














































http:Chelaic.al


























































































































































intrusive Rocks

Granitic rocks are widely distributed, occurring in large

outcrop areas throughout the region. In ground-water unit SC-01

southwest of Blue Mountain, granite and quartz monzonite, are
of Tertiary and Mesozoic age and may post date major structural
deformation. In ground-water unit SC-02, granite, quartz
monzonite, and granodiorite are, in part, of Cretaceous and
Jurassic age. They commonly are fractured and sheared especially
in the eastern part of ground-water unit SC-02. An outcrop area
of about 8 km2 at the west end of the Little Maria Mountains is
Tertiary granite, and is tectonically undeformed and unfoliated.
Other granitic rocks in the Little Maria Mountains are of
Cretaceous age, and are fractured and sheared. Granite in the
Big Maria Mountains is extensively fractured and sheared. 1In
the Chuckwalla Mountains, southwestern part of ground-unit SC-02,
Cretaceous and especially Precambrian granite are extensively
sheared. In the Mule Mountains, the southern part of ground-
water uhit'SC—02, diorite, quartz diorite and granite, of
Precambrian age, are also extensively sheared and foliated.

In ground-water unit SC-03, granitic rocks in the Turtle
Mountains are of Jurassic and Cretaceous age, are part of a
métamorphic core complex, and are extensively sheared. The

Riverside Mountains consist of granodiorite and monzogranite of

Cretaceous and Jurassic age..
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The Needles metamorphic core complex in the northern
Sacramento Mountains, northern part of ground-water unit SC-03,
contains Precambrian foliated granitic and dioritic gneiss.
Along the boundary between ground-water units SC-03 and SC-04,
granitic sill-like bodies are mostly mylonitized and possibly
may be horizontal slices between detachment faults.

In the Iron Mountains, along the boundary between ground-
water units SC-03 and SC-05, granitic rocks of Cretaceous age
intrude older granite masses which are very strongly mylonitized.
In the 0ld Woman and Piute Mountains, along the boundary between
units SC-03 and SC-05, Cretaceous plutonic granitic rocks cut
thrust faults in older Precambrian gnéiss. The Cretaceous
granite is undeformed and unmetamorphosed. Stepladder pluton,

a granodiorite, crops out in the Stepladder Mountains along the
boundary between ground-water units SC-03 and SC-04. No
structural descriptions are available. In the Chemehuevi
Mountains in the northern part of ground-water unit SC-04,
Cretaceous granitic rocks that are part of a metamorphic core
complex are cut by detachment faults and locally mylonitized.

The ranges in the southern part of ground-water unit SC-05,
south of Bristol and Cadiz Lakes, contain mostly mylonitized
Cretaceous and Jurassic granitic rocks.

Ship Mountains in ground-water unit SC-05 consist of

granitic rocks of Jurassic age. No structural descriptions are

available.
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In the Marble Mountains in ground-water unit SC-05, Jurassic
granite intrudes foliated Precambrian granitic rocks. 1In the
Providence Mountains along the boundary between units SC-05 and
SC-06, Mesozoic granite is not described structurally.

In the Mid Hills along the boundary between grognd-water
units SC-05 and SC-06, and in the northern part of unit SC-06,
the drainage divide is formed by the Teutonia Quartz Monzonite of
Cretaceous age which generally displays only minor shearing
and mylonitization,

Other granitic stocks and plugs occur in the Sonoran region
of California that are not mentioned here. Available information
on them is summarized by Hills and Lopez (1984).

Tuffaceous Rocks

Ash-flow tuffs occur in ground-water units SC-01 and SC-02
in the Sonoran region of California. One unit, the ignimbrite
along Ferguson Wash, is widespread and becomes as thick as 350 m
in the southeast part of ground-water unit SC-01 near Picacho
Peak. This flow thins and extends northward to Three Finger
Lake. Ash flows on the border between ground-water units SC-01
and SC-02 in the Palo Verde Mountains also are very thin,
probably less than 50 m. The tuffs have been dated at 22 to 28
million years, contemporaneous with basin-and-range faulting.

