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ABSTRACT

The Garlock fault is one of the major active faults in California. Although
it has not produced any large earthquakes during historic times, abundant fault scarps
in Holocene deposits and offset geomorphic features attest to the occurrence of
large, prehistoric earthquakes on this fault. In an effort to better characterize the
seismic hazard associated with the Garlock fault, I have measured the slip rate of the
fault in southeastern Searles Valley, documented the left-lateral displacement
associated with past earthquakes on the central and eastern portions of the fault,
estimated the size and frequency of those earthquakes, and constrained the age of
the most recent large earthquake on the portion of the fault in Searles Valley.

A latest-Pleistocene shoreline at the overflow-level of Searles Lake has been
offset 82 to 106 meters (best estimate = 90 m) along the Garlock fault, in
southeastern Searles Valley. Radiocarbon dates from both surface and subsurface
units indicate that the most recent highstand of Searles Lake ended sometime
between 10,000 and 13,800 radiocarbon years ago (Stuiver and Smith, 1979; Benson
and others, 1990; Bard and others, 1990). The maximum slip rate of the Garlock
fault in southeastern Searles Valley is thus 10.6 mm/*C-yr. If part of the offset of
the shoreline is a remnant from older lakestands, then the slip rate méy be somewhat
less, but a channel that incised after the most recent highstand is offset 69 + 2 m,
indicating that the minimum slip rate is 5 mm/"C-yr. Subjective evaluation of the

constraints on the offset and on the age of the shoreline suggest that the slip rate is
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most likely between 6 and 8 mm/™C-yr at this site. If Bard and others’ (1990)
calibration of the radiocarbon timescale is correct, then the true slip rate of the
Garlock fault is between 4 and 9 mm/yr and most likely between 5 and 7 mm/yr.

This slip rate is consistent with the 7 *} mm/™C-yr rate determined by Clark
and Lajoie (1974) at Koehn Lake. Considering the Quaternary, west-northwestward
extension that has occurred north of the Garlock fault, one might expect the slip rate
of the Garlock fault to decrease eastward (Davis and Burchfiel, 1973). The slip rate
determined in southeastern Searles Valley indicates that no eastward decrease in the
Garlock fault slip rate is required between Koehn Lake and Searles Lake, but an

eastward decrease of up to 3 mm/yr is plausible.

Geomorphic features offset along the central and eastern Garlock fault record
the amount of left-lateral surface slip associated with prehistoric earthquakes. Along
the easternmost 90 km of the fault, the smallest offsets cluster around 2-3 m,
apparently associated with the most recent rupture of this portion of the fault.
Larger offsets along this part of the fault, especially in Pilot Knob Valley, cluster
around values consistent with 2 to 4 m of slip in each of the past several events.
Farther west, south of El Paso Mountains, offset geomorphic features suggest that
each of the past two earthquakes on this stretch of the Garlock fault was produced

by about 7 m of slip, whereas the third event back resulted from about 4 m of slip.
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Vertical displacements of geomorphic features range from 0% to 30% of the
left-lateral offsets. Within Pilot Knob Valley (along the southern side of the Slate
Range) vertical displacements are consistently up on the northern side, whereas
within the Avawatz Mountains both north- and south-side-up displacements are
present.

On the basis of the geomorphic offsets, the geometry of the Garlock fault, and
the precedents set by historical strike-slip earthquakes elsewhere, a number of
different rupture patterns are plausible. These range from rupture of the entire
Garlock fault in a single event with a maximum magnitude of about M_,=7.8, to
separate rupture of the western segment and of the central and eastern segments
combined, with approximate magnitudes of M <7.7 and M, =7.5, respectively, to
separate rupture of even shorter segments, producing earthquakes of magnitudes
M, =6.6 to M_=17.5.

In conjunction with available slip rates for the Garlock fault, the geomorphic
offsets suggest that average recurrence intervals are probably within the range of 600-
1200 yr south of El Paso Mountains, about 200-750 yr in Searles Valley, about 200-
1300 yr in Pilot Knob Valley, and about 200-3000 yr near Leach Lake and in the

Avawatz Mountains.

