6411-02

UNITED STATES
DEPARTMENT OF THE INTERIOR
GEOLOGICAL SURVEY
Water Resources Divigion

GEOLOGY, HYDROLOGY, AND QUALITY OF WATER IN THE
HANFORD-VISALIA AREA

SAN JOAQUIN VALLEY, CALIFORNIA

By

M. G. Croft and G. V. Gordon

Prepared in cooperation with the
California Department of Water Resources

6%-67

OPEN-FILE REPORT

Menlo Park, California
April 10, 1968






CONTENTS

Page

Abstract-=c-sm e 1
Introduction=mm— s oo e e e e 3
Purpose and scope of the investigation-----------emccmo—- 3
Location and general description of the area--------------- 5
Climabe-=~-mmm e e e 5
Previous investigations—=-=--=--mmm oo 8
Acknowledgments------cmm e - 9
Well-numbering system----e--ec--cmmmmm e e 9
Geomorphology -~~~ === m e o 10
General features-~—--mcmmmm e 10
Dissected uplands~-------m o mmm e o 10

Low alluvial plains and fans-------—-=---=--——ccmmmmm 11
River flood plains and channels-=---c-mc e m - 11
Overflow lands and lake bottomg------c-crmmmmmm e 12
Geologic structuresm——=—-— e o 13
Faulting along the Sierra Nevada~-~--==---mcmmmmmmmemee e 13
Folding in the Tulare Lake area----------ccmcmmmmmcmeeeee e 13
Geology of the ground-water reservoir-------emcomoo oo 1k
Basement COMpPleX=—===c= s oo 1k
Marine YOCKS== === === o s oo e 16
Unconsolidated deposits—sm=emmcmommm oo 16
Continental depoSits ==mmmmmmm oo o e e 18
Lacustrine and marsh deposits-------c-mcmmmmmmmcee 19

Foclay~~-=-—mm s e m e 20
E-clay-----rmmmmmm e - 20

D-clay--=~—m e s 22

C-clay--=--=--—-m e 22

B-clay~-mmmmm e e - 22

A-clay----m e - 22

Alluvium, undifferentiated---------cmcommmmmmce e 23

Older alluvium-=-~-~=-mo e e e e e 23

Reduced older alluvium-=--=---comommmommmeo—o ol

Oxidized older alluvium-~----------emmmmmmeeme oo 25

Younger alluvium------------ oo e 27
Flood-basin deposits-~-----=---- e 27
Permeability of water-bearing deposits~=--=---emecemmmmuaeon 28
Hydrology=—==—=——- e e e e e - 30
Water supply----=-=---— o - 30
Ground-water conditiong=--=-m=m—cmmmmm e 30
Aquifer system--—---ccm oo 31
Unconfined and semiconfined----~-~cmcmmmmcmmeeon-o 32
Confined---emommmo e O 3L

Ground-water withdrawals-——--= == -= - e e 38



v CONTENTS

Hydrology-~Continued Page
Hydrologic conditions by subareag-=---=--=meeemmem e e 39
Tule River subarea--—---=--=—==—mm e m e o 39
Lindsay subarea-—===- ===~ === e ko
Kaweah River subarea==——======= === e L1
Ivannoe SUDarea==== === === == o e L1
Kings River subarea-=====m— = e 43
Tulare Lake sSUbATrea========= === e e e Ll
Summary of water SUpPpPly-===========- == e - Ll
Chemical guality of water=-===== s = e L6
Surface water—===-= === e e Y
Perennial streams=-—==- === L7
Intermittent streams--=—-===c oo e Lp
Ground Water-—— === oo o e o L9
Fast-side ground water------—-----—~-- oo - 50
In the younger alluvium and oxidized older alluvium 50

In the continental deposits and reduced older
alluvium-——mm e mm e e e e e e - 51
Axial-trough ground water------—--mommmm e 51
Above the A-Clay—-- == e e e e - 52
Between the A- and E-clays=-----=--m=emmmcamecmaanx 52
Below the E-clay-------- - s e 52
Chemical quality of ground water in relation to use---------- 53
Irrigation--—-=-==mcmmm e e e e 53
Salinity--=-~===-"- e 53
SOQI UM~ === = == m o e e 54
DomeSTicC USEmmmmmm e m o e e e e e e e sk
Artificial recharge-——=——= oo e e 56
Fxisting sites———==mmm s s 56
Recharge basing-==-=-= o om oo e e 56
River channels==-= === === e e e e e 58
Potential sites-m=—mmmm oo e e e 58
Selected referenCes—m—m-mm o == m o e e 59

ILLUSTRATIONS

Plate

1.

[Plates are in pocket]

Map showing geomorphic features of the Hanford-Visalia area,
San Joaquin Valley, California.

Geologic map of the Hanford-Visalia area, San Joaguin
Valley, California.

Map and sections showing structure and depth tc basement
complex, Hanford-Visalia area, San Joaquin Valley,
California.

Geologic section A-A'.

Geologic section B-B'.

Geologic section C-C'.

Geologic sections D-D' and E-E'.



Plate

Figure

Table

8.
9.

10.

1l1.

12.

13.

1k,

15.

CONTENTS Vv

Maps showing structure and extent of lacustrine clays,
Hanford-Visalia area, San Joaquin Valley, California.

Structure contours on the base of the oxidized older
alluvium, Hanford-Visalia area, San Joaquin Valley,
California.

Map and diagrammatic section showing relative permeability
of geologic units as interpreted from yield factors,
Hanford-Visalia area, San Joaquin Valley, California.

Water-level and piezometric-contour map, autumn 1961 and
winter 1962, Hanford-Visalia area, San Joaquin Valley,
California.

Graphs showing relation between water supply,
evapotranspiration demand, and water-level fluctuations,
Hanford-Visalia area, San Joaquin Valley, California.

Map showing chemical character of selected surface and
ground water, Hanford-Visalia area, San Joaquin Valley,
California.

Map showing areal distribution of ground-water types,
Hanford-Visalia area, San Joaquin Valley, California.
Map showing chemical character of ground water below the
E-clay, Hanford-Visalia area, San Joaquin Valley,

California.

Page

Index Map-=——==== == o e e e 6
Graphs showing climatic data-----=---ccmmmmm e 7
Log of core hole 208/19E=31Pmm == ommm oo oo oo 21
Log of core hole 218 /26E=35J2m—mmmmmmmmmme oo 26
Hydrographs of piezometer tubes 20S/26E-24K1 and K2----- 33
Hydrographs of piezometer tubes 218/2&E—31Dl and D2----- 35
Hydrograph of well 198/21E-QFl- = momm oo oo 37
Representative hydrographs of wells near Visalia and an

accumulated departure curve of the Kaweah River------- ite
Vertical bar graphs representing average chemical

analyses of water from perennial Sierra Nevada and

intermittent foothill streams-----—----cccmmmmmmemeo L8

TABLES
Page

Generalized section of the geologic unite of Sierra

Nevada origin and their water-bearing

characteristics-—=--m--mmmmom e - 15
Ground-water pumpage in the Hanford-Visalis area-------- 38
Summary of surface supplies and demand for irrigation

water, in acre-feet-—-=-oom oo L5
Water supply available for irrigated land in the

Hanford-Visalia area in 1960=-=mmmoomom oo L5

Recharge capacity and percolation rates in recharge
basins and reservoirg-------- - mm e 57



GEOLOGY, HYDROLOGY, AND QUALITY OF WATER IN THE HANFORD-VISALIA AREA

SAN JOAQUIN VALLEY, CALIFORNIA

By M. G. Croft and G. V. Gordon

ABSTRACT

The Hanford-Visalia area is in the southeastern part of the
San Joaquin Valley, about 30 miles south of Fresno, Calif. Agriculture,
the principal industry of the area, is dependent upon irrigation water
from streams flowing from the high Sierra Nevada on the east and upon
water pumped from the ground-water reservoir during the warm, dry
sumnmer.