Tuff units are summarized by Jenness and Lopez (1984).
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Heat Flow

Twenty-four heat-flow measurements are reported in the
Sonoran region of California (J. H. Sass, U.S. Geological
Survey, written commun., 1982). Fiﬁe heat-flow values exceed
2.5 HFU and occur on the west side of the region (fig. 4).

The maximum heat-flow value is 5.53 HFU. Sass places the entire
region in the 1.5 to 2.5 HFU interval.
Quaternary Faulting

In regional compilations, Nakata and others (1982) and
Jennings (1975) show Quaternary faults as sparsely distributed
and mostly confined to the periphery of the region (fig. 4).
Nakata and others (1982) have designated one fault segment
(east side of the region) as Holocene, as young as 10,000

years, and the others as late Quaternary.
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Figure 5.--View of part of the Cima volcanic field.
Cinder cones and flows are of late Miocene
to Holocene age. View looking north-northeast toward

Clark Mountain. Photograph by John S. Shelton, 1967
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GROUND-WATER HYDROLOGY
By
M. S. Bedinger, William H. Langer, and J. E. Reed,

U.S. Geological Survey

The Sonoran region of California is arid, with annual
precipitation varying from less than 80 mm to as great as 250 mm
in one mountain range. Free-surface evaporation ranges from
1,750 mm/yr to more than 2,540 mm/yr. Average annual precipitation
is less than 80 mm in the basin parts of ground-water units SC-01,
SC-02, SC-03, and SC-05. Annual average precipitation is as
great as 250 mm in the Turtle Mountains between ground-water
units SC-03 and SC-04, and 200 mm in the Mid Hills in the
northern part of ground-water unit SC-05. The region includes
topographically closed basins (ground-water units SC-05 and SC-
06) and basins from which ground water drains to the Colorado
River (ground-water units SC-01, SC-02, SC-03, and SC-04).

Major Hydrogeologic Units

Basin f£ill, including alluvial material of stream valleys,
occurs largely in structural basins and is as great as 1,500
m thick. Thickest sections commonly underlie Pleistocene
lake areas or are adjacent to the Colorado River. Basin fill crops

out throughout more than 50 percent of the area.
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The basin fill consists of non-indurated to indurated
sedimentary terrestrial deposits consisting largely of poorly- to
moderately-sorted mixtures or bedded deposits of gravel, sand,
silt and clay derived from the consolidated rocks in the nearby
mountains. The fill also contains fine-grained lake deposits,
composed of silt and clay, and evaporites. The upper part of the
stratigraphic sequence of basin-fill deposits in the Needles area
(Metzger and Loeltz, 1973) and in the Lower Colorado River,
Imperial Valley area (Olmstead and others, 1973), have been described
from driller's logs. These sequences may be similar to those of
nearby basins. The typical section consists of about 60 m of
coarse sand and gravel overlying as much as 160 m of clay of the
Bouse Formation. Deeper basins typically contain thick
fine-grained lake deposits overlying clay of the Bouse Formation.

Volcanic rocks are grouped hydrologically as tuff, basaltic
flows, and undifferentiated volcanic rocks. Undifferentiated
volcanic rocks include flows, ash falls, and pyroclastics of
Tertiary and Quaternary age, with some thin interbedded
terrestrial deposits. Undifferentiated volcanic rocks overlie
older consolidated rocks and are scattered throughout the region,
The maximum thickness is about 600 m.

Tuff of Tertiary age is most prominent near the divide
between ground-water units SC-01 and SC-02 where the thickness

possibly ‘is much as up to 600 m.
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Basaltic .lava flows of Tertiary age, are scattered
throughout the region, commonly in association with other,
undifferentiated volcanic rocks from from which they were
subdivided. 1Individual flows commonly are 15 m thick and
aggregate thicknesses of flows commonly are less th;n 60 m.

