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CONVERSION FACTORS

For readers who wish to convert measurements from the inch-pound system of units to the metric
system of units, the conversion factors are listed below

Multiply inch-pound unit By To obtain metric umt
acre 0 405 square hectometer (hm?)
acre-foot (acre-ft) 0001233 cubic hectometer (hm?)
acre-foot per year (acre-ft/yr) 0001233 cubic hectometer per year (hm?/yr)
acre-foot per year per mile 0 0007663 cubic hectometer per year per kilometer
[(acre-ft/yr)/mi] [(hm®%yr)/km]
foot (ft) 03048 meter (m)
foot per day (ft/d) 03048 meter per day (m/d)
foot per mile (ft/m1) 0 1895 meter per kilometer (m/km)
foot per second (ft/s) 03048 meter per second (m/s)
foot per year (ft/yr) 03048 meter per year (m/yr)
square foot (ft?) 0 09294 square meter (m?)
foot squared per day (ft?d) 0 0929 meter squared per day (m%d)
cubac foot (ft3) 0 02832 cubic meter (m?)
cubic foot per second (ft%s) 002832 cubic meter per second (m?¥s)
gallon (gal) 3785 Iter (L))
gallon per minute (gal/min) 006308 Iiter per second (L/s)
inch (in ) 254 millimeter (mm)
inch per year (in/yr) 25 4 millimeter per year (mm/yr)
mile (m1) 1609 kilometer (km)
square mile (m?) 2590 square kilometer (km?)
pounds per square foot (1b/ft?) 4 882 kilograms per square meter (kg/m?)

Temperature 1s given 1n degrees Fahrenheit (°F), which can be converted to degrees Celsius (°C)
by the following equation
Temp °C=(temp °F-32)/1 8

Defimitions

Rain year July 1 through June 30

Runoff year Apnl 1 through March 31

Water year October 1 through September 30
Calendar year January 1 through December 31

Abbrewviations used

mg/L— milligram per liter

mL~milhiliter

mS/cm-microsiemen per centimeter at 25 °Celsius

SEA LEVEL

In this report, “sea level” refers to the National Geodetic Vertical Datum of 1929 (NGVD of 1929)—a
geodetic datum derived from a general adjustment of the first-order level nets of both the United States
and Canada, formerly called Sea Level Datum of 1929
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Geology and Water Resources of Owens Valley,

California

By Kenneth ). Hollett, Wesley R Danskin, Wilham F McCaffrey, and Caryl L. Walti

Abstract

Owens Valley, a long, narrow valley located along the
east flank of the Sierra Nevada in east-central California, 1s
the main source of water for the city of Los Angeles The city
diverts most of the surface water in the valley into the Owens
River-Los Angeles Aqueduct system, which transports the water
more than 200 miles south to areas of distribution and use
Additionally, ground water 1s pumped or flows from wells to
supplement the surface-water diversions to the river-aqueduct
system Pumpage from wells needed to supplement water
export has increased since 1970, when a second aqueduct
was put Into service, and local concerns have been expressed
that the increased pumpage may have had a detrimental ef-
fect on the environment and the indigenous alkaline scrub
and meadow plant communities in the valley The scrub and
meadow communities depend on soil moisture derived from
precipitation and the unconfined part of a multilayered aqui-
fer system This report, which describes the hydrogeology of
the aquifer system and the water resources of the valley, is
one In a series designed to (1) evaluate the effects that ground-
water pumping has on scrub and meadow communities and
(2) appraise alternative strategies to mitigate any adverse ef-
fects caused by, pumping

Two principal topographic features are the surface ex-
pression of the geologic framework—the high, prominent
mountains on the east and west sides of the valley and the
long, narrow intermountain valley floor The mountains are
composed of sedimentary, granitic, and metamorphic rocks,
mantled in part by volcanic rocks as well as by glacial, talus,
and fluvial deposits The valley floor i1s underlain by valley fill
that consists of unconsolidated to moderately consolidated
alluvial fan, transition-zone, glacial and talus, and fluvial and
lacustrine deposits The valley fill also includes interlayered
recent volcanic flows and pyroclastic rocks The bedrock sur-
face beneath the valley fill 1s a narrow, steep-sided graben
that 1s structurally separated into the Bishop Basin to the north
and the Owens Lake Basin to the south These two structural
basins are separated by (1) a bedrock high that 1s the upper
bedrock block of an east-west normal fault, (2) a horst block
of bedrock (the Poverty Hills), and (3) Quaternary basalt flows
and cinder cones that intercalate and intrude the sedimentary
deposits of the valley fill The resulting structural separation

of the basins allowed separate development of fluvial and
lacustrine depositional systems in each basin

Nearly all the ground water in Owens Valley flows through
and 1s stored in the saturated valley fill The bedrock, which
surrounds and underlies the valley fill, i1s virtually imperme-
able Three hydrogeologic units compose the valley-fill aquifer
system, a defined subdivision of the ground-water system,
and a fourth represents the valley fill below the aquifer system
and above the bedrock The aquifer system 1s divided into
horizontal hydrogeologic units on the basis of either (1) uniform
hydrologic characteristics of a specific hithologic layer or (2)
distribution of the vertical hydraulic head Hydrogeologic unit
1 1s the upper umit and represents the unconfined part of the
system, hydrogeologic unit 2 represents the confining unit (or
units), and hydrogeologic unit 3 represents the confined part
of the aquifer system Hydrogeologic unit 4 represents the
deep part of the ground-water system and lies below the
aquifer system Hydrogeologic unit 4 transmits or stores much
less water than hydrogeologic unit 3 and represents either a
moderately consolidated valley fill or a geologic unit in the
valley fill defined on the basis of geophysical data

Nearly all the recharge to the aquifer system 1s from
infiltration of runoff from snowmelt and rainfall on the Sierra
Nevada In contrast, little recharge occurs to the system by
runoff from the White and Inyo Mountains or from direct
precipitation on the valley floor Ground water flows from the
margins of the valley toward the center of the valley, the
ground water then flows south to the terminus of the system
at Owens Lake (dry) Ground water flows south from Bishop
Basin to Owens Lake Basin through the “narrows” that con-
strict the flow opposite Poverty Hills The aquifer system in
the northern part of Owens Lake Basin is divided into east
and west halves by the barrier effect caused by the Owens
Valley fault Discharge from the aquifer system is primarily by
pumpage and evapotranspiration, and to a lesser extent by
flowing wells, springs, underflow, and leakage to the Owens
River-Los Angeles Aqueduct system Withdrawals from pumped
or flowing wells are the largest component of discharge and
account for about 50 percent of the outflow from the system
Transpiration by scrub and meadow plant communities, and
to a lesser extent by irngated alfalfa pasture, accounts for
about 40 percent of the system’s discharge

Geology and Water Resources of Owens Valley, Californla B1



Natural hydraulic conductivity ranges from less than 400
to about 12,000 feet per day in the basalt flows, the more
permeable matenial in the aquifer system Where the basalts
are fractured by explosives and dnlling techniques, actual
transmissivities can be greater than 1 million feet squared per
day Hydraulic conductivities in sedimentary deposits of the
aquifer system range from less than a few feet per day in
lacustrine clays to more than 300 feet per day in gravel string-
ers and beach deposits in the transitton zone between alluvial
fan deposits and fluvial and lacustrine deposits