The rocks that crop out in the Hanford-Visalia area are (l) a
relatively impermeable basement complex of pre-Tertiary age, composed
of consolidated metamorphic and igneous rocks, and (2) unconsolidated
deposits of Pliocene, Pleistocene, and Recent age which contain fresh
water. In addition to the exposed rocks, consolidated marine rocks
generally containing brackish water occur in the subsurface. The
unconsolidated deposits are the source of most of the ground water
pumped in the area. On the east side of the valley, these deposits
consist of arkosic material derived from the Sierra Nevada and are
divided into three stratigraphic units--continental deposits, older
alluvium, and younger alluvium. On the west side of the wvalley, the
unconsolidated deposits consist of alluvium, undifferentiated, composed
of material eroded from the Coast Ranges. 1In the center of the valley,
flood-basin, lacustrine, and marsh deposits interfinger with deposits
from the east and west sides of the valley.

The continental deposits of Pliocene and Pleistocene(?) age are
divided into oxidized and reduced deposits on the basis of depositional
environment. The oxidized deposits, which crop out along the eastern
margin of the valley, consist of a few feet to 500 feet of deeply
weathered, poorly permeable, reddish-brown sandy silt and clay with
well-developed soil profiles. The reduced deposits are moderately
permeable and consist of micaceous sand, silt, and clay that extend
across the trough in the subsurface to the west side of the valley.

1
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Lacustrine and marsh deposits, of Pliocene and Pleistocene age, consist
of blue, green, or gray silty clay and fine sand and underlie the flood-
basin deposits. They extend to about 3,000 feet in depth and crop out in
the Kettleman Hills. In the subsurface, around the margins of Tulare Lake
Bed, the lacustrine and marsh deposits form six extensive tongues or zones
that interfinger with more permeable beds of the continental deposits,
alluvium,undifferentiated, and the older alluvium. The lacustrine and

marsh deposits and the clay tongues are aquitards that control the vertical
and lateral movement of ground water.

Older alluvium of Pleistocene and Recent(?) age unconformably overlies
the continental deposits, is moderately to highly permeable, and is the
major aquifer in the area. The older alluvium, like the continental
deposits, is divided into oxidized and reduced deposits. The oxidized
deposits consist of reddish-mottled, highly permeable, crossbedded,
fluviatile arkosic sand with lenses of gravel and, rarely, thick beds
of silt or clay. Soil profiles are well developed. The reduced deposits
consist mainly of moderately permeable, unweathered, fine to medium sand,
silty sand, and clay, sporadically cemented with calcium carbonate.
Generally, gravel is absent.

Younger alluvium of Recent age consists of arkosic beds, moderately to
highly permeable, fluviatile sand, and silty sand beneath broad, nearly
featureless flood plains. Soil profiles are poorly developed or absent.
The unit generally is less than 55 feet thick and is an aquifer only in the
vicinity of Hanford and Lemoore.

The aguifer system contains ground water under unconfined, semiconfined,
and confined conditions. In general, ground water is unconfined in the
oxidized older alluvium, the younger alluvium, and in the flood-basin
deposits. Ground water is semiconfined in the oxidized and reduced
continental deposits and in the reduced and some of the oxidized older
alluvium. Confined aquifers occur in the reduced continental deposits
and reduced older alluvium below and between impermeable lacustrine clays
in the vicinity of Tulare Lake Bed.

The area was divided into six subareas for determining the response of
the agquifers to known quantities of inflow and outflow. The period studied
(water years 1956 through 1960) included 2 wet years and 3 dry years.

Water supply exceeded demand in the wet years and was deficient in dry
years. Deficiencies were made good with water pumped from underground
storage. Water levels in the Hanford-Visalia area generally declined
during this period. Gross ground-water withdrawal is estimated to be
1,240,000 acre-feet in the 1955-56 water year and 2,070,000 acre-feet in
the 1959-60 water year.
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Ground water in the unconsolidated deposits beneath the alluvial fans,
on the east side of the valley, is generally low in dissolved constituents.
Sodium and bicarbonate are the principal ions in ground water in the
continental deposits and in the reduced older alluvium. Sodium constitutes
more than 70 percent of the cations in the water from these deposits.

Total dissolved solids range from 100 to 500 mg/l (milligrams per liter).
Magnesium and chloride are major constituents in the water in the interfan
areas.

Ground water in the oxidized older alluvium and younger alluvium is
generally of the calcium bicarbonate type. Where recharge is from the
major streams, sodium constitutes less than 42 percent of the cations and
total dissolved solids range from 100 to 270 mg/l. In the interfan areas
where recharge is from intermittent streams, dissolved constituents range
from 270 to 650 mg/l and magnesium and chloride are major constituents.

In the axial trough, ground water is generally high in mineral
constituents and the content is variable. Ground water between the A-clay
and the E~clay varies from the sodium bicarbonate to sodium sulfate types.
The dissolved-solids content ranges from 200 to 1,100 mg/l. Below the
E-clay, ground water varies from sodium bicarbonate to sodium chloride type.
Dissolved-solids content ranges from 500 to more than 1,000 mg/l.

INTRODUCTION

Purpose and Scope of the Invegtigation

The California Water Plan (California Department of Water Resources,
1957), provides for transfer of surplus water from the northern areas of
California to areas of need in the southern part of the State. This plan
includes cyclic artificial recharge and underground storage of large
quantities of water transferred during periods of surplus and withdrawal
of the stored water during periods of deficiency. A detailed knowledge of
the geologic and hydrologic conditions of the ground-water reservoir is
required in areas of water transfer such as the Hanford-Visalia area.
Success of this plan will require efficient conjunctive use of both surface-
and subsurface-storage reservoirs.

The purpose of the investigation and report is to (1) supplement
earlier general and specific problem studies by collecting, interpreting,
and presenting data on the detailed geology and hydrology of the ground-
water reservoir and its setting; (2) describe the geologic and hydrologic
conditions as they relate to utilization of the area for ground-water
storage; and (3) relate the study area to adjacent areas and to the
valley as a whole.
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The scope of the investigation included (1) delineation of the surface-
and subsurface-geologic units and features in sufficient detail to define
the ground-water reservoir and its subdivisions in terms of lithology,
texture, thickness, areal extent, water-bearing characteristics, and
relation to the valley area as a whole; (2) description of the hydrology
of the area as it relates to the ground-water body or bodies within the
reservoir, to the occurrence of the water bodies in relation to the
geologic subdivisions of the reservoir, and to the movement of water within
and between the water bodies in response to recharge and discharge;

(3) identification and description of the various water qualities in the
area with special reference to distribution of zones of poor chemical
quality of ground water which may affect recharge and withdrawal activities;
and (4) specific appraisal of the geologic and hydrologic conditions as
they relate to the possibilities for recharge of the ground-water reservoir
and to the use of the reservoir for cyclic storage of transported water.

Fieldwork for this report was begun in October 1960 and completed in
June 1962. Analysis of data and preparation of the report were started at
the field headquarters in Visalia and were continued at the district office
in Sacramento until 1963. Because other agencies had collected a vast
amount of basic data, the Geological Survey utilized as much of their data
as possible. Also, considerable data were available from previous
reconnaissance surveys by Mendenhall and others (1916), and Davis and
others (1959).

To supplement the available data, about 1,500 drillers' logs, 1,200
chemical analyses, and 500 electric logs were taken into the field, and the
wells to which these data applied were field located. Information
concerning depth of the well and perforated interval of its casing were
obtained, where it was practicable to do so. The well information and
selected chemical analyses of the water are available in the Sacramento
office of the Water Resources Division, U.S. Geological Survey, as an
open-file report (G. V. Gordon and M. G. Croft, 196k4).

