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WATER RESOURCES OF LOWER COLORADO RIVER-SALTON SEA AREA

GEOHYDROLOGIC RECONNAISSANCE OF THE
IMPERIAL VALLEY, CALIFORNIA

By O. J. LOELTZ, BURDGE IRELAN, J. H. ROBISON, and F. H. OLMSTED

ABSTRACT

The Imperial Valley occupies a broad lowland in the southern, wider
part of the Salton Trough section of the Basin and Range physio-
graphic province. The trough is a landward extension of the depression
filled by the Gulf of California, from which it is separated by the broad,
fan-shaped subaerial delta of the Colorado River. Much of the land sur-
face is below sea level, and the valley drains northwestward to the
Salton Sea, which was 232 feet below mean sea level in 1968. The Impe-
rial Valley is bordered by the Chocolate Mountains on the northeast,
the Peninsular Range of Baja California and southern California on the
southwest, and the Salton Sea on the northwest; it is contiguous with
the Mexicali Valley in Mexico on the southeast.

The Salton Trough, which evolved during Cenozoic time, is a struc-
tural as well as a topographic depression in which the surface of the
basement complex lies thousands to tens of thousands of feet below the
basement-complex surface in the bordering mountains. The basement
complex is composed of plutonic rocks of early and late Mesozoic age
which intrude Mesozoic and older metamorphic rocks. The Salton
Trough is traversed by the San Andreas fault system. Development of
the trough involved both folding and warping as well as faulting; much
of the folding is related to movement along the major faults. Struc-
tural relief caused by folding, faulting, and warping is inferred to ex-
ceed 14,000 feet.

The pre-Tertiary basement complex of the trough is overlain by a
thick sequence of predominantly nonmarine sedimentary rock that
ranges in age from Eocene to Holocene. The Cenozoic rocks beneath
the south-central part of the Imperial Valley probably are more than
20,000 feet thick. Rocks as old as Eocene crop out in the bordering
mountains, but none of the fill in the central part of the trough appears
to be older than about middle Miocene, and most of it is Pliocene and
younger. The sedimentary and volcanic rocks of Eocene and Miocene
age that are exposed in the mountains are moderately to strongly
deformed and are semiconsolidated to consolidated. Consequently,
these rocks constitute an insignificant part of the ground-water reser-
voir.

A marine unit, the Imperial Formation of late Tertiary (Miocene or
Pliocene) age, is extensively exposed in the western part of Imperial
Valley, but apparently it was not penetrated in an oil test hole 13,443
feet deep in the central part of the valley. The Imperial Formation is
overlain by a thick heterogeneous sequence of nonmarine deposits.
Some of the deposits were derived locally, but most were brought in by
the Colorado River. Generally, the river deposits consist of silt, sand,
and clay, as contrasted with the locally derived deposits of coarse sand
and gravel near the margins of the valley.

The last major marine invasion of the Salton Trough is probably
represented by the Imperial Formation. Subsequent incursions of the
Gulf of California appear to have been minor and of short duration.

The hydraulic phases of this study were concerned principally with
water in the heterogeneous sequence of nonmarine deposits in the up-
per few thousand feet of the ground-water reservoir. At depths greater
than a few thousand feet, the ground water commonly is too saline for
irrigation and most other uses, and the hydraulic connection between
the water in the deeper deposits and the water in the upper part of the
ground-water reservoir is poor. Short-term pumping tests at several
sites indicate that in both the eastern and the western parts of the
Imperial Valley moderate to high yields can be obtained from wells
that tap several hundred feet of the marginal alluvial deposits or
deposits of the Colorado River. Transmissivities of several hundred
thousand gallons per day per foot are characteristic of these deposits.
Wells with specific capacities of 50 gallons per minute per foot of draw-
down or more may be attainable in the more favorable areas. In con-
trast, the fine-grained deposits that are characteristic of the central
part of the valley are likely to have transmissivities of only 1,000 to
10,000 gallons per day per foot to depths of 500 feet. At greater depths,
transmissivities are likely to be even less for a similar thickness of
deposits. The maximum transmissivity computed from pumping tests
was 880,000 gallons per day per foot at well LCRP 6, near the head of
the Coachella Canal on the East Mesa in the southeastern part of the
valley. Other tests indicate that the transmissivity of the deposits
decreases westward and northwestward from well LCRP 6. The extent
of the high transmissivity eastward from LCRP 6 is not known but
probably is several miles.

Soil-moisture studies indicate that in an area of rising water levels in
fine-grained alluvial deposits outside of irrigated areas, about 40 per-
cent of the volume of the material in which the rise occurs acts as a
storage reservoir. Beneath mesas and other areas where the deposits
are not all fine grained, the storage capacity under similar conditions
may be more nearly 30 percent. Smaller quantities of water per unit
volume than those indicated by the foregoing percentages can be ex-
pected to be released from storage as water levels decline.

Although the Colorado River was a major source of recharge under
natural conditions, the areas where the recharge occurred varied widely
depending on whether the river was flowing to the Gulf of California or
to the Salton Trough. The last uncontrolled flooding of the Salton
Trough by the Colorado River occured in 1905-7, when the present
Salton Sea was formed. Importation of Colorado River water for irri-
gation beginning in 1901 caused the rate of recharge to the shallow part
of the ground-water reservoir to increase over that prevailing under
natural conditions. Much of the additional recharge in the irrigated
area is due to leakage from the numerous conveyance channels and to
the application of irrigation water in excess of crop requirements.

Recharge to the ground-water system from excess irrigation water is
estimated to be more than 400,000 acre-feet annually. However, this
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added recharge is balanced largely by discharge from the system
through an extensive drainage network, and therefore it does not ap-
preciably affect the aquifers several hundred feet or more below the
land surface.

In 1942 the All-American Canal became the sole means for diverting
Colorado River water to the Imperial Valley; in 1948 the Coachella
Canal, which supplies water to the lower part of Coachella Valley, was
completed. Leakage from these canals is a major source of recharge to
the ground-water system. Leakage during 1950-67 totaled about 4.5
million acre-feet from the All-American Canal and 2.7 million acre-feet
from the Coachella Canal.

Along the All-American Canal the water-level rise generally was
more than 40 feet between 1939 and 1960; along the Coachella Canal it
was about 40 feet near the head of the canal and gradually increased
northward to more than 70 feet.

Recharge to the ground-water reservoir by underflow from tributary
areas is small compared with recharge from the imported Colorado
River water. Ground-water underflow from tributary areas in the San
Felipe Creek drainage basin in western Imperial Valley is about 10,000
acre-feet per year. Total recharge to the ground-water system from pre-
cipitation within the valley is estimated to be somewhat less than
10,000 acre-feet per year.

Ground water generally moves toward the axis of the valley and
thence northwestward toward the Salton Sea. The principal area of
discharge is the central, cultivated part of the valley. Ground water
also is discharged to the lower reaches of the Alamo and New Rivers
and through numerous small springs and seeps. Some of the springs
probably are associated with discharge of ground water along the San
Andreas fault system, and many are associated with leakage from the
Coachella Canal.

Wells discharge only a small part of the ground-water supply,
because most of the hundreds of used wells furnish only small stock or
domestic supplies. Many of the wells are in a 6- to 10-mile-wide
flowing-well area between the Alamo River and the East Highline
Canal that extends about 30 miles northward from near the inter-
national boundary. A few wells yield hot water used to heat homes, but
most are utilized only for domestic and stock purposes. The average
rate of discharge is about 10 gallons per minute, and the total average
annual discharge is only a few thousand acre-feet. Most of the few wells
that are used for irrigation are in the lower Borrego Valley, where
alfalfa is the principal crop. A few hundred acre-feet of ground water is
pumped for industrial, private, and public supplies in the western part
of the valley near Ocotillo and Coyote Wells.

The chemical quality of the ground water in the Imperial Valley dif-
fers greatly. Total dissolved solids range from a few hundred to more
than 10,000 mg/1 (milligrams per liter). Generally, ground water that is
derived locally from precipitation and that has not yet reached the
more saline deposits of the central part of the valley contains only a few
hundred milligrams per liter of dissolved solids. Highest concen-
trations of dissolved solids commonly occur in areas where ground
water is discharged principally by evaporation.

Water from 10 wells on the Chocolate Mountains piedmont slope in
eastern Imperial Valley contained 360 to 4,930 mg/l dissolved solids.
Samples of water from wells in the Pilot Knob Mesa-Sand Hills area
downslope from the piedmont area contained 370 to 2,080 mg/1 dis-
solved solids. Water from 51 wells on the East Mesa, southwest of the
Pilot Knob Mesa-Sand Hills area, contained 498 to 7,280 mg/l dis-
solved solids; more than three-fourths of the samples contained less
than 2,000 mg/1, which indicates that water of this quality or better can
be obtained in much of the area. In areas of substantial recharge
because of leakage from canals, the chemical quality of the water
resembles that of Colorado River water, which is characterized by sul-
fate as the predominant ion. Where recent leakage has not been sub-
stantial, sodium or bicarbonnate is the principal ion.

The extent to which ground water that is satisfactory for domestic or
irrigation use occurs in the central part of Imperial Valley is not known,
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but on the basis of past attempts to develop usable water in this part of
the valley, such occurrence is thought to be extremely limited. Con-
centrations of fluoride higher than the concentration recommended for
drinking water are common, as are concentrations of boron higher than
those recommended for certain agricultural crops. Test wells drilled to
depths of 500 to 1,000 feet in the southern and western parts of the cen-
tral Imperial Valley yielded water containing about 5,000 to 10,000
mg/l dissolved solids.

In the western part of Imperial Valley, water suitable for irrigation
probably can be obtained in much of the lower Borrego Valley. Ground
water beneath the developed area of Coyote Valley generally contains
less than 400 mg/l dissolved solids. The principal undesirable charac-
teristic of the water is the high concentration of fluoride; half of the
samples analyzed contained more than 2 mg/l fluoride. Concen-
trations of dissolved solids apparently increase to the east. Test well
LCRP 8, perforated from 135 to 560 feet, yielded water that contained
about 2,000 mg/1 dissolved solids; two test wells a few miles farther east
vielded water containing about 5,000 mg/l dissolved solids.

INTRODUCTION

The Imperial Valley in southern California is the
largest desert irrigation development in the United
States. Half a million acres of otherwise parched desert
lands have been transformed into one of the most pro-
ductive agricultural areas in the Nation by the impor-
tation of Colorado River water. This importation is but
one of many diversions of the river water that are being
made by the Colorado River basin States. Recognizing
that the ever increasing demands for Colorado River
water might exceed the available supply, the U.S. Geo-
logical Survey in 1950 undertook a comprehensive study
of the water resources of the upper Colorado River
region, and in 1960, of the lower Colorado River region.
This report on Imperial Valley is one of a series of reports
resulting from the latter study. It presents the results of a
reconnaissance of the geology, hydrology, and chemical
quality of the ground water in the valley. The surface-
water resources are described in other chapters (Hely
and Peck, 1964; Hely and others, 1966; Hely, 1969;
Irelan, 1971) of U.S. Geological Survey Professional
Paper 486, the principal medium for publishing the
results of the series of investigations.

Original plans included a study of the water resources
of the Coachella Valley, Calif., which is in the Salton Sea
area northwest of the Imperial Valley. However, shortly
after the investigation began in 1960, the California
Department of Water Resources also began an investi-
gation of the ground-water resources of the Coachella
Valley. To avoid duplication of work, the Geological Sur-
vey and the California Department of Water Resources
reached an informal agreement whereby investigations
in the Coachella Valley by the staff of the Geological
Survey were reduced in scope to assisting the California
agency and to drilling two deep test holes. A report on
the Coachella Valley was published in 1964 by the Cali-
fornia Department of Water Resources.

The investigation of Imperial Valley was made under
the general supervision of C. C. McDonald, project
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hydrologist for the Lower Colorado River Project from
1960 to 1968. J. H. Robison, geologist, was principal in-
vestigator from 1961 until 1966. F. H. Olmsted, geolo-
gist, assisted materially in completing the geologic sec-
tion of the report. O. J. Loeltz, hydrologist, was responsi-
ble for the hydraulic phase of the investigation; Burdge
Irelan, chemist, prepared the chemical-quality-of-water
phase of the report. G. R. Vaughan and R. H. Westphal,
of the Lower Colorado River Project staff, aided in the
field investigations.

PURPOSE OF THE INVESTIGATION

The broad objectives of the investigation of Imperial
Valley were (1) to describe the geology in relation to the
occurrence of ground water, (2) to define the hydraulic
characteristics (transmissivity and storage) of the
aquifers, (3) to determine the sources of ground water,
(4) to determine the direction of movement of ground
water, (5) to determine the principal means by which
ground water is discharged, (6) to determine the chemi-
cal quality of the ground water in various parts of the
system, and (7) to relate differences in chemical compo-
sition of the water to differences in the sources of
recharge and to man-caused and natural processes.

LOCATION AND CLIMATE

The Imperial Valley is a broad lowland in southeast-
ern California just north of the boundary between the
United States and Mexico (fig. 1). Most of the central
part of the valley is below sea level and drains north-
westward from the international boundary, which is near
sea level, to the Salton Sea, a saline lake whose surface
in 1968 was about 232 feet below mean sea level.

The climate of Imperial Valley is characterized by ex-
treme aridity and high summer temperatures. Average
annual precipitation is less than 3 inches in a large part
of the valley (Hely and Peck, 1964). Summer maximum
temperatures commonly exceed 40°C (104°F), and
winter minimums seldom are below 0°C (32°F).

PREVIOUS INVESTIGATIONS

The earliest geologic and hydrologic studies that in-
cluded Imperial Valley were the regional reconnaissance
studies by Mendenhall (1909a, b). Brown (1923) made a
more detailed study, which included a general descrip-
tion of the geography, geology, and hydrology of the
Salton Sea region. Other geologic studies include those
by Woodring (1932), Tarbet and Holman (1944), and
Dibblee (1954). In the 1960’s, during the present study,
the results of many other geologic studies were published
or made available to the writers.

METHODS OF INVESTIGATION

More than 300 wells were inventoried, and selected
well data — such as depth of well, date drilled, depth to
water, and discharge — are given in table 3. Drillers’ logs
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of wells are given in table 4. Both of these tables are in
the “Basic Data’ section of this report.

Eight deep test wells in the Imperial Valley and two in
the Coachella Valley were drilled for the U.S. Geologi-
cal Survey by commercial well drillers. (All Geological
Survey test wells are noted in this report by LCRP —
Lower Colorado River Project.) The drilling of the two
wells in the Coachella Valley was supervised by employ-
ees of the California Department of Water Resources; all
other test drilling was supervised by employees of the
Geological Survey. Electric logs were obtained for the
test wells drilled with hydraulic-rotary equipment. Pum-
ping tests were made on the Geological Survey test wells
that were completed as permanent wells and on several
privately owned wells. Lithologic, electric-resistivity,
electric-potential, gamma-ray, and temperature logs of
these test wells and information on well construction,
static water level, and water movement under static con-
ditions are shown on plate 2.

Many small-diameter test wells, some of which are
almost 200 feet deep, were bored by the Geological Sur-
vey using a power auger. Many of the holes were com-
pleted by casing with pipes fitted with sand points.
Water levels were measured periodically in these and
numerous other wells. Continuous graphic water-stage
recorders were installed on most of the Geological Sur-
vey test wells, on several of the Imperial Irrigation Dis-
trict test wells, and on a few strategically located pri-
vately owned wells.

Water samples were collected from the test wells,
many of the augered wells, and many previously existing
wells. Chemical analyses were made of these water
samples, either in a field laboratory at Yuma, Ariz., or in
the Geological Survey’s laboratories at Albuquerque, N.
Mex., or Tucson, Ariz. Also, the results of hundreds of
chemical analyses made prior to the present study were
assembled and evaluated. Selected results of all chemi-
cal analyses are given in table 5, in the ‘“Basic Data” sec-
tion of this report.

Large water samples from three test wells on the East
Mesa, after being processed in Yuma according to stan-
dard procedures for concentrating their carbon content,
were sent to Washington, D.C., for radiocarbon dating.

Gravity and seismic-refraction surveys were made by
the Geological Survey. A generalized geologic map for
the area was compiled from reconnaissance geologic
mapping and from published geologic maps.
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large store of hydrologic data in its files.

Several local water-well drilling companies — notably
Coachella Valley Pump and Supply and the Desert Drill-
ing Co., which are near Indio, Calif. — provided well logs

and other pertinent information. Farmers and other land
owners were most cooperative in permitting access to
their lands and wells and in furnishing information
about their wells.
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Ficure 5. — Composite column of Salton Trough, showing inferred time relations of strati-
graphic units.

Maniobra Formation is exposed in the Orocopia Moun-
tains, about 5 to 10 miles beyond the northern limits of
the geologic map (pl. 1). The formation consists of about
4,800 feet of fossiliferous marine clastic rocks of early to
middle Eocene age, ranging from coarse conglomerate
and breccia in the lower part to siltstone and sandstone
in the upper part.

In the Orocopia Mountains, the Maniobra Formation
is overlain unconformably by about 5,000 feet of non-
marine sedimentary rocks and intercalated andesitic
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flows and sills of Oligocene(?) age (Crowell, 1962, p. 28).
Similar, probably correlative rocks are exposed in the
Chocolate Mountains northeast of Imperial Valley and
in the Vallecito-Fish Creek Mountains and Jacumba-
Coyote Mountains areas southwest of the valley
(Durham and Allison, 1961).

The volcanic rocks in the Chocolate Mountains are
herein grouped in two units (pl. 1 and fig. 5): (1) older
volcanic rocks, consisting of pyroclastic rocks and minor
flows of andesitic to rhyolitic composition; and (2) basal-
tic andesite or basalt, a ridge-capping sequence of dark-
gray to dark-brown flows and flow breccias. These vol-
canic rocks are associated with predominantly conglom-
eratic nonmarine sedimentary rocks. Volcanic rocks in
the southeastern Chocolate Mountains and nearby
Laguna Mountains east of the area shown on plate 1
have potassium-argon ages of 23 to 26 million years, indi-
cating a middle Tertiary age for these rocks and associ-
ated nonmarine sedimentary rocks (Olmsted and others,
1973).

In the Vallecito-Fish Creek Mountains and Carrizo
Wash-Coyote Mountains areas on the southwest margin
of the Imperial Valley, the sedimentary and volcanic
rocks of middle Tertiary age include (1) the Split Moun-
tain Formation of Tarbet and Holman (1944), (2) the
Alverson Andesite Lava of Dibblee (1954), and (3) the
Fish Creek Gypsum of Dibblee (1954). The Split Moun-
tain Formation of Tarbet and Holman (1944) was rede-
fined by Woodard (1961), who excluded the lower 1,800
feet of arkosic arenite (sandstone) and sedimentary brec-
cia below an unconformity at the type section. Woodard
(1961, p. 74) described this restricted Split Mountain
Formation as consisting of two nonmarine members of
very coarse grained sedimentary breccia separated by a
middle member of marine arenite, which includes the
Fish Creek Gypsum of Dibblee (1954) as an evaporite
facies. The Alverson Andesite Lava of Dibblee (1954) un-
derlies the Split Mountain Formation as redefined by
Woodard (1961) and overlies the lower part of Tarbet
and Holman’s (1944) Split Mountain Formation.

IMPERIAL FORMATION

The Imperial Formation was redefined and renamed
from the Carrizo Formation by Woodring (1932, p. 7). He
defined the Imperial Formation as having a basal
member of “conglomerate, sandstone, coralliferous lime-
stone, and at places basalt flows and flow breccias” and
a siltstone member of “buff siltstone with occasional
hard beds of very fossiliferous limy sandstone.” Wood-
ring (1932) described the Imperial Formation at the type
locality to be ‘‘the entire series of marine deposits
bordering Carrizo Mountain, and to exclude overlying
nonmarine beds.”
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Christensen (1957) described the Imperial Formation
in its type area bordering the Coyote Mountains as
follows (top to bottom):!

Unit Thickness

(ft)

Description

Member __ 600-900  Upper one-third: Reddish, tan, and yellow
silty sandstone and tan, green, and gray
claystone and siltstone. Grades upward and
laterally into sand and clay of Palm Spring
Formation. Some wood fragments and
marine fossils.

Lower two-thirds: Gray calcareous siltstone
and light-tan and yellow fine-grained arko-
sic sandstone. Flag and spheroidal weather-
ing.

Member _ _ 900-1,500 Cream to buff arkosic sandstone and gray-

green and light-gray calcareous siltstone.
Sandstone contains Ostrea, Anomia, and
Pecten. Locally recrystallized into coquina
limestone that crops out as cuestas. Sand-
stone weathers dark brown; siltstone
weathers yellow with green cast.

20-250 Gray, light-tan, and olive-drab siltstone.
Weathers yellow and greenish yellow. Thin
lenses of fine-grained buff sandstone.

(Undesignated)<10-150 Buff cobble conglomerate. Lithologically het-

erogeneous. Lenses of buff sandstone.
Opysters, corals.

(Undesignated)<10-150 Red to brown massive cobble conglomerate

and yellow to pink volcanic conglomerate.

Member _ _

Although exposed extensively on the west side of
Imperial Valley, the Imperial Formation has not been
recognized in several oil test wells, one as deep as 13,443
feet, in the central part of the valley (see Muffler and
Doe, 1968) and was not recognized in U.S. Geological
Survey test well LCRP GA (total depth 2,519 ft) on the
East Mesa. In the Parker-Blythe-Cibola area along the
Colorado River northeast of Imperial Valley, Metzger
(1968) named and described the Bouse Formation, a Pli-
ocene marine unit whose stratigraphic position and gen-
eral lithology suggest possible correlation with the Impe-
rial Formation, although the microfaunas of the two
units generally are dissimilar (Smith, 1968). The Bouse
Formation also has been recognized in the subsurface of
the Yuma area, just southeast of the Imperial Valley
(Olmsted and others, 1973). The apparent absence of the
Imperial Formation in the intervening central Imperial
Valley (although it may be present below the depths
reached by oil test wells) is a problem of major paleo-
geographic significance.