Degree of confinement in the aquifer system generally
increases to the south and east in both the Bishop and Owens
Lake Basins The vertical hydraulic gradient across hydrogeo-
logic unit 2 and confining beds in hydrogeologic units 1 and
315 a function of (1) the asymmetric recharge and hydraulic
head created by the dominant recharge from Sierra Nevada
runoff and (2) the areal extent and thickness of the confining
beds Although most of the pumpage 1s from hydrogeologic
unit 3, some coincident drawdown has been recorded In
nonpumped wells that tap umit 1 Drawdown in hydrogeo-
logic unit 1 1s a function of changes in (1) lateral flow through
hydrogeologic unit 1, (2) upward flow of ground water through
the confining beds, (3) downward leakage of water from
hydrogeologic umit 1 to unit 3 through wells, (4) direct with-
drawal from well intervals open to hydrogeologic umit 1, and
(5) increased evapotranspiration

The water in the aquifer system 1s generally of excellent
quahty for public supply and irngation, with the exception of
water stored In thick sequences of lacustrine silts and clays
near Owens Lake The water 1s principally a calcium bicar-
bonate type, and dissolved-solids concentrations range from
approximately 104 to 325 mulligrams per liter Water in the
lacustrine sediments of Owens Lake (dry) 1s a sodium bicar-
bonate type, and dissolved-solids concentrations are about
5,400 mulligrams per hter

INTRODUCTION

Owens Valley, a long, narrow valley located on the
east flank of the Sierra Nevada 1n east-central California
(frontispiece), 1s the main source of water for the city of
Los Angeles The city diverts most of the surface water of
the valley into the Owens River-Los Angeles Aqueduct sys-
tem (subsequently referred to n this report as “the river-
aqueduct system”), which transports the water more than
200 mu south to areas of distribution and use

Additionally, ground water 1s pumped or flows from
wells and then 1s discharged into the river-aqueduct system
Pumpage varies from year to year and 1s dependent on the
availability of surface-water supplies Since 1970, when a
second aqueduct from Owens Valley to Los Angeles was
put into service, additional ground water has been pumped
as a result of the increased export capacity

Outflow of ground water also occurs naturally 1n
Owens Valley The principal mechanisms include transpi-
ration by indigenous alkaline scrub and meadow plant com-
munities (Sorenson and others, 1989, p C2), evaporation

from soil 1n shallow-ground-water areas, and discharge from
springs Approximately 73,000 acres of the valley floor 1s
covered by phreatophytic (Dileanis and Groeneveld, 1989,
p D2) alkaline plant communities These plant communi-
ties have an annual evapotranspiration loss from the
ground-water system of about 40 percent the annual natural
recharge to the valley In the early 1970’s, the phreato-
phytic plants covered about the same acreage, and condi-
tions were similar to those observed between 1912 and 1921
(Griepentrog and Groeneveld, 1981) In 1981, a loss of 20
to 100 percent of the plant cover on about 26,000 acres was
noted (Griepentrog and Groeneveld, 1981) This reduction
was postulated to be a response to the increased pumpage
of ground water and changes 1n surface-water use
Considerable public concern was expressed because of the
environmental 1impact and the related loss of recreational
activities and wildlife habitats
This study was undertaken as part of a much larger
effort In 1982 the US Geological Survey, in cooperation
with Inyo County and the Los Angeles Department of Water
and Power, began a series of comprehensive studies to de-
fine the ground-water system in Owens Valley and to deter-
mine the effects of ground-water withdrawals on native
vegetation These studies are discussed more fully by Hollett
(1987) and Danskin (1988) The results of the studies, as
well as a comprehensive summary, are presented in a U S
Geological Survey Water-Supply Paper series as the inter-
pretive products of the studies become available The series,
“Hydrology and Soil-Water-Plant Relations in Owens Val-
ley, California,” consists of eight chapters as follows
A A summary of the hydrologic system and
soil-water-plant relations in Owens Valley,
California, 1982—-87, with an evaluation of
management alternatives,
B  Geology and water resources of Owens Valley,
Califormia (this report),
C Estimating soil matric potential in Owens Val-
ley, California,
D Osmotic potential and projected drought toler-
ances of four phreatophytic shrub species n
Owens Valley, Califormia,
E Estimates of evapotranspiration in alkaline scrub
and meadow communities of Owens Valley,
California, using the Bowen-ratio, eddy-
correlation, and Penman-combination methods,
F Influence of changes in soil water and depth to
ground water on transpiration and canopy of
alkaline scrub communities in Owens Valley,
California,
G Vegetation and soil-water responses to precipita-
tion and changes 1n depth to ground water 1n
Owens Valley, California, and
H Numencal evaluation of the hydrologic system
and selected water-management alternatives n
Owens Valley, California
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Purpose and Scope

This report describes the geology and water resources
of Owens Valley with an emphasis on the ground-water-flow
system The development and use of the ground-water
resources 1s best achieved through an understanding of the
geologic framework and 1ts effect on the response of the
hydrologic system to climate, plant community water demand,
and water-supply development This report provides the nec-
essary conceptual geologic framework and description of the
hydrologic system for the boundary and initial conditions used
n the companion report on the numerical evaluation of the
hydrologic system (chapter H)

The scope of this report includes a thorough literature
search and compilation of published and unpublished geo-
logic and hydrologic information to determine what addi-
tional field studies were needed and to define the structural
and geologic framework of the valley Additional background
for the report included water-level measurements, streamflow
records, water-quality data, pumping data, aquifer test data,
dnillers’ logs, borehole geophysical logs, and reports from the
cooperating agencies Prelimimnary ground-water-flow models
(Yen, 1985, Danskin, 1988, Guymon and Yen, 1990) were
used to evaluate the adequacy of background data, guide the
design of new field studies, and help 1dentify the hydrologically
sensitive parts of the conceptual model of the flow system
New field studies, which included test dnlling, examination
of dnll cuttings, surface and borehole geophysical surveys,
and reconnaissance geologic mapping, were used to refine the
hydrogeologic knowledge of the valley New water-level data,
particularly multilevel hydraulic-head measurements and
pumping and aquifer test data, were used to improve the defi-
nition of the conceptual ground-water-flow system Data
collected as a part of a separate study by the Los Angeles
Department of Water and Power and Inyo County also were
used to better define the ground-water system

Physical Setting

Owens Valley 1s within the Owens Valley drainage
basin area (fig 1) and occupies the western part of the
Great Basin section of the Basin and Range province
(Fenneman, 1931, Fenneman and Johnson, 1946) The Great
Basin section typically consists of linear, roughly parallel,
north-south mountain ranges separated by valleys, most of
which are closed drainage basins (Hunt, 1974) The Owens
Valley ground-water basin extends from Haiwee Reservoir
1n the south, northward to include Round, Chalfant, Hammul,
and Benton Valleys (fig 1) The Owens Valley drainage
area, about 3,300 mi?, includes the mountain areas that ex-
tend from the crest of the Sierra Nevada on the west to the
crest of the White and Inyo Mountains on the east Also
included are part of Haiwee Reservorr and the crest of the
Coso Range on the south and the crest of the volcanic hills

and mountains that separate Mono Basin and Adobe Valley
from Long and Chalfant Valleys and the Volcanic Table-
land (fig 1) The drainage area mcludes Long Valley, the
headwaters area of the Owens River (fig 1)