Areal geologic mapping consisted of tracing geologic contacts and
inspecting the material exposed in road cuts and gravel pits. In some
areas the surface geology is modified from soil maps. Fourteen test wells
drilled by the U.S. Bureau of Reclamation provided valuable geologic,
hydrologic, and quality-of-water data for the area. These are the only
deep water wells for which detailed lithologic logs are available and the
wells were completed for multiple-zone observation of water level and water
- quality at a single location. Geologic units mapped on the surface were
correlated with deposits described in the logs of the core holes and
correlated with electric logs of adjacent wells. The structural contour
maps and geologic sections in this report were constructed using the
information obtained from these correlations.
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Location and General Description of the Area

The Hanford-Visalia area comprises about 2,000 square miles @n the
San Joaquin Valley (fig. 1). This valley, a topographic and structural
basin underlain by a thick accumulat@on of sediments, is bordered by the
Sierra Nevada on the east, the Coast Ranges on the west, and the Tehachapi
Mountains on the south. Southward from the Kings River, the San Joaquin
Valley is, under present conditions, a basin of interior drainage tributary
to several depressions in the wvalley trough. The largest of these
depressions is Tulare Lake Bed in the southwest part of the Hanford-Visalia
area which receives runoff from the Kaweah, Tule, and Kings Rivers.

About 1,700 square miles of the report area are within the valley, and
about 300 square miles are in the foothills and lower slopes of the Sierra
Nevada. The area is between long 118°45'00" and 120°00'00" W. and
lat 36°00'00" and 36°30'00" N. The center of the area, about 30 miles
south of Fresno, is midway between Sacramento and Los Angeles and is easily
accessible via U.S. Highway 99. State Highways 41 and 198 connect the area
with the coast. Highway 198 is also a gateway to Sequoia and Kings Canyon
National Parks, 4O miles northeast of Visalia. The main rail line of the
Southern Pacific Co. (pl. 2) parallels U.S. Highway 99 and together with
branch lines serves the towns of Visalia, Hanford, Tulare, Exeter, Lindsay,
and Porterville. The Atchinson, Topeka and Santa Fe Railway serves the
towns of Hanford and Corcoran.

Farming and processing of agricultural products are the main
industries of the area, A wide variety of crops includes oranges and
lemons grown within a citrus belt about 10 miles wide adjacent to the foot-
hills between Porterville and Ivanhoe. Grapes, nuts, peaches, and apricots
are raised near Hanford, Visalia, Tulare, and Farmersville, Cotton, barley,
and alfalfa are the main crops in the southern and western parts of the
area. Raising of livestock is not as important as it was in the past.

The three counties of the area--Fresno, Kings, and Tulare--are among the
nation's leaders in total value of agricultural products harvested.
Nonagricultural industry has been rare, but the processing of petroleum and
the manufacture of rubber and electrical products are growing industries.

Climate

The climate in the southern part of the San Joaquin Valley is warm and
dry, with long hot summers and short cool winters. Temperatures in
midsummer are high, with daily maximums commonly exceeding 100°F but
difference between day and night temperatures frequently is LO°F or more.
The mean annual temperature, recorded at Visalia by the U.S. Weather Bureau,
is 6L4°F (fig. 2). Lowest temperatures generally occur in December and
Januvary, and the highest temperatures occur in July.
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Precipitation in the San Joaqguin Valley is scanty and decreases from
north to south and from east to west across the valley as storms sweep in
from the Pacific Ocean and ascend the Sierra Nevada. Annual precipitation
at Visalia ranges from 4 to 19 inches and averages 9.4 inches.
Precipitation is greater in the Sierra Nevada and averages 46.5 inches at
Giant Forest (fig. 1) in the upper part of the drainage basin of the
Kaweah River. In the higher Sierra Nevada much of the precipitation occurs
as snow, which melts during the spring and early summer.

Previous Investigations

Many reconnaissance reports of geologic and ground-water studies in
the San Joaquin Valley have been prepared by federal and state agencies.
A report on the early development of irrigation was prepared by Grunsky
(1898). One of the earliest valleywide ground-water reconnaissance reports
based on work done in 1905-07, when ground-water development was in its
infancy, was by Mendenhall and others (1916) of the U.S. Geological Survey.
The report outlined the status of ground-water development, and described
the quality of the water. Harding (1927, p. 8) made a study of Kings,
Tulare, and Kern Counties in the southern part of the valley to determine
the relation of present use to the available supply. He pointed out that
water levels were declining rapidly in areas of insufficient surface
supplies. More recently Davis and others (1959) made a reconnaissance study
of the San Joaquin Valley which outlined the principal geologic and
hydrologic features that control the movement and determine the chemical
character of ground water. In addition, the storage capacity was estimated
for the upper 200 feet of valley fill. Davis and others (1964) made another
study of the San Joaquin Valley that described the potential use of ground-
water reservoirs for storage of surface water.

The U.S. Bureau of Reclamation has made geologic and ground-water
investigations of the Exeter, Lower Tule River, Ivanhoe, and Porterville
Irrigation Districts, but the results of their investigations are not in
published form. Geologic studies were made in the adjoining Kettleman
Hills by Woodring and others (1940) and in the foothills northeast of
Visalia by Durrell (1940). Widespread correlation of lacustrine deposits
in the San Joaquin Valley was made by Barbat and Galloway (1934), Frink
and Kues (1954), and Davis and others (1959).

In addition to geologic and hydrologic studies, the Geological Survey
has made studies of land subsidence in relation to geologic and hydrologic
parameters in the Central Valley. One such study by Poland and Evenson
(1966) describes the extent and magnitude of land subsidence caused chiefly
by intensive pumping of ground water and the resulting decline of artesian
head. Many other studies are listed in the selected references at the end
of this report.
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Well-Numbering System

Wells are assigned numbers according to their location in the
rectangular system for the subdivision of public land. For example, in
the number 195/21E-1Bl, for a well near Hanford, the number and letter
before the slash indicate the township (7. 19 S.) and those after the slash
indicate the range (R. 21 E.), Mount Diablo base and meridian; the digit
between the hyphen and the letter indicates the section (sec. 1); and the
letter after the section number indicates the L40-acre subdivision of the
section as shown in the diagram below. A Z after the section number
indicates that the location of a well within a section has not been
verified in the field, but the information supplied with the log indicates
the location probably is accurate. Within each 4O-acre tract, the wells
are numbered serially as indicated by the final digit of the well number.
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GEOMORPHOLOGY

General Features

The San Joaquin Valley is in the southern and larger part of the
Central Valley of California. It is about 250 miles long and extends from
the Sacramento-San Joaquin delta area on the north to the Tehachapi
Mountains on the south; it is about 40 miles wide between Kettleman City
and Porterville. The principal geomorphic features in the Hanford-Visalia
area are shown on plate 1. The valley is bordered on the east by the
westward-tilted Sierra Nevada whose altitude ranges from less than 1,000
feet in the foothills to more than 14,000 feet above sea level near the
crest of the range. The Coast Ranges, bordering the valley on the west,
consist of a series of folded and faulted marine and volcanic rocks which
rise to about 6,000 feet above sea level. Alluvium derived from the
adjacent mountains on the east and west forms the gently sloping valley
floor.

The southern end of the San Joaquin Valley, also known as Tulare
basin, has no present external drainage although through flow occurred
under natural conditions. Under present conditions the streams drain to
closed depressions; the largest of these is Tulare Lake Bed, the northern
part of which is in the southwest corner of the report area (pl. 1).

Davis and Green (1962, p. D90) suggested that Tulare Lake Bed is the
surface expression of a structural depression flanking the Kettleman Hills
anticlinal structure. The other two depressions--Buena Vista Lake Bed and
Goose Lake Bed--are farther south, near Bakersfield (fig. 1). Three
Rivers--Kings, Kaweah, and Tule--discharged into Tulare Lake before their
flow was largely diverted for irrigation.

