Barly resi-
dents of the area recall Miseion Creek as & pereunial stream conteining

trcut. Today, the stream is dry and flows only after relatively long

perieds of precipitation or after local torrential storms. Even
thouzh the local storms, vhich ere cormon in the summer, may release
large amounts of water in the San Bernardino Mountains and produce
flash floods at lower altitudes, as indicaﬁed by the many large,
rounded boulders in the stream channel, the frequency and intensity
of flash floods are extremely variable and unpredictable. Because
the érecipitation and runoff are extremely variable, large amounts
of storage would be required to smooth out the effect of these
variations if surface reservoirs were used to store water supplies.
Also, due to the low humidity and high summer temperatures,
evaporation losses from surface-water reservoirs would be large.
Céﬁsequently, the feasibility of surface storage of water is not
considered in this study, but an attempt is made to identify natural
subsurface ~reas that might contain moderate to large quantities of
ground water in storage. Ground-water reservoirs are not subject
to large evaporation losses, and they may store sufficient water

to span prolonged drought periods when recharge from precipltation

is defiicient.

19



Ground Water

Cceurrence, Recharge, and Movemert

The two marsh areas, shown on figures 2 and 3, indicate the
presence of ground water at shallow depths. Because both marshes
are within the Mission Creek drainage, it is probable that ground
water at each locality is derived directly from the underflow of
Mission Creek. The presence of the marsh asreas can be explained by
geologic conditions--constrictions in the alluvium-filled channel
that probably force the underflow to the surface.

Downstream from the reservation at the T-Cross-K Ranch, there
are three water wells. Although the static water levels in these
wells are about 150 feet below land surface (Bader and Moyle, 1958,
p. 22), these data tend to support the probability that the upstream
channel deposits .contain ground water.

Recharge to the ground-water system is derived mzinly froﬁ
runoff from the upper reaches of Mission Creek. The runoff origi-
natés as preciplitation on the higher elevations of the San Bernardino
Mountains (fig. 1). Sporadié recharge in small amounts may occur
"directly by precipitation upon the slluvium in the lower Mission
Creek canyon or by runoff from local sumer thunderstorms.

To determine the occurrence and movement of ground water within
the reservation, it 15 necessary to have detailed knowledge of the
subsurface geology. lacking information from wells or drill holes,
interpretations must be inferred on the basis of surface geoclogy,

on the probable geologic history of the area, and on experience in

similar areas nesrby.

20



Based on the information now aveilable, two possibilities or
hypetheses regarding the movement of ground water are equally valid.
Onc hypothesis assumes that the movement of ground water is through
an alluviien -£illed ancestrel channel of Mission Creek which underlies
the marsh in section 12, the bottom of the alluvium beneath the marsh
being lover iu altitude than the bottom of the'alluvium in the present
curface-water chanuel. The other hyvothesis assumes that the move-
ment of ground water is through the slluvium-filled channel of Mission
Creek which underlies the main surface-water channel, the bottom of
the alluvium beneath lMNission Creek being lower in &ltitude than the
bottom of the alluvium beneath the marsh.’

WWithout test drllling one cannot determine which of these hypoth-
eses is true. If it can be determined by test wells along the line
of section A-A' (fig. 2) that the bottom of the alluvium beneath the
mersh is lower in altitude than the bottom of the alluvium beneath

Mission Creek, it caﬁ be estrhlished that the area beneath the marsh
probably was once occupied by the main channel of the creek, and the
Pirst hypothesis would be supported. If, on the other hand, the
allvvium beneath the present channel of Mission Creek extends to

greater depth, the second hypothesis would be supported.



The geologic sections (fic. 2) show both of the possible sub-
surface conditions. Cross sections A-A' and Aj-A, are identical,
except for interpretation as to the cubsurface location of the
ancestral channel of Mission Creek. Section A-A' shows the probable
conditions if the channel has beer cut in the Cfoachella Fanglomerate
of Vaughan (1922) and backfilled with alluvium in the area uﬁder-
lying the nmarsh in section 12 and only a thin deposit of alluvium
overlies the basement complex beneath the present channel of Mission
Creek. This cross section supports the interpretation shown on
section B'BI'B3'Bu’B" Section Al-A2 shows the probable conditions
if the deepest part of the alluvium-fillefl channel underlies the

rresent channel of Mission Creek. This cross section is the basis

Por the interpretation shown on section B—Bl-BQ-Bu~B'.