Physiography

Physiographically, Owens Valley contrasts sharply
with the prominent, jagged mountains that surround 1t (fig
2) These mountains—the Sierra Nevada on the west and
the White and Inyo Mountains on the east—rise more than
9,000 ft above the valley floor The valley, characterized as
high desert rangeland, ranges 1n altitude from about 4,500
ft north of Bishop to about 3,500 ft above sea level at
Owens Lake (dry)

The valley floor 1s characterized by alkaline scrub and
meadow plant-covered flat terrain, incised by one major trunk
stream, the Owens River, which meanders south through the
valley Numerous tributanies drain the east face of the Sierra
Nevada and have formed extensive coalesced alluvial fans
along the west side of the valley These fans form prominent
alluvial aprons that extend east nearly to the center of the
valley (fig 2) In contrast, the tributary streams and related
alluvial fans are solitary forms with no continuous apron on
the east side of the valley Consequently, the Inyo and White
Mountains rise abruptly from the valley floor (fig 2) As a
result of this asymmetrical alluvial fan formation, the Owens
Ruver flows on the east side of the valley

Owens Valley 1s a closed drainage system Prior to the
construction of the Los Angeles Aqueduct, water that flowed
from the mountans as a result of precipitation was transported
by the tributary streams to the Owens River in both Long and
Owens Valleys and then south to Owens Lake, the natural
terminus of the drainage system The gramtic and volcanic
Coso Range, which has a poorly defined circular form, unlike
the linear forms of the Sierra Nevada or White and Inyo
Mountains (Duffield and others, 1980), forms a barrier at the
south end of Owens Valley (fig 1) The Coso Range prevents
downvalley streamflow at Owens Lake (dry) and blocks any
significant natural ground-water outflow from the lower end
of the valley Prior to 20th-century development in Owens
Valley, Owens Lake was a large body of water that covered
more than 100 mi? and exceeded a depth of 20 ft Diversion
of streamflow for 1rngation uses 1n the early 1900’s and to the
niver-aqueduct system after 1913, however, altered the water
budget of the lake Evaporation now exceeds inflow except in
very wet years, and the lake 1s presently (1988) a playa

The river-aqueduct system 1n the Owens Valley
drainage area 1s defined for purposes of this report as (1)
the Owens River from 1ts headwaters 1n Long Valley to the
mtake of the Los Angeles Aqueduct, (2) Mono Craters
Tunnel and streamflow diverted from Mono Basin, (3) the
Los Angeles Aqueduct from the intake to Haiwee Reser-
vorr, and (4) all reservoirs along the defined system (fig 1)
The actual Owens River between the aqueduct intake and

Geology and Water Resources of Owens Valley, Californla B3
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Owens Lake (dry), which 1s informally referred to as the
“lower Owens River,” 1s not a part of the river-aqueduct
system Flow in the Owens River upstream of the aqueduct
mntake (fig 1) 1s an integral part of the river-aqueduct sys-
tem and 1s controlled by releases from Pleasant Valley and
Tinemaha Reservowrs (fig 1) Flow in the lower Owens
River 1s dependent on releases from the river-aqueduct sys-
tem or discharge from the ground-water system

There are several reservoirs along the course of the
niver-aqueduct system These water bodies, principally Grant
Lake, Lake Crowley, and Pleasant Valley, Tinemaha, and
Haiwee Reservoirs (fig 1), are used primanly to regulate
flows and to store water for the river-aqueduct system

Climate

The climate in Owens Valley 1s greatly influenced by
the Sierra Nevada Precipitation 1s derived chiefly from
moisture-laden airmasses that originate over the Pacific
Ocean and move eastward Because of the orographic ef-
fect of the Sierra Nevada, a rain shadow 1s present east of
the crest, precipitation in the valley and on the White and
Inyo Mountains and Coso Range 1s appreciably less Con-
sequently, the climate 1n the valley 1s semiarid to and and 1s
charactenized by low precipitation, abundant sunshine, warm
temperatures, frequent winds, moderate to low humdity,
and high potential evapotranspiration

About 60 to 80 percent of the average annual precipita-
tion n the drainage area falls as snow or rain in the Sierra
Nevada, primartly duning the period October to April A lesser
amount falls during summer thunderstorms Average annual
precipitation at the crest of the range generally exceeds 40 1n ,
whereas on the valley floor the average annual precipitation 1s
approximately 5 to 6 in (Groeneveld and others, 1986a, b,
Duell, 1990) (fig 3) Conversely, the White and Inyo Moun-
tamns and Coso Range receive approximately 7 to 14 wn/yr
Graphs of average annual precipitation for selected sites 1n the
drainage area show the large vanability 1n precipitation from
site to site and year to year (fig 3) The lines of equal precipi-
tation (fig 3), however, represent an average of more than 50
years of partial and continuous record and represent the spatial
distnibution of average annual precipitation for the period of
record (Los Angeles Department of Water and Power, 1972,
1976, 1978, 1979, National Weather Bureau, written commun ,
1983, Duell, 1990)

Aur temperature 1n the valley varies greatly Continu-
ous records from 1931 to 1985 at Bishop and Independence
National Weather Bureau stations indicate that average
monthly air temperature ranges from near freezing in the
winter to more than 80 °F in the summer (fig 4) Daily
changes 1n temperature, however, can span more than 50 °F
Measured winter temperatures fall as low as -2 °F, whereas
summer temperatures have been measured at 107 °F, typi-
cal of a sermanid to arid chimate The average monthly air
temperatures are generally 1 to 3 °F cooler in the Bishop

area than 1n the Independence area but the seasonal pattern
and amplitudes are similar (fig 4)

Wind direction generally fluctuates north and south
along the center of the valley Studies by Duell (1990) during
the years 1984 through 1985 indicated that windspeeds
ranged from zero to more than 30 mu/h However, windspeed
was found to be highly vanable 1n the valley and no seasonal
trend was evident

Moisture content and relative humidity of air are im-
portant factors 1n energy transport Actual water-vapor con-
tent 1n air can be expressed in terms of vapor density In
Owens Valley, average vapor density in 1984 was about
4 5 g/m? (grams per cubic meter), and one-half-hour aver-
age vapor density ranged from 05 g/m? (during winter
months) to 17 4 g/m® (in August) (Duell, 1990) Relative
humidity generally ranges from 6 to 100 percent and aver-
ages less than 30 percent during the summer months and
more than 40 percent during the winter months (Duell, 1990)

Estimates of average annual evapotranspiration for
1984 and 1985, which were calculated from site-specific
micrometeorological data, ranged from 12 1n 1n alkaline
scrub plant communities to 41 in in alkaline meadow plant
communities (Duell, 1990) Plant studies by Groeneveld
and others (1986a, b) indicated that estimates of transpira-
tion by porometry methods nearly equal but are less than
the average annual evapotranspiration estimated by
micrometeorological methods They further concluded that
transpiration, not evaporation, accounts for most of the water
lost from the scrub and meadow plant communities of Owens
Valley on the basis of their studies and the one by Duell
(1990) The evapotranspiration rate 1s approximately twice
the annual precipitation rate from scrub plant communities
and eight times the rate for meadow plant communities