The geomorphic features as described by Davis and others (1959,
p. 19-36) include dissected uplands, low alluvial plains and fans, river
flood plains and channels, overflow land and lake bottoms, and the hills of
the Coast Ranges on the west and the linear ridges and resistant inliers of
the Sierra Nevada on the east.

Dissected Uplands

The dissected uplands include deeply weathered, eroded, and uplifted
alluvial deposits east of Porterville, west of Lindsay Peak, and north of
Cottonwood Creek (pl. 1). Scattered remnants of the uplands also occur as
terraces in Yokohl Valley. Deep weathering and erosion have developed dark
reddish-brown soils and gullies as much as 50 feet deep. The soils and the
underlying deposits are fine grained and are poorly permeable. Because of
their small areal extent, the dissected uplands are of little hydrologic
significance.
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Low Alluvial Plains and Fans

The east side of the valley is a broad plain of low relief. The plain
consists of three large, coalescing alluvial fans of streams draining the
Sierra Nevada. A large coalescing alluvial fan of streams draining the
Coast Ranges forms the valley floor northwest of Tulare Lake Bed. The
Kings River alluvial fan is the largest fan on the east side of the area
and is separated from the Kaweah River alluvial fan by Cross Creek (pl. 1).
Elk Bayou separates the Kaweah River fan from the smaller Tule River fan to
the south. The Kings River, which flows in the valley trough west of
Lemoore, separates the Kings River fan from the fan of the west slope of
the valley. Cottonwood and Lewis Creeks are intermittent streams that
discharge into the interfan areas between the major rivers.

The low alluvial plains and fans are characterized by surfaces of low
topographic relief, rarely exceeding 10 feet except near major streams.
Near Tulare Lake Bed, where the altitude of the fans is about 200 feet, the
surface is flat and nearly featureless. Near the mountains, at Portervilile,
Lindsay, and Exeter, where the altitude is nearly 500 feet, their surface
becomes broadly rolling and is characterized by a microrelief of small
mounds and closed depressions. The soils are generally sandy, permeable,
and fertile, although hardpan is present in some areas. In the interfan
areas and adjacent to Elk Bayou and Cross Creek the soils are alkaline and
less fertile. The plains and fans form the largest part of the valley
floor and constitute a highly developed agricultural area.

River Flood Plains and Channels

The river flood plains flank the channels of the Kaweah, Tule, and
Kings Rivers. The Kings River is entrenched below the valley floor in much
of the eastern part of the area, but the Kaweah and Tule Rivers are
entrenched only on the upper parts of their alluvial fans.

The Kings River is the largest river discharging onto Tulare Lake Bed.
It has the deepest trench and the largest alluvial fan. On the lower part
of the river, where it forks near Laton (pl. 1), the trenching becomes less
distinct, and, in the past, the flood plain flared outward to include broad
areas on both sides of the river. Artificial levees now confine the river
and the flood plain to the channel. At high stage, a substantial part of
the flow of the Kings River is toward Murphy Slough, which discharges into
the San Joaquin River. The main southern distributary divides north of
Lemoore, and both branches flow southward toward Tulare Lake Bed.
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The Kaweah River has an indistinct channel that generally is less than
5 feet deep, and its flood plain emerges from the Sierra Nevada directly onto
the alluvial fan. Southwest of Woodlake the river divides into two branches
which are largely confined by artificial levees. The northern branch is
called the St. Johns River and it flows northward to become Cross Creek,
The southern branch retains the name Kaweah River and, except in floods, all
of its water is diverted for irrigation.

The Tule River flows westward from the Sierra Nevada in ‘a shallow
channel formed by artificial levees toward Tulare Lake Bed. The river
channel is about 5 feet deep near Porterville and decreases in depth westward.
Most of the flow of the river is diverted for irrigation in the upper part
of the fan.

Overflow Lands and Lake Bottoms

Overflow lands and lake bottoms are flat nearly featureless areas in
the valley trough that formerly were inundated during flcod stages of
Tulare Lake. The swampy area along the lower part of the Kings River also
is included in this unit. The soils generally are poorly permeable, but
they generally are fertile and mostly free from alkali. Mendenhall and
others (1916, p. 281) indicated that the size of the area inundated by
Tulare Lake ranged from dry in 1905 to about 800 square miles during
1861-63. Grunsky (1898, p. 16-17) reported that Tulare Lake may have been
dry at intervals in the prehistoric past.

Overflow from Tulare Lake, through Murphy Slough into the San Joaquin
River, is reported to have occurred when the lake surface reached an altitude
of about 210 feet above sea level. Overflow has not occurred since 1878
(Davis and others, 1959, p. 29). Since 1919, the lakebed has been dry,
except for several brief periods of flooding. At present the lakebed is
intensively farmed, and levees control most of the floodwater entering the
area. Under extreme flood conditions, the water from Buena Vista Lake, near
Bakersfield, overflowed into Tulare Lake, and throughflow occurred throughout
the length of the San Joaguin Valley, thus preventing the development of
extensive salt flats.
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GEOLOGIC STRUCTURE

Faulting Along the Sierra Nevada

A series of en echelon faults are inferred to parallel the Sierra
Nevada from Porterville to Monson. Lineations in the continental deposits
are traceable on aerial photographs south of Porterville and terminate at
the contact between the continental deposits and the older and younger
alluvium. These features are inferred to represent fault traces (pl. 2).
Between Porterville and Exeter the extension of the inferred fault trace
is buried beneath the older and younger alluvium. The ridges that face
the valley are here interpreted as faultline scarps, and the hills to the
east are interpreted as having been carved from the upfaulted block
(pl. 3). Inliers of basement complex do not occur west of the inferred
fault zone. Near Ivanhoe and Strathmore, steep crystalline-rock contacts
buried beneath the valley fill are interpreted as having been formed by
faulting.

Based on water-level data, there is no evidence of faulting in the
older and younger alluvium. South of Porterville, water levels in the
continental deposits were erratic, but data were insufficient to construct
water-level maps that might indicate if faulting was the cause. North and
east of Lindsay, marine rocks are found within a few hundred feet of the
surface, presumably due to upfaulting. A driller's log for well
198/27E-30P1, for example, recorded granite at 406 feet below land surface.

Folding in the Tulare Lake Area

According to Woodring and others (1940, p. 152-155), a surface of low
relief developed across folded beds of the Tulare Formation and older
underlying rocks in the Kettleman Hills. The main part of the deformation
is believed to have preceded the deposition of the deposits they mapped
as older alluvium. This surface was subsequently arched and modified by
erosion. Because the Tulare Formation lies conformably upon the
San Joaquin Formation in the Kettleman Hills and lies unconformably on
Pliocene and older formations in the bordering mountains, Woodring and
others (1940, p. 1k4) are of the opinion that the trough of the basin in
which sediments of the San Joaquin and Tulare Formations were deposited
is near the Kettleman Hills,
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GEOLOGY OF THE GROUND-WATER RESERVOIR

The rocks that crop out in the Hanford-Visalia area (pl. 2) include
(1) the basement complex of pre-Tertiary age consisting of consolidated
metamorphic and igneous rocks, and (2) unconsolidated deposits of Pliocene,
Pleistocene, and Recent age, all of which contain fresh water. Consolidated
marine rocks of Pliocene age and older do not crop out in this area but are
penetrated in the subsurface by wells. Because the water from those wells
generally is brackish or salty, the marine rocks are not considered as part
of the fresh-water reservoir. Most of the ground water pumped within the
area is from the unconsolidated deposits; therefore, they were studied in
greater detail, with special reference to their water-bearing character.
Table 1 summarizes the geologic units of Sierra Nevada origin and their
water-bearing characteristics., Alluvium, undifferentiated, derived from a
Coast Range source, is not shown in table 1.

