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PART A 

GEOLOGY OF TffE TERRA tL&-LOST flILL kREA, 

SAI' JOAtJII VALIY, CALIFORNIA 

By G. S. Hilton, H. L. Klausing, and. Fred Kankel 

Asmc'r 

The Terra Bella-kst sills area in the southeastern rt f 

the San Joaquin Valley includes about 1,700 square miles of Kings, 

Tulare,and. Kern Counties. This part of the San Joaqu1n Valley 

has mi]4 winters, long hot 3uier5, and little prcipitatin, almost 

all of which oceurs during the fall and winter months. The area 

is a basin of interior drainage and the streams are tributary to 

'ralare Lake. 

The Terra Befla-tst Hills area is characterized by dissected 

uplands, low alluvial plains and fans, river-flood plains and channels, 

and overflow land. and. lake bottoms. 
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Deficiency of supply, conjunctive use of surface arid -ound water, 

floods, subsidence of land surface, and protectIon and maintenance of 

water quality are the most critical water-use problems in the Terra 

Bella-kst Hills area. This report is the first of three dealIng with 

water-use problems in the area and provides the framework for subsequent 

reports on the hydro1or arid. chemical quality of water. 

The San Joaqu.in Valley is a structural downwarp between the 

tilted block of the Sierra Nevada on the east and the complexly 

folded and faulted Coast Ranges on the west. During mUch of the 

Cretaceous and Tertiary Periods, the San Joaquin Valley was the 

site of marine deposition. Overlying the marine rocks are continental 

deposits of late Tertiary and Qusternary age. In the Terra Belle-Lost 

Hills area it is estimated that there are at least 15,000 feet of 

continental and marine deposits of Tertiary and Quaternary age. 

The geologic units of the Terra Belle-Lost Hills area are 

divided into two oups: (1) consolidated rocks which include 

basement complex of pre-Tertiary age, and noninarine and marine 

sedimentary rocks of Tertiary age; and (2) unconsolidated deposits 

which Inc1ud continental deposits undifferentiated and. the Thlare 

Formation of Tertiary arid Quaternary(?) age and older alluvium, 

terrace deposits, younger alluvium, flood-basin deposits, and dune 

sand of Quaternary age. 
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The basement complex, which is composed of metamorphic and 

igneou.s rocks, is dense, is of low permeability, and yields ound 

water only in quantities sufficient for stock and domestic use. 

The nonrnarine sedimentary rocks of Tertiary age consist principally 

of consolidated and poorly permeable shale, siltstone, and. conglomerate. 

These deposits, like the basement complex, yield only minor quantities 

of ground ter, sufficient only for domestic and stock uses. 

The marine rocks of Tertiary age are composed of moderately 

permeable sandstone to relatively impermeable siltstone; the more 

permeable units either are or can become important sources of ound 

water. The unconsolidated deposits of late Tertiary and Quaternary 

age are highly to poorly permeable and supply the major part of the 

ound water pumped in the area. Ground w ter contained in the 

------------permeable deposits occurs in several distinct aquifers and aquifer 

systema. 
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Two principal aquifer systems in the area include virtually 

all the unconsolidated deposits of Quaternary and Tertiary age. One 

of the aquifer systems contains a semiconfined. water body within the 

unconsolidated deposits that overlie the Corcoran Clay Member of the 

Tulare Formation and the deposits thct overlie the marine rocks where 

the Corcoran is absent. The other aquifer system contains a confined 

water body within unconsolidated deposits that underlie the Corcoran. 

For the most part, the two aquifer systems are not connected vertically. 

However, along the east and south margins of the Corcoran the two 

aquifer systems are horizontally interconnected and comprise parts 

of a single ground-water reservoir. 

Underlying about 800 square irilles along the eastern margin of 

the area at depths ranging from 1,000 to 2,000 feet below land. surface 

the Santa Margarita Formation of Diepenbrock (1933), ranges in 

thickness from about 200 to 600 feet and. consists primarily of sandy 
a 

beds. Locally this formation is/confined aquifer and constitutes an 

important source of ground water. 

Underlying the Santa Margarita Formation of Diepenbrock (1933) 

by about 200 to 300 feet is another zone of permeable deposits ranging 

in thickness from 100 to 1450 feet. These deposits, the Olcese Sand. of 

Diepenbrock (1933), are also a confined aquifer and may become an 

imrtant source of ground water loca fly. 



m'rRaDtJCIoN 

Lacation and General Features of the Prea 

The San joaquin Valley, the southern part of which Is shown on 

figure 1, Includes roughly the southern two-thirds of the Central 

Valley of California. The San joaauin Valley is bounded by the 

Sierra Nevada on the east, the Coast Rnges on the west, and the 

Tehachapi and. San Ernigdlo Nountsins on the south. In the north 

the combined deltas of the Sacramento and San Joaq.uin Rivers separate 

the Sacrairnto Valley from the San Joaquin Valley. The San Joaquin 

Valley extends 250 niUes southeasterly, from the delta area near 

Stockton to Grapevine, about 30 miles south of Bakersfield. 

The Terra Bella-Lost Hills area, which occupies about 1,700 

square miles in the southeastern part of the San Joaquin Valley, 

lies between 35°30' and 36°0O' north latitude and ll8°52'3 

ll9°145 west longitude. The area is part of the Tulare Lake drainage 

basin, a surface basin of interIor drainage. Within the area the flow 

of the streams orIginating in the Sierra Nevada moves toward the vlley 

trough and thence northward via sloughs and canals to Tulare Lake 

(fIg. 2). Most streams In the area are intermittent, poorly Integrated, 

and flow only during periods of heavy rainfall. One exception, Poso 

Creek, flows all year owing to the continual dumping of oiLfIeld-waste 

water into its drainage system. 

13 



About l,O0 square miles of the area stied is valley area 

underlain by unconsolidated deposits. Most of the valley area is 

irrigated, except for alkali lands an the valley floor. Iiw foothills 

and mountains occupy about 300 square miles along the eastern margin 

of the area. This area is underlain respectively by unconsolidated 

and consolidated deposits, and the anitic complex of the Sierra 

Nevada. Most of this area is used. for grazing and dry land farming. 

Mild winters, long hot si.nn.ers, and little precipitetion,, are 

ty-pieal if the Terra Belle-Lost Hills area. Most of the recipit*tion 

fa1l ae rein during the fall and winter months, Because of the 

long owing season, more than one crop per year can be harvsted from 

the same acreage. 

The areais occessible readily via U.S. Highway 99., State ighways 

5 and. 33, and U. S Highway 66 which ectends westiar. from U.S. 

Highway 99atFmoso. The Southern Pacific and the Atehisen,Thpeka, 

and' Santa Fe railroad prcvide both ssenger and freight service to 

the larger cities.and.towns. (See fig. I.) 

Delano, the largest tom in the area, had a popu.lation of 11,809 

in 1960. Wasco, Shafter, and McFarland in Kern Cøunty and Alpaugh, 

Dueor, and Earlimart in Tulare County are busi*ess and service centers 

for the agricu.ltural industry that is pred.ndnant in the econy of 

the area. 
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Purpose nd Scope of the Investigtion 

As part of the program of ground.-wBter instigations in coopera-

tion with the California Depertment of Water Resources, the U.S. 

Geological Survey, in July 1956, began a geohydrologic study of the 

Terra Bella-Ist Hills area to define the ground-water reservoir 

systen and to provide information pertinent to the solution of the 

principal water problems of the area. The principal problems related 

to water use in the San Joaquin Valley are: (1) deficiency of supply, 

(2) floods, (3) how best to utilize surface and grou.nd water conjunc-

tively (California Dept. Water Resources, 1951, p. 209), (1) subsidence 

of land surface, (5) protection and inintenance of water of good 

cheiical quality. Of these, only flooding is not a critical problem 

in the Terra Bel1a-Ist Hills area. 

The results of the study are reported in three parts. This report, 

the first part, describes the geologic units of the area, their water-

bearing character, and the framework within .thich groirni! water occurs 

and moves. Geolor is presented first because it is fundaxrnta1 to 

an understanding of the problems that are related to h,drolor ani 

chemical quality of ground water in the area. 
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The second part (Part B - Hydzology) describes the hydrologic 

aspects of the investigation and hydrologic principles in general as 

they pertain to the source, occurrence, and movement of both surface 

and ground water in the area. These principles of hydrology are then 

related to the specific problems of deficiency of supply, floods, and 

conjunctive use of surface and ground. water. The third part (Part C -

Quality of Water) discussed the problem of protecting and maintaining 

water of good qu1ity in the Terra Bella-Lost Hills area. 

The,investigatlon was begun under the supervision of G. F. Worts, Jr. 

and completed under the supervision of H. D. WiLwn, Jr., successive 

district supervisors in charge ef ground-water investigations of the 

Geological Survey in California. Fieldwork was done by G. S. Hilton, 

R. L. Klausing, R. H. Dale, and D. C. Blakely. The data compilation 

was done by G. S. Hilton, R. L. iClausing, E. J. McClelland. Data 

analysis and preparation of the report was by the authors. 
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Previous Investigations 

Many agencies and individuals have made investigations of 

sioecific problems and areas in the southern part of the San Joaquin 

Valley. However no detailed study of the Terra Bella-Lost Hills area 

has been made previously. Pertinent previous studies for areas 

including or adjacent to the Terra Bella-Lost Hills area were made by 

Mendenhall and others (1916), California Division of Engineering and 

Irrigation (1922), Harding (1927 and 1949), and Davis and others (1959). 