The age of the Imperial Formation is uncertain; esti-
mates range from early Miocene for the lower part
(Woodring, 1932) to possible early Pleistocene for the up-
per part (Allison, 1964). Metzger (1968) presented evi-

'The members, as Christensen described them, were assigned names, but since these names
have no official status @nd do not fully correspond with the units of Woodring (1932), they are
not indicated here.
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dence that the possibly equivalent Bouse Formation is
Pliocene. The present consensus is that at least part of
the Imperial Formation is Pliocene.

UPPER TERTIARY AND QUATERNARY PREDOMINANTLY
NONMARINE DEPOSITS

Overlying the marine Imperial Formation is a thick
hetreogeneous sequence of predominantly nonmarine
deposits. In some tributary valleys and marginal parts of
the Imperial Valley these deposits are derived locally,
but most of the deposits in the central part of the valley
were brought in by the Colorado River. The deposits are
many thousands of feet thick; Muffler and Doe (1968)
reported that the Standard Oil Co. Wilson No. 1 oil test
well near the center of Imperial Valley, between Braw-
ley and Holtville was still in deposits of the Colorado
River at its bottom depth of 13,443 feet.

In general, the deposits of the Colorado River are finer
grained than the locally derived deposits and consist pre-
dominantly of silt, sand, and clay, as contrasted with the
locally derived coarse sand and gravel. Muffler and Doe
(1968) stated that the deposits of the Colorado River are
characterized by dominant quartz and calcite and sub-
ordinate dolomite, plagioclase, potassium feldspar, and
the clay minerals montmorillonite, illite, and kaolinite;
minor constituents are magnetite, zircon, leucoxene, cli-
nozoisite, biotite, and chlorite. According to these
authors (Muffler and Doe, 1968), the deposits derived
from the margins of the basin are markedly different
from the deposits of the Colorado River in that they con-
tain much more feldspar, less clay, and very little or no
calcite or dolomite.

The deposits overlying the Imperial Formation have
been subdivided by previous workers into several for-
mations and informal units. In places the formations and
units are separated by unconformities, but in general
they are not well-defined time-stratigraphic units, and
they appear to intergrade laterally (fig. 5). Each forma-
tion is therefore a crudely defined rock-stratigraphic unit
and represents a particular facies. The various for-
mations and informal units are described briefly in the
following paragraphs.

The Canebrake Conglomerate of Dibblee (1954) is a
coarse pebble and cobble conglomerate composed of pre-
Tertiary granitic and metamorphic detritus of local deri-
vation. It occurs along the west margin of Imperial
Valley, where it is generally several thousand feet thick;
basinward it grades into the Imperial Formation and the
overlying Palm Spring Formation.

The Palm Spring Formation, named by Woodring
(1932, p. 9-10) for exposures in lower Vallecito Creek,
comprises many thousands of feet of fluvial and deltaic
sand, silt, and clay deposited by the ancestral Colorado
River. The Palm Spring Formation overlies the Imperial
Formation gradationally, and its lower part contains
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10° southwestward and has an altitude of nearly 500 feet
at its northeast end. Remnants of a high shoreline
farther north, on the west side of the Salton Trough, oc-
cur as far north as Travertine Point; but north of San
Felipe Creek the shoreline is not apparent, probably
because it is concealed by younger alluvial fans.

The youngest and most prominent shorelines are those
associated with Lake Cahuilla, a name given by Blake
(1856) to the prehistoric lake that antedates the pres-
ent, much smaller lake, the Salton Sea. The last main
stages of Lake Cahuilla, which, prior to 1962, were the
only ones with published reference, had altitudes of 42 to
45 and 47 to 50 feet above mean sea level (Stanley, 1962).
Unlike the older, higher shorelines, the shorelines of
Lake Cahuilla are virtually undeformed.

Stanley (1962), Hubbs (in Hubbs and others, 1963),
and Thomas (1963) all believed that the higher shore-
lines represent fresh-water lakes. The morphology, tufa
coating, and molluscs associated with these shorelines
all seem to indicate a fresh-water ecology. However, one
of the present authors (Robison, 1965) noted several
problems involved in this interpretation. One involves
the containment of fresh water in the basin, or exclusion
of sea water from the Gulf of California. The present
divide between the drainage southward into the Gulf of
California and northward into the Salton Sea has a mini-
mum altitude of 47 feet (Arnal, 1961, p. 445) — about the
right altitude to contain the latest stages of Lake
Cahuilla, but far too low to account for fresh-water
bodies at the higher levels of the older shorelines.
Another problem involves the maintenance of sufficient
inflow to keep the water in the lakes fresh. As Menden-
hall (1909b, p. 18-19) pointed out, the average flow of the
Colorado River (the predominant source of inflow at
present and probably also during moister stages of the
Pleistocene and Holocene Epochs) probably was insuffi-
cient to maintain a fresh Lake Cahuilla — the lake
probably was somewhat brackish. The area within the
older shorelines is greater than the 2,000-square-mile
area covered by Lake Cahuilla; therefore, the older water
bodies necessarily would have been more brackish than
Lake Cahuilla if the Colorado River was the primary
source of water.

Another problem is the satisfactory explanation of
events that are thought to have occurred within the time
span indicated by dating of fossils and tufa deposits of
the higher shorelines and early Lake Cahuilla. Fossils
from one of the higher shorelines yielded a radiocarbon
date of 37,100 +2,000 years B.P. (before present) (Hubbs
and others, 1963, p. 262).The oldest tufa deposits from
Travertine Point, 100 feet below the Lake Cahuilla
shoreline, gave a date of 13,040 + 200 years B.P. (Hubbs
and others, 1963, p. 260). If these ages are valid, the
maximum time interval between the high stage and an
early stage of Lake Cahuilla was about 25,000 years. If
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the higher shorelines represent lakes and not an arm of
the Gulf of California, then during the 25,000-year inter-
val a topographic divide separating the Salton Trough
from the Gulf of California was removed, and the higher
shorelines were faulted and tilted. The problem of how
the divide was removed does not, of course, exist if the
higher shorelines are actually marine rather than lacus-
trine. The reconnaissance nature of the present study
did not allow further study toward determining more
definitely the nature and age of the higher shorelines and
the hydrologic events that followed their formation.

The dates of the last main stages of Lake Cahuilla
have been well documented from radiocarbon evidence.
A radiocarbon date of 1,510 + 180 years B.P. was ob-
tained from tufa associated with a beachline at an alti-
tude of about 43 feet; other dates range from several hun-
dred to about 1,900 years B.P. (Hubbs and others, 1963,
p. 269-270). The Indians in Coachella Valley have
legends about a large body of water (Lake Cahuilla)
which disappeared slowly — probably by evaporation
after the Colorado River ceased to flow into the Salton
Trough and began to flow into the Gulf of California.
When the first white men entered the region, the floor of
the trough (Salton Sink) was a dry salt flat.

The most recent major hydrologic event was a series of
uncontrolled inflows of floodwater of the Colorado River
into the Salton Trough during 1905-7, thereby forming
the present Salton Sea. Diversion intakes on the Colo-
rado River below Yuma, Ariz., which has been con-
structed in the late summer of 1904 to increase the
amount of water available for irrigation in the Imperial
Valley during that low-flow period, were breached by the
spring flood of 1905. The diversion intakes were greatly
enlarged by repeated floods, so at times virtually the en-
tire flow of the river was westward and northwestward
into the Salton Sea by way of the Alamo and New
Rivers. In early 1907 the river was finally brought under
control and diverted to its former course to the Gulf of
California. At its maximum extent, the Salton Sea
reached a stage of about 195 feet below mean sea level,
covered an area of more than 500 square miles (less than
one-fourth that of Lake Cahuilla), and had a depth of
more than 80 feet (Hely and others, 1966).

HYDROLOGY
THE GROUND-WATER RESERVOIR

The ground-water reservoir in Imperial Valley con-
sists of Cenozoic valley-fill deposits; these deposits are
underlain by rocks of pre-Tertiary age that are referred
to as the basement complex. Although the valley fill
probably is more than 20,000 feet thick, the hydraulic
phases of this study are concerned principally with the
heterogeneous sequence of nonmarine deposits in the up-
per few thousand feet of the ground-water reservoir. The
studies were limited to depths of several thousand feet
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because at greater depths the water is too saline for irri-
gation and most other uses and because the hydraulic
connection between the water in the deeper deposits and
the water in the upper part of the ground-water reser-
voir is poor.

Near the margins of the valley, the deposits are
derived locally and range from boulders to clay; coarse
sand and gravel predominate. Colorado River deposits,
which for the most part consist of sand, silt, and clay,
underlie the central part of the valley and extend to the
margins of the locally derived deposits.

WATER-BEARING CHARACTERISTICS OF THE ROCK
DEFINITION OF TERMS

The term “aquifer” is applied to any water-bearing
formation or rock unit that is capable of yielding an ade-
quate water supply. The adjectives “excellent,” “good,”
“fair,” or ‘“‘poor’” may be used to denote the degree to
which the yield from an aquifer is adequate; but they are
not specific enough for a quantitative appraisal of an
aquifer or for comparing one aquifer with another. To be
more specific, the water-bearing ability of an aquifer may
be expressed in terms of the aquifer’s transmissiv-
ity. In this report, transmissivity is expressed as the rate
of flow in gallons per day through a 1-foot-wide vertical
strip of the entire saturated thickness of the aquifer un-
der a unit hydraulic gradient at the prevailing temper-
ature of the water.

The water-bearing ability of an aquifer may also be ex-
pressed in terms of field hydraulic conductivity. As used
in this report, the field hydraulic conductivity is the rate
of flow in gallons per day that will occur through a 1-foot-
square cross section of the aquifer under a unit hydrau-
lic gradient. Generally, the horizontal hydraulic con-
ductivity of an aquifer is greater than the vertical
hydraulic conductivity. This is especially true for allu-
vial materials because of size sorting and the alinement
of platy and ellipsoidal grains that occur during depo-
sition of the material. The vertical hydraulic conductiv-
ity of some aquifers that consist of many different strata
ranging from clay or silt to sand or gravel may be only
hundredths or thousandths of the horizontal hydraulic
conductivity. Horizontal hydraulic conductivities in
Imperial Valley probably range from a fraction of a
gallon per day per square foot for clay and silt to several
thousand gallons per day per square foot for well-sorted
sand and gravel.

Transmissivities commonly are computed from the
results of controlled pumping tests. They also can be com-
puted on the basis of the width of a vertical section through
which ground water is moving at a known rate under a
known hydraulic gradient, or on the basis of the specific
capacity, which is the rate of yield per unit drawdown, of a
well (Theis and others, 1963, p. 331). In many areas the
specific capacities of wells are the only data available for
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computing transmissivity. If only lithologic or good
driller’slogs areavailable, transmissivity canbe estimated
if the relation between hydraulic conductivity and some
physical parameter, such as median grain size, is known.
Such a relation has been established for alluvial material
in the Arkansas River valley, Arkansas (Bedinger and
Emmett, 1963). To the extent that the relation is
applicable to the materials of the area being investigated
or that a new relation can be established, the
transmissivity can be computed by summing the products
of the different hydraulic conductivities and the
thicknesses of the strata to which they apply. All the
aforementioned methods were used in varying degrees dur-
ing this study.

In this report, most of the transmissivities computed
from pumping-test data are for a section of the aquifer
that is not much thicker than the strata tapped by the
wells. The extent to which the computed transmissivi-
ties are representative of the entire saturated thickness
must be judged on the basis of the thickness of the dif-
ferent kinds of material tapped by the wells and the
thickness and kinds of material that comprise the entire
reservoir.

In many areas of the Imperial Valley the transmissiv-
ity of the entire thickness of saturated material is of little
significance in the development of irrigation or munici-
pal water supplies. As stated earlier, the hydraulic con-
nection between the deposits at great depth and those in
the upper part of the reservoir is so poor that the two
parts are virtually completely isolated. However, the oc-
currence of highly transmissive material at depth may
be greatly significant for other types of development,
such as the generation of electrical power by utilizing the
thermal energy of ground water, or the recovery of speci-
fic minerals from the deep water. The feasibility of
developments of these types is beyond the scope of this
study.

Another important characteristic of a water-bearing
rock is its capacity to store or to release water in response
to changes in head. A measure of this characteristic is
called the storage coefficient (formerly termed “coef-
ficient of storage’’) and is a dimensionless number that is
defined as the volume of water that is released from or is
taken into storage per unit surface area of an aquifer per
unit change in the component of head normal to that
surface (Ferris and others, 1962, p. 74).

When water is confined — that is, when it occurs un-
der artesian conditions — the changes in storage that
result from changes in head are attributed entirely to
compressibility of the water and of the aquifer materi-
als. Storage coefficients under artesian conditions are
small and generally range from about 0.00001 to 0.01.
However, in Imperial Valley, the upper limit may be sev-
eral times higher because of the unusually great thick-
ness of the deposits.
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When water is unconfined — that is, when it occurs
under water-table conditions — the changes in storage
that result from changes in head are dependent mainly
on the drainage characteristics of the aquifer material.
In an unconfined aquifer the volume of water involved in
gravity drainage ordinarily is many hundreds or even
thousands of times greater than the volume attributable
to compressibility of the aquifer materials and of the
water in the saturated zone, so the volume of water in-
volved in gravity drainage divided by the volume of the
zone through which the water table moves is the specific
yield. Under dewatering and unconfined conditions, the
storage coefficient therefore is sensibly equal to the
specific yield. However, when water is going into storage
— thatis, when the water table is rising — the storage coef-
ficient may exceed the specific yield if the material in
whichthe water is being stored contains less moisture than
it canretain against gravity drainage. In this instance, the
upper limit of the storage coefficient is the porosity of the
material. Generally, however, storage coefficients under
water-table conditions range from almost zero to a few
hundredths for clay and silt, and from 0.2 to 0.4 for clean
sand and gravel.

Storage coefficients, especially those for artesian
aquifers, are commonly computed from the results of
controlled pumping tests. However, the computed coef-
ficients have little significance if the field conditions dif-
fer markedly from the conditions that were assumed in
deriving the mathematical formulas used for computing
the coefficients. The pumping-test data obtained during
this study either were not adequate or were otherwise
considered unsatisfactory for computing meaningful
storage coefficients.

A neutron moisture probe, in conjunction with access
tubes driven to depths of several feet below the water
table, was used to determine storage characteristics of
several types of material in Imperial Valley. Con-
struction details and the scientific principles that relate
neutron-probe data to moisture content at a particular
depth are explained in previous water-resources reports
on the lower Colorado River area (Metzger and others,
1973; Olmsted and others, 1973).

The method is especially useful for determining the
capacity of materials to store water when water levels are
rising. Water levels have been rising for 20 or 30 years in
the parts of Imperial Valley where the ground-water res-
ervoir is recharged by leakage from the All-American
and the Coachella Canals. The average difference
between the moisture content of the material above the
capillary zone and that of the material below the water
table is an indicator of the quantity of water that will go
into storage as the water table rises. The results of the
neutron-probe moisture studies are given in a later sec-
tion entitled “Soil-Moisture Studies.”
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PUMPING TESTS

Short-term pumping tests were made at several widely
scattered sites to obtain data for computing transmis-
sivity. Although some of the short-term tests did not pro-
vide adequate data, most of the tests were satisfactory.
The pumping-test sites are shown in figure 7, and perti-
nent data from the tests are listed in table 1.

The test data were analyzed by the Theis (1935) non-
equilibrium formula. The reliability of the computed
transmissivity is classified arbitrarily as follows: Good, if
the difference between computed transmissivity and
true transmissivity is thought to be less than 25 percent
of the values listed; fair, if the difference is between 25
and 50 percent; and poor, if it is more than 50 percent
(table 1). None of the computed transmissivities are con-
sidered significant to more than two figures, and most, to
only one figure. The classification takes into account not
only the degree to which the test data conformed to theo-
retical values, but also other known factors that might
influence the results, such as the theoretical relation
between transmissivity and specific capacity previously
mentioned and consistency of results obtained from
drawdown data and from recovery data.

The data indicate that in the eastern and western
parts of Imperial Valley moderate to high yields can be
obtained from wells that tap several hundred feet of the
marginal alluvial deposits or deposits of the Colorado
River. Transmissivities of several hundred thousand gal-
lons per day per foot seem to be characteristic of these
deposits, and wells with specific capacities of as much as
50 gallons per minute per foot of drawdown or more may
be attainable in the more favorable areas. In the central
part of Imperial Valley, the two pumping tests that were
made by the Imperial Irrigation District prior to this
study indicate that the transmissivity of the fine-grained
deposits that are characteristic in this part of the valley
is likely to be only 1,000 to 10,000 gallons per day per foot
to depths of 500 feet. The geologic studies suggest that at
greater depths the transmissivity may be even lower for a
similar thickness of deposits.

The exceptionally high transmissivity and hydraulic
conductivity computed for deposits at well LCRP 6 (fig.
7; table 1) indicate that some of the Colorado River
deposits at the site are very permeable. The values are
similar to those obtained from pumping tests of large-
yielding wells in the Mexicali and Yuma Valleys. The
lower transmissivities and hydraulic conductivities at
wells LCRP 11, 12, and 18 (fig. 7; table 1) indicate that
the permeability of the deposits decreases westward and
northwestward from well LCRP 6. The eastward extent
from well LCRP 6 of the region of high transmissivity is
not known, but consideration of possible past courses of
the Colorado River suggests that it probably is several
miles.



K16 WATER RESOURCES OF LOWER COLORADO RIVER-SALTON SEA AREA

RIVERSIDE CO

116°00'

115°00"

R.9E. R,10E. R.ME. R,12E. R.I3E. R.14E. R.ISE. R.16E. R.I7ZE. R.18E. R.I9E. R.20E.
r T - U - _——T—l—— - - - -/ T - - -
T.9S. \
. .
kb
g s %
T.108.; @ o
o T ® O
3 L,q ] 2N
| }_ﬁ s
= 3315 @
a = '3
z T.1s. . Ay ‘L‘“
3 |3 Q
PV, 7
I Py 74 2
N [n]
[ 19,19A_Q-/ \ \ ! SN Ssee
. >
T.12 slg/‘s'a;z Felind \j
[ B NSy
Q
T.13 S ' 3,
| &
33°00" = grawlvy 3 ((v —
I o
T.i4s. o
s
| .8 g {7.
[ H >
T.15 5. R
I 1D 8 6 5 11°
ot %5, °
.I El Centro 7o
14 3
T.16 5. 11 15°016 *RGW
32045 P2 6
T. 1615 5.1 \ 139 i .18 y =
B ’ h——— WL AMERICAN CANAR—l— ==
| np =
T.17 S. b ——
| CALIFORNIA| ___l === Calexico EXPLANATION
- =—5%TA CALIFORNIA ™I, 18 alé
0 5 10 15 MILES Pumping-test site Soil-moisture-test site
Number refers to LCRP well. Number refers to field number
Initials identify owners of other shown in table 2

0 5 10 15 KILOMETERS

wells. See table 1

FIGURE 7. — Location of pumping-test and soil-moisture-test sites.