Basement Complex

The basement complex, of pre-Tertiary age, consists of metamorphic and
igneous rocks. They underlie the Sierra Nevada and occur as resistant
inliers in the alluvium and as linear ridges in the foothills along the east
margin of the area. In the subsurface they slope steeply westward from the
Sierra Nevada beneath the deposits of Cretaceous age and younger rocks that
compose the valley fill. Plate 3 shows the depth below land surface and the
altitude above or below sea level at which bedrock (presumably basement
complex) was reported by drillers, or interpreted from electric logs. Part
of the data was from May and Hewitt (1948), and Smith (1964). Cross sections
(pl. 3, secs. F=F' and G-G') indicate escarpments that are interpreted as
buried fault scarps. West of the escarpments the slope of the basement
complex steepens. In the Tulare Lake area an oil-test well failed to
penetrate the basement complex at 1h4,6L2 feet below sea level (Smith, 196L4),

The basement complex is at shallow depth in the Lindsay, Strathmore,
and Ivanhoe areas and in the intermontane valleys where it is penetrated by
many water wells. North of Ivanhoe the basement complex forms a broad,
gently westward-sloping shelf overlain by 100 to 1,000 feet of unconsolidated
deposits. In T. 17 S., R. 24 E., the basement complex drops abruptly to
about 2,100 feet below land surface, presumably due to faulting. Logs of
water wells indicate that the basement complex at Strathmore and in Frazier
Valley is at a fairly uniform depth of 300 to LOO feet below land surface.
About a mile west of Strathmore the basement complex is interpreted as down-
faulted on cross section J-J' (pl. 3).
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Table 1l.--Generalized gection of the geologic units of Sierra Nevada
origin and their water-bearing characteristics

Maximum
System Geologic unit Lithologic character thickness Water-bearing character
(feet)
Unconsolidated Deposits
Flood-basin Silt, clay, and fine sand, reduced Poorly permeable, water is of
deposits fossiliferous <50 poor quality. Unconfined.
.p
g; Sand, gravelly, arkosic, silty sand, Highly permeable, Unconfined.
2 Younger silt, and clay, weakly oxidized or 55 However, is largely unsaturated
alluvium reduced; poorly developed soil and serves as a conduit for
profiles. recharge to the underlying units.
Sand, fine to very coarse, gravel, Highly permeable. Unconfined and
oy - silt, and clay; well-sorted, semiconfined. Wells yield large
~ Oxidized crossbedded, arkosic, moderately 600 quantities of water that is
g B oxidized; contains well-developed generally of the calcium or
o} soil profiles and hardpan horizons magnesium bicarbonate type.
g 31§
= o | Major aquifer.
5 =1 E
Lol =3
g | Sand, fine to coarse, arkosic, silty Moderately permeable. Semiconfined
° o sand and clay, sporadically and confined. Wells yield large
g o] Reduced calcareous, fossiliferous; inter- 1,000+ quantities of water generally of
g hs fingers with lacustrine clay. sodium bicarbonate type. Major
£ © Unweathered aquifer.,
g
o~
n
[
b= 5 Silt, clay, and fine sand, reduced, Poorly permeable. Confined.
g 8- Lacustrine fossiliferous, gypsiferous. 1In Water is of poor quality.
5] 2 and marsh subsurface, lacustrine clay 3,000+
=} o deposits interfingers as tongues with
= ﬂ . continental and alluvial deposits.
=]
g 3
2§
o
3] 9
E ja
By
E E Silt, sandy, and clay, some sand and Poorly permeable. Semiconfined.
- ™ @ gravel, arkosic, oxidized, deeply Wells generally have low yields.
5 5 » | Ooxidized weathered, calcareous; contains 500 Water 1s generally of the sodium
= 2 K well-developed soil profiles. bicarbonate type.
=] 2 &
g 4218
& &l
% - b Sand, fine-to medium-grained, silt, Moderately permeable. Semiconfined
E g and clay, arkosic, micaceous, and confined. Wells yield large
o) ° ) Reduced calcareous; interfingers with 2,000+ quantities of water generally of
g b3 g lacustrine clay sodium bicarbonate type.
EoalC
A
& ~
Consolidated Rocks
Marine rocks Sandstone, siltstone, and shale 12,000+ Generally do not yield fresh

TERTIARY

water, contain mostly brackish
water.

PRE~-TERTIARY

Basement
complex

Metamorphic and igneous rocks

Fractures, faults, and joints
locally yield small quantities
of water; otherwise virtually
impermeable.
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Marine Rocks

Along the east border of the San Joaquin Valley, Tertiary rocks, mainly
of marine origin, overlap the basement complex and underlie the unconsolidated
deposits (pls. L4, 6, and 7). This unit may locally include beds of
continental origin. In the area of this study the marine rocks do not crop
out. In the northwestern part of the area near Riverdale, Cretaceous rocks
overlie the basement complex and underlie the Tertiary section (Hunter, 1952),
FEastward the Cretaceous rocks wedge out against the basement complex where
they are overlapped by the Tertiary section. Cretaceous rocks were not
identified in this investigation and are not shown in the geologic sections.
The Tertiary marine rocks, penetrated by oil- and gas-test wells throughout
the eastern part of the area, range in age from Eocene to late Pliocene and
consist of consolidated to semiconsolidated sandstone, siltstone, and shale.
They have been divided into several formations by oil geologists (Park and
Weddle, 1959), but as they generally contain brackish and saline connate or
dilute connate water unsuitable for most uses, they are treated here as one
unit.

Unconsolidated Deposits

The unconsolidated deposits in this report are equivalent to strata
which have in previous reports been divided into formal and informal geologic
units. In the Kettleman Hills, in the southwest corner of the area of this
investigation, Woodring and others (1940) divided the equivalent beds into
the Tulare Formation and into older and younger alluvium. The Tulare
Formation in the Kettleman Hills overlies the upper Mya zone (Woodring and
others, 1940, p. 13), a fossil horizon at the top of the San Joaquin
Formation. The Mya zone is reported in well logs beneath Tulare Lake Bed
(pl. 4). The base of the unconsolidated deposits is projected, by electric
log correlation, from the upper Mya zone beneath Tulare Lake Bed, eastward
to the top of marine rocks reported in test well 20S/26E-2LK1 (pl. 7).

The unconsolidated deposits of this report, are equivalent to the
continental deposits from the Sierra Nevada of Klausing and Lohman (196k4)
and to the unconsolidated deposits as used by Hilton and others (1963) in
the Terra Bella-Lost Hills area to the south.

Within this study area, the unconsolidated deposits extend from the
Sierra Nevada to the Coast Ranges. They overlie marine rocks beneath the
valley, but along most of the Sierra Nevada front from Porterville to Yettem,
and in the intermontane valleys, unconsolidated deposits unconformably
overlie the basement complex. The unconsolidated deposits thicken from zero
along the western front of the Sierra Nevada to a maximum of about 3,000 feet
in the valley trough. The deposits on the east side of the valley are
divided into three stratigraphic units; continental deposits, older alluvium,
and younger alluvium. On the west side of the valley, the unconsolidated
deposits have not been subdivided in this report (see, however, Inter-Agency
Committee on Land Subsidence, 1958) but are grouped as alluvium,
undifferentiated.
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In the subsurface the younger alluvium interfingers and (or) grades
laterally into the flood-basin deposits and into alluvium,undifferentiated.
The older alluvium and continental deposits interfinger and (or) grade
laterally into the lacustrine and marsh deposits or into alluvium. In the
subsurface the older alluvium and continental deposits are also further
subdivided into oxidized and reduced deposits on the basis of environment
of deposition.

Unconsolidated deposits, which crop out along the margins of the
valley and extend beneath the valley floor, were eroded from the adjacent
mountains, then transported by streams and mudfiows and deposited in lakes,
bogs, or swamps or on alluvial fans. The lithologic and water-bearing
characteristics of the deposits are dependent upon several controlling
factors which include (1) environment of deposition, (2) the type of rock
in the source area, and (3) competence of the streams.

