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Upper Coach&. Valley Area, Californii . 

By RICHARD J. PROCTCIRt 

ABSTRACT 
The Desert Hot Springs area i s  in the upper Coachella Valley at the juncture of 

three natural geomorph c provinces of California-the Transverse Ranges, the Penin- 
sular Ranges, and the Colorado Desert. The mapped area is  about 100 miles east of 
Los Angeles and lies pr ncipally in north central Riverside County. 

The oldest rocks in the area are Precambrian(?) amphibolitic and migmatized 
paragneisses of the Sar Gorgonio igneous-metamorphic (Chuckwalla) complex. They . 
are intruded by Cretac 9ous diorite porphyry, Cactus Granite, quartz monzonite, in- 
trusive breccia, and badic plutonic rocks. Of probable late Paleozoic age are the 
metamorphic rocks of the Son Jacinto Mountains which form spurs projecting into 
San Gorgonio Pass and Coachella Valley. 

middle to late Cenozoic formations crop out, mainly in the 
ino Mountains and in the lndio Hills. On the basis of this 
ved to represent only four distinct formations, with their 
as much as 10 miles of Recent sediments. They are the 

lit Mountain Formation (late Miocene (3)); the Painted 
Conglomerate, with interfingering Palm Spring Formation 
tocene); and the Cabezon Fanglomerate/Ocotillo Con- 

The fossiliferous marine Imperial Fomation (early Plio- 
ly separated localities, and its relationship to overlying 

foothills of the Son 
work, these rocks 

Hill FormationKane 

major basis for these correlations. 

The Mission Creek a Son Andreas (Banning) faults comprise the main tectonic 
fault shows Recent displacement of 1,100 feet vertically, 

for pre-Quaternary movements is  suggested where 
porphyry appear to have been intruded locally 

within 'the Son Andreas system change 
in the west of the mapped area, to near- 
of the lndio Hills has created 12 mappable 

subparallel to the San Andreas fault 
terrace-capped Whitewater Hill. 

features. The Mission 
and 800 .feet 

. 

Observations and col ected data indicate little possibility of finding petroleum in  
the area; mining and q arrying operations are small. The Mission Creek fault has a 
direct causal relationshi I to the hot mineral water localized at Desert Hot Springs. 

* A  condensation and partial r vision of a thesis submitted in partial fulhllment of the requirements for the 
d e r  of Master of-Artr in Geology, University of California. Lor Angeles, July 1958. Nanurcript 
su dttcd to the Divsion of hlmcs end Geology for t Geologist, p e  &Ietropoli!an % ate? District of Southern Cafifornia. 

*The coaventibn of rhowmg ese formanons In pairs joined by a slant is followed throughout this report 
to indicate their believed equivalence. 

ubHcation September 1958. t I 
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mobile. The Southern Pacific railroad, Interstate High 

14 and the Colorado River Aqueduct cross tht 
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while those on either side r 
winds blow in the evenings 
are especially strong in the 
part of the area, 

‘ Vegetation 

Previous geologic work 

without reconnaissance maps. Allen 
blee (1954) are the main contributo 
of the region as a whole. 

CoACHELw VU~EY AREA 11 

Photo 1. ‘Wind-rheared” vegetation. There remarkable pictures 
show the force of the wind in the pass area. The plants growing on the 
leeword sides of the boulders hove been randblasted to the exod 
shape of the scoured rocks that shelter them. There photos were taken 
atop Windy Potnt but these feoturer can just as well bo seen on the 
southern side of Garnet Hill, and to a lesser degree, on the western 
slope of Whltewoter Hill. 

one of the most complete and eloquent accounts of 
its physical features. 

Charles R. Orcutt (1890) discussed the Colorado 
Desert in general, emphasizing the vicinity of “Salton 
Dry Lake”, but included no geologic map. 

Welter C. Mendenhall (1909) studied the ground- 
water of the Indio region, and briefly described (p. 
11) the rocks a t  the north side of San Gorgonio Pass. 
No map was included. 

Francis E. Vau han (1922) ma ped 1,200 square 

tains and bordering rugged desert terrain, in 1915, 
1916, and 1917. 

John S. Brown (1923) briefly explained the geology 
of the Colorado Desert re ion, and included recon- 

Vaughan’s work. 

miles of the centra B and eastern San 5 emardino Moun- 

naissance geologic map, a f apted, in this area, from 
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ied the San Andreas 

Desert Not Springs quadran le (I955), the westem ‘ 
two-thirds of the 7%’ US. 8eological Survey Sewc 
Palms Valley quadrangle (19S8), and the southeastern 

art of the 15’ U.S. Geological Surve Morongo Val- 
Ey quadrangle (1955). Vertical aeria photographs of 
the entire area on a scale of I inch equals 2,000 feet, 
and several aerial photo raphs with a scaIe of 1 inch 
equals 1,667 feet, were a so used. 

AcRnowZedgizents, The writer wishes to acknowf- 
edge assistance from Professor John C. Crowell, De- 
partment of Geology, University of California, Los 
AngeIes and Cliffton H. Gray, Jr., of the California 
Division of Mines and Geology who made helpful 
observations and read this report critically; Tom W. 
Dibblee, Jr. of the U.S. Geological Survey, for dis- 
cussions and field mapping assistance in the Indio Hills 
and Morongo Valley, which is greatly appreciated; Pro- 
fessor Clarence R. Allen of the California Institute of 
Technology for discussions, seismic data, and compari- 
son of field data; George Guynes, then an undergradu- 
ate student at RedIands University, for discussion and 

otographs of the San Jacinto Mountains; and Elmer 
&idley and Paul Harris of the Texas Company who 
kindly provided information from their oil well drilled 
in the Indio Hills in 1954. Thanks are also extended 
to Engineers Henry J. Mills and Tom J. Cain of the 
Alletropolitan Water District who indirectly made this 

ment as Inspector on aqueduct construction in t e 
report possible by giving the author summer emplo 

area. 
DESCRIPTIVE GEOLOGY 

The oldest rocks in the area are the Precambrian 
(?) San Gorgonio gneisses. These rocks and the Early 
Cretaceous (?) igneous rock masses intruded into 
them, are collectively termed the Chuckwalla complex. 

Schists, nejsses, and recrystallized limestone rocks, 
probably ate Paleozoic in age, compose the meta- 
morphic rocks of the San Jacinto Mountains. 

AI1 umetamorphosed sedimentary rocks are late 
Cenozoic in age, ranging from Late iMiocene fanglom- 
erate and basalts to Recent alluvium and sand accumu- 
lations. Only the lower Pliocene Imperial Formation 
is marine; it affords the best clues to the ages of the 
unconformably underlying CoachelJa/Split Mountain 
Forniation, and the conformably overlying Palm 
Spring and Canebrake/Painted Hill Formations. Un- 
conformably above these last-named rock units are the 
upper Pleistocene Cabezon Fanglomerate/Ocotillo 
Conglomerate. Figure 2 summarizes the nomenclature 
and correlation of Cenozoic sedimentary rocks in the 
Coachella Valley. 

