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FOREWORD

A study of active faults in the Coso Range on the Naval Weapon Center (NWC) was made.
The purpose of this work was to pin an understanding of the potential of large-magnitude earth.
quakes and where they may occur on the northern NWC test nMgs. As the test ranges become more
heavily instrumented, instrument location relative to active faults becomes linpoetant. In addition to
the geoial engineering aspects of the study, informiation was pined about the local geothermal
system. It is hoped that this study will bring forth the Importance of fault analysis on naval bases
and act as a baseline study for NWC. I

This study wa. performed intermittently between 1977 and 1980 and was supported by inde-
pendent research fuals Task Aea Number ZR0000101, DN78201 1.

This report was prepared a a doctoral dssertation that was submitted to the University of
Nevada at Reno. To ave publication cost and time, a facsimile of the dluertation is being published
as an NWC Technical Publication without editing It to ?P"C fotmat except for adding a cover,
foeword, and DD Form 1473.

This report wa% reviewed for technica accuracy by Pierre St.-Annmd, Head, Earth and Planetary I
Scienees Division, and by Profemors D. B. Slemm s and William Plppin at the Untlty of Nevada,
Reno.
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1.0 INTRODUCTION

The Coso Range contains diverse rock types and geomorphology. The
volcanic rocks include basalts, andesites, dacites, and rhyolites. The
basement rocks include granitic, diorite, gabbro, and occasional meta-
morphic septa. Most of the volcanic rocks are Quaternary age with erup-
tions as early as 40,000 years ago.

Roquemore (1977) reported that the Coso Range contains a group of
west- and east-tilted blocks with a multitude of grabens. Most of the
warping has occurred since mid-Pleistocene and represents between 2000
to 3000 feet of differential uplift; the deformation rate is determined
to be 1.82 millimeter per year, vertically.

Walter and Weaver (1980a), in a study of the seismicity of the Coso
Range, found that during the first two years of seismographic-network
operation (1975-1977), 4200 local earthquakes (with magnitudes ranging
from 0.5 to 3.9) were recorded within or immediately adjacent to the
Coso Range. The structure indicated by a seismicity study (Walter and
Weaver, 1980b) is a complex, conjugate strike-slip pattern with major
zones that strike north-northwest and show right-slip movement, with a
general north-south compression consistent with all fault-plane solutions.

Roquemore (1978a) reported that the Coso Range is a tectonic block
bounded by the Owens Valley graben boundary faults, that splay around the
eastern and western sides of the block. The Coso block has horst and
graben structures, internal second order, with norti,-south trending.
Strike-slip faulting has resulted in conjugate Riedel and ', o (htZr

faults which internally complicate the horst and graben structures.
Seismicity of the Coso Mountains is related to known faults in most cases,
and the earthquake focal mechanism matches the geologic evidence (Roque-
more, 1977) for fault style and orientation (Walter and Weaver, 1980b).
Experimental and field data suggest that all of the major structures are
compatible with regional spreading and associated north-south compression
and east-west extension, and are typical within the Basin-Range and Sierra
Nevada transition zone.

Roquemore (1978b) noted that the Coso Range contains several major
active fault systems. These include the Charlie fault (now named the
Little Lake fault), the Haiwee fault, and the Airport Lake fault which

1
*1
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dominate other (lesser developed) faults in the area. The orientations

of these faults range from northwest to north and south and have right-

slip displacement indicated by offset landforms and left-stepping
eAelon dip-slip morphology.

The northwest-trending Little Lake fault can be traced south from
Little Lake, through Indian Wells Valley, and on south to the Carlock
fault. Along its length are well developed rhombohedral depressions and
pressure ridges that document lateral movement. Blancan (von Huene, 1960)
sediments are warped by the fault into an anticlinal structure more than
25 meters high. The southern end of the fault bends nearly 90 degrees to
the east as it approaches the Garlock fault (Zbur, 1962). Activity of
the fault is indicated by offset Holocene (i.e., post-Pleistocene or
recent) materials and evidence of numerous recent earthquakes ranging in
magnitude from 3.8 to 5.0.

Most of the major active faults in the Coso Range are typical range
front faults that trend north and south. Field evidence suggests that
these faults are all acting as part of the same structural system. There
are major left-lateral offsets located along the Garlock fault which is

to the south of the Coso Range. The Garlock fault serves as a boundarv
zone between the Mojave block and the Basin- and Range-physiographic
province. The Sierra Nevada fault zone, which is situated to the west
of the Coso Range, has been considered one of the more active zones in
southern California (Hileman et al., 1973).

1.1 PURPOSE AND SCOPE

The purpose of this study is to (1) map and determine the morphology
and activity of faults in Lhe Coso Range, (2) determine the present
structural mechanics of the Coso Range, (3) explain the structural develop-
ment based on (1) and (2) above, and to (-) suggest a tectonic model for
the structural development of the Coso Range and surrounding areas based

on recent geologic history.

State-of-the-art methods in fault detection and analysis were applied
in implementing the procedures discussed in this report. Photography at
varying scales and time of day was utilized. Also, field verification of
data was done along all geologic zones and appropriate annotations were
made on a map (i.e., offset stream and shutter ridge). Exploratorv
trenching was accomplished to expose fault planes, to provide a means

for dating the faults, and to determine recurrence intervals.

The method of investigation used for this study is listed as follows:

1. Collect and review all appropriate published and unpublished
reports and data.

2
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2. Acquire all available aer4 al photography for the region (in
this case low-sun-angle, low-altitude photography was available).

3. Interpret the photographs.

t 4. Accomplish detailed field work including field verification.

5. Accomplish exploratory trenching.

6. Construct scarp profiles.

7. Prepare active fault maps and a technical report.S
1.2 PREVIOUS WORK

6 The Coso Range is included in a portion of land that was withdrawn
from public land during the early 1940s. Prior to that time, geologic
investigations were restricted to broad-scale regional studies such as
those done by Whitney (1865), Gilbert (1875), Goodyear (1888), Fairbanks
(1896a,b), Campbell (1902), Spurr (1903), and Knopf (1911).

Small mining efforts resulted in geological reports on the Coso Range
and nearby areas. These investigators include Warner (1930), Ross and
Yates (1943), Frazer et al. (1943), Chesterman (1956), Power (1959), and

Hall and Mackevett (1962).

U The Coso formation was studied especially from the paleontological
aspect by Schultz (1937).

U Other studies that mention the Coso Range (although not the prime
focus) include Kelley (1937, 1938) and Hopper (1947).

3 Structural studies of the Coso Range were undertaken by von Huene
(1960), Zbur (1963), and Healy and Press (1964).

Geologic mapping of the Coso Range has been completed by Roquemore
(1977), Duffield and Bacon (1977), and Stinson (1977).

Several reports have now been published that deal primarily with the
definition of the Coso geothermal resource area (see it'!J'tr, ,J

:.*''!., paragraph in subsequent text).

I
I
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1.3 GEOGRAPHY

1.3.1 Location and Access

The Coso Range is in the southwest corner of the Basin and Range

physiographic province (Figure 1). The massif of the Sierra -evada (to
the west) is separated from the Coso Range by Rose Valley. Owens Lake is
on the northern boundary, the Argus Range is to the east, and the Indian

Wells Valley is to the south.

Access to the Coso Range is good along Highway 395 from which two
dirt roads (bladed) lead into the study area. Cinder Road leaves the
highway at Red Hill (a prominent cinder cone in Rose Valley), and Coso
Road leaves the highway at Gill's Oasis (a roadside rest area) also in
Rose Valley. Other routes include a 4-wheel drive road which leads south
from the settlement of Darwin and two 4-wheel drive roads that lead north
from the compounds of the Naval Weapons Center.

NOTE

It should be made very clear at this point that only
the west portion of the Coso Range can be entered
without permission from the Naval Weapons Center.

A locked gate blocks each of the access roads into
the range.

1.3.2 Human Activity

The study area is totally rural and located mostly on military re-
stricted land. There are a few small population concentrations nearby.
These villages include Pearsonville, Little Lake, Cartago, Dunmovin, Grant,
and Olancha and are located generally along Highway 395. Ridgecrest and
China Lake are two substantially larger communities which are located in
the Indian Wells Valley to the south. Small pumice mines in the unre-

stricted areas of the Coso Range produce lightweight aggregate, planting
material, and decorative rock.

1.3.3 Topographic M an and Aerial Photography

Topographic coverage comprises four maps drawn to a scale of ]:A2,500.
These are (1) Haiwee Reservoir, (2) Coso Peak, (3) Mountain Springs Canyon,
and (4) Little Lake. The photographs and surveys for the 1:24,000 series
are completed, but they will not be available for three to four years.
Conventional aerial photographs are available from the U.S. Geological

Survey (USGS) and the U.S. Air Force. Special-purpose, low-altitude

4l
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photography was used for the study, and was made available by the National
Aeronautics and Space Administration (NASA).

1.3.4 Climate

The climate of the region is associated with hot summers, cool to
cold winters, large diurnal temperature variations, low humidity, littl,
cloudiness and visibility restrictions, and prevailing southwest winds.
Russell (1926) classified the Coso Range in a transition between hot and
cold desert with a January isotherm greater than 32'F. To be more pre-
cise, at the 3400- to 4400-foot elevation in the Coso Range, there exists
a 32'F isotherm (adapted from Naval Weapons Center data). According to
the Naval Weapons Center weather summary, 1946 to 1976, the mean annual
precipitation is 2.96 inches.

1.3.5 Flora and Fauna

Much of the soil at the higher elevations of the Coso Range support
a mixed Joshua tree and pinon pine, timber-type ground cover. The median
elevations support Joshua trees and Shadscale brush, and the lower eleva-
tions are typified by creosote bush and Shadscale brush.

Mammalian populations in the area include ground squirrels, pocket

mice, cricetine rats and mice, hares, and rabbits. A few bats are com-
monly seen on summer evenings.

Indigenous and migratory birds found in the Coso Range are the golden

eagle (,, ,> 2hr"soctos), hawks, prairie falcons (':E , - s>C"' .-' : o': ), Amer-
ican kestrels (F.,z c a :,. s), owls, roadrunners (7 . . .

and native quail. Chukars were introduced into

the area and are abundant near springs.

Indigenous large mammals observed in parts of the area include the

mountain lion (Fr c mou'C:*O ), bobcat (La,,c :,,'), coyote
kit fox (V:: " 2 ; tiS ss) , and the badger (Ti ,i c tzxS ) . Exotic mam- I
mals include the feral burro (Equs eS nzuo), the feral horse ( A .-

> c), and domestic cattle. I

1.4 PHYSIOGRAPHIC SETTING I
The Coso Range forms a natural barrier at the south end of Owens

Valley. It is bounded on the north by Owens Lake (dry) and bounded on
the south by Indian Wells Valley; both are closed basins. Coso Peak is
the h'_,,est point in the Coso Range with an elevation of 8160 feet
approximately 2500 meters). The lowest topographic contour has an average
elevation of 3000 feet (approximately 900 meters). The physiography is

6 I.
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generally a moderately uplifted horst block with minor horsts and graben-
within it. In places, the boundary between the Coso Range and the Argu-
Range is barely discernible. In the northern portion of the area, the
Argus Range is separated from the Coso Range by Ftcheron Valley; however,
the southern portion is not separated by any phvsiographic feature. At
its northeast corner, the Coso Range is separated from the Inyo Range by
the Centennial Fiats, a broad graben valley.

I 1.5 GEOLOGIC SETTING

The Coso Range basement rock is a tectonicallv isolated sliver of
the Sierra Nevada batholith composed of cretaceous plutons and minor
metamorphic septa. Volcanic cover, Pliocene to Pleistocene in age, is
present throughout much of the area and generally occurs as thin sheetS
of basalt and andesite flows no more than a few tens of meters thick.

Pliocene to Pleistocene sedimentary rocks of the Coso Formation are
found throughout the area, however, the greatest exposures are around
the west and north flanks of the range. These sediments record a complex
geologic history. The basal units are generally coarse gravels derived
from the Coso Range with little contribution from the Sierra Nevada.
Above the gravel lies fine grained, lacustrine sediments including vol-
caniclastics. Within this unit is subaerial and subaqueous andesitic
to rhyolitic tuffs. The entire formation is tilted away from the range,

I indicating the uplift of the range (Roquemore, 1977).

Blancan and younger sediments are found on the south flank of the
range (von Huene, 1960) where they are warped into an assymetrical, east-
plunging anticline.

1.6 LITERATURE AND DATA REVIEW

All relevant published material pertaining to the Coso Range and
Basin and Range province was reviewed. Unpublished and some published
data were obtained from the Navy Geothermal Program. Data pertaining
solely to the Coso Range are limited. The following references were
generated either directly or indirectly by the Navy Geothermal Program:
Austin and Pringle (1970), Koenig et al. (1972), Teledyne Geotech (1972),
Furgerson (1973), Combs (1975), Duffield (1975), Lanphere et al. (1975),
Combs (1976), Combs and Jarzabek (1977), Duffield and Bacon (1977),
LeSchack et al. (1977), Stinson (1977), Fournier et al. (1978), Fox

(1978a), Fox (1978b), Galbraith (1978), and Hulen (1978).

I
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1.7 AERIAL PHOTOGRAPHY INTERPRETATION

Aerial photographs of the study area were available from USGS and
from NWC photographic files. Photographic missions were flown by person-
nel from Miramar Naval Air Station, NASA, and by local photographers for
various studies and at scales ranging from 1:6000 to 1:60,000. Both
color prints and black and w'.ite prints were produced and made available.
In some cases, both infrared and microwave imaging were used.

Low-sun-angle conditions are apparent in most of the low-altitude
photography. The sun angle in the photography is very similar to that
discussed by Cluff and Slemmons (1972) and clearly illuminates and accen-

tuates fault features.

The photographs were interpreted and transferred to a map utilizing
a zoom transfer scope. The resultant maps and photographs were then taken
to the field for verification.

1.8 FIELD VERIFICATION

Each mapped fault zone was traversed on foot to verify the fault
features and to examine the terrain for indications of offset. The pro-
cedure and terminology for this phase of work were taken from Clark (1973)
and Slemmons (1977).

1.9 SCAR? PROFILING

All of the fault zones, except the Little Lake fault (because it is
lateral slip), were surveyed based on work by Wallace (1977). By assuming
that the fault scarps in the Coso Range are forming by systematic offsets
and the resulting earthquakes rather than by creep, profiling becomes a
useful tool in recognizing the sequential displacement history of the

faults.

Most of the active faults in the Coso Range are geomorphically
fresh. The erosion rate in this part of the Basin and Range province
is very slow, and, in fact, probably slower than in the pilot study area
described by Wallace. The basis for this statement is that the areas of
Nevada which were studied by Wallace have freeze-and-thaw cycles, and
the area of concern in this study has generally none. Because of this
fact, it should be understood that the numerical values arrived at in

this study are probably too high.

For this study, a K & E self-indexing, geological survey alidade was

used. This instrument has a pendulum device that automatically corrects I
for the sl ight residual tilts of the plane table and sets the indices

8
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used to read both the horizontal and vertical multipliers and the elevation-
angle scale. The scales are read optically and the instrument gives re-
sults that are approximately four times more accurate than those results
obtained with conventional alidades ( E S.r')ey r $ Ir:t z .* n: a ,

1964).

Readings were taken at very close intervals (1.0 to 0.2 meters) up
the scarp slope. Through the eyepiece, values for the vertical stadia

scale, the horizontal stadia multiplier, and a center scale for the zenith
angle can be seen. The Etadia-Arc Method, described in the -' P5, ,.,.
Manual (1964), is the easiest and most common method of data reduction and
can be done on-site with a pocket calculator. Using this method, the
stadia interval (top stadia hair minus the lower stadia hair) is deter-
mined first. Second, the horizontal multiplier and vertical stadia scale

are read, then the following computations are made:

S - H = Dh

V - 50 = V
c

S(V) = Dv

Dv I vc

where

S Stadia interval

H Horizontal multiplier

D = Horizontal distance

V = Vertical stadia scale

F = Vertical stadia scale correctedc

p = Vertical distance from the instrument
v

I) = Height of the instrument

1) = Vertical distance corrected
vc

After the above computations have been made, the data points can

be plotted either by hand or bv computer. The main advantage of this
method of measurement is that, in the event of future movement of the
fault, there will be very accurate baseline information that can be re-
measured and to which data may be compared.

I
!1
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2.0 DESCRIPTION OF ACTIVE FAULTS

2.1 INTRODUCTION

In this chapter, the discussion of each fault includes references
to the Index for Active Faults of the Coso Range and to Plates I through
4, located in tile envelope-type pocket inside the back cover of this
report.

In this study, active faults are defined as being either 10,000 years
of age or younger.

2.2 LITTLE LAKE FAULT

The Little Lake fault (Plate 1) splays eastward from the Sierra
Nevada frontal fault near the Little Lake Hotel and continues south
across Indian Wells Valley to the Garlock fault (St.-Amand, 1958; von
Huene, 1960). The surface trace of the fault mapped here is over
11.6 kilometers in length. Only the northern segment was mapped in
this study for the following reasons:

1. It has a marked expression in the 400,000-year-old basalts.

2. It offsets young alluvium on the Sierra Nevada front.

3. The south end of the fault crosses the north-south trend of
the Airport Lake fault.

4. As the fault enters the deep alluvial basin of Indian Wells
Valley, the fault expression changes to short, segmented, and highly
eroded scarp traces not easily seen on existing photography.