Land and Water Use

Most of the land 1n the Owens Valley drainage basin
area 1s owned by either the US Government or the Los
Angeles Department of Water and Power (fig 5) Sigmfi-
cantly less land 1s owned by municipalities or private citizens
US Government lands, either Forest Service or Bureau of
Land Management, are generally located in the mountains
and along the edge of the mountains or on the Volcanic
Tableland (fig 5) Of the 307,000 acres owned by the Los
Angeles Department of Water and Power in Owens Valley
and Mono Basin drainage basins, most of the land (240,000
acres) 1 located on the valley floor of Owens Valley

The major activities 1n the valley are hivestock ranching
and tounism About 190,000 acres of the valley floor 1s leased
by the Los Angeles Department of Water and Power to ranch-
ers for grazing and about 12,400 additional acres 1s leased for
growing alfalfa pasture Access to most lands in the moun-
tains and valley 1s open to the public, and tens of thousands of
people each year utilize the many natural recreational benefits
such as hunting, fishing, skung, and camping

Geology and Water Resources of Owens Valley, Californra  B5
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SCENE

Figure 2. Landforms in Owens Valley, looking north along the axis, that emphasize the asymmetric geomorphic form of
the valley (photographs by Spence Air Photo Company, August 1931, by permission of Geography Department, Univer-
sity of California, Los Angeles).
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Figure 2. Continued.
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Figure 3. Average annual precipitation for selected sites in the Owens Valley drainage basin (data from Los Angeles Department of Water
and Power, written commun., 1986; map modified and updated from Stetson, Strauss, and Dresselhaus, consulting engineers, written
commun., 1961).
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Water used within the valley is available either from
surface-water diversions or ground-water pumping. About
1,200-2,000 acre-ft/yr of ground water is supplied to the four
major towns in the valley—Bishop, population 8,700; Big
Pine, population 700; Independence, population 700; and Lone
Pine, population 1,200. Other invalley use of water is for In-
dian reservations, stockwater, and irrigation of pastures, and

for cultivation of alfalfa. Fish Springs and Blackrock fish
hatcheries (fig. 5) rely on ground water. The Mount Whitney
fish hatchery (fig. 5) uses surface water diverted from tributary
runoff from the Sierra Nevada. A number of private wells in
the valley, which are not maintained or monitored by the Los
Angeles Department of Water and Power, are used mostly for
domestic water supply, primarily at Mount Whitney fish

1 Lake drowleyv 2 ~ Rock Creek 3 Wh te Mountain Nmeer 1
30| ! .Aaitude...sJaIJget Altitude 9,700 feet Altitude 10,150 feet
| \
25 I i
i
|
’ I
35 T T ‘ T
4  U.S. Weather Bureau, Bishop 5 - Lake Sabrina 6 Tmemah? Reservoir
30 ! Altitude 4,108 feet + Altitude 9,100 feet - : Altitude -

3850 fre

w
w
T
]
=
=
z
o
= 35 T
=< T U.S. Weather Bureau, lndependence 8 Lone Pine 9 Cottonwood Gates
a 30 - Altitude 3,950 fee: Altitude 3,661 feet Altitude 3,775 feet =
O ‘ ‘ ;
o 25(-— et |
B |
20 -

35 -

10 North Haiwee Reservoir
30 - Altitude 3,850 feet
25 '
20

1930 40 50 60 70 80 90
CALENDAR YEAR

Figure 3. Continued.

1930 40 50

90 1930 40 50 60 70 80 90

60 70 80
CALENDAR YEAR

Geology and Water Resources of Owens Valley, California B9



hatchery, 1solated ranches, in Bishop, and on the four small
Indian reservations 1n the valley The reservations are about 1
mi? or less in size and are located near Bishop, Big Pine,
north of Independence, and Lone Pine (fig 5)

Previous Investigations

The geology and hydrology of Owens Valley have
been studied extensively since the late 1800°s (fig 6) Be-
cause of extensive faulting, glaciation, volcanism, and the
presence of economic minerals and geothermal resources,
the geologic history of the area has been a subject of con-
tinuing 1nterest and debate

Investigations prior to 1900 generally examined the
geologic structure of the valley and proposed a geologic
history for some of the major features (Walcott, 1897) At
the turn of the century, the number of geologic investiga-
tions increased These were related to quantification and
understanding of mineral occurrence and to the regional
geology (G E Bailey, 1902, Spurr, 1903, Trowbnidge, 1911,
Gale, 1915, Knopf, 1918, Hess and Larsen, 1921) As an
economic resource, tungsten continued to be the subject of
further geologic studies in the Bishop mining district from
1934 to 1950 (Lemmon, 1941, Bateman and others, 1950)
During the late 1950’s and early 1960’s, there was a resur-
gence 1 geological nvestigations, both detailed and re-
gional studies These studies were aimed at further mineral
assessment, understanding crustal evolution and tectonics,
and evaluation of geothermal resources along the eastern
front of the Sierra Nevada As a result of these numerous
studies, geologic quadrangle maps were completed for nearly
all parts of the Owens Valley drainage basin area (fig 6)
In addition, comprehensive regional structural and geo-
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Figure 4. Average monthly air temperatures at Bishop and
Independence National Weather Bureau stations, 1931—
85 (Los Angeles Department of Water and Power, written
commun , 1985, as modified by Duell, 1990)

physical studies of the Owens Valley region (Pakiser and
others, 1964) and the Bishop and Volcanic Tableland area
(Bateman, 1965) were conducted Numerous small scale,
topical studies, pnmanly by universities, concerning geo-
logic history and stratigraphy also have been completed
The geological nvestigations 1n the Owens Valley region
have generally been supported by strong public interest in
volcanic hazards and geothermal energy assessment, plate
tectonic implications of the Sierra Nevada, recent volcan-
1sm, and seismicity Selected discussions on regional tec-
tonism 1n the Owens Valley region can be found in Oliver
(1977), Stewart (1978), Prodehl (1979), and Blakely and
McKee (1985)

Hydrologic investigations have paralleled geologic
studies since the early 1900°s because of the abundance of
water 1n an otherwise arid region W T Lee (1906) and
CH Lee (1912 and 1932) conducted preliminary hydro-
logic investigations and documented conditions mn part of
Owens Valley prior to the diversion of surface water to Los
Angeles, which began 1n 1913 CH Lee (1912) divided
Owens Valley on the basis of topography into four ground-
water regions Long Valley, Bishop-Big Pine, Independence,
and Owens Lake Conkling (1921) summarized the avail-
ability and use of water in Mono Basin and Owens Valley
1n order to evaluate the potential export of water from Mono
Basin to Owens Valley Tolman (1937) recogmzed that the
north and south parts of Owens Valley displayed different
hydrogeologic characteristics He conceptually modeled the
hydrologic relation of the ground-water flow from the allu-
vial fans to lacustrine sediments, and he noted that mem-
bers of the Bishop Tuff buried in the sediments near Bishop
were important water-bearing formations