San Gorgonio igneous-metamorphic complex 
(Precambrian?) 

Gneiss 

The term “San Gorgonio igneous-metamorphic 
complex” was introduced by Allen (1957, p. 3 18-3 19) 
to include the heterogeneous assemblage of gneisses 
“of intermediate to basic composition that hare been 
intimately intruded by, and in large pan reconstituted 
by, p!utonic rocks of quartz monzomtic composition.” 
The intrusive rocks are dikes, pegmatites, small stocks, 
arid lit-par-lit injections. This complex was first 
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Upper 
Pte istoce ne 

Lower 
Pleistocene 

Upper 
PI iocene 

Middle 
PI iocene 

Lower 

Pl iocene 

Upper 
Miocene 

(AI len, 1957) 

Cabezon Fangl.~ 

of Whitewater 
River 

Son Timoteo (?I 

4 0 0  O 

Painted Hill Fm. 

O 0 0  

0 0 0  0 

o o  

0 
0 

Imper ial  Fm. 1 --I 
Coachella Fangl. 

Lower Coachel l a  
Upper Coachella & Imperial 

Va l l ey  Vo I leys . 
(This report) (DibbleeJ954) 

Cabezon Fongl. 
&/or 

Ocotillo CongI. 

---- 
Split Mtn. Fm. 

Eagle, Chuckwalla, Mule, 
tending 120 miles to the e 

These rocks are expos 
the present map in the San Ber 
Bernardino Mountains, which a 
for purposes of this paper by 
fault. 

Lithology. The gneiss typic 
blende quartz andesine-labradori 
locally containing small propor 
microcline, and sericite a1 
locally stains the gneiss 
saussuritization of the 
net, and magnetite are 
whole, correspond to 

i 

Figure 2. Correlation chart and nomen- 
clature of Cenozofc rocks of the Coachella 
Valley region. lnterfingerlng of Canebrake 
Conglomerate from mountains surrounding 
basin shown diagrammaticolly, with inferred 
proleetion into San Gorgonio Pass. Equiva- 
lent rock units indicated by use of "and/or." 
OnIy the Imperial Formation i s  marine. 

including the greenschist, albite-e idote-amphibolite, 
and the lower grade amphibolite P acies of Williams, 
Turner, and Gilbert (1955, p. 172). The deliberately 

Photo 2. Typical exposure of Son Gorgonio gneiss. Thin crenulated 
layers of Intermediote to bask paragneirr composition, very rich in bio- 
tite. Numerous thin stringers of aplite concordantly cut the strata. 
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Cooche I la Fanglomerate ~ 

Red-brown well indurated 
conghnerate and sandstone; 
fcb= olivine basalt flows. 

Near shore marine, fossiliferous 

Spilt Mountain Formation 
(Not exposed on surface) 
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consists of almost pure pink to gray calcite rhombs, 
peppered with hooks of green and brown biotite 1 to  
4 mm in diameter. Soft, altered hedenbergite, subhedral 
dark green diopside, brown garnet, diopside, and some 
woIlastonite occur at the contacts with the gneiss, 
which is altered locally too. 

Thickness. The steeply dipping and rather uni- 
formly strikin foliation spanning several miles of the 

nal San Gorgonio/Chuckwalla sediments estimated by 
the writer to exceed 20,000 feet, 

Age a i d  correlation. The Baldwin Gneiss of Guil- 
IOU (1953, p. 6) in the San Bernardino Aiountains is 
similar in lithology and degree of metamorphism to 
the gneiss in this area, as well as in the injection of 
Cactus granitic rocks. Guillou (1963, p. 7) assigns an 
early Paleozoic‘ or Precambrian age to the Baldwin 
Gneiss, which is overlain by relatirely undisturbed pre- 
Carboniferous quartzites. . 

Inconclusive evidence oints to a Precambrian age 
for the San Gorgonio/ e huckn-alla complex in this 
area: the rocks are considerably more contorted than 
adjacent rocks; no paleontological evidence has been 
found by investigators throughout its 120 miles of 
exposures; none of the extensive marine limestone 
beds which are typical of many Paleozoic sections in 
southern California were found; and the oldest over- 
lying rocks are Paleozoic. 

Cactus Granite and quartz monzonite 

Granite and subordinate quartz monzonite both crot 
out in the mapped area. The name “Cactus granite 
introduced by Vaughan (1922, p. 365) and described 
in detail by Woodford and Harris (1928, p. 271-274), 
is retained for both rock types. Guillou (1953, p. 12) 
modified the name to Cactus Quartz Monzonite in the 
northeastern San Bernardino Mountains, where granite 
is subordinate to quartz monzonite. 

Lithology. Typical sam les of Cactus Granite from 
Little Morongo and Dry Aforongo Canyons consist of 
30-40 percent milky to yellowish orthoclase, some 
with a little myrmekitic texture; 1540 percent par- 
tially kaolinized albite-oli oclase (AnlO-An3,) ; 30 per- 
cent clear gray quartz, a1 f with undulatory extinction, 
and 2-10 percent green or black biotite. Hornblende 
is not common. Accessory minerals are sphene, zircon, 
and magnetite, together with some secondary chlorite, 
kaolinite, and brown iron oxide. Most hand specimens 
can be crumbled easily in the fingers, and outcrops . 
contain abundant residual arkosic gravels. Sutured 
contacts between grains of constituent minerals are 
common. Grains average 2 mm in diameter and are 
hypautomorphic equigranular, but 3 few larger pheno- 
crysts of orthoclase give some exposures a porphyritic 
appearance. 

The outcrop of quartz monzonite east of Long 
Canyon appears quite different from the Cactus Gran- 
ite just mentioned. It is a dense rock with no sutured 
grain boundaries; grain size averages only 1 mm; and 
the orthoclase is pink. Nevertheless, the rock is con- 
sidered to be a facies of the Cactus Granite inasmuch 
as Guillou (1953, p. 12) has reported that unit ranges 
from granite through diorite in composition. 

eastern part o fg the area indicates a thickness of origi- 
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fine-grained aplite, 

Interbedded mica schis 
and granite gneisses occur 
and tilted strata surround 
tain .block. The rocks n 

These rocks m 

ations of these pre- 
vious investigators. 

Mountains. Granite pegmatite and aplite dikes remiconcordantly cutting 
mica schtt (dark rocks). Thicker beds of recrystallized limestone a t  left. 
Strata here dip IS" to the northeort; the striker of the Son Jacinto 
metamorphic rocks in the area are uniformly northwest. (Height of 
foreground about 8 feet.) 

beds are pure calcite and large enough to be of eco- 
nomic importance (see section on economic geoIogy), 
but more commonly they are granitized and silicified, 
and include grains of quartz, epidote, garnet, and bio- 
tite, as well as small granitic schlieren and angular 
xenoliths. 