SOIL-MOISTURE STUDIES

The moisture content of soil profiles was determined
at 18 sites in Imperial Valley (fig. 7). A neutron probe
was lowered inside access holes of 1.62-inch ID steel tub-
ing, generally driven to depths of about 16 feet below the
land surface, and a counting rate was determined at 1-
foot intervals. From the counting rate the moisture con-
tent of the material at a particular depth was deter-
mined on the basis of the relation shown in figure 8. This
relation was inferred from specific relations between
laboratory determinations of moisture content or poros-
ity of samples and the respective counting rate obtained
with the soil-moisture meter for the samples in the field;
it is valid only for the conditions under which the data
were obtained. Experiments during this study showed
that the relation changes if different methods are used
for installing the tubing or if other kinds and diameters
of tubing are used. Figure 9 shows graphs of the counts
per minute that were obtained with the soil-moisture
meter at different depths below the land surface at sev-

eral sites in the valley. In the zone of saturation — that
is, below the water table — the rate generally is 7,000 to
8,000 counts per minute, which corresponds to a
moisture content of 41 to 48 percent by volume of the
material. The high counting rate sometimes persists for
several feet above the water table, which indicates that
the lower part of the capillary fringe is saturated or
nearly saturated. At three of the sites the counting rate
was 1,000 or less per minute for a part of the depth
tested. The low counting rate is related to the slight
moisture content of the material above the capillary
fringe; 1,000 counts per minute corresponds to a
moisture content of somewhat less than 5 percent.
The difference between the average moisture content of
the saturated material and that of the material above the
capillary fringe is an estimate of the quantity of water that
will go into storage per unit volume of material as water
levels rise in an area where the capillary fringe does not
reach the land surface. Table 2 lists the moisture content
below the water table and above the capillary fringe and
the difference between these contents at each site where
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T ABLE 1. — Results of pumping tests

[Type of test: D, drawdown; R, recovery. All wells completed in Quaternary alluvium.
LCRP, Lower Colorado River Project of U.S. Geol. Survey]

Specific
Date Ty, Interval Draw- capacity Transmissivity Conformance Indicated average
Well Owner or name of ?e tested (ft Yield down in gpm  computed from of test data Rehabnllty field hydrauhc
(fig.7) test test belowland  (gpm) (ft) per foot of tests to theoretical of
surface) drawdown  (gpd perft) values transmissivity (gpd persq ft)
Western Imperial Valley
128/ 9E-22A2 __ T.M.Jacobs ___ 7-29-63 R 285~ 667 1,450 14 100 290,000  Excellent _____ Good _______ 760
128/11E-18J1 . __ LCRP19 _____ 52064 R 310- 650 150 4 38 100,000  Fair __—_____ Fair ________ 300
18)2.__LCRP19A"____ 52064 R 35- 55 45 85 5 37000  ___do _________ do _____C 1,800
14S/11E-32R .. _LCRPS8 ______ 5-11-62 R 135~ 165 250 13 19 130,000 Good _______ Good _______ 480
218- 258
310- 354
390- 416
430~ 560
Central Imperial Valley
158/14E-18C ___ Imlgerial Irrigation 5-9-58 R 140- 440 160 86 2 2,200 Good _______ Good _______ 7
istrict.
17S/15B-10N __ _ ___ do - 51658 R 110~ 450 % 68 1.3 1700 ___do . ____ do ______ 5
Eastern Imperial Valley
128/16E-9A __ _ _ Southern Pacific 7-9-63 R 150-1,000, 975 43 23 62,000 Excellent _____ Good _______ 73
Co. 7963 D  150-1,000 675 27 2 47000  Good __________ do ______ 55
158/18E-15M __ _ LCRP11 _____ 51063 R 309- 894 1,000 20 50 220,000 _do ____ZZC27C do _____C 380
51063 D  309- 894  L,000 20 50 220,000  Excellent _____ ___ do ______ 380
16S/18E-32R __ _ LCRP18 _____ 62964 R 140- 630 900 21 3 140000 ___do _________ do __ZZTC 240
16S/19E-11D ___ LCRP12 _____ 51463 R 300- 610 990 2 41 240,000  Good __________ do ___Z°7 770
168/20E-31K __ _ LCRP6 ______ G262 R M- 410 10% 12 85 850,000  Excellent _____ ___ do _____C 10,000
1 52
S262 D M- 410 L0 12 85 880,000  Good __________ do ______ 10,000
10- 520
165/21E-16B ___R.G.Winder ___ 12-4-62 R 598 806 1550 36 43 130,000  Poor ________ Poor _______ 3,000
12462 D 598 806 1,550 36 43 1590000  ___do _________ do ____°C 2,800
'May be too high by a factor of 2.
60 . . .
T f TABLE 2. — Moisture content and storage capacity of alluvium
[All quantities in percent by volume]
Average moisture content
Field No. Storage
50— { (fig. 7) Location Below Above capacity
g water table capillary fringe
)
-
o] 1 _____ 12S/14E-4K ___ 44 _———— ————
> 2 ___C T 138/13E3E____ 4 oIt oIC
- 3 _ 13S/16E-35M _ —— 2 .
@ a0 S 15/15E-35A _ a1 o
- 5 T 158/16E-27D ___ 45
Z 6  158/16E-29D ___ 4“4 o
pr 7 ZZCCC 159/16E-29Q 4
Q / 8 _____ 16S/12B-IM ___ 44
x / 9 _Z11C 168/12E-11E ___ 43 I
o / 10 ____Z 16S/13E-2H ___ 45 _ClC _C
> 30k / B 16S/14E-TK ___ 43 R .
z y 12 2200 16S/14E-19D ___ 46 ooz ToIo
R 13 . ___ 16S/15E-35P _ _ _ 41 —_——— ————
= / 4 _____ 16S/16E-3D ___ 41 ——— - o
Z / 15 _ 7 16S/16E-12P _ 4 IzT oo
¢ / 16 _____ 16S/16E-12Q ___ 43 40
z y; 17 ___C 17S/15E-5J ____ 43 8 35
S Y 18 2222 17S/15E-10C _ __ 44 o .
w 200~ N Average __ ___ _ 43 4 39
[+ 4
=)
I
5 such determinations were possible; the average for each of
E . . . .
10 - | the determinations is also given.

[— The average moisture contents for deposits in the
Imperial Valley compare favorably with moisture con-
tents for flood-plain deposits in the other valleys in the

o 2' A els alz o lower Colorado River area in which similar studies were

COUNTS PER MINUTE, IN THOUSANDS made. For example, at 11 sites in Parker Valley, Ariz.,

FIGURE 8. — Relation between counts per minute obtained with the soil-moisture meter and | the average moisture content was 45 percent in the zone
ist tent of the soil. The line is dashed where the relati t determined f . . .

this study, | ton The e s cashedwhere fhe refation was not Cetermined ™ | of saturation and 6 percent in the zone above the capil-
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DEPTH BELOW LAND SURFACE, IN FEET
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lary fringe, which indicates a storage capacity of 39 per-
cent. In Palo Verde Valley, Calif., average values for 16
sites for corresponding zones were 44 and 12 percent,
indicating a storage capacity of 32 percent (Metzger and
others, 1973). In the South Gila Valley east of Yuma,
Ariz., the indicated storage capacity was 37 percent, and
in Yuma Valley, it was about 42 percent. In contrast, the
indicated storage capacity of shallow deposits beneath
the Yuma Mesa was only about 28 percent (Olmsted and
others, 1973). The lesser capacity of the mesa deposits for
storing water probably is due to the smaller percentage
of fine-grained material they contain. The capacity of
the shallow deposits of the East Mesa of Imperial Valley
for storing water likewise may be less than the average of
39 percent determined for the material in the valley.

In summary, the soil-moisture studies indicate that in
an area of rising water levels in fine-grained deposits out-
side of irrigated areas, the storage capacity is about 40
percent of the volume of the material in which the rise
occurs. Beneath mesas and other areas where the depos-
its are not all fine-grained, the storage capacity may be
more nearly 30 percent. Smaller quantities of water per
unit volume than those indicated by the foregoing per-
centages can be expected to be released from storage as
water levels decline, the quantities being dependent
largely on the fineness of the material and the length of
the drainage period. The storage capacities of materials
beneath irrigated areas are likely to be less than beneath
nonirrigated areas because of the incomplete gravity
drainage of irrigation water in the profile above the cap-
illary fringe.

SOURCES OF GROUND-WATER RECHARGE

The most important source of ground-water recharge
in Imperial Valley is the Colorado River. Minor sources
are underflow from tributary areas, precipitation, and
local runoff.

COLORADO RIVER

The Colorado River has been recharging the ground-
water reservoir of Imperial Valley since its delta was
built sufficiently high to exclude the Gulf of California
from the Salton Trough. However, the areas where the
recharge has occurred have varied widely depending on
whether the river was discharging to the Gulf of Califor-
nia or to the Salton Trough.

When the river was flowing to the Gulf of California,
recharge in Imperial Valley was principally underflow
from Mexicali Valley and underflow through the allu-
vial section between the Cargo Muchacho Mountains
and Pilot Knob. When the river was flowing to the
Salton Trough, a substantial amount of recharge also
resulted from the infiltration of river water in the east-
ern part of the Imperial Valley.

K19

IMPORTED WATER

Recharge to the shallow part of the ground-water res-
ervoir, as it occurred under natural conditions, was in-
creased by the importation of Colorado River water to
the Imperial Valley for irrigation beginning in 1901.
Development of an agricultural economy based on irri-
gation was interrupted occasionally, notably by the un-
controlled flooding of the valley by the Colorado River in
1905-7, when the present Salton Sea was formed. How-
ever, irrigation agriculture continued to expand until, in
the latter part of the 1960’s, more than 430,000 acres of
cropland was being irrigated. Much of the additional
recharge in the irrigated area is due to leakage from the
numerous conveyance channels and to the application of
irrigation water in excess of crop requirements, the latter
practice being necessary to prevent an excessive ac-
cumulation of salts in the root zone.

The quantity of recharge resulting from the appli-
cation of excess water is difficult to determine. How-
ever, it may be estimated by multiplying (1) the rate of
water delivery (in acre-feet per year per acre) by (2) the
irrigated acreage (in acres), by (3) a rule-of-thumb figure
of 25 percent as the minimum amount of water, in excess
of crop requirements, needed to prevent an excessive
accumulation of salts. Because 430,000 acres is irrigated
and consumptive use is about 4 acre-feet per year per
irrigated acre (Hely, 1969, p. 33), the recharge is esti-
mated to be more than 400,000 acre-feet per year. How-
ever, this recharge to the ground-water system is
balanced largely by discharge from the system through
an extensive drainage network, and therefore it does not
greatly influence recharge to aquifers several hundred or
more feet below the land surface.

LEAKAGE FROM CANALS

The completion of the All-American Canal, which per-
mitted the diversion of Colorado River water to Imperial
Valley by an all-American route rather than through
Mexicali Valley by the Alamo Canal, greatly increased
the opportunity for recharge to the ground-water system.
In February 1942 the All-American Canal became the
sole means for diverting Colorado River water to the
Imperial Valley. Six years later the Coachella Canal was
completed and thereafter supplied water to the lower
part of Coachella Valley.

The canals are major sources of recharge because (1)
they are unlined; (2) they are as much as 200 feet wide;
(3) they flow across many miles of sandy terrain, es-
pecially in the eastern part of Imperial Valley; and (4)
the water surface in the canals is much higher than the
general ground-water levels along their alinement. In the
Sand Hills area of the East Mesa the stage of the All-
American Canal is about 80 feet above precanal ground-
water levels; the difference between precanal levels and
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canal stage is similar at the head of the Coachella Canal
and northward.

The rate of leakage of water from these canals cannot
be determined precisely. However, the records of
measured canal flows corrected for diversions and evap-
oration losses give a rough estimate of the rates of
leakage. In 1948 the Imperial Irrigation District assumed
responsibility for operation of the All-American Canal
and the upper 50 miles of the Coachella Canal; since that
time the canal flow, diversions, and evaporation losses
have been recorded. Water losses in selected reaches of
the All-American Canal and the upper end of the Coa-
chella Canal, as compiled by the Imperial Irrigation Dis-
trict, are shown in figure 10.

Errors in measurement probably account for a large
part of the annual variations in the leakage rates as indi-
cated on the graphs (fig. 10). The plotted values are
residual differences in canal flow in the reaches and,
therefore, include the net effect of any errors in measure-
ment. The annual flows in the upper end of the All-
American Canal generally are 3 to 4 million acre-feet,
and at the head of the Coachella Canal, they are about
0.5 million acre-feet. A small percentage of error in flow
measurement, therefore, can account for much of the
year-to-year variations in computed rates of leakage.

The total quantity of leakage from the All-American
Canal between Pilot Knob and the East Highline Canal
and from the Coachella Canal in the reach above the 6A
check can be estimated as follows. The average annual
rate of leakage from the All-American Canal from 1941,
when the canal was first used for conveying large flows to
Imperial Valley, to 1950 probably was about the same as
the average annual rates for the first 3 years shown in
figure 10. The rates were about, 90,000 acre-feet per year
for the reach Pilot Knob to Drop 1 and about 130,000
acre-feet per year for the reach Drop 1 to East Highline
Canal, or a total of about 220,000 acre-feet per year.
From 1950 through 1967 (fig. 10), the leakage from the
two reaches was about 140,000 acre-feet per year.
Through 1967, therefore, the total leakage from the All-
American Canal between Pilot Knob and East Highline
Canal was nearly 4.5 million acre-feet. The leakage from
the Coachella Canal in the reach above the 6A check
averaged nearly 150,000 acre-feet per year; thus, from
1950, when the canal was first used to near capacity,
through 1967, leakage amounted to about 2.7 million
acre-feet. The ground-water recharge to the East Mesa
as a result of leakage from these canals thus was about 7
million acre-feet through 1967.

The leakage caused ground-water ridges to form
beneath the canals almost immediately, and in time, the
tops of the ridges intercepted the canals. The leakage
also spread horizontally, thereby causing water levels
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over large areas to rise many tens of feet. Eventually
much of the recharge due to the leakage, especially from
the All-American Canal, caused additional discharge to
drains and areas of natural discharge, rather than con-
tinuing to add to the quantity of ground water stored in
the system.

The rise in water levels that resulted from leakage
from the canals between 1939, before the canals were
completed, and 1960 is shown in figure 11. In 1960 the
All-American Canal had been in operation for 18 years,
and the Coachella Canal, for 12 years.

Along the All-American Canal the water-level rise
generally was more than 40 feet, and along the Coa-
chella Canal it was about 40 feet near the head of the
canal and gradually increased northward to more than
70 feet (fig. 11). Throughout most of the length of the
East Highline Canal the change in water levels was
small.

UNDERFLOW FROM TRIBUTARY AREAS

Recharge to the ground-water reservoir by underflow
from tributary areas is small compared with recharge
that results from the importation of Colorado River
water. The tributary areas that provide the major part of
the underflow are the Mexicali Valley and the areas
drained by Pinto and Coyote Washes and Carrizo and
San Felipe Creeks (pl. 1). Of these, the two that contrib-
ute most of the recharge are the Mexicali Valley and the
area drained by San Felipe Creek. Upper limits for the
probable magnitude of the inflow can be estimated on
the basis of the transmissivity of the deposits through
which most of the flow occurs, the hydraulic gradient,
and the width of sections. Most of the ground-water in-
flow from Mexicali Valley occurs through a section that
extends westward from Calexico, Calif., to the moun-
tains, a distance of about 12 miles (pl. 1). The average
hydraulic gradient is about 5 feet per mile, and the
transmissivity of the deposits through which most of the
water moves, as estimated from well logs and pumping-
test results, is about 100,000 gallons per day per foot.
Multiplying these parameters of width, hydraulic
gradient, and transmissivity results in a computed aver-
age annual flow of ground water across the section of
about 7,000 acre-feet. A similar computation indicates
that the underflow beneath San Felipe Creek is about
10,000 acre-feet per year. Underflow from the area
drained by Coyote Wash is considerably smaller, and the
underflow from areas drained by Pinto Wash is esti-
mated to be hundreds rather than thousands of acre-feet
per year.

PRECIPITATION AND RUNOFF

Direct infiltration of precipitation to the ground-water
reservoir is a minor source of recharge. Only on the
higher alluvial slopes of the mountains bordering the
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southwest side of Imperial Valley is the precipitation
sufficient to provide recharge by direct infiltration.

Recharge also results from infiltration of runoff,
mainly in washes and drainageways that discharge to the
central part of the valley or to the Salton Sea. This
recharge is estimated to average somewhat less than that
from the tributary area of San Felipe Creek. Thus, the
average annual recharge due to precipitation within the
study area probably is somewhat less than 10,000 acre-
feet.

MOVEMENT OF GROUND WATER

The general direction of movement of ground water
can be inferred from the water-level contour lines on
plate 1. In general, the direction of ground-water move-
ment is at right angles, or normal, to the contour lines
and toward the next lower contour line. The contours
were drawn on the basis of all known water-level alti-
tudes that, in the authors’ judgment, provided useful in-
formation on the probable altitude of water levels in
wells tapping the main water-bearing zones in 1965. Alti-
tudes of water levels in wells that tap only water-bearing
strata either above or below the main water-bearing
zones, therefore, may differ from the altitudes indicated
on plate 1. In some areas these differences may be as
much as several tens of feet, but generally they are much
smaller.

The broad ground-water mound that extends west-
ward from Pilot Knob (pl. 1) is the result of leakage from
the All-American and Coachella Canals. Between the
canals the direction of movement is principally west-
ward, but south of the All-American Canal the move-
ment is southward toward Mexico.

The relatively wide spacing of the contours on the East
Mesa is due to the high transmissivity in this region; im-
mediately west of the East Mesa the transmissivity is
much less.

Ground water generally moves toward the axis of the
valley and thence northwestward toward the Salton Sea.
The principal area of discharge is the central, cultivated
part of the valley. Substantial amounts of ground water
move toward the Alamo River, as shown by the convex-
ity of the contour lines in the upstream direction of the
river, especially north of Holtville. Ground water also
moves toward the New River, but the configuration of
the lines suggests that considerably less water moves
toward the New River than toward the Alamo River. The
hydraulic gradients of 2 to 5 feet per mile that are com-
mon near the New River upstream from the —80-foot
contour line contrast markedly with the gradients of 10
to 15 feet per mile that are common along the Alamo
River at corresponding water-level altitudes. Although
the wider spacing of contour lines in the western part of

K23

the valley floor, which includes the New River area,
might be interpreted as an indicated that the transmis-
sivity beneath this area is higher than that beneath the
eastern part of the valley floor, the wider spacing more
likely is an indication that the rate of movement of
ground water, and consequently the annual discharge, is
less in this part of the valley floor than in the eastern
part.

In addition to moving toward the Alamo and New
Rivers, appreciable quantities of ground water move up-
ward to the extensive system of drains in the irrigated
area. Most of the movement in the irrigated area, how-
ever, is downward to the drains. The contours on plate 1
do not represent the altitude of the drain water.

A wide range of hydraulic gradients is indicated on
plate 1 for the ground water that moves from the adja-
cent mountains and tributary areas toward the valley
floor or the Salton Sea. However, adequate control for
drawing the contour lines for most of the marginal areas
is lacking, so explanations for the wide range of gradients
that are shown are somwhat speculative. Steep gradients
— 20 feet and more per mile — in areas where the rate of
ground-water movement is known to be small indicate
that the deposits are poorly permeable. Some of the
seemingly abrupt changes in gradient are caused by the
barrier effects of faults. The very steep gradients west of
the Coachella Canal near Niland and northwestward un-
doubtedly result from substantial leakage from the canal
into poorly permeable deposits.

DISCHARGE OF GROUND WATER
SPRINGS

Ground water is discharged by numerous small springs
and seeps. On the northeast side of the Salton Sea they
commonly are found in a zone that roughly parallels the
San Andreas fault system, and many of them are down-
gradient from the Coachella Canal. The fact that many
of the springs and seeps postdate the completion of the
canal in 1948 indicates that the source of many of them
and the reason for increased flows from some of the his-
toric springs are seepage from the canal. Springs and
seeps southwest of the Salton Sea are less numerous and
generally have smaller flows than those northeast of the
sea. The total discharge of springs and seeps, excluding
the discharge due to seepage from the Coachella Canal,
is estimated to be only a few thousand acre-feet per year.

WELLS
Wells discharge only a small part of the ground water
in Imperial Valley. Although there are hundreds of wells
(table 3) in the area, most of them are small domestic or
stock wells. Much of the ground water they tap is con-
fined and therefore has some artesian head. In some
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areas the head is sufficient to raise the water level above
the land surface, and the wells flow. The principal area
of flowing wells is in the eastern part of the valley, ex-
tending from about 2 miles north of the international
boundary northward for about 30 miles in a 6- to 10-
mile-wide belt between the Alamo River and the East
Highline Canal (fig. 12). Most of the wells are 350 to
1,300 feet deep, casings are 2 to 3 inches in diameter, are
either slot perforated or not perforated, and are open at
the bottom in fine- to medium-grained sand (tables 3
and 4). Total dissolved-solids content of the water com-
monly ranges from 700 to 5,000 mg/l (milligrams per
liter), and the percent sodium is more than 90. Only the
better quality water is used for domestic and stock pur-
poses. A few wells that yield hot water have been used to
heat homes. The discharge from each of the several hun-
dred wells in this area averages about 10 gallons per
minute, so the annual discharge is only a few thousand
acre-feet.
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FIGURE 12. — Location of flowing wells, 1960-64.

Irrigation of crops by pumping from wells was
attempted prior to 1915 (Hutchins, 1915); however, only
a few wells were being used for this purpose in the 1960’s
— mainly to irrigate alfalfa in the lower Borrego Valley.
On the northeast side of Imperial Valley, the Southern
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Pacific Co. drilled well 12S/16E-9A (table 3) in 1963 to
provide a water supply for irrigating saltcedar wind-
breaks along its track. Well 165/12E~16B, in the Pilot
Knob area, was used for a few years in an attempt to irri-
gate citrus, but it was no longer being used at the time
this study was completed.

A group of wells in the Ocotillo-Coyote Wells area in
the southeastern part of T. 16 S., R. 9 E., has been
developed for industrial supply at the gypsum-products
plant at Plaster City; for local, private, and public sup-
ply; and for drinking water to be delivered to other com-
munities in the area. Pumpage probably is only a few
hundred acre-feet per year.

The Imperial Irrigation District uses wells 17S/18E-4A
and 17S/17TE-3C (table 3) to supply cooling water for the
electrical turbine generators at drops 3 and 4, respec-
tively, on the All-American Canal. A few wells have been
drilled near the Hot Mineral Spa in sec. 2, T.9 8., R. 12
E., in an effort to tap the source of the ground water
that was discharging as springs and seeps under natural
conditions. Some of the wells flow; the discharge of well
9S/12E-2A1 (table 3) reportedly was 900 gpm in Sep-
tember 1948.

In addition to the aforementioned wells, 15 deep wells
have been drilled by private interests as part of the ex-
ploratory programs for assessing and developing the vast
geothermal resources of the area. The drilling has been
centered in the Buttes area southeast of the Salton Sea,
although preliminary investigations indicate that the
thermal area probably is much more widespread. The
activities regarding development of this resource are
beyond the scope of this study. Information on the geo-
thermal resources of the area, their magnitude, and some
of the problems that have arisen with their development
are contained in California Department of Water
Resources Bulletin 143-7 (1970), entitled “Geothermal
Wastes and the Water Resources of the Salton Sea
Area.”

DRAINS, RIVERS, AND UPWARD LEAKAGE

Most of the ground-water discharge in Imperial Valley
is by an extensive network of drains that serve the irri-
gated land. The network discharges about 1 million acre-
feet per year of ground water and surface waste water,
most of which previously had been diverted to cropland
for irrigation. Some of the discharge, however, is water
that has moved upward to the drains from the deeper
aquifers, principally near the east edge of the irrigated
area.