Stratigraphic relations exposed in two trenches across the Garlock fault in
Searles Valley provide clear evidence for several Late Holocene, prehistoric faulting

events. A radiocarbon date on detrital charcoal from one of the trenches indicates
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that the most recent surface-faulting event on this portion of the Garlock fault
occurred no more than 530 years ago. This earthquake probably had a magnitude
in the range of M,, = 7.2 to M,, < 7.8. Historical evidence suggests that this event
occurred more than about 90 years ago. Consideration of these constraints and of
the average recurrence interval for this portion of the‘ fault (200-750 yr) suggests that
the next large earthquake on the Garlock fault in Searles Valley will occur within the

next 660 yr and could, in fact, be overdue.
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CHAPTER 1: INTRODUCTION

Location, geometry and total displacement

The Garlock fault is one of the principal active faults of California. It separates
the Tehachapi-Sierra Nevada province and the Basin and Range extensional province
on the north from the Mojave block on the south. A total of 48 to 64 km of left-
lateral displacement across the fault has been documented (Smith, 1962; Smith and
Ketner, 1970; Davis and Burchfiel, 1973).

The fault is broadly arcuate over its 248-km length (Figure 1-1). From its
intersection with the San Andreas fault it strikes northeasterly, but it curves to a
more easterly strike toward its eastern end, at the southern end of Death Valley. A
prominent stepover in the fault occurs in the vicinity of Koehn Lake, and a 15-degree
bend in the fault is located south of the Quail Mountains. I refer to the segment of
the fault that extends westward from the step-over in the Koehn Lake basin as the
western Garlock fault, the segment between that step-over and the Quail Mountains |
as the central Garlock fault, and the segment that extends eastward from the Quail

Mountains as the eastern Garlock fault.

Tectonic role
The tectonic role of the Garlock fault has been controversial. Hill and Dibblee

(1953) viewed the left-lateral Garlock and Big Pine faults and the right-lateral San
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Figure 1-1: Reference map of the region surrounding the Garlock fault. GF, Garlock
fault; NBGF, North Branch Garlock fault; OL, Owens Lake; OLF, Owl Lake fault;
PV, Panamint Valley; QM, Quail Mountains; SAF, San Andreas fault; SV Searles

Valley.



[ 1deyoeyo 7

4

ploysaveg
N\

N

\/ 3
/

Figure




4

Andreas fault as conjugate shears defining a regional strain pattern of north-south
compression and east-west extension. Later workers (Davis and Burchfiel, 1973;
Hamilton and Myers, 1966; and Troxel and others, 1972) interpreted the Garlock
fault as an intracontinental transform fault that accommodates extension in the
Basin and Range province, north of the fault, relative to the more stable Mojave
block, south of the fault. Although the location of the Garlock fault suggests that it
is related to Basin and Range extension, a simple transform model is inadequate to
explain this relationship because the extension direction for the portion of the Basin
and Range province north of the Garlock fault is not parallel to the fault (Wernicke
and others, 1988; Minster and Jordan, 1987; Burchfiel and others, 1987; Stewart,
1983; Jones, 1987). It may be that the component of extension that is parallel to the
Garlock drives the left-lateral slip on the fault and the component perpendicular to
the fault (in conjunction with right-lateral shear in the Mojave Desert) has rotated
the central and eastern Garlock fault clockwise (Dokka and Travis, 1990; Jones,

1987; Carter andb others, 1987).

Aseismic creep

Several investigators have detected aseismic creep along the westernmost 60
km of the fault (Louie and others, 1985; Snay and Cline, 1980; Rodgers, 1979).
Contrary to these observations, however, U. S. Geological Survey Quadrilaterals
spaced at 15-km intervals along this portion of the fault have not detected any

aseismic creep (Malcolm Clark, written communication, 1990). Similarly, creep has
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never been detected on the central or eastern parts of the fault (Louie and others,

1985; Malcolm Clark, written communication, 1990).