One-half kilometer west of the Little Lake Hotel, the Little Lake
fault merges with the Sierra Nevada frontal fault. In this area, young
alluvium and landslide debris are offset 30 meters by right-slip dis-
placement. The overall geomorphic expression consists of aligned springs,
shutter ridges, hillside troughs, and linear troughs (Figures 2 and 3).
The fault is exposed in a railroad-cut just south of Wickline Canyon
(Plate 1). In Section 20, a 140,000-year-old (Duffield et al.) basalt
flow (basalt of Red Hill, Duffield and Bacon) is offset forming a linear
trough with no measurable displacement because of the homogeneity of the
rock on both sides of the trough. South of that point, a 440,000-year-
old (Duffield and Smith, 1978) basalt cliff (basalt of lower Little Lake
Ranch, Duffield and Bacon, 1977) is offset 250 meters in a right-slip
sense (Figure 4). Because the offset sliver of basalt was eroded by
Owens River and thereby cannot be measured directly, the fault displace-
ment was reconstructed for this study with the aid of a cardboard model.

10
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FIGURE 3. Aerial View of a Sidehill Trough Formed in Association With the

Shutter Ridge Shown in Figure 2.

The result was a determination that a minimum of 250 meters displacement
has occurred since the eruption of the 440,000-year-old lava flow.

The fault pattern is well exposed atop the basait of Lower Little
Lake Range (Figure 5). The pattern is a series of or , normal-
slip faults that form rhomboid-shaped depressions (Figure 6) and ellipsoid-
shaped ridges (Figure 7). Between the depressions and ridges, linear
troughs (Figure 8) exist and, depending on the topography of the flow
surface, there are occasional side-hill troughs.

In Section 33, Plate 1, the Little Lake fault has a long (2 kilo-
meters) segment which has an apparent normal displacement with the west
side down. the mechanism of this segment, however, does not easily
permit normal faulting in the orientation in which it is situated. First
of all, the overall fault displacement is clearly right slip, therefore,

the apparent normal-slip displacement must be a result of this mechanism.
The normal-slip displacement along other segments of the fault are part I
of .'k. ,'., patterns or part of rhomboid structures formed by sinuous
traces along the fault trace. Adjacent to this segment, the fault zone
splays almost a kilometer to the west (left step). Mechanicallv, as the

12
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1 FIGURE 4. Aerial View of 250 Meters of lRJght-Slip Displacement

~Caused by the Little Lake Fault in a 400,000 Year Old Lava Flow.
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FIGURE 5. Aerial View of Tectonic Depressions and Linear Troughs Along the
Little Lake Fault.

FIGURE 6. Aerial View of a Rhomboid Tectonic Depression on the Little Lake
Fault.

14
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FIGURE 7. Ellipsoidal Ridges Formed Along the Little Lake Fault.
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fault has stress applied, this segment would have stress vectors that
could permit the formation of a thrust (Figure 9). In fact, the scarp
has a rounded, rubble surface produced by a wide zofne of crushed basal ts
as opposed to a steep, fairly sharp break as displayed in normal faults
produced by , z breaks. It is concluded, therefore, that the
Little Lako fault contains a segment nearly 2 kilometers long which is
probably a thrust fault associated with right-slip displacement.

Below longitude 35°53 ' and east of latitude 117050 ', Plate 1, a
window was found in the lava flow that exposed lacustrine sediments.
These sediments informally called the White Hills formation are probably
much younger than Blancan (Duffield and Bacon, 1977) as reported by von
Huene (1960). Through the White Hills formation, the fault pattern of

the Little Lake fault dissipates into short, segmented, dip-slip scarps.

I I

01

FIUR .ShraiMoniatn o
% N

Oi
FIGURE 9. Schematic Model Indicating HOW

Thrust Faulting Has Occurred on the Little Lake
Fault.
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The scarps are east: eroded and many,, have served as wind barriers fa]-
ci lit at inug dune format ion. Bee ause oft the lack oif rol1ie f and proper
aerial pho togra phv , this a rea was not ink I tded in t hi s st udv . Th Ie
mapped IlengthI of the Litt le Lake f~itil t is 24 ki lometers at present.

2. 3 SOUTHERN__SEGMENT OF THE AI[RPORT LAKE FAUILT (PLATE 2)

In this area, normalI fan ilts, are assoc iated with right-slip di sp ~i c-
ment s, in left-stepping -, ;:'; pat terns; however, g~rabens also occur
a long the! ent ire length of the Airport Lake faulIt. The ,rahen in Scct ions
32, 33, 4, and 5 (Figure 10), is nearly 2 kilometers wide. Nea;r lati-
tude 35O55', there is another graben I kilometer wide (Figure II). In
Se't ion l1 , there is a small grahen wi th flipped stones on the upthrown
.side of the east flank. These stones form a desert pavement on the up-
thrown block. The stones aro coated with desert varnish and] the, under-
side of the stonies are stained a bright red-orange color (Figure 12).
PrObbIv 20 to '30," of the stones in the pavement have the orange- side
lacing, up1. Stones are general ly elilipso idali in shape and 4 to -)( cont i-
Meters in major diameter. IDisturba-nces by wind are not likely b ecause

FIGURE 10. Aerial View Looking North Across a 2-Kilonmeter Wide Graben Located
on the South End of the Airport Lake Fault.

1 17
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FIGURE 11. Aerijl View Looking Northwest of a
I-Kilometer-Wide Graben Located in Coso Basin onl the
Airport Lake Fault.
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FIGURE 12. Stones That Have Been Overturned by Seismic Shaking. Note the
orange oxidation stains formed on the underside of these stones. The largest stone
pictured is about 20 centimeters in length.

of the large surface area of the stones in contact with the ground, they
weigh several kilograms, they are in low profile with ground, and there
is no selective size of stone that is flipped. The surface on which the
pavement has formed is elevated by faulting above any local drainages
and is subjected only to sheet wash which may form from rain drop ac-
cumulation on the surface. Evidence of any substantial erosion by water
is nonexistent. Therefore, it is concluded that the stones were flipped
to their present position by Holocene seismic activity. The west flank
of this graben was trenched for this study, and the results are reported
in Chapter 3. The trench is located in alluvial fan material that is
the youngest (not including contemporary fans) in a sequence of at least
four alluvial fans of different ages (according to R. J. ShIcnmon in an
oral communication in 1980).

Section 16, and the south portion of Section 9, contain debris flows
and alluvial fans. In Section 9, there is evidence for right-slip dis-
placement in the form of shutter ridges and offset stream channels. In
the south portion of Section 4, the fault a pproaches the base of the
mountain block forming very sharp, steep faceted spurs (Figure 13).

19
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FIGU'RE 13. Aerial View of Faceted Spurs Formed Along the Airport Lake F al1

Inl Sct ions; 3 and H, there is; ai crahen formek-d in los ho Iwe,

fitl ing LxtendCS ifLto \'oun-flgI iUM 01n both e'nds (Fkiure Ii n
Sect ion 26 , t he fal t iug naain aipproihes the moun nta in f ront Mihere it
he~dro, , is highly vfr-actured and al tered. The1L 11 tered rock is ormtd

pairt il tv t rom crushing in the foul t /one, however, as the ?-,m t con-
t tlues north , hyd ro thermal alI t erat ion is dominaint.

2.' THE11 .NKTHERN, CO ot -10T SPRNG, ANDo ttAP ISLL SPRINGS S(I'FT1.S 0t- .t.

01) t the hot torn end of Pat -It , Sect ions 1, 16, 2)1, and 22 titrt, trc

abundaint oft tfSCL st ream channels and of fset ridges- in a r i ht-sI i ;)eno

Shown Inl SecIt ionl 22, an abandconed hot spring as, we] I ais a)t lye, frim- Is
anld 11ot spr ings shown i n Sect ion I (, prov ide evidence fOr' deepJ f~tit I t
pI -mo-s and hydrothermalI convct t i, at prese4nt aind in thte trceutI :)LYt.
;erncril I Ilyv. area-s i n Sec t i ons 1I an ;d 2 1 1lack iyd rot hermai I I I-l ered r

;ind tunivroles such as Coso Hot Springs. ]hLt Coso Hot Spr-w- intr. lu
anl -1 - le1ftL step of the Coso Hot Spr ims faul t s'tt ,: I

Ai rport Lake fatil t (F~igure 1 ) . The Coso o(t 'Spri oi m I ts,, d i n-sIi
IslacmetIC with n)UIt to at leaslt i re1ters of ofst tntI C t
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FIGURE 14. Aerial View Looking North Along the South Segment of the Airport

Lake Fault. The Coso Hot Springs segment may be seen in a northeast orientation.

aligned along its length (red areas, Figure 15). In Section 33, there
is a massive landslide (hummocky area, Figure 16) in the zone between
the left step of two c'u - fault segments. This phenomenon is
common in the Coso Range including several locations along the Sierra
Nevada front (Figure 17). Areas located between : , '. , faults are
subjected to extensional stresses as seen in the conceptual model on
Figure 18. From Section 21 to the top of Plate 3, the faulting adheres
closely with the mountain front. Offset stream channels, tectonic depres-
sions, and small grabens all provide evidence for right-slip displacement
along this segment of the faul.t. Northward, the fault is dispersed in
basalt sheets and is not seen as a single, continuous fault until it
reaches the north end of Coso Range where it enters the Owens Lake plaval.
The total mapped length of the Airport Lake fault is 30 kilometers.

2.5 ACTIVE BREAKS ALONG THE EAST SII)E OF AIRPORT LAKE (PLATE 4 )

The faulting on the east side of Airport Lake is left-stepping
, *Tch, normal faults. The faults on the east side (it Airport 1.ake

together with the Airport Lake fault form the deep graben of (oso B;isin.

21
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FIGURE 15. Aerial View Looking South Along the Coso Hot Springs Seg-
ment of the Airport Lake Fault. Note the abundance of fumerolic activity.

FIGURE 16. Aerial View of the Northeast End of the Coso [lot Springs Seg-

ment of the Airport Lake Fault. Note landslide in hill above the hot springs.
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FIGURE 17. Aerial View of the Sierra Nevada Front. Note landslide.

0

I 1 01

I-" o, _

' t/it03

!

FIGURE 18. Schematic Diagram Indicating How Landslides Can Form
Between en echelon Faults.

23
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The average fault scarp height is 3 meters. Most of the faulting is in
Holocene alluvium; however, the upthrown block is located in subaqueous
tuff (Figure 19). Ramping, left-stepping .J, &xhe!>u patterns all suggest
right-lateral displacement, although no offset stream channels could be
found. This fault trends into the 3-million-year-old lava flows of Wild
Horse Mesa (Figure 20). On the mesa, massive step-fault patterns have
formed, much like those on the surface of the Bishop tuff in east central
California. This pattern can be seen in Figure 21. Probably the fault
pattern, generally confined to a narrow zone in the alluvial materi:ls,
spreads out laterally in the lava flows, because the lava sheets are
thin and brittle as compared to alluvium or bedrock. As the fault move-
ment takes place at depth in bedrock, stress is distributed over a large
area in the overlying lava sheet and fracture and displacement takes

place over a large portion of the stressed area. This pattern (ramping
and sinuous ,c . :: f/.) further supports the overall right-slar tom-
pontent evident in the faults on the east side of Airport lake.

Approximately 30 meters south of trench "B" in Section 17, the f.ult
crosses a small, modern drainage. The fault offsets the modern fan by
1/2 meter (Figure 22). According to Shlemcn* in an oral communication

FIGURE 19. Aerial View of the Faults on the East Side of Airport Lake. Note sub-

squeous tuff on the upthrown block.

*Roy 1. Shlemon is a consulting gaelogiSt in Newport Beach,
Call f,,rn i a.
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FIGURE 20. Aerial View of the Fau[ts Trending Into the
Wild Hlorse Mesa.
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FIGULR[ 22. View of 1/2-Meter of Recent Normal-Slip Displacement on a Fault on the'

Last Side of' Airport Lake.

during 1 980, based on geomo rphol1og ic a v i dence such as t he dec ree( (If
SUhseq jULn t 1 i iion by mrodern erosion, the sca rp is not 1 ike] v to he

more than 1001 years old.

j2.6( SU MNRY AND CONCILUSIONS

Field observation was performed on all acrive fauilts withinl the
study area to Obtain morphological data. The data were then comp iled to

help Idetermine the activity and stvle aind amount of displacement oil each
fault .

The Little Lake fault is the Onnl\ purely right-slip fauilt in the
.study area. The morphology includes shutter ridges, linear troughs,
sag ponds, and pressure ridges. Ti rtv meters nf right-si ip displacement
were found in undated material of probable. Hiolocene age. Two hundred
f iftv meters of right-si ip d ispla1CeMent were found in a1 400,000-vear-old
basalt flow. The overall mapped length of the fault is 24 H iometers,* 3 however, the fault has the potential for being much longer and provides

I a topic of further study. The complicated mechanics of the right-si ip
movement have produced a thrust displacement on a 2-kidlometer segment of
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the fault. The southern reaches of the fault enter thick, lake bed
material which reflects displacement in a highly splayed and diffuse
pattern. I

The southern segment of the Airport Lake fault proved to have right-

slip displacement based on left-stepping ,; . ;.'' patterns and associ-
ated tension grabens. Recency of displacement is indicated by flipped
stones found near the fault scarps. The faulting generally adheres to
the mountain front, although occasionally scarps are formed along young
alluvial fans. These fans are the youngest in a series of at least
four age groups in the area. It has been estimated that the fan could
be no older than 10,000 years. Displacement in the fans is dip-slip
with scarps up to 3 meters in height. Along the fault, the mountain
front is crushed and altered to a reddish-brown color.

The Coso Hot Springs and Haiwee segments of the Airport Lake fault
have abundant offset stream channels and ridges. Flowing hot springs
are common along this portion of the fault. Evidence for extinct
fumeroles is seen as reddened, altered ground with occasional travertine
outcroppings. The overall pattern is left-stepping cn ¢mcZ with

normal-slip displacement on the o(i ,4 zeZffz segments up to 3 meters.
The north end of the fault dissipates in lava flows and is not seen as
a continuous, mappable fault until it reaches the far northern Coso Range.
The mapped length is 30 kilometers.

The faulting on the east side of Airport Lake is in the form of left-
stepping ), ' - ,> faults with dip-slip displacement on each , . ' '
segment reaching 3 meters. The fault crosses recent fan development,
thought to be less than 100 years old, and displaces it by 0.5 meter.
The overall, mapped length is 24 kilometers; however, evidence sugges.ts
that it could be much longer in a southerly direction. This is certainly
an important future topic of study.

3.0 EXPLORATORY TRENCHING

3.1 INTRODUCTION

Three trenches were dug for this study. Trench A is on the Airport
Lake fault immediately west of Airport Lake (Figure 23). Trench B is on
an unnamed fault zone east of Airport Lake (Figure 24). A third trench
was dug across the Little Lake fault (Figure 25) late in this study; the
available data are presented herein.

The location of Trench A was chosen because the fault in that lo-
cality broke the youngest in a sequence of alluvial fans. The location
of Trench B was chosen because the fault formed a small graben in that
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IFIGURE 23. Aerial View Showing Location of Trench A.
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FIGURE 24. Aerial View Showing Location of Trench B.

FIGURE 25. Aerial View Showing the Location ot the Little Lake
Trench.



local Ii tv that could hov exposed in ont. trench cut. The re'luat io
on the 1.itl L aLkIe Lil t was I ch oSeCn b)eCausI of the I ' tono o C0f .1
ton i c do press ion f i I I od withI i no --ands; -ind c Iavs that oft ci roo r
s and 1) lows.

I 3. 2 TRENCH A

French A\ is on the soli thert Ai rport Lake faiul t (Pl ate 2) . At t h is

1 localI i t v, t he f au It st vlIe i s d i p-s Ii ip and i s f ormed i n coa rso, ai nI IH]v 1
mat oer ialIs younger t ha n 81), 000) o rs i n ago- ( F igure 26 ) . T)he o ff sect o n
thIe faul It i s i nd ica ted hov d is p I ,1,emen_ 11t of t wo c i n d -r - r ih, a11 1 1v i k i it s

that al1so con ta in rare obsidian pehh los- ( F i --l ur L 27 ).

A\ccording to a letter from Ch~irl os 1. Pai'on (19479), the obsidi~in
waj~s scanned for zirconiurn, Vt tr i ur, and ruiIdi urn. MlC ob- i J i.11 " )ML'SI I rom one of two poss ibhie domes in the Coso Ranget that dat 1 V 0.0((2
alnd 0l.088 -0.038 mill ion years. Thiis moans that the glaciail :i~e re
repreSen ted in the sect ion. Roy J. Sh I moos, in hiis orail common likcat ion inlI 19801, stated that the upper mater ialIs ca.n he no older than I i,0 Ofllrear
However, this in format ion is ent irel V prol iminarv. The tata 1 IOf fse;Lt
is about 3 meters with the east side dowodropped. There is no 00 idetlCe

of muliple ~I offsets. The width of the fault zone is aipproximate 1 oI 21) cent imet ers.

I3. 2.1I Strat igraphy

j (he following descriptions are keyed to Figure 27.

Unit H is a sandy conglomerate with angular -clasts ind icaiting thei
lack oif transportation distance. The bedding cl aracteristics are, ii
with a lack of sorting.

Unit G is a sand-rich zone with abundant scoria aind rare ohsid0ian
3c Lasts. There is a lack of round ing in the scoria whic lol di cat 05 the
5 possibil ity of primary a irfal I deposit ion. SIlighit bedding can he seen

in the sooria lavers.

Unit F is a slightly-stratified, sandy mudstone. The uni t is poorlvI indurated and changes in carseness 'laterally.