The water-level contours on plate 1 indicate upward
leakage of water from the main ground-water body to the
Alamo and New Rivers and in the vicinity of the Salton
Sea. However, the amount of such leakage averages only
a few tens of thousands of acre-feet per year.
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CHEMICAL QUALITY OF THE GROUND WATER

The geographic and’geologic controls that govern the
occurrence, movement, and chemical quality of the
ground water of the Salton Trough vary widely. The
variability of the chemical quality of the water con-
tained in the rocks is due to differences in location with
respect to the water table and opportunities for recharge,
to compositional differences in sources of rechage, and to
the high evaporation rate in the hot arid climate.

Some of the deeper ground water may be moderately
altered connate ocean water. At shallower depths, the
water in the deltaic deposits probably consists of evapo-
ration residuals of water from prehistoric Lake Cahuilla
or earlier fresh-water lakes. Some of the residual water
may be nearly fresh, and some, moderately saline.
Locally, the ground water may have become somewhat
saline because storm runoff has leached soluble evapo-
rites from sedimentary rocks now above the water table.
Some small lenses of fresh ground water may have
resulted from impoundment of runoff from the ephem-
eral desert washes against sand dunes, as along the
northeast margin of the Sand Hills.

In the following discussion, interpretations of chemi-
cal relations are based mainly on chemical analyses of
water samples collected from wells. However, interpre-
tations about physical conditions near some rotary-
drilled wells are based on electric logs.

The chemical analyses specifically referred to are in
table 5. The individual analyses are grouped according
to specific geographic areas, and the order of analyses in
the areas is by blocks according to township, range, and
section. Each analysis is given an identifying number,
and if it is one of two or more analyses for a particular
well, it is also given an identifying letter. In the dis-
cussions, references to analyses are made by these iden-
tifying numbers and letters.

EASTERN IMPERIAL VALLEY
CHOCOLATE MOUNTAINS PIEDMONT SLOPE

Chemical analyses of water samples from 10 wells and
one mine shaft on the Chocolate Mountains piedmont
slope (table 5, analyses 1-11) indicate considerable dif-
ferences in the quality of the ground water. Although the
number of sites sampled is small relative to the area
(more than 500 sq mi), the analyses suggest some
generalizations associated with well location and depth.
Water at higher altitudes appears to be less mineralized
than water at lower altitudes. Also, water from deep wells
apparently is generally more mineralized than water from
shallow wells. Most of the shallow wells are dug wells,
and most of them yielded usable water.

Calcium bicarbonate water containing less than 500
mg/1 dissolved solids was obtained from two rather deep
dug wells (table 5, analyses 1 and 11) that probably
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penetrate pockets of alluvium in hollows of the crystal-
line rocks of the mountains. Three shallow dug wells
yielded water containing a mixture of calcium and
sodium sulfates, lesser quantities of bicarbonate and
chloride salts, and 849 to 1,080 mg/l dissolved solids
(table 5, analyses 2-4). Water of this type commonly is
produced from shaly sediments.

Water from the drilled wells, all of which are much
deeper than the dug wells, contained a little less to sub-
stantially more dissolved solids than the most miner-
alized water from the dug wells. One drilled well about
halfway down the piedmont slope yielded a sodium
mixed-anion water containing 1,350 mg/1 dissolved solids
(table 5, analysis 6). Three other drilled wells farther
down the slope yielded water containing 844 to 1,510
mg/l dissolved solids, predominantly sodium chloride;
the extreme concentrations were different samples from
the same well (table 5, analyses 8a and 8b). Two
samples (table 5, analyses 5 and 9) were too highly min-
eralized for continued use as drinking water. One was
from a mine shaft and may not be representative of
ground water beneath the piedmont slope; the other
sample was obtained many years ago from a well, now
destroyed, that was used to supply water for a mine and
probably was not used for drinking water.

PILOT KNOB MESA-SAND HILLS AREA

Water from wells in the Pilot Knob Mesa-Sand Hills
area (table 5, analyses 12-28) has less areal range in
quality than that from the Chocolate Mountains pied-
mont slope. However, samples were available from only
two wells in the northwest end of the area; hence, the
quality of water there is not well defined. Samples from a
deep well (table 5, analyses 12a and b) drilled to supply
water for a windbreak along the Southern Pacific Co.
railroad were the most mineralized of any in the entire
Pilot Knob Mesa-Sand Hills area. Although the chemi-
cal composition of the water was still changing after sec-
eral hours of pumping, the analyses indicate that the
water contains more than 2,000 mg/1 dissolved solids and
is a mixture of sodium chloride and bicarbonate and
lesser quantities of other constituents. This type of water
probably is suitable for growing salt-tolerant plants in
permeable soils. A single water sample (table 5, analysis
13) obtained in 1917 during the drilling of a well for rail-
road use at Amos indicated that the water would have
been satisfactory for domestic use. The well was not
completed, however, because the yield was inadequate.

Water from the part of the Pilot Knob Mesa-Sand
Hills area that is south and southeast of Ogilby contains
less than 1,000 mg/l dissolved solids and is satisfactory
for domestic use. Generally, bicarbonate or chloride is
the principal anion, and sodium is the principal cation;
however, water from several small-diameter wells
augered by the U.S. Geological Survey near the All-
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American Canal contained more sulfate than any other
anion and resembled Colorado River water except for be-
ing somewhat softer. The quality presumably reflects
leakage from the All-American Canal. Evidence of
changes in chemical quality of ground water resulting
from such leakage is the variation in the quality of water
obtained from well 16S/20E-27D (table 5, analyses
17a-d). Analysis 17a shows that in 1941, before the util-
ization of the All-American Canal, the ground water was
mixed-anion type; analysis 17b shows that by 1958 it
resembled Colorado River water.

The only deep well in the southeastern part of the
Pilot Knob Mesa-Sand Hills area yielded water having
sodium and chloride as the principal ionic constituents
(table 5, analysis 22). The water was used to irrigate
alfalfa and citrus for 2 or 3 years, but apparently the soil
was so permeable that pumping costs were excessive and
irrigation was discontinued. According to reports, the
chemical quality of the water was not a consideration in
the cessation of irrigation. Several of the wells that were
sampled have served as rural domestic supplies for 10 or
more years.

) EAST MESA

Part of the East Mesa probably has a greater potential
for new ground-water development than any other part
of the study area, because of the substantial recharge
due to leakage from the All-American and Coachella
Canals and the proximity of the Colorado River.
Therefore, a determination of the quantity and chemi-
cal quality of ground water that might be developed on
the East Mesa was given high priority during this study.
Four deep test wells were drilled on the mesa as an aid in
making this determination.

Chemical analyses of water from 51 wells on the East
Mesa (table 5, analyses 29-79) show substantial differ-
ences in chemical characteristics. The dissolved-solids
concentrations ranged from 498 to 7,280 mg/l. However,
more than three-fourths of the samples contained less
than 2,000 mg/1 dissolved solids, so water containing less
than this concentration can probably be obtained in a
large part of the mesa.

During and after the construction of the All-American
and Coachella Canals, the U.S. Bureau of Reclamation
and the Imperial Irrigation District installed several
hundred observation wells extending just below the
original water table or to an average depth of about 50
feet to determine the effects of the canals on the water
table beneath the mesa. The Geological Survey analyzed
many water samples bailed from these wells during this
study and also studied earlier analyses of water from
some of the wells. Study of the analyses by plotting on
maps and by comparing samples taken from the same
well indicated that a large percentage of the analytical
results were spurious. The spurious analyses may have
resulted from insufficient pumping of the wells before
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sampling to remove water standing in and around the
casings that possibly might have been differentially con-
centrated by evaporation, changed by microbial activ-
ity, or altered by reaction with the iron casings. Con-
sequently, analyses of water from the shallow obser-
vation wells are not included in table 5, and the only gen-
eralization made about water in the top few feet of the
aquifer is that it is variable in composition and may have
chemical characteristics unlike the water a few tens of
feet below the water table.

Twenty-nine of the 51 wells for which water analyses
are shown in table 5 were small-diameter holes augered
by the Geological Survey during the project investi-
gation. Most of these wells were sampled by pumping
them immediately after well points had been installed,
generally at depths somewhat less than the total depth
drilled; the several wells not sampled upon completion
were later sampled by bailing. The analyses of the water
from the augered wells did not exhibit the peculiarities
of those from the network of shallow observation wells
previously described, and they were in general agree-
ment with analyses of water from nearby test and pro-
duction wells. We concluded, therefore, that these
samples are valid representations of the chemical quality
of the ground water near the well-point settings. How-
ever, the conclusions based on these analyses probably
would not be valid for depths substantially below the
well points.

Water containing less than 1,000 mg/l dissolved solids
(table 5, analyses 59-61 and 68-79) has been produced
from all wells near the All-American Canal and U.S.
Highway 80, both before and after the canal was con-
structed. However, the analytical data indicate that the
water quality may have changed gradually as a result of
infiltration of Colorado River water from the canal. Of
the six samples (table 5, analyses 60, 61, 69, 72, 73a, and
73b) obtained from wells near the present location of the
canal prior to its construction, five contained more chlo-
ride than sulfate. All but two samples obtained from
wells in the same area since the canal was constructed
contained more sulfate than chloride. Because the Colo-
rado River water in the canal contains substantially
more sulfate than chloride, the change in the chemical
quality of the ground water is assumed to have resulted
from infiltration of water from the canal.

Chemical analyses of water from the six test wells in
the southeast quarter of the East Mesa indicate a rather
large volume of ground water that is nearly as suitable
for irrigation and other purposes as present Colorado
River water, although ground water in at least part of the
area has relatively more chloride and less sulfate than
the river water. Some of the ground water may contain
as much as two or three times the dissolved-solids con-
tent of the river water (800 mg/l).
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The easternmost of the test wells, LCRP 6, was drilled
for the Geological Survey near the head of the Coachella
Canal. It was completed to a depth of 1,000 feet by the
cable-tool method in April 1962 and was deepened to
2,519 feet by the rotary method in March 1964. Analyses
of water samples obtained at numerous times during the
drilling of the cable-tool section of the well indicated no
great changes in chemical quality with depth. Water
entered the well, as originally completed, through perfo-
rations at a depth of 340 to 520 feet below the land sur-
face. Three samples of water (table 5, analyses 71a-c)
entering the well through these perforations during dif-
ferent extended test periods showed that the chemical
quality of the pumped water was not greatly different
from that of recent Colorado River water and that it
more nearly approached the composition of river water
as pumping continued. The electric log indicated fresh
water to the total depth (2,519 ft) of the rotary section of
the well.

Information obtained from the Imperial Irrigation Dis-
trict’s test wells 3 and 3a, which were drilled for the dis-
trict in 1958 at its experimental farm 2, about 5 miles
west of LCRP 6, gave the first indication of a substan-
tial body of fresh ground water at depth in the East
Mesa. Although the records concerning formations pene-
trated in drilling were obtained for both wells, chemical
analyses of water were available for only one well. The
two wells were drilled to depths of 275 and 500 feet,
respectively, and were perforated from 40 to 240 feet and
69 to 273 feet, respectively. Evidently, development of
the deeper materials was not considered feasible. The
water from test well 3 (table 5, analyses 68a and b) was
similar to Colorado River water except that the first
analysis, 68a, indicated a large amount of fluoride. No
plausible reason can be given for the 5 mg/l fluoride that
was reported, as this was the only well water in the area
having a large concentration of fluoride. The sample
may have been contaminated, or the analysis may be in
error. However, high fluoride concentrations also occur
in ground water beneath the central Imperial Valley, so
the reported concentration may represent some unusual
local condition.

The area known to be underlain by ground water of
good quality was extended 5 miles farther west on the
basis of information obtained from well LCRP 18, drilled
in May 1964 near drop 3 of the All-American Canal. The
well was drilled by the rotary method to a depth of 815
feet, and an electric log was made. The well was then
cased, perforated from 140 to 630 feet below the land sur-
face, and pumped to determine aquifer characteristics.
A water sample (table 5, analysis 59) obtained during
the aquifer test contained 874 mg/l dissolved solids, 93
mg/l hardness, and approximately equal concentrations
of bicarbonate, sulfate, and chloride. Obviously the
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water had not been greatly affected by infiltration from
the nearby All-American Canal.

To determine whether fresh ground water, similar to
that found in LCRP 6 in 1962, extends northwestward
along the Coachella Canal, the Geological Survey in 1963
arranged for the drilling of two deep rotary test wells.
The pilot hole for one well, LCRP 11, 13 miles northwest
of LCRP 6, was drilled to a depth of 1,140 feet. Casing
was installed to a depth of 900 feet, and selective perfo-
rations were made from 309 to 894 feet below the land
surface. The electric log of the pilot hole indicated fresh
water (specific conductance less than 3,000 micromhos)
to a depth of 250 feet and brackish water throughout the
rest of the saturated deposits penetrated. The chemical
quality of the water produced from the well varied
slightly after pumping began but became uniform at the
end of three tests (table 5, analyses 45a-c). Water from
this well contained considerably less bicarbonate and
sulfate, more calcium and magnesium, and substanti-
ally more sodium and chloride than the water produced
from LCRP 6 (table 5, analyses 71a—c). The data indi-
cate that the pumped water contained no leakage from
the Coachella Canal.

The pilot hole for another test well, LCRP 12, 5%
miles northwest of LCRP 6, was drilled to a depth of
1,000 feet. An electric log indicated fresh water through-
out the depth drilled. The well was cased to 630 feet,
gravel packed, and completed by perforating the casing
from 300 to 610 feet. Water obtained from the well im-
mediately upon completion of development (table 5,
analysis 66a) contained slightly more dissolved solids, a
little less sulfate, and about double the chloride that is
characteristic of recent Colorado River water. A sample
collected 8 months later (table 5, analysis 66b), how-
ever, contained water very similar to recent Colorado
River water. The change in chemical composition indi-
cates that leakage from the Coachella Canal had moved
downward through the gravel pack surrounding the well
and into the principal water-bearing zone.

After the Geological Survey completed its test-well
drilling on the East Mesa, the U.S. Bureau of Recla-
mation investigated the area to determine if ground
water might be recovered to augment surface-water sup-
plies in the Imperial and Coachella Valleys. Using its
own rotary drilling equipment, the Bureau drilled a 500-
foot test hole north of the junction of U.S. Highway 80
and State Highway 98 about halfway between the All-
American and Coachella Canals. The well was com-
pleted by inserting small-diameter pipes to four differ-
ent depths and then by hydraulically isolating each pipe
from the others. Water samples for chemical analysis
were obtained by pumping from each of the pipes sepa-
rately. The samples (table 5, analyses 57a~d) showed a
small range in dissolved-solids content (708-929 mg/l)
and small differences in anion ratios, possibly caused by
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the manner in which the samples were collected. How-
ever, all four samples indicate that the chemical quality
of the water is good. We concluded, therefore, that the
area of good-quality water extends across the southeast
corner of the East Mesa.

Water samples from augered wells on both sides of the
Coachella Canal but mainly west of the canal indicate
that water of the same general composition as that from
well LCRP 11 probably is present at depths of 50 to 150
feet or more in the area between the edge of the Sand
Hills and a line within 2 or 8 miles of the main Lake
Cahuilla shoreline that extends northward from the in-
ternational boundary to a few miles north of the
Brawley-Glamis highway. The dissolved-solids content
of the water may increase westward and range from 1,000
to 3,000 mg/l.

An artesian well was drilled in 1961 to supply water for
a proposed citrus project east of Holtville. Water from
the well was sufficiently low in dissolved solids — 787
mg/l (table 5, analysis 41a) — to be satisfactory for the
proposed use, but the percent sodium (96) was too high,
and the project was abandoned.

About 10 miles farther north an unused 2-inch arte-
sian well has flowed uncontrolled for many years. Two
analyses of water from this well (table 5, analyses 36a
and b) indicate that the water may be somewhat differ-
ent in origin from that yielded by the artesian well east
of Holtville. The dissolved-solids content (1,190 mg/l) is
higher and consists of relatively more sodium chloride
and less sodium bicarbonate.

About 6 miles farther northeast a cable-tool test well
was drilled for the Imperial Irrigation District to a depth
of 329 feet. The well flowed when completed in 1958 but
was capped and not used. Water from the well (table 5,
analysis 30) contained 1,660 mg/l dissolved solids,
mainly sodium chloride, and 2.3 mg/l boron. On the
basis of this analysis, the water was deemed unfit for irri-
gation.

Water samples from the augered wells within a mile or
two of the west edge of the East Mesa (table 5, analyses
31, 38-40, and 51) indicate that the chemical quality of
the shallow water is not uniform and that the water is
generally more mineralized and contains more sulfate
than water from artesian wells. The difference in chemical
quality suggests that water from the augered wells
probably is separated from the artesian water by a con-
fining bed or beds and that it is at least partly derived
from seepage from the East Main Canal.

The East Mesa narrows northwestward to the limiting
boundary of the Sand Hills near Mammoth Wash, where
it becomes difficult to define. However, for discussion, it
is arbitrarily extended northwestward to include the
areas where the land-surface altitudes are 30 to 160 feet
above mean sea level. Two analyses of water samples
(table 5, analyses 29a and b) from a private well in this
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northern extension of East Mesa indicate that the local
ground water contains more dissolved solids (2,190 mg/1)
than most ground water in the southeastern part of the
mesa. The well, drilled to a total depth of 550 feet, was
perforated only from 25 to 150 feet below the land sur-
face. The rather high ratio of sulfate to chloride suggests
that the water, in part, may have been seepage from the
nearby Coachella Canal.

CENTRAL IMPERIAL VALLEY

Deep exploration holes drilled to find oil or water have
shown that most of the central Imperial Valley is under-
lain by great thicknesses of water-saturated lacustrine
and playa deposits overlying older sediments. Studies
elsewhere have shown that such deposits generally have
low vertical permeability and that water from them may
be moderately to highly mineralized in some zones and
fresh in others. Thus, the shallow ground water (water
immediately below the root zone of plants) may be
saline, and the deeper water, which is separated from the
shallow water by a layer of poorly permeable material,
may be fresh.

Many years ago widespread waterlogging developed as
a result of repeated irrigation whose only drainage was
slow seepage to the Alamo and New Rivers. Evapo-
ration from the waterlogged areas increased the salinity
of both the soil and the shallow ground water. Later, net-
works of ditch and tile drains extending throughout the
cultivated area were constructed. Waterlogging is now
virtually ended, and unconfined ground-water levels
have been stabilized at depths between 5 and 20 feet
below the land surface. However, white saline crusts still
persist in uncultivated fields and along river, canal, and
drain banks, indicating that the shallow ground water is
still rather saline in most of the areas that formerly were
waterlogged.

Although the extent to which usable ground water oc-
curs in the central Imperial Valley is unknown, the oc-
currence of such water certainly must be limited. Early
attempts to construct wells to supply municipal water at
Brawley and El Centro were failures. The only success-
ful large-capacity wells drilled in the area are two drain
wells adjacent to major canals. Many small artesian
wells have supplied domestic water in an area east of the
Alamo River extending from about 6 miles south of Holt-
ville to several miles northeast of Calipatria. Old records
indicate that wells west of the Alamo River are not likely
to flow and that they have water of very poor chemical
quality.

Chemical analyses of water from 115 wells in the cen-
tral Imperial Valley are shown in table 5. There are 86
privately owned artesian wells, 22 observation wells
augered by the Geological Survey, 4 test and 2 drainage
wells owned by the Imperial Irrigation District, and 1
test well drilled for the Geological Survey. Because all



GEOHYDROLOGIC RECONNAISSANCE OF THE IMPERIAL VALLEY, CALIFORNIA

the artesian wells and several other wells are east of the
Alamo River, the analytical data are greatly biased
toward the eastern part of the area.

Although the artesian water has a rather large range of
dissolved-solids content, it includes only a small number
of different compositional types. The dissolved-solids
content of the artesian water ranged from 663 to 5,710
mg/l, but most of the concentrations ranged from 1,000
to 2,000 mg/l. Salts dissolved in the artesian water are
mainly mixtures of sodium chloride and sodium bicar-
bonate, but the water from a few wells contains con-
siderable sodium sulfate.

Generally, the least concentrated artesian waters con-
tain bicarbonate as the dominant anion or contain equal
or nearly equal amounts of bicarbonate and chloride. As
the dissolved-solids content increases, the bicarbonate
content tends to become less than the chloride content
until, in the most concentrated artesian water, the chlo-
ride content is several times larger than the bicarbonate
content.

The sulfate content of water samples from a large
number of the artesian wells is less than 100 mg/l; one
sample contained no sulfate. Sulfate contents greater
than 100 mg/l generally are associated with high chlo-
ride contents. However, the water that contained 5,710
mg/l dissolved solids (table 5, analysis 110) contained
2,200 mg/] sulfate and only 1,360 mg/l chloride.

Several characteristics make the artesian water rather
undesirable for various uses. Most of the samples
analyzed for fluoride content contained more than 0.8
mg/l recommended as the upper limit for drinking water
in hot climates, and many contained more than the 1.7
mg/]l recommended as the upper limit for cool climates
(U.S. Public Health Service, 1962). All the samples con-
tained more than 80 percent sodium, and most con-
tained more than 90 percent. Because of these high per-
cents sodium, the artesian water probably would be
hazardous for continued irrigation. Boron concen-
trations were moderately high (0.67-2.50 mg/1) for most
of the samples analyzed for that constituent. However,
in several analyses the boron content was greater than
the upper limit (3.75 mg/l) considered acceptable for any
crop.

Analyses of successive water samples from the same
wells taken over a long period of time showed, for the
most part, only small changes in the chemical quality of
the water, such as might result from analytical errors or
differences in analytical procedures. However, the analy-
ses of samples from one well (table 5, analyses 134a—¢)
showed a considerable reduction in both chloride and
dissolved solids that may indicate a real reduction in the
mineral content of the water yielded by the well.