As demand for water in Los Angeles increased, the
Los Angeles Department of Water and Power collected large
quantities of data on streamflow and ground-water pumpage
throughout much of the valley Although most of these data
have not been published, four summanes are available in-
cluding three versions of an environmental 1mpact report
(Los Angeles Department of Water and Power, 1972, 1976,
1978, 1979) and reports associated with the construction
and maintenance of the aqueduct (Los Angeles Board of
Public Service Commussioners, 1916, Los Angeles Depart-
ment of Water and Power, written commun, 1913-87)
Califormia Department of Water Resources (1960) attempted
to calculate the quantity of water 1n the valley that could be
used for various recreational activities D E Williams (1969)
nvestigated methods for increasing ground-water storage
and developed a mathematical ground-water-flow model for
a part of the south half of Owens Valley PB Williams
(1978) used a regression model to analyze the relation be-
tween water-level declines, precipitation, and ground-water
pumpage Hardt (1980) summarized current understanding
of the multilayer, ground-water system 1n the valley and
answered hydrologic questions that remained unresolved
Griepentrog and Groeneveld (1981) investigated the
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hydrology of the valley and the impacts of recent water-
level declines on the valley plant communities |

Yen (1985) and Guymon and Yen (1990) used a
deterministic-probabilistic analysis of the simulated ground-
water-flow system to evaluate what effect uncertainty in
model parameters may have on computed hydraulic heads
An (1985) and Nork (1987) both studied the vanious factors
that control water-table fluctuations 1n the valley For a
more complete discussion of previous hydrologic investiga-

tions as well as a prelminary evaluation of the ground-
water-flow system of the valley, the reader 1s directed to
Danskin (1988)

Investigations of water quality have been included as
sections 1 other reports but have not been as prominent as
studies of water quantity This lack of attention probably re-
sults because both the surface and ground water are generally
of good quality A few exceptions exist and these will be
addressed 1n the sections of this report on water quality

EXPLANATION FOR FIGURE 6 - Continued

Sources of geologic, geophysical, and hydrological data

1 Sorey and others (1978), Bailey and others (1976)
2 Krauskopf and Bateman (1977)
3 Crowder and others (1972)
4 Rinehart and Ross (1957)
5 Crowder and Shendan (1972)
6 Krauskopf (1971)
7 Bateman (1965}
8 Nelson (1966a)
9 Bateman and Moore {1965)
10 Nelson (1966b)
11 Huber and Rinehart (1965)
12 Moore (1963)
13 Ross (1965)
14 DC Ross (US Geological Survey, wntten commun , 1965)
15 du Bray and Moore (1985)
16 Stinson (1977a)
17 Stinson (1977b)
18 Ross (1967)
19 JE Conrad (US Geological Survey, wntten commun , 1984)
20 Duffield and others (1980), Duffield and Bacon (1981),
Bacon and others (1982)
21 Martel (19844, b)
22 Richardson (1975), Beanland and Clark (1987)
23 Bachman (1974, 1978)
24 Dalrymple and others (1965)
25 Stone and Stevens (1987)
26 Crowder and others (1973), McKee and others
(1985)
27 JL Bumnett and RA Matthews {Califorma Dwvision of
Mines and Geology, wntten commun , 1965)
28 Rinehart and Ross (1964)
29 Sherlock and Hamilton (1958)
30 Hall and MacKevett (1962)
31 Johnson (1968)
32 Lee (1912)
33 Lubetkin and Clark (1985, 1987)
34 Smith and Pratt (1957)
35 Stevens and Olson (1972)
36 Bateman (1978)
37 Nelson and others (1978)
38 Lopes (1988)

Additional information that includes all or a large part of
Owens Valley
Bateman (1961)
Bateman and others (1963)
Bateman and Memam (1954)
Bateman and Wahrhaftig (1966)
S L Beanland (Univ of New Zealand, wntten commun , 1986)
Beaty (1963)
Birman (1964)
Blackwelder (1928, 1954)
Blakely and McKee (1985)
Bryant (1984)
Califormia Dvision of Mines and Geology (1982)
Chapman and others (1973)
Chnstensen (1966)
Cleveland (1958)
Conkling (1921)
Conrad and McKee (1985}
Conrad and others (1987)
Dalrymple (1963, 1964a, b)
Evernden and Kistler (1970)
Gale (1915)
Gillespie (1982)
Giovannett: (1979a, b)
Gnepentrog and Groeneveld (1981)
Jennings (1975)
Kane and Pakiser (1961)
Knopf (1918)
Langenheim and others (1982a, b)
Lee (1906)
Lemmon (1941)
Los Angeles Department of Water and Power (1972, 1976,
1978, 1979)
McKee and others (1985)
Moore and Dodge (1980)
Nelson (1962)
Oler and Robbins (1982)
Pakiser and others (1964)
Ross (1962, 1969)
DB Slemmons and others (University of Nevada, wntten
commun, 1970)
Spurr (1903)
Trowbndge (1911)
US Geological Survey (1983a, b, c)
Van Wormer and Ryall (1980)
Walcott (1897)
Wilhiams (1966, 1969, 1970)

Figure 6. Continued
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GEOLOGIC FRAMEWORK AND ITS RELATION
TO THE HYDROLOGIC SYSTEM

The geologic framework—the 1nterrelation of the
various sediments and rocks—is defined by the form and
development of the structural valley, as well as its lithol-
ogy, and by the placement of volcanic rocks and deposi-
tional environments of the sediments within the valley The
crystalline gramitic, metamorphic, volcanic, and sedimentary
rocks surround and underlie the valley

In the Owens Valley drainage basin area, two princi-
pal topographic features represent the surface expression of
the geologic framework—the mountain ranges, and the long,
narrow intermountain valley floor The Sierra Nevada to
the west consists primarily of uplifted, faulted, and exhumed
batholithic granitic and associated metamorphic rocks These
gramtic rocks are locally mantled by volcanic rocks and
glacial and alluvial deposits (figs 7 and 8) The White and
Inyo Mountains to the east consist of tilted and faulted
Paleozoic sedimentary rocks that have been intruded by
granitic plutons and are mantled 1n places by volcanic and
metamorphic rocks and by Holocene sediments For pur-
poses of this report, the rocks of the Sierra Nevada, White
and Inyo Mountains, and Coso Range will be referred to as
the “bedrock ”

The Volcanic Tableland at the north end of the study
area consists of layers of volcanic tuff and ash, many of
which were welded during deposition and later vertically
faulted The Volcanic Tableland geomorphically separates
Round Valley from Chalfant, Hammuil, and Benton Valleys,
the three northern surface expressions of Owens Valley (fig
1) The welded tuff of the Volcanic Tableland 1s virtually
impermeable and caps valley sediments, thus, for purposes
of this report, 1t 1s included as part of the bedrock

The valley floor 1s underlain by thick sequences of
unconsolidated to moderately consohdated alluvial fan,
transition-zone, glacial and talus, and fluvial and lacustrine
deposits intercalated with and overlain by Quaternary vol-
canic rocks Collectively, the deposits and volcanic rocks
are termed the “valley fill ”