Historical seismicity

Historical seismic activity has been most common along the westernmost 70
km of the fault (coinciding with the region that may be creeping aseismically) and
along a 35-km-length of the fault within the dilational fault jog at Koehn Lake (Astiz
and Allen, 1983). Instrumentally recorded earthquakes along the fault have been
small (M;<4.3). No large or moderate historic earthquakes are known to have
occurred on the Garlock fault. Although a number of earthquakes were felt in
Bakersfield, the Kern River area, Tehachapi, Mojave, Barstow, and southernmost
Owens Valley between 1868 and 1928 (Townley and Allen, 1939), it is difficult to
determine whether any of these may have been produced by the Garlock fault.
Several earthquakes with maximum Rossi-Forel intensities of VII and VIII (=
Modified Mercalli intensity VI to VII) occurred during this time and had intensity
distributions that could conceivably have been generated by earthquakes on the
Garlock fault, but other source locations are possible and probably more likely for
most of these events (Townley and Allen, 1939).

‘Two moderate, historical earthquakes for which the Garlock fault is a possible
source occurred in 1916. One occurred near the eastern end of the Garlock fault on
10 November 1916. This event was recorded instrumentally at Reno, Berkeley and

Mount Hamilton (Townley and Allen, 1939). Slemmons and others (1965) report the
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event as M=6.1, located at 35.5° N, 116° W (about 40 km ESE of the eastern end

of the Garlock fault), whereas Toppozada and others (1978) assign the event an
M=5.5 magnitude and locate it at 36° N, 117° W (about 45 km north of the portion
of the Garlock fault in the Quail Mountains). While the location of this event is very
poorly constrained, the possibility that it may have occurred on the Garlock fault or
on the nearby Owl Lake fault is intriguing. Another event, of magnitude 5.2,
occurred on 23 October 1916 at the western end of the Garlock fault (Toppozada
and others, 1978), but the San Andreas and other faults are also possible sources for
this event.

A M, =54 earthquake occurred on 10 June 1988 several km north of the
Garlock fault and about 20 km east of its intersection with the San Andreas fault.
This event may have been produced by slip on the North Branch of the Garlock fault
or by slip on one of several northward-dipping faults imaged in seismic reflection
data north of the Garlock fault (Goodman and others, 1989). The focal mechanism
for this event is consistent with reverse and left-lateral slip on a plane striking N82°E
and dipping 70°N (Wald and others, 1990). This plane projects to the surface about
1 km north of the North Branch of the Garlock fault, suggesting that that fault may
have been the causative fault. In the few places where the North Branch of the
Garlock fault is well exposed, it dips moderately northward (Sharry, 1981, p.123),
consistent with the hypothesis that this fault produced the 1988 earthquake. The
fairly linear trend of the fault on the ground surface, however, suggests that the

North Branch of the Garlock fault is vertical or subvertical over much of its length
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(Sharry, 1981), and thus may not project at depth to the hypocentral region of the

1988 earthquake.

Earthquake potential

Although the Garlock fault is not known to have produced large earthquakes
during the period of historical record, abundant scarps and left-laterally offset
geomorphic features of Holocene age indicate that the fault is active and that it has
produced large earthquakes. Clark (1970, 1973) prepared a map of these features
and suggested that 3 m of left-lateral slip had occurred in the most recent slip event
along parts of the central and eastern Garlock fault. In addition, Holocene slip
events have been documented by LaViolette and others (1980), Burke (1979), Burke
and Clark (1978) and Roquemore and others (1982).

With respect to its earthquake potential, several questions about the Garlock
fault have not been answered. Does the slip rate vary along strike? What size
earthquakes does the fault produce? Which segments rupture during these events,
and how large are the offsets during the earthquakes? How often do large events
occur? When were the most recent ruptures? This dissertation will address these

questions.