According to Davis and others (1959, p. 58-59), oxidized deposits
generally represent subaerial deposition, and reduced deposits generally
represent subaqueous deposition. Oxidized deposits are red, yellow, and
brown, consist of gravel, sand, silt and clay, and generally have well-
developed soil profiles. Reduced deposits are blue, green, or gray,
calcareous, and generally are finer grained than oxidized deposits, and
commonly have a higher organic content than the oxidized deposits. The
coarsest grained reduced deposits were probably laid down in a flood plain
or deltaic environment bordering lakes and swamps. Because of a high-water
table, the sediments have not been exposed to subaerial weathering agents.
The finest grained reduced deposits were mapped as flood-basin, lacustrine,
and marsh deposits.

Unconsolidated deposits in the study area were derived from two
principal source areas. Deposits on the east side of the valley, which are
arkosic and micaceous, and underlie all but the southwest corner of the
area were derived from the Sierra Nevada. The beds which underlie the
large streams draining the Sierra Nevada are coarse grained. The deposits
in the southwest corner of the area were eroded from gypsiferous marine
shale, sandstone, and volcanic rocks of the Coast Ranges. They generally
are finer grained than comparable deposits derived from the Sierra
Nevada. Deposits derived from the Coast Ranges and the Sierra Nevada, do
not always interfinger beneath the present trough of the San Joaguin Valley,
but at certain horizons interfinger in much of the San Joaquin Valley west
of the present valley trough, probably due to crustal movements. Because
the deposits derived from the Sierra Nevada are of greater hydrologic
importance in the Hanford-Visalia area only brief reference will be made to
the deposits derived from the Coast Ranges.
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Continental Deposits

The unit mapped as continental deposits probably is of late Pliocene
and early Pleistocene(?) age. These deposits are arkosic and crop out on
the east side of the valley (pl. 2) adjacent to the Sierra Nevada near
Porterville, in Yokohl and Frazier Valleys, and near Colvin Mountain.

They are divided in the subsurface (pls. 4, 5, and 6) on the basis of mode
of deposition into (1) oxidized deposits that, in part, overlie and, in
part, grade laterally into (2) reduced deposits. Only the oxidized
deposits are known to crop out.

The continental deposits, as mapped on plate 2, are correlated with
beds described at a depth of 255-7hk feet in tést hole 2US/26E-36A2
(Klausing and Lohman, 1964, p. D16). They are also considered equivalent
to, and an extension of, a part of the continental deposits mapped by
Hilton and others (1963, fig. 3 and p. 4L4-L5) where the oxidized continental
deposits are correlated with their upper fine-grained beds of brown to
reddish-brown color, and the reduced continental deposits are correlated
with their fine-grained basal beds of greenish-yellow to greenish-blue
color. Hilton and others (1963, . 45) reported a coarse-grained section
in the subsurface that has not been identified in this area.

The reduced continental deposits consist of bluish-green beds that
extend in the subsurface from the Sierra Nevada beneath the older and
younger alluvium to Tulare Lake Bed where they interfinger with lacustrine
and marsh deposits (pls. 4 and 6). North of Tulare Lake Bed they extend
across the valley trough where they underlie and interfinger with alluvium,
undifferentiated from the Coast Ranges (pl. 5). The sediments are moderately
permeable, and consist of blue or green micaceous, fine to medium sand,
silt, and clay. They contain little or no gravel and were probably deposited
in a deltaic or flood-plain environment. The unit is further separated by
tongues of the lacustrine and marsh deposits. In the logs of the U.S. Bureau
of Reclamation core holés, the beds are described as unweathered and
containing abundant calcium carbonate. Slightly brackish water is found in
the lower one-third of these deposits and is overlain by fresh water in
the upper two-thirds. Water from wells that penetrate the lower one-third
generally contains more than 1,000 mg/l (milligrams per liter) total
dissolved solids.

Large supplies of water are pumped from the reduced continental
deposits in the southern half of the area near Stratford, Guernsey,
Corcoran, Tulare, and Tipton. At Tulare Lake Bed those deposits constitute
the only aquifer. In T. 22 S., Rs. 18-20 E., the deposits are thin where
present, and fresh water cannot be obtained from wells in sufficient
quantities for agricultural purposes (pls. 4 and 5). North of Goshen, the
reduced deposits have not been explored for water because wells of sufficient
yield for irrigation can be developed in the overlying beds. According to
pump-efficiency test records, wells perforated within reduced deposits
generally yield 500 to 2,500 gpm (gallons per minute).
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The oxidized continental deposits are a series of fine-grained. arkosic
beds that underlie the older and younger alluvium, Throughout most of the
eastern part of the area (pl. 7), the oxidized deposits are 200 to 500 feet

thick. In Yokohl and Frazier Valleys (pl. 1), they form a veneer, not more
than a few feet thick.

The oxidized deposits consist mainly of deeply weathered, reddish
brown, calcareous, sandy silt and clay. Beds of coarse sand and gravel
are rare, but where present they commonly contain much silt and clay.

Soil types, such as the Porterville and Hovey series (Storie and others,
1940), are well developed on these oxidized deposits. Many cobbles when
broken open show weathered aureoles, The highly oxidized character of the
deposits is the result of deep and prolonged weathering. Many of the
easily weathered minerals, such as hypersthene and feldspar, presumably
have altered to clay.

The oxidized continental deposits are poorly permeable but yield
water of fair quality. Much of the pumpage between Lindsay and Porterville
is from these beds. The yield of wells ranges from 100 to 500 gpm., Most
wells of comparable depth in the overlying older alluvium and in the
interfingering reduced continental deposits, generally have much higher
yields,

Lacustrine and Marsh Deposits

The lacustrine and marsh deposits of Pliocene and Pleistocene age
consist of blue-green or gray gypsiferous silt, clay, and fine sand that
underlie the flocd-basin deposits and conformably overlie the marine rocks
of- late Pliocene age. In the subsurface beneath parts of Tulare Lake Bed
these beds extend to about 3,000 feet below land surface. Where the
equivalent beds crop out in the Kettleman Hills on the west side of the
valley (pl. 2), they were named the Tulare Formation by Anderson (1905,

p. 181). The lacustrine beds and fossils of the Tulare Formation were
mapped and described in detail by Woodring and others (1940, p. 13-26) who
considered the top of the Tulare Formation to be the uppermost deformed
bed. Therefore, by this definition, all the deformed unconsolidated
deposits would form the Tulare Formation. Arnold and Anderson (1910,

p. 143-151) considered the blue, green, and gray deposits in the lower part
of Tulare Formation in the Kettleman Hills to be estuarine, tidal-marsh
and lake sediments. Barbat and Galloway (1934, p. 491) recognized
lacustrine beds in the lower and in the upper part of the Kettleman Hills
section. According to Woodring and others (1940, p. 14) about 1,700 feet
of the Tulare is exposed on the southeast side of North Dome in the
Kettleman Hills, Beds equivalent to those mapped as the Tulare Formation
by Woodring and others (1940, pl. 3) are shown as lacustrine and marsh
deposits in this report (pl. 2).
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In the subsurface, around the margins of Tulare Lake Bed, the lacustrine
and marsh deposits form several clay zones that interfinger with more
permeable beds of the continental deposits, alluvium, undifferentiated, and
older alluvium. Because of contained fossils and stratigraphic relations to
adjacent deposits, these clays are considered to be principally of lacustrine
origin. Clay zones are generally indicated by characteristic curves on
electric logs and thereby facilitate tentative areal correlations between
adjacent logs as shown in geologic cross sections. Figure 3 shows the
electric log of a core hole that penetrated five of the more significant
clay zones shown on the geologic cross sections (pls. L4, 5, and 6) and herein
described as the A-clay, B-clay, C-clay, D-clay, and E-clay. The cross
sections show a sixth, the F-clay, which is of lesser hydrologic significance,
The thick section of lacustrine and marsh deposits beneath Tulare Lake Bed,
and the clay zones that extend from it, are aquitards that restrict the
vertical and lateral movement of ground water. Clay deposits are nearly
impermeable and yield little water to wells and that which is obtained is
generally of poor chemical quality.