In addition the U.S. Bureau of Reclamation and California Department 

of Water Resources have made geologic and water-supply studies for 

several water conservation districts. 
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Well-Numbering System 

The well-numbering system shows the location f wells according 

to the rectangular system of pubJic-land surveys.. For example, in 

the number 25/25-214-1(1, assigned to a well l miles south of Delano, 

the part of the number preceding the slash indicates the township 

(T. 25 S.); the. number between the slash and the hyphen indicates 

the range (R. 25 E.); the digit between the hyphen and the letter 

indicates the section (sec. 214.); and the letter following the. sectIon 

number indicates the 14-O-acre subdivision of the section, as shown In 

the accompanying diagram. 

T I I 
C B fAID 

E 'F G H 1 

M LLJ 
PRIN 
iJ j 

Within each 1.1-O-acre tract the wells are numbered serially, as 

indicated by the final digit of the well number. Letters Indicating 

cardinal directions appear in the township and range description only 

when an area spans two or nre quadrants o± a particular base and 

meridian. As all of the Terra Bella-Iist Hills area is on the southeast 

quadrant of the Mount Diablo base and meridian, cardinal directions 

are not indicated in the numbers. 
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The geomorphic un1ts of the Terra el1a-tost HIlls area have 

been classified, after Davis and others (1959, p. 15-35), as the 

Sierra Nevada, dissected uplands, low alluvial plains and fans, river 

flood, plains and channels, and overflow lands and lake bottoms, which 

are shown on figure 2. 

The Sierra Nevada is largely one gigantic block that has been 

tilted slightly westward, oiing to faulting and uplifting along the 

eastern edge of the range. The western slopes of the range trend In 

general north-northwest direction and form the eastern boundary of 

the Terra Bells-Lost Hills area. 

The dissected uplands are areas of uderate relief that include 

such features as Buttonwillow Ridge, Semitropic Ridge, IiDst Hills and 

a belt of low foothills along the western front of the Sierra Nevada. 

Buttonwillow Ridge, which separates Jerry Sloughfrom Buena Vista Slough, 

.s about 2 miles wide and 15 miles long, and has a maximum altitude of 

300 feet and. a maximum relief of about 6 feet. Semitropic Ridge, 

bounded by Jerry Slough on the west, low alluvial fans on the east, 

and overflow lands on the north, is a low ridge approximately 15 i4les 

long, 2 miles wide. It has a maximum altitude of 300 feet and is about 

6 feet above the level of Jerry Slough. On the east side of the area 

the dissected uplands range in width from about 1 nIle near Terra Belle 

to a maximum of about A miles near Famoso. The maximum elevation of 

this unit is In the southeastern pert of the area and is about 1,800 

feet above sea level. 
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The low alluvial plains and fan unit is represented in the 

eastern pert of the Terra Bella-Lost Hills area by the relatively 

flat and featureless fans of Paso Creek, Rag Gulch, White River, and 

Deer Creek (fig. 3). On the west side the unit is represented by an 

area of coalescing fans and plains built up by streams entering the 

valley from the Coast Ranges. In the eastern belt the land surface 

slopes in a general westerly direction from about 12 feet per mile on 

the Deer Creek fan to about 30 feet per mile on the Rag Gulch fan. 

These plains and fans occupy a large part of the valley floor and 

constitute an intensively developed agricultural area. 

The river flood plains and channels, lying along Paso Creek, 

White River, and Deer Creek, are well defined where they are incised 

below the level of the dissected uplands and low plains and fans. 

Sandy material characteriza--aepo-sits-in_the _channels and silty 

material makes up most of the flood-plain deposits. 



Overflow land and lake bottoms include the beds of Tulare and 

Goose Lakes and the lowlands in the adal trough. Tulare Lake, a 

nearly flat featureless plain,, once was believed to have been formed 

by the danuing of the Kings River and ts Gatos Creek drainages. 

However, the subsurface geolor, based on an interpretation of electric 

logs of oil and water wells, indicates that Thlare Lake is actually a 

structurally negative area formed' by downwarping (Davis and others, 

1959, p. 29). At present the lake is restricted to the northwestern 

part of the original lake bed by dikes and levees. In the historical 

past, whenever the level of the lake reached an elevation of 210 feet 

above mean sea level, it overflowed northward into the San Joaquin River. 

Such overflow last occurred in 1818 (Harding, 1949, p. 29-30). 

Goose Lake and. Jerry Slough (fig. 2) are south of Tulare Lake 

between Semitropic and Buttonwillow Ridges. Jerry Slough is I to 2 

miles wide and slopes gently toward Goose Lake. Excess flow from 

the Kern River discharges into Goose' Lake, and. during times of excessive 

runoff, Goose Lake overflows into Tu.lare Lake via canals. 

Buena Vista Slough, the northern part of which lies in the Terre 

Bells-Lost Hills area, connects Tulare Lake with Buena Vista Lake, .O 

miles to the south. Only during times of excessive runoff does overflow 

from Buena Vista Lake and the Kern River spill into the slough from 

which it subsequently discharges into Tulare Lake. Inflow to Tulare 

Lake probably last occurred in 1952; thereafter, flood waters of the 

Kern River have been regulated by Isabella Dam, about 35 miles northeast 

of Bakersfield. 



GRAL Eo 

The Central Valley is a structural trough rrre than 1t-00 miles 

long, extending from Red. Bluff in north-central California to Wheeler 

Ridge, about 25 miles south of Bakersfield. The San Joaquln Valley, 

the southern part of the Central lThiley, is u1er1ain by as much RS 

28,000 feet of marine arid continental deposits of Tertiery and 

Quaternary age (Dibblee and 0akeshott, 1953, p. 1503). Several lines 

of evidence suggest that deposition of this sedimentary section 

occurred. in an asymmetrical trough whose principal axis lies near arid 

approximately parallels the west border of the valley. Vaughn (l9143, 

p. 68) concindes on geophysical evidence that the Sierra Nevada block 

continues westward beneath the valley to the flanks of the Coast Ranges. 

Wells drilled to rocks of the basement complex along the east side 

of the valley and, as far west as the topographic trough (May arid. Hewitt, 

l91.8,, p1. 1) confirm this. That wells of equal or greeter depth on 

the west side do not reach the basement rocks further confirz the 

asynnetrical character of the valley. 
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During the Cretaceouz Period and throughout much of the Tertiary 

PerIod, the structural trough was the locale for deposition of marine 

sediments. These sediments attain their maximi.. thickness In the 

Coast Ranges, west of the present valley, and. decrease In thickness 

easterly toward the Sierra Nevada, where they pinch out against the 

westward-sloping surface of the basement rocks. Interfingering of 

the marine sediments with continental deposits of early and middle 

Tertiary age occurs In the eastern part of the valley. Fluvial and. 

lacustrine deposits of late Tertiary and Quaternary age overlie the 

marine sediments throughort most of the valley. In the Terra Bella-

test Hills area these deposits are about 2,500 feet thick (T,rons and 

Nicklen, 1956, p. 2). 

Although the Coast Ranges and Sierra Nevada have been established 

for a long period of geologic time, their present form is chiefly 

a result of tectonic movement during late Tertiary and Quaternary time. 

Deformation of late Tertiary and. Quaternary deposits along the valley 

border and in the valley itself is due to these movements. Structural 

deformation was more intense along the western and. southern borders 

of the valley in contrast to the moderate tilting and folding that 

occurred along the eastern edge. 

The Coast Ranges trend northwesterly roughly parallel to the axis 

of the valley. They are composed chiefly of sharply folded and 

Intricately faulted sedimentary rocks. The Inst Hills, Buttoiwillow 

Ridge, and Semitropic Ridge are the surface expressions of anticlines 

related in time to the folding in the Coast Ranges. 



The westrd-tilteci Sierra Nevad.a fault block is cGmpsed of 

rnetamrphic and igneous rocks of the basement complex of pre-Tertiary 

age. Along its western edge a narrow belt of consliAated marine 

and. nonmarine sedimentary rocks of Tertiary age mantles the basement 

complex of the Sierra and dips gently beneath the unconsolidated deposits 

of late Tertiary and Quaternary age of theSan Joaoj.n Valley. These 

sediment,s are broken beth at, the surface and in the subsu.race by 

north- to northwest -trending faults. The principal events in the 

geologic history that are applicable to the Terra Bella-tst HIU 

area of the San Joaquin Valley arid the bordering munta ins are 

si.nnniarized in table 1. 
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Hydrographs for wells 27/24-10Q1 and 10Q2 (fig. 29) show long-

term water-level fluctuations. The water level in these we11s, 

measured monthly by the owner, Mr. Ellie Crettol, show that for the 

period 1930-45 the yearly high levels were nearly the same. Extensive 

development, starting in 1945-46, caused a rapid decline of the static 

water level. Water levels dropped from about 6o feet to about 140 feet 

below land-surface datum by January 1957, and seasonal fluctuations 

were greater than 100 feet. This hydrograph shows much less drawdown 

during the 1958 pumping season probably because of the wet year in 

1957-58 and because water was imported into the Shafter-Wasco Irrigation 

District via the Friant-Kern Canal, These two events combined to 

reduce pumpage in this locality. 