The geologic framework determines and controls many
hydrologic charactenstics of the surface- and ground-water-
flow systems Structural deformation, volcanism, and ero-
sion determine the geometry of the mountain ranges as well
as the extent and depth of the valley The hthology and
structure strongly control the permeability and storage char-
acteristics of the rocks Specifically, these geologic factors
can be related to the hydrologic system in the following
manner

1 The altitude, surface area, and slope of the moun-
tains are the important physiographic factors that determine
the amount of precipitation that will be available to the
surface-water system or to recharge the ground-water sys-
tem For closed-basin systems, virtually all streamflow and
recharge to the ground-water system result from runoff of
rain and snowmelt from the surrounding highlands, in Owens
Valley the runoff recharge 1s predominantly from the Sierra
Nevada

2 The quantity of ground water that 15 stored and
flows 1n the saturated maternals 1s largely a function of the
areal extent, thickness, and type of sedimentary deposits
that underlie Owens Valley

3 The rocks of the mountains and hulls that structur-
ally confine the valley fill may transmit water to the ground-
water system through fractures, faults, or solution openings
in carbonate rocks The quantity of water from this source,
however, 1s considered 1nsignificant compared to the quan-
tity of water infiltrating from streams or the quantity of
ground-water underflow through the volcanic rocks or sedi-
mentary deposits

Regional Geologic Setting

The earliest known geologic history 1in the Owens
Valley region 1s recorded 1n the rocks of surrounding moun-
tains and has been summarized 1n numerous references cited
in figure 6 and 1n the geologic column 1n figure 8 Outcrops
of marine sedimentary rocks in the White and Inyo Moun-
tains and mountain ranges to the east (fig 8) support the
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interpretation that this region was on the margin of an an-
cestral Pacific Ocean continental shelf during the late
Precambrian and Paleozoic Era During the middle and late
Paleozoic, the marine sediments were folded and faulted by
the Antler and Sonoma orogenies (Russel and Nokleberg,
1977, McKee and others, 1982, Langenheim and others,
1982a) Deformation continued into the Mesozoic with the
onset of the Nevadan orogeny and the intrusion of the Sierra
Nevada batholith The early Cenozoic Era was a period of
both regional uplift and erosion that may account for the
absence of rocks of this age in Owens Valley

Basin and Range faulting, which followed early
Cenozoic uplift and erosion 1n the late Tertiary, produced
the present Owens Valley structure Evidence of Basin and
Range faulting 1n the western part of the Great Basin sec-
tion has been studied 1n areas about 60 m1 north of Owens
Valley 1n the Carson, Smith, and Mason Valleys (Gilbert
and Reynolds, 1973) Other evidence has been found in
Death Valley (Schweig, 1986) and in the vicimty of the
Nevada Test Site north of Las Vegas (Ekren and others,
1968) Evidence found as a part of these studies indicates
two different episodes of faulting, distinguished by different
regional fault onentations An early episode, which occurred
during the Miocene and Pliocene, produced northeast- and
northwest-trending faults This early episode of faulting 1s
not readily apparent in Owens Valley because 1t may be
concealed by recent volcanic rocks and extensive sediments
The northwest-trending faults located near Poverty Hills
and 1n the White and Inyo Mountains (fig 7) may be rem-
nants of this earlier episode of faulting (Cleveland, 1958,
Martel, 1984a, b, this study) Bateman (1965), however,
attributed some of the northwest-trending faults 1n the Whate
and Inyo Mountains to pre-Basin and Range faulting Stud-
1es by dePolo and dePolo (1987) showed that northwest-
trending fault systems are still seismically active in the
Bishop area Other indirect evidence of the earlier episode
1s found 1n the Coso Formation of late Tertiary age (Schultz,
1937) and the lake deposits of the Waucobi Embayment
(Walcott, 1897) which were deposited 1n basins that were
precursors to the present Owens Valley (Bachman, 1978,
Bacon and others, 1982) The configuration of these precur-
sory basins 1s still unknown

The later episode of Basin and Range faulting 1s char-
acterized by north-south-trending normal faults that delin-
eate the edges of the mountain ranges and valleys 1n the
western part of the Great Basin section This later episode
occurred about 13 million years ago 1n Death Valley, 50 m
east of Owens Valley, and gradually migrated westward
reaching Owens Valley between 3 and 6 million years ago
(Schweig, 1986) Radiometric ages of faults that cut volcanic
rocks along the Sierra Nevada (Dalrymple, 1964a, b), the
dating and correlation of rocks in the Coso Range and
southern Inyo Mountains (Giovannett1, 1979a, b, Duffield
and others, 1980, Bacon and others, 1982), and the dating
and depositional trend of the Waucobi Lake deposits in the

Waucob1 Embayment (Hay, 1964, Bachman, 1974, 1978)
(fig 7), all indicate that the north-trending normal faults
that form Owens Valley are younger than 6 million years
old On the basis of the age of formation, Owens Valley 1s
one of the youngest valleys 1n the Basin and Range prov-
mce Recent seismicity and surface disruption along the
major faults in the valley demonstrate that Owens Valley 1s
still tectonically active (Kahle and others, 1986, Lienkaemper
and others, 1987, dePolo, 1988)

Uplift and tilting of the Sierra Nevada by Basin and
Range faulting brought increased elevation and subsequent
alpine glaciation duning the Pleistocene and Holocene to
tributaries of the Owens River (Blackwelder, 1931, Sharp
and Birman, 1963, Gillespie, 1982) Glacial advances 1n the
Sierra Nevada have been dated at 3 2 million years
(Dalrymple, 1964a, b) to as recent as 400 years ago
(Gillespie, 1982) Some Pleistocene glaciers extended to
the mountain front, pushing moraines onto the edge of
Owens Valley, but neoglacial (late Holocene) activity has
been confined to the higher canyon altitudes Periods of
glaciation have produced abundant glacial deposits The
largest accumulations of glacial deposits 1n the Owens River
drainage basin are located 1n the canyons west of Big Pine
and Bishop (fig 7) Streams have breached the Pleistocene
moraines, and debns ranging 1n size from boulders to glacial
flour 1s transported into Owens Valley, where 1t forms part
of the valley fill

Contemporaneous with Basin and Range faulting,
glaciation, and the development of the graben that underhies
Owens Valley was the deposition of Quaternary and Tertiary
sediments and volcanic material during the past 6 million
years Owens Valley 1s the present terminus for the Owens
Ruver drainage basin area and final depository of sediments
eroded from the surrounding highlands During the pluvial
stages of the Pleistocene, Owens Valley was integrated into
a more extensive Owens River drainage system This Pleis-
tocene drainage system included at various times, Mono,
Adobe, Long, Indian Wells, Searles, Panamint, and Death
Valleys—which now he adjacent to and north, east, and
south of Owens Valley (GE Bailey, 1902, Gale, 1915,
Meinzer, 1922, Blackwelder, 1931, 1954, Mayo, 1934,
Miller, 1946, Hubbs and Miller, 1948, Putnam, 1950, Feth,
1964, Snyder and others, 1964, Willlams and Bedinger,
1984, Jannik and others, 1987) Owens Valley, located at
the base of many glaciers 1n the Sierra Nevada, was a sedi-
ment trap for the Pleistocene Owens River drainage basin
area The present Owens Lake 1s a remnant of the more
extensive Pleistocene Lake Owens, /Wthh occupied Owens
Valley during pluvial stages Downstream from Lake Owens,
mn the Pleistocene drainage system, lakes in Indian Wells,
Searles, and Death Valleys received the overflow from
Owens Valley (Gale, 1915, Jannik and others, 1987) Smith
(1979) and Smth and others (1983) correlated the pluvial
stages of Lake Searles with the Sierra Nevada glacial stages
Although Lake Searles completely dried at times, the drying
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Figure 7. Generalized geologic map of the Owens Valley drainage basin (geology compiled from sources shown in fig. 6 and this study).