Unit E is a sand-n icli zone with abundant scor ia and rare ohs id ian
clasts. There is a lack of roundilng in the, scori which indicaltes the

puss ibl i t of primary al rfa II deposit ion. SIlighit bedding can be seen

in tile scoria layers.

Unit 1) is a sandy conglomerate tllat is similar in p~article size to
Unit H. Angular boo iders s;ugge-;t the lack of transportat ion distance.
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Unit C is a cinder-rich, sandy lens similar in composition to Units

E and G.

Unit B is a conglomerate with zones of aligned boulders. Alter-

nat ing boulders with sandy layers suggest rapid changes in the energy
of the deposition mechanism. This can be attributed to the change in
slope due to small uplifts along the fault scarp.

Unit A is the debris slope on the scarp face. The composition of

the alluvium is similar to Unit B and was surely derived from it as the

scarp face was eroded.

3.3 TRENCH B

Trench B is on the east side of Airport Lake along an unnamed set

of ,!k ,>:oz faults (Plate 4). This faulting, together with the

southern segment of the Airport Lake fault, forms the deep graben valley
known as Coso Basin. Trench B was placed along the fault scarp where

it was evident from surface expressions that a small, tension graben was

formed at the base of the fault scarp. The trenching showed this to be

the case (Figure 28). The overall displacement is about 3.4 meters on

the east side of the graben (the main fault segment). The total dis-

placement on the west side of the graben is unknown because corre-

sponding units could not be traced (Figure 29). It is assumed, based
on the attitude of bedding and fault geomorphology, that the displace-

ment is probably comparable to that of the main segment.

A short, preliminary soil profile (unified soil classification)
was completed on the upper few tens of centimeters in this trench.

Shlemon also stated that the surface is a weak A horizon probably noV
more that 5000 or 6000 years old. No oxidation was evident beneath
surface clasts. Binding the clasts is a 1-to 2-centimeter fine, platey
layer. Soil stratum IC has a color of 10 YR 7/3 to 6/4 (Muncell color
chart) when moist. The structure is massive, loose consistency, friable,

nonsticky, and nonplastic. There are common, fine, vertical roots.

Stratum IC is 20 centimeters thick with stratified lenticular clasts.
The general classification is a medium, sandy loam. The contact with

soil stratum IIC 2 is abrupt and smooth.

Stratum TIC is 6 centimeters thick and is 10 YR 7/3 (Muncell) in
color. The matrix is slightly redder than above. The structure is mod-
erate medium to coarse, angular, blocky, hard, friable, nonsticky, and
nonplastic. There are few medium, vertical roots. The general clas-

sification is a pebbly, loamy sand. The contact with stratum TIC is
abrupt and smooth. Stratum TIC 3 is 20 centimeters thick and 10 Y 6/4

(Muncell) in color. The structure is massive, granular, loose, soft,
nonsticky, and nonplastic. There are common, vertical, fine roots.

Approximately 10 angular clasts, 3 centimeters in diameter, are In the
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FIGURE 29. A 20 Centimneter-Thick Calkrete Layer That Has Been
Truncated by Faulting.
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matrix. The general classification is a fine sand. Ta contact with
stratum IIIC is clear and wavy.

Stratum [IHC 4C, is 15 centimeters thick. The color is 10 YR 7/1
(Muncell). Structure is weak, fine, subangular, and blocky at the top
and granular at the base. The material is soft, friable, nonstickv,
and nonplastic. There is a weak cement at the top that is strongly
effervescent. Disseminated lime in the matrix is common. The general
classification is a pebbly sand. The contact with stratum IVC5 is
gradual and wavy.

Stratum IVC is 15-plus centimeters thick. The color is 10 YR 6/4,
6/3 (Muncell) when moist (more clay than above). The structure is
massive, soft, and very friable. The material is nonstickv and nonplastic.
There are a few, vertical, fine roots. The general classification is af loamy, coarse sand.

The above information and the fact that very few thin clay films
are in the root tubules and a general lack of colloidal staining on the
mineral grains suggest a late Pleistocene age fo. this section according
to Shlemon (1980). The upper ,ction is probably no more than 3000 to
4000 years old, Shlemon stated.I
3.3.1 Stratigraphy (Figure 28)

I Unit H is a buff-colored, mafic, subaqueous tuff. The tuff contains
several bombs that reach 1 meter in size and abundant, caliche-filled
fractures. The scarp face is slickensided (Figure 30) with a small-
pebble-debris fan which increases in thickness with depth. Tile down-
thrown west side of the tufi was located by digging a small hole a
little less than 1/2-meter deep. The rapid caving of the trench wallIs
did not permit excavation to the tuff laver.

Unit G is buff-colored, medium-grained, sandy gravel with no ap-
parent stratification.

Unit F is a thick, white caliche layer. This laver is fatulted in
several areas as demonstrated by thin fractures and a 1-meter down-step.
The lower side of the layer is slightly graded into Unit C. The origin
cf this layer must by subaqueous because of the purity of the calcium
carbonate and nearly complete lack of sandy materials.

I Unit E is a buff-colored, medium-grained, sandy gravel layer. This
unit is very similar to Unit G in the lack of stratification and large

i1 boulders.

Unit 0 is similar to Unit F except that it is thinner. This unit

is also faulted in the same manner as Unit F, and probably represents
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FI(GURE 30. Slickensided Fault Plane in Irenclh B

another sequek.nce of lake formation in the (,so \;ilt,\'. I .i. m
carbonate is punky but devoid of sandy part icles. it, ii pkr and lower
contacts are scarp.

Unit C is a coarse, sandy gravl with a laver of rocks that vary
from cobbles to boulders at the upper contact. "liere i 5 I ittle evidence
for stratification. This unit is high enoUgh in the Section to have
roots from contemporary flora.

Unit B is a fine-to-coarse, sandy gravel containing a few pebbles
of obsidian. The obsidian pebbles are usually subroanded but clasts
have been found to be angular, indicating a lack of transport distance
that suggests they are from an air fall. The other clasts in the unit
are generally volcanic; however, a few granitic and metemorphic clasts
can be found.

Unit A is a sandy gravel with a few large caliche-coated clasts,
thinly dispersed in the matrix. This unit contains abundant subrounded
obsidian clasts and a lesser number of angular fragments. The obsidiAn
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is probably from an air fall. Roots from contemporary flora are abundant

in this unit.

3.4 LITTLE LAKE TRENCH

1 Toward the end of the present study, the opportunity arose to trench
the Little Lake fault. The trench was placed on a playa surface of sag
pond in the fault zone (also called rhombic depression in this report,
Figure 31). The trench is located across the survey location 3021 in

Section 33 (Plate 1). Because the trench was completed near the end

of this study during the wet season and the trench began to fill with
water, a complete logging of the trench could not be done. In spite of

this problem, however, some data were collected and a preliminary account
is given here.

IThe trench, dug by a bulldozer, is 50 meters long and 4 meters deep
(Figure 32). The displacement seen in the trench is lateral slip, but
as can be seen in Figure 33, the fault is dipping to the southwest. The

I
I
I
I
I
I
I
I

FIGURE 31. Little Lake Trench Showing Its Position Within a Tectonic Depression.

I 
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FIGURE 32. View of the Little Lake Trench Showing Its Length and Width.

FIGURE 33. Truncation of Stratigraphy By the Little Lake Fault.
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FIGURE 34. View of the Stratigraphic Unit That Contains Most ofI the Mud Volcanoes Exposed By the Little Lake Trench.
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width of the zone is about 4 meters. The displacement appeared to reach
the surface.

This trench contains an abundance of liquefaction featUres that are
probably relict mud volcanoes. The light layer seen in Figure 34 contains
most of the liquefaction features. This layer contains carbonized twigs
and chunks of charcoal, radiocarbon dated at 2545 1 160 years. Figure 35
is a close-up of a portion of Figure 34 and shows the fine structure pro-
duced in the liquefaction process. The age dates and preliminary geologic
observations suggest that a large earthquake has occurred on the Little
Lake fault in the last 2500 years. Work is continuing to determine recur-
rence intervals.

3.5 SUMMARY AND CONCLUSIONS

The Airport Lake trench (Trench A) was located on a young, alluvial
fan. The displacement in the trench was seen as 3 meters of dip-slip
offset of two cinder-rich, obsidian-rare layers. The age of these layers,
based on volcaniclastic chronology, is between 88,000 and 90,000 years.
A 2-centimeter soil layer forming the surface is thought to be no more
than 10,000 years in age. There was no evidence in the trench of more
than one earthquake.

A trench on faults along the east side of Airport Lake (Trench B)
exposed a graben with a minimum of 3.4 meters of dip-slip displacement.
Information indicating multiple events was not seen in the trench.
Based on the soil stratigraphv, the faulting is thought to have occurred
in the last few thousand years.

The trench on the Little Lake fault, although incompletely studied,
exposes a 4-meter wide, crushed zone. The fault plane dips to the south-
west. Abundant liquefaction features, probably mud volcanoes, were I
identified along one stratigraphic horizon. This horizon is dated at
about 2500 years and records a major earthquake since that time.

4.0 FAULT SCARP PROFILES

4.1 INTRODUCTION

To determine the age of the fault displacements in northern Nevada,
Wallace (1977) used the geomorphic characteristics of voung fault scarps.
To compare Wallace's data with the data collected for this study of the !
Coso Range, several assumptions were made. These assumptions were:
(1) the climate is similar in both areas, (2) the rock type is similar
in both areas, (3) the compaction and cementation of the displaced rock
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FIGURE 35. View of the Fine Structures Found in a Mud Volcano
Exposed by the Little Lake Trench.
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unit are similar in both areas, and (4) the freeze-and-thaw cvcles are
similar in each area.

The climate and rock types are similar. The freeze-and-thaw cycle-s
are more frequent in northern Nevada. Perhaps the most varied factor is
the compaction and cementation of the displaced rock units. The for-
mation of caliche is an important factor to evaluate the scarp degra-
dation studies. (Although not attempted in this study, a possible so-
lution to the problem may be to obtain the seismic velocity of the
faulted material to determine its relative compaction and compare this
value to scarps with well-determined age dates.)

4.2 FACTORS THAT AFFECT SLOPE DEGRADATION IN THE COSO RANCE

The annual rainfall in the Coso Range averages 5 inches. Most of
that value occurs in a few intense downpours. The freeze-and-thaw cvcles
are such that it would be difficult to estimate through time (i.e., the
last 12,000 years) the number of cycles per year. In this area, freeze-
and-thaw cycles do not now cause significant degradation of fault scarps.
Strong winds are common; velocities often exceed 60 mph.

Rain and wind are the major factors in fault scarp degradation in
the Coso Range. Most of the young fault scarps are embaved by cross-
cutting drainage channels.

4.3 FAULT SCARP PROFILES

4.3.1 Coso Hot Springs Segment of the Airport Lake Fault

Five profiles were measured on the Coso Hot Springs fault. The
displaced material is old, alluvial fan material except for profile 5
which is a young, alluvial fan. Care was taken to avoid areas which may
have been altered by human activity as well as by trails made by feral
burros.

The scarp profiles are presented in Figures 36 through 40. Each
profile shows the upper and lower original surfaces, base and crest,

free face (where not removed by erosion), debris slope, and wash slope. I
Features such as grabens at the base of the scarp and multiple bevels
can be identified. I

Profiles 1, 2, and 4 were measured generally along medium-grained,
bydrothermally-altered alluvium (see Coso Hot Springs segment of the
Airport Lake fault). Profiles 3 and 5 were located on the northeast

end of the fault where the offset material is a coarse, alluvial debris.
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FIGURE 36. Scarp Profile No. I on the Coso Hot Springs Segment of the Airport Lake Fault.
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FIGURE 37. Scarp Profile No. 2 oIn the Coso Hot Springs Segment of the Airport Lake Fault.

45

* 1 .. . .• i . . . i i m | , , .. .



I
NWC TP 6270

60 1

40

LL

30 J
20

10

0 1
0 20 40 60 80 100 120 140 160 180 200

DISTANCE, (FT.)

FIGURE 38. Scarp Profile No. 3 on the Coso Hot Springs Segment of the Airport

Lake Fault.
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FIGURE 39. Scarp Profile No. 4 on the Coso Hot Springs Segment of the Airport
Lake Fault.

46



I
I

NWC TP 6270

I 60

1 50

I 40

30I
1 20

I 10

0 I I I I I I I
0 20 40 60 80 lOG 120 140 160 180 200

DISTANCE, (FTJ

F(GURE 40. Scarp Profile No. 5 on the Coso Hot Springs Segment of the Airport
Lake Fault.

1 4.3.2 Southern Segment of the Airport Lake Fault

Figures 41 and 42 are profiles on the southern segment of the

Airport Lake fault. Profile 1 is on the exact locat ion of Trench .\.

The fault scarp formed in coarse-grained, poorlv-consol idated a 1luvial
fan material. Profile 2 is about 200 meters north of profile I and is

onl an older, consol idated, coarse-grained al luvial fan.

3. 3 Faults on the East Side of Airport Lake

Figure 4 is tile prof ile of a fault east of Airport L.:ike. The
profile is located exactlv at Trench 9. The material on the heldwall
(of the scarp is high lv- conso1id;ited, subaqueous tuff while the footwa11
is in unconsolidated aIluvium.

The details derived from all of the profiles are listed in Table 1.

4. 1.4 Bac k-Cres tSwale

In the Coso Range, a swale is often found on the upthrown block

nea r the crest of normal faults. Swales similiar to these can he found
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FIGURE 41. Scarp Profile No. 1 on the Southern Segment of the Airport Lake Fault.
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FIGURE 42. Scarp Profile No. 2 on the Southern Segment of the Airport Lake Fault.
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FIGURE 43. Scarp Profile No. I on the East Side of Airport Lake.

in Owens Valley, according to Dave Findlev* in an oral cOmmunicat ion in
1979, and in Saline Valley according to John Zellmer* in in or.1i m-
munication in 1979. This feature also occurs in other regions such .s
the Atacama Desert in Chile according to Pierre St.-Amand in in oral
communication in 1979.

f Possible mechanisms for this feature are:

1. Rotational slumping of the free face.

2. Open fracturing parallel to the free fac-e. caused hv Wr~ivi-
tational forces.

3. Open fracturing parallel to the free fat, caused by multi-

ple faulting.

Possible reasons for the formation of back-crest swales can be
derived from exploratory trenching, especially if the stratification
of sediment in the trench is rotated (slumped). In the Cos-o Range,

*Dave Findley and John Zellmer were graduate students at the Iniver-

sity of Nevada at Reno at the time of their conversations with this author.
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trenches havtL, not shown this to he Lhe case. However, the trenches do
show an abundance of cracking on the upthrown side of the fault which
could he caused by gravity frictures parallel to the free face. These
cracks are usuallv not filled. Finally, if the swale is due to multiple
paral Iel faulting, the phenomenon should he pervas ivc a I I 11 on the I en, t h
of the scarp. The profiles do not show this to he the oase. Yhere Iorc,
evidence suggests that slope fail ure is the most 1 ike I v mec han i sm to
produce the swale. Furthermore, since near vert cal fakult scarps irC
common in the Basin and Range province, siumpin.g would hc expected when
the scarp is freshly formed.

I 4.4 SUMNARY AND CONCLUSIONS

Based on fault scarp profile data, the Coso Hot Springs segment of
* the Airport Lake fault has undergone displacement as recent :s about a

hundred years ago. The iighest scarp reaches 7. 1 meters.

The Wallace (1978) method of fault age dating leads to the con-
clusion that tihe southern segment of the Airport Lake fault has under-
gone displacement as recently as about forty years ago; however, this
is certainly anomalous because the last likely event that could have
displaced faults in the Coso Range was the 1872 Owens Valley earthquake,

and indeed profile 2 suggests movement of about that age. An earthquake
since that time, large enough to produce the scarp, would not have goneI unnoticed.

Profile data on the east side of Airport Lake suggest displacement
about a hundred years ago.I

I 5.0 SEISMICITY

i 5.1 INTRODUCTION

The eastern Sierra Nevada zone has long been recognized as having
rapid tectonism and the associated high rate of seismicitv. Earthquakes
in the Ownes Valley, the Walkers Pass, and the Tehachapi areas have shaken

Indian Wells Valley. The following text is a description of these earth-
quakes as well as a discussion of tile local seismicity.U

I
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5.2 DESCRIPTION OF NOTABLE EARTHQUAKES

5.2.1 1872 Owens Valley Earthquake

Most of the damage and loss of life from this earthquake was at
Lone Pine, California. The seismologic details of this earthquake re-
main unknown because no seismograph was operating at that time. Most of
the known information was made available by local residents and sub-
sequent field studies (Whitney, 1872; Hobbs, 1910).

Fifty-two out of fifty-nine buildings in the town of Lone Pine were
either wholly or partially destroyed. The ground ruptured for a distance
of about a hundred miles between the town of Big Pine and Haiwee. The
average vertical displacement at Lone Pine was 13 feet (Oakshott et a].,
1972).

The Owens Valley earthquake is believed to be the greatest earth-
quake on record in the western United States, excluding Alaska (Oakshott,
1972). Damage was noted as far as about three hundred miles from the
epicenter. The Indian Wells Valley comprised several small farms and
ranches as well as an adobe building (which served as a stagecoach
stop and general store) located in the mouth of Indian Wells Canyon.
Whitney (1872) states that this adobe building was partially destroyed
during the Owens Valley earthquake.

Information pertaining to the recurrence interval along the Owens
Valley fault zone is still incomplete. However, according to Oakshott
et at., 1972, geologists and seismologists working on the problem state
that strain builds up in that area to the point of rupture in a few
hundred years.