Plate 8 shows the structure and extent of the A-clay, B-clay, C-clay,
D-clay, E-clay, and F-clay. Additional clay zones occur at greater depths;
however, they are not differentiated herein. The lowermost of the mapped
clay zones is the F-clay.

F-clay.--The F-clay interfingers with the reduced deposits of the older
alluvium. It underlies the area southwest of Corcoran and Lemoore, within
the limits of the present lake basin. Electric logs on plates L, 5, and 6
show that it contains a few thin interfingering beds of sand. Plate 8 shows
the most prominent structural features are the southward plunging synclines
and anticlines. Warping of the clay beds has formed a structural basin
several miles west of Corcoran.

E-clay (in part equivalent to the Corcoran Clay Member of the Tulare
Formation).--The dark greenish blue-gray, silty, diatomaceous E-clay of
Pleistocene age occurs about 60 to 120 feet above the F-clay. It is one of
the largest confining bodies in the area and underlies about 1,000 square
miles west of U.S. Highway 99 (pl. 8). The beds were deposited in a lake
that occupied the San Joaquin Valley trough and which varied from 10 to 40
miles in width and was more than 200 miles in length (Davis and others, 1959,
p. 76-81). The first wide-scale correlation of the Corcoran was made by
Frink and Kues (195h4).

The E-clay extends from Tulare Lake Bed to U.S. Highway 99 and is
vertically bifurcated near Goshen (185/23E-12H1, pl. 6). It is about 1L0
feet thick near Corcoran (225/23E-5N1, pl. 4) and the average thickness is
about 75 feet. The deposits near Corcoran are probably the thickest section
in the San Joaquin Valley (Frink and Kues, 195L, fig. 2). Plate 8 shows that
warping has superimposed similar structural features upon the E-clay and upon
the F-clay. Fossil assemblages from cores indicate the diatomaceous clay
"to be of probable late Pliocene age" (Davis and others, 1959, p. 77-78).
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SPONTANEOUS RESISTIVITY ROCK DEPTH
POTENTIAL STRATIGRAPHIC| (feet) GENERALIZED LITHOLOGIC DESCRIPTION
50 MILLIVOLTS OHMS m2/m UNITS
- 5
— e 15 vV

aTa 0-51 Clay and sand, silty, yellowisn-brown to dark-
brown, gypsiferous, calcareous

aTt 91-56 A-clay: Clay, olive-brown with blue mottling
pltastic, slightly calcareous

[1F] 56-151 Sand and clay, silty, yellowish-brown to light-
brown, some sandy silt interbeds

(1] 151-161 | B-clay: Clayey silt and silty clay, yellowish-
brown with blue mottiing, slightly calcareous

aTa 161-258 | Sand, sitt, and clay, siity and clayey, yellow-
ish-brown to brown, some olive with blue
mottling, calcareous

C-clay: Clay, silty, yellowish-brown, gray-blue
ari 258-268 mottiing, calcareous

268-297 | Sand and clay, silty and sandy, yellowish-brown
to lignt-brown, calcareous streaks, some
clayey si1lt interbeds

Clay and silt, clayey, silty, sandy, yellow:ish-
297-397 brown to brown, calcareous streaks, some silty
sand interbeds

0Ta
397-498 | Sand, clay, and sil1t, stlty and clayey, yellow-
ish-brown to medium-gray, calcareous
D-clay: Clay,silty, bluish-gray, calcareous
arvl 498-504 nodules
Clay, sand, and silt, silty, yellowish-brawn,
aTa 504-559 calcareous
559-591| Sand and silt, silty and sandy, bluish-gray
to bluish-green
Qoar
591-655{ Ciay and siit, silty and clayey, biuwe to bluish-
gray, slightly calcareous, some carbonized
near bottom
ani 655-685| E-clay(Corcoran Member): Clay, bluish-gray
NO RECORD
1. For explanation of symhols see ptate 4 U.S. Bureau of Reclamation care hole

FIGURE 3.--Log of core hole 208/19E-31P,
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According to Bull (1964, p. 5): '"Potassium-argon dating, by
G. B. Dalrymple, of a volcanic ash associated with the Corcoran permits a
reassignment of the age for the Tulare Formation, which has been considered
of Pliocene and Pleistocene(?) age. Pumice pebbles exposed near Friant in
eastern Fresno County, which are correlated with volcanic ash immediately
overlying the Corcoran, contain sanidine crystals that were dated at
600,000 * 20,000 years." Charles Hall of the U.S. Bureau of Reclamation
(1965, p. 142-1L45), discovered vertebrate remains in the Corcoran exposed
by the San Luis Canal excavation, about 15 miles northwest of Mendota. The
fauna, according to Dr. John Mawby, University of California at Berkeley, is
probably of middle Pleistocene (Irvingtonian) or late Pleistocene
(Rancholabrean) age. On the basis of dating the thin beds of volcanic ash
by correlation with the 600,000 year-old pumice beds near Friant, paleonto-
logical evidence, and the stratigraphic relation, the E-clay is, in this
report, considered Pleistocene in age.

D-clay.--The D-clay occurs 60 to 190 feet above the Corcoran Clay
Member of the Tulare Formation. This clay zone was mapped in a narrow belt,
which extends from Lemoore to Corcoran (pl. 8). The clay tongue ranges from
5 to 20 feet thick. About 3 miles south of Stratford, the zone merges with
the thick section of lacustrine and marsh deposits.

C-clay.--The C-clay which occurs about 140 to 210 feet above the D-clay
(section B-B', pl. 5) interfingers with the older alluvium from Stratford
and Corcoran on the south, to Riverdale on the north. The clay occurs about
250 feet below land surface, probably extends east as far as Hanford (pl. 8),
and underlies about 300 square miles. The thickness of the tongue ranges

= from about 10 feet near Riverdale to about 100 feet near Corcoran and

“igverages about 30 feet. Warping of the C-clay has formed troughs and shelves
~-that are nearly identical in position to the troughs and shelves in the D-,

" E-,and F-clays. However, the intensity of deformation is less than the

deformation in the lower tongues.

B-clay.--The B-clay is about 140 feet below land surface. It inter-
fingers laterally with the older alluvium. Its areal extent is about the
same as the D-clay, as it was mapped in a belt that extends from Tulare Lake
Bed to Corcoran and Lemoore (pl. 8). The tongue is about 15 feet thick.

The structure contour map indicates that the B-clay was not affected by the
forces that warped the lower tongues.

A-clay.--The A-clay, which is shown in section B-B' (pl. 5) as under-
lying the younger alluvium, is the uppermost of the clay tongues. It occurs
40 to 50 feet below land surface and underlies about 300 square miles of the
area (pl.8). Although electric logs were not available in the area southwest
of Hanford, the presence of the clay is indicated by water levels in shallow
wells. The thickness of the tongue ranges from 20 to 50 feet. Forces that
warped the tongues below the B-clay apparently did not warp the A-clay.
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Alluvium, Undifferentiated

Alluvium, undifferentiated, derived from the Coast Ranges, crops out
along a narrow belt between the Kettleman Hills and Tulare Lake Bed. The
formation unconformably overlies the folded lacustrine and marsh deposits
in the Kettleman Hills. The deposits are composed of oxidized, poorly
sorted, lenticular, gypsiferous clay, silt, sand, and gravel. They are
loosely consolidated, and locally contain well-developed soil profiles.
Because of the stratigraphic position of the deposits, the alluvium,
undifferentiated, is considered late Pliocene to Recent in age. Because
of their small areal extent, the deposits are of little significance
hydrologically and are not further subdivided. They also are not shown in
table 1 which is restricted to depicting deposits principally derived from
the Sierra Nevada.

