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GENERALIZED SUBSURFACE GEOLOGY OF THE WATER-BEARING DEPOSITS 

NORTHERN SAN JOAQUIN VALLEY, CALIFORNIA

By Willaim R. Hotchkiss

ABSTRACT

The study area includes about 5,000 square miles of the northern 
part of the San Joaquin Valley, a broad structural trough drained by 
the San Joaquin River. Fresh ground water is mostly in unconsolidated 
deposits derived from the Coast Ranges on the west and the Sierra Nevada 
on the east.. The inter fingering of Coast Range and Sierran alluvium, 
together with the variability and lenticularity of each, causes vari­ 
ation in the hydrologic properties both vertically and horizontally in 
San Joaquin Valley deposits. A persistent confining stratum, the 
Corcoran Clay Member of the Tulare Formation, can be correlated through 
most of the study area. Informally, the deposits above the clay are 
termed the upper unit;; the clay is termed the confining clay stratum; 
and the deposits from the bottom of the clay to the base of fresh water, 
where known, are termed the lower unit. The upper unit is composed of 
beds, lenses, and tongues of gravel, sand, and clay ranging in thick­ 
ness from about 100 feet in the north to 500 feet at the south end of 
the study area. A distinctive "white clay," at or near the base of the 
upper unit, can be traced across the center of the valley. The con­ 
fining clay stratum is the greenish to bluish gray lacustrine Corcoran 
Clay Member of the Tulare Formation; it ranges from 0 to 130 feet in 
thickness. No attempt to delineate the top and bottom of the Tulare 
Formation was made because of the thickness and similarity of deposits 
overlying and underlying the Corcoran. The lower unit is lithologically 
similar to the upper unit and ranges in thickness, where the base of 
fresh water has been mapped, from 90 to more than 1,400 feet.
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INTRODUCTION

Location and General Features

The Central Valley of California consists of the San Joaquin and the 
Sacramento Valleys. The San Joaquin Valley (figo 1), forming the southern 
two-thirds of the Central Valley, is a broad structural trough. It is bor­ 
dered on the east by the Sierra Nevada, and on the west by the Diablo and 
the Temblor Ranges, which are parts of the Coast Ranges, The valley extends 
250 miles southeasterly from the confluence of the San Joaquin and the 
Sacramento Rivers to the Tehachapi and the San Emigdio Mountains. The 
width of the valley ranges from 25 miles near the Kern River to 55 miles 
near the Kings River and averages about 35 miles. The study area, the 
northern half of the San Joaquin Valley, includes about 5,000 square miles.

The warm climate, rich soil, and extensive irrigation make the San 
Joaquin Valley the largest single agricultural area in the State and one 
of the most productive agricultural areas in the country. Water from wells 
makes up the sole irrigation-water supply for about half the irrigated land 
within the valley, and is a supplemental supply for another quarter of the 
irrigated area. Ground water is less important as a source of agricultural 
water in the northern half of the valley. Madera County utilizes ground 
water for more than half its agricultural demand, but west of the 
San Joaquin River, water delivered via canals is twice the quantity pumped 
from wells.

Purpose and Scope

The purpose of this investigation is to map impermeable lacustrine 
clay deposits in the northern part of the San Joaquin Valley and to 
describe the fresh-water aquifers briefly. The scope of the investigation 
includes delineation of major confining beds and associated fresh-water 
aquifers in the subsurface in sufficient detail to define and describe 
their thickness, lithology, and stratigraphic relations.

The investigation was made by the U.S. Geological Survey in cooper­ 
ation with the California Department of Water Resources, as a part of a 
ground-water studies program in the San Joaquin Valley. The report was 
prepared under the general supervision of R. Stanley Lord and his successor, 
Lee R. Peterson, district chiefs in charge of water-resources investiga­ 
tions in California, and under the immediate supervision of Willard W. Dean, 
chief of the Sacramento subdistrict office.
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Previous Studies

The search for oil spurred early systematic geologic investigations by 
Watts (1894) and Anderson (1912) in the southern part of the San Joaquin 
Valley. Since that time, most geologic work has been concerned with 
consolidated oil-bearing rocks of Cretaceous and Tertiary age. Consequently 3 
many publications on the geology of numerous oilfields are available, most of 
which have been prepared by the California Division of liines and Geology or 
the California Division of Oil and Gas. Unconsolidated deposits of late 
Tertiary and Quaternary age, the subject of this report, overlie the 
oil-bearing rocks.