5.2.2 1917 Owenyo Earthquake

The details of this event consist of information tainted by ambi-
guity. According to the professor in charge of seismological investi-
gations, W. J. Humphreys (1917), there was an earthquake on 7 July 1917,
located at latitude 36 40 ' and longitude 118*01 ' (Owenyo) which was of
intensity VII. Humphrey states in his report that the Los Angeles
aqueduct was broken in the earthquake. This report was submitted to
the Weather Bureau, Washington, D.C., 2 February 1918. There was no
other mention of the earthquake in this report.

Andrew H. Palmer, observer, U.S. Weather Bureau, in a report entitled
"California Earthquakes During 1917" (Palmer, 1918), stated that an earth-
quake occurred on 6 July, latitude 36040' , longitude 118*01 ' (Owenvo) with
an intensity of VII. The following is from his report: (Editorial
note: the following articles are reproduced herein exactly as they were
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published originally. No attempt has been made to edit them in order to
preserve the original meanings and flavors.)

"July 6th. What was probably the most severe earth-
quake of the year occurred in the Owens Valley at 3:01 a.m.
on this date. This shock had an intensity estimated at VII.
It caused a break 160 feet long in the concrete flume of the
Los Angeles aqueduct at a point between the Haiwee Reservoir
and Owens Lake, in Inyo County. Under the direction of Mr.
William Mulholland, Chief Engineer of the aqueduct, the dam-
age was temporarily repaired by bridging the break with
steel pipe. Since that time the flume has been rebuilt and
reinforced. The water supply in Los Angeles was not cut off,
because the break occurred above the HIaiwee Reservoir, which

has a capacity sufficient for the storage of several weeks'
supply of water for the city. In commenting upon this earth-
quake the 5rz, 7rti.jQ.krg "> published the following
editorial on July 17th:"

At this point, Palmer reproduced part of the story printed by the
.~' ,;} .- ~o -hronlnc. Several paragraphs were omitted bv Palmer that
are important to the story. The entire story is reproduced in the

following article.

THE LOS ANGELES AQUEDUCT

Occasional Breaks May Be Expected From Natural Causes

"There are two very serious breaks in the Los Angeles
aqueduct, which some are disposed to attribute to a ',,lot'
of the I.W.W. or German intrigue.

Th, re is no doubt of the hatefulness of the I.W.W. or
of their desire to do anything to hurt anybody. Whether
the foreign public enemies are spending money for such work

is more doubtful, as it apparently would not pay.

Just now it is becoming the habit to attribute all
calamities to the public tnemy, foreign or domestic. But
there are misfortunes even in peace, and they will occur
from natural causes during the war. The cause of these
breaks should 1e ascertained if possible and made public.

They may be the result of the earthquake of a few days
ago which disturbed the ground in part of the Sierra foot-
hills and if that is the cause of these breaks it should be

made known. A moderate seismotic disturbance acting upon

some weak point might make a good deal of trouble.
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This is important to the people of this city, for we also
are preparing to bring water from the Sierra. It is known
that there is an old fault between us and the Sierra and in

the earlier plans for the Hetch-Hetchy enterprise two conduits I
were planned through the danger zone as insurance against
interruption of supply.

If it should appear that these breaks in the Los Angeles
aqueduct, occurring on the same day, were due to seismotic
disturbances we should know it in order that in building our
own works we may take the necessary precautions, which may be
two conduits and extra strength through the danger zone.

Since we have come to understand that an earthquake is
nothing but the slipping of the earth for a few hundred feet
along some fault in the rocks that phenomenon has lost most
of its terror. The mischief that any earthquake of which
there is human experience can do can be prevented by proper
construction. The burning of San Francisco was due to im-
proper construction of the main water conduit supplying this
city. We must take no more chances. If it appears that an
earthquake damaged the Los Angeles tunnel, we must see to it
that the danger is guarded against in our own enterprise."

The paradox surrounding this earthquake begins with a paper written
by Mr. William Mulholland titled E.-Ptqaakcs in Tkir Fc7-ation t 9h
Los An;ees Aqueciuct and published in the same journal issue (BSSA,
Vol. VIII, 1918) as was Palmer's paper. No mention is made by Mulholland
of the Owenyo earthquake. Furthermore, no mention of the earthquake was
made in any of the local Owens Valley newspapers nor does the Los Angeles
Department of Water and Power have any record of the event. The Univer-
sity of California at Berkeley was the recording station for the Weather
Bureau and there is no record of the earthquake there.

Some of these questions, however, are answered in the following ex-
cerpt from Palmer's paper:

"The earthquake hazard is well recognized by residents of
California, and it is a factor which is considered by careful
investors. Earthquake insurance is in growing demand. How-

ever, owing to the absence of trustworthy statistics in the I
past, rates have been more or less arbitrary and most of them
have no scientific basis. Moreover, through a gentlemen's
agreement among California newspaper editors the subject of I
earthquakes is tabooed in the daily press. The general pub-
lic promptly plunges into a kind of hysteria when a severe
earthquake occurs, but soon relapses into complacent indif-

ference to the subject when the immediate danger is over. A
seismologist can therefore expect but little sympathy or sup-
port in the serious investigation of earthquakes." I
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e HISTORICAL SEISMICITY 1932 - 1977
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I FIGURE 44. Plot of the Regional Historical Seismicity From 1932-
1977. The major events are called out by date. WWF is the White

I Wolf fault. (Modified from Walter and Weaver. 1980.)

5.2.3 1946 Walker Pass Earthquake

March 15, 1946 the principal earthquake occurred at 35044 ' N,
118'02' SW; origin time = 05:49:36. A total of 20 measured (Chakrabartv,
1949) aftershocks followed through 1 February 1947. The magnitude of the
main shock was 6.3. The location can be found in Figure 44.

The following is a news story which appeared in the Naval Ordnance
Test Station (NOTS) 1-<ktc, , Tuesday, 19 March 1946.

" Station residents were jolted from their sleep last
Friday morning at 0521 when a sharp earthquake rocked the
entire desert area in the first of four perceptible tremors
felt that day.

I The second shock came 18 minutes later at (1539 when the
day's most severe quake set more than a few people to worrv-
ing whether their roof would hold up under much more of that
kind of treatment.
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A third and mild trembler put in its appearance at 0600

while still another rocked the earth at 1121 later in the
day. A number of slight settling quakes occurred Friday
night and Saturday morning.

According to seismologists at the California Institute
of Technology, the earthquakes were centered about ten miles
north of lnyokern in the Sand Canyon area where falling
rocks tore gapping holes in the Owens River Aqueduct. The
aqueduct carries water to Los Angeles and also supplies NOTS,
but officials said no water shortage would occur as present
reserves would last until the pipeline could be restored to

service.

Although the quake was considered as severe as the

tremor that devastated Long Beach in 1933, slight cracking
of a few walls was the only damage that could immediately

be ascertained at NOTS."

5.2.4 1952 Kern County Earthquake

The main shock of the Kern County earthquake occurred on the White
Wolf fault (WWF, Figure 44) with a magnitude of 7.7 (California Division
of Mines and Geology, CDMG, 1955). Significant aftershocks occurred
from July through August 1953 (Richter, 1955). The effects on Indian
Wells Valley are written in the following newspaper account from the NOTS
,: , ,',, Wednesday, July 23, 1952.

"One of the strongest earthquakes in state history
rocked most of California at 4:55 a.m. Monday.

Damage to the Station was slight. A vane in a section
of overhang at the extreme west portion of Michelson Lab-
oratory shop area was broken off with an estimated S10 dam-
age. A safety valve was popped in the Public Works garage,
releasing live steam.

Several water lines were reported broken in the housing
area by the trouble board. Circuit breakers were tripped and
electricity flow was momentarily halted on a few lines when
wires were swung together. No serious or permanent damage
was reported however.

An undetermined amount of china and glassware was
broken to Station residences, particularly in the trailer
areas. One unconfirmed report described the floor of a
house as having split open. LCDR W. R. Pool, housing
officer, reported a lamp broken and John Richmond,
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C mmunity Manager, told of the chimes on his grandfather
clock ringing from the shake.

A lighting fixture was shaken loose in the housing
office directlv over the rent collection counter and
another fixture was knocked loose in the Public Works

building.

Confusion of waking suddenly in the night was
responsible for two minor casualties here.

Harold C. Berry, a leadingman sheetmetal worker,
was limping around at work Monday as the result of
bruising his big toe when he ran into the closet in-
stead of out the bedroom door when the earthquake shook
him awake and he decided it would be safer out of doors
than in his house.

Ray E. Smith, assistant fire chief, was awakened
by a tiny bell ringing in the cage of his pet parakeet.

Thinking something might be after the bird, he
leaped out of bed about the time the room started to
rock and roll. He was pitched against the wall where
he recieved a small cut on the nose.

Canned goods were thrown to the floor in the
Commissary Store and several bottles were broken.
Three fire alarm boxes, one at Armitage Field and

two in the housing area were touched off. Most
serious damage from the quake occurred in Tehachapi,
approximately 75-80 miles from the Station on the

road to Bakersfield.

Eleven persons including nine children, were killed
in their beds by collapsing walls. A major part of the
business section was destroyed and an outbuilding at
the women's prison was made unusable.

The railroad water tower at Tehachapi collapsed
into the street, crushing a car and ramming it against
a telephone pole in a 'V' shape. The city water tower
was also severely damaged and residents suffered from
a water shortage.

Two ambulances, five medical corpsmen, and
Dr. Arthur Shufro, of the Station infirmary, were

dispatched with medical supplies to the stricken town.
An R4D, a twin-engine transport plane, flew to
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Tehachapi air strip from Armitage Field in case air

evacuation of casualties was necessary.

It was piloted by LT W. L. Cranney, instrument

training and special devices officer at NAF, with

H. A. Johnson, enlisted pilot first class, as co-pilot.

LT Cranney reported the hospital there had lost the
use of its sterilizing equipment and that Edwards Air
Force Base was setting up field kitchens and trucking

in water.

Two other R4Ds and two Beechcrafts were put on

standby service at NAF in case they were needed.

The five corpsmen were Raymond Loveless and

Robert J. Wallace, HMIls; Rodney Rollo, IH42; Jerome

Ciecmierowski, HM3, and Everett Hidlebaugh, HM.

Four security policemen were dispatched from

the Station to Tehachapi for possible use in

directing traffic, keeping the peace and guarding
against looting. They were officers C. F. Ball,

J. C. Phillips, C. D. Zills and II. 0. Creech.

Officer Zills, in an eye-witness account to the
,:hc, z< c, described damage to the women's prison,

at first reported on the radio as untenable, as slight.

Peace Officers from the California Highway Patrol,

Bakersfield, and Tehachapi itself numbered an estimated

50, he stated.

The back porch of the hospital had caved in, he

added and patients had been moved to the front lawn.

There was no panic anywhere in the town, he observed.

Walker Pass, the road from Bakersfield and Highway ',

from Mojave were all closed until they could be checked

for damage and earthslides.

The Ridge Route was also closed by the Highway
Patrol because of slides from the quake. Highway crews
estimated that three days wilt be required to open the

highway, the :3 ;k -rs7& ,, ', ' ". on, reported.

Liberty was held up in the Station Marine barracks

in case Marines were needed as firefighters or guards
against looting in Tehachapi. All fire stations in the

desert area were ordered to stand by and off-duty men

were called in at Inyokern Fire Department.
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The Tehachapi damage was declared a major disaster

by the Red Cross and the Station Red Cross unit offered
its services and went on a standby basis.

Two railroad tunnels between Tehachapi and a nearby
town were collapsed and eight miles of track in Tehachapi

Canyon were twisted out of shape.

Highway Patrol officers reported the Kern River
Canyon closed at the mouth. Thousands of tons of rock
and earth are blocking both ends of the canyon, according
to a (GAP IN NEWSPAPER ACCOUNT).

The quake was given a rating of 7 1/2 by Caltech
seismologists. This compares with the 1906 San Francisco
earthquake, 8 1/4, and the Long Beach quake of March 10,
1933, of 6 1/2 in which 127 were killed and 4150 injured.

This rating scale has zero slightly less than the
magnitude of the smallest recorded shocks. Magnitude
of an earthquake is the common logarithm of the maximum
displacement, expressed in microns, of the trace written
by a standard torsion seismometer at an epicentral dis-

tance of 100 kilometers.

A reading was taken on a seismograph in tower 13
on G-2 range Monday morning. A photograph of the
reading has been sent to Caltech for interpretation.
The instrument here is one of the most sensitive in
the world because of the solid foundation of surrounding
country and consequent lack of 'background noise.'

According to Nelson R. Williams, head of the
atmospheric studies branch of Test Department, who
with Quenton Dalton is in charge of the seismograph,
the local instrument has recorded quakes as far as

j 6000 miles away.

Tehachapi is approximately 5-6 miles north of the

Garlock fault, which runs through the Tehachapi Mountains.
This fault, which branches off the San Andreas Fault at
Corman, passes south of Tehachapi and tile Station and

through the Randsburg - Johannesburg - Red Mountain
triangle. It is named after the village of Carlock, a
few miles west of Randsburg and approximately 25 miles

south of the Station.
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This is the second major earthquake in the last
six years in this area. A series of shocks ranging up
to 6.3 magnitude rocked the Walker Pass area about 12
miles west of Highway 6 on March 15, 1946."

5.2.5 1961 Brown Earthaua ku

On October 19, 1961, an earthquake of magnitude 5.2 occurred east
of Brown, approximately 10 kilometers northwest of Ridgecrest (Figure 44).
The earthquake was felt at China Lake, Ridgecrest, Independence, Bakers-
field, and Los Angeles. A foreshock of magnitude 3.4 was felt at China
Lake about 8 minutes before the main shock (Richter et al., 1962).

The following is taken from an account of the local effects noted
by Roland von Huene (a geologist at \WC).

.() Little Lake (Mrs. Sullivan): Hot water gas
vent pipe pulled out of wall, bottles knocked off of
shelves, apparently no structural damage. Felt first
event quite well - then about 10 min later a second
event was shaking then a sharp jolt occurred.

(2) Nine Mile Canyon and Route 6 (Mr. Julian): Fig-
urines knocked off shelves. No structural damage. Felt
a first slight shaking then about 10 min later (9:10) a
sharp jolt accompanied with shaking. Trailer rocked.

(3) Richfield Station Route 6, approximately
7/10 mile north of Kern-lnyo County Line (Mr. Hornbeck):
Trailer swayed. Trees rustling and rumbling noise. No
structural damage. Very slight Ist event, but approxi-
mately 10 min later a good shaking occurred followed by

a sharp jolt.

(4) Brown Road and Route 6 (Dr. Flagg): Was in bed
at time of quake. Shaking and jolt woke him up. No
structural damage.

(5) Brady (Mr. Ernst): Didn't notice 1st event.
But felt a good jolt and shaking about 9:10 p.m.
Heard a loud rumbling noise. No structural damage.
An employee who resided at Homestead was in bed and
was awakened by the first quake.

(6) Mobil Gas Station in Inyokern: Just felt
a strong jolt accompanied by shaking. Several cans
of oil knocked off shelves (2nd quake).
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(7) One mile south Leliter (Mrs. Jean Durling):

Beds moved. Swaying motion. No noticeable vertical

movement just a sharp jolt. No damage.

(8) Two miles north Leliter (Duel-Berg Farms):
Bottles knocked off shelves. China fell to south side
of building. No structural damage..."

The following was obtained by Glenn Roquemore from an interview.

LB Range, Naval Ordnance Test Station: Fluorescent
lights hung by "S" chains were stretched down to shoulder
level. Machine lathe was rotated 180 degrees. Cabinets
fell to the floor, blocks in block wall were shifted and
cracked (Figure 45), water pipe was pulled from concrete
foundation (Figure 46). Telephones poles were tilted

(Figure 47).

5.2.6 1962 Walker Pass Earthquake

On September 16, 1962, a magnitude 4.9 earthquake occurred near
Walker Pass about 10 kilometers west of Ridgecrest. Near the Sierra
front, rocks fell and the quake was felt in a area that included Invo-
kern, the southern Sierra Nevada, the southern San Joaquin Valley,
Fresno, and Los Angeles (Richter et al., 1962).

The following is an account of the local effects adapted from notes
taken by R. T. Zbur (Naval Ordnance Test Station) and W. R. Movie (U. S.

Geological Survey):

f "ON EARTHQUAKE - 16 September 1962 at 0536
R. T. Zbur and W. R. Moyle

No Name Canyon: Approximately 1/2 mi in canyon,

Los Angeles road. South wall of canyon - I ft-diameter
boulders traveled about 15 ft down a 45 deg slope.
Cracks in road several millimeters wide - striking
SSE. Along with cracks on sand band (slumping). Many

small rocks and boulders slid down sand back (40 deg
slope). North wall of canyon (along Los Angeles aque-
duct road) - six ft by 2 ft boulders in road- 40 deg

slope. Two ft by two ft boulder moved appoximately
5 ft off a 5 deg slope.

Sand Canyon: Approximately 1/2 mi west of Los Angeles
aqueduct siphon at canyon constriction. South-southeast
wall of canyon - slope approximately 50 deg - cracks

6
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FIGURE 45. Closeup View of Machine Shop Wall Showing Crack-

ing and Grouting Along the Foundation Where the Wall Shifted
About 2 Centimeters Off the Foundation (1961 Earthquake).