Areal differences in the chemical quality of the arte-
sian water were studied by plotting diagrams prepared
from the chemical-analysis data at points on topogra-
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phic maps corresponding to well locations. The dia-
grams suggested some generalizations of chemical pat-
terns, but the generalizations were far from conclusive.
Apparently, the water from artesian wells near the East
Highline Canal contains less dissolved solids and more
bicarbonate than water from wells farther west. Also, the
highest dissolved-solids contents were found mainly in
water from wells within a few miles of the Alamo River.
However, exceptions to both patterns indicate that there
may be zones yielding fair to poor water between other
zones yielding better water.

With but two exceptions, both of which were flowing
wells, the augered wells yielded water from below the
root zone of plants and above the uppermost zone likely
to yield artesian water. The chemical analyses of the
water samples from the 20 nonflowing augered wells
indicate that the prospects for obtaining water accept-
able for domestic use at depths of less than 150 feet are
poor. Only three water samples from nonflowing augered
wells contained less than 2,000 mg/l dissolved solids,
whereas 11 samples contained more than 9,000 mg/1 dis-
solved solids. The chemical characteristics of the water
from these wells were quite variable, but generally the
bicarbonate content was less than the sulfate content,
and the sulfate content was less than the chloride con-
tent. Although sodium was the principal cation in
almost all the samples from these wells, the water con-
tained enough calcium and magnesium to produce sev-
eral hundred milligrams per liter noncarbonate hard-
ness. Thus, the upper water can be differentiated from
the deeper artesian water, because the latter generally
contained much more bicarbonate than sulfate, rather
low concentrations of calcium and magnesium, and
moderately low to zero noncarbonate hardness.

East of the Alamo River two augered wells penetrated
artesian water under sufficient head to cause the wells to
flow. A water sample from one well (table 5, analysis 83)
had the highest specific conductance and the highest
chloride content of any water sampled in the central
Imperial Valley during this study. The water from the
other well (table 5, analysis 122) was very similar to
water from nearby privately owned flowing wells.

Analyses of water from the five test wells in the central
Imperial Valley support the generalizations based on the
analyses of samples from the artesian and augered wells.
A well drilled east of Calexico in 1958 for the Imperial
Irrigation District was perforated between the depths of
110 and 450 feet and yielded water contained 5,610 mg/l
dissolved solids (table 5, analysis 192), most of which
were a mixture of sodium chloride and sodium sulfate. A
1,000-foot well at the west edge of Calexico, drilled for
the Geological Survey in 1962, yielded from strata below
a packer set at 260 feet water containing 4,920 mg/1 dis-
solved solids (table 5, analysis 191), principally sodium
salts, and the ratio of chloride to sulfate was higher than



K30

that for the water from the well east of Calexico.

Farther north, at Imperial, a 500-foot test well that
was drilled for the Imperial Irrigation District in 1958
yielded only a small quantity of water. The dissolved-
solids content, most of which was sodium chloride, ex-
ceeded 10,000 mg/l (table 5, analyses 149a and b).

Two of the Imperial Irrigation District test wells
drilled in 1958 penetrated artesian strata. One well, 603
feet deep, near the East Highline Canal southeast of
Holtville, was perforated in three zones: 590 to 432 feet,
400 to 320 feet, and 234 to 46 feet below the land surface.
Samples of water bailed from each of the two lower zones
were of similar chemical composition (table 5, analyses
187a and b); each sample contained about 1,000 mg/l
dissolved solids of mixed sodium salts and was very
much like water produced from several nearby privately
owned artesian wells. Water bailed from the upper per-
forated zone (table 5, analyses 187c and d) was much
more highly mineralized; the samples contained 5,750
and 6,890 mg/1 dissolved solids, respectively, consisting
mainly of sodium sulfate and sodium chloride but also
including considerable quantities of calcium and mag-
nesium salts Water (table 5, analyses 171a-c) from the
second artesian test well, about 3 miles northeast of
Holtville, also was different in chemical composition,
depending on the zone from which the water was ob-
tained.

Analyses (182 and 188, table 5) of water from two
rather shallow drain wells on opposite sides of the central
Imperial Valley suggest the possibility that careful ex-
ploration might disclose sites near major canals where
ground water of good quality can be obtained from shal-
low permeable zones. Both wells were drilled in 1947 and
were pumped for several years but were not in use when
visited in 1962..The chemical quality of the water from
the wells was very similar to that of Colorado River
water.

WESTERN IMPERIAL VALLEY

Much of the area of the western Imperial Valley is
referred to locally as the West Mesa. In this study, how-
ever, the term ‘“West Mesa” is restricted to a smaller
area, considered suitable for irrigation, that is immedi-
ately west of the Westside Main Canal. Major sub-
divisions of the western Imperial Valley are the lower
Borrego Valley, the San Felipe Creek-Superstition Hills
area, the Coyote Valley, and the West Mesa and Yuha
Desert.

LOWER BORREGO VALLEY

The lower Borrego Valley, which has also been referred
to as the Ocotillo Valley, extends north and northwest of
the Fish Creek Mountains. The valley is mostly barren
desert, but it contains scattered areas where ground
water is pumped for irrigation; and old maps show
numerous wells, many of which no longer exist. Most of
the irrigation is in San Diego County. Water samples
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(table 5, analyses 195-198) were collected from four wells
in San Diego County, although several times this
number of wells may be in use. The chemical analyses
indicate that the ground water is satisfactory for irri-
gating most crops grown in the Imperial Valley. One of
the wells, used for domestic supply, yielded water of
substantially better quality (table 5, analysis 196) than
that obtained from the other three. Water from three
irrigation wells (table 5, analyses 199-201) in the Impe-
rial County part of the valley was more highly miner-
alized than the water from the irrigated area in San
Diego County.

Although chemical characteristics of water from the
wells sampled in the lower Borrego Valley differed from
well to well, without exception, sodium was the domi-
nant cation, and bicarbonate was less abundant than
sulfate or chloride. The analyses also indicate that the
dissolved-solids content of the ground water increases
eastward.

SAN FELIPE CREEK-SUPERSTITION HILLS AREA

The San Felipe Creek-Superstition Hills area, north of
Superstition Mountain and between the central Impe-
rial Valley and the lower Borrego Valley, is a somewhat
dissected part of the western Imperial Valley sur-
rounding the Superstition Hills. The surface drainage is
mostly to San Felipe Creek and thence to the Salton Sea,
but some washes flow directly into the sea. A part of the
area is flat enough to be cultivated, and sufficient wells
are indicated on old maps to suggest that attempts have
been made to develop ground water. The lack of other
evidence of development suggests that satisfactory
ground-water supplies were not found.

Three water samples (table 5, analyses 202a-c) col-
lected from Harper’s Well in 1918, 1949, and 1962,
respectively, were of a nearly uniform mixed sodium
chloride sulfate type that could be used for drinking
water but that probably contained too much sodium for
irrigating clay soils. The water from nearby Harper’s
Spring, sampled in 1949 (table 5, analysis 203), was
somewhat more mineralized, but this may be partly the
result of evapotranspiration of water seeping from
Harper’s Well.

Another old well yielded moderately saline water con-
taining 3,920 and 4,520 mg/l dissolved solids when
sampled in 1949 and 1962, respectively (table 5, analy-
ses 204a and b). Sodium chloride was the principal salt,
and the sulfate ion concentration was low. Water from
this well ordinarily would not be considered satisfactory
for drinking by humans except in an emergency,
although it probably could be drunk by animals.

To determine whether substantial quantities of usa-
ble water could be obtained nearer the Salton Sea, the
Geological Survey in 1964 contracted for the drilling of a
deep rotary test well, LCRP 19, near the intersection of
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California State Highway 78 and U.S. Highway 99, and a
short distance from the channel of San Felipe Creek. The
well was drilled to a depth of 958 feet; the casing was per-
forated from 310 to 650 feet below the land surface.
When completed, the well flowed about 200 gpm. Water
from the well (table 5, analyses 205a and b) contained
slightly more than 1,400 mg/l dissolved solids, mostly
sodium salts; chloride was the principal anion, although
considerable sulfate also was present. Boron content was
2.0 and 2.6 mg/], respectively, in the two water samples.
Water from this well, therefore, might be satisfactory for
domestic use, whereas it might not be satisfactory for
irrigation.

A shallow test well was also drilled at the same site,
and the casing was perforated from 35 to 55 feet below
the land surface. The water (table 5, analysis 206) from
the well contained 8,420 mg/1 dissolved solids consisting
of a mixture of sodium chloride and sodium sulfate and
slight amounts of other salts. At this locality the shal-
low water and the deep artesian water evidently are
separated by very poorly permeable deposits.

Springs formerly were used regularly as watering
places in the Colorado Desert, but they have been used
much less since the automobile replaced the horse as a
means of travel. Thus, the apparent large increase in the
dissolved-solids content of two water samples (table 5,
analyses 207a and b) taken in 1917 and 1962, respec-
tively, from Kane Spring may be more the result of dif-
ferences in the way the area around the spring was main-
tained at the times of sampling than of real changes in
water quality. If so, the much higher concentration
(5,270 mg/1) represents a change because of greater evap-
otranspiration at the spring; cleaning the springs might
result in a return to the 1917 quality. However, water of
even this lower concentration (2,090 mg/l) would not be
considered very satisfactory by most travelers today.

COYOTE VALLEY

Coyote Valley is the only area in the western Imperial
Valley south of San Felipe Creek where development of
ground water has been significant. The area extends
from a boundary west of Ocotillo to a boundary east of
the former railroad station at Coyote Wells. A few dozen
wells scattered over several sections of land supply
domestic and municipal water that is used both locally
and at Plaster City, about 10 miles northeast. Water
from wells near Ocotillo is hauled in tank trucks to Mexi-
cali, where it is sold for drinking water.

Most of the wells in Coyote Valley yield soft bicarbon-
ate water containing less than 400 mg/] dissolved solids
(table 5, analyses 208~216 and 220b). Limited data indi-
cate that most of the wells are screened or perforated
between depths of 100 and 500 feet. Dissolved-solids con-
tent of the water is higher, and the depth of perforations
in the casings of wells is shallower, toward the east end of
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the productive area. The principal undesirable charac-
teristic of the water is the high concentration of fluoride.
About half of the water samples whose fluoride concen-
trations were determined contained at least 2.0 mg/l
fluoride, and several samples contained more than 3.0
mg/l.

WEST MESA AND YUHA DESERT

The large, nearly barren area east of the Coyote Valley
development and between the international boundary
and Superstition Mountain is designated as the West
Mesa for that part north of U.S. Highway 80 and as the
Yuha Desert for that part south of the highway. Irri-
gation from wells was attempted on the West Mesa prior
to 1915 (Hutchins, 1915), but apparently the under-
taking was a failure. No information is now available as
to the quantity or quality of the water that was
developed. To obtain information concerning the avail-
ability and chemical quality of the ground water in the
West Mesa, the Geological Survey contracted for a deep
rotary test well, LCRP 8, at a site about 7 miles north of
Plaster City. The well was drilled to a depth of 985 feet
and was completed by perforating the casing from 135 to
560 feet. Two water samples (table 5, analyses 221a and
b) obtained when the well was being tested differed
slightly in mineral content. If the well had been fully
developed as a production well, the water would have
contained about 2,000 mg/1 dissolved solids, with sodium
sulfate the dominant mineral salt. The water probably
would be satisfactory for irrigating salt-tolerant crops.

During its 1958 test-drilling program, the Imperial
Irrigation District drilled one well about a mile north of
Dixieland and about half a mile west of the district’s
Westside Main Canal. A water sample from this well
(table 5, analysis 224) contained 2,620 mg/] dissolved
solids, mainly sodium chloride and sodium sulfate salts.
The water was not considered satisfactory for irrigation
because of the availability of canal water of better
quality. However, water having a chemical composition
similar to that of the well water has been used for irri-
gation in other areas of the Colorado River basin.

As a part of its exploratory program the Geological
Survey drilled two wells with a power auger near the east
edge of the West Mesa. The permeability of the materi-
als penetrated appeared to be low, and the chemical
quality of the water (table 5, analyses 222 and 223) was
poor (5,210 and 4,680 mg/l dissolved solids, respec-
tively). The prospects for obtaining much usable water
in this area also appear to be poor.

Small quantities of good-quality ground water may be
present in the west edge of the Yuna Desert, but infor-
mation on chemical quality is sparse and undepend-
able. A water sample (table 5, analysis 232) taken from
an oil test hole about 5 miles southeast of Ocotillo con-
tained 721 mg/1 dissolved solids, which consisted mainly
of a mixture of sodium salts; chloride was the principal
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anion. Water samples (table 5, analyses 228a and b)
reported to have been obtained in 1952 and 1958 from an
oil test hole that was finished as a water well contained
493 and 568 mg/1 dissolved solids, respectively. When the
site was visited in 1962, the well was not found, but two
water samples (table 5, analyses 229 and 230) taken from
nearby shallow dug wells contained 13,000 and 2,630
mg/l dissolved solids, respectively. The much higher
concentrations in the water from the shallow dug wells
suggest that better water might be obtained at greater
depths. A water sample (table 5, analysis 233) from an
auger hole drilled by the Geological Survey where Pinto
Wash crosses State Highway 98 contained 2,770 mg/l
dissolved solids.
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K36 WATER RESOURCES OF LOWER COLORADO RIVER-SALTON SEA AREA

TABLE 3. — Records of selected wells and springs

Well location: See text section entitled “Well-Numberin, 5 System” for explanation.
S. Geol. Survey). gasoline.
Altitude of land surface: Approximate altitude above (+) or below (—) mean sea level.
Depth of well: Greatest depth to which well was drilled; well may have been completed or
tested at a shallower depth. M, measured depth; all others reported.
Tyge of well: D, dug; C, drilled by ’cable-tool met od R, drilled by rotary method; A, augered;

Owner or name: LCRP, Lower Colorado River Project (

gravel packed (if "known or reported).

Water level: F, flowing artesian, static level unknown; R, reported.

above the water table.

Discharge: E, estimated; R, reported.
Other data available: Data in ﬁles of U.S. Geol. Survey. D, driller’s log; E, electric log; G,

Use of well: Irr., irrigation; Ind., industrial or minin
stock; T, deep test hole; O, shallow observation wel U, unused;

lI:)pply

Type of pump and power: T, turbine; S, submersible; J, jet; P, pitcher; N, none; E, electric; G

; PS, public s ; Dom., domestic; S

destroyed or filled in

gamma-ray log; T, tem Cperatul'e log; P, pumping-test data; W hydrograph or periodic water-

level measurements;

chemical analv51s of water.]