In some joints and caves, redeposited calcium car- 
bonate has formed smooth surfaces. A few solution 
caves exist. Solution and running mater have formed 
a canyon 300 feet long, 20 feet wide, and 30 feet deep 
in a former joint in the marble, south of Windy 
Point. Most joints in this area strike about N. SO" W., 
and dip 50' to 80' north, almost perpendicular to the 
bedding. 

The granitic gneiss apparently was originally in- 
jected into the schists and limestones as sills and semi- 
concordant dikes prior to dynamothermal metamor- 
phism. These sills and dikes were cut in- turn by 
another pre-metamorphic dike complex, and by dikes 
associated with thc Cretaceous batholithic intrusion. 
The dominant rock type is a biotite-rich meta-diorite 
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canyon south of Mission Creek, was estimate i 
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d forms a 
erates the 4,600 feet. 
try rock 

1 

I 
A series of basalt Aows as much as 

occurs 850 feet above the base of the unit. 
also lie upon gneiss in AIission Creek Canyon 
overlain in places by Cabezon Fanglomerate 
Pleistocene). These A o m ,  in part ff ow-brec 

labradorite. The flows are commonly weathere ]a, chiefly aphanitic olivine basalt, with minute 

integrated, and stained a characterisuc reddish 4 
By their nature, fangiomerates must be de$! 

near the base of a mountain mass. The over-steel 
2Oo-4O0 easterly dip of the Coachella Fangloni 
strata, and currently actit-e faults at  the base o 
San Bernardino hlountains, indicate that they 1 
rising while the fanglomerate was being deposited, 
have since continued to rise. 

Age mid correlmion. Although no fossiIs hare 1 
found, the fact that the Coachella Fanglomerate‘ 
unconformably beneath the lower Pliocene Imp( 
Formation (srructure section B-B’), means it is at Ii, 

lower Pliocene. A Miocene or older age seems liki 
to allow enough time for the sediments to accumu1kt 

The Split Mountain Formation, named by Tar 
(1944, p. 1781) and described by Dibblee (19jqh 
22, 23), is not exposed in this area but is encounter, 

Here, the core of The Texas Company “Edom” w 
bottomed (total depth 7,468 feet) in a fossil-barr- 
red-brown conglomeratic sandstone identified by con, 

any geologists as Split Mountain Formation, 2,07) 
feet beneath the Pliocene marine ImDerial Formatioa 

east 
cks 

bb I 

ar 

at depth in the India Hills (structure settion E-Ee 

i tement* and 
he writer the meta- 
an Jacinto to be 

I Although outcrops of the Coachha Fanglomerat 
are separated from those of the Split Mountain For 
mation west of the Salton Sea by many miles o 
alluvium, both were deposited as fanglomerate in th 
same extended trough of the present Colorado Desert. 
Also, both are associated with volcanic flows-the 
Alrerson basic andesite, 400 to 700 feet thick. overlies 
the Split Mountain Formation-which were laid both 
on “basement” rocks and on fangIomerate. Tom Dib- 
blee also (personal communication, 1957) believes that 
they may be correlative. 

That the Mecca Formation, essentially a fanglom- 
erate that grades into sandstone, may also be corre- 
Iative with the Split Mountain Formation is suggested 
by Dibblee (1951, p. 24). 

The conclusion here submitted is that the Coachella 
Fanglomerate and Split Mountain Formation are cor- 
relative in that they were (1) created by similar prove- 
nance-sediments a t  the base of low mountains enclos- 
ing a trough; (2) similar associated (Aliocene?) 
volcanic activity; (3) similar lithology-nonmarine 
“basement” debris with sandstones; (4) siniilnr age- 
probably late hfiocene; ( 5 )  similar position in the 
stratigraphic column-they arc the oldest late Tertiary 
nonmarinc sedimcnts bordering thc Colorado Desert, 
and both arc overlain by the Imperial Formation, 

It is best that the existing nomenclature should be 
retained, in that these arms are widely separated in 
the trough and deposition was nor uniform through- 
out, giving rise to local names. Also, newer evidence 
may tend to discredit such a broad correlation. * \  
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ridge. Elsewhere it is buried by a thick mantle of 
Ocotillo Conglomerate and shifting blowsand. The 
conformably overlying Palm Spring Formation and 
Canebrake Conglomerate apparently have been eroded 
away at this outcrop. The Imperial beds stand out in 
contrast to the surrounding debris by their yellowish- 
gray color, fissile claystone lithology, and abundant 
clusters of gypsum crystals several inches in diameter. 

Fresh exposures show ray-brown fissile claystone 

stained rubble of small friable chips. Siltstone and fine- 
grained sandstone crop out locally, and where ce- 
mented by secondary calcium carbonate, form resistant 
lamination planes and lenses. 

The data for structure section &E’ north of the 
San Andreas fault are extrapolated from surface evi- 
dence and data given the writer by The Texas Com- 
pany, from their “Edom” well drilled on the anticline 
south of the San Andreas fault. The Imperial section 
of 1,660 feet here is the thickest yet reported outside 
of the Imperial Valley. The tight folding near the 
“Edom” well is believed to extend into the incompe- 
tent Imperial beds, rather than exist ‘as superficial folds 
representing adjustments between the nvo major faults. 
Indeed, the whole Indio Hills represents a “large anti- 

. 

which weathers to a ye1 f: ow, iron oxide (jarosite ?) 

Fiiure 4. Sketch map showing the six Imp rial Formation (Pi) outcrops in the Coachella Valley. Dotted line represents possible subsurface extent 
of Imperial Formation, as may be encountered in cores. Lake Cahuilla shoreline dashed. Present maximum elevation of Imperial beds in Son Gorgonia 
Pass k 2500 feet above sea level, indicating hat much uplift since mid-Pliocene (San Gorgonio Pass exposures ofter Allen, 1957; lower Coachello 
VaDg exposures after Dibblee, 1954). : 
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Lacustrine facies of 
Ocotillo Conglomerate (2400) 

Lacustrine facies of 
Polm Spring Formation (7000) 

Conebroke Conglomerate (9000’1 
(fanglomerote facies of Palm Spring 
and. Imperio1 Formations) 

Imperlol Formation (3900‘1 
(shallqw tropical marine) 

Pre-Pliocene 7 fangloTerates, sandstones, 
and volcanics It 4600 I 

F b r ~  5. Generotired column of Lore Cen lakes in the Colorado Desert with maximum stratigraphic thicknesses. Data mainly from Dibbfce 
(19% but &a from Stearrrr (18791,- and 

A similar situation may have occurred at extinct 
Lake CahuilIa (also spelled Coahuila, and sometimes 
called Lake LeConte or Blake Sea), which completely 
evaporated only three to four hundred years ago. Its 
shoreline is still definable a t  elevations 30 to 58 feet 
above sea level in the Imperial Valley and southwest- 
em Coachella Valley; excellent photographs were 
taken by Mendenhall in 1909. This lake was formed 
with fresh water from the Colorado River just as the 
Salton Sea w a s  formed. The river then shifted its 
course back to the south, Ieavin the lake to disappear 

that “perhaps erosion by overflow from the lake re- 
duced the height of the [delta-] barrier.” This erosion 
could not have continued for long, or the Gulf of 
California would have entered and inundated the Im- 
perial ValIe to 2 point north of the town of Indio- 

Even more recent was the sudden formation of 
“Salton Lake” (Salton Sea) in June 1891 (Preston, 
1893, p. 389). caused by a breeching of natural levees 
on the lower Colorado River. This lake was 30 miles 
long and averaged 10 miles wide. Twelve years before 
the levee broke to form Salton Sea, A b .  Preston had 

e prophetically written (p. 392): “To avoid any such 
contingency it would require but little correction of 
the banks of the river”. 