22
(22a follows)



Cross section B-Bl-B3-Bh—B' is coincident with the postulated
course of the channel underlying the marsh in section 12. The marsh
is between a prominent outcrop of volcanic rock and a hill of basement
complex, as shown on flgures 2 and 3. Below the land surface, this
constricted area probably forces the ground water to saturate all
the deposits in the narrow channel and rise to the surface, a
condition that supports the growth of phreatophytes. After the
water passes the constricted area, it probably moves downstream
at greater depths below the land surface.

Cross section B-Bl-BQ-Bh-B’ is coincident with the surface
channel of Mission Creek and shows the conditions which might
occur if the deepest channel has been cut into the basement complex
underlying the creek channel, west of the marsh in section 12.
Baseﬂént complex at this greater depth would not permit appreciable
ground -water movement through a shallow channel beneath the marsh.
The dense growth of phreatophytes in the marsh is an indication of
shallow ground water. The lack of phreatophytes in the surface
channel of the creek indicates that ground water does not occur

at shallow depth in this location.

22s



D:scharge

Or. the reservation, ground water is discharmed by springs,

evepotransviration, and wderflow in the slluvium.

o

Tvo flowing springs are shown on figuré 2. 3Both are poorly
developed and yield only smell amounts of water &s seepage from the
alluvium along the contact with the basement complex. A dry-spring
site at the southern end of the marsh in section 12 is shown on
figure 2. Reportedly, water from this spring was piped and used
during the construction of the Metropolitan Water District acueduct.

The combined loss of ground water d;e to evaporation from bare
soil plus weter transpired by plaents is termed "evapotranspiration.”
The locss of water by this process is dependent on the types and
density of vegetation, seasonal temperatures, hunddity, the texturé
of the soil, end the depth to the water table below land surface.

The marshes in sec. 12, T. 2 8., R. 3 E., and sec. 35, T. 1 S.,
R. 3-E., cover approximately 15 acres each, and both support dense
growths of phreatophytes. Willows dominete the mersh in section 12;
broad-leaved trees are the predominant form of vegetation tn the
marsh in section 35. The loss of ground water through evapotrans-
piration probably is high in both marshes. The quantity of water

consumed by willows was discussed by Young and Blaney (1942, p. 1hk):

23



"Willows usually grow where the roots extend
into the ground-water region, and they appear to
use the aprroximate equivalent of evaporation from
a free-water surface. Investigations with willows
are limited, anﬁ this relation may very for different

localities."

Off the reservation, ground water 1s discharged by pumping
wells at the T-Cross-X Ranch. Little is known about the actual
vield of these wells, and, at the time of this investigation, only

one domesti~ well was being used. An unknown gquanbtity of ground

water also presumably discharges out of the area &s underflow in

the elluvium-filled channel below the T-Cross-K Ranch.

24



Both of the marshes indicate discharge of ground water. However,
to develop a sustained supply of ground water it wlll be necessary to
dr?ll wells in en area vhere the alluvium is thickest end conteins
the maxinun anount of ground water in storage. Tae slluvium upstream from
the marsh in section 25 1s confined to & narrow chennel in the bese-
ment complex, probebly is less than 50 feet thick, and probably does
not contain a significant quantity of ground water in storage. There-
fore, 1t 1s not reccrmended for test drilling. However, a limited supply

of water for domestic use might be obtalned, from & well in this erea.

25
(25a follows)



0a the reservatiorn, the principal ground-water storage unit
comprises the alluvizl deposits between the San Ardreas Fault and
the mersh in section 12. Because data on the depth and extent of
the alluvium &and on the depth to weter are not aveilable, an estimate
of ground water inlstorage in this unit is based lergely on conjecture.
Assuming a ground-water reservoir sbout a mile long, 1,500 feet
wide (fig. 2), and extending downward about 25 feet from the water

table, the volume of saturated material is as follows:
vV = 5,280 x 1,500 x 25 = 108,000,000 £t°.

The amount of water that can be pumped from the saturated
material (specific yleld) may approximate 6 percent of the volume.