Unconsolidated deposits of late Tertiary and Quaternary age have been 
mapped on the south and west sides of the valley at several places where they 
truncate the underlying oil-bearing rocks. These deposits were named the 
Tulare Formation in the Coalinga district by Anderson (1905), and in the 
Diablo Range by Anderson and Pack (1915). The Tulare Formation was mapped 
in the foothills of the Techachapi and the San Emigdio Mountains at the 
south end of the valley by Pack (1920), and by Hoots (1930). Detailed 
studies of the Tulare Formation have been made by Woodring and others (1932 
and 1940) in the Elk and Kettleman Hills, Fresh-water-bearing deposits of 
late Tertiary and Quaternary age that occur in the vicinity of the Kern 
River were named the Kern River Beds by Anderson (1905) and were termed the 
Kern River Series by Diepenbrock (1933). Other important detailed geologic 
descriptions of surface and subsurface lacustrine and alluvial deposits of 
Pliocene and Quaternary age include papers by Barbat and Galloway (1934), 
Frink and Kues (1954), and Klausing and Lohman (1964). Geomorphic studies 
of alluvial fans in western Fresno County have been made by Bull (1964a and 
1964b).

Several ground-water reconnaissance reports, prepared by Federal and 
State agencies, are available for the San Joaquin Valley. The earliest 
valley-wide reconnaissance reports, prepared by Mendenhall (1908) and 
Mendenhall and others (1916) were made when ground-water development was in 
its infancy. The reports outlined the state of ground-water development, 
ground-water use, and quality of the water. Later, Harding (1927) made a 
study of water conditions in the southern part of the valley and outlined 
areas of insufficient supply.
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Davis and others (1959) made a study of ground-water conditions and 
storage capacity in the San Joaquin Valley. Their report outlined the 
principal geologic and hydrologic features that control the movement of 
ground water. They estimated the valley has a storage capacity of 93 mil­ 
lion acre-feet available for cyclic storage of water in the interval 
between 10 and 200 feet in depth below land surface. Later, Davis and 
others (1964 s p. 119) concluded that most of the 93 million acre-feet of 
ground-water storage capacity is usable, but that more basic information 
on rates of infiltration, geologic controls, and ground-water movement is 
needed before firm estimates of usable storage capacity can be made. 
Geologic and hydrologic reports of adjacent areas within the valley have 
been made by Davis and Poland (1957), Davis and others (1964), Page and 
others (1969), Croft (1969), Miller and others (1969), Mitten and others 
(1970), Bull and Miller (1971), and Hotchkiss and Balding (1971). 
California Department of Water Resources and U.S. Geological Survey per­ 
sonnel have made numerous investigations of geology and hydrology in the 
San Joaquin Valley.

Well-Numbering System

In California, the U.S. Geological Survey, the California Department 
of Water Resources, and other agencies, use a well-numbering system based 
on rectangular subdivision of public lands. Well 11S/10E-22F1 M (fig. 2), 
is assigned to a well 6.5 miles south of the city of Los Banos. The part 
of the number preceding the slash denotes township (T. US.); the number 
between the slash and the hyphen denotes range (R. 10 E.); the number 
between the hyphen and the letter denotes the section (sec. 22); the 
letter following the section number denotes the quarter-quarter section 
(SE%, NW%), generally a 40-acre subdivision; the number following the 
quarter-quarter section denotes the serial number of the well within that 
subdivision and identifies the well in time rather than location. The 
northern part of the San Joaquin Valley lies wholly within the southern 
quadrant of the Mount Diablo base line and meridian denoted by the final M,