Organization of the dissertation
In Chapter 2 of this dissertation, I document the Latest Quaternary slip rate

of the Garlock fault in southeastern Searles Valley, using an offset shoreline of
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Searles Lake. In Chapter 3, I present measurements of left-laterally offset
geomorphic features that constrain the amount of displacement in past large
earthquakes on the central and eastern Garlock fault. I also use these estimates of
the slip in past events to address the rupture lengths, magnitudes and frequency of
past earthquakes on the fault. In Chapter 4, I constrain the age of the most recent
faulting event on the Garlock fault in Searles Valley and discuss the implications of

this date for the timing of future events along this part of the fault.
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CHAPTER 2

LATEST QUATERNARY SLIP RATE OF THE GARLOCK FAULT

IN SOUTHEASTERN SEARLES VALLEY, CALIFORNIA

ABSTRACT

A latest-Pleistocene shoreline at the overflow-level of Searles Lake has been
offset 82 to 106 meters (best estimate = 90 m) along the Garlock fault, at the
southeastern corner of Searles Valley. Radiocarbon dates from both surface and
subsurface units indicate that the most recent highstand of Searles Lake ended
sometime between 10,000 and 13,800 *C-yr ago (Stuiver and Smith, 1979; Benson
and others, 1990; Smith and Street-Perrott, 1983). The maximum slip rate of the
Garlock fault in southeastern Searles Valley is thus 10.6 millimeters per carbon-14-
year (mm/*C-yr). If part of the offset of the shoreline is a remnant from older
lakestands, then the slip rate may be somewhat less, but a channel that incised after
the most recent highstand is offset 69 + 2 m, indicating that the minimum slip rate
is S mm/™C-yr. Subjective evaluation of the constraints on the offset and on the age
of the shoreline suggest that the slip rate is most likely bétween 6 and 8 mm/"C-yr
at this site. If Bard and others’ (1990) calibration of the radiocarbon timescale is
correct, then the calibrated slip rate of the Garlock fault is between 4 and 9 mm/yr
and most likely between S and 7 mm/yr.

The slip rate in southeastern Searles Valley is compatible with the

7 * 5 mm/™C-yr slip rate at Koehn Lake (Clark and Lajoie, 1974; Clark and others,
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1984). No extension is required north of the Garlock fault between Koehn Lake and
southeastern Searles Valley, but up to 3 mm/yr of extension parallel to the Garlock

fault is allowed.

INTRODUCTION

Several estimates of the slip rate of the Garlock fault have been made at
various points along strike. LaViolette and others (1980) estimated a 1.6 to 3.3
mm/yr slip rate for the Garlock fault in Oak Creek Canyon (Figure 2-1) on the basis
of the 0.3 km offset of several stream channels incised into a surface with a well-
developed late Pleistocene soil. Clark and Lajoie (1974) obtained a slip rate of
7 * ; millimeters per carbon-14-year (mm/*C-yr) from the offset of an ~11,000-"*C-
yr-old lacustrine bar of Koehn Lake. Carter (1980, 1982) calculated a 11-12 mm/yr
minimum slip rate on the basis of Pleistocene alluvial fan gravels offset from their
sources in El Paso Mountains. Smith (1975) estimated a slip rate of about 1 mm/yr
at Christmas Canyon on the basis of the 8-m offset of a channel incised into ~10,000-
yr-old lacustrine gravels. I regard this rate as a minimum, however, because the
channel could have incised long after deposition of the ~10,000-yr-old gravels.

Better knowledge of the late Quaternary slip rate of the Garlock fault is
important both for seismic hazard analysis and for improving our understanding of
the Late Quaternary tectonics of the region surrounding the fault. Some estimates
of the recurrence interval are dependent on accurate knowledge of the slip rate at

several places along strike (McGill and Sieh, 1991; Chapter 3 of this dissertation).