FIGURE 46. Water Pipe and Concrete Retainer Wall. The water
pipe pulled from the concrete which was patched. Later, however.
events have begun to remove the patch (1961 earthquake).
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FIGURE 47. View of the 1961 Epi..entral Region ShowingI Tilted Powerline Poles.
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visible in thin fan. Fault zone approximately 2 ft wide

and about several hundred feet long, extending from a
crack through a dike. Minor landsliding. Same pattern

of cracks observed on north wall of canyon and directly

across from south-southeast wall cracks. On north wall

landsliding and slumping more pronounced. However, the

slope is about 55 deg. Cracks resembled an erosion phe-
nomemena from a distance - closer inspection shows cracks

discontinuous.

Nine Mile Canyon: Small rocks and boulders up to

1 ft-diameter found along road - slope is very steep

tho' - about 75 to 80 deg in places. Slide material

apparently less severe here than in canyons to the south.
Cracks - on north wall about 1/2 mi west of aqueduct

siphon and along road - cracks in an indurated sand

ungoing saltation deflation.

Homestead (Dr. J. C. Shrader): Felt shock - was

standing outside by auto - car swayed. Audible rumble

similar to a subway train - estimated motion of ground

to be about 2 oscillations per second. Motion was ap-
parently uniform - no sharp movement like October 16,

1961, quake. Dr. and wife felt two smaller tremors

between 2:00 a.m. and 4:00 a.m. No audible sound.

Slight shaking. No damage observed.

Brady's Cafe (Hwy 6 and 395): Felt shock - lights
swayed in cafe and a few dishes and cupboards rattled.
Heard a rumbling sound that appeared to come from under

the cafe - no damage.

Nine Mile Canyon and Hwy 6 and 395: Felt shock - was
sitting in chair reading newspaper (no name given in notes)-

no household articles fell - large objects swayed a little-
small noise heard, like a semitruck pulling into driveway."

5.2.7 February 1977 Ridgecrest Earthquake

On February 14, 1977, two small earthquakes occurred along the same

fault (Airport Lake fault) as the 1961 event. The magnitudes were 3.2
and 3.7. Both quakes were felt in both Ridgecrest and China Lake
(Derr et al., 1977). The following account is taken from the ."

e:n ;cn, Monday and Tuesday, February 14 and 15, 1977. I
RIDGECREST - Ecrthquake activity beginning about

midnight has been rattling the Indian Wells Valley all

morning, but as of press time, has resulted in no re-

ported damage.
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Seismologists at Cal-Tech report that the strongest
of the quake was at 5:58 a.m. with a Richter reading of
3.8. The epicenter of the earthquake, according to Cal-
Tech, is at China Lake.

Most of the earthquakes, occurring at 15 to 30 min-
ute intervals, are not noticable, according to China
Lake Naval Weapons Center spokesman Harry Parode, who
reports that the strongest jolt awakened his wife, Helen.

Bill Finnegan, at China Lake's Earth and Planetary
Sciences Division, says that it is not yet known precisely
whore the quake is centered.

Jack Crawford, head of the Weapons Department at
China Lake, said he felt the earthquake as a mild shock
followed by a stronger one.

MILD AFTERSHOCKS BEING FELT LOCALLY
15 February 1977

RIDGECREST - Mild aftershocks from the China Lake
earthquake early Monday were continuing into the pre-
dawn hours this morning.

The main shock of the 3.8-Richter-scale quake was
recorded at 5:58 a.m. Monday. It was preceded by several
small foreshocks, seismographs show.

The first aftershock came about two minutes after
the main spike, according to Fred Davis, a physicist
from the Earth and Planetary Sciences Division of the
Naval Weapons Center.

The aftershocks, which "might be felt, but just
barely," began to space out at 10 to 15 minute intervals
until 11:00 a.m. when they dropped to approximately
hourly intervals, Davis said.

The United States Geological Survey (USGS) from
Menlo Park has reported the earthquake epicenter at
approximately two miles north of the Naval Air Facility
at Armitage Field.

USGS scientists are still attempting to detect
the approximate depth of the quake, with such infor-

mation to be used when later scouting the area for
signs of physical fracturing or telephone pole

real ignment.
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The Garlock fault is believed innocent of causing
the quake through slippage, with the blame more likel v
falling on one of many small, unnamed faults inder the
Vil 1ey.

Several local residents reported waking I rom their
sleep when the quake struck. Some reported feeling
motion for up to four seconds, which is not at all
unusual according to Cal Tech graduate student Carl
Johnson. In fact, it would be unusual if no one was
awakened, he said.

5.2.8 March 1977 Ridgecrest Earthquakes

On March 7, 1977, two earthquakes occurred in the Ridgecrest area.
The first earthquake was magnitude 3.0 and the second was mao!nitude 3.2
(Derr et al., 1977).

The following is a newspaper account of the earthquake from the
Tuesday, March 8, 1977.

RIDGECREST - Seismographs were not working yesterday
afternoon at the China Lake Naval Weapons Center's Earth
and Planetary Sciences Lab, but it didn't matter.

Wlien the first of two earthquakes jarred the
building about 2 p.m., the people working tmere felt
it.

"I was sitting in a chair and there was a small
jolt that just lasted a second or so," said Harold Cronin.

Secretary Reta Roquemore, whose earthquake-expert
boss, Dr. Pierre St. Amand was out of town and missed
the local show, agreed, "We felt it."

"My desk moved forward," said Mrs. Roquemore,
who noted that some of her co-workers mentioned
hearing a noise before they felt the shock.

She noticed people beginning to move towards
the seismograph, too, unaware that the machinery
was not working.

Cal Tech reported that the first jolt about
2 p.m. measured 3.2 on the Richter scale. A second
earthquake at 3:16 p.m. measured 3.0.
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Epicenter of the earthquakes was believed to
be about five miles southwest of China Lake, perhaps
in the vicinity of the White Star Mine. At Hi-Desert
Sauna and Spa, however, at the White Star Mine, Ruth
Kirley reported that no one there felt the earthquake.I

At the Daily Independent, the earthquake jarred
desks and set an entryway hanging light swaying.

No damage was reported.

5.2.9 1979 Walker Pass Earthquake

On June 14, 1979, there was a magnitude-4.3 earthquake near Walker
Pass (Figure 44). Reports from Ridgecrest and China Lake residents in-
clude moderate shaking of houses, about 60% of the residents were awakened,
and there were reports of audible rumbling. No damage was reported.

5.2.10 Local Seismicity

One of the first indications of high seismicity on the southeast
side of the Sierra Nevada came in a paper by Allen et al., (1965).
Figure 48, shows the relative location of a few earthquakes larger than
magnitude 6 that have occurred near Indian Wells Valley. Figure 49,
is a strain release map using earthquakes of magnitude 3 and larger in
the strain calculations (Allen et al., 1965). When both Figures 48
and 49 are taken into account, it becomes obvious that an abundance
of high-magnitude earthquakes as well as low-magnitude earthquakes
occur in the region including Indian Wells Valley. After this work,
little research was accomplished until seismicity for geothermal ex-
ploration became important in the Coso Range.

Walter has completed the most thorough examination of local seis-
micity to date. Walter found that fault-plane solutions show a regional
north-south compression. Also, earthquakes located in northwest-striking
zones generally have right-slip focal mechanisms, those in northeast-
striking zones have left-slip focal mechanisms, and those in north-south
striking zones have both normal-slip and lateral-slip focal mechanisms.
These conclusions are in strong agreement with the geologic evidence that
demonstrates dominant northwest-striking, right-slip faults with north-
east-striking, left-slip and north-south striking, conjugate faults.

Figure 44, shows the regional seismicity from 1932 to 1977. The
epicenters are from Cal Tech and USGS seismic networks (Fuis et al.,
1977, 1978; Friedman et al., 1976; Hileman et al., 1973). The
dominant northeast band of seismicity in Figure 44 is identical to the
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FIGURE 48. Geographic Plot of Southern California Region Showing

Locations of Earthquakes Larger Than Magnitude 6.0. (Modified from Allen
et al., 1965.)
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STRAIN RELEASE
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FIGURE 49. Strain-Relief Map of the Southern California Region. (Modified from
Allen et al., 1965.)
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trend shown in Figure 49. These data further support the geologic evi-
dence of rapid tectonism in the Coso Range and Indian Wells Valley areas.
Figure 50 shows several epicenter alignments in the Coso Range and northern
Indian Wells Valley. Relatively speaking, there is somewhat of a seismic
gap about 5 kilometers wide along the Sierran front (seen in Figure 50)
except for a band of seismicity trending in a northeast direction across

the Coso Range. Data presented later suggest that this zone may be a
thrust and is consistent with the regional tectonics. The seismic pattern
conforms very well with the fault pattern of the area. The area around
the letter "I" is the north end of Indian Wells Valley which is a closed
basin sandwiched between the north-south-trending Sierra Nevada and Argus
mountain ranges. The seismicity in this area forms a north-south align-
ment with normal-fault focal mechanisms. The seismicity and the geo-
morphology suggest an east-west extensional mechanism for Indian Wells
Valley. Where the south end of the Coso Range begins, south of the letter
"B," there is a discontinuity in the orography. The range fronts and
associated valleys bend to the west. This can be seen to the east in
Panamint Valley as well. As the geomorphology changes, the dominant
focal mechanism shifts to northwest trending, right-lateral strike-
slip. The strike of the focal-mechanism-derived fault planes parallel
the northwest trend of the valleys almost identically. About 2 kilo-
meters east of the letter "B," there is a major north-south trend in the
seismicity. The valley in which this seismicity occurs is north-south
trending and, not so surprisingly, the normal fault focal mechanisms are

north-south as well.

Figure 51, shows the focal mechanisms from October 1975 to September
1977. The northwest-trending, right-slip, focal mechanisms are dominant
with the normal-slip, focal mechanisms occurring as conjugate systems
resulting from the primary right-slip tectonics. j

The tectonics of the Coso Range, as demonstrated by the seismicity,
suggest east-west spreading brought about by the right-slip movement. This
opening begins at the Garlock fault and continues northward at least
400 kilometers. The Coso Range may represent a pressure ridge in the

regional picture. Indian Wells Valley and the closed basin which contains
Owens Lake both represent regional sag ponds in this scenario. These I
observations are discussed in Chapter 8.

5.3 SUMARY AND CONCLUSIONS I

Regional and local seismicity has caused damage to communities on
China Lake and Ridgecrest. One of the largest earthquakes in California I
history occurred within 100 kilometers of the study area. Microseismicitv

occurs every day and demonstrates a very high rate of tectonism in the

Coso Range. T;h,, :,otc'Iti il f i,

I
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FIGURE 51. Plot of Focal Mechanisms for the Coso Range. (Modified
from Walter and Weaver, 1980.)
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The alignment of epicenters and focal mechanism plots both agree

with th( geologically-obtained data on the local tectonic mechanism.9
6.0 CALCULATION OF DESIGN EARTHQUAKE

6.1 INTROD'CTION

When a fault has not produced significant historical earthquakes,
calculation of a ;ccm A;iu :xu proves useful. The 7, :;j -. t , u
is defined as the earthquake of highest, credible magnitude a given fault
can produce based on either statistics of the length or the displacement
of faults that have historical earthquakes or both. The representation
of this data is in the form of curves that plot the parameters of mag-
nitude versus length and magnitude versus displacement as well as other
modifications (Tocher, 1958; lida, 1959, 1965; Albee and Smith, 1966;
BonilLa, 1967, 1970; and Bonilla and Buchanan, 1970). Slemmons (1977)
has normalized these curves in the equation M = a + b log x. that be-
comes the basis for the calculations presented herein. In the equation,
log x will be replaced by log L (lecxgth) and log D (displacement). The
statistical calculations by Slemmons (1977), include groupings of data
for faults of all types in North America (NA), faults of all types world-
wide (WW), all lateral-slip faults (LS), and all normal-slip faults (NS).
These data can be used to calculate a :,,7..11 CP ';7Yvc.

b.2 DESIGN EARTHQUAKE (LITTLE LAKE FAULT)

For calculations done for the Little Lake fault, a length of 24 kilo-
meters was used. The limitations to this length designation are that the
Little Lake fault merges with the Sierra Nevada frontal fault and could
be considered much longer, and the Little Lake fault has not been mapped
to the south. Therefore, 24 kilometers is a minimum length. The dis-
placement value used in the calculations is based on 250 meters of right-
slip displacement on a 400,000-year-old basalt flow.

In Table 2, the Little Lake fault results are listed by type of fault,
magnitude, and recurrence interval based on 250 meters of displacement in
the last 400,000 years. All magnitudes were calculated using length only.

TABLE 2. Design Earthquake Data For the Little Lake Fault.

Fal Displacement, Return interval,
Fault type Magnitude mersyas

meters years

NA 6.4 0.49 784
WW 6.8 1.05 1680
LS 6.5 0.675 1080
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6.3 DESIGN EARTHQUAKE (AIRPORT LAKE FAULT)

The length of 30 kilometers chosen for the Airport Lake fault is a
minimum length. The fault is dispersed in lava flows at its north end
and, therefore, arbitrarily ended there for this study. The south end
of the fault was not mapped in this study. The displacement on the fault
is based on 3.4 meters on normal-slip seen in the exploratory trench, and
123 meters of right-slip in a basalt assumed to be 400,000-years-old.
The age of the basalt has not been determined. The flow has been placed
in the geologic column between two flows dated by potassium-argon as
400,000 and I x 106 years (Duffield and Bacon, 1977).

The magnitude of the design earthquake on the Airport Lake fault
was calculated from the length and the displacement. The date of the
3.4 meters of offset is not known and, therefore, not used in the return
interval calculations. Table 3 lists the results of these calculations
for the Airport Lake fault.

TABLE 3. Design Earthquake Data for the Airport Lake Fault.

Magnitude vs Displacement, Return interval,
Fault type displacement meters years

NA 7.3 3.4 ...
NU 7.4 3.4 ...

NS 7.4 3.4 ...

Magnitude vs Displacement, Return interval,
Fault type length meters years

NA 6.6 0.65 2080
W 6.9 1.25 4000
NS 7.0 ......
LS 6.6 0.83 2656

6.4 DESIGN EARTHRUAKE (EAST SIDE AIRPORT LAKE FAULT)

For the fault on the east side of Airport Lake, a length of 11 kilo-
meters is probably very close to reality; however, further study could
extend the fault to the south. The displacement chosen is 3.4 meters of
normal slip as seen in the exploratory trench. The age of this displace-
ment is unknown and, therefore, a recurrence interval is not provided.
Table 4 lists the calculated resUlts for these faults.
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TABLE 4. Design Earthquake Data for the Faults

on the East Side of Airport Lake.

Displacement, Return interval,Type of fault Magnitude mtr er
meters years

NA 7.3 3.4 ...
WW 7.4 3.4 ...

NS 7.4 3.4 ...

NA 5.9 3.4
WW 6.4 3.4 ...
NS 6.5 3.4 ...
LS 6.1 3.4 . .

6.5 SUMMARY AND CONCLUSIONS

The design earthquake is often used when no historical earthquake
information is available on a specific fault. According to the design
earthquake formulas, the average magnitudes (M), displacements (D), and

return intervals (RI) are as follows: The Little Lake fault, N = 6.6,
D = 0.74 meter, RI = 3000 years; faults east side of Airport Lake

M = 6.7, D = 3.4 meters.

Other faults in the area such as the Garlock, Sierra Nevada, and

Kern faults are much longer. These faults are capable of producing an
earthquake much larger than those mapped in this study.

7.0 PRESENT LOCAL TECTONIC PATTERN

7.1 INTRODUCTION

jThis chapter, based primarily on original geologic and geomorphic

information, provides the basis for a synthesis of present-day tectonics
in the Coso Range region of southeast California. This interpretation is

jrelevant to the assessment of the structure development of the Basin and

Range province. Presented is a view of important observations based on
the patterns of faulting, geomorphology, and geochronology; a synthesis
drawing from these evidences is presented.

Four major points that relate to the tectonic interpretation of the
Coso Range are listed as follows:

1. The structure is consistent with the Basin-and-Range stress
pat terns.
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2. The rate and style of vertical and horizontal displacement
suggest transition between strike-slip tectonics to the west and exten-
sional tectonics to the east.

3. Arcuate faulting in the Coso Range results from the strike-
slip component of regional stress there.

4. The fumerolic activity is controlled largely by faults with a
significant oblique-slip component, and thus is unrelated to caldera
formation as suggested by earlier workers (see Chapter 1). Each of these
points is discussed in the following paragraphs.

7.2 STRUCTURE CONSISTENT WITH BASIN AND RANGE STRESS PATTERNS

7.2.1 Graben Valleys and Tilted Blocks

Rose Valley (Figure 52) separates the Coso Range from the Sierra
Nevada. According to Healy and Press (1964), it represents a southward
extension of the Owens Valley graben. Their interpretation is consistent
with later work carried out by Slemmons (personal communication), who
found that faults mapped in the southern Owens Valley connect with those

mapped by Allen et al., (1965) and by Roquemore (1977), (Naval Weapons
Center Technical Publication 6036, being published). The valley fill in
the center of Rose Valley is over 1670 meters thick, which indicates
substantial down-faulting on the valley margins. Basin structures of
this type are typical of a 240-kilometer zone along the Sierra front
(Healy and Pres, 1964). The west side of Rose Valley is bounded by
the northeast-striking Sierra Nevada frontal fault zone, where Duffield
and Smith (1978) report over 1200 meters of vertical movement. To the
east of Rose Valley, there are several step-faulted, west-tilted blocks
of the Pliocene Coso Formation (Power, 1958). The faulting in Rose
Valley is high-angle, normal-slip and results in low- to moderately-
tilted fault blocks.