Water level
Altitude
Year of land Depth Type Diameter Perforated Feetabove (+) Date Pump .
Well location Owner or name completed surface of well of (in.) interval orbelow(—) measured and Useof  Discharge Othgr data
(pl. 1) (ft) (ft) well (ft) land surface (month, yr) power well (gpm) available
Western Imperial Valley
95/ 9E—16D — —Coolidge Springs _ __ __ —185 300 6 —— F 9-62 N 18] - C
__________ —228 S 2% F 9-62 N Dom. _———— C
9S/11E- 4J _ Southern Pacific Co. _ __ —190 1,261 I - —— S T,Des. —-—-_- D
9S/12E-2A1 _ _ Hot Mineral Spa _____ -90 309 10 F 8-62 N Dom 900(R) C
2A2 _ _ Noxon Construction Co. _ -90 325 16 F 8-62 N 8] ---- D,C
22A _ _W.Newell _________ —200 585 R ——— JEP, e _ P T, Des. ——-_ D
10S/ 9E-35N _ _Salton City —— - _ ____ +30 1,980 R 1,370-1,980 9-62 N U 5E) D,E,C
3 Pl __ __do __________ —45 635 R 10 240- 635 -6.8 9-62 N 18) 110(R) D, T,C
36P2 ____do —_________ -50 790 R.G 10 220- 616 ~11.0 9-62 N 18) 400(R) D,E,C
10S/10E-9N  _____ do . ______ ~180 3,030 R ———— - —— _———— ———— T,Des. __-__. E
19K ___ __ do __________ 1961 —80 1,002 R, G 14 100- 400 —34.6 9-62 N T 850(R) D
115/10E- 35N _K.D.G. Enterprises _ __ 1960 +50 809 R _—— _——— -181(R) 1960 S, T, Des 12(R) D
128/ 8E-6P __ _Magill ___________ 1952 +410 293 R,G 10 _———— —179 1954 _———— om, _——— C
8K __Kenck ___________ . +295 —— o 7 J -239 1953 J Dom. --- C
9H __J.B.Craig —_______ 1952 +185 174 R, 6 100- 174 -128 1952 . Dom ——-- D
10N __J.Sundquist —______ 1950 +125 222 C 12 ———— -117 1950 T Dom. _—— C
22E __J.M.Cornish _______ 1929 +120 226 C 16 —— —100.8 2-54 T,E Dom. ———  C
128/ 9E—22A1 _-T.M.Jacobs _______ 1953 -13 445 R 6 312- 412 e — T,E Dom. —-—-—- D/C
22A2 __ __do __________ 1961 -12 667 R 24 285~ 667 -91 7-63 T.E Irr. 1,450 D,E,P,C
23D _____ do __________ 1953 -15 628 ———— 12 250- 580 —65.8 2-54 T.E Irr. 1,400(R) C
IZS/IOE-%M __Harper'sWell _______ _———— -115 320 R 8 _———— —-3.4 9-62 N U ———- C
34G __Mesqulte DrilHole —__ ____ -95 26M) ____ 10 R —21.6 9-62 N U __- C
125/11E-18J1 __LCRP19 _________ 1964 —175 958 R,G 10 310- 650 +5.8 7-64 ———— T 200 D,E G, T,P,C
18J2 _ _LCRP 19A ________ 1964 -175 55 R, G 10 35- 55 -11.3 7-64 N T 45 D,P,C
36K __G.Mellon _________ 1959 -130 503 R 6 352- 422 F 1959 ——_——— U -———- D
145/10E-25G1 _Purple Flower N __ ___ _———— +84 126 C 12 ———— -~112.4 4-49 ——— I _————
noM) _ .- Dry 11-60 N Des. R
25G2 _Purple FlowerS ____ _ e +84 o C —115 4-49 [ ———— -
100M) ____ Dry 1962 Des .
25R __Hudson __________ 1913 +92 248 ———— -124 4-49 —_———— ——
110M)  ___ _ Dry 1962 N Des. e
145/11E-32R __LCRP8 __________ 1962 +88 985(M) R,G 8 —120.8 1962 N T 250 D,E,P,W,C
145/12E-25D __U.S. Geol. Survey ____ 1964 +10 157(M) A 1Y —67.5 4-64 N 0 . D
155/11E-13K —__ _ _ do -~ _____ 1964 0 100(M) A 1l —41.8 4-64 N 0 ——-- DC
32R _____ do . ________ 1964 +65 152(M) A 1% -101 3-64 g o] _——— D,C
168/ 9E-25K _ _ Clifford Realty Co. . _ _ _ 1958 +360 256 ——— 10 90- 247 —84(R 1958 T,E PS —-—-- D,C
26H ._G.N.Root ________ 1930 +430 410 —_———— 10 ———— —-150(R) 1960 T,E Do - C
35M __A. Miller _________ 1962 +610 535 S, 8 415- 495 -321(R) 1962 S,E Dom 15(R) D,C
36C1 _B.C.Weaver __ _ ____ e +382 157 e 10 e —— e S,E PS _—— C
36C2 _do _ . ________ 1961 +390 300 R,G 8 180- 300 —115(R) 1961 T,E PS 300(R) C
36G __A. "E.Smith ________ 1957 +384 235 C 8 199- 214 —116(R) 1957 T,E PS 60(R) D, C
16S/10E-30R _ _ Coyote Wells Service Sta. 1960 +290 100 ——_——— 6 ——_— -65(R 1960 T,E Dom - C
165/11E-23B . _U.S. Geol. Survey ___ 1964 +30 127 A 1Y% 121- 123 -101.2 3-64 I o ———- C
165/12E-6P _ _ _ Impenal Irrigation District 1958 -32 385 R 6 262- 364 -12.5 10-60 N T ---- DJEGZCW
16':S/10E-5D _G. Grabam ________ _—— +324 180 ———— 10 ——_——— ~85.3 7-62 T,E Ind. S C
16':8/1NE-6M1  __ _ . ___ ________ ——— +220 8M) ____ 48 ——— e —6.8 8-62 N U - C
eM2 __ _ __________ S +220 13(M) D J— N —6.8 8-62 ———— U C
178/ 9B-11G __ o ___ - +1,050 100 e 8 [ F 7-62 N U 3(E) C
175/12E-17A __U.S. Geol. Survey ____ 1964 +108 70 A 1l 68- 70 —57.7 3-64 N (o] . D,.C
Central Imperial Valley
118/13E-22H __U.S. Geol. Survey __ _ _ 1962 —229 152(M) A 1l 145- 147 +2.0 5-62 N (0] ——— D,C,W
125/12E-25F ___ _ _ do o ______ 1961 —219 105(M) A 14 103- 105 +1.7 7-61 N 0 - DCW
128/13E-15L ___ _ _ do __________ 1962 —202 127(M) A 1Y 113- 115 -9.5 2-62 N 0 —_———— D,C,W
128/14E-21 _____do . _______ 1962 -176 152(M) A 14 145- 147 +0.3 2-62 N 0 —--- DCW
128/15E-23M _ _D.D. Bmwnell ______ 1956 -78 325 R 3 285- 325 F 4-62 N Dom ——— D,C
26J __R.Drysdale - _______ 1958 —60 344 R 3 304- 344 F 4-62 N Dom., S _-_-__ D,C
27R __G.C.Brownell ______ e -85 430 R 24 PR +25(R) 1962 N Dom. _-.-_ C
128/16E-3IN __P.J.Rebik ________ 1948 —-25 925 R 2 ——— F 4-62 N Dom 5(E) C
138/13E-22G _ _U.S. Geol. Survey ——— 1962 -138 152(M) A 14 145- 147 -6.8 2-62 N 0 —-—-- DCW
138/14E-21K ___ __ do —______ 1962 —160 152(M) A 1b4 145- 147 +7.6 5-62 N o} —_-_-- DbrcCwWw
1%/15E-1B ——-A.C.Pickett _______ - —-62 1,089 R 2 R +24(R) 1948 N Dom 16(R) C
_Holt Ave. Store _ ___ _ _ —65 400 R 2Y% ———— F 4-62 N Dom —— o]
3N - Mulberry School _____ -113 890 R 4 —_——— F 3-62 N Dom - C
3Q _-_D.Butters ___ —-102 [ R 2 - F 2-62 N Dom. 10 C
5D1 __J. M. Williams —142 R 2% 866 F 3-62 N Dom. 10(E) C
5D2 ~_Wiest Store ____ ____ _——_——— —138 687 R 21y [, +24(R) 1940 N Des. - C
_____ do __________ 1963 —138 812 R 2 772- 812 11-63 N Dom. ———- C
IGQ __-M.J.Lunceford __ ___ ——— -118 760 R 4 e F 2-62 N Dom., S 10 C
21Q __G.R.Farr _________ ———— —~115 _———— R 4 ———— F 11-61 N Dom. ___. C
22P __J.K.Feffer - _______ ——_——— —-105 ——— R 4 ——— F 11-61 N Dom. ———- C
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TABLE 3. — Records of selected wells and springs — Continued
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Water level
Altitude
Year of land Depth Type Diameter Perforated Feet above (+) Date Pump
Well location Owner or name completed surface of well of (in.) interval orbelow (—) measured and Useof Discharge Otherdata
(pl.1) (ft) (ft) well (ft) land surface (month, yr) power well (gpm) available
Central Imperial Valley — Continued
23Q — _Rutherford Bros. _ ____ -82 1,300 R 2 — F 2-62 N Dom. 40(E) C
24E _ _W.Rutherford _ -75 _——— R 3 —— F 2-62 N Dom. 10 C
24N _ _V.F. Butters -4 700 R 2Ys —_——— F 2-62 N Dom. 15 C
28N __B. Warner _ _ _———— -119 1,150 R 4 _———— F 2-62 N Dom. ———- C
32D __T.B.Shenk ________ ———— -127 1,000 R 2 ———— F 9-62 N Dom - C
33A __ ngnolia Sphool _____ 1958 -110 1,389 R 2%  1,269-1,389 F 11-61 N Dom. _———— D,C
33K __Orita Ginning Assoc. _ __ ___ _ -110 I, R 2% ———— F 2-62 N Dom. ———- C
34J __OritaFeedLot ______ - -93 900 R 2 S F 2-62 N S 25 C
34M _ _M.Phegley ________ 1938 -103 954 R 2% 936- 954 F 2-62 N Dom. 10 C
13S/16E~6A ... . F.Burnett _ _______ e —40 e R 2 R F 4-62 N Dom. ———_  C
6] ___A Koluvek ________ 1944 —38 616 R 2% ——— F 4-62 N Dom. C
6P.___T.Olesh __________ ———— ~50 300 R 2 R F 3-62 N Dom., S 5(E) C
14S/13E—33K ~-U.S. Geol. Survey ____ 1961 —57 177(M) A 1% 124- 126 -13.4 12-61 N 0 ———— D,C,W
14S/I4E—22G _____ do - _________ 1961 —-140 122(M) A 1y 82- 84 +0.6 12-61 N 0 ———— D,C,W
_____ do —_________ 1961 -81 187(M) A 1% 124- 126 -13.8 11-61 N 0 ———— D,C,W
14S/156E-1B __ __ _ _ do - ________ 1961 —62 187 A _——— ———— ———— [, O, Des, 75 D,C
6B ___Fifield __do —_____ —e -132 e R 2% ———— F 2-62 N Dom. C
9D __G.Mamer _ _._ ______ 1920 -113 ———- R 2% ——_——— F 2-62 N Dom.,8 —___. C
ON __J.Birger . ________ 1940 -113 385 R 1Y% —_——— F 7-61 N Dom 5E) C
11D __L.Moiola _________ 1953 —-83 650 R 3 ———— F 7-61 N Dom 7E) C
12N __M.and F. Feed Lot _ _ _ _ 1959 =72 1,260 R 2% 1,171-1,233 F 5-62 N Ind. - D,C
15B __BowmanandJeska ___ ____ -95 1,165 R 4 ———— +31(R) 1948 N U 60(E) C
23M __J. Bir er __________ 1941 -85 750 R 2 F 7-61 N Dom 5(E) C
27A ____do . ____ ———— —88 400 R 4 F 7-61 N Dom., S 4E) C
28K __H.A. Foster ________ _———— -100 380 R 1Y% F 3-62 N S 15(E) C
34B __V. Shaw 1935 —88 357 R 2% _———— +19(R) 1948 N Dom 30(R) C
34Q —~-W.Hansen ___ 1962 —80 610 R 2V . F 9-62 N Dom 5E) C
—J. A. Bastanchury R -80 ——_——— R 2 —— F 3-62 N Dom 4«E) C
14S/16E—4QB —_F.P.Borchard ______ 1958 -15 457 R 2 _——— F 7-61 N S 12(E) C
—-Chopenich ________ ———— -17 ———— R 1% e F 8-61 N U 3 C
16K __A.Axler __________ - -17 400 R 2 —_———— F 7-61 N S 1E) C
19N __A.Immel _________ 1955 -57 1,135 R 2 _———— F 2-62 N S ——-- C
21B1 _S.Stacey —————____ 1930 -16 R R 2 ——_——— F 7-61 N Dom. .- C
21B2 ____do ——________ 1961 -16 437M) R 3 ———— F 9-61 N S 5 D,C
21D __F.Axler - ________ 1954 —-25 450 R 2 ———— F 7-61 N Dom. _——— C
22D --C.Si h - _——— -7 709 R 2 698- 709 F 7-61 N U 5(R)y C
~A. Jochims ________ ——— ~7 —— R 1% R F 7-61 N Dom. -—-— C
ISS/IZE—ZZG ~Us. Geol Survey ____ 1961 —46 137(M) A 1% 82- 84 —25.2 12-61 N 0 ---- D,C
158/13E-27E _____do ————______ 1962 —43 117(M) A 1% 113- 115 -7.4 2-62 N (0] ---- D/C
15S8/14E-18E .. ____ do __________ 1962 —105 117(M) A 1% 92- 9 +6.3 3-62 N (¢} ———— D,C
18C __lmperial Irrigation District 1958 ~64 500 R,G 8 140- 440 —6.3 2-61 N T 90(R) D,P,C,W
158/15E-1H __J.Rohrer _________ ———— -53 580 R 4 560- 580 F 8-61 N Dom. e C
9E ___F. Schaffner _______ ———— —88 e R 2 ———— F 9-62 N U ———m  C
9N __E.C.Robinson ______ ———— —88 600 R 1Y% ———— F 9-62 N Dom ———-- C
9Q __R.Schaffner _______ —_——— -78 e R 2V, ——— F 3-62 N Dom ———— C
06 - ———— -4 460 R 2 ———— +18.5(R) 1948 N U 27R) C
10K - _A.W.Barnes _______ ——— -75 399 R 2 +9.8(R) 1948 N U 21(R) C
11G - _Old Eastside School _.__ ____ -51 281 R 2 +22.5(R) 1948 N Dom HE) C
12H __F.Grinello ________ _———— ~48 _— R e F 7-61 N Dom 12(E) C
13N __K.K.Sharp . _______ _———— —36 _——— R 2% F 2-62 N Dom ———— C
15F __C.D.Allen ________ 1936 —65 864 R 2 7-61 N Dom 10(E) C
25B _ Hazzard and Strangwell _ 1910 -16 873 R 4 +5.6(R) 1948 N Dom 80(R) C
25F _ Neldlffer Grocery 1936 ~18 ———— R 2 PN F 7-61 N Dom 2(E) C
35A _ _ Holtville Ice Co. 1926 -18 1,100 R 2 ———— +25(R) 1948 N 29(R) C
36D _ _ City of Holtville ——_——— -15 852 R 2 _——— +1.4(R) 1948 N U 3E) C
158/16E-7F __ .D.D,Dower __._____ 1912 —42 517 R 2V, ———— F 8-61 ‘N S - C
1913 =37 695 R 2 664- 695 F 8-61 N Dom 3(E) C
1912 ~34 488 R 6 475- 488 F 8-61 N Dom 1(E) C
1953 0 800 R 3 ———— F 7-61 N Dom _———— C
18Q - - Impenal Irrigation District 1958 —-27 440 C 10 ——_——— +7.9 12-61 N T eee-- DG W,C
19E __F.Strahm _________ 1938 -27 834 R 2 ——_——— F 7-61 N Dom 1(E) C
22F __D.Starr ——________ —— +3 650 R 2 ———— F 7-61 N U 3XE) C
22L . —_do __________ 1943 +1 750 R 2 ——— F 7-61 N Dom. 15(E) C
23F __L.E Foster ________ 1960 +15 561 R 2% 452- 542 F 2-62 N Dom., S 25 D,C
27N __C.Martinez __ _ _____ ———— -3 _———— R 2 —— - F 7-61 N Dom. 2E) C
98 AFusi —_________ 1961 -10 616 R 2V 537- 616 F 9-61 N 1) 2 D,C
16S/12E~36] _US. Geol. Survey ____ 1962 —28 122(M) A 1% 103- 105 -11.5 2-62 N (] —--- D,CW
16S/13E~13N _ ___ _ do 1862 =25 147 A 1% 145- 147 -11.2 2-62 N [¢] ———— D,C,W
16S/15E-17L _ . _ _ do 1962 =15 162(M) A 1Y 145~ 147 -3.8 2-62 N o} ———— D,C,W
16S/16E~-1M _ _Imperial Irrigation District 1947 +22 132 R, G 16 ———m —4(R) 1961 TE U —— e D,C
3C __ _Date City Store _ _ ___ _ R +5 596 R _———— _———— F 7-61 N U ---- DC
14A __ Waltor Labor Camp ___ 1950 +17 800 R ———— F 9-61 N Dom - C
15B __ Old Alamo School __ __ 1955 +12 1,000 R 4 864- 877 F 9-61 N Dom 4«R) C
33D _ _Keithmetz ________ 1950 +30 800 R 2 . 9-61 N S 10 C
35F _ _Imperial Irrigation District 1958 +41 603 C 10 46- 590 -10.8 10-60 N T __-- D,GW,C
16‘/‘zS/lZE—ID eedo 1958 -17 517 R ———— _———— ——_——— _—— _———— T, Des. _———— D
17S/13E-20N _ _U.S. Geol. Survey ____ 1961 -2 162 A 1Y% 82- 84 -12.4 5-61 N (o] D,W,C
17S/14E‘14Q1 - —do 1961 -35 162 A 114 71- 73 +3.8 5-61 N (4] D, W, C
14Q3 _LCRP7 1962 -30 1,0000M) R _———— _———— _———— ———— N T D,C
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T ABLE 3. — Records of selected wells and springs — Continued

Water level
Altitude
X Year of land Depth Type Diameter Perforated Feetabove (+) Date Pump i
Well location Owner or name completed surface of well of (in.) interval or below (—) measured and Useof Discharge Qtherdata
(pl.1) (ft) (ft) well (ft) land surface (month, yr) power well (gpm) available
Central Imperial Valley — Continued
17S/15E-10N _ _Imperial Irrigation District 1958 +22 500 R,G 8 110- 450 —-9.2 4-63 N T 90(R) D,P,W,C
16K __U.S Geol Survey ____ 1961 +20 162 A 1Y% 150- 152 -9.3 5-61 N 0 - D,W,C
17S/16E-18B _____do — . _____ 1961 +25 162 A 1% 150- 152 +2.1 5-61 N 0 —_——— D,W,C
Eastern Imperial Valley
10S/16E-5D _ _Beal Well _ R ,280 42 D ——— ———— —38.5 9-61 N U — C
11S/15E-23M _ _W. Adams 1958 +120 550 C 12 25- 150 —25(R) 1963 J,E Dom 25(R) C
12S/16E-9A _ _ _ Southern Paci . 1963 +220 1,000 R,G 12 150-1,000 —154.5 7-63 T,E Irr. 0 D,E,P,C
128/18E-11N _ _E. Van Derpaol _ ___ __ ——— +1,180 14 D I e -10 8-63 N U ———- C
128/19E-15J _ _C.Chisman . ______ e +1,350 39 D - ——— -31.2 2-63 P Dom ———w C
13S/16E-16F _ _Imperial Irrigation District 1958 0 29 C 10 e +3.8 1-62 N T ———— D,G,C
35M __U.S.Geol, Survey ____ 1961 +25 182(M) A 114 134- 136 —125 5-64 N Q e D,W,C
13S/17E-32N _____ do __________ 1961 +85 155(M) A 1Y 113- 115 —400 5-64 N 0 ——-- Dw,C
3P _____ do __________ 1962 +110 162(M) A 1Y 155- 157 —6.9 5-64 [ [0) ——-—- Dw,C
13S/19E-33Q __VistaMine _—_______ 1937 +550 690 C 10 ——— e —480(R) 1937 T, Ind. 800 C
148/16E-11H _ . __ . _ _________ R +25 287 R 2 JEE +4.4 2-63 N 1) 30 C
26K __U.S. Geol Survey ____ 1961 +25 192(M) A 1Y% 155- 157 -12.6 5-64 ———— [0] ——-- DW,C
155/16B-24G ___ __do . _________ 1961 +45 142(M) A 1% 113- 116 —29.4 5-64 J— 0 - D,wW,C
36E __B. Nussbaum _______ 1961 +40 630 R 360- 430 F 7-61 T,E U 50(E) C
155/18E-13B _ _U.S. Geol. Survey _ ___ 1964 +135 164 A 1% 162- 164 —43.5 2-64 N (0] [ D,C
15K A0 - 1961 +123 142(M) A 14 184 136 —14.8 5-64 N 0 ———_ DWC
15M LCRP1! _________ 1963 +120 1,140 R,G 10 309- 894 —28.3 4-63 —— T 1,000 D,E,T,P,W,C
__Us. Geol Survey __ __ 1961 +115 192(M) A 14 155- 157 —39.3 5-64 N 0 —— D,W,C
15S/19E~ 19H _____ do - _____ 1964 +138 177(M) A 1% 155- 157 —43.4 3-64 N o] .- D
_____ do . _______ 1964 +145 172(M) A 1vs 155- 157 —43.7 2-64 N 0 _———— D,C
3R _____ do . _________ 1964 +143 177 A 1% 155- 157 —35.0 3-64 N Q ——_—— C
155/20E-9A _. _. _Gold Rock Ranch _ . __ _ 1935 +488 521 C 6 ——— —404.8 6-62 N U —-—-—- DC
23M _ _ American Girl Mine ___ 1936 +440 475 C 12 R —339(R) 1936 N Des. -~ DC
26N __R.K.Foster - _ _____ 1960 +400 493 R 8 R —291.4 5-62 T,G Ind. 130 C
33K __Millsite . _________ . +295 210 ———— 8 ———— —154.5 1-61 N 1) —_——— C
16S/16E-12Q _ _U.S.Geol. Survey ____ 1961 +30 142(M) A 1% 92- 94 -11.9 5-64 N (o] ———-- DwWC
16S/17E-23R —-do 1964 +90 177(M) A 144 155- 157 -33.6 2-64 N 0 D,C
16S/18E-2R _do _ 1965 +135 142(M) A 114 134- 136 —-35.5 2-65 N 0 D,C
6R __ _do ___ 1965 +119 152(M) A 1 145- 147 —43.9 2-65 N [0} D,C
18R . __ do 1964 +145 157(M) A 14 145- 147 —45.1 4-64 N [0} D,C
7R . __ do __________ 1964 +116 177(M) A 1Y 155- 157 -32.2 2-64 N 0 . D, C
23A _ _U.S. Bur. Reclamation 1964 +127 500 R 1% R -27.8 10-64 N ] --—-- DJEC
29J __U.S. Geol. Survey ____ 1961 +120 192(M) A 1% 156- 157 -32.8 5-64 N 0 ———— D,W,C
32R __LCRP 18 1964 +118 815(M) R,G 10 140- 630 -28.2 6-64 N T 900 D,E,T,P,W,C
16S/19E-2N  _ _U.S. Geol. Survey __ __ 1961 +154 142(M) A 14 134- 136 -41.7 5-64 N 0 R D,W,C
9E _ _____ 0 1964 +143 136(M) A 1% 134- 136 —43.5 2-64 N (0] ———— D,C
11D __LCRP12 _________ 1963 +156 1,0000M) R,G 10 300- 610 —435 5-63 N T ———— D,E,G,T,P,W,C
15Q __U.S.Geol. Survey __ __ 1963 +150 147(M) A 1% 72- 74 —-41.3 5-63 N [0} ———— D,C
32G1 _Imperial Irrigation District 1958 +142 275 R, G 18 40- 240 -31.5 10-60 N T —_———— D,E, G, W,C
32G2 ____do —________ 1958 +144 500 R.G 18 69- 273 -32.7 10-60 N T 1,350(R) D,E,G,W,C
36P __ Gordon’sWell _ ___ __ 1951 +154 PR 10 R —44(R) 7-61 T, E Dom. __-- DC
16S/20E-14C __U.S. Geol Survey ____ 1961 +242 187(M) A 1 150- 152 —128.3 5-64 N 0 e — D,W,C
21P _____do __________ 1961 +180 A 114 87- 89 —50.2 5-64 N [0} ---- DWC
23B _____ d __________ 1961 +220 147(M) A 1% 134 136 -97.4 12-61 N 0 22 p
27D _ _State of California _ _ _ _ 1925 +170 C 12 127- 144 —-50.2 6-63 S, E Dom. ——_——— D,C
31K __LCRP6 __________ 1962 +155 1,000 C 12 340- 520 —51.2 5-62 N - R
31K __LCRP6A _________ 1964 +155 2,519 R 12 e m=ee ———— N T 1,000 D,EGT,P,W,C
_U.S.Geol. Survey ___ _ 1961 +162 142(M) A 1% 82- 84 —56.6 5-64 N 0 ——_——— D,W,C
168/21E—15G __E.Spitzer _ ________ 1959 +320 276 _———— 8 ——_——— —190(R) 1959 T,E Dom _———— C
__E.P.Howard _ . _____ 1960 +315 312 R 8 ——— —220(R) 1960 S,E Dom ——— C
15K __F.L.Bledsoe _______ 1958 +315 272 C 8 [ —185(R) 1960 S,E Dom. C
16B __R.G.Winder - . _____ 1960 +320 847 C 20 598- 806 —195.5 12-62 T,E Irr. D,P,C
19D1 _ Springer Station _ _ _ __ 1957 +243 265 o 4 ———— —120.9 11-60 S,E Dom D,C
19D2 _U.S. Geol. Survey _ 1961 +247 172(M) A 1l 166- 168 —124.6 5-64 N 0 D,W,C
20J _ _H.Brommel 1931 +270 3 ——_——— 10 —170(R) 1931 N Des. D
1962 +290 360 R, G 10 258- 358 —167.4 6-62 —— U 930 C
—do 1961 +270 464 R,C 6 R —144.0 7-61 S,E Dom D,C
32R _._U.S. Geol. Survey ____ 1961 +195 202(M) A 1Ys 87- 89 577 5-64 N [o] D,w,C
178/17E-3C _ _ _Imperial Irrigation District =~ 1948 +92 120 R,G 16 0- 105 —-35(R) 1948 T,E Ind. D,C
17S/18E-4A __ __ __ do -~ ______ 1952 +117 195 R 12 179- 195 ____ e T.E Ind. C
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T ABLE 4. — Drillers’ logs of selected wells