B16  Hydrology and Soil-Water-Plant Relations in Owens Valley, California



2

Figure 7. Continued.

- I \
& 745 @ S o
/ / 7
M o ] NT A | N S o,
Santa Rita .
Flat
pluton,
~ ]7 70 45,
Haiwee
= ﬂ Reservoir
S
&
e~
’\\ S— 7820y,
o SIERRA NEVADA
!.;
EXPLANATION
~ 15,
Bedrock
| VOLCANIC TABLELAND —Bedrock unit of the —— GENERALIZED GEOLOGIC CONTACT
upper Bishop Tuff member composed of welded
or agglutinated ash and tuff that grades laterally e Do FAULT = D i
3 $ D — 7 ashed where inferred, dotted
and vertically to the upper valley- fill member where concealed, queried where uncertain.
D, downthrown side; U, upthrown side;
B8 voLcanic FLows AND PYRoCLASTIC atrows Indicate relative direction of ateral
ROCKS, UNDIFFERENTIATED — Includes rocks movement
of the Coso volcanic field ~3p-
e —_—— BOUNDARY OF THE OWENS VALLEY
> -pQg GRANITIC ROCKS, BATHOLITHIC AND
g — UNDIFFERENTIATED DRAINAGE BASIN
E— - METAMORPHIC ROCKS, UNDIFFERENTIATED
=)
=4
w
2 - SEDIMENTARY ROCKS, UNDIFFERENTIATED
\ﬁl
/ i / !
$ S 7 19, S Geology compiled by
,‘2; W.F. McCaffrey

Geology and Water Resources of Owens Valley, California B17



of Lake Owens during the middle through late Pleistocene
is considered unlikely owing to the absence of any evaporites
in a 920-foot-long core from the Owens Lake playa (Smith
and Pratt, 1957). The water level in Lake Owens probably
fluctuated numerous times, as indicated by the variation in
overflow to Lake Searles (Jannik and others, 1987) and
from the location of lake margin sediments in the vertical
geologic record in the valley.

The water-level fluctuations in Lake Owens caused
broad shifts in the depositional environment across the gentle
slope of the valley floor. W.T. Lee (1906) suggested that
Lake Owens once extended as far north as Bishop.

LAND SURFACE

Pleistocene beach terrace levels from Lake Owens, how-
ever, do not support W.T. Lee’s (1906) single-lake hypoth-
esis. The altitude of terrace levels has been mapped at 3,790
ft (C.H. Lee, 1912): 3,790 and 3,800 ft (Knopf, 1918); 3,753
ft (Lubetkin and Clark, 1985); and 3,860 ft above sea level
(S.L. Beanland, New Zealand Geological Survey, oral
commun., 1985). A geologic reconstruction of the alluvial
fan surface at Haiwee Reservoir is about 3,865 ft above sea
level prior to downcutting of the gorge by the Pleistocene
Owens River. The surface altitude of this alluvial fan agrees
well with beach terrace levels measured by S.L. Beanland
(University of New Zealand, oral commun., 1985) and may

BISHOP BASIN OWENS LAKE BASIN

Cenozoic

Mesozoic

QUATERNARY

VALLEY
FILL

BEDROCK
ek

PRE-QUATERNARY

Paleozoic

\
\Precambrian

Figure 8. Generalized geologic column and hydrologic characteristics of the valley fill and bedrock units within the
Bishop and Owens Lake Basins (see fig. 11) of the Owens Valley drainage basin area.
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represent the highest level of Lake Owens that was present
in the valley before spilling and downcutting of the gorge at

Haiwee Reservoir. The lowest natural outlet of Pleistocene topographic surveys of the gorge measured the highest b

Lake Owens or the present Owens Lake is controlled by the
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moderately consolidated. Low storage and hydraulic conductivity
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Figure 8. Continued.
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altitude of the base of the Owens River in the gorge at
Haiwee Reservoir. Prior to construction of the reservoir,

ase

of the river in the gorge at 3,755 ft above sea level (Los
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Angeles [city of] Board of Public Service Commussioners,
1916, pl 11) The altitude of the natural outlets of Lake
Owens and Owens Lake probably ranged between 3,755 to
3,865 ft above sea level But even at the highest level, the
lake did not extend north of Poverty Hills and into the north
half of the valley, which are at higher altitudes Minor fluc-
tuations of water level below the altitude of the outlet as
indicated by water-level fluctuations recorded 1n Searles
Lake (Smuth and others, 1983) would cause broad north-
south shifts 1n the depositional environment across the val-
ley floor at the north end of Lake Owens

Structure of Owens Valley

Owens Valley 1s a downdropped block of bedrock (gra-
ben) that 1s bounded on the west and east by steep mountain
blocks (horsts) of virtually impermeable bedrock (fig 9) These
bedrock blocks were faulted, tilted, rotated, and warped, then
sculptured by erosion and partly buried by sediments and vol-
canic rocks This type of structural valley form 1s typical of
the Basin and Range province Various models of Basin and
Range structural form and evolution have been presented by
Galbert (1938), Nolan (1943), Roberts (1968), Stewart (1971,
1978), Anderson and others (1983), and Allmendinger and
others (1987) The generally accepted models of Basin and
Range formation involve a seres of structurally complex gra-
bens (basins or valleys) separated by horsts (mountain blocks),
together which create a linear arrangement of valleys or ba-
sins and mountain ranges The structure of Owens Valley
strongly affects ground-water storage and flow

The shape of the graben beneath Owens Valley (fig 9)
has been inferred primanly from geophysical studies (Pakiser,
1960, Kane and Pakiser, 1961, Pakiser and others, 1964,
Blakely and McKee, 1985, this study) Gravity, seismic re-
fraction, aeromagnetic, and vertical electric surveys are the
principal geophysical methods that have been used to define
the form and depth of the burnied bedrock surface, the extent
and distnbution of major normal faults, and concealed uncon-
solidated sediments Pakiser and others (1964) used gravity
and seismic refraction methods to do an extensive analysis of
the regional structure of the valley Their analysis served as
the background for this study Recent geophysical studies by
Blakely and McKee (1985) expanded the geophysical data
base of Pakiser and others (1964) by adding more than 400
new gravity stations in the White and Inyo Mountains, editing
the combined data set, and adjusting the data to a common
gravity base This data set also was adjusted for the regional
gravity field by using an Airy 1sostatic model (Stmpson and
others, 1983) to produce an 1sostatic residual gravity anomaly
for each station More than 6,700 points from this data set
(RJ Blakely, US Geological Survey, written commun , 1985)
were gridded and contoured (fig 10), and selected profiles
modeled two-dimensionally, for the structural analysis 1n this
study