Acknowled gment

The collection of data and successful completion of the investigation 
for this report were made possible by the cooperation of public agencies, 
private companies, and individuals. Well logs were furnished by the U.S. 
Bureau of Reclamation, California Department of Water Resources, ground- 
water consultants, well drillers, and private-land companies. Copies of 
electric logs were obtained from commercial blueprint firms or, with the 
permission of well owners, were made available by Schlumberger Well 
Surveying Corp., Zublin Well Logging Corp., and the California Division of 
Oil and Gas.
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FIGURE 2.--Well-numbering system.
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METHOD OF STUDY AND NATURE OF THE DATA

Field and office work for this report was begun in 1968 and completed 
in November 1971. Because other agencies and the U.S. Geological Survey 
have collected a vast quantity of well logs and other data, most of the 
information in this report was assembled from existing files.

The U.S. Bureau of Reclamation, the U.S. Geological Survey, and the 
California Department of Water Resources have cored, and made detailed 
lithologic logs of about 36 holes in the fresh-water-bearing deposits in 
the northern part of the San Joaquin Valley. Most of the core holes were 
electric logged. Figure 3 shows electric logs and lithology of two 
selected holes. In addition, the Geological Survey has copies of about 
250 electric logs of water wells and logs of auger and reverse-rotary 
holes on file.

The techniques used for this study are similar to those used in 
general geologic mapping: beds are separated into informal units, and 
lateral and vertical changes in lithology and texture are described. Map- 
pable units were identified in drillers' logs and logs of core holes, 
correlated with electric logs of the same or adjacent wells and then corre­ 
lated with units in more distant wells. The stratigraphic relations of the 
deposits are illustrated in the generalized geologic sections (fig. 4). 
The areal extent of units including structure and thickness are depicted on 
figures 5 and 6. Electric logs and lithologic logs obtained from drillers 
were correlated with the few available logs from core holes and used to 
construct the areal maps and geologic sections.

Unconsolidated continental deposits compose the fresh-water-bearing 
sediments in the study area. These deposits have been referred to, wholly 
or in part, as younger alluvium, older alluvium, Turlock Lake Formation of 
Davis and Hall (1959), China Hat Gravel of Arkley (1962), North Merced 
Gravel of Arkley (1962), Laguna Formation, and Tulare Formation. Whatever 
name is locally applied to them, they consist largely of lenticular beds of 
sand, silt, and clay. In addition to differing widely in extent and thick­ 
ness, the beds grade both laterally and vertically into one another. Only 
one persistent, confining stratum, the Pleistocene Corcoran Clay Member of 
the Tulare Formation, can be correlated through most of the northern 
San Joaquin Valley. Within the areal extent of this confining unit, an 
informal three unit subdivision of the fresh-water-bearing continental 
deposits can be made as follows: An upper unit extending from land surface 
to the top of the confining clay bed; the confining clay stratum; and a 
lower unit extending from the base of the confining clay down to the base of 
the fresh water.

For the purpose of this study, a specific conductance of 3,000 micromhos 
per centimeter (about 2,000 milligrams per liter dissolved solids) was 
selected as a measure of the base of fresh ground water (Page, 1971, p. 1).
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The upper unit consists of beds, lenses, and tongues of clay, sand, 
and gravel. Sedimentary material of the Diablo Range derived from the 
Franciscan Formation and from Cretaceous and Tertiary sedimentary rocks forms 
most of the material deposited west of the San Joaquin River, Arkosic 
Sierran deposits form most of the sedimentary material deposited east of the 
river. The complexity of interfingering of material from these two source 
areas in deposits along the valley axis is compounded by variability and 
lenticularity of each. Clay strata in excess of 60 feet in thickness, cor­ 
related by using drillers' logs, are locally traceable over several miles 
only to be truncated or undergo facies change between adjacent wells.