Possibly the simpler mechanism of subsidence and 
marine inundation JS the preferred explanation for the 
environment of the Imperial Formation. If so, the 
thicknesses of fossil-barren siltstone in the formation 

ncur- 
e Im- 

through evaporation. Longwel k (1954, p. 53) states 

160 miles in r and! 
or the 

River in 1905, when the 
from an outlet in the Gulf 
Vaiiey depression, and 
sion existed in the 
river did shift, the 
water in a few 

its lowest 



c 
CALIFORNIA Drvrsrorr OF MINFS AND GEOLOGY. 7 

I 

I 
I 



SPRISGS-UPPER COACHELLA VALLEY AREA 

these river sediments wou 
of siltstone in the lower 

Stratigraphy of Pniltte 
south of structure section 
mation is 3,400 feet thick, 

nantly basalt derived 

23 

states (p. 328) they are “located on the basis of 
changes in dip along the unconformity”. 

Stratigraphy of Canebrake Conglomerate. This 
fanglomerate-conglomerate crops out in the north- 
westernmost can on of the Indio Hills. It interfingers 

Formation toward the east. . 
The Canebrake Conglomerate is rather obscurely 

bedded, massive, ill-sorted, and generally extremely 
well indurated into a “natural concrete” in which frac- 
turing breaks through rather than around the clasts. 
The conglomerate consists of grit, pebbles, cobbles, 
and occasionally boulders approaching 2 feet in diam- 
eter, set in a coarse sandy matrix of quartz, feldspar, 
and biotite grains. RIinor accessory minerals include 
pyroxene, garnet, epidote, sphene, and rutile. Matrices 
become silty and less indurated as one approaches a 
gradational contact with the Palm Spring sediments. 
The clasts show a high degree of roundness and 
sphericity7 and many are highly polished. Gneisses 
comprise 70 to SO percent of the clasts, the remainder 
arc quartz monzonite, biotite quartz diorite, and about 

‘ 5 percent basic andesite porphyries and olivine basalts. 
A few pegmatite clasts were observed, one containing 
an inch-long euhedron of black tourmaline. hTo cor- 
relation appears between size, roundness, and compo- 
sition, but schistose clasts weathered from metasedi- 
mentary gneiss form tabular clasts with rounded edges. 
The con lomerate as a whole is light tan, which makes 

Conglomerate. 
A source area to the west for the Canebrake sedi- 

ments is suggested by the fact that the nearest known 
source for its volcanic clasts is the Coachella basalt 
exposed 12 ‘/t miles northwest of the Indio Hills, in the 
foothills of the San Bernardino Rlountains. In addition, 
the great majority of clasts are well-rounded to sub- 
rounded, indicating they hare traveled several miles, 
at least. Because very little conglomerate was encoun- 
tered in the “Edom” oil well in the Palm Spring sec- 
tion, it seems probable that the Uanebrake Conglom- 
erate interfingers and lenses out across an east-west 
boundary also. 

Age and correlntion. The Painted Hill Formation, 
Palm Spring Formation and, elsewhere in the Colorado 
Desert, the Canebrake Conglomerate, all conforinably 
overlie the lower Pliocene Imperial Formation, and 
d l  are unconformably overlain by Quaternary fan- 
glomerate-Cabezon in the western Coachella Valley, 
Ocotillo in the east. The discovery by Frank ?V. Pope- 
noe in 1958 of Upper Blancan (lowermost Pleistocene) 
horse remains in the Palm Spring Formation in the 
Indio Hills indicates that the formation probably spans 
the time from mid-Pliocene through early Pleistocene. 
(Premolar 4, molars 1, 2 ,  3, fragments of cheek teeth, 
and one each radius and ulna were found by Popenoe, 
and identified by Dr. Theodore Downs of the Los 
Angeles County Museum 3s Eqzrzrs cf. Plesippzrs; the 
symphysis of the lower jaw, with tooth roots, of a giant 
camel was also found. but no genus could be affixed.) 
In the Indio Hills, the Palm Spring beds are vertical 
and cven overturned, probably as a result of later 
movement by the San Andreas fault. 

and grades latera Y l y  and vertically into the Palm Spring 

. 
it difficu ’i t to distinguish from the overlying Ocotillo 
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Quaternary System 
Cabezon fonglomerat till0 Conglomerate 

was named and de- 

a 30-fOOt thick lens of 
interbedded with the 

hitewater Hill, and ob- 

the north side of S3n 

Photo 5. Closeup of Cobezon Fonglomerafe exposed at Whitewater' 
Hill showing rude bedding of sandy and conglomeratic lenses. Boulders 
reach 19 feet in moximum diameter. 

I 

contain a significant amount of material derived from 
the San Jacinto block. 

However, ventifacts of siliceous, impure limestone 
are found on Garnet Hill and, to a lesser degree, on the \ 
western Indio Hills; in addition, most of the fanglom- 
erate clasts strewn over Garnet Hili are diorite and 
granodiorite, similar to rock types found in the San 
Jacinto Alountains. These occurrences suggest that 
drainage off the northern San Jacinto block has only 
rarely extended to the north, and has since late Terti- 
ary time dominantly drained eastward, as at  present. 

The size of the clasts in the Cabezon Fanglomerate 
ranges from large boulders to sand, but averages about 
6 inches, The largest boulder observed on Garnet Hill, 
resting on Imperial siltstone, measured 19 feet in mad- 
mum diameter. On Whitewater Hill, in Long Canyon, 
and in Dry Morongo Wash, clasts larger than 10 feet 
were found, all showing extreme desert varnish and 

olish. Most clasts in the fanglomerate are subrounded, 
gut on Garnet Hill they are generally angular; here, 
too, they are cemented with white caliche, evidently 
derived from the underlying Imperial Formation, in- 
stead of with common clay and silica as in other 
exposures. 
In White House Canyon, the fanglomerate grades 

upward from sandy, pebble-cobble conglomerate into 
a coarse bouldery conglompte. Near the mouth of 
the canyon, these members are separated by a local 
angular unconformitv in conjunction with a normal 
fault, although the cfast size and degree of induration 
above and below the unconformity are identical. 

In Big Morongo Canyon, at the neiss-fanglomerate 
contact on the Morongo reverse auk, the conglom- erate is indurated to a reddish brown B natural concrete. 