Section B-B' (fig. 26) and hydrographs of weLlz 25/24-15E1, 

Tube D-1 (fig. 11) and 27/23-1R1 (fig. 17), show that water levels 

in the principal-pumped zone continued to decline from 1952 to 1959, 

except in the Delano area (fig. 27) where importation of water and 

a decrease in ground-water use caused water levels to start their 

upward trend. Water levels along the southern profile continued to 

decline from 1952 to 1959 (fig. 24). 
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Hydrologic properties. --Ground water moves, in accordance with 

natural laws, in an intricate network of voids within a framework of 

mineral particles. The rate and direction of this movement are 

controlled by the properties of the framework and the contained fluid, 

the forces of molecular attraction, and gravity. The most important 

of the framework properties are porosityliand permeability.E/ 

1. Porosity, the ratio of the aggregate volume of interstices 

in a rock or soil to its total volume. 

2. Permeability, the capacity of a rock or soil to transmit 

fluid. 

Commonly the permeability of an aquifer differs in the horizontal 

and vertical directions. Bedding planes and stratification of the 

various deposits restrict flow to some extent and therefore permeability 

usually is greatest parallel to the bedding. 

Aquifer properties may be determined in the field by avifer tests. 

The results of these tests are expressed as the coefficient of trans-

missibility (T), Which is the rate of flow of water, in gallons a day, 

at the prevailing water temperature, through each vertical strip of 

the aquifer having a height equal to the thickness of the aquifer and 

under a unit hydraulic gradient, and as the coefficient of storage (01 

which is the volume of water an aquifer releases from or takes into 

storage per unit surface area of the aquifer per unit change in the 

component of head normal to that surface. 



AT,Ilfer tests in the semi confined aquifer system were made at 

five locations in the Terra Bella-Lost Hills area (fig. 23) on the 

property:and with the assistance and cooperation, of the Kern 

County Land Co. The results of the five pumping tests are given below. 

The heterogeneity of the deposits tested precludes determination of 

absolute values for coefficients of transmissibility and storage. 

The results shown in the following table may indicate relative m4 gnitude 

of T between tests but make no allowance for leakage from storage in 

'semipermeable materials in the aquifer and possibly related compaction 

of the aquifer, or for leakage through semipermeable material above or 

below the aquifer. Values for S are not given because all of the tests 

were too short. 
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Table 6.--Results of aquifer tests 

Approximate 
: T : interval 

Well pumped : gpd/ft
• . 

: tested 
: (below land 

: : surface datum) 

26/24-4 (2c4-4 
/ 

350,000 150-500 

26/25-26N1 300,000 340-800 

27/24-35K1 450,000 200-550 

27/25- 3J2 290,000 350-800 

27/26-30F1 460, 000 250-750 

1. Well location by Kern County Land Co. 
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Future development.--Future development of the principal-pumped 

zone for most of the area is restricted by lack of recharge. At 

present, by far the largest quantities of ground water in the area are 

extracted from this zone. With the exception of the northwestern and 

western parts, the principal pumped Lone is developed intensely through-

out most of the area. 

Further development of the principal pumped zone for water supplies 

might be undertaken in the area between Alpaugh and Pixley and the 

area west of Pond and Wasco, north of Semitropic Ridge, and south of 

Tulare Lake (fig. 20). Any further development in these two areas will 

be affected and restricted by several factors: (1) the occurrence 

locally of inferior chemical quality of water in the shallow zone and 

the upper part of the principal pumped zone, (2) the occurrence of 

saline waters at depth, and (3) continuous decline in water levels 

because of lack of recharge and possibly by an increase in the rate 

of decline to accompany the increased withdrawal of ground water. 
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Confined Aquifer System 

A confined fresh-water aquifer system underlies about 650 square 

miles of the northwestern part of the Terre Bella-Lost Hills area 

beneath the Corcoran Clay Member and above an interface between fresh 

and saline water. Beneath the Corcoran this aquifer ranges in thick-

ness from less than 100 feet near the western edge of the area, to as 

much as 1,400 feet near the eastern edge of the Corcoran. 

In 1905 Mendenhall reported that this confined aquifer system 

was under sufficient head to cause wells to flow throughout much of 

the central part of the San Joaquin Valley. About 250 flowing wells 

were reported in the Terra Bella-Lost Kills area alone (Mendenhall 

and others, 1916, p. 256-280, 284-288, 295-306). By 1959, artesian 

pressures had declined to the point that the head in the overlying 

sericonfined aquifer system was higher than in the deeper confined 

aquifer system. 

The hydraulic gradient in the confined aquifer system prior to 

1952, based on the little information available, probably was toward 

the center of the valley from areas of recharge to the east and west. 

Water-level contours of the confined aquifer system below the Corcoran 

Clay Member as of the spring of 1959 are shown on figure 30. Although 

control points for the contours are few, the water-level contour map 

shows the hydraulic gradient sloping to the west and north at 1 to 5 

feet per mile. 
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The water-level depression centering aroura Alpaugh probably 

results from the combined effects of the permeability of the water-

bearing deposits and the pumping, rather than the pumping alone. 

This is based on geologic evidence which indicates that the deposits 

are fine grained near Alpaugh. The heaviest pumping is actually 

farther east in a thicker section of more permeable material but the 

lesser permeability around Alpaugh causes water levels to be lower than 

those in the area of heaviest pumpage. 

Most of the recharge to the confined aquifer system comes from 

subsurface inflow from the principal pumped zone of the sertconfined 

water beyond the effective limit of confinement by the Corcoran Clay 

Member. Ground water moves in this zone under semiconfined conditions, 

but once it moves north or west to where it is effectively confined by 

the Corcoran Clay Member, it becomes part of the confined aquifer 

'system (figs. 13 and 20). Some replenishment also probably occurs by 

slow downward percolation of water through the Corcoran Clay Member and 

by movement through well casings and gravel packs where the water level 

in the confined aquifer is lower than that in the overlying principal 

pumped zone of the semiconfined aquifer system. 

In the central part of the San Joaquin Valley before 1920, flowing 

wells were obtained by drilling into the confined aquifer system. 

Heavy withdrawals of ground water for irrigation between 1920 and 1930 

caused a decline in water levels arta wells ceased to flow. All 

gronna-water discharge today (1959) is by pumping. 



Water-level hydrographs and measurements show differences in 

seasonal fluctuations of water levels for the semiconfined and the 

confined aquifers. The confined aquifer system below the Corcoran 

Clay 1,1ember has deeper water levels and greater magnitude in the 

seasonal water-level fluctuations than in the semiconfined aquifer 

system. The hydrograph of well 23/23-33A1, Tube A-1 (fig. 22), shows 

water-level fluctuations below the Corcoran Clay Member. The annual 

water-level decline is 10 to 15 feet and seasonal fluctuations are 

about 50 feet. Following the wet winter of 1951-58, a reduction in 

pumping was followed by a water-level recovery; 

Many of the wells penetrating below the Corcoran Clay Member are 

perforated both above the Corcoran in the semiconfined aquifer system 

and below the Corcoran in the confined aquifer system and indicate 

water levels that are a composite of both aquifer systems. For 

example wells 25/22-2E1 and 25/24-15B2, tube 1)-1 (figs. 28 and 22) 

are perforated both above the below the Corcoran. The water-level 

fluctuations in well 25/22-2E1, in an area of relatively little pumping, 

are similar to those in well 25/22-2E2 (fig. 28) and demonstrate the 

effect of confinement. The water level in well 25/24-15H1, tube D-1, 

near the southeastern boundary of the Corcoran, fluctuates as much as 

110 feet per year and indicates the effect of pumping in the principal 

pumped zone and in the confined aquifer system below the Corcoran. 
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Water supplies of satisfactory quality might be developed more 

extensively from the confined water body in several areas: (1) between 

Alpaugh and Pixley; and (2) from the eastern part of T. 25 R. 21 to the 

vicinity of Pond. West of the trough of the valley and beneath 

Tulare Lake, water in the confined water body becomes saline in 

character. However because discharge exceeds recharge to the 

confined water body, further development will result in continued 

overdraft and increased rates of decline in water levels. Any large 

increase in pumpage from the aquifer also will extend its effect 

beyond the edge of the Corcoran Clay Member to lower water levels 

and cause further depletion of the ground water in storage in the 

principal pumped zone of the semiconfined aquifer system. 
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Confined Aqllifers in Marine Rocks 

Santa Margarita Formrtion of Diepenbrock (1933) 

The Santa Margarita Formation of Diepenbrock (1933) has a sub-

surface extent of appeoximately 800 square miles (fig. 20). One of 

the earliest wells to penetrate the Santa Margarita was drilled in 

the SI,,* sec. 8, T. 25 S., R. 27 E. in 1954. In 1955, 13 more wells 

were drilled into the aquifer, and each succeeding year the number 

of wells pumping from this water body has increased. The largest yield 

reported to date (1959) is 1,950 gpm (gallons per minute). Static 

water-level measurements made before 1956 are available from wells 

penetrating the Santa Margarita but the general geology of the area 

suggests that hydrnvillc gradient until that time probably sloped to 

the west at less than 10 feet per mile. The static water-level 

measured by the Rag Gulch Mutual Water Co., for March 1956, ranged 

from 219 to 321 feet below land surface. Water-level contours, based 

on these few measurements, show that the hydraulic gradient ranged 

from less than 10 feet per mile to about 30 feet per mile (fig. 31). 

The depression Immediately east of Richgrove probably resulted from 

pumping of wells 24/27-29P1 and 321(1, drilled in the spring of 1955. 
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The water levels in wells (figs. 31 end 32) declined annually 

an average of about 20 feet for the three years 1956 to 1959. Static 

water levels for March 1959 ranged from 276 to 382 feet below the land 

surface, and the water-level contours made from these measurements, 

show a maximum hydraulic gradient of about 30 feet per mile (fig. 32). 