Mixed sedimentary and metasedimentary rocks, including
coarse claétic fanglomerate of Tertiary age, and carbonate rocks
of Tertiary and Paleozoic age are scattered throughout the region.
Coarse clastics of unknown thickness, possibly 100 to 300 m,
include sandstone, conglomerate with some carbonate rocks, shale,
and volcanic-rock interbeds. Carbonate rocks, possibly as much
as 2,600 m thick, include limestone and dolomite with some
metasedimentary rocks (marble, quartzite), clastic sediments, and
gypsum.

Crystalline rocks are widespread and underlie the entire
region at depth. The rocks in this hydrogeologic unit include
metamorphic rocks and felsic and mafic intrusive igneous rocks.
Metamorphic tocks include metasediments and metavolcanics of
Precambrian to Paleozoic age. Intrugsive igneous rocks include

felsic to intermediate rocks of Precambrian to Tertiary age.
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Ground-Water Flow Regime

Ground-water recharge must be small because of the small
precipitation and the great potential evaporation. Water excess
probably occurs as the result of the few infrequent intense
thunderstorms that result in floods. Infrequent floods in
the Mojave River basin have been studied by Durbin and Hardt
(1974) . They tabulate 18 floods that reached Barstow,
California, about 96 river km upstream from the terminus of the
Mojave River basin in ground-water SC-06. The headwaters of the
Mojave River are in the San Bernardino and San Gabriel Mountains,
which are 150 km southwest of ground-water unit SC-06 and which
receive a much as 1,000 mm of precipitation per year. Busby
(1966) shows that the runoff is less than 2.5 mm throughout most
of the region with a maximum of 5 mm or slightly more from the
mountainous area on the southern border of the region. Estimates
of recharge to desert basins in southern California and Nevada
have been made by several investigators. Rantz and Eakih
(1971) estimate recharge from areas receiving less than 205 mm
of precipitation annually to be less than 3 percent of annual
precipitation. Sass and Lachenbruch (1982, p. 16-25) have
estimated from geothermal data that downward percolation, in
the saturated zones at Yucca Mountain at the Nevada Test Site
apout 170 km northeast of the study area, is 1 to 10 mm/yr, or
about 0.7 to 7 pércent of precipitation. Using an empirical
method, Rush (1970, p. 15) estimated the recharge rate for Yucea
Flat at the Nevada Test Site to be less than 5 mm/yr or less than
3 percent of precipitation. Recharge from precipitation in the

Sonoran region, California, probably is less than 3 Percent of
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precipitation} and probably ranges from less than 2 mm/yr in
the basins to less than 6 mm/yr in the small mountain ranges that
receive 200 mm or more precipitation per year.

Discharge of ground water in the closed basins primarily is to
the playa areas where the ground water is near the land surface,
and to the Colorado River in the basins tributary to the Colorado
River. The relatively few small quantity (a few L/min) springs,
having temperatures near the mean annual ambient air temperature
(cold springs) discharge water from consolidated-rock. Warm
springs mapped by the California Division of Mines and Geology
(1980) have spring discharges ranging from 4 to 95 L/min.
Withdrawal of ground water from most of the ground-water units is
small to negligible. Withdrawal from a part of ground-water unit
SC-02 was reported as 11 hm3 during 1966 (Bedinger, Langer, and

Moyle, 1984).
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Table l.--Hydraulic properties of hydrogeologic units and
hydraulic gradients used in estimating relative
ground-water velocities at the water table.