I ~~ 

25 

to a few feet thick with large boulders standing out 
above the gravel and sand of the matrix. Most smaller 
fragments are subangular and resemble alhvium, es- 
cept that alluvium is ererywhere pale gray-brown. The 
large boulders, the last vestige of once-estensive terrace 
deposits, arc generally well rounded and polished, 
owing mainly to mechanical weathering caused by 
strong desert winds and esaemes in temperature. In 
most places, terrace deposits weather to form a bright 
orange colored soil. 

On Whitewater Hill, the. terrace deposits are being 
slowly eroded off the Cabezon Fanglomerate on the 
north slope. Allen (1957, p. 341) observed these ter- 
race deposits as a “senll’-concordant capping of weath- 
ered material”, but he included it with the Cabezon 
Fanglomerate. 

In Little ’114orongo and Long Canyons, patches of 
terrace deposits are perched 20 to 100 feet above the 
present stream channels and contain occasional boul- 
ders as much as 10 feet in diameter. It is not possible 
to discern if these patches are the last remains of 
Cabezon Fanglomerate or are later stream deposits. 

In Dry Alorongo Canyon (Xlorongo V?Iley Can- 
yon) on a steep slope nest to Twentynine Palms 
Highway, a peculiar patch of well indurated, silica- 
cemented conglomerate 80 feet long, 20 feet wide, and 
4 feet thick, is precariously attached to the underlying 
gneiss with a flat, uniform depositional contact that 
dips 47” southward with the slope of the mountain. 
Clasts average 2 inches in diameter and are estremely 
well rounded and polished. The silica cement may 
have been spring deposited; no similar deposits were 
found in the area. 

Alluvium 

The contact between alluvium and superficial sand 
deposits in some places is sharp, as around the San 
Jacinto Mountain spurs, but more commonly it is a 
gradational boundary. It is certainly a shifting bound- 
ary, due to fluctuations in intensity and direction of 
the winds, which distribute the superficial materials. 
Towards the valley from the washes and arroyos- 
which rend to be sandy in their lower reaches-the 
alluvium is more compact and has a marked increase 
of silt, which eventually weathers to form a desert 
soil. 

The alluvium in Dry, Big, and Little Morongo Can- 
yons extends through the Little San Bernardino XIoun- 
tains and is derived mainly from the high, east flank 
of the San Bernardino Mountains where precipitation 
is relatively high. This is substantiated by the occur- 
rence in the alluvium of the u permost Coachella 
Valley of pebbles of crystalline hes tone  that must 
have come from the Furnace Limestone, now being 
eroded by the headwaters of Little itforongo and AIis- 
sion Creeks 15 miles northwest of here (Vaughan, 
1922, p. 355). 

Superficial Sand 
Wind-blown sand is very common in the Coachella 

Valley; three main typcs of occurrences are marked 
on the geologic map: (1) Where sand settles on the 
lec\vard side of hills and ridges, as at Windy Point in 
the San Jacinto Mountains, irregular patches on Garnet 

This induration wa 
heating along the fault. 

Clasts of Cactus 
most of the Cab 

Age mil correlation. The 

Allen (1957, p. 330) belie\ 
erate is correlatire with the 

because the San Timoteo 
top of the section and 
those in the Cabezon F 

valid to the author. 
Terrace deposits 



c 

26 

rs 



D
ESER

T or SPR
ISC

S-U
PPE

R
 

C
O

A
C

H
ELLA

 
V

A
L

L
E

Y
 

A
R

EA
 

. 196Sk 
c 

27 



i 

28 . CALIFORNIA DIVISION 

p front is windward (fac- 
n here is 400 feet obove the 
solution-erosion limestonu ioint 

commonly appears to 

OF MISE A.SD GEOLOGY 

of Indio. 
STRUCTURE 

Faults 
Regional selting 

The San Andreas fault is one of the most 
known structural features of the western 
States. It  is a through-going zone of weakness 
been traced from the Gulf of California in 
more than 700 miles to Point Arena. Me 
County, where it plunges into the Pacific Ocean. 
mographs constantly record small earthquakes a 
it, proving that it is an active fault; one major ea 

uake centered near Desert Not Springs in 
Iescribed below. The fault zone ranges in n-idt 
Recent scarps in allu\-ium a few inches acr 
bKanching and braiding faults representing a zo 
miles wide in central California, and some te 
miles wide in southern California. Major problem 
Jating to the San Andreas fault hare been disc 
by many geologists; conclusions hare been summ 
by Hill and Dlbblee (1953, p. 445): 

i 

(1) the Son Andrear is o deep fault zone of variable width 

was quite tikely pre-Tertiary, ond ls now’active; (3) it hor probo 
been characterized by right lateral displacements throughouf 

cantly different rocks; and (5) its cumulative displocemcnt of y1 

rock units i s  at  least tens of miles, and older rocks may have be 
! displaced a few hundred miles. 

risting of one or several nearly parallel faults; (2) i t s  

history; (4) it marks such an important contact that 
be crossed, except in Recent alluvium, without 

South of Cajon Pass, 40 to 60 miles northwest o 
the area described in this report, the San Andrea’ 
fault consists of several reat branches which alter; 
nately split and merge: t e San Jacinto fault on thtl 

on the northeast, are the limiting breaks beh-een 
which several major faults lie (fig. 8). 

The San Jacinto fault is seismologicdly one of the 
most active in the region; it also forms the most promi- 
nent fault tram southeastward into Mexico. Xoble 
(1932, p. 360) wrote “It is a t  present probably the 
most active fault in southern California. Within his- 
torical time it has been much more active than the 
San Andreas.” 

southwest, and the Alill a Creek and associated fauIo 

i 



0-6.5 \ 
Figure 8. Major faults of southern California showing epicenters of earthquakes 5.9 or areater (Richter scale) that have occurred within 

past 50 years. Four additional earthquakes of lesser magnitude In the region around Desert Hof Springs ore shown. Data modified from Richter, 
Allen, and Nordquist, 1958. 
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Photo 8. Rift of San Andrear (Banning) fadlt looking west across foothills of Son Bemardino Mountains. Whitewater Hill at left shorn darker 

traced in the alluvium. 

Mission Creek fault 

believed to be the most active tectonic feature in the 
ma area because of its Recent topographic expression, 

quakes. Previous locations of the Mission Creek fault 
an B seismological data that relate it to recent earth- 

The location and sense of movement of the Mission 
Creek fault, like others in this region, is also known 
from such indirect evidence as gravimetric survey 
results, water well depths to water table (see below), 
seismic dat? (see below), and movement measurements 
from precise triangulation surreys of the U.S. Coast 
and Geodetic Survey (Whitten, 1955). 