The upper unit ranges in thickness from zero where it is exposed along 
the western valley margin to 150 to 200 feet where it pinches out or is 
truncated in the subsurface on the east side of the valley (figs, 4 and 6). 
Except for the extreme northern end of the valley where the upper unit 
thickens near Tracy, the general trend is for the upper unit to progressively 
thicken southeastward from about 100 feet at the northern end of the area 
in T. 3 S. to more than 800 feet at the Tulare Lake bed about 48 miles south­ 
east of the study area (Croft, 1969). The thickness of the upper unit at 
the southern end of the study area is about 500 feet,

A distinctive deposit of "white clay" (fig. 6) in the upper unit can 
be traced sporadically westward from a probable source near Friant on the 
east side of the San Joaquin Valley. In its most extensive deposit, on the 
west side of the valley in Tps. 4-6 S., the "white clay" ranges in thick­ 
ness from 30 to 60 feet (Hotchkiss and Balding, 1971). The "white clay" is 
probably weathered Friant ash that Janda (1966, p. 131) correlated with a 
volcanic ash immediately overlying the Corcoran Clay Member of the Tulare 
Formation in the southern part of the San Joaquin Valley. The volcanic 
deposit exposed near Friant contained sanidine crystals which were dated by 
G. B. Dalrymple at 600,000±20,000 years, using the potassium-argon method. 
The same date is assumed to mark the earliest deposition of the upper unit.

A stratum of well-sorted diatomaceous greenish to bluish gray lacus­ 
trine clay, underlies the upper unit in the northern part of the San Joaquin 
Valley. Often referred to as the "blue clay" in drillers' logs, the clay 
stratum is contiguous with and referred to in this report as the Corcoran 
Clay Member of the Tulare Formation named by Frink and Kues (1954). The 
Corcoran was mapped by Miller and others (1969) in the southwestern part of 
the study area, by Hotchkiss and Balding (1971) in the western part of the 
study area, and Hotchkiss and Dutcher (1971) in the southeastern part of 
the area. Various authors have recognized or correlated the C&rcoran Clay 
Member in the northeastern part of the study area, but have included it in 
formations other than the Tulare Formation. Davis and Hall assigned the 
lacustrine blue clay to their Ri'verbank Formation (1959) even though they 
correlated it with the Corcoran. Arkley (1962), working with geomorphology 
and soils, also recognized the Corcoran but assigned the clay to the Turlock 
Lake Formation of Davis and Hall (1959). The Corcoran Clay Member of the 
Tulare Formation is easily recognized from its characteristic resistivity 
curve on electric logs (fig. 3).
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Structure contours on the base of the Corcoran (fig. 5) show the clay 
is warped broadly in an asymmetric syncline that may terminate to the north 
in a basin under the delta of the San Joaquin and Sacramento Rivers. To 
the south the syncline plunges toward the Tulare Lake bed south of the 
present study area (Croft, 1969). The structure of the clay generally rep­ 
resents the structure of the fresh-water-bearing deposits of the northern 
part of the San Joaquin Valley. The Corcoran crops out sporadically on the 
west margin of the valley where it has been arched up adjacent to the Coast 
Ranges. Beneath the eastern part of the valley, it pinches out or termi­ 
nates abruptly in the subsurface. The thickness of the clay (fig. 6) ranges 
from 0 to 130 feet in the northern part of the San Joaquin Valley.

The lower unit underlies the confining clay stratum and is similar to 
the upper unit in texture and composition. It extends downward from the 
base of the Corcoran to the base of fresh water mapped by Page (1971, 
fig. 4). Data were insufficient to separate the Diablan and Sierran 
deposits, but they are assumed to be lenticular and interfingering similar 
to those of the upper unit. Immediately prior to deposition of the 
Corcoran, the river probably was east of its present position (Hotchkiss 
and Balding, 1971) and the interfingering of Diablan and Sierran deposits 
probably extended farther east during pre-Corcoran deposition. Where data 
are available on the base of fresh water, the thickness of the lower unit 
ranges from 90 to greater than 1,400 feet.
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PURPOSE AND SCOPE

This compilation presents data collected in the San Joaquin Valley, 
in cooperation with the California Department of Water Resources, on the 
depth and thickness of the Corcoran Clay Member of the Tulare Formation. 
Its purpose is to supplement the specific appraisal study, "Generalized 
Subsurface Geology of the Water-Bearing Deposits, Northern San Joaquin 
Valley, California," by W. R. Hotchiss, 1972.
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