1le¢

FIGURE 2-1: Reference map shows locations mentioned in text. Carter, area in
which Carter’s (1980, 1982) 12 mm/yr slip rate was determined; CC, Christmas
Canyon; Clark & Lajoie, site at which Clark and Lajoie’s (1974) 7 mm/yr slip rate
was determined; CR, Coso Range; DV, Death Valley; GF, Garlock fault; IWV,
Indian Wells Valley; OL, Owens, Lake; OLF, Owl Lake fault; PKV, Pilot Knob
Valley; PV, Panamint Valley; SAF, San Andreas fault; SR, Slate Range; SV, Searles

Valley.
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Knowledge of the Garlock fault slip rate at several places along strike is also critical
for understanding the tectonic role of the Garlock fault and its relation to the Basin
and Range Province north of the fault and to the proposed eastern California shear
zone (Dokka and Travis, 1990). This knowledge is also important for understanding
how motion between the North American and Pacific plates is distributed (e.g.,
Weldon and Humphreys, 1986).

I present evidence that the latest Quaternary slip rate of the central Garlock
fault in southeastern Searles Valley is most likely between 6 and 8 mm/*C-yr, but
that it could be as little as 5 mm/™C-yr or as large as 10.6 mm/™C-yr. These
estimates are based on the offset of the latest Quaternary high shoreline of Searles
Lake and on the offset of a channel incised into that shoreline. This slip-rate
determination does not completely resolve the questions presented above, but it is

an additional constraint on the solution to those questions.

DESCRIPTION OF SITE
The slip-rate measurement presented in this paper is based on the offset of
a latest-Pleistocene high shoreline of Searles Lake. Pleistocene Searles Lake was
part of a chain of lakes that was fed by waters from the eastern flank of the Sierra
Nevada via the Owens River (Gale, 1914; Smith, 1979). At times when water from
the Owens River filled Owens Lake, the lake overflowed into the Indian Wells
Valley to form China Lake, which in turn overflowed into Searles Lake. At times

when Searles Lake was filled to an elevation of 678 m, it coalesced with China Lake
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(Benson and others, 1990), and when it filled to about 690 m, it overflowed through
Pilot Knob Valley into Panamint Valley (U. S. Geological Survey, 1984). The lake
in Panamint Valley, in turn, may have overflowed into Death Valley to form Lake
Manly.

Lacustrine sedimentation in Searles Valley began 3.18 million years ago, and
lakes have occupied the valley intermittently since that time (Smith and others, 1983).
During the late Pleistocene epoch, lakes occupying Searles Valley have reached the
overflow level several times between about 10,000 and 24,000 **C-yr B.P. (Figure 2-2;
Stuiver and Smith, 1979; Benson and others, 1990; G. 1. Smith, unpublished data).
Searles Lake also overflowed between about 120 and 135 thousand years (ka) ago
and possibly around 50 ka (G. I. Smith, unpublished data). For reasons discussed
below, I believe that the shoreline features studied in this paper probably formed
during one of the most recent highstands, between about 10,000 and 24,000 **C-yr
B.P.

The overflow shoreline of Searles Lake crosses the Garlock fault in several
places (Figure 2-3). The intersection of this shoreline and the fault is best preserved
near the outlet of the lake, at the southwestern corner of the Slate Range. At this
site, an abrasion platform and sea cliff have been cut by wave action into older
alluvium and older lacustrine sediments. A 0- to 2-m-thick veneer of nearshore,
lacustrine sands was deposited on this platform during the most recent highstands,

and pinches out against the sea cliff (Figure 2-4).
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FIGURE 2-2: Lake-level history of Searles Lake (from Benson and others [1990,

Figure 11a]). C1 and C3 refer to highstands discussed in the text.
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FIGURE 2-3: Map shows locations where the overflow shoreline of Searles Lake

crosses the Garlock fault.
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FIGURE 2-4: Geologic map of site and locations of trenches. Late Pleistocene
shoreline is along southwestern limit of Late Quaternary beach and nearshore
lacustrine sand. Note left-lateral offset of shoreline across the two major fault
strands. Also note left-lateral offset of the western wall of the northward-flowing,
incised channel on the right side of the map. Topography is from photogrammetry
by Aerial Photometrics, Fresno, CA. Geologic mapping by S. McGill and G.