[K = hydraulic conductivity, in meters per day;
# = effective porosityl

Hydrogeologic Map
unit symbol K/8 Hydraulic
Ly % g gradient
1
Basin fill a 6 X 10 0.003
-1
Volcanic rock, v 1l X 10 .03
undifferentiated
-1
Ash-flow tuff t - 903
0
Basaltic lava flows b a3 ® LU .03
' -1
Coarse-grained clastic S 2 X 10 .03
rocks
1
Carbonate rocks c 1 X 10 .003
Crystalline rocks:
-1
Metamorphic rocks m 2 X3V " .03
Granitic rocks g 2 X 10 . .03
Mafic intrusive rocks z 2 X 10 .03
Mixed sedimentary and :
metasedimentary rocks u 2 X 10 .03
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The relative traveltimes indicated in the map from divide
areas to discharge areas are extremely conservative because
actual flow paths in recharge areas dip steeply below the water
table and take much longer flow paths and much longer
traveltimes. The relative traveltimes are useful for comparing
relative velocities near the water table and for calculating
relative tfaveltimes at shallow depths between nearby points, A
more realistic estimate of relative traveltime between widely
spaced points, such as from near a water-table divide to a
discharge area, is giveh in the cross sections.
CROSS-SECTIONAL MODELS

Cross-sectional models were used to analyze ground-water
flow along selected flow paths. The mathematical model used in
modeling flow in cross section is given in Chapter A of this
report (Reed, 1984). The map location of the sections and the
model parameters and results are shown in plate 5. The values
of hydraulic properties of the rock units in the sections

used in analysis of the ground-water flow is given in table 2.
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Table 2.--Hydraulic properties of hydrogeologic units used in cross-sectional models.
(K, hydraulic conductivity, m, meters per day; P, effective porosityl

pock type

Symbol

Hydrogeologic sections in plate 5

A-A'

c-¢c*

D-D'

P

&

Coarse-
grained

basin fill

=
1.8X10

ot |
1.8X10

I.

-k
8X10

=
1.8X10

#ine-

grained

basin £ill

-
3.2X10

=]
3.2X10

3.

- -
2X10

ot |
3.2X10

Coarse-
grained
clastic

Focks

3X10

1.

8X10

rocks,
upper part

lof section

Crystalline

5X10

3X10

5X10

3X10

5X10

3X10

5X10

3X10
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Table 2.--Hydraulic properties of hydrogeologic units used in cross-sectional

models.--(Continued)

Rock type

Hydrogeologic section in plate 5

A-A'

B-B'

c-Cc!

K L

&

Crystalline
rocks,
lower part

of section

3X10
-4
1X10

3X10
1X10

3X10

1X10

3X10

1X10

Carbonate

rocks

Undiffer-
entiated
volcanic

rocks

4X10
4X10

3X10

1X10







Quality of Ground Water

The quality of ground water in the Sonoran region of
California is characterized by the areal distribution of
dissolved solids (fig. 6) and predominant chemical constituents
in solution (fig. 7). These maps are are generalized from those
by Thompson and others (1984). The maps of Thompson and others
were compiled from the water-quality files of the U.S. Geological
Survey (WATSTORE) and published reports. The data are mostly
from non-geothermal springs and wells less than 150 m in depth in
alluvial and basin-fill deposits. The concentration of dissolved
solids is less than 500 mg/L in about two-thirds of the region,
Areas of ground water containing more than 500 mg/L dissolved
solids are along the Colorado River, in Chuckwalla and Rice
Valleys; and, near the dry lakes of the region--Danby, Cadiz,
Bristol, Soda and Silver Lakes. The highest dissolved-solids
concentrations, a few hundred thousand mg/L are at Danby, Cadiz,
and Bristol Lakes. Most of the ground water of the region, is of
sodium-bicarbonate type occurring over about three fourths of the
region, Calcium magnesium bicarbonate, sulfate, and chloride
type waters are proportioned within a few percent of each other
over the remainder of the region. Calcium magnesium bicarbonate

type waters occurs in and near ground-water divide areas and
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FIGURE 7. — - Distribution of chemical types of ground water
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up gradient areas; sulfate-type water occurs in and near
natural discharge areas, commonly appearing to be transitional
to chloride type water, which occurs beneath dry lakes, playas,
and in a few areas adjacient to theAColorado River.
Pleistocene Hydrologic Conditions