The fault planes of the iMission Creek fault and its 
branches steepen from west to east: a t  the western 
edge of the map, on a ridge 2 '/r miles west of Twenty- 
nine Palms hi hway, the main fault plane dips 62' 

Morongo Canyon a branch fault dips 80' northerly; 
and at White House Canyon a minor branch fault 
dips 74' northerly. In the Indio Hills, the nearly 
straight trace of the Mission Creek fault indicates a 
near-vertical dip. The Mission Creek fault trace strikes 
east-west a t  the western edge of the area, S. 45' E. 
a t  Desert Hot Springs, and S. 55' E. in the Indio Hills 
at the east margin of the map area. 

northward (A f len, 1957, P1. 1); at the mouth of Big 
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fault in Recent time based on disturbance of late Pleistocene fanglomerote 
since Pleistocene. @ 1100 feet vertical, Recent. @ 500 feet vertical, Recent. .@ 110 

hills of the Little San Bernardino Mountains 1 '/z miles 
east of the mapped area, in East Wide Canyon, di- 
rectly below the Colorado River Aqueduct. No scarp 
or other surface evidence of the quake was found the 
following day, except local talus-slides. 

This earthquake has been exceeded in magnitude 
by only three others in southern California within the 
past 50 years; it would certainly have caused consider- 
able damage had it occurred in a metropolitan area, 
rather than a sparse1 settled region of the desert. 
Aftershocks continue i for a t  least 10 years. 

Within 8 hours after the main shock, three port- 
able seismographs were operatin within an 8-mile 
radius of the epicenter, enabling t a e aftershocks to be 
plotted with unusual accuracy. 

The 72 aftershock epicenters "are concentrated in 
a zone 18 km lon arallel to the Mission Creek fault 

is markedly concentrated toward the two ends of this 
line. Location of the main shock suggests that frac- 
turing started near the southeast end and progressed 
northward'' (p. 3 15). The wes.ternmost epicenter was 
about 1 mile west of Long Canyon. "Although this 
offset might be used as an argument against the associ- 
ation of these earth uakes with the Mission Creek 
fault, a more reasona B le hypothesis is that the fault 
plane dips north and thus effectively displaced the 
epicenters from the surface trace. Assuming 3 hypo- 

trace . . . but 5 f P  -m nortk of it. Aftershock activity 
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Little Son Bemardinor 
,Indio Hills 5 k m  4 .  I 

Surfme epplcenler 

evidence of movement of 

e mapped area to essen- 
movement in the east, 
ined movements in the . 

Marongo Valley fault 
ding fault on the south 
rein named the Morongo 
several branching faults: 
ek fault at its southwvest- 

ern terminus of the 
of Cabezon Fanglom- 
enveen two branches 

ness of several feet of light-green gouge in nei i 

i 
F the San Gorgonio igneous-metamorphic comp ex: \ 

the mountains have risen uniformly on either sic: 
this fault zone is indicated by their relatively 
plateau-like uplands. 

Just east of the low hills near Twentynine P 1 highway, the middle branch of the Morongo V4 
'i fault can be traced a short distance on the alIuv 

2nd the southern branch makes a groove on a thinl 
cover on the mountain slope east of the hills. Ar 
northern edge of the geologic map, the fault cuts1 
does not displace fanglomerate. The intermittent tr:! 
of this fault can be observed for at  least 6 miles no$ 
westward of the mapped area, along the northern h 
of the Little San Bernardino Mountains. 

* Displncemmt. Morongo Valley is interpreted d 
wedge-shaped graben bounded by faults on three si4 
-the south (Moron o Valley fault zone), west (D 
Morongo fault), an the north (of which there is i 
miles north of here the Pinto Mountain fault forms 1 
escarpment which can be traced intermittently ea2 
ward for 50 miles (fig. 8). Apparent relative vertic 
displacement on the Pinto Mountain fault in Morons 
and Yucca Valleys, northeast of the geologic ma; 
supports the graben hypothesis for Alorongo Valle; 
However, much more work remains to be done 3 

I this critical area. 

I 

direct evidence except B the mountain front itself). T r  

Three lines of evidence indicate that the Aloronp i 
Valle 
latera fault in the area: 

fault is left lateral; it may be the ony lert 
Y \ 

(1) Parts of a hill at the southwestern end of Morongo Valley ap 
pear to be offset left Iateroffy by the Morongo Valley fault anc 
its branches; (2) Dry Morongo Creek appears to be k f t  toterall) 
offset along the foult in Morongo valley: Brown (in Thompson, 1929, 
p. 640) mentioned this "sharp bend of Dry Morongo Creek." (01 
course, the stream may have preferred this course rcgordlasr of, 
faulting, or even may have been a later development and followed 
the zone of weakness by headword erosion.) (3) The junction (etc.) 
of the Marongo Valley and Miss Creek foultr closely resembles the 
iunction of the left4aferal Garlock and right-lateral Son Andraar 
faults 100 miles to the northwest; both /unctions coincide wifh 
moior changes in trend of the Son Andreor fault zone. Hill and 
Dibbfee (1953, p. 4113) first made such o comparison with the 
'Worrcn's Well" (Pinto Mountain)-Mission Creek faults junction. 

Morongo reverse fault 

and ending in Little Morongo Canyon 3 miles east- 
ward is the very conspicuous Morongo reverse fault. 
In the west it disappears under the unbroken Cabezon 

rongo and Dry Alorongo Canyons. Here the fault 1 
plane's dip of 39' to the north is the shallo~est re- \ 
corded. As does the lllission Creek fault, the AIorongo R 
reverse fault dips progressively more steeply towards , 
the east, first abruptly, then gradualIy; in Little 310- j 
rongo Canyon, where the fault trace disappears, the : 
dip is 68' to the north. The fault forms a conspicuous 
scarp between gneiss and sediments, with little or no 
crushing escept for an indistinct crushed greenish zone 
within the gneiss. In White House Canyon, the gneiss 
forms a 40-foot high scarp overriding the Gbezon 4 
Fanglomerate. 4 

The iMorongo reverse fault undoubtedly is associ- 
ated with the Mission Creek fault zone, and they prob- 

Beginning in Big Morongo Canyon (type locality) I 

Fanglomerate on top of the ridge between Big Mo- 1 1 

3 2 
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movement 

South Pass fault 

P a s  even though struc 
be similar. 

what crushed rock rubble was found in the higher, 
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more northerly parts of the zone; the southern por- 
tion is widened by erosion, filled in by alluvium, and 
covered by undisturbed terrace gravels. Apparently it 
was once an important fault, wbch was disrupted and 
rendered inactive by Recent mountain uplift along 
other faults. 

Long Cuizyoiz fault. A conjectural, buried, north- 
trending fault is shown in Lon Canyon to ex lain 
the termination of the three fau f ts seen north o P the 
Aqueduct that cannot be traced across the canyon. 
The linearity of Long Canyon and the abrupt differ- 
ence in relief along a relatively straight line farther 
south, are further indirect evidence for such a fault. 

1 

I Folds 
The sedimentary rocks in the Indio Hills have been 

tightly folded between branches of the San Andreas 
fault zone, reflecting north-south shortening. Twelve 
northwest-trending subparallel folds occur within 4 
square miles. Deformation appears to have been most 
intense during pre-Ocotillo Pleistocene time: the un- 
derlying Pliocene rocks everywhere dip more steeply 
than the Ocotillo beds, and in the northern Indio Hills, 
where it i s  much less deformed than in the south, the 
Ocotillo Conglomerate overlaps the Canebrake and 
Palm Spring Formations with an angular discordance 
of as much as 80'. 