Coso Valley (Figure 52) is in the south-central portion of the
Coso Range. This graben valley is bound on the west by the Airport
Lake fault, which is a left-stepping, en ehelZon, range-front fault.
Two asymmetrical graben structures, one of which is nearly 2 kilometers

wide, are within the zone of faulting. The Airport Lake fault strikes I
north 10 degrees to north 20 degrees east and dips from 50 degrees east
to vertical. Bounding the east side of Coso Valley is the highly step-
faulted Wild Horse Mesa. Along this zone, thin sheets of basalt and I
andesite lava flows are broken by high-angle, normal faults with a sinuous,
left-stepping, en e(heZon pattern. The Coso Hot Springs fault (east of
Coso Hot Springs in Figure 52) strikes north 25 degrees east with a dip
of 45 degrees to 55 degrees southeast and bounds Coso Valley on the north.
It probably connects the Airport Lake fault and Haiwee Springs faults in
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FIGURE 52. Fault Map of the Coso Range. (AP) Airport Lake. (LLF)
Little Lake fault. (1.1) Little Lake. (SLM) Sugarloaf Mountain. (CHS) Coso

Hot prigs,(CP) Cactus Peak, (UCF) Upper Cactus Flat. (MF) McCloud
Flat. (CF) Cactus Flat. The shaded area marks the topography above 5000
feet. The hatched areas are rhyolite domes.
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a single , . zone. The right-oblique-slip displacement along this
zone is consistent with orientation of the maximum compressive stress at

north 15 degrees to north 25 degrees east, and the minimum compressive

stress at north 65 degrees to north 75 degrees west. These stresses
are shown, together with a detailed schematic drawing of faults in the

Coso Basin graben, in Figure 53. The direction of extension stress is
rotated about 25 degrees clockwise from that obtained by Carr (1974) for
the Nevada test site to the east.

7.2.2 Strike-Slip Faults

Most of the normal faults in the Coso Range are generally north-
trending and have right-slip displacement associated with them either as
right-oblique-slip or as left-stepping, .ji ,k',4,i, pattern. Examples of

right-slip faults include the Airport Lake fault, Wild Horse Mesa, and

the Little Lake faults. The Airport lake fault is a prime example of an
~Cu hc"i fault associated with right-slip movement, as evidenced by a
right-slip, offset basalt flow and by the typical, left-stepping -;? - -,,, :;
pattern in Coso Vallev. On Wild Horse Mesa (Figure 54) a pattern of
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FIGURE 54. Aerial View of Wild Horse Mesa Showing Abundant

Step-Faults.

sinuous, left-stepping fractures stair-step-down west to the (so Basin
(see Coso Hot Springs, Figure 52). The Little Lake fault (Figure 53) is
perhaps the most spectacular example in this part of the Basin and Range
province; it has many of the typical landforms characteristic of strike-

slip faults (Slemmons, 1977), including rhombic depressions, benches,
side-hill ridges, linear troughs, and shutter ridges. Such clear mani-
festations of horizontal movement ire rare east of the Walker Lane in the
Bisin and Range pr,,vince, as evidenced by the lack of its being mentioned
;n the literature uf the area.

1 7.2.3 White Hills Anticline

T"he White Hills anticline, which strikes north 65 degrees to north
75 degrees west, is a clear example of a primary fold. Its orientation
is perpendicular to the direction of maximum compressive stress which is
inferred by the faulting pattern (north 15 degrees to north 25 degrees
east, Figure 53). The Wilson Canyon fault, running parallel to this fold
and north of it, was active in pre-Quarternary time and had left-slip
movement (Zbur, 1963). At present, this fault is seismically inactiveI (Walter and Weaver, 1980).
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7.2.4 Alignment 
of Volcanoes 

6

Nakamura (1977) found that the orientation of average tectonic
stress may be determined by utilizing dike patterns and the alignment I
of volcanic cones. With equidirectional tectonic stress the dikes often
extend radially from a central source, but with differential horizontal
stress, they tend to be parallel to the direction of maximum horizontal
compressive stress. Assuming a single source of the magma of the basaltic
cones near Volcano Peak (Figure 53), the lineup of cinder cones (north
50 degrees west) indicates the same general direction of minimum compres-
sive stress as shown by the faults and the White Hills anticline.
Evidence for the single magma source for these cones is (1) Close spatial
relation along a line and (2) similar composition f the basalts (Duffield
and Bacon, 1977).

7.3 RATE AND STYLE OF VERTICAL AND HORIZONTAL DISPLACEMENTS

7.3.1 Vertical Displacements

Vertical displacements are expresed in the Coso Range as horst-and-
graben structures, tilted blocks, and step faults. As two examples here
show, vertical rates are very rapid. A distinctive, capping rhyodacite
flow above the Coso Formation is offset 600 meters at a site on the west
flank of the Coso Range (Roquemore, 1977). Duffield and Bacon (1977)
give an age of about 2.5 million years for this flow. This determination
of offset is based on the present position atop the Coso Range and the
location of the same flow buried in Rose Valley, identified by geophysical
methods (Healy and Press, 1964). The inferred rate of vertical move-
ment based on this offset is 1.8 millimeters per year. Similarly, on
Wild Horse Mesa, another area of tectonic extension and associated step
faults has been dated at about 3 million years by Duffield and Bacon (1977).
The total offset of this flow has not been determined because the lowest
down-dropped block is buried in the Coso Basin alluvium, but the offset
is at least 600 meters. This gives a minimum rate of vertical deformation
on Wild Horse Mesa at 0.2 millimeter per year.

7.3.2 Horizontal Displacements

Geomorphologic evidence can be used to estimate horizontal rates of
offset on both the Little Lake and Airport Lake faults. The Little Lake
fault strikes north 40 degrees west from near the Garlock fault. It is
best exposed near the settlement of Little Lake where a young lava flow
is offset. The Little Lake fault is predominantly right-slip, and off-
sets a basalt flow date] at 440,000 years (Duffield and Smith, 1978) by
250 meters. This indicates an average slip rate of 0.6 millimeter per
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year. Since the lava flow is modified by stream erosion, this is prob-
ably a minimum estimate. A shutter ridge along the fault is offset
only 30 meters, but wash channels are diverted which contain highly-
crushed, landslide material from the Sierra Nevada. This landslide mate-
rial is determined to be younger than the 440,000-year-old basalt because
it has not been eroded by the ancient Owens River as has the basalt.

Similar drainage offsets along the Airport Lake fault cannot be used for
calculation rate-of-movement, because they are highly modified by seasonal
flash floods. An offset basalt flow, which has not been potassium-argon
dated, provided a measured displacement of 125 meters on this fault. Based
on potassium-argon dating and field relations, Duffield and Bacon (1977)
have placed this flow on their geologic column between two others with
ages of about 0.400 and 1.0 million years, respectively. These numbers
imply offset rates ranging between 0.3 and 0.1 millimeter per year on
this fault.

7.4 FUMEROLIC ACTIVITY ALONG BASIN AND RANGE FAULTS
IN THE COSO RANGE

Austin et al., (1971) and Koenig et al., (1972) noted the presence
of radial faults projecting outward toward the circumference of a feature
in the Coso Range that they identified as a ring structure. In this
interpretation, one would expect fumerolic activity to concentrate along
these radial faults, and that motion on them should be normal faulting
because they are extensional. Among the dozens of known hot springs
in the Coso Range, all but two are associated with faults; the two ex-
ceptions are in the Sugarloaf Mountain area shown on Figure 52, and in
the Devils Kitchen area 1 mile to the east. However, most of the faults
in the Coso Range that are associated with hot springs have significant
components of oblique-slip. (See the foregoing discussion on lateral
faults.) Two examples are the Airport Lake fault with right-slip offset
of a basalt flow and the Coso Hot Springs fault with a left-stepping
("n echelon pattern. Both of these faults have the main concentration of
hot springs in the region. These faults have a strike-slip displace-
ment of a sense consistent with the local tectonic stress pattern as
seen in Figure 53. The strike-slip character shown is not required by

ring fault or caldera-like features, nor is ring faulting consistent with

the tectonic regime.I
7.5 ARCUATE FAULTS IN THE COSO RANGE

In the area around McCloud Flat (Figure 55), a set of short seg-
mented, and slightly curved faults define a crude arch. These faults
have been interpreted (Austin et al., 1971 and Koenig et al., 1972)
as a structure which resembles those associated with calderas. Chinnery

(1966) has proposed that secondary faults forming at the ends of large-
scale, strike-slip, master faults are often arcuate (Figure 55). This is

r81



NWC TP 6270

1 L.

-J..

'MFI

,, iiI " I

(a) (b)
Existing fault pattern in the Coso Range. Fault patterns predicted by Chinnery

to occur at the end of right-slip
master faults.

FIGURE 55. Diagram Showing How Chinnery's Concept of Arcuate Faults Apply
to the Coso Range. The heavy line with direction arrows in (a) represent the overall
orientation of right slip in the region.
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a plausible concept for the arcuate faults in the Coso Range because the
Coso Range is located at the south end of a long zone of right-slip as
evidenced by the Owens Valley fault zone. Also south of the Coso Range

is a very different tectonic style as evidenced by the east-west trending,
left-slip, Garlock fault. There is no requirement for arcuate faults to
be directly associated with volcano-genic origins. In the Coso Range,
some of the arcuate faults have strike-slip striations on fault planes
(St. Amand, personal communication) as predicted by Chinnery (1966). Ring

dikes or other volcanic features cannot be linked with these arcuate faults.I
7.6 SUMMARY AND CONCLUSIONS

I Austin et al., (1971), Koenig et al., (1972), and Duffield (1975)
have all interpreted the arcuate features of faulting in the Coso Moun-
tains in terms of recent subsidence within a caldera-like structure.
Thus, under these interpretations, volcanism controls the structural fea-
tures of the region.

In this paper, it has been shown that the sense of faulting is con-
sistent with the predominant principal stress directions of the Basin and
Range (i.e., east-west extension and northeast-southwest compression).
The volcanic and fumerolic activity are clearly associated with features

that relate to these stresses, and thus manifestations of them rather
than indicators of the dominant tectonic mechanism of the area. Also,
it follows then, the overall assessment of the geothermal potential may9be reduced by these factors.

The pattern of regional stress developed in this paper is consis-
tent with that stress expected in the southwest Basin and Range province;

graben structures and normal faulting running north-south. This paper
documents a significant component of right-lateral, strike-slip motion

I that is consistent with San Andreas-Garlock tectonism to the west and
south. Therefore, the area fits Wright's (1976) classification of Basin
and Range province "Deformation Field II" as he predicted it would: The
Coso Range area is a region of transition between San Andreas-Garlock
and Basin and Range province, with recent folding and faulting showing

:haracteristics of each of these provinces, and some peculiar to itself.

8.0 REGIONAL TECTONICS

8.1 INTRODUCTION

Allen et al. (1965) state that the faults of the Owens Valley-
Death Valley region probably represent features that are transitional
between true San Andreas and true Basin and Range tectonic patterns.
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Wright (1976) identified two deformational fields within the Basin and
Range province based on his observations as follows: (1) Field I en-
compasses most of Nevada and is characterized by steeply-dipping, normal
faults oriented north-northeast, (2) Field II is bound approximately on
the east by the Walker Lane and bound on the west by the Sierra Nevada
block, (3) Field II contains gently-dipping, normal faults oriented north-
northwest, and abundant conjugate shears, and (4) Deformational Field IT
is topographically and structurally distinct from tile rest of the Great
Basin because most of the mountain ranges trend northwestward. Wright
goes on to state that this region is incompletely studied. Slemmons
(1967) noted that the Walker Lane, a zone 10 to 20 miles wide and 450 miles
in length, separates northwest-southeast topographic trends to the west
and north-south to north-northeast, south-southeast trends to the east.
Roquemore (1978) found evidence for structures compatible with a Basin
and Range/Sierra Nevada transition zone in the Coso Range.

Troxel et al. (1972) suggested that the area north of the Carlock
fault had been extended. Davis and Burchfiel (1973) conclude that the
Garlock fault is a transform structure, that the southern Basin and Range
province is spreading faster than its northern counterpart, and that the
Basin and Range province is still being formed by east-west extension
without significant right shear. This model, however, does not totally
explain the structural anomaly found in the western Basin and Range
province. New data allow us to build upon the hypothesis of Davis and
Burchfiel to explain the anomalous structure found in the western Basin
and Range province. A discussion of a possible structural mechanism
fol lows.

Zoback and Zoback (1980) report that the Sierra Nevada Block has a
least-principal, horizontal-stress direction oriented west-northwest to
northwest and is a region of stress transition from strike-slip deforma-
tion on the S,' Andreas to extensional deformation in the Basin and Range
province. ZobacK and Zoback (1980) also state that the least-principal,
horizontal stress direction for the Basin and Range is west-northwest and
is a region of active, crustal spreading by distributed normal and oblique-
slip, normal faulting. However, the westernmost part of the province ex-
hibits both strike-slip and normal faulting (Slemmons et al., 1979).

My observations indicate that the structure of the Coso Range in
the western Basin and Range province exhibits a change in properties be-
tween the San Andreas and Ba,;in and Range province, based on (1) a nearly
east-west orientation in the least-principal, horizontal-stress direction,
and (2) abundant northwest-oriented, right-slip faults. This seems to be
true for the remainder of tle transition area between the Walker lane
and the Sierra Nevada from Mono Lake to the CarloLk fault (Carr, 1974;
Wright, 1976). This observation, if true, suggests the hypothesis dis-
cussed in tile following paragraphs. J
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8.2 TECTONIC MODEI. FOR THE AREA BETWEEN THE SIERRA NEVADA AND THE
WALKER LANE

The fault pattern of the western U'nited States and parts of Mexico
is shown in Figure 56 (modified from Atwater, 1970). The area in question
is located east of the Sierra Nevada and west of the Walker Lane. The
region is roughly triangular in shape with the sides of the triangle
formed by the Sierra Nevada, Walker Lane, and Garlock fault. The dis-
tinct difference in structural trend between the Sierra Nevada, Walker
Lane, and the Basin and Range province is clearly seen in Figure 56. The
faults in the Basin and Range province are north-northeast trending. The
faults along the Walker Lane are northwest trending. The faults in the
study area are slightly more north than those in the Walker Lane.

If the Walker Lane were a conjugate shear to the deep-seated, north-
south, compressional forces that extend the Basin and Range province, the
Sierra Nevada Block would migrate northwestward along the Walker Lane
failure plane. If the San Andreas fault increased its slip-rate or
had a higher rate of slip than the Walker Lane, a drag-rotation (clock-
wise) of the Sierra Nevada might be expected to occur. This rotation
would explain (1) the bend in southern end of the Kern Canyon fault,
(2) the existence of the Garlock fault, and (3) the structural anomaly
between the Walker Lane and the Sierra Nevada Block, the abundant com-
pressional structures west of the Sierra Nevada Block, and the bend in
the San Andreas where the Carlock fault intersects it.

Figure 57 is a schematic diagram of Figure 56, showing part of the
Basin and Range province with a set of opposing arrows representing the
direction of least-principal, horizontal stress. Arrow V3 indicates the
slowest rate of northwest migration. Walker Lane separates the zone of
east-west extension from areas to the west. A set of opposing arrows
shows the direction of least-principal, horizontal stress in the area that
includes the Garlock fault, Sierra Nevada, and the transitional zone
(seen here as a wedge shape bound by the Sierra Nevada, Garlock fault,
and the Walker Lane). Also shown is another arrow that denotes the area
as having an intermediate rate (V2 ) of northwest migration. The San
Andreas fault separates the V, zone and the V zone. The V zone has
the highest rate of northwest-migration. I

Assuming the Sierra Nevada drag-rotated under the above proposed
conditions, the Garlock fault, the bend in the San Andreas, the com-
pressional structures west of the Sierra Nevada block, and the different
structural style of the transition zone could have been the result.

8.3 SUMMARY AND CONCLUSIONS

The zone between the Sierra Nevada and the Walker Lane has long been
noticed as being structurally different than that of the main Basin and
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FIGURE 56. Fault Map of the Western United States and Mexico.
(EPR) East Pacific rise, (WL) Walker Lane, (G) Garlock fault, (SN)
Sierra Nevada, (SA) San Andreas fault, (BRP) Basin and Range
province, (GV) Great Valley. Block areas are Quaternary volcanic
rocks. Stippled areas are granitic plutonic rocks. (Modified from
Atwater, 1970.)

86



I

AD-A121 544 ACTIVE FAULTS AD ASSOCIAt ICOI ,tr SS IN THE d
COSO RANGE CALIPCINIA(U) NAVAL WEAPON CENfTE CHINA

UNCLASSIFIED AEC O11101 U 1M-P07 FIG S/? NL

EE

Eu..



i~US 1.2.,

. .L

~140 , 102M

11111.5 11111 1.8

MICROCOPY RESOLUTrON TEST CHART
NATIONA. UREAU OF STANODARDS-

96 3 -A



I
NWC TP 6270

I

64,

1Pft.
414

........ .. ..

~~/////
/// ////

//'////'///.:

V1

////' ///"iV2

///

(/////.//V3

V///

1 49"

FIGURE 57. Schematic of Figure 56. (SAF) San Andreas fault,

(GF) Garlock fault, (SN) Sierra Nevada. This schematic shows theInorthwestward migration of three sections of crust. The slowest

movement is seen as V3 . The intermediate northwest migration

velocity is V2 . The highest northwest migration velocity, V1 .

corresponds with movement on the San Andreas fault.
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Range province. Wright (1975) showed that most of the otrutUrcs in his
I)eformationai Field 1 (Basin and Range proper) a rc north-north:lst trcnd-
ing and dominated by normal-.-sip faulting. This report prC,.Ints Cvid C nC

that Wrighlt's Deformational Field 11 (zone between the Sicrra Ncvada :ind
Walker Lane) contoins abundant northwest, right-slip faults and north-
south trending, normal-slip faults and that the Walker Lane is boundary
hetwcen the two structural styles. A plausible hvpothesis is a clock-
wise rotation about the northern tip of the Sierra Nevada block.