Climate of pluvial epochs during the Pleistocene in the
Basin and Range province has been estimated from Pleistocene
plant debris and lake levels. Estimates of climatic conditions
include a greater water yield resulting either solely from a
cooler climate (Galloway, 1970; Brakenridge, 1978) or from
both a cooler climate and greater precipitation (Mifflin and
Wheat, 1979; Spaulding, 1984). There is evidence that a
Pleistocene lake occupied the Soda Lake and Silver Lake basin in
the Sonoran region of California. However, perennial marshes
with the water table at the land surface are believed to have
occupied the now dry playas of Cadiz, Danby and Bristol Lakes. The
ground-water level is currently (1984) near the surface in these
dry lakes. During the pluvial times of the Pleistocene there was
greater recharge and surface runoff than at the present time.
Increased recharge would tend to increase the ground-water
gradient toward the discharge areas. The increase in recharge
during pluvial times would depend on the increase in
precipitation, the seasonal distribution of precipitation, the
demands for moisture by evaporation, and transpiration. -‘If
precipitation'during a pluvial regime occdrredilargely during the
summer as a result of convective thunderstorms, when the .
evaporation demand would have been great, the increase in water

surplus for recharge would have been less. A relatively
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small increase in recharge during the last full glacial may be
indicated by the absence of lakes in the closed basins containing
the dry lakes of Cadiz, Bristol, and Danby. Another factor that
may have affected ground-water levels in the region was probable
entrenchment of the Colorado River due to lowering of sea level.
Lowering of the discharge level for ground water would tend to
lower ground-water levels. The lower base level could have
lowered the ground-water level and increased the ground-water
gradient from the low ground-water divide southeast of Danby Lake
to the Colorado River, but would have had negligible effect on
ground-water level at Bristol and Cadiz Lakes. The time response
is a significant factor in determining the water-level change
during a different hydrologic regime. The ground-water level
response near basin fill will be dominated by the coarse-grained
basin fill. This response will be relatively rapid. The
response of ground water in most mountain ranges will be
controlled by the permeability of the dominant crystalline

metamorphic and igneous intrusive rocks.
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Table 3.--Metallic mineral districts.
abbreviated as follows:
Cu, copper; F, fluorine;

Sb, antionony; Ti, titanium; U, uranium; W, tungsten; 2Zn, zinc.
[Data from Wong (1983).]

Commodities in the commodity column are
Ag, silver; As, arsonic; Au, gold; Ba, barium;
Fe, iron; Hg, mercury; Mn, manganese; Pb, lead;

Mining district Location Commodities

Township Range Meridian¥*

Deposit type

Host rock

References

Palo Verde 9 §. 19 €. SB Mn, Ba, Fe
9.8 20 E. do.
9 §. 21 B, db.
Paymaster 31 8 20 B. do., Au, Ag, Cu,
11 8. 218, do, Pb, Zn, Mn,
12 8 19 B.. do. Fe, Ti
128 a0 B, do,
13 S. 20 BE. do.
13 s. 21 B. ‘do.
Picacho 13 8. 22 B, 8B Au, Ag, Pb, Cu
13 8. 23 B, do.
14 S. 23 B, do.
Pothole 15 8. 23 B. SB Au, Pb, Cu, Fe
(southeastern
Chocolate 15 8. 24 By ‘'do.
Mountains)

Arica (Onward) 25, 19 E. SB Au
2 8. 20 E. do.