Whitewater Hill is a doniical anticline or parma 
resulting from Recent warping. The undulate Cabezon 
surface, plus the superimposition of a radial draina e 
pattern on the terrace gravels on Whitewater Hill in8- 
cate that deformation is still continuing. 

GEOMORPHOLOGY 
The upper part of the Coachella Valley is rimmed 

by three mountain ranges, which forni a crescent- 
shaped borderland opening southeastward to the Salton 
trou h. These mountains have effectively walled in the 

by San Gor onio Pass. On the northeast are the Little 

sected range, their core laid bare as a rugged Pre- 
cambrian (?) terrain. The crest of the range is rather 
uniform, but tilted on a grand scale so that the sum- 
mit, which is about 3,000 feet elevation in the mapped 
area, gradually steepens to a somewhat uniform ele- 
vation of over 5,000 feet in the area north of Indio, 
some 30 miles southeast. The flat upland plateau in 
the tvesternmost Little San Bernardino Mountains is a 
result of uniform uplift of the mountains between the 
Allission Creek and Alorongo Valley faults. 

At the western edge of the area, the foothills of the 
San Bcrnardino AIountains consist mainl'y of dissected 
old alluvial fanglomerates of four ages, dating from 
Miocene to Recent. Recent intermittent streams are 
eroding the walls of the uplifted older fins and re- 
depositing the debris onto tile valley Aoor to form a 
gently sloping piedmont. Farther west the conspicu- 
ous San Gorgonio Peak (elevation 11,502 feet) looms 
above the horizon. 

On the southwest are the bold, jaggcd, 10,000-foot 
San Jacinto Mountains, of which only a few spurs jut 
into the mapped area. it appears that the north face 

nort a ern desert except for the prominent gap occupied 

San Bernar c f  ino Mountains, a thoroughly stream-dis- 
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Photo 10. The windward side of a diorite boulder atop the ridge 
of Windy Point. Note the deep intricate grooves sculptured by sand- 
laden wind. Where quartz grains are present, upon close inspection, 
they stand out sharply above the softer feldspars. 

Dry Morongo, Big Morongo, and Little Morongo 
Creeks flow across the 2-mile width rather than down 
the 7-mile length of Morongo Valley, and then cut 
directly through the Little San Bernardino Mountains. 
This presents an interesting geomorphic problem: were 
the streams antecedent to uplift, or did headward ero- 
sion-cutting south from Moron o Valley and north 
from Coachella Valley-entrenc! them through the 
range? The answer is probably a combination of the 
two. The major uplift (probably in late Pleistocene 
time) could not have been more rapid than the rate 
at  which the creeks were cutting their can ons, or a 
lake would have formed in Moron o Valey Y which 
would have overflowed the low divi f e a t  its southwest 
end. 

There is no evidence for an ancestral stream drain- 
ing Morongo Valley to the southwest. Headward ero- 
sion of the southwest end of Morongo Valley, from 
either south or north, cannot be considered important, 
at least a t  present, owing to the scant 4-inch annual 
rainfall in that area. The volume of water needed 
to excavate Dry Morongo, Big Morongo, and Little 
Morongo Creeks was probably suppkd from the 
northwest during Pleistocene time, when glacier-pro- 
ducing climates l caused torrential runoff from the east 
slopes of the San Bernardino Alountains (fig. 8). The 
'The mrthrertemmost glaciers in the United States were on San Corgonio 

Peak <Sharp, Allen, Meier, 1959). 
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Name of conrpany 
T. R. Sec. undwell 
2S 3E 25 Painted Hills Oil Assn.; 

3s IE 35 TheTexas 0.; "Edom" 
Stone 1 

the wells drilled 

scale. 

water stone varied between 2 
in Los Aiigeles in 1960. 

39 

Cactus Hill mine, a 20-foot adit; the other, a mile 
southwest, is called the Indian Copper mine, a SO-foot ' 
vertical shaft. Both mines were inactive in 1960. The 
Cactus mine tailings showed dark brown sphalerite, 
galena, and a trace of scheelite under ultraviolet light. 
Possible ore minerals include chalcocite, chalcopyrite, 
malachite, and azurite. The many contact metamorphic 
minerals at  the Cactus Hill mine were mentioned under 
the heading Xenolith breccia. 

Local residents re ort that a vein-quam gold mine 

in sec. 2, T. 3 S., R. 5 E. The mine was not located 
in the field, but an approsimate location is shown about 
one mile east of the mouth of Long Canyon. 

Many of the recrystallized limestone beds near 
Windy Point are relatively pure calcite and are of po- 
tential economic importance. However, strong oppo- 
sition has been expressed by the people of Palm Springs 
and vicinity against the establishment of a cement 
plant, because of fears that such a plant might cause 
smoke and dust. At least one potential operator aban- 
doned a proposal to establish a cement plant, the an- 
nounced reason being op osition. from residential 

roperty owners. A lens o P white limestone in West 
b ind  Canyon, 2 miles north of Desert Hot Springs, 
has been quarried recently for local use as roofinn 
granules. 

Aggregate 

called the Hager-Ka P e mine was worked prior to 1911 

I 

Two sand and ravel plants were operating in the 

just south of Garnet. An idle plant is located at  the 
town of Whitewater (see PI. 3). Desert Hot Springs 
Ready Mix operates a crushing, screening, and batch 

Iant in Little Morongo Canyon: the town of Desert 
b o t  Springs is pfactically the sole consumer of their 
aggregate, mainly in house and motel foundations, 
curbs, and sidewalks. 

From June 1957 to February 1958, the Gunther- 
Shirley-Lane Company (subcontractors for American 
Pipe and Construclion Company) su plied aggregate 
for concrete used In precast pipe an8 other appurte- 
nances for the hletropolitan Water District's aqueduct 
expansion in this area. This huge y t a b l e  plant was 
located southeast of the junction of wentynine Palms 
highway and the aqueduct conduit. Dry Morongo 
Wash w a s  the source for the aggregate. 

Mineral Water 

area% 1961. The B argest is the hlassey Company plant 

The main reason for the present existence of the 
town of Desert Hot Springs is the occurrence of nat- 
urally hot mineral water in a very localized area, struc- 
turally controlled by faults. 