9.0 SUMMARY AND CONCLUSIONS

The (oso Range is a highly-active, tectonic area with a potential
to produce major earthquakes. All active faults within the Coso Range
were observed in the field to obtain fault-morphology data. The data
were compiled to help determine activity, style, and amount of displace-
ment for each fault.

The Little Lake fault is the only purely right-slip fault in the
study area. The morphology includes shutter ridges, linear troughs, sag
ponds, and pressure ridges. Thirty meters of right-slip displacement
were found in undated material of probable Holocene age. Two hundred fifty
meters of right-slip -'splacement were found in a 400,000-year-old basalt
f low.

The southern segment of the Airport Lake fault proved to have right-
slip displacement based on left-stepping, , :c , , , :: patterns and on as-
sociated tension grabens. Recency of displacement is indicated by flipped
stones found near the fault scarps. The faulting generally adheres to
the mountain front, however, occasional scarps are formed along young
alluvial fans. It has been estimated the fans can be no older than
10,000 years. Displacement in the fzas are dip-slip with scarps up to
3 meters in height.

The Coso Hot Springs and Haiwee segments of the Airport Lake fault
have abundant offset stream channels and ridges. The overall pattern is
left-stepping .n c :,;-'u with normal-slip displacement on the o.n . .7-. ' 1;:
segments up to 3 meters. The north end of the fault dissipates in lava
flows and is not seen as a continuous, mappable fault until it reaches
the far northern end of the Coso Range.

The faulting on the east side of Airport Lake is left-stepping,
-;:, faults with dip-slip displacement on each on - oic7u segment

reaching 3 meters. The fault crosses recent fan development (thought to
be less than a hundred years old), and displaces it by 0.5 meter. The
overall, mapped length is 24 kilometers; however, evidence suggests that

it could be much longer in a southerly direction.
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Ihe Airport Lake trench (Trench A) was located on a young, alluvial
fan. The displacement in the trench was seen as 3 meters of dip-slip
offset of two cinder-rich, obsidian-rare layers. The age of these layers,
based on volcaniclastic chronology, is between 88,000 and 90,000 vears.
A 2-centimeter soil layer forming the surface is thought to be no more
than 10,000 years old. There was no evidence in the trench of multiplc

events.

A trench located on faults along the east side of Airport Lake
(Trench B) exposed a graben with a minimum of 3.4 meters of dip-slip
displacement. There was no evidence of multiple events in this trench.
Based on the soil stratigraphy, the faulting is thought to have occurred
in the last few thousand years.

The trench located on the Little Lake fault, although incompletely
studied, exposed a 4-meter wide, crushed zone. The fault plane dips to
the southwest. Abundant liquefaction features, probably mud volcanoes,
were identified along one stratigraphic horizon. This horizon is dated
at about 2500 years and records a massive earthquake since that time.

Based on fault-scarp-profile data, the Coso Hot Springs segment of
the Airport Lake fault has undergone displacement as recent as a hundred
years ago. The highest scarp reaches 7.1 meters.

The method of Wallace leads to the conclusion that the southern seg-
ment of the Airport Lake fault has undergone displacement as recentl as
40 years ago; however, this is certainly an anomalous result because the
last likely event that could have displaced faults in the Coso Range was

the 1872 Owens Valley earthquake; and indeed Profile 2 suggests movement
of about that age. Profile data on the east side of Airport Lake suggest
displacement about a hundred years ago. These data suggest the possibil-
ity that displacement occurred on these faults during the 1872 Owens Val-
ley earthquake.

Regional and local seismici: iused damage in China Lake and
Ridgecrest. The largest earthquake - alifornia history occurred within
100 kilometers of the study area. Microseismicity occurs every day and
deomnstrates a very high rate of tcctonism in the Coso Range.7:c><tcr:-

The alignment of epicenters and focal mechanism plots both agree with
the geologically-obtained data on the local tectonic mechanism.

Austin (1971), Koenig (1972), and one of Duffield's earlier papers
(1975) have interpreted the arcuate features of faulting in the Coso

Mountains in terms of recent subsidence within a caldera-like structure.
Thus, under these interpretations, volcanism controls the structural
features of the region.
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In this paper, it has been shown that the sense of faulting is consis-
tent with the predominant, principal stress directions of the Basin and

Range (i.e., east-west extension and northeast-southwest compression). I
The volcanic and fumerolic activity are clearly associated with features
that relate to these stresses, and thus are manifestations of them rather
than indicators of the dominant tectonic mechanism of the area. Also, it
follows then, the overall assessment of the geothermal potential may be I
reduced by these factors.

The pattern developed in this paper of regional stress is consistent
with that expected in the southwest Basin and Range province; graben struc-
tures and normal faulting running north-south. This paper documents a sig-
nificant component of right-lateral, strike-slip motion that is consistent

with San Andreas-Garlock tectonism to the west and south. Therefore, the
area fits Wright's (1976) classification of Basin and Range province "Defor-
mational Field II" as he predicted it would: -The Coso Range area is a re-

gion of transition between San Andreas-Garlock and Basin and Range provinces, I
with recent folding and faulting showing characteristics of each of these

provinces, and some peculiar to itself. I
The zone between the Sierra Nevada and Walker Lane has long been

noticed as structurally different than that of the Basin and Range pro-
vince proper. Wright (1975) provided evidence that most of the structures

in his Deformational Field I (Basin and Range proper) aie north-northeast

trending and dominated by normal-slip faulting. This report presents

evidence that Wright's Deformational Field II (zone between the Sierra

Nevada and Walker Lane) contains abundant northwest, right-slip faults and I
north-south trending, normal-slip faults and that the Walker Lane provides
a discontinuity between the two structural styles. A plausible hypothesis

to explain the regional structure is a clockwise rotation about the north- I
ern tip of the Sierra Nevada Block.

I
I
I
I
I
I
I



I

NWC TP 6270

10.0 REFERENCESI
Albee, A. L., and Smith, J. L., 1966, Earthquake characteristics and fault

activity in southern California: Engineering Geology in Southern

California, R. Lung and R. Proctor, eds., Associated Engineering
Geologists, Glendale, California, p. 9-33.

Allen, C. R., St. Amand, P., Richter, C. F., and Nordquist, J. M., 1965,

Relationship between seismicity and geologic structure in the southern
California region: Seismological Society of America Bulletin, v. 55,

I p. 753-797.

Austin, C. F., and Pringle, J. K., 1970, Geologic investigations at the
Coso thermal area: U. S. Naval Weapons Center, China Lake, NWC TP 4878.

Austin, C. F., Austin,, W. H., and Leonard, G. W., 1971, Geothermal science
and technology - a national program: U. S. Naval Weapons Center, China
Lake, California, Technical Series 45-029-72.

Atwater, T., 1970, Implications of plate tectonics for the Cenozoic tec-
tonic evolution of western North America: Geol. Soc. Amer., Bull.,

i V. 81, p. 3513-3536.

Bonilla, M. G., 1967, Historic surface faulting in continental United
States and adjacent parts of Mexico: U. S. Geological Survey Open-

File Report; also Atomic Energy Commission Report TID-24124.

Bonilla, M. G., 1970, Surface faulting and related effects in earthquake

engineering: Earthquake Engineering, Englewood Cliffs, N. J. Prentice-
Hall, Ch. 3, p. 47-74.

i Bonilla, M. G., and Buchanan, J. M., 1970, Interim report on worldwide
historic surface faulting: U. S. Geological Survey Open-File Report.

* California Division of Mines and Geology, 1955, Earthquake in Kern County,
California, during 1952: Bulletin 171.

Campbell, M. R., 1902, Reconnaissance of the borax deposits of Death
Valley and Mojave Desert: U. S. Geological Survey Bulletin 200.

Carr, W. G., 1974, Summary of tectonic and structural evidence for stress
orientations at the Nevada Test Site: U. S. Geological Survey Open-

File Report 74-176, p. 53.

Chakrabarty, S. K., and Richter, C. F., 1949, The Walker Pass earthquakes
and structure of the southern Sierra Nevada: Seismological Society
of America Bulletin, v. 53, p. 1075-1083.

91

I-



I

NWC TP 6270

Chesterman, C. W., 1956, Pumice, pumicite, and volcanic cinders in
California: California Division of Mines Bulletin, p. 174.

Chinnery, M. A., 1966, Secondary Faulting - Geological aspects: Canadian
Journal of Earth Sciences, v. 3, p. 175-190.

Clark, M. M., 1973, Map showing recently active breaks along the Garlock
and associated faults, California: Miscellaneous Geology Investiga-
tion Map 1-741, Scale 1:24,000, U. S. Geological Survey, Washington, D. C.

Cluff, L. S., and Slemmons, D. B., 1972, Wasatch fault zone - Features
defined by low-sun-angle photography: Publication 1, Utah Geological
Association, Salt Lake City, Utah, p. 61-69.

Comb, J., 1975, Heat flow and microearthquake studies, Coso geothermal
area, China Lake, California: Final Report to Advanced Research
Projects Agency (ARPA), p. 65.

Combs, J., and Rotstein, Y., 1976, Microearthquake studies at the Coso geo-
thermal area, China Lake, California: Proceedings of the 2nd United
Nations Symposium on the Development and Use of Geothermal Resources,
U. S. Government Printing Office, v. 2. p. 909-916.

Combs, J., and Jarzabek, D., 1977, Seismic evidence for a deep heat source
associated with the Coso geothermal area, California: U. S. Energy
Research Development Administration Coso Geothermal Project Technical
Report 4, p. 13.

Davis, G. A. and Burchfiel, D. C., 1973, Garlock fault: An intracontinental
transform structure, southern California: Geological Society of
America Bulletin, v. 84, p. 1407-1422.

Derr, J. S., Gordon, D., Irby, L. W., Kangas, R., Minsch, J., Person, W. J.,
Presgrave, B., 1977, Preliminary determination of epicenters, March 1977:
U.S. Geological Survey Publication.

Duffield, W. A., 1975, Late Cenozoic ring faulting and volcanism in the
Coso Range area of California: Geology, v. 3, p. 335-338.

Duffield, W. A., and Bacon, C. R., 1977, Preliminary geologic map of the
Coso volcanic field and adjacent areas, Inyo County, California, with
a table of new K/Ar dates by G. B. Dalrymple: U. S. Geological Survey
Open-File Report, Scale 1:50,000, p. 77-311.

Duffield, W. A., and Smith, G. I., 1978, Pleistocene history of volcanism
and the Owens River near Little Lake, California: L'. S. Geological
Survey Journal of Research, v. 6, p. 395-408.

92

1



NqWC TP 6270

Fairbanks, H. W. , 1896a, Notes on the geology of eastern Cal i fornia
American Geologist, v. 17, p. 63-74.

Fairbanks, H. W. , 1896b, The mineral deposits of eastern Cal ifernia:
American Geologist, v. 17, p. 144-158.

Fournier, R. 0., Thompson, .1. M. , Austin, C. F., 1978, Chemical analysis
and preliminary interpretation of waters collected from the CGFH No. I
geothrmal well at Coso, Cal ifornia: '. S. Geological Survey Open-
File Report 78-434, p. 10.

Fox, R. C. , 1978a, Low-altitude aeromagnetic survey of a port ion of the
Coso Hot Springs, KCRA, Invo County, California: Salt Lake City, Utah,
University of Utah Research Institute, t'arth Sciences Laboratory, p. 19.

Fox, R. C. 1978b. Dipole-dipole resistivity survev of a portion of the

Coso Hot Springs, KGRA, Inyo County, California: Salt I.ake City,
Utah, University of Utah Research Institute, Earth Sciences laboratory,
p. 21.

Fraser, H. I., Wilson, H. 1). B., and Hendry, N. W., 1942, Hot Springs
deposits of the Coso Mountains: California Journal of Mines and
Geology, v. 38, no. 3-4, p. 223-242.

Friedman, M. E., Whitcomb, J. H., Allen, C. R., and Hileman, J. A., 1976,
Seismicity of the southern California region, 1 Januarv 1972 to
31 December 1974: Pasadena, California Institute of Technology,
Seismological Laboratory.

Fuis, G. S., Whitcomb, .J. H., Johnson, C. E., Jenkins, ). K., Richter, K. .1.,
Blanchard, A. C., Fisher, S. A., and Reed, B. A., 1978, Preliminary
catalog of earthquakes in southern California, October 1976--September
1977: U. S. Geological Survey Open-File Report 78-678.

Furgerson, R. B., 1973, Progress report on electrical resistivity studies,
Coso geothermal area, Inyo County, California: '. S. Naval WeaponsICenter, China Lake, California, NWC TP 5497, p. 38.

Galbraith, R. M., 1978, Geological and geophysical analysis of Coso
Geothermal Exploration Hole No. (CGE'i-l), Coso Hot Springs KGRA,

California: Salt Lake City, Utah, University of Utah Research Institute,
Earth Sciences Laboratory, p. 39.

G;ilbert, G. K., 1875, Report of the geology of portions of Nevada, Utah,
California, and Arizona: U. S. Geographical and Geological Surveys
W. 100th Meridian Report, v. 3.

Goodyear, W. A., 1888, lnyo County: Report of the State Mineralogist
(California), v. 8.

[ 93



NWC TP 6270 I
Hall, W. E., and MacKevett, E. M. Jr., 1962, Geology and ore deposits of

the Darwin quadrangle, Inyo County, California: U. S. Geological
Survey Professional Paper 368. I

Healy, J. H., and Press, F., 1964, Geophysical studies of basin structures
along the eastern front of the Sierra Nevada, California: Geophysics,

v. 29, p. 337-359.

Hileman, J. A., Allen, C. R., and Nordquist, J. M., 1973, Seismicity of
the southern California region, I January 1932 to 31 December 1972:
Pasadena, California Institute of Technology, Seismological Laboratory.

Hobbs, W. H., 1910, Earthquake of 1872 in Owens Valley, California: Beit-

rage zur Geophysik, v. 10, p. 352-385.

Hopper, R. H., 1947, Geologic section from th; Sierra Nevada to Death
Valley, California: Geological Society of America Bulletin, v. 58,

p. 393-432.

Hulen, J. B., 1978, Geology and alteration of the Coso geothermal area,
Inyo County, California: Report N. IDO/78-1701.b.4.1, U. S. Department
of Energy, p. 28.

Humphreys, W. J., 1918, Earthquakes felt in the United States during

1917: Monthly Weather Review (December 1917).

lida, K., 1959, Earthquake energy and earthquake fault: Nagoya University,
Journal of Earth Science, v. 7, no. 2, p. 98-107.

lida, K., 1965, Earthquake magnitude, earthquake fault, and source dimen-
sions: Nagoya University, Journal of Earth Science, v. 13, no. 2,

p. 115-132.

Kelley, V. C., 1937, Origin of the Darwin silver-lead deposits: Economic I
Geology, v. 32, p. 987-1008.

Kelley, V. C., 1938, Geology and ore deposits of the Darwin silver-lead J
mining district, Inyo County, California: California Journal of
Mines and Geology, v. 34, no. 4, p. 503-563.

Knopf, A., 1918, A geologic reconnaissance of the Inyo Range and the I
eastern slope of the southern Sierra Nevada, California: U. S.
Geological Survey Professional Paper 110. 1

Koenig, J. B., Gawarecki, S. J., and Austin, C. F., 1972, Remote sensing
survey of the Coso geothermal area, Inyo County, California: U. S.
Naval Weapons Center, China Lake, California, NWC TP 5233, p. 32.

94.



I
!

NWC TP 6270I
Lanphere, M. A., Dalrymple, G. B., and Smith R. L., 1975, K/Ar ages of

Pleistocene rhyolitic volcanism in the Coso Range, California:

Geology, v. 3, p 339-341.

LeSchack, L. A., Lewis, J. E., and Chang, D. C., 1977, Rapid reconnaissance
of geothermal prospects using shallow temperature surveys: Report

prepared under Department of Energy Contract EG-77-C-01-4021.

Mulholland, W., 1918, Earthquakes in their relation to the Los Angeles
Aqueduct: Seismological Society of America Bulletin, v. 8, no. I,
p. 13-19.

Nakamura, K., 1977. Volcanoes as possible indicators of tectonic stress
orientation: Journal Volcanology Geothermal Research, v. 2, p. 1-16.

Oakeshott, C. B., Greensfelder, R. W., Kahle, J. E., 1972, One hundred
years later: California Division of Mines and Geology, California
Geology, v. 25, no. 3, p. 55-61.

IPalmer, A. H., 1918, California earthquakes during 1917: Seismological

Society of America Bulletin, v. 8, no. 1, p. 13-19.

Power, W. R., Jr., 1958, Preliminary report on the geology and uranium
deposits of Haiwee Ridge, Inyo County, California: U. S. Atomic
Energy Commission Report, RME-2066, p. 37.

Power, W. R., Jr., 1959, Geology and petrology of Haiwee Ridge, lnyo
County, California (Ph.D. thesis): Baltimore, Maryland, The Johns

Hopkins University.

Richter, C. F., Gardner, J. K., Nordquist, J. M., 1962, Bulletin on local
shocks, October-December 1961: Pasadena, California Institute of

Technology, Seismological Laboratory.

Richter, C. F., 1962, Bulletin on local shocks, July-September 1962:

Pasadena, California Institute of Technology, Seismological Laboratory.