Bendigo 1. 8. 42 E.. SB Au, Ag, Pb,
(Riverside l 8. 23 E. do. Fe, Cu, Mn
Mountain) 1 8. 24 E. do. ]
Big Maria 3 S. 2l e. SB Au, Ag, Pb,
Mountains area 3 8. 23 B. . <do. Zn, Cu, Mn,
i 22 B. 'dgo. Fe, W
4 5. 23 Bsi: 90,

mmnhlmm

Fissure filling/vein

Placer

Contact

Vein

Fissure filling

Placer

Breccia zone
Vein/shear zone
Vein

Placer

Riverside County

Vein

Replacement
Vein

Replacement
Gossan
Vein

Pyroclastics, conglomerate,
andesite, fanglomerate

Fanglomerate

Schist, granite
Gneiss, granite
Conglomerate, andesite

Gravel
Gneiss
Schist, gneiss

Gneiss, porphyroblastic
metagranite
Gravel

Granite, schist

Limestone, schist
Granite, schist, limestone

Diorite dike, limestone
Dolomitic limestone
Granite, schist

Bradley and others, 1918;
Morton, 1977; Sampson
and Tucker, 1942; Trask,
1950; Tucker, 1926

Morton, 1977; Sampson and
Tucker, 1942; Tucker,
1926

Clark, 1970; Merrill,
1916; Morton, 1977;
Sampson and Tucker, 1942;
Tucker, 1926

Clark, 1970; Haley, 1923;
Morton, 1977; Sampson,
1932; Sampson and Tucker,
1942; Tucker, 1919

Clark, 1970; Saul
and others, 1968

Clark, 1970; .Saul
and others, 1968;
Tucker and Sampson,
1945

Saul and others, 1968;
Tucker and Sampson, 1945












Many of -the metallic-mineral deposits in the Sonoran
region of California contain high- to moderate-temperature
mineral assemblages that occur predominantly in fracture-controlled
vein systems, and less commonly in contact metamorphic and replace-
ment deposits. A few deposits contain ore in fissures and breccia
zones, Precious and base-metal deposits occur in host rocks of
Precambrian to Quaterna;y age. The most extensive workings are
in the Picacho and Paymaster districts in eastern Imperial
County. Many mines in the region are developed to depths of 107
m, and the Lum-Gray shaft in the Arica district is at least
305 m deep (Clark, 1970). The value and tonnage of ores ;

produced from mines in the study area generally has been small.
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Gold is the primary commodity produced from the metallic-
mineral deposits in the Sonoran region of California,
and this metal occurs in mines in 27 of the 34 districts
identified herein. The principal sources of gold are narrow
quartz veins, mainly in Precambrian granitic and metamorphic
rocks. These lode gold veins may be banded or brecciated, and
locally are associated with diorite dikes. Pyrite, chalcopyrite,
iron oxides, and varying quantities of other base-metal sulfides are
common accessory minerals in these gold deposits. The Picacho
mine, Imperial County, produced $2 million worth of gold
from 1904 to 1910, and mines in the Chuckwalla district, Riverside
County. and Halloran Spring and 0ld Dad districts, San
Bernardino County, each yielded gold-bearing ores valued in
excess of $100,000 (Clark, 1970). The principal deposits
of placer gold are in the Potholes district, southeast
Imperial County. These dry placers were worked on a small scale
by the Spanish explorers as early as 1775, and more than $2
million in gold was produced from these deposits between
1860 and early 1890 (Clark, 1970).

Base-metal sulfides occur in variable quantities in the
majority of the mining districts in the Sonoran region of
California. At least 45,000 kg of copper were produced from the
Bell Gilroy lead-silver mine, in the Providence Mountain area, the
Von Trigger copper-gold mine, in the Hackberry Mountain area, and
the Piute gold mine in the Piute Mountain area, Sah Bernardino
County; and the Morning Star and Mountaineer gold mines in the

Bendigo district, Riverside County (Eric, 1948).
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An estimated 22,695 Mg of silver-lead ore were mined from
the Paymaster, President, and Hazel workings in the Paymaster
district, Imperial County (Morton, 1977). These mines were
driven along a 1- to l3-m-wide northeast-trending
fissure vein at the contact between Precambrian gngiss and
granite. The vein was explored for more than 1,200 m along
strike, ahd to a depth of at least 135 m (Morton, 1977).