According to Mr. William Tarbutton, who has 
drilled more than 100 wells in this area, the thermal 
waters occur in three known water-bearing strata or 
aquifers. These aquifers slope from the Mission Creek 
fault downward toward the mountains to the north, 
so that the depths to the upper aquifer vary consider: 
ably. The gap between the first and second aquifer, 
where present, is about SO feet, and between the sec- 
ond and third about 30 feet. The lowermost is gen- 
erally the most prolific aquifer, and yields the hottest 
water in almost a11 wells. The Lucky 7 well in Table 2 

I 
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a, it is almost impossible to  
which formation contains the 

than in wells only a 
the fault. Towards 
table also rises near 

ration in water for 

of Tables 1 and 2 for welb 
area with similar data from 
f the lower Coachella Val- 

partment, Desert Hot Springs County Water D lrr! 
Albert A. Webb Associates, Civil Engineers, and 
Tarbutton. The depths to water and temperatures 1 
given for the upper aquifer. All wells are Iocated 
T. 2 and 3 S., R. 5 E, S.B.M., with the 
of wells Cree and Herbold which are in T. 2 

As seen in figure 13, correlation between 
4 E. (see fig. 13). 

top of the upper aquifer and temperature is 
However, in a general sense, the Mission Creek 
zone is an abrupt barrier both to ground water 

! 

and to temperature variations on either side of 
zone. ~ 

Table 1. Analyses of Desert Hot Springs IVufer. 

"Typical" I-- 
C&*onr 

Silica (SiOr), _-____-. 20.7 
Magnesium (hlg), _ - _ 4.9 
Calcium (Ca)-- _ _ _ _ _ _  21.6 
Sodium (Na) -_-_.___ 2 3 . v o  
Potassium (IC)- _ _ _ _ _ _  _ _  

Aniont 
Carbonate (Cot), _ _ _  
Bicarbonate ( H a ) - . .  
Sulfate (SOJc________ 
Nitrate (Xa) _ _ _ _ _ _ _  
Chloride (Cl) _ _ _ _ _ _ _ _  
Fluoride (F) _ _ _ _ _ _ _ _ _  

- 
4.5 

39.6 
392.6 

4.6 
1 0 2 3  

Hardnrrr 
Calcium carbonate 

(CaCOA - - - _ _ - _ - _ _ 
Boron (B) -___-_-____ _ _  
Iron and aluminum 

(Fe,Al) __--_______ Trace 
Total dissolved solids: 

824 

- 

Well #I' 

-- 
2.9 

94.0 
42.3% 

0.00 

0 
15.1 

386 
0 . 0  
60 
0.8 

69.0 

27.0 

170 

0.00 

Ho!mes* 1 
47 

1 
54 

-- 
12 
15 
548 

185 
-- 

6.9 

-_ -- 
Trace 

-_ 
Hydrogen ion activity (pH) = 7.4 (we[! 81) 
Specificconductance (K X lff) at 25'Centigrade - 1182 micrornhos 

(well PI). 

I Sample taken from 92-foot depth i t  a temperature of 88' F. * Sample taken from 27@fcot depth at a temperature of 170' F. * Sulfate content geocrilly increaser with depth of rdl. 

Because the rainfall in the ma ped area is inadequate 

must be considered. The east Aank of the San Bernar- 
din0 Mountains, 8,000 feet high, is the origin of the 
surface runoff for Big Atorongo, Little Atorongo, and 
to a lesser extent, Dry Morongo Creeks, and is be- 
lieved to be the source of recharge for the ground 
water basins in the Desert Hot Springs vicinity. The 
streams flow, mainly underground, through the porous 
alluvium of Morongo Valley and the Little San Ber- 
nardino Mountains. The ground water in the alluvium 
is then dammed by the gouge-filled Mission Creek 
fault zone, creating an underground reservoir. Because 
the eastern San Bernardino Mountains are mainly a 
wildcrness area, there is little contamination by micro- 
scopic organisms; the only bacteriological countS 
made by the Riverside County Health Dcpartnient are 
of Escherichia coli. 

to maintain the high water tab P e, another source area 

I , 
I 
1 
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Table 2. Water Well Datu. 
CDepth and temperature readhgs on upper aquifer) 

I 
Location I 
sec; 30 

a 
I 

U 

a 
a 
a 
U 

U 

I 

see; 25 
sec. 20 
sec; 32 

a 
I 

a 
dt 
U 

a 
U 

a 
U 

U 

s e t  31 

see. 33 

se% 5 

sec. 6 
MC. 4 

sec 9 
sec. 3 

a 

S? 10 

see; 11 
a 
a 

U 

a 
e.'% 14 

a 

I I 

Date 
drilled 

1934 

1940-1954 
pre-1950 
pre-1950 
1952 
1957 
195 1 
1946 
1941 
1955 

1950 b: 1957 
1947 
1939 

* 1948 
19521 
1956 
19521 
19522 
1pK) 
1949 
1955 
1955 
1955 
1940 
1956 

1940 & 1954 
1910 
1948 
1955 
1954 

PW-190 

~ 

Depth to 
water 
(feet) 

154 
. 170 

157 
160 
140 
212 
149 
135 
127 
92 
90 
161 
132 
340% 
143 
76 
4 0 .  
150 
165 
90 
128 
95 
138 
54 
40 
161' 
220 
48 
294 
165 
136 
16 
23 
190 
76 
182 
168 
225 
164 
147 
80 
83 
75 
117 
110 
105 
170 
112 
265 
148 
220 

8 Water In sheared or iointed 
*Tern 
8 Mididd;;lwater strata: spring at surface /earby is the only surface water Occurrence in the area. 

* Hottest =at- re l l  in region. Middle aquifcr at 157-167 feet yieldr 188' F.; lower aquifer at 188-218 feet yields 2W F.; total depth 
6 Temperature at 210.foot depth is $ 2 9  1:. 

eirr. Tot I depth of well ir 487 feet. 
aturc is 176' F. at 2&&0t dcp h. 

Total depth ir 807 feet. de- well in area. 

218 fm. 

is the only surface water Occurrence in the area. 

188' F.; lower aquifer at 188-218 feet yields 2W F.; total depth -- - _-- .. 
6 Temperature at 210.foot depth is $ 2 9  e. 

Temperature 
OF. 

146 
118 

108-116 
125 
130 
120 
120 
77 
104 
88 
88 
82 
82 
80 
145 
142 
146 
134 
153 
122 
102 
156 
136 
150 
14W 
166 
88 
95 
95 
120 
112 
108 
108 
82 
95 
90 
80 
98 
94 
106 
165 

118 
106 
175 
175 
150 w 
103 
130 
134 

1 w  

of well is 331 feet but 

Ground 
elevation 

(feet) 

1200 
1210 
1195 
1210 
1200 
1260 
1240 
1160 
1180 
1096 
1098 
1195 
1150 
1430 
I190 
1135 
1065 
1220 
1240 
1115 
1125 
1135 
1170 
1070 
1055 
1010 
990 
1060 
1030 
1215 
1185 
960 
990 
960 
1070 
1115 
940 
1150 
lodo 
1M5 
980 
990 
945 
1030 
1010 
Io00 
1090 
1025 

.990  
1040 
1090 

no water beyond 

the east 
the 

eralized and is heatitd a t  depth, probably by  emanating 
gases and hydrothermal activity associated with the 
fault.zone; radioactivity is not believed to be a source 
of heat because no abnormal radioactivity has been 
detected in ground water in this area. (4) The ground 

water then mkmtes 1aterallY, principally into three 
permeable strata. 

by 
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