Roquemore.
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The shoreline angle, that linear feature formed by the intersection of the sea
cliff and the abrasion platform, is left-laterally and vertically offset across two
subparallel fault traces (Figures 2-4, 2-5), but the offset is difficult to measure
precisely because the shoreline angle has been buried by colluvium. For this reason,
I had 20 backhoe trenches dug to locate the shoreline and the fault strands precisely
(Figure 2-4). The relationships in the trench walls were documented by mapping the
exposures at a scale of 1:20. The mapping was controlled by surveying to nails
placed along the important contacts. Both walls of most trenches were mapped, but
only one wall of each trench is shown here. Undrafted, field cross sections of
trenches 2 and 16 (not shown as figures in this chapter) can be found on plates 1 and
2. After mapping the trench walls, we excavated by hand along the shoreline to find
the precise intersection of the shoreline with most of the major fault strands (Figure
2-4). The three-dimensional excavations were mapped at a scale of 1:10, with control
again provided by a number of surveyed points within each excavation. Only one
map of a three-dimensional excavation is shown in detail here (Figure 2-10).

The points surveyed in all trenches were combined in a common, three-
dimensional coordinate system. The absolute elevation of this coordinate system was
determined by traversing to the site from a benchmark about 3.5 km south of the
site. The absolute elevation of points surveyed at the site is probably correct to
within = 10 cm (1o). The uncertainty in the relative elevations of various points at

the offset shoreline site is less than this.



27

FIGURE 2-5: Stereo-pair aerial photographs of a latest-Pleistocene shoreline of
Searles Lake offset by two major strands of the Garlock fault zone. In right-hand
photo, shoreline is indicated by dots; fault strands are indicated by lines. Also shown
is an offset channel, which has incised the shoreline. Area shown corresponds to part

of the area of Figure 2-4. Taken from U.S.G.S. photos supplied by Malcolm Clark.
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Figure 2-5
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Most trenches across the shoreline revealed moderately sorted to well-sorted,
unconsolidated to poorly consolidated, medium to very coarse sand that pinches out
against a sea cliff cut into older alluvium or that interfingers with colluvium derived
from a sea cliff. In most cases the upper part of these beach deposits (and
occasionally the entire thickness) is poorly sorted because of bioturbation, which has
mixed colluvium and aeolian silt with the well-sorted beach sands.

The shoreline is offset a total of 82 to 106 m (best estimate = 90 m) across
the fault zone, and the details of this measurement are discussed in the following
section. A channel incised into the wave-cut cliff and platform is also left-laterally
offset about 69 + 2 m across the fault zone (Figures 2-4 and 2-5). This channel
presumably formed shortly after initiation of desiccation Qf the lake, in response to
lowering of the base level.

OFFSET OF THE SHORELINE
Offset across the southern fault zone

The buried shoreline is exposed south of the southern fault zone in Trenches
1 and 17 and north of the southern fault zone in Trenches 3, 10 and 18 (Figure 2-6).
In Trench 9 the shoreline is within the southern fault zone but is south of the main
Holocene fault tface within that zone. The characteristics of the shoreline and the
beach deposits in these 6 trenches are similar, indicating that the shoreline exposed
in Trenches 1, 17 and 9 correlates with the one exposed in Trenches 3, 10 and 18
(Figure 2-7 and Table 2-1). These similarities are:

(1) In all six of these trenches the dominant grain sizes of the beach deposits
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are medium and coarse sand.

(2) In Trenches 1, 17, 18, 10 and 3, the beach sands are locally moderately to
well sorted, but they grade upward and toward the sea cliff into more poorly sorted
deposits, because of mixing of the beach sands with colluvial material through
bioturbation and infiltration of aeolian silt. In Trench 9, well-sorted