The majority of the iron deposits in the study area are
irregular lenticular masses of magnetite and hematite that occur
as replacement bodies in Cambrian limestone or dolomite, and are
related to nearby granitic intrusions. The Vulcan mine on the
west slope of the Providence Mountain area in San Bernardino County
was estimated in 1944 to contain at least 5.4 million Mg of
reserve-base ore, averaging more than 50 percent iron (Lamey,
1948) . More than 2.4 million Mg of iron ore were mined from
this property between 1942 and 1947 for use in steel mill blast
furnaces. Additional iron deposits are in the 0ld Dad, Ship,
Marble, and Granite Mountains, San Bernardino County; Chocolate
Mountains, Imperial County; and Big Maria and Palen Mountains,
Riverside County (Wright and others, 1953; Morton, 1977; and

Tucker and Sampson, 1945).
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Manganese occurs widely and in several modes in the
Sonoran region of California, however, the principal sources
of manganese are several fissure-filling vein deposits in
Tertiary basic volcanic rock and Quaternary fanglomerate in the
Paymaster and Palo Verde districts, eastern Imperial County
(Trask, 1950). More than 1.4 million Mg of manganese ore were
shipped principally from these properties between 1953 and 1959
to support a Federally subsidized stockpile program (Morton,
1977) . Manganese also has been noted in veins and shear zones
with copper in the Big Maria and Little Maria Mountain areas,
copper-gold-silver ores in the McCoy and Whipple Mountains, and
in copper-gold veins in the Palen Mountains and Ibex districts

(Trask, 1950).
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Nonmetallic-Mineral Resources

Barite, fluorite, and tremolite are the principal industrial
minerals found in the Sonoran region of California. Barite
is a common gangue mineral in many of the base-metal deposits
discussed in this report, but no substantial deposits of
barite are currently identified in the study area. Thin
discontinuous fluorite veins are reported to occur in granitic
rocks at the Providence Mountain property on the east slope of
the Granite Mountains, and in the Middle Camp prospect 10 km
north of Halloran Springs, San Bernardino County (Crosby and
Hoffman, 1951). In addition, two small irregular masses of
tremolite are contained in layered schist and granite near the
Middle Camp property. Nonmetallic industrial minerals or rocks,
excluding building materials and natural aggregates, occur in a
few scattered localities in the area of concern herein, but none
of these deposits have sustained continuous production (Wright

and others, 1953).
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and contains én estimated 9 million Mg of very pure gypsum (Ver
Planck, 1952; Tucker and Sampson, 1945).

A small tonnage of sodium sulfate was reportedly shipped in
the early 1920's from a surface deposit at Danby Lake (Wright
and others, 1953). Salts or nitrates of strontium, lithium,
magnesium, and potassium have been reported in a few localities
in the study area, however, no production has been reported to
date for these commodities.

Geothermal Resources

The Ford Dry Laké Known Geothermal Resource Area (KGRA)
lies at the southern end of the Chuckwalla Valley about 53 km
west of Blythe, and is the only KGRA present in the Sonoran
region of California. Geothermal waters with temperatures
adequate for direct-heat uses occur in the study area near Desert
Center and immediately west of Blythe, Riverside County. These
two areas contain 24 wells less than 200 m deep, and with
temperatures generally between 30o to 35°C (Giessner, 1963a,
1963b; Higgins, 1980).

Coal and Oil Resources

No coal occurrences have been identified presently in the
Sonoran region of California (Brady, 1983). At least 10
wildcat boreholes have been drilled for oil in the study area in the
eastern San Bernardino and Imperial Counties. Shows of oil pa§e
been reported in some of these expioration holes (California
Division of 0il and Gas, 198la, 1981b), but no production

has been reported to date.
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