Thus, the quantity of extractable water, expressed in cubic feet is:

Q = 198,000,000 x 0.06 = 11,880,000 £

or, cxpressed in acre-ieet, is about:
11,880,000/43,560 = 270 acre-feet.

It nust be emphasized that this estimate is preliminery and is
subject to modification when data from test drilling are available.

However, the estimate probably is conservative.



Chemical Quality

Tr.ree samples of water were collected, 2 from springs arnd 1
from a domestic well (25/4E-18D3) at the T-cross-K Ranch, and the
resulits of the analyses are shown in table 1.

In all samples the concentrations of fluoride, sulfate, and
totel dissolved solids are above the maximum velues @llowed for drinking
water for use by interstate carriers &s defined by the U.S. Department
of Health, Educeation, and Welfere, Public Health Service (1962, p. T-8).
The upper limit for concentrations of fluoride is 1.0 ppm (parts per
mnillion) vwhere the annual averare daily air temperature ranges from
T70.7T9F to 77.2CF. The concertration of Fluoride was 1.5 ppm in the

vater from the well and 2.2 and 3.1 ppm in the water from the springs.

Sulfate concentrations were 29C ppm in water from the well and
390 and 462 ppm in water from the cprings. The maximum amount of
sulfate allowahle under U.S. Department of Health, Education, ard

Welfare standerds is 250 ppm.

Total dissolved solids range from 712 ppm in the water from the
1ell to 820 and G40 ppm in water from the springs, all of which
exceed the limit of 500 ppm &s defined by the Department of Health,
PAucetion, and Welfare, for use by interstate carriers. However,
water containing as rmch as 1,000 ppm of dissolved solids may be
used if better water is not available.

Arnalyses of three semples show hardness ranging from 452 to
468 ppm; water is classed as very hard if hardness is more than

10 ppm.

26



t way be sigprificant that the weter obtained from the well is
ol somevhat better quality than that from the springs. If water of
better quality is not aveileble from a production well on the
reservation, treatment might be desirable to improve the quality for
drinking. The vater appears to be sultable tor irrigation of most

crops.
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POTFNTTAL VATPR DRVFILOPENT

Te development of a dependsble water supply on the Mission
Creek Trdian Reservution depends upon recovering round water. The
construction of a well or wells in section 12 and the consequent
lovering of the weter table wovld salvege weter lost by evapotrans-

iration from the marsh, reduce the wuxerflow iIrom the area, and
meke it possible Tor the alluvium to receive additionsl recharge
from surface runoff during the winter months. The probability of
salvaging water now being lost through evapotranspiration is far
more important in the possible development of water than is the
possible salvage of some underflow. Because wells sre not recommended
for the area above the mersh in section 35, destruction cf the
phreatophytes in that section and in sec., 2, T, 2 S., R. 3 E., is the
most feasible way‘to salvage voter in that area. The water salvagéd
then would be available for rccharge to the downstream deposits o?
for use by incfeased discharge from springs.

" The yield from & properly constructed well in the vicinity of
the mrsh in section 12 might be about 100 gpm (gallons per miﬁute).
This estimate is based solely on field observatlons and the yields
of wells in other areas vwhere conditions are similar. A test-drilling
program should be cerried out to provide data on the geologlc and
hydrologic conditions controlling the occurrence and movement of

ground water.



PROPOSLD TEST-DRILLING PROGRAM

Due tb the iack of subsurface data, a modest drilling program
is required to determine the nature, thickhess, distribution, and
water-bearing characteristics of the subsurface materials.

A minimum of three test holes will be necessary. The proposed
program will entail about 225 feet of drilling. The order of
drilling should be as listed below at the sites shown on figure 2.

Site 1, et the upper end of the marsh in section 12;
depth about 100 feet.
Site 2, about 1,000 feet northwest of site 1; depth

t

about 100 feet.

Site 3, in the present channel of Mission Creek about

1,500 feet southwest of sitg 1l; depth about 25 feet.

The drilling, because large boulders probably will be encountered;
should be done by the.cable—tool method. Using the cable-tool method
also will allow adequate saumples of the materials penetrated to be
recovered for identification. Test pumping (or bailing) will be
required at sites 1 and 2 and probably at site 3. Drilling and
testing should be closely supervised so that the maximum amount

of information is collected during the drilling.
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