TABLE 4. — Drillers’ logs of selected wells — Continued

Thick- Thick-
Lithology ness Depth Lithology ness Depth
(feet) (feet) (feet) (feet)
Western Imperial Valley Western Imperial Valley — Continued
9S/11E-4J 12S/8E-9H — Continued
Sediment _ _ __ _ _ _ __ _ _ __ _ ________ 9 2 Boulders _ ___ o o ___ 12 142
Clay, yellow _ _ _ _ _ _ __ __ _ __ _______ 10 12 Sand, coarse, and thin clay streaks _ _ __ __ _ 8 150
Sand, red - - _ __ _ _ _ __ _ _________ 15 27 Sand, coarse, and gravel _ __ ____ ______ 26 176
Clay, yellow __ _ . . __ ___________ 10 37
Sand, fine,red - . _______________ 10 47 125/11E-18J
Clay, soft, sticky _ _ _ _ ___ ___________ 123 170 Clay, silty, brown, and fine sand — - ___ __ 19 19
Clay, blue and yellow _ _ _ _ _ __ _________ 25 195 Sand, coarse to very coarse ___________ 14 33
Clay, yellow —___ o ______ 104 299 Clay, silty, brown _ ____ ____________ 7 40
Sand, red — _ —— o ____ 6 305 Sand, medium to very coarse, and very fine gravel 25 65
Clay, blue and yellow, and thin streaks of shell Clay, silty, brown, and silt. Few streaks of gray
rock 1-12 in. thick —______________ 956 1,261 lclas]; ————— oo sm s 5; Eg
Silt, brown, and very fine sand _ __ ______
. . 10S/10E-19K Clay, silty, brown, and silt. Few streaks of gray
Rock, swelling, bentonitic _ _ _ ____ _____ 85 85 cay — 29 153
C}ay ’ {ed and green ________________ 61 146 Sand, fine to coarse, and some brown silt _ _ _ 39 192
Cpoys loos of gravel oo e B4 Clay, silty, brown ———______________ 20 212
cl Y, b - Dan ne lens about every eet - Sand, fine and brown silt _ ___ __ ______ 12 224
ay, brown - - e 117 590 Clay, silty, brown, and some fine to coarse sand 53 277
Shale, blue —____________________ 12 602 g4 medium to coarse 12 289
Clay, red, blue, gray, and pink _________ 48 650 and, mediu . T T T T T
Clay, red. black, and gra %0 680 Clay, silty, brown and fine sand ____ ____ 13 302
Sh l, ? h ;i Bray ———mmm e 1 Sand, partly cemented, fine to medium, and
ale, gray, narfl - - - e 1 691 brown silty clay _ - . _________ 30 332
Clay, gray, soft __________________ 60 751 Sand, fine to very coarse, and small amount of
Sandstone __ _ _ _ _ _ _ _ _ _ _ _________ 3 754
Clay, red stringers, and sandstone 28 782 very fine gravel - _—__-———_————- 3 405
cl ’ d y ST PR m e Clay, silty, brown, and some gray clay — — —_ _ 33 438
Y, P - e e 18 800 Sand, fine to very coarse, and layers of brown silty
Clay, gray; a little gravel _ _ __ _________ 39 839 eay — 32 470
Sandstone, hard — . _________ 4 843 Sand, fine to very coarse, and small amount of
Shale, blue, and sand — _ _ _ _ _ _____ ____ 44 887
. very fine gravel _ _ _ _ _ _ _ _ _ _ ___ ____ 18 488
Sand; little gravel _ _ __ _______ ______ 46 933 Clay, silty, brown __ ——_ ____________ 40 5928
Clay and sandstone _ _ _ _ . __ _________ 69 1,002 Sand, fine to coarse — — — _ _ __ _ —__ __ ___ 29 557
11S/10E-35N Clay, silty, brown and gray, and layers of fine to
Sand and sandstone _ _ _ _ _ _ _ __ __ __ ____ 55 55 medium sand _ _ _ . __ _ 43 600
Clay - - o ____ 11 66 Sand, fine to very coarse, and partly cemented
Clay and sand, alternating _ _ _ _ _ __ __ ___ 24 90 layers brown and gray silty clay ____ ___ 68 668
Sand and sandstone capping - — . _ . _ _ ___ 10 100 Clay, silty, brown and gray, and layers of medium
Clay — & e o ___ 158 258 tocoarse sand _ _ _ _ _ _ _ . __ ____ 32 700
Sand and sandstone _ _ _ _ _ _ _ _ _ __ _ ____ 3 261 Sand, fine to very coarse _ _ _ . __ _ _ _____ 25 725
Clay - o __ 30 291 Clay, brown and gray, silty _ . ___ _____ 18 743
Sandstone __ . _ _ _ _ _ _ _ __ _ ________ 1 292 Sand, fine to coarse, and some clay ___ __ _ 25 768
Clay - o ____ 28 320 Clay, gray-brown, silty, and small amount of olive-
Sand and sandstone _ _ _ _ _ _ _ _ __ __ ____ 10 330 greenclay — _ _ _ _ __ _ _ _ __________ 45 813
Clay, and sand streaks _ _ _ _ __ ________ 180 510 Sand, fine and gray-brown clay - ___ ___ _ 22 835
Sand - _____ 17 527 Sand, fine to very coarse, and some clay _ __ 33 868
Clay andsand _ _ _ _ _ __ _ __ _________ 53 580 Clay, gray-brown, silty — _ . _________ 11 879
Clay, soft _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ ______ 22 602 Sand, fine to coarse — _ _ _ _ _ _ _ __ __ ____ 9 888
Clay, hard _ . _ _ _ _ _ _ _ _ _ _ __ _______ 15 617 Clay, gray and brown, silty _ ____ ____ __ 15 903
Clay — _ _ o o ___ 80 697 Sand, fine to coarse, and silt _ - __ _ _____ 21 924
Clay, and sand streaks _ _ _ _ _ _ _ _ __ ____ 112 809 Clay, gray and brown, silty _ _ __ ______ _ 7 931
19S/SE-9H Sand, fine to coarse, and gray-brown silty clay 28 959
Sand, coarse, and boulders _ _ _ _ _ __ _ _ ___ 47 47 128/11E-36K
Sand, coarse _ . _ _ _ _ _ _ _ _ __ ________ 41 88 Sand, surface, and clay - _ _ . _ _ _ ___ _____ 75 75
Gravel, cemented _ _ _ _ __ __ _ ____ _ ___ 14 102 Clay — o 39 114
Sand, coarse _ . _ _ _ _ _ . _ _ _ _ _ __ _____ 3 105 Sandstone _ _ _ _ _ _ o __ 4 118
Boulders _ _ _ . _ . _ _ _ _ _ __ _________ 7 112 Clay - 45 163
Sand, coarse _ . _ _ _ _ _ _ __ _ _________ 3 115 Clay streaks, and sand _ _ _ _ __ __ ___ ___ 13 176
Sand, coarse, and boulders _ _ _ _ _ _ _ _ _ ___ 15 130 Rock — o o 2 178
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TABLE 4. — Drillers’ logs of selected wells — Continued

TABLE 4. — Drillers’ logs of selected wells — Continued

Thick- Thick-
Lithology ness Depth Lithology ness Depth
(feet) (feet) (feet) (feet)
Western Imperial Valley — Continued Western Imperial Valley — Continued
12S/11E-36K — Continued 14S/11E-32R — Continued
Clay . e 9 187  Sand, coarse, and fine to medium sand; some silt.
Sand - _ __ __ ___ _ _______________ 3 190 Worn Pecten fragments _ _ ____ ____ __ 10 445
Clay - 4 194  Gravel (50 percent), very fine to fine, and very
Sand, medivm _ __________________ 3 197 coarse sand; some silty clay . _______ _ 45 490
Clay — 9 206 Sand, fine to very coarse; small amount very fine
Clay, and medium sand streaks _ . _ __ ____ 12 218 gravel _ . _ _ _ 70 560
Sand, medium, and clay _ . __ _________ 24 242  Clay, silty, light-brown and gray, and very fine to
Clay — - - — m 18 260 coarse sand _ . _ _ _ _ _ _ _ _ _ __ ______ 15 575
Sand, medium _ _ _ _ __ _____________ 5 265  Sand, very fine; some coarse; and light-brown silty
Clay 2 267 clay - 15 590
Sand, medium, and clay streaks _ __ ____ _ 27 294  Clay, silty, light-gray, and light brown silt and
Rock — 1 295 very finesand _ _ _ _ _ __ _ __ __ __ ____ 15 605
Sand, medium to coarse, and clay __ __ ___ 62 357  Silt, light-brown, and silty clay; few very fine sub-
Clay - ___ 8 365 angular pebbles __ _ __ ____________ 10 615
Sand, fine, and pebbles; some clay streaks _ _ 52 417  Sand, medium to very coarse, and very fine to fine
Clay — 9 426 gravel (25 percent) and silty clay — — _ __ _ _ 30 645
Boulders _ _ _ _ _ _ _ . _ 2 428  Clay, silty, light-brown and gray, and light-brown
Clay 4 432 silt and very fine to finesand _ . _ . . _ __ _ 30 675
Mix, fine to coarse _____ ___________ 6 438 Sand, very fine to coarse — . _ . _ . __ ____ 25 700
Clay 8 446 Clay, brown, and fine sand and silt __ ____ 15 715
Boulders _— . _ . _ _ _ _ ___ _ _ _________ 4 450 Sand, very fine and fine, partly cemented — _ _ 40 755
Sand, fine to medium, and clay streaks _ _ __ 7 457  Clay, brown, and silty clay and silt _____ _ 20 775
Clay and finesand _ _ _ __ _ __ __ ______ 46 503 Sand, fine; some coarse and very coarse; partly
14S/11E-32R cemented____.__ ——mm—m e 30 805
Sand, very fine to very coarse, and some brown silt 10 10 Clay, brown, and silt cla}y and silt ST 2% 830
Sand, very coarse, and very fine subangular gravel 2 30 Sand, fine to coarse, and silt and some light-brown
Clay, brown; some gray; some silt and very fine clay oo e 40 870
sand T 30 60 Sand, very coarse; some fine to coarse _— _ __ _ 25 895
Silt, light brown, and very fine sand __ ____ 30 %0 Sand, coarse to very coarse, and scme brown and
Clay, brown, and silt and very fine to fine sand. yellow-br.own clay - Sty 70 965
Bits of wood _ 2 110 Clay, reddish-brown and gray, and medium to
Sand, very fine to very coarse, angular, and some very coarse cemented sand __________ 20 985
silt 40 150 16S/9E-35M
Sand, very coarse to coarse, and very fine to fine Sand and boulders _ _ . . _________ 23 23
subangular gravel _ _ . _ __ _______ __ 20 170 Clay,sandy — . . . _ _______ 67 90
Sand, fine; some very fine and coarse; some brown Sand, gravel, and clay — ___ _ _________ 10 100
cay _ _ o e 10 180 Sand _ . 20 120
Clay, brown; some gray; and brown silty clay and Clay, white — _ . _ _ _ 34 154
sand _ o _____ 40 220 Clay, yellow, and gravel _ . _ _ _ _ __ ___ __ 36 190
Sand, very fine to coarse — _ . _ __ __ _____ 10 230 Clay, white — . _ _ __ 19 209
Sand, fine, very fine, cemented, and light-brown Clay, yellow, and gravel _ __ _ _ ___ _____ 55 264
silt e __ 25 255 Clay, brown ___ _ __ _____ _ ________ 57 321
Clay, brown, and light-brown silty ¢lay. Pieces of Clay, yellow, sandy __ ___ ___________ 10 331
carbonized wood _ __ _ _ _ __________ 25 280 Sand, quick . _ _ 19 350
Clay, brown, sandy; few gray streaks; some silt Mud, silty, black, and clay _ _ _________ 7 357
andsand — . __________________ 35 315 Rock orsandstone _ _ _ _ _ ____________ 5 362
Sand, medium to very coarse, and silt and very Clay, sandy, and gravel . ___ ________ 4 366
finesand - __ _ ____ ___________ 20 33 Sand, quick _—___________________ 10 376
Clay, brown, and fine to coarse sand _ _ _ _ _ _ 10 345 Sand and gravel — . _ _ __ __ __________ 4 380
Sand, very fine; some fine to very coarse; very light Sand, fine, black _ _ _ . __ __ _______ 27 407
gray _ o e 10 355 Sand and small gravel __ __ ___ _______ 15 422
Clay, silty, gray, and silt and very fine sand _ 35 390 Clay - __ o ____ 6 428
Sand, very coarse. Worn fragments of pelecypods Sand, fine _ e 30 458
and oysters _ . _ _ _ . ______ 20 410 Clay, sticky, white __ _ . _____ 2 460
Sand, coarse to very coarse, and some very fine Rock, dry, and sandy clay . _ _ _______ 12 472
subangular gravel _ _ __ ___ ___ ______ 5 415 Sand, fine, and scattered gravel - __ . __ ___ 11 483
Clay, brown, silty, and fine to very coarse sand 20 435 Clay and gravel _ _ _ _ . _ _ _ ________ 10 493
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Thick- Thick-
Lithology ness Depth Lithology ness Depth
(feet) (feet) (feet) (feet)
Western Imperial Valley — Continued Western Imperial Valley — Continued
16S/9E-35M — Continued 16S/12E-6P1 — Continued
Clay, fine, brown _ __ _ _ ___ ____ _____ 7 500 Sand, clay, and gravel: fine to coarse rounded to
Clay and gravel _ __ _ _ _ _ _ _ _ ________ 5 505 subangular gravel and sand; tan platy silty clay
Sitandsand - . _ _ _ _ _ ____ _________ 7 512 and gray clay . _ ________ 30 265
Clay, sticky — — - _ __ _ _ _ _ _ _ _ ________ 13 525 Gravel and sand: pea gravel; fine to coarse
Sitand sand _ _ _ _ _ _ _ ___ __________ 10 535 rounded to subangular sand. Trace of gray-
16S/9E-36G4 brown, silty clay —_ . ________ 103 368
Surface __ o — o 17 17  Clay and sand: interbedded tan to yellow silty clay
Gravel and some boulders _ _ __ _ _ ___ ___ 43 60 and gray-brown clay: fine to coarse sand _ _ 7 375
Clay o __ 2 62 Clay: interbedded tan to yellow silty clay and
Gravel and finesand — _ __ _ _ _________ 43 105 gray-brown silty clay . _________ 13 388
Clay and sand, alternating — - _ _ _ _ ___ __ _ 28 133
Clay, silty _ __ o _______ 15 148 Central Imperial Valley
Sandandclay — - _ . __ ___________ 10 158
Shale, yellow _ _ . _ _ _ __ __ _ _ _ _______ 15 173
Clay and streaks of sand _ _ _ _ _ _ ______ _ 14 187 Clay 125/15E-23M 88 88
Clayand silt _ _ __ _ _ _ _ __ _ ____ _____ 18 205 silt and clay - ________ "~
itandclay . . _ _ ___ _ __ _______ 32 120
Clay, yellow _ ___ ______ __________ 29 234 Clay — T TTC 20 200
(SJ;?; and fine silt . ___________ 6‘25 ggg Clay and silt _— _—— _————__________ 80 280
Shale . __________ T . 309 Sand, fine _ _____ _ __ _ ___ ________ 10 290
sa: ; ------------------------ . 2o Clayandsilt ___________________ 16 306
““““““““““““““ Sand, fine,and clay . _ . _ _________ 14 320
Shaleandclay - _____________ 49 359 Clay 12 332
Sand - _ _ __ _ _ __ _ _ _____________ 2 61 T TTTTTTTTTTToTTTTTTTTT
Clay, bluve __ _ . _ _ _ _ _ _ _ _ _________ 14 375 13S/15E-33A
Nolog - e 6 ag1 Clay - ____ o ___ 228 228
Clay — 49 430 Clay, shale,andsand _ _ ___ __________ 22 250
Clay and streaks of sand _ _ __ _ ________ 20 450 Clay and fluidsand . _________ 21 271
Sand, coarse — o ___ 5 455 Clayandsand . _ __ . __________ 94 365
Clay, blue ___ __ ________________ 7 462 Shale, clay, and sand streaks __________ 43 408
Clay and streaks of sand _ __ __ __ ______ 21 483 Clay, and sand streaks ______________ 115 523
Sand, coarse, and clay _ .. ____________ 11 494 Sand, fluid _ __________________ 70 593
Clay — - —— o ___ 8 502 Clay 24 617
Clay and streaks of sand _ _ _ _ _ _ __ _____ 59 561 Shaleandclay - . ___________ 20 637
16S/12E-6P1 Clay - 124 761
Sand, silty to coarse, angular to rounded _ _ _ 10 10 Hardcap —— oo 9 710
Clay, red-brown to gray-brown and tan, silty, and Sand, and clay streaks _ - ______ 31 801
some fine to medium sand lenses _ _ _ _ _ _ _ 30 40 Clay - e 58 859
Sand and some clay and gravel: fine to coarse sand Hardcap oo 10 869
and some rounded pea grave; red-brown and Sand - 10 879
: ClaY — - 121 1,000
siltyelay — - - . 15 55
Gravel, sand, and some silt; pea gravel; coarse to Hard cap —— oo 8 1,008
very fine angular to subrounded sand; clayey Sand - — - 12 1,020
red-brown silt _ _ _ _ _ _ . _ _ _ __ ______ 5 60 Clay - e 83 1,103
Sand and clay: very fine to coarse rounded to sub- Hard cap —— - 8 L
angular sand; platy shale fragments; red-brown Sand and clay — - __ 35 1,146
silty clay - — - o 25 85 Hardeap —— o 4 1,150
Sand and some clay: very fine to coarse, rounded Clay, sandy - - — - — - o 14 1,164
to subangular sand; silty red-brown clay _ _ 35 120 Clay — e 102 1,266
Clay and some sand and gravel: silty red-brown Clay, and sand streaks ______________ 84 1,350
and gray-brown clay; very fine to coarse sand; Hard cap - 8 1,358
angular to rounded gravel _ __ __ __ ____ 25 145 Clay, and sand streaks 31 1,389
Clay and some sand: gray tough silty clay and tan 14S/15E-12N
sandy clay; fine sand, with gastropods _ _ _ _ 5 150 Clay - - _ 18 18
Gravel and sand: angular to rounded gravel; fine Sand, fine _ . _ _ __ _ __ _ _ _ _ _ _______ 6 24
tocoarsesand _ . _ _ __ ____________ 3 153 Clay - - ___ 58 82
Clay, sand, and gravel: tan silty platy clay and Sand, and clay streaks . _ __ __________ 305 387
gray sandy clay; fine to coarse sand _ _ _ _ _ 82 235 Clay,hard _ ____ _ ______ _________ 3 390



K42

TaBLE 4. — Drillers’ logs of selected wells — Continued

WATER RESOURCES OF LOWER COLORADO RIVER-SALTON SEA AREA

TaBLE 4. — Drillers’ logs of selected wells — Continued

Thick- Thick-
Lithology ness Depth Lithology ness Depth
(feet) (feet) (feet) (feet)
Central Imperial Valley — Continued Central Imperial Valley — Continued
14S/15E-12N — Continued 155/14E-18C — Continued
Sand, fine, and clay _ - _ _ _ _ __ __ ______ 46 436  Sand, brown, fine to medium, and dark-gray clay 27 130
Clay - o ____ 69 505  Sand, brown, fine to coarse, and stringers of brown
Sand, fine, and clay __ _____________ 171 676 and gray clay ____ __ _ ___________ 35 165
Sand and small streaks of clay _ ____ ____ 54 730  Sand, fine to medium, and brown clay; with some
Clay 143 873 coarse sand __ _________________ 75 240
Send _ _ __ ___ __ _ ____ . ______ 9 882 Clay, light-gray, and streaks of hard brown clay;
Clay, and sand streaks __ _ _ _ _ ____ ____ 244 1,126 some fine to medium sand _ _ _ _ _ _ __ _ _ 100 340
Sand _ _ __ _ _ _ _ _ _ _ o ______ 4 1,130  Sand, fine to medium, and light-gray clay __ 70 410
Clay - . _____ ki 1,137  Sand, brownish-gray, fine to coarse, and stringers
Sand streaks and clay __ _ _____ ______ 42 1,179 ofgrayclay _ . _____ _ _ ____ ______ 30 440
Sand _ _ _ ______________________ 4 1,183 Sand, fine to coarse, and gray clay _ _ _ ____ 35 475
Clay - o ______ 7 1.190  Clay, gray, and stringers of fine to medium sand 25 500
Sand _ _ __ _ __ _ __ _ _ o ______ 50 1,240 _
Clay and streaks of sand . _ _ _ _________ 20 1,260 Clay - __ f.S_SiIf‘J?“If(‘Q o 10 10
14S/15E-34Q Sand, fine to medium . _ _ _ ___ ____ ____ 2 12
Clay - 206 206 Clay _ o __ 5 17
Sand _ _ _ _ _ _ _ _ _ _ _ _____ _________ 97 303 Sand, fine to medium _ _ _ _ _ __________ 3 20
Clay . _ __ _ ___ _ ____________ 38 341 Clay - o _____ 8 28
Sand, fine, and silt _ ___ _ ____ _ __ ____ 83 424  Sand, fine to medium _ _ __ __ _____ ___ 2 30
Clay - o __ 16 40 Clay - ____ 5 35
Sand _ _ _ _ __ _ _ _ _ _ __ _ ___________ 21 461 Sand, fine to medium _ . _ _ _ ___ _______ 2 37
Clay . _ _ o _____ 4 465 Clay - - ____ 6 43
Sand _ _ _ _ __ _ __ _ _ _ _ o _____ 16 481  Sand, silty, very fine to medium ________ 7 50
Clay - 5 486 Clay - ____ 6 56
Sand _ _ _ . _ __ _ _ _ __ ____________ 24 510 Sand, silty, very fine to medium _____ ___ 2 58
Clay - - oo 11 69
' 14S/16E-21B2 Sand, silty, very fine to medium _ ___ _ _ ___ 2 71
Sand, fine, and silty clay . _ _ _ ______ ___ 20 20 Clay — - 1 79
Clay, and gravel streaks _____________ 15 35 Sand, silty, very fine to medium ____ ___ _ 3 5
Sand__ _______________________ 35 0 Clay oo T7T 1 "6
Clay o 40 110 Sand, silty, very fine to medium _ _______ 2 8
Sand - _ _______________________ 20 180 cyae 59 130
Clay e 21 157 Sand, fine to medium _ _ _ _ _ _ __ _______ 5 135
Sand ————————————————————————— 3 160 Clay _________________________ 1 136
Clay — e 76 236 gand, fine to medium ——_____________ 8 14
Sand, coarse _ ___________________ 8 44 o 8y 9 146
Clay - 70 314 Sand, fine to medium _ _ _ _ _ _ _ _ _______ 11 157
Sand, fine _____________________ 5 319 clay - __ 3 160
Clay, orangejbrown,‘ and some very fine sand _ 33 B2 g and, fine to medium ____ ___________ 7 167
Sand, very fineto fine ___ ___________ 27 379 Clay - - - 1 168
Clay, soft, light'brown —————————————— 1 380 Sand, fine to medium _ _ _ ___ __ __ _____ 9 177
Sand, very fine ___ _ __ ___ __ _______ 7 387 Clay _________________________ ) 179
Sand, very flpe, and thin layers of clay _ _ __ 8 395 Sand, fine to medium _ _ _ __ __________ 8 187
Sand, very fine __________________ 7 402 clay — - __ 1 188
Clay, soft, light-brown __ ____________ 3 405  gond. fine to medium _ __ __ _ __ _______ 5 193
Sand _ 1 406 Oy o ___ 2 195
Clay 3 409 gang, silty, very fine to medium ________ 2 197
Sand and clgy ___________________ 7 416 Clay - 3 200
Sand, very fine __________________ 15 431 Sand, silty, very fine to medium _ __ _ ___ _ 5 205
Clay — e 4 435 Clay o ___ 2 207
Sand, very fine __________________ 1 436 gang, silty, very fine to medium ___ _____ 5 212
15S8/14E-18C Clay _ 1 213
Sand, brown, very fine to medium, and clay Sand, silty, very fine to medium __ ______ 8 221
stringers _ _ _ __ _ ___ _ _ __________ 30 30 Clay - - __ __ o ___ 12 233
Sand, brown, very fine to medium, and thin Sand, silty, very fine to medium _ _ __ ___ _ 23 256
stringers of silty clay; some very fine gravel 20 50 Clay - o ____ 2 258
Sand, brown, medium; some fine _ _ _ ____ _ 53 103  Sand, silty, very fine to medium ___ _____ 2 260
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Thick-