Roquemore, G. R., 1977, Cenozoic history of the Coso Mountains as deter-
mined by tuffaceous lacustrine deposits (M. A. thesis): Fresno, Cal-

ifornia, California State University.

Roquemore, G. R., 1978a, Evidence for Basin and Range/Sierra Nevada tran-
sitional zone structures in the Coso Mountains, California: Geological

Society of America Abstracts with Programs, v. 10, p. 144.

Roquemore, G. R., 1978b, Active faults and related seismicity of the Coso

Mountains, Inyo County, California: Earthquake Notes, v. 49, p. 24.

1 95

I

J , ,



_ _ _ _ _ _ _ _ _ _ _ _.. . .. . . -= --- .... . -- --

!

NWC TP 6270

Ross, C. P., and Yates, R. G., 1943, The Coso quicksilver district, !nyo
County, California: U. S. Geological Survey Bulletin 935-Q.

Russell, R. J., 1926, Climates of California: University of California
Publication in Geography 2 (4), p. 73-84.

Schultz, J. R., 1937, A late Cenozoic vertebrate fauna from the Coso Moun-
tains, Inyo County, California: Washington, D. C., Carnegie Institute
Publication 427, p. 75-109.

Slemmons, D. B., 1967, Pliocene and Quaternary crustal movements at the
Basin-and-Range province, USA, J. Geosci., v. 10, p. 91-101.

Slemmons, D. B., 1977, State-of-the-art for assessing earthquake hazards
in the United States: U. S. Army Eng. Water W. Exp. Stn., Misc.
Paper S-73-1, Rep,, v. 6, p. 129.

Slemmons, D. B., Van Wormer, D., Bell, E. J., and Silberman, M. L., 1979,
Recent crustal movements in the Sierra Nevada-Walker Lane region of
California-Navada: Part I, Rate and style of deformation. In:
C. A. Whitten, R. Green, and B. K. Meade (eds.), Recent Crustal Move-
ments, 1977: Tectonophysics, v. 52, p. 561-570.

Spurr, J. E., 1903, Descriptive geology of Nevada south of the fortieth
parallel and adjacent portions of California: U. S. Geological Survey
Bulletin 208.

St. Amand, Pierre, 1958, Circum-Pacific orogeny: Publication of the
Dominion Observatory, v. 20, no. 2, p. 403-411.

Stinson, M. C., 1977, Geologic map and sections of the Haiwee Reservoir
15-minute quadrangle, Inyo County, California: California Division
of Mines and Geology Map Sheet 37, scale 1:62,500.

Teledyne Geotech, 1972, Geothermal noise survey of the Coso Hot Springs
area, Naval Weapons Center, China Lake, California: U. S. Naval
Weapons Center, China Lake, California, NWC TP 72-6, p. 14.

Tocher, D., 1958, Earthquake energy and ground breakage: Seismological
Society of America Bulletin, v. 48, no. 2, p. 147-153.

Troxel, B. W., Wright, L. A., and Jahns, R. H., 1972, Evidence for differ-
ential displacements along the Garlock fault zone, California:
Geol. Soc. America Abs. with Programs, v. 4, p. 250.

von Huene, R. W., 1960, Structural geology and gravimetry of Indian W.lls
Valley, southeastern California (Ph. D. thesis): Los Angeles, Cal-
iror. 'a, Unversity of California, p. 138.

96

t1



I

I
NWC TP 6270

Wallace, R. E., 1977, Profiles and ages of young fault scarps, north-
central Nevada: Geological Society of Aimerica Bulletin, v. 88,
no. 9, p. 1267-1281.

Walter, A. W., and Weaver, C. S., 1980a, Catalog of earthquakes in the
Coso Range and vicinity, Southern California: U. S. Geological
Survey Open-File Report (in press).

Walter, A. W., and Weaver, C. S., 1980b, Seismic studies in the Coso
geothermal area, Inyo County, California: Journal of Geophysical
Research (in press).

Warner, T., 1930, Mercury deposit in Coso Range, Inyo County, California:
Mining in California, v. 25, p. 58-63.

Whitney, J. D., 1865, Geology of California: Geological Survey of Cal-
ifornia, v. 1, p. 474.

Whitney, J. D., 1872, The Owens Valley earthquake: Overland Monthly,
v. IX, no. 8, p. 130-'40 and no. 9, p. 266-278.

Wright, L. A., 1976, Late Cenozoic fault patterns and stress fields in
the Great Basin and westward displacement of the Sierra Nevada block:
Geology, v. 4, p. 489-494.

Zbur, R. T., 1963, A geophysical investigation of Indian Wells Valley,
California: U. S. Naval Ordnance Test Station, China Lake,
NWC TP 2795, p. 98.

jZoback and Zoback, 1980, State of stress in the conterminous United
States: Journal of Geographical Research, v. 85, no. B-11,
p. 6113-6156.i

I

I

I
1 97

I



NWC TP 6270

INITIAL DISTRIBUTION

3 Naval Air Systems Command

AIR-OOD4 (2)

AIR-604 (1)

I Chief of Naval Material (MAT-03TI)
I Chief of Engineers (B. Hall)

1 Naval Facilities Engineering Command, Western Division, San Bruno
2 Naval Sea Systems Command (SEA-99612)

2 Chief of Naval Research, Arlington
ONR 460, J. Heacock (1)

ONR 532, M. Odegard (I)

4 Naval Civil Engineering Laboratory, Port Hucneme

Code 03 (1)

Code 045, J. Tyrrell (1)

Code 07 (1)
S. L. Bugg (1)

1 Naval Intelligence Support Center (W. T. Peterson)

1 Naval Ocean Research and Development Activity, Bay St. Louis

(A. Boward)
1 Naval Ocean Systems Center, San Diego
1 Naval Ocean Systems Center, San Diego (Code 533, G. Wilkins)
1 Naval Research Laboratory (Code 5230, Energy Conservation Branch)
1 Oceanographer of the Navy, Alexandria

I Air Force Flight Test Center, Edwards Air Force Base (Chief

Scientist)
1 Central Intelligence Agency, Langley Air Force Base
1 Deputy Under Secretary of Defense Research and Engineering

(Research and Advanced Technology, Capt. G. Smith)
1 Defense Advanced Research Projects Agency, Arlington (S. Ruby)
I Defense Nuclear Agency, Kirtland Air Force Base (Technical Library)

12 Defense Technical Information Center

1 Arizona Bureau of Mines, University of Arizona, Tucson (Director)
I Bureau of Land Management, Bakersfield, CA (F. S. Crafts)
1 Bureau of Land Management, Denver, CO (,J. 1). Juilland)

2 Bureau of Land Management, Sacramento

Chief, Branch of Minerals (1)
State Director (1)

2 Bureau of Mines

Assistant Director for Minerals Research (1) I
Director, Mining Research (1)

1 Coast and Geodetic Survey, Los Angeles (Marine Geology Unit)

2 Department of Energy I
Division of Peaceful Nuclear Explosives

Director (1)
A. H. Ewing (I)

I Department of Energy, Las Vegas (Director, Engineering and

Construction Division)

98

b ....



NWC TP 6270

1 1 Department of the Interior, Bureau of Reclamation (Dr. Chung-Ming

Wong, Assistant Lo the Commissioner for Geothermal Resources)
1 Federal Power Commission (Division of Electrical Resources and

Requirements, Bureau of Power, B. B. Chew)
1 National Aeronautics and Space Administration (Earth Observation

Program, Earth Sciences Survey)

4 United States Geological Survey, Denver, CO

D. B. Jackson (1)

D. R. Mabey (1)

I J. O'Donnell (1)
J. N. Towle (1)

I United States Geological Survey, Laguna Niguel, CA (Ground Water
Branch, W. R. Moyle, Jr.)

I United States Geological Survey, Los Angeles, CA (Oil and Gas
Branch, John Fackler)

33 United States Geological Survey, Menlo Park, CA

C. Bacon (1)
M. Clark (1)

B. Dalrymple (1)

E. du Bray (1)

W. Duffield (1)
J. Eaton (1)

W. Ellsworth (1)

W. F. Fisher (1)
R. 0. Fournier (1)

J. D. Friedman (1)

S. Gowarecki (1)

W. R. Hemphill (1)
W. Isherwood (1)

H. M. lyer (1)
V. E. McKelvy (1)

J. G. Moore (1)

Dr. D. F. Peck (1)
D. Plauff (1)
W. A. Radinski (1)

P. Reasonberg (I)

E. Roedder (1)

G. Rusnak (1)

G. I. Smith (1)
P. Snavely (1)

R. Stone (1)
J. M. Thompson (1)

R. von Huene (1)

R. Wallace (1)
A. Walters (1)
R. G. Wayland (1)

C. Weaver (1)
D. E. White (1)
R. S. Williams (1)

199

I



I

NWC TP 6270

2 Battelle Memorial Institute, Pacific Northwest Laboratory,

Richiand, WA
D. H. Stewart (1)

J. Zelimer (1)

I California Academy of Sciences, San Francisco, CA (Department of

Geology, Dr. 1. Campbell)

I California Pepartment of Conservation, Sacramento, CA (L. H. Axtel)
3 California Department of Water Resources, Los Angeles, CA

Chief, Planning Division (1)

J. J. Coe (1)
Technical Library (1)

1 California Department of Water Resources, Sacramento, CA (R.

C. Richter, Geology Staff Specialist)

3 California Division of Mines and Geology, Sacramento, CA
R. IH. Chapman, Associate Geophysicist (1)
J. B. Koenig (1)

M. C. Woods (1)

4 California Division of Mines and Geology, San Francisco, CA
R. H. Chapman (1)

C. Jennings (1)
M. Stinson (1)

B. Troxel (1)

3 California Division of Mines and Geology, Santa Ana, CA
M. Bushnell (1)

E. W. Kiessling (1)

P. K. Morton (1)
4 California institute of Technology, Pasadena

Professor C. Allen (1)

Professor K. Seih (1)
Professor L. T. Silver (1)

Technical Library (1)

3 California State University, Fresno, CA
Professor J. Avent (1)
Professor B. Blackerby (1)

Library (i)
1 Cornell University, Ithaca, NY (Department of Geology, J. Oliver)
1 Earth Sciences Associates, Palo Alto, CA (L. Alvarez)

i Lamar-Merrifield Company, Santa Monica, CA (Dr. P. Merrifield)
3 Los Angeles Department of Water and Power, Los Angeles, CA

J. W. Arlidge (1)
W. G. Hannah (1)

H. R. King (1)

2 National Science Foundation, Washington, D.C.

Dr. J. Denton (1)
H. Metcalf, Office of Intergovernmental Science Program (1)

2 Nevada Bureau of Mines, University of Nevada, Reno, NV

J. Schilling (1)

D. Trexler (1)

100



NWC TP 6270

1 Office of Peaceful Nuclear Explosives, Nevada Operations Off ice,
Las Vegas, NV (D. W. Sherwood)

1 Office of Science and Technology, Washington, D. C. (Dr. R.
Balzhiser, Assistant Director of Energy and Environment)

1 Pennsylvania State University, Department of Geosciences,
State College, PA (L. Wright)

I Rice University, Houston, TX (Department of Geology, B. C. Burchfiel)
2 Rocky Mountain Energy Company, Denver, CO

Dr. J. Babcock (1)
J. L. Johnson (1)

1 Roy J. Shlemon and Associates, Inc., Newport Beach, CA (Dr. R. J.
Shlemon)

I Southern California Edison Company, Los Angeles, CA (R. 11. Robinson)
I Standard Oil Company of Cilifornia, San Francisco, CA (R. Greider)
4 Stanford University, Stanford, CA

Department of Mineral Engineering (1)
W. R. Dickinson (1)
R. Johns (1)
C. Il. Thompson (1)

I Union Oil Company, Los Angeles, CA (Dr. C. Ott)
I United Nations Resources and Transportation Division, New York, NY

(J. McNitt)
I University of California, Lawrence Radiation Laboratory, Livermore,

CA (Plowshare Division)
2 University of California, Riverside

Department of Geological Sciences
R. Furgerson (1)
)r. R. Rex (1)

3 University of Nevada, Reno, NV
Professor W. Peppin (1)

Professor 1). B. Slemmons (1)
Mackay Library (1)

I University of Southern California, Los Angeles, CA (Department of
Geological Sciences, G. A. Davis)

1 University of Utah, Salt Lake Citv, UT (R. B. Smith, Director,
State Geological Survey)

I University of Utah Research Institute, Salt Lake City, Utah
(J. B. Hulen)

I Woods Hole Oceanographic Institute, Woods Hole, MA (Department of
Geology and Geophysics, S. Thomas Crough)

I Woodward-Clyde Consultants, San Francisco, CA (W. Page)

U S GOVERNMENT PRINTING OFFICE 1981-584-165

101



NAVAL WEAPONS

'a;o

40.4

4.

ff.

-V '4

~1k

I'IN

*. L'~~~ ~ I

af 14I'



EAPONS CENTER

A~r-, ,

~W
~ -1

as 2 2 0

p.

7;-VIL.t,,

3 M LA0 cy



it-

4k-

.17

ax 7A N .



• ... % 4 ) .

88.... , r

• or

8 "

"$ .. 
I . " . -

'.28 .
.26

- , 

/• 
% -

• . ,, \- 
8, .' ..

12Index Map for Active Faults
of the Coso Range.

" .""... 1 l. I ..I . ..
5 I.

• 5 -.. , " -I ."-,d O'

IC * 886~ 6~~ $ -

C .
I : , - t H a __ .

-.... " '*'. . :, . ",. . --.,

-'' • ., ""- " ' 6 * .** I . ' " • -- --- -& " :



-, ~ .- - . . I

-' a I. 8, -

pa ii

~.~7 Z4'*.. Ki~1J~~ .*-.~-... -- , :.

~4. a.
U . / , .----.- '-.-------.-.----. * I

a ~ . 'iL LI
**~4'*.. . Ii~ . ' p ~.. v.i

- a

-> . p. \ ' -

t S

.4.

...... c~

.1

* ~5 9 4-,, 'I.-

I

5- . . '.5* '.= ~p~qp,=.k yj~ * .~
( -

- . -

S -

'47 f -

- ** F

*4

k I, 5 1' . S

I ~ 7
Sc . .. . .5

* -, 'I.. 44~ *s'.'...s.

.1



. 4",.. ,, ,u'-

* ~",w,
* ' -a

f ~ 2~

Inde Ma forActve Fult

of te CoofRage. -

'• , ~ ', 'a , *' 
. • ..

",; 

*.1., , 
," .. " .

* .- 
" , , . .

. . ' -

" -I.h- * ,," " " 1...

- _, , -- • . - , '- . .. Is. - -

'4 d ,., ' 
-;' . e -

....-.

*..., 
.. .

-5..- -

*'* 

'I -

"'" -" "P 
,.:'""t 

.' " . -

'I I,' " / -

,~2 , ..
,...-,. . . . ,

- -- - . - "~ .a .. *""

•5

* 

,*1lt' ll~ |llN l:%T~,H 'l ,;I .I l; I I~ l



117055 ,

FAULT TRACE LOST IN THE
CRUSHRD ZONE AT THE
SIERRA NEVADA FRONTAL
FAULT

ALIGNMfly(OF SPRINGS
/ i

. 3m* IGHT LATERAL OFFSET IN
SIUTTER RIDGE SITE HILL BENCH

FAULT PLANE EXPOSED IN RAILROAD CUT

-SWALN

ALIGNMENT OF SPRINGS^

3250m LATERAL OFFSET 400,000 YR BASALT

3505 5 '  ''-

LINEAR TROUGH

TECTONIC DEPRESSION

.LINEAR TROUGH
tv +' Y "..;_

1CTONICDE#RESSION

31.. , ' A2 *.



P LAVE I

Active breaks along the
Little Lake Fault.

35 55

7" J

ii

(/



TECTONIC DEPRESSION

LINEAR TROUGH

4 ECTONIC DEPRESSION -

THRUST IOEU\TIFIED BY GEOMOR-lC EVIDENCE ONLY

1- 

TEC -

.4

\ \ .

\

+I270

-l 6,



INEAR VALLEY WITH FAtjLT TRACE
117050'

DEPRESSION

I

TECTONICC DEPRESSION

P R S S R E 1 11

' ( . . ..

\/

.4 14 '«1



SC AL E i 00C ,

LEGEND

~NORMAL FAULT WITH

BALL ON DOWN-THROWN
SIDE
STRIKE SLIP FAULT,

ARROWS SHOW RELATIVE
MOVEMENT

)THRUST FAULT TEETH
ON UPPER PLATE

2t



K I

CTONIC DEPRESSION

PRESSURE i .11)
RIDGE

14-

TECTONIC DEPRESSION

GRABEN

231 2)4 35 5'

17o5O ~ GRABKI

117050



K 
36 00 ' F

PLATE 2 17

Active breaks along the 'j. .:

qnlltlhP-rn~ gemnt h



117'40
'

__ _ _ _ _ _ _ __ _ _ _ _ _ _ 36°00 •

FACETED SPUF S

/
ALTERATION ALtG 11 k

OFFSETIN LAVA f /

/ *...

4/! K .
GRABEN COMPLEX

FACETED SPURS/

I ,RIGHT LATERAL STEPS
FACETED IN STREAM CHANNEL

SPURS

/ "-

TRENCH "A"

-1 S

FLPED 'N~



PLATE 2

Active breaks along the
southern segment of the
Airport Lake Fault.
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PLATE 3 OFFSET S

\ctive breaks along the
Northern Airport Lake. 2

Coso Hot Springs, and
ttaiwee Springs segments
of the Airport Lake Fault. .-
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PLATE 4 7

Active breaks along the
East side of Airport Lake. /
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