An increase in the number of wells pumping from the aquifer since 

1955 has resulted in an overall water-level decline and increase in 

hydrauJic gradient; furthermore, this increase in gradient has become 

more widespread. 

Because the Santa Margarita does not crop out at land surface, 

recharge must came from downward percolation of precipitation or 

stream runoff through deposits overlying the aquifer. Because the 

deposits overlying the Santa NOrgarita are fine grained, recharge 

probably is small and ground-water development of the formation, 

therefore, has been accompanied by a continuous decline of water 

levels, and most of the ground water pumped has been drawn from 

storage. All discharge—from_the_g_AA;er results from pumping of 

wells in the Richgrove -Terra Bella area or from discharge into other 

deposits. In 1958, approximately 13,000 acre-feet was pumped from 

the Richgrove aquifer. 
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. Possibilities for future development of the Santa Margarita 

Formation appear to be limited because of limited recharge to the 

water body. Further development of the aquifer, therefore, will 

result in a continuous decline of water levels. In addition, the 

usefulness of the aquifer decreases in an easterly direction because 

its thIcknPss decreases, and in a westerly direction because the 

salinity increases and the permeability decreases. 
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Olcese Sand of Diepenbrock (1933) 

The Olcese Sand of Diepenbrock (1933) underlies about 800 square 

miles along the east side of the Terra Bella-Lost Hills area (fig. 20). 

Lack of detailed data restricts discussion of the hydrology of the 

Olcese to a few general conclusions. 

Only two water wells, one in sec. 30 and one in sec. 31, T. 24 SO, 

R. 28 E., were known to pump from the Olcese in 1959. Depth to water 

in these wells in 1957 was 372 and 435.feet below land surface. 

Geologic surface and subsurface studies show that the Olcese does 

not crop out at the land surface. Because fine-grained deposits 

overlie the aquifer, recharge from deep infiltration of precipitation 

and surface-water runoff probably is small. Increased pumping will 

cause lowering of water levels and a depletion of the ground water in 

storage. 

The physical character of the Olcese Sand based on examination of 

electric logs of oil-test wells probably is similar to that of the 

Santa Margarita. The Olcese is irregular in shape, not everywhere 

perfectly confined above and below, and composed of zones differing 

in permeability. Completely free movement in any direction may be 

impeded, and there is some movement of water through the confining 

clays above and below the aquifer. Also east of Richgrove the Santa 

Margarita Formation and Olcese Sand may be hydraulically interconnected. 
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A potential area for limited development of grourd water lies 

west of R. 28 and north of T. 28. Northern and western boundaries 

have hot been established, but the aquifer is known to underlie the 

area as far north as the town of Terra Bella. West of the town of 

Richgrove, water within the aquifer becomes increasingly saline, 

thus presenting a possible problem similar to that in the Santa 

Margarita. 
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WA=-USE PROBLEMS 

Deficiency of supply, floods, conjunctive use of surface and 

ground water, and subsidence of the land surface are the principal 

problems directly related to the hydrology of the Terra Bella-Lost 

Hills area. 

Deficiency of Supply 

The greatest present and future water deficiencies in California 

are in the San Joaquin River and Tulare Lake basins in the San Joaquin 

Valley (California Dept. Water Resources, 1957, p. 119). Almost all 

available precipitation is consumed by evaporation, transpired by 

vegetation, or used to reduce the existing soil-moisture deficiencies. 

However, during periods of large runoff, some surface flow may be 

sufficient to provide seepage downward through stream beds to the 

gromid-water bodies, but generally runoff is too small to provide 

recharge in significant amounts. Deficiency of the supply, therefore, 

has resulted in a substantial overdraft in the area. 
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Water recuirements in the Terra Bella-Lost Hills area are being 

fulfilled by withdrawal from the un-water reservoir and by importa-

tion of surface water from the San Joaquin and Kern Rivers via the 

Friant-Kern Canal of the U.S. Bureau of Reclamation and the canals of 

the Kern County Land Co. These supplies are inadequate to meet the 

present needs for water, however, and in areas not receiving imported 

water the withdrawal of ground water for irrigation greatly exceeds 

the amount being returned to the ground water by natural and artificial 

recharge. Ultimately, it is planned that the aqueduct of the proposed 

Feather River Project (California Dept. Water Resources, 1957, p. 142) 

will provide the additional water needed. 
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Floods 

Floods of the rivers and streams in the geologic past have 

transported into the San Joaquin Valley the materials that comprise 

the greet thickness of the present valley fill. Agriculturally, man 

has found the valley-fill areas to be extremely productive, and 

accordingly many agricultural activities are adjacent to or on the 

flood plains of the streams. Thus crops and other property are 

exposed to the possibility of damage or destruction by flood. 

Flooding in the Terra Bella-Lost Hills area occurs only during 

infrequent periods of heavy runoff from the principal streams. 

Flooding that does occur could be controlled adequately by 

constructing small reservoirs on Deer Creek, White River, and Poso 

Creek. Under the proposed California Water Plan, flood control on 

Deer Creek, White River, and Poso Creek would include construction 

of a relatively small reservoir on each stream (California Dept. 

Water Resources, 1957, p. 143). Excess flood waters of the Kern 

River and the aforementioned streams woula be discharged into the 

proposed Sand Ridge Reservoir end would be impounded south of the 

natural sand ridge bordering Tulare Lake. 



Conjunctive Use of Surface end Ground Wnter 

Full,utilization of water supplies potentially available for 

the Terra Bella-Lost Hills area will require conjunctive operation 

of surface-water supplies and underground storage capacity of the 

groura-water reservoir. Only regulation of surface reservoirs and 

conveyance systems and also the storage space available underground 

can provide the large volumes of water required over long periods of 

less than average precipitation. Conjunctive operation of imported 

water with its storage and distribution system and the ground-water 

reservoir will conserve the available ground-water supply by providing 

maximum recharge to the ground-water reservoir during periods of above 

average precipitation. -1-

Two pertinent features of conjuuctive operation must be considered: 

(1) ground water would be pumped when imported water is not available, 

and (2) excess Imported water, When available, woula be used to 

recharge the grouna-water reservoir depleted by pumping during those 

months or years of water shortage when imported surface water is not 

available. 
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Artificial recharge may be defined as the deliberate or 

incidental introduction of water into the groura-water reservoir. 

The recharge may be accomplished by (1) water spreading, which 

includes diverting water into basins, ditches, or furrows; and 

(2) injection of water into wells. Water spreading is practical only 

in those areas underlain by permeable materials both at the surface 

and at demth while injection requires adequate permeability at depth. 

In addition water of suitable quality must be available both in the 

aquifer and for recharge. 

Figure 21 differentiates those areas underlain by permeable 

to moderately permeable deposits from those underlain by relatively 

impermeable deposits. In general, the area underlain by the permeable 

deposits as shown on figure 21 corresponds to the areas (fig. 2) 

along the east side of the valley underlain by low alluvial plains 

and fans, and by river flood plains and channels. The areas underlain 

by relatively impermeable deposits correspond to low alluvial plains 

and fans along the east side of the valley, dissected uplands, and to 

overflow lands and lake bottoms. 
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Even though an area may be underlain by permeable de-posits, 

artificial recharge through water spreading may be ineffective 

owing to changes in permeability encountered in the subsurface. 

Hardpan zones, which restrict downward movement of water, have been 

folma within a few feet of the land surface in many parts of the 

area. Also throughout a large part of the area underlain by permeable 

deposits, fine-grained, poorly permeable deposits are encountered 

from about 150 to 300 feet below the land surface. 

To determine potential sites for water spreading, drillers' 

logs of wells were examined to determine the depths to which the 

permeable deposits extend below land surface. Figure 10 shows that 

permeable deposits underlie a large part of the channel and. alluvial 

fan of Poso Creek to a depth of about 100 feet in the vicinity of 

Fames° end to a depth of 200 feet about 6 miles northwest of Fames°. 

The absence of well logs precludes an estimate of the thickness of the 

permeable deposits in the channel of Poso Creek southeast of Fameso. 

South of Earlimart along the White River permeable deposits extend to 

a depth of abeut 100 feet and north of Terra Bella along the channel 

of Deer Creek they extend to at least 50 feet. The permeable deposits 

beneath the channel of Deer Creek may extend to depths greater than 

50 feet; however, this cannot be determined from existing data 

because wells in this area do not exceed 50 feet in depth. 
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Insofar as known the only successful artificial recharge 

of substantial quantities of water in the Terra Bella-Lost Hills 

area has been by water spreading. Water spreading has been 

practiced since 1936, according to Kern County Land Co. records, 

in the vicinity of Wasco, Famoso, and Shafter at the sites shown in 

figure 10. During this period the annual quantities of water spread 

have ranged from 0 to approximately 95,000 acre-feet in 1958. This 

water is introduced through spreading basins and is the major source 

of artificial recharge to the ground-water bodies. This recharge 

is augmented by seepage from Calloway and Lerdo Canals (North Kern 

Water Storage District, 1960, p. 33). 

Recharge by injecting water into wells has been practiced in a 

few isolated wells in the area. In these few instances it reportedly 

was difficult to maintain satisfactory rates of recharge. Conirksted 

to water spreading, far less water has been recharged into the ground-

water reservoir by this method. No experiments using modern injection 

methods are known to have been conducted in the Terra Bella-Lost Hills 

area. In view of the successful use of injection methods elsewhere 

and the problems of water spreading imposed by local geology, any plan 

for artificial recharge should include study regarding the possibility 

of injecting large quantities of water into wells. 
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Because fine-grained, poorly permeable deposits , generally are 

encountered from about 150 to 300 feet below land surface, the major 

part of the water recharged by water spreading goes to the shallow-

water zone of the semiconfined water body. However, once lineerground 

the water probably moves through and around fine-grained deposits of 

low permeability and recharges the principal pumped zone of both the 

semiconfined water body and the confined water body beneath the 

Corcoran. The hydrology of the confined aquifers in marine rocks 

in the eastern part of the area is complex and the data are fragmentary. 

Consequently, it is not known to what extent and how rapidly recharge 

will effect those aquifers. 
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In addition to the problems of finding permeable deposits to 

recharge the quality of the water available for recharge and the 

quality of water in the aquifer must be considered. Replenishing 

an aquifer with water of a type different than the native ground 

water might cause chemical reacttns resulting in a precipitate that 

would cement the deposits and cause a decrease in storage capacity. 

Also, where the ground-water quality is inferior that water would 

have to be flushed from the materials and (or) diluted with water of 

better quality to utilize most effectively the storage capacity of 

the deposits. 

If a sufficient supply of imported water can be made available 

during periods of low demand, additional and substantial quantities 

of water probably could be recharged to the depleted ground-water 

reservoir. However, any contemplated site for water spreading 

should be examined carefully not only to determine whether the surface 

soils are permeable, but also to determine whether there are subsurface 

restrictions that might retard downward movement of water and whether 

there are water-quality problems. Therefore, as part of any program 

to select additional water-spreading sites, a test-drilling program 

should be included to determine more accurately, at proposed water-

spreading sites, the extent, thickness, permeability, and changes of 

permeability with depth of the permeable deposits. In addition, 

Where considerable differences of water quality exist between the 

native water and the recharge water, geochemical studies should be 

made to determine whether the waters are compatible. 
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Subsidence of the Land Surface 

Subsidence of the land surface in the Terra Bella-Lost Hills 

area was first noted in 1935 by I. H. Althou.se (Ingerson, 1941, p. 

40-42) who called attention to the possibility of a definite land 

subsidence in the vicinity of Delano. Ingerson prepered a map for 

the period 1902-1940 which showed that subsidence had occurred in a 

200-square-mile area between Famoso and Pixley; the map also showed 

that maximum subsidence of 5 feet had occurred in a small area 3 miles 

north of Delano. Subsequent studies by the Geological Survey indicate 

that for the period 1902-1954 the maximum subsidence has been 10.2 

feet about 4 miles north of Delano. 

From comparison of long-term hydrographs and subsidence graphs, 

-Poland and Davis (1956, p. 287-291) concluded that land subsidence in 

the area east of Delano was closely associated with decline of water 

levels. Comparison of subsidence graphs and long-term hydrographs 

(Poland, Davis, Lofgren, and others, 1958) show that with importation 

of irrigation water through the Friant-Kern Canal beginning in 1951, 

water levels in the area east of Delano began to rise, and during 

the period 1954-57 the recovery of water levels had brought about a 

virtual cessation of subsidence. 
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Land subsidence is the result of compaction of unconsolidated 

alluvial and lacustrine and swamp deposits as ground-water levels 

are lowered by intensive pumping. The subsidence occurs in areas 

where there is intensive pumping from confined and semiconfined 

aquifer systems. Records indicate that compaction measured by 

recorders is directly related to decline in water levels. Lofgren 

(1961, p. 49) concluned that, " * * * Compaction of the unconsolidated 

deposits takes place os the artesian pressure decreases, thus 

transferring more of the overburden load to grain-to-grain contacts 

of the aquifer. The compaction is due chiefly to a nonelastic 

rearrangement of the grains of the deposit and results in a permanent 

decrease in volume. A small part of the compaction is elastic and 

samples tested in the laboratory for consolidation show minor rebound 

when unloaded. However, rebound or expansion of the aquifer system 

has not been observed in the field measurements." 

Although importation of irrigation water via canals has resulted 

in rising water levels and virtual cessation of land subsidence in 

some areas, continued intensive pumping accompanied by compaction of 

the unconsolidated deposits persists in the area between Delano and 

Earlimart, and in the vicinity of Pixley. Maximum subsidence in these 

areas for the period 1930-59 has been about 9 feet. 
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PART C 

QUALITY OF WATER OF 41b1 '41..RRA BELL-LOST HITT'S AREA, 

SAN JOAQUIN VALLEY, CALIFORNIA 

By E. J. McClelland and G. S. Hilton 

ABSTRACT 

The Terra Bella-Lost Bills area includes about 1,700 square miles 

in the southeastern part of the San Joaquin Valley. Drainage in this 

part of the San Joaquin Valley is tributary to Tulare Lake, a basin 

of interior drainage. Mild winters, long hot summers and little 

precipitation are typical of the area. 

This report is the last of three reports covering geology, 

hydrology, and quality of water of the area. Chemical analyzes of 

water samples are used to classify waters for irrigation use 

according to the sodium hazard, salinity hazard, and boron content. 

Surface -water is generally of good quality from intermittent streams 

in the area. Calcium bicarbonate water with less than 300 ppm dissolved 

solids is common to all surface waters except where degraded by waste 

water. The Poso Creek drainage receives water from oilfield waste 

disposal; analysis of water from the creek indicates it is sodium 

chloride in character with dissolved solids more than 1,000 ppm and 

with boron ranging from less than 1 to more than 3 ppm. 

125 



Ground-water quality in the Terra Bella-Lost Hills area varies 

laterally and vertically. A semiconfined aquifer system is identified 

in two zones; less than and greater than 300 feet below land surface. 

Water from wells less than 300 feet deep in the center of the area 

is satisfactory for irrigation use. In Tulare Lake bed shallow waters 

are reported of poor quality. Analysis of water from below 300 feet 

indicates good quality in the northern part of the area. In the central 

part of the area the semiconfined water below 300 feet is generally 

usable, but in the west there is evidence of poor quality water 

moving into the area from the west side of the San Joaquin Wiley. 

Neer the southern boundary in the vicinity of Highway 99 water from 

the south has a high salinity hazard and high nitrate content. To 

the west in the ridges and sloughs there is sodium chloride water 

with varying hazards, depending on dissolved solids concentration. 

In the western part of the area and south of Tulare Lake bed water 

from the semiconfined aquifer system on the west side of the San 

Joaquin Valley contain boron in quantities that are marginal to 

excessive for irrigation water. 
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One confined aquifer system and two confined aquifers in marine 

rocks are identified in the area. The water in the confined aquifer 

system belew the Corcoran Clay Member of the Tulare Formation is of 

good quality for iTrigation except in the west where water from the 

east and west sides of the valley probably are mixed. Water from 

the Santa Margarita Formation of Diepenbrock (1933), a confined aquifer 

in marine rocks is medium high salinity and high to very high sodium 

hazard irrigation water. Water of this quality is usable when 

properly treated but may become a problem over a long period of time. 

An interface between fresh water and salt water is identified from 

electric logs a-short distance west of the town of Richgrove. The 

water from a second confined aquifer in marine rocks, the Olcese Sand 

of Diepenbrock (1933), has not been analyzed but it probably is 

similar to that in the Santa Margarita Formation. 

The position of the base of the fresh water in the area, estimPted 

fram electric logs, is shown on the four geochemical sections. This 

interface slopes eastward from the trough of the valley and is 

probably continuous from beneath the Corcoran Clay Member into the 

semiconfined aquifer system. 

Protection and maintenance of satisfactory water quality are 

among the present and future water problems in the area. Deficiency 

of supply has resulted in drilling deeper wells which must avoid 

intercepting water of unsatisfactory quality. Disposal of waste 

water must be controlled to prevent future degradation. The area 

is a closed system draining into Tulare Lake therefore drainage must 

be provided for removal of harmful salts in the sump area. 
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PURPOSE AND SCOPE OF THE INVESTIGATION 

As part of the program of ground-water investigations in coopera-

tion with the California Department of Water Resources, the U.S. 

Geological Survey, in July 1956, began a study of the Terra Bella-

Lost Hills area to provide information pertinent to the solution of 

the principal water problems of the area. The Principal water problems 

related to water use in the San Joaquin Valley are: (1) deficiency 

of supply, (2) floods, (3) how best to utilize surface and grourd water 

conjunctively, (4) subsidence of land surface, and (5) protection 

and maintenance of water of good chemical quPlity. Of these, only 

flooding is not a critical problem in the Terra Bella-Lost Hills 

area. 

The study of water-use problems in the Te.vra Bella-Lost Hills 

area is reported in three parts. The first part, Part A, Geology, 

describes the geologic units of the area, their water-bearing 

Character, and the framework within which groura water occurs and 

moves. Geology is presented first because it is fundamental to an 

imierstanding of the problems that are related to the hydrology and 

chemical quality of ground water in the area. 
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The second pert, Part 3, Btlitrology, is concerned with the hydrologic 

aspects of the investigation and hydrologic principles in general as 

they pertain to the source, occurrence, and movement of both surface 

and ground water in the area. These principles of hydrology are then 

related to the specific problems of deficiency of supply, floods, 

conjunctive use of surface and ground water and subsidence of land 

surface. This report, the third part, is concerned with the problems 

related to the protection and maintenance of water quality in the 

Terra Bella-Lost Hills area. 

The investigation was begun under the supervision of G. F. 

Worts, Jr., and completed under the supervision of E. D. Wilson, Jr., 

successive district supervisors in charge of grolina-water investiga-

tions of the Geological Survey in California. Fieldwork was done by 

G. S. Hilton, R. L. Klausing, R. H. Dale, and D. Blakeley. Analysis 

of data and compilation of records were done by E. J. McClelland 

and G. S. Wilton. 
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WATER-QUALITY CLASSIFICATION 

Concentration of dissolved solids in samples of water are 

determined by chemical analysis. The data from an analysis permits 

classification of the water for various uses according to established 

standards for domestic, agricultural and industrial uses. In the 

Terra Bella-Lost Hills area, classification of agricultaral, and more 

specifically irrigation water, is of primary concern. 

Following the usage of Piper and others (1953, p. 26) the terms 

describing the general chemical character of a water are used in 

particular senses, as in the following example: "(1) 'calcium 

bicarbonate' designates a water in which calcium amounts to 50 

percent or more of the bases and bicarbonate to 50 percent or more 

of the acids, in chemical equivalents; (2) 'sodium calcium bicarbonate' 

designates a water in which sodium and calcium are first and second, 

respectively, in order of abundance among the bases but neither 

amounts to 50 percent of all the bases; and (3) 'sodium &Ili-rate 

bicarbonate' designates a water in which sulfate and bicarbonate are 

first and second in order of abundance among the acids, as above." 
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In addition irrigation water is classified after Wilcox (1955, p. 9) 

and as shown by figure 33, as having low, medium, high, and very high 

salinity and alkali hazard. Electrical conductivity is used to 

determine salinity while sodium adsorption ratio (SAR) is used to show 

the sodium (alkali) hazard. The SAR expresses the relative propor-

tion of sodium that can be adsorbed by soil when the water is used 

for irrigation. The analyses of water shown on figure 33 range from 

suitable for most crops and most soils to those which are not usually 

suitable for irrigation use. However, because of the empirical nature 

of the equations used to develop the method, the classification is 

not absolute and should be used for general guidance only (U.S. Geol. 

Survey, 1954, p. 12). 

A third hazard, the occurrence of boron in toxic concentrations 

in some irrigation water, makes it necessary to consider also this 

element when assessing the quality of water. The following table 

by C. S. Schofield shows ltmits for boron concentration (Hem, 1959, 

p. 245). The behavior of any crop in -relation—to_boron concentration 

will vary, depending on soil texture properties, climate, and plant 

physiological properties (California. Dept. Water Resources, written 

communication, 1962), consequently the ranges of values given in 

table 7 cannot be considered as fixed limits. 
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Table 7.--Rating of irrigation water for various crops 

on the basis of boron concentration in the water 

Classes of water : Sensitive : Semitolerant : Tolerant 
crops crops crops 
(PPm) (PPnl) 

Excellent <0.33 <0.67 <1.00 

Good .33 to .67 .67 to 1.33 1.00 to 2.00 

Permissible .67 to .00 1.33 to 2.00 2.00 to 3.00 

Doubtful 1.00 to 1.25 2.00 to 2.50 3.00 to 3.75 

Unsuitable >1.25 >2.50 >3.75 
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All three of the hazards described are present in some parts 

of the Terra Bella-Lost Hills area. Salinity represents a hazard 

due to the limited tolerance of crops to salt concentration in water 

used by the plants. This tolerance varies depending on the crop 

grown, local circumstances such as soil and climete, and on adequate 

drainage to remove harmful concentrations. The hazard can be reduced 

by careful crop selection, provision for drainage and by dilution with 

water of better quality. Adsorption by the soil of excessive quantities 

of sodium will reduce soil permeability tending to cause a hard crust 

to form at the surface. The sodium hazard can be controlled by treat-

ment of the soil or water by applying a substance such as gypsum which 

increases the available calcium. Boron concentration represents a 

problem similar to the salinity hazard. This problem can be handled 

by crop selection, drainage, and dilution in the same manner as high 

salinity. Hem (1959, p. 246, 249) lists crops according to relative 

tolerance to boron and salinity as given in U.S. Department of 

Agriculture Handbook 60. 
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The Character of the -waters in selected samples are shown on 

figure 34. The results of analyses of samples are shown plotted as 

percent reacting values on diagrams with five radial coordinates 

(after Ham, 1959, p. 180). Each leg is measured in percentage, zero 

at the center to 100 at the outer end. The constituents determined 

by chemical analysis and calculated as percentage reacting values 

are plotted along the appropriate legs as indicated in the explanation 

on figure 31L. The cations, calcium (Ca), magnesium (Mg), sodium (Na), 

and potassium (K) are plotted on the two legs extending upward from 

the center of the figures. The sum of the cations eauals 100 percent. 

The anions, carbonate (CO3), bicarbonate (HCO3), sulfate (SO4), 

chloride (C1), fluoride (F), and nitrate (NO3) are plotted on the 

three remaining legs and the sum of the anions equals 100 percent. 

Connecting lines were drawn between plotted values on adjacent legs 

of the diagrams forming shapes which symbolize the chemical character 

of the water analyzed. 

All chemical analyses of water used in this investigation are 

tabulated in a mimeographed basic data report on file with the 

Geological Survey, Sacramento, Calif. 
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SURFACE WATER 

The Terra Belle-Lost Hills area receives surface water from five 

streams along the east side of the valley and from the Kern River, 

south of the area. These streams, Deer Creek, White River, Rag Gulch, 

Poso Creek, and Little Creek which drains into Poso Creek, are all 

intermittent and water from the Kern River reaches the area in flood 

stage only. The quality of these waters generally is good where 

not degraded by the activities of man. 

Surface waters are a limited source of recharge to ground-water 

bodies in the Terra Bel1P-Lost Bills area and have some effect on 

the ouality of subsurface waters. This is shown by the analysis of 

water from well 24/28-21102 in White River channel (figs. 34 and 36) 

which is similar to the analysis of White River water though higher 

in total solids. Over much of the area, as described in Part B 

(BYdrology) of this report, the hydrologic evidence indicates that 

a permeability restriction probably exists at a depth of 100 to 300 

feet. 
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The quality of surface waters in the area generally is 

characteristic of surface waters on the east side of the San Joaquin 

Valley (navis and others, 1959, p. 171). They are of the calcium 

bicarbonate type containing 150 to 300 ppm dissolved solids. Upon 

the classification of irrigation water of figure 33, the samples from 

Deer Creek, White River, and Rag Gulch are very low sodium hazard and 

low tor-medium salinity hazard waters. The outstanding exception to 

this pattern of quality is fornd in Poso and Little Creeks where 

waters upstream from nearby oilfields are of the characteristic 

east-side type but downstream from oilfield waste-water disposal 

these waters are strongly sodium chloride in character with dissolved 

solids of about 1,000 to 1,500 ppm. Waste waters from oilfield 

dumping in the vicinity constitute the base flow of Pose Creek during 

periods of no runoff. They are classified as very high sodium and 

high to very high salinity hazard waters and contain boron ranging 

from less than 1 to as much as 5.5 ppm. Information concerning 

oilfield waste-water in this vicinity is from reports of the Central 

Valley Regional Water Pollution Control Board No. 5, by Lorenm and 

Nicqclen (1957), Nelson and Nicklen (1957), and Nelson and Pass (1957). 

No attempt was mode to relate quality of water to changes in seasonal 

flaw. This probably is important only in Peso and Little Creeks where 

variations in runoff combined with changes in waste water contributed 

may cause wide fluctuations in quality. 
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Unless waste waters in Paso and Little Creeks are treated to 

control the sodium hazard, they will tend to reduce soil permeabilities 

where they are applied to the ground. The salimity hazard and the 

effects of boron will be more apparent over a long period of time 

when salt concentrations will tend to increase in the soil where the 

water is applied and slow percolation will allow the waste waters to 

reach greater depths. Dilution with better quality water alld, provision 

of adequate drainage will aid in reducing the salinity hazard.. 

Deterioration of ground-water quality because of oilfield waste 

waters is suggested by the analysis of water from well 27/27-29%11 

(fig. 34) which shows a calcium-sodium chloride water with 925 ppm 

dissolved solids. However, in the discussion of semiconfined water, 

the erratic chemical quality of gromla water in this vicinity is pointed 

out and a single analysis cannot be accepted as positive evidence of 

degradation. ExamJnation of the depth to a confining clay in Paso 

Creek channel indicates that shallow wells in the vicinity of the 

creek may be pumping from aquifers recharged directly by the creek. 

Additional analyses of water from wells less then 300 feet deep are 

not available to demonstrate whether degradation is moving westward. 

Analyses of deeper wells west of 27/27-29J1 show no evidence of 

waste-water recharge from Pose Creek. 
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Along the west side of the Terra Bella-Lost Hills area, 

Buena Vista Slough conducts overflow from the Kern River to 

Tulare Lake. Normally dry, the slough contains water only 

during year of very high runoff. Calcium-sodium bicarbonate 

waters with low dissolved solids and usually suitable for most 

irrigation uses characterize the overflow waters in the slough 

(Fellows and Morris, 1958, p. 36). 
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GROUND WATER 

Ground water in the Terra Bella-Lost Hills area varies in 

quality both laterally and vertically. Selected analyses shown on 

figure 34 indicate lateral differences in chemical quality. Many 

of these analyses also are given on the geochemical sections (figs. 

35 through 38) which show vertical and horizontal differences of 

chemical quality. These differences are in total dissolved solids 

and also in the relative concentrations of the individual 

constituents. The chemical characteristics of the water have been 

influenced by present and past surface waters in streams tributary 

to the area, variations in present and past climate, and by the 

rocks and sediments through which the water has moved. 

All ground -water analyses on which this report is based—ere_from 

wells which currently are used. Consequently, analyses are not 

available from water which is absolutely unsatisfactory for irrigation 

use and no specific areas or depth zones where such water is found can 

be indicated. A few samples were taken from abandoned wells but 

contamination from the surface, in the form of trash, bodies of small 

animals, or other debris, causes the analyses of the samples to 

be unreliable. 
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Semiconfined 1\cluifer System 

The term semi confined is applied to all ground water in the 

Terra Bella-Lost Hills area where distinct and extensive confining 

bed or beds cannot be determined. The semiconfined aquifer system 

is subdivided into two general zones, a shallow zone that extends 

from 0 to about 300 feet below land surface and a principal pumped 

zone below the shallow zone. The depth limitation is not exact and 

is based in general on an inferred zone of poorly permeable material 

presumably occurring at about 100 to 300 feet below land surface. 

The poorly permeable materials noted in the discussion of the shallow 

zone in Part B, Hydrology, are not shown conclusively by well logs. 

However differences in water levels and water quality suggest the 

existence of poorly permeable materials between the shallow and 

principal pumped zones of the semiconfined aquifer system. 
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Water from the Shallow Zone 

The waters analyzed from wells perforated in the 0- to 300-foot 

depth zone show generally higher concentrations of dissolved solids 

than those from depths below 300 feet. Typical shallow zone water 

shown at U.S. Bureau of Reclamation test well 25/24-15H1 is calcium 

chloride-sulfate with more than 400 ppm dissolved solids (figs. 34 

and 37). Because of the limited number of analyses, this depth group 

is shown only on figure 37. Davis (1959, p. 191) recognizes this 

zone and suggests that it originated as an evaporation brine in a 

local area of poor drainage. This water is good for most irrigation 

uses as it has low sodium and low to medium salinity hazards and low 

boron content. 

To the northwest in Tulare Lake bed, waters from the shallow 

zone have been reported by residents as being of very poor quality. 

Mendenhall (1916, p. 105) indicates that this problPm is caused by 

the alternating periods of evaporation and flooding which produced 

deposits of highly saline material. Locally very few wells tap this 

depth zone but the California Department of Water Resources, San 

Joaquin Valley Investigation (in progress) has drilled test wells 

20 feet deep in Tulare Lake bed which show shallow ground waters with 

as much as 14,400 ppm sodium and 11,100 ppm chloride (California Dept. 

Water Resources, written communication, 1962). 



On Semitropic Ridge, damaging der,osits of calcium carbonate 

have accumulated on ioump parts and casings of wells. The location 

and composition of the water from one of these wells, 27/23-16R1, 

is shown-on figure 34. Carbonate deposition is apparently related 

to depth as these deposits tend to occur in wells that take at least 

part of their water from depths less than 200 feet below land surface. 

Several exceptions have been noted in wells not perforated above 200 

feet. However, water from the shallow depth zone may migrate to the 

perforated interval via the gravel pack in some of the wells with 

deeper perforations. 

This deposition may be related to carbon dioxide released from 

ground water when the well is pumped (Hem, 1959, p. 71). The problem 

might be controlled by perforating below 200 feet and cementing the 

well above the-perforations to prevent ground-water movement through 

the gravel peck. 
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Water from the Principal Pumped Zone 

Semiconfined water from wells perforated below 200 to 300 feet 

is generally of good quality in the Terra Bella-Lost Hills area. 

This water is commonly of the sodium bicarbonate type with less than 

300 ppm dissolved solids and is satisfactory for most uses. Surface 

water from the east side of the San Joaquin Valley is characteristically 

clacium bicarbonate. This is the most probable source of the sodium 

bicarbonate water in the semiconfined aquifer system. The alteration 

In cation content from predominantly calcium to predominantly sodium 

Is attributed to the process of cation exchange. In this process 

calcium and magnesium ions in solution replace adsorbed sodium on 

the exchange material (Hem, 1959, p. 221). Ample quantities of 

exchangeable sodium are available in the heterogeneous sands and 

clays through which the water must move from the east towards the 

trough of the valley. Sodium concentrations tend to increase with 

the distance from the recharge area of a given aquifer system and 

the depth of the water below land surface. 

Chemical quality of the semiconfined aquifer system is outlined 

along each line of geochemical cross section. Some analyses shown on 

figure 34 are not included on the cross sections where the projected 

analysis would cause distortion in the section or where they are not 

essential to the section. The cross sections intercept and dhow all 

of the identified units of distinctive chemical quality. 
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Geochemical section A-A'.--in the northern part of the area 

figure 35, geochemical section A-A', shows the characteristic sodium 

bicarbonate water in the semiconfined aquifer system. In the east 

a slightly higher relative concentration of calcium in some analyses 

may be due to the proximity to intake areas and the fact that the 

water has not traveled as far through the sources of sodium as waters 

farther west. The eastern part of the section corresponds to a high 

nitrate zone outlined in the vicinity of Ducor on figure 39. The 

nitrate concentrations observed range from 20 ppm in 23/28-30K1 to 

72 ppm in 23/27-211(1. Locally this area has been subject to intensive 

citrus cultivation starting in the early 1900's and the nitrate 

concentrations are pl-obably attributable to the continued use of 

fertilizers. This degradation of groune water is of no concern when 

the water is used for irrigation, but should be considered if the 

water is used for domestic supply. Hem (1959, p. 239) refers to a 

tentative limit of 44 ppm nitrate in a potable water supply for infants. 

At the western end of section A-A' in water from the semiconfined 

aquifer system above the Corcoran Clay Member of the Tulare Formation, 

the dissolved solids concentration is about 400 ppm, the chemical 

character remains sodium bfcarbonate type. All the semiconfined water 

shown along this line of section is suitable for most irrigation uses; 

sodium and salinity hazards are low to medium. 
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Geochemical section 3-3'.--Semiconfined waters shown on figure 36, 

geochemIcal section B-B', are of more varied character than those of 

section A-A' though the sodium bicarbonate type is still common, and 

all are suitable for most irrigation uses. The eastern end of section 

B-B' is in the dissected uplands where the water is of highly variable 

quality (fig. 34). Wells in this locality even where in close proximity 

may penetrate lithologically different parts of the geologic section 

which could explain the erratic results of water analyses. Waters 

at the east end of the section show an increase in sulfate content 

compared to waters to the west and the dissolved solids are greater 

than 300 ppm. 

Between wells 24/25-2111 and 24/26-3211 northeast of Delano 

analyses indicate increased relative concentration of calcium similar 

to t.lt found near the eastern end of section A-A'. This locality also 

shows high nitrate concentrations (fig. 39) the highest being found in 

well 3211 (76 pm). Most of the other wells, in the vicinity are near 

or below the suggested 44 pa nitrate •limit for domestic use. 

In the western part of the section analysis of water from well 

24/22-35N1 indicates a zone of sodium bicarbonate water above the 

Corcoran Clay Member. Water in this zone has more than 300 pa dissolved 

solids and correlates with similar water shown at the western end of 

section A-A'. All the water from the semiconfined aquifer system shown 

on this section is satisfactory for most irrigation use, though treatment 

of the soil or water may be required where the sodium content is excessive. 
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Geochemical section C-C'.--Figure 37, geochemical section C-0', 

shows sodium chloride-sulfate water with more than 500 ppm dissolved 

solids in the dissected uplands in the east. Correlations between 

geochemical sections along the east aide have not been made south 

of section A-A' because of the water-quality variation from one well 

to the next as noted in the discussion of section B-B'. 

In the central part of the area beneath the shallow water zone 

is the sodium bicarbonate water containing less than 300 ppm dissolved 

solids which is found throughout much of the area. 

At the western end of section C-C', chemical analysis of water 

from well 26/21-1412 Shows sodium chloride-sulfate water with nearly 

3,000 ppm dissolved solids. A series of five analyses of water from 

this well in the period from 1954 through 1956 show an increase from 

about 2,650 ppm to about 3,000 ppm in dissolved solids with no 

significant change in the relative concentrations of the various 

constituents. There is no east-side source that would provide water 

of such poor quality nor is there any apparent source of degradation 

from the east. In T. 25 S. and T. 26 S., R. 21 E., Davis (1959, pl. 28) 

indtcates on his geochemical section h-h', sodium sulfate, sulfate-

chloride, and chloride waters with 2,000 to 7,000 ppm dissolved solids. 

This well and others located to the south are near the trough of the 

valley where waters from the east and west sides of the valley meet 

and mix. 



High boron concentrations are also indicated in this area in 

figure 39. Boron is, in varying degrees, injurious to crops and 

unless good drainage is provided, -waters with excessive boron concen-

trations cannot be used. Throughout most of this report area, boron 

concentrations are quite low, but in the trough of the valley higher 

boron concentration is found associated with the water entering from 

the west. 

Water in the semiconfined aquifer system shown along section C-C' 

generally is acceptable for irrigation use. In the east the sodium 

and salinity hazards range up to high but both generally are low to 

medium and boron content is low. The water sample from well 26/21-14112 

is classed as high sodium hazard and very high salinity hazard and boron 

content is acceptable only for use on crops which have high boron 

tolerance. Crop selection for boron and salt tolerance and suitable 

treatment for the high sodium content will be required if this water 

is used extensively. South and west of 14E2 the same problems are 

amplified by even higher concentrations of dissolved solids (Hanson 

and Nicklen, 1956, p. 4), and west of the area of this report, water 

of similar quality was noted by Wood and Davis (1959, pl. 5). 
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Geochemical section D-D'.--Near the southern boundary of the 

Terra Bella-Lost Hills area figure 38 (geochemical section D-D') 

Shows more varied water quality than any other pert of the area. 

A zone of variable water quality, as previously noted in the 

discussions of sections B-33 and C-C', ilraerlies the dissected 

uplanas at the eastern end of the section. Sodium and salinity 

hazards range from medium to very high. 

Adjacent to the dissected uplands and east of Highway 99 there 

is a zone of calcium chloride water having about 1,400 ppm dissolved 

solids and immediately west of Highway 99 calcium sulfate water 

having more than 400 ppm dissolved solids. The sodium hazard is low 

in thia locality, but the salinity hazard is medium to high. Nitrate 

concentrations range up to 148 ppm at well 28/26-3C1 in the same zone. 

These concentrations of nitrate may be influenced by organic matter 

Indicated in several well logs in the vicinity or by agricultural 

fertilization. Water moveaent is northward in this locality as shown 

on the water-level contour map (fig. 25), indicating a possible source 

of the high chloride and sulfate waters to the south. Determination 

of the source of these waters will depend on the results of a ground-

wter investigation in the Kern River fan area, now in progress. 
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Sodium bicarbonate waters with less than 300 ppm dissolved 

solids, common to much of the area, are found from the east side of 

R. 24 E. to Semitropic Ridge. The water-level contour map mentioned 

above indicates possibly a separate hydrologic unit extending west 

from the western edge of Semitropic Ridge and including Jerry Slough 

arid Buena Vista Slough. This unit is present as a separate chemical 

quality unit that extends west from Semitropic Ridge and includes 

Buttonwillow Ridge. Waters in the ridge and slough setting are the 

sodium chloride type with more than 500 ppm dissolved solids. 

Although the chemical character of the waters is Quite similar, the 

total dissolved solids is variable, ranging up to about 2,300 ppm 

near the confluence of Jerry and Buena Vista Sloughs (fig. 34). 

West-side waters are probably the source for the waters in this 

vicinity and the variations in quality may be due to flushing by 

ground water moving northward along the Kern River channel. Water 

from well 28/23-11E2 probably represents flushing by Kern River water 

in the southern part of Jel:ry Slough. 
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Boron concentrations in excess of 2 Dpm are found along the 

west side of the valley trough. This zone as shown on figure 39 

is correlated with boron to the north and is probably found in 

waters reaching the area from the west side of the San Joaquin Valley. 

On Semitropic Ridge and in Jerry Slough the ground-water analyses 

indicate a low sodium hazard and low to high salinity hazard. The 

analyses from wells on Buttonwillow Ridge and Buena Vista Slough show 

medium to high sodium hazard and high to very high salinity hazard. 

Near the confluence of Jerry and Buena Vista Sloughs sodium hazard 

is high to very high and salinity hazard is very high. Treatment 

to reduce the sodium hazard is required to prevent danpgP to soil 

permeability. Salt tolerant-,;crops may permit the use of water that 

has a high salinity hazard. Unless adequate provision is made for 

dilution with water of better quality and for drainage, salt 

concentrations may eventually increase to unusable limits. 
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Confined Aquifer System 

The confined aauifer system beneath the Corcoran Clay Member of 

the Tulare Formation contains water, as indicated on geochemical 

sections A-A', B-B', and CC', (figs. 35-37) that is of the sodium 

bicarbonate type, less than 300 ppul dissolved solids, similar to that 

in the semi confined aquifer system to the east. The semiconfined 

aanIfer system undoubtedly is the source of the water having these 

characteristics. Each of the three cross sections indicates a zone in 

the west where the confined waters are of much poorer quality. This 

zone probably represents mixed water from the east and west sides 

of the San Joaquin Valley and shows a sodium chloride or chloride-

sulfate character with dissolved solids ranging from about 700 ppm 

to about 2,400 ppm (figs. 35-38). 

Most of the water below the Corcoran Clay Member is of usable 

quality for irrigation. Waters in the west are classed as having 

high to very high salinity hazard and medium to high sodium hazard 

(figs. 35-57). Boron concentration does not exceed 0.8 ppm in any 

of the analyses available, therefore the water is within permissible 

limits for boron sensitive crops. The sodium hazard can be altered 

by suitable treatment of the water and (or) soil but the salinity 

hazard accentuates the need for dilution with water of better 

quality and for provision of adequate drainage. 
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Confined Aaulfers in Marine Rocks 

Water confined in rocks of the Santa Margarita Formation is 

uniformly sodium chloride in character with dissolved solids concen-

trations greater than 300 ppm and generally less than 500 ppm. A short 

distance west of the town of Richgrove an interface between fresh and 

saline water is indicated by electric logs of oil-test wells. Future 

development of the Richgrove aquifer will be restricted west of this 

interface. 

SediTnentary rocks comprising the Santa Margarita Formation are 

largely marine in origin and probably contained salty water when 

deposited. Fresh water found east of the interface at present is 

atLrIbuted to partial flushing by fresh water at some time subsequent 

to deposition of the aquifer. East of the interface the water is 

classed. as having medium to high salinity hazard and high to very— ---

high sodium hazard. In spite of this water classification 

approximately N irrigation wells have been, developed in the aquifer 

since 1954. The sodium hazard ie dealt with by tre-itMent of water 

and (or) soil and as long as this Procedure is used, the hazard is 

not apparent, though the salinity hazard is increased by the treatment. 

Effects of the salinity hazard are more difficult to predict. As 

dissolved solids concentrations are not prohibitively high, the 

salinity hazard will probably be apparent only on long-term basis. 
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Water confined in the Olcese Send beneath the Santa Margarita 

Formation of Diepenbrock (1933) (figs. 35, 37, and 20) reloresents 

a potential source of groulla water but is little developed at the 

present time. Water quality is estimated to be similar to that in 

the Santa Margarita Formation on the basis of electric logs from 

oil-test wells that penetrate both aquifers. 

Fresh Water-Salt Water Relationships 

Each of the four geochemical sections (figs. 35 through 38) 

show the approximate position of the base of the fresh water, sloping 

eastward from the trough of the valley. This position is estimated 

from electric logs of oil-test wells. The points at which the depth 

was estimated are often far apart and estimates of water-quality 

changes were not certain. The base of the fresh water is probably 

continuous from the semiconfined waters to the confined waters 

beneath the Corcoran Clay Member of the Tulare Formation. 

No analyses are available for water from the Santa Margarita 

Formation or Olcese Send west of the base of the fresh water (figs. 

37 and. 20). The water to the west is estimated from electric logs 

to be very high in dissolved solids, probably in excess of usable 

concentrations. 
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WATER-QUALITY PRO33LEMS 

Protection and maintenance of satisfactory water quality are 

among the present and future problems facing water users in the 

Terra Bella-Lost Hills area. Deleterious effects on the quality of 

water may result from deficiencies in surface- and ground-water 

supplies, injudicious disposal ofwaste waters, and lack of adequate 

drainage for removal of harmful salts cr pollutants. 

Deficiencies in surface- and ground-water supplies have 

influenced the quality of available ground water in the Terra Bella-

Lost Hills area. Irrigation with surface and ground water leaches 

substances from the soil through which the water percolates. When 

waters containing excessive concentrations of these substances reach 

and mix with the ground-water body, they contribute to its gradual 

degradation. In the area, changes of quality with time have not 

been consistently demonstrated; some individual wells show short-term 

trends indicating thr,t such changes maybe occurring. Deficiency of 

supply results in the drilling of deeper wells in an effort to reach 

previously untapped sources of ground water. If deeper wells intercept 

waters of unsatisfactory quality, any communication between bodies 

of water along the well bore or casing will permit mixing due either 

to head differences or to pumping effects. Most of the existing wells 

do not approach the depth where electric logs indicate water of very 

poor quality. Development of the Santa Margarita Formation will 

probably be restricted by the presence of brackish or salty waters 

west of Richgrove. 
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Injudicious disposal of waste waters of undesirable quality can 

cause degradation of ground waters. In the Terra Bella—Lost Hills area, 

dumping of oilfield waste water constitutes a real and potential problem 

along Poso Creek. Only limited evidence of contamination is found at 

present, though in time the problem may become evident over a larger 

area. This problem is not widespread and is under the superviSion of 

the Central Valley Regional Water Pollution Control Board (No. 5). 

Surface drainage of irrigation water is also part of the disposal problem 

as water, repeatedly applied for irrigation, is degraded by each reuse 

until it acquires an unsatisfactory quality. The solution of this 

problem ultimately is related to providing a supply adequate to dilute 

and drainage to flush the undesirable salts out of the area. 

The drainage in the Terra Bella-Lost Hills area is a closed system 

tributary to Tulare Lake. In a closed system, lack of adequate drainage 
_ 

for removal of harmful salts or pollutants is a direct cause of degrada-

tion of ground water in the sump area. Sump conditions in Tulare Lake 

have resulted in the development of alkaline soils and a shallow ground-

water body of such poor quality that wells tapping this source are 

very scarce. This problem might be alleviated by providing adequate 

drainage to prevent the accumulation of harmful concentrations of salts. 

The California Water Plan proposes to provide adequate drainage 

for removal of the harmful salts and pollutants by constructing a waste 

conduit (California Dept. Water Resources, 1951, p. 119). This conduit 

will extend along the trough of the valley from the vicinity of Buena 

Vista Lake to the saline water channels near the combined deltas of the 

Sacramento and San Joaquin Rivers. 
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