The use of a contoured spatial distribution of 1sostatic
residual gravity anomalies enables the investigator to 1so-
late density inhomogeneities and contrasts created by less
dense valley fill in contact with more dense bedrock When
contoured, the anomalies give a three-dimensional approxi-
mation of the bedrock surface Typically, complete Bouguer
residual gravity maps have been used to model the depth of
bedrock However, because of the extreme topographic relief
i some mountamnous areas, such as the area surrounding
Owens Valley, smaller gravity anomalies that represent
subtle geologic changes in the near surface can be masked
by long-period anomalies that arise from 1sostatic compen-
sation of topography (Jachens and Griscom, 1986) Isostati-
cally compensated gravity anomaly data were used in this
study to better understand the geologic structure and depth
to bedrock in Owens Valley

The 1sostatic residual gravity anomaly map of the
Owens Valley drainage basin area reflects the general shape
of the structural valley as well as the orientation of many of
the major faults (fig 10) The faults that are shown overlaid
on the gravity map coincide with steep gradients of hon-
zontal change 1n gravity 1n the zone between the more dense
bedrock of the mountains and the less dense valley fill
Hachures on closed contours 1ndicate the direction of low-
est gravity Generally the deepest parts of the basin are
1dentified by the lowest, closed gravity lines and are bounded
by steep normal faults that delineate the side of the valley
graben The inferred position of the lowest parts of the
graben are 1illustrated by bold lines (fig 10) The intense
low shown 1n the northwest part of the drainage basin area
represents the Long Valley caldera (fig 10)

The Poverty Hills, located just south of Big Pine (figs
1, 7, and 10), were interpreted by Pakiser and others (1964)
as a gravity shde block resting atop valley-fill sediments
The shide block interpretation may allow for a potentially
significant quantity of ground water to move through the
valley-fill sediments beneath the structure Martel (1984a,
b) reinterpreted the structure of Poverty Hills as a bedrock
horst uplifted by differential, left-lateral, strike-slip
movement of the Owens Valley fault (figs 7 and 10) This
remterpretation suggests a bedrock core beneath Poverty
Hills—an 1nterpretation that 1s supported by the geologic
and geophysical interpretations of this study The virtually
mmpermeable bedrock horst of Poverty Hills acts as a bar-
rier that diverts ground-water flow around the hills

The Alabama Hills, located west of Lone Pine (figs
1, 7, and 10), also represent an erosional remnant of the
granitic bedrock and are a part of the Sierra Nevada batho-
lith Previous investigators (Pakiser and others, 1964,
Richardson, 1975) postulated that the north end of the hulls
was truncated by a west-trending normal fault, with the
north side down Beanland and Clark (1987), when map-
ping Quaternary faults near the Alabama Hills, observed no
evidence of a major fault at the north end of the hills
Gravity data (fig 10) support the interpretation of Beanland
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and Clark and further suggest that the Alabama Hills ex-
tend northward in the subsurface as a bedrock block, east
side down (figs. 7, 9, and 10). The east margin of this block
can be traced as a nearly continuous series of normal faults
(east side down), north to the Poverty Hills (figs. 7 and 10
and pl. 1). The east margin of the buried bedrock block is
coincident with a few springs and lineaments that may rep-
resent older surface ruptures found between the Alabama
Hills and Independence.

The graben that underlies Owens Valley can be di-
vided into two structural basins (fig. 11)—Bishop Basin
and Owens Lake Basin—on the basis of geophysical and
structural information. The extent and orientation of each
basin is defined by the deepest part of the graben (fig. 10)
and the major faults that offset bedrock blocks to form the
graben (figs. 7 and 10 and pl. 1). Bishop Basin is displaced
east relative to Owens Lake Basin (fig. 11).

Bishop Basin

Bishop Basin is bounded on the east by the White
Mountain fault and on the west by the Coyote warp section
of the Sierra Nevada (fig. 7). The warp is a broad flexural

HORST \

VERTICAL EXAGGERATION X 2

surface resulting from a distributive system of faults along
the eastern Sierra Nevada north of Big Pine (Knopf, 1918;
Pakiser and others, 1964; Bateman, 1965). The warp ex-
tends beneath the valley fill toward Bishop (Pakiser and
others, 1964). A discontinuous series of faults in the uncon-
solidated valley-fill sediments extends along the east flank
of the warp toward Fish Slough (fig. 7; Bryant, 1984; this
study). This discontinuous trend of fault segments may be
the result of a deeper buried fault zone. North of the Pov-
erty Hills (Martel, 1984a, b) the Owens Valley fault (fig. 7)
steps to the west and is located along the west margin of the
valley, where it is concealed by the valley fill east of the
Coyote warp and north of Big Pine.

Pakiser and others (1964) inferred that the northern limit
of the Owens Valley graben (Bishop Basin of this study) is
buried beneath the Bishop Tuff, the nearly horizontal layers
of tuff and ash that make up the Volcanic Tableland. This
inference is supported by recent geophysical and geologic
information (figs. 7, 10, and 11). Bishop Basin and Long
Valley do not appear to be connected by a relict valley be-
neath the Volcanic Tableland as postulated by the California
Department of Water Resources (1960). Instead, Long Valley
and Bishop Basin are separated by a granitic ridge that trends

EXPLANATION

——===—FAULT —Dashed where inferred.
Arrows indicate relative direction
of vertical movement

Figure 9. Schematic block diagram of Owens Valley that illustrates the structural relation between the mountain

blocks (horsts) and the valley trough (graben).

Geology and Water Resources of Owens Valley, California B21



75

45

779,00’
7 ’9075’
Norry,
& 0 10 20 30 40 MILES
ST 1 W O O T | | L | | | |
AR RARRN | l 1 1
0 10 20 30 40 KILOMETERS
L ¥ o 7190
) ) & 15
&
Figure 10. Isostatic residual gravity anomalies, geologic structure, and inferred position of the structurally lowest part of the Owens Valley graben.
B22  Hydrology and Soil-Water-Plant Relations in Owens Valley, California



~ a;ow’
Ry
V
&
~ 45’
1%
~5-

~ 7 7 70 “’
S
&
7 718000’
=20
~ ’5,
EXPLANATION
—20 LINE OF EQUAL ISOSTATIC RESIDUAL GRAVITY ANOMALY—Interval
~ 2 milligals, hachures on closed lows (gravity data from R.J. Blakely, U.S.
Geological Survey, written commun., 1985)
INFERRED POSITION OF THE STRUCTURALLY LOWEST PART OF
THE GRABEN
LD’ —7=- FAULT —Dashed where inferred, dotted where concealed, queried where =
uncertain. U, upthrown side; D, downthrown side 30
~————— BEDROCK CONTACT
GROUND-WATER BASIN FOR OWENS, ROUND, CHALFANT, HAMMIL, AND
BENTON VALLEYS —Areas outside the ground-water basin include bedrock, the
Volcanic Tableland, Long Valley, and isolated unconsolid