Thick-

il PR R Fo R
Central Imperial Valley — Continued Central Imperial Valley — Continued
158/16E-18Q — Continued 158/16 E-29Q1 — Continued
Clay - _ _ 3 268 Sand - _ - _ __ __ _ o ____ 5 390
Sand, silty, very fine to medium ____ ____ 2 266 Clay .- - ___ 70 460
Clay — o ___ 1 266  Sand, fine, and clay streaks __ . _ ___ ____ _ 80 540
Sand, silty, very fine to medium _ _ __ ____ 26 292 Clay _ o ____ 14 554
Saud, very fine to medium, and clay, alternating 18 310 Sand, and clay streaks __ ______________ 62 616
Clay - o ___ 4 314
Sand, silty, very fine to medium ________ 4 318 16S/16E-35F
Clay — - — o ______ 1 39 Pt 13 13
Sand, silty, very fine to medium _ __ _____ 3 399 Clay, reddish-brown, tough, sticky, silty _ _ _ _ 36 49
Clay — - - 9 394 Sand, brown, fine, and some clay - . . _ 6 55
Sand, silty, very fine to medium _ _ _ _____ 3 397 Clay, reddish-brown, silty, and some fine sand 7 62
Clay - o 3 330 Sand, brown, silty, fine to medium, and red-
Sand, silty, very fine to medium _ ___ ___ _ 2 332 brown clay stringers ______________ 3 65
Clay — - 3 335 Sand, brown, silty, fine to medium, and trace of
Sand, silty, very fine to medium ____ ____ 2 337 coarse sand and pebbles _ ___________ 22 87
Clay - 3 340 Sand, brown, silty, fine, and stringers of red-brown
Sand, silty, very fine to medium ________ 2 342 clay - 4 91
Clay — e 3 345 Clay, red-brown, tough, sticky, silty, and some
Sand, silty, very fine to medium ________ 2 347 fine sand —— ___________________ 9 100
Clay — 8 355 Sand and clay: silt to fine sand; red-brown soft
Sand, silty, very fine to medium _ _______ 2 357 sticky clay 24 124
Clay — 8 3g5 Clay, dark-brown, tough, sticky, and some silt to
Sand, silty, very fine to medium _ _ _ __ ___ 2 367 fine sand _ 19 143
Clay - 7 374 Sand, silt to fine sand, and some brown-gray clay 48 191
Sand, silty, very fine to medium ____ ____ 3 377 Clay, dark-brown, sticky, and some silty fine sand 23 214
Clay — 8 385 Sand and clay: silty very fine sand; brown-gray
Sand, silty, very fine to medium ___ _ __ __ 2 387 day - 12 226
Clay - 8 395 Sand, silty, fine, and some red-brown clay __ 28 254
Sand, silty, very fine to medium ________ 45 440 Silt, brown, and clay _ . _____ 3 257
Sand, silty, fine, and some red-brown clay _ _ 5 262
158/16E-23F Clay, dark-brown, silty _ _ _ ___________ 53 315
Sand, fine ________ _____________ 23 23  Sand, silty, very fine, and dark-brown clay _ _ 25 340
Clay — - 3 26 Clay, dark-brown, tough, sticky, silty ___ __ 35 375
Sand, fine ______ ___________ ____ 12 38 Sand, very fine, and light-brown clay __ ___ 3 378
Clay - 7 45 Sand and gravel: light-brown fine to medium
Sand - _ _ _____ _ _ _ _ ___ _________ 13 58 sand; rounded granule to pebble gravel; gas-
Clay - ____ 12 70 tropods - . - o 11 389
Sand - _ _ _ _ _ _ _ _ _ _ __ _ 4 74 Clay, red-brown, tough, sticky, and thin stringers
Clay . ___ 247 321 of pea gravel at 419 and 430 ft __ ______ 42 431
Sand . ___ _ __ _ __ 13 334 Sand, silty, fine; gastropods at 435-437 ft _ _ 49 480
Clay . ___ 37 371  Sand, silty, fine, and dark-brown clay _____ 13 493
Sand - - . ________________ 9 380 Clay, reddish-brown, and silty fine sand _ _ _ _ 10 503
Clay —( - ____ 71 451 Sand, silty, fine, and some red-brown clay _ _ 10 513
Sand _ _ _______ ___ _ __ __________ 32 483 Clay, reddish-brown, and some silty fine sand 27 540
Clay - - e 48 831 Clay 5 545
Sand - _ ___ _ __ _ . _ 10 541 Sand, very fine to medium . _ _ ____ _____ 5 550
Clayandsand _ _ _ _ _______________ 20 561 Clay — - _____ 7 557
158/16E-29Q1 g?:;’ very fine to medium - ———————— 23 ggg
Clay oo 155 155 Sand, very fine to medium _ __ _________ 10 592
Sand . ___ ___ ______ ____________ 40 195 Clay 11 603
Clay, soft - _ ______ __ ____________ 65 260 T T TTTTTTTTTTTTTTTTTTT
Sand . _ _ __ 40 300 1614S/12E-1D
Clay - - 15 315 Sand, brown, fine to coarse; mica; few gastropods
Sand - _ __ __ __ _ _ _ _ _ __ __________ 9 324 1-2mm . __ 26 26
Clay - 20 344 Sand and gravel: coarse to very coarse sand;
Sand - - _ ___ __ _ _ _ _ _ 19 363 angular gravel to % in _ _ ___________ 11 37
Clay - ____ 22 385 Clay, brown, silty . _______________ 51 88



K44 WATER RESOURCES OF LOWER COLORADO RIVER-SALTON SEA AREA

TABLE 4. — Drillers’ logs of selected wells — Continued

TABLE 4. — Drillers’ logs of selected wells — Continued

Lithol Thick- N Lithol. Thick- Deoth
ttholoey v B tholoey fot) (Tt
Central Imperial Valley — Continued Central Imperial Valley — Continued
16148/12E-1D — Continued 178/15E-10N — Continued
Sand, brown, silty, fine to medium _ _ _ _ _ _ _ 4 92  Sand, very fine to medium, and brown to gray clay
Clay, gray, silty __________________ 4 96 stringers _ _ o oo 60 220
Sand, brown, silty, fine to medium _ _ _ _ _ _ _ 9 105 Sand, brown, very fine to medium, and fine platy
Clay, brown, siltty __ _______________ 15 120 carbonaceous material _ __ _ ___ ______ 12 232
Sand, brown, fine to medium _ ___ __ ____ 22 142  Sand and clay: brown very fine to medium sand;
Clay, brown, silty, and some fine to medium sand 24 166 brown clay stringers. Fine carbonaceous par-
Sand, brown, silty, fine to medium _ _ _ _ _ _ _ 7 173 ticles _ _ 49 281
Clay, brown, silty, and some sand _ _ _____ 6 179  Clay, dark-gray, silty, very sticky — — — — - __ _ 2 283
Sand, brown, silty, fine to medium _ _ __ _ _ _ 13 192  Cored. No recovery. Probably fine sand _ __ _ 8 291
Clay, gray-brown, silty _ . . _____ _____ 8 200 Clay, dark-gray, silty, very tough and sticky — 2 293
Sand, brown, silty, fine to medium _ __ _ __ _ 2 202 Sand, brown, silty, fine, and scattered fine mica
Clay, gray-brown, silty ______________ 7 209 flakes _ _ _ _ o 1 294
Sand, brown, silty, fine to medium _ _ _ _ _ __ 4 213  Clay, brown, and stringers of very fine to medium
Clay, gray, silty _ _ _ _ _ _ _ _ _ ___ ______ 7 220 sand — — - 19 313
Sand, brown, silty, fine to medium _ _ _ _ _ _ _ 4 224 Sand, brown, very fine to medium, and car-
Clay, gray, silty . __ _______________ 5 229 bonaceous material _ _ _ _ __ __ . _____ 11 324
Sand, brown, silty, fine to medium _ _ _ ___ _ 6 235 Clay, brown, and stringers of very fine to medium
Sand, light-gray, fine to medium; scattered gas- sand _ _ _ _ __ _ _ 16 340
tropods — _ _ _ _ _ __ _ _ ______ ______ 12 247 Sand, fine to medium, and brown clay . _ _ __ 50 390
Sand, light-gray, medium to coarse _ _ _ _ __ _ 2 249 Clay: moderately hard gray claystone and very
Clay, brownish-gray _ ___ ____________ 11 260 fine sand, probably interbedded with softer clay 40 430
Sand, brown, fine to medium _ __ _ ______ 6 266 Clay, brownish-gray . _ __ ___________ 40 470
Clay, brownish-gray _ _ __ _ __ _________ 20 286 Clay and Sand: brownish-gray clay; very fine to
Sand, brown, silty, fine to medium _ _ _ _ _ _ _ 4 290 medijum sand (30 percent) _ . ______ 30 500
Clay, gray o ______ 6 296 n
Sand, brown, silty, fine to medium _______ 6 302 Sand, fine and very fine _1_7f/_1ili 14_Q_3____ 200 200
Clay, e 4 306 Clay, brown, and silty clay _ _ _________ 85 285
Sand, light-gray, fine to coarse; some scattered Sand, very fine, silty, and brown clay __ __ _ 25 310
granules; gastropods . _________ 12 318 Sand, very fine, and some silty clay — . ____ 55 365
Clay, gray - T 8 3%  (ay brown, hard __ _____————______ 10 375
Sand, l}ght-gray » medium to e 0ISe — —————— 24 350 Sand, very fine, silty; alternating with thin layers
Sand, light-gray, fine to medium _ _______ 13 363 of gray-brown clay ——_ _—_——_______ 100 475
Sand, lfght-gray, silty, fine to medium __ _ _ _ 9 32 o ay, gray - ______ 30 505
Sand, light-gray, cemented, fine to medium 7 319 Sand, very fine, silty, and gray-brown silty clay 65 570
Clay, e 3 382 Clay, brown, silty, and some very fine sand _ _ 20 590
Sand, light-gray, medium to coarse; scattered gas- Clay, brown, and few gray layers; some thin beds
tTOPOdS —————————————————————— 24 406 £ fi d o 95 685
Sand, light-gray, silty, fine to medium 6 412 Of very ne sand —------
S d’ licht- ’ P Yt dium Sand, very fine, silty, and gray clay — _____ 20 705
and, JTgL-gray, fine to medium ———— ———- 9 421 Clay, gray, and some brown silty clay —____ 60 765
Sand, light-gray, silty, cemented, fine to coarse 11 432 Sand, very fine, silty __ _____________ 10 775
Clay, b'rowmsh-gray, silty 9 441 Clay, gray-brown, and thin layers of very fine silty
Sand, light-gray, fine to coarse __ _ ______ 9 450 sand 80 855
Sand, light-gray, medium to very coarse _ _ _ _ 22 472 g1 d, v—er—y‘fi—n:z ;; d fine, silty _ _________ 45 900
Clay, gl.:ay _______________ 20 492 Clay, brown _ ____ _ __ _ _ __ _ _______ 5 905
gind’ ll.lgl'll'lt-gray, fine to coarse _________ 5 497 Sand, very fine, silty _ _ _ _ __ _________ 15 920
ay, hght-gray  —— 20 517 Clay, brown and gray, and very fine and fine
cemented sand _ _ _ _ _ _ _____ ______ 25 945
178/15E-10N Sand, very fine, silty, and gray clay ______ 25 970
Clay, brown, and scattered medium sand. Clay, gray, and few thin beds of very fine silty sand 30 1,000
Gastropods 1-3 mm at 0-30 ft ._ __ _ _ __ _ 74 74
Sand and clay: silty very fine sand; blue-gray clay,
with mica flakes and black carbonaceous
material at clay partings. Shell fragments and Eastern Imperial Valley
gastropods at 82 ft _ _ _ __ _ _ ______ __ 33 107
Cored. No recovery . _ _ __ ___ _______ 25 132 128/16E-9A
Sand and Clay: very fine to medium sand; brown Sand, silty, very fine, and brown clay ___ __ 10 10
tograyclay _ _ __ _ _ _ __ __________ 28 160  Sand, very coarse to fine, and very fine gravel 102 112
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Lithol Thick- . Thick- Deoth
iholory v B ithology (fee0  (Gee)
Eastern Imperial Valley — Continued Eastern Imperial Valley — Continued
12S/16E-9A — Continued 13S/16E-16F — Continued
Clay, light-brown, and very fine silty sand . _ 5 117 Clay, gray, sandy — _ . __ __________ 2 106
Sand, fine to medium, and silt __ __ ___ __ 14 131 Clay, gray, sandy, and beds of tough sticky silty
Clay, silty, yellow-brown _ _ __ _ ___ _____ 5 136 clay — o 69 175
Sand, coarse to very coarse _ __ ________ 15 151 Clay, gray, silty, and some streaks of fine sand 22 197
Sand, very coarse to coarse, and very fine and Clay, gray, silty, sticky — — — — . __ 18 215
larger gravel _ _ _ _ _ _ _ _ _ _ __ _ __ ____ 45 196 Sand, brown, fine, silty — . _ _ __ __ _ _____ 4 219
Sand, fine to very coarse, and yellow-brown clay 19 215 Clay, gray, silty; alternating beds are soft and
Clay, yellow-brown, and fine sand _ __ _ __ _ 17 232 tough; some thin stringers of silt _ _ . __ __ 70 289
Sand, very fine to very coarse, and thin layers of Clay, brown, sticky, and silt; some siltstone
gravel _ _ _ __ _ _ _ _ _ _ __ 48 280 stringers. Gastropods and foraminifera at 295 ft 8 297
Clay, yellow-brown; some light-gray clay __ _ 20 300 Sand, brown, fine to medium, and some coarse
Clay, light-gray, and yellow-brown clay _ __ _ 40 340 sand and subangular to subrounded pebble
Sand, medium to very coarse, and gravel _ __ 3 343 gravel __ _ _ _ _ _ _ _ _ _ _ _ 28 325
Clay, light-gray __ _ __ _ __ __ ________ 13 356 Clay, gray, sandy, silty — - ______ 4 329
Sand, fine to medium, and light-gray clay _ _ 15 371
Clay, silty, l.ight-gray S — e 13 384 15S/18E-15M
Sand, very fine to medium, and thin layers of gray Clay, silty, tan — —— — —— ——————_______ 3 3
clay - ST 33 a1 Sand, fine to medium, and silt __ _ _ __ __ _ 21 24
Sa;i’vjne to very coarse, and very fine to fine 10 427 Sand, very coarse, and subangular to subrounded
T T T T T T gravel _ __ __ __ _ _ _ _ __ __________ 3 27
Sand, very fine to medium, and thin layers of gray Sand, medium, and some fine sand and silt _ 10 37
Clday]'—h_ e :l-f— - a ““““““ 59 486 Sand, coarse and medium _ _ __________ 9 46
ay, l1g t-gray, and fine sand - —--—-—— 6 492 Sand, medium to coarse _ . _ . _ ______ 23 69
Sand, :.;ﬂty, very fine to medium ________ 24 516 Sand, fine to medium, and layers of brown silty
Clay, light-gray ___ _ ______________ 31 547 day - — - ___ 29 91
Sand, very f:me to med?um T T T T T T T 15 562 Sand, medium to coarse _ _ . _ __ ____ 21 112
Sand, very fine to medium, and light-gray clay 18 580 ay, silty, brown —_ _______________ 13 125
Clay, light-gray and yellow-brovyn """""" 60 640 Sand, fine to very coarse, and gravel _ _ _ _ _ _ 20 145
Sand, fine to very coarse, and light-gray clay _ 42 682 Clay, brown; alternating with layers of fine sand 30 175
Cl:;'l;;lght-gray, and layers of fine to very coarse i 1o Sand, fine to medium _ — _ —— ———_______ 19 194
Sandstone, very fine to medium, and fine to coarse C]:ﬁ’i’ c]s(llty, b_rtivx:n: flid_ lf;:eis—of fu:e_s:a-afci ‘:0_5_& 56 250
sand ST TT T T T T e T T T T T 53 765 Sand, fine to coarse _ _ _ _ __ __________ 96 346
Clay, light-gray, and very fine to medium Clay, silty, brown, and fine sand ________ 11 357
sands‘?one “““““““““ T T T T T 17 782 Sand, fine to coarse _ _ . _ . _________ 63 420
Clay, light-gray, and very fine to medium Clay, silty, brown —__ —————_________ 6 426
sand§tone “““““““““““““ 17 782 Sand, fine to coarse, and silt _ ____ _ ___ _ 21 447
Clay, light-gray; some yellow brown ____ __ 38 820 Clay, silty, brown —________________ 2 449
Clay, gray and brown, aqd fine to very coarse sand 46 866 Santi, med,ium to coarse, and few very thin layers
Sand, silty, fine to medium _ _ _ . _______ 61 927 .
N . . ofsilty clay — - o ___ 108 557
Sand,. silty, fine, and light-gray clay, in alter- Clay, silty, brown —________________ 5 562
nating layers — . ___—____________ 73 1,000 Sand, fine to very coarse, and thin layers of brown
13S/16E-16F cay o 68 630
Levee il _ _ _ _ _ _ _ _ _ _ _ __________ 8 8 Sand, medium to very coarse, and some very fine
Sand, tan, very fine to medium _ _ _ ___ ___ 1 9 gravel _ _ _ _ _ 13 643
Clay, reddish-brown, silty, rather hard _ _ _ __ 25 34 Clay, brown __ __ __ . 7 650
Sand, light-brown, silty, very fine to medium _ 9 43 Sand, fine to very coarse, and layers of hard brown
Clay, reddish-brown _ _ _ _ ____________ 7 50 clay — - 35 685
Sand, fine to medium, and blue-gray clay — _ _ 13 63 Clay, brown, and fine to coarse sand, in alter-
Sand, light-brown, silty, very fine to medium _ 4 67 nating layers _ _ _ _ _ _ _ ___ _________ 11 696
Sand, very fine to medium, and gray sandy clay 7 74 Sand, fine to very coarse, and layers of gravel 37 733
Clay, gray, tough, and some silty very fine to Clay, brown _ .. _ . ____ 6 739
medium sand _ _ _ _ __ _ __ ___ ______ 14 88 Sand, medium to very coarse, and some very fine
Sand, very fine to medium, brown, and gray sandy gravel _ _ _ _ _ __ _ 14 753
cay — 12 100 Clay, hard, brown _ _ _ _ . _ _ . _ . ___ 9 762
Sand, light-brown, very fine to fine, and gray to Sand, fine to very coarse — . _ _ . ___ ____ 16 718
buffelay — . _ _ __ __ _ _ __________ 4 104 Clay, brown; some blue and orange streaks _ _ 4 782
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Thick- Thick-
Lithology ness Depth Lithology ness Depth
(feet) (feet) (feet) (feet)

Eastern Imperial Valley — Continued Eastern Imperial Valley — Continued
16S/21E-21P — Continued 16S/21 E-21P — Continued
Sand, fine, and pea gravel; few streaks of clay 70 310 Sand, fine to coarse; few pebbles and cemented

Sand, medium to very coarse; few angular pebbles sand layers _ _ _ __ _ _ _ _ _ _ __ ________ 10 385
tol/2in. o ___ 16 326 Sand, finetomedium _ _ _ ___ _________ 10 395
Sand, fine to medium, gray _ __ _ __ _____ 4 330 Clay and fine to coarse sand _ _ _ _ __ __ __ _ 9 404
Sand, fine and very fine, silty _ _ _ _ __ __ __ 5 335 Sand, fine to medium; few volcanic pebbles . 11 415
Sand, fine and very fine __ _ __ ________ 15 350 Clay and fine to coarse sand _ _ _ . __ ___ __ 25 440
Sand, fine, cemented __ _ _ __ _ __ _ ___ _ _ 10 360 Clay and fine to coarse sand; few angular pebbles 10 450
Sand, fine, gray _ __ _ _ _ . _ _ __ _______ ' 7 367 Clay and fine to medium sand _ ___ _____ 7 457
Sand, fine to medium, and some fine gravel _ 8 375 Sand, fine to medium _ _ _ _______ _____ 3 460

Clay and fine to medium sand _________ 4 464
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WATER RESOURCES OF LOWER COLORADO RIVER-SALTON SEA AREA
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