Older Alluvium

The older alluvium is a feldspathic blanket of gravel, sand, and
silty sand that overlies the continental deposits from the Sierra Nevada
to the Valley trough. The unit is probably largely of Pleistocene age
although locally the uppermost part may be Recent. The deposits are
exposed in large interfan areas north of Ivanhoe, south of Porterville,
and between the channels of the Kaweah and Tule Rivers at Lindsay (p1. 2).
Exposures also occur on the floors and slopes of Cottonwood Creek, Yokohl,
and Frazier Valleys, and between the Kings River and Cross Creek near
Hanford. The older alluvium was derived mainly from the Sierra Nevada and
has been divided in the subsurface into (1) oxidized and (2) reduced
deposits as described in the following section. Electric logs (pls. 4, 5,
6, and 7) indicate that the older alluvium is generally coarser than the
underlying continental deposits. However, in some logs the chosen contact
between the reduced older alluvium and the continental deposits is
arbitrary. Only oxidized older alluvium is known to crop out.

The older alluvium is correlated with beds described from land surface
to a depth of 255 feet in test hole 24S/26E-36A2 (Klausing and Lohman,
1964, p. D16). The formation is considered to be an extension of the older
alluvium mapped on the surface by Hilton and others (1963), because of the
similarity of the soil series developed on the unit.
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Reduced older alluvium.--The reduced older alluvium is a moderately
permeable arkosic deposit that is not exposed in the area. It overlies the
reduced continental deposits (pls. 4 and 6), interfingers with lacustrine
and marsh deposits beneath Tulare Lake Bed, and interfingers with alluvium,
undifferentiated, north of Tulare Lake Bed (pl. 6). Around the margin of
Tulare Lake Bed, the reduced older alluvium intercalates with lacustrine
deposits. Near the town of Corcoran, a tongue about 200 feet thick occurs
between the C-and E-clays (pl. 4). That tongue, and the deposits below the
E-clay, are the major aquifers in that area. Between Riverdale and Stratfor
numerous tongues of older alluvium (pl.5) form the main aquifers.

Mollusks obtained from a depth of 600 to 602 feet in a core hole, in
the SE%SW% sec. 31, T. 20 S., R. 19 E., (fig. 3) within the reduced deposits
about 50 feet above the Corcoran were examined by D. W. Taylor of the
Geological Survey. The following forms, of Pleistocene age, were identifiec

Fresh-water clam
Sphaerium kettlemanense Arnold
Fresh-water snails
Valvata utahensis Call
Lithoglyphus seminalis (Hinds)
Tryonia?

According to Taylor (1966, p. 48), "this assemblage is different from
those known previously from stratigraphically lower parts of the Tulare
Formation. Sphaerium kettlemanense is known from the basal part of the
formation, but none of the other have been found in the Tulare previously.
Lithoglyphus seminalis lives in the Sacramento River, but has not been knowr

as a fossil. Valvata utahensis is known as a Pleistocene fossil from
western Nevada, southeastern California, and the northern borders of the
Great Basin.'

The reduced older alluvium consist mainly of fine to coarse sand, silty
sand, and clay that were probably deposited in a flood plain or deltaic
environment. Gravel which occurs in the oxidized older alluvium is
generally absent. The deposits are sporadically cemented with calcium
carbonate, according to logs of core holes made by geologists of the Bureau
of Reclamation. However, those.descriptions imply that the calcium
carbonate is probably less abundant than in the underlying reduced
continental deposits.

Pump-efficiency tests suggest that the reduced older alluvium is
moderately permeable., Wells less than 500 feet in depth generally yield
200 to 1,500 gpm.
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Oxidized older alluvium--The oxidized older alluvium unconformably
overlies the continental deposits. The beds consist of fine to very coarse
sand, gravel, silt, and clay derived, for the most part, from granitic
rocks of the Sierra Nevada. Beneath the channels of the Kaweah, Tule, and
Kings Rivers, electric logs indicate that the beds are very coarse (pl. 7).
In the interfan areas, metamorphic rocks and older sedimentary units
locally contributed to the deposits and in those areas the beds are probably
not as coarse as the beds beneath the Kaweah, Tule, and Kings Rivers.
Fine-grained deposits occur in the channel of Cross Creek (pl. 6),

188 /22E-36P1) .

An exposure of the oxidized older alluvium in a gravel pit half a mile
southwest of Ivanhoe in sec. 11, T. 18 S., R. 25 E. consists of about
25 feet of reddish-mottled, well-sorted, fine to very coarse, pebbly sand.
Structural features, such as channel cutting and filling, ripple marks and
crossbedding, are easily distinguished and indicate a fluviatile origin,
The subsurface lithology of the unit is shown by a Bureau of Reclamation
core hole (pl. 7 and fig. 4). 1In general, the beds of sand are thicker
and are composed of coarser and more permeable sand than the underlying
continental deposits. Also, calcareous nodules and stringers are not as
abundant as in the continental deposits.

Most of the soils that occur on the oxidized older alluvium, such as
the San Joaquin, Exeter, and Madera series (Storie and others, 1940) are
mature and are underlain by a heavy clay subsoil and hardpan at a depth of
1 to L feet. The topography developed on the unit is gently undulating
and is marked by small mounds and depressions which are locally referred
to as "hogwallows.'" Following heavy rain, water commonly stands in the
% depressions for weeks because the clay subsoil and hardpan restrict
“percolation. On the upper parts of the Kaweah, Tule, and Kings River
“walluvial fans above 300 feet in altitude, the soils are yellow, orange,
red, or reddish brown and free of alkali. Below 300 feet in altitude the
so0ils on the deposits are alkaline. Near Lindsay, Cairns Corner, and
Cross Creek, the soils have a high salt content, but data are insufficient
to determine if this condition occurs at depth.

East of U.S. Highway 99, the contact of the older alluvium with the
underlying, oxidized continental deposits is well defined in electric logs
(pls. 4, 6, and 7). Structure contours, based on electric-log data,

(pl. 9) show the altitude above or below sea level of the base of the unit.
The older alluvium thickens irregularly from east to west, and probably
has filled gorges cut by the ancient Tule River in the underlying oxidized
continental deposits near Porterville. The bhase of the deposits occurs

195 feet below land surface near Exeter, and declines to L30 feet below
land surface near Visalia and Goshen. In the log of 18S/23E-12H1 (pl. 6)
the base of the older alluvium occurs about 200 feet beneath the diatoma-
ceous E-clay. From well 188/23E-12Hl the base of the older alluvium is
projected to include the coarse reduced deposits in wells QlS/QME-BSMl and
198/22E-41, (pl. 6), and a similar projection is shown on plate k.

Throughout its extent, the oxidized older alluvium is generally highly
permeable and is a major aquifer. Pump-efficiency tests indicate many
wells 200 to LOO feet in depth yield 2,000 gpm.
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Younger Alluvium

The younger alluvium is a veneer of fluvial arkosic beds unconformably
overlying the continental deposits and older alluvium (pl. 2). The unit
occurs along river bottoms and stream channels, and as shoulders within
river trenches (pl. 2). Where the channels become shallow or disappear,
the deposits spread laterally as broad flood plains. The lower parts of
the fans have well-defined natural levees along channels and sloughs.

The younger alluvium represents the latest depositional cycle and at the
surface, at least, is Recent in age.

The younger alluvium consists of fluvial, gravelly sand, silty sand,
silt, and clay (fig. 4). 1In most areas, sand is probably not as coarse
grained as in the underlying oxidized older alluvium. The soils on the
unit, such as the Hanford, Visalia, and Foster series (Storie and others,
1940) are black or dark brown, highly fertile, and show little, or no soil-
profile development. The soils are free of underlying clay subsoil and
hardpan. The percolation rates through the soil and the underlying
deposits are moderate to high. Drillers' logs describe blue or gray
deposits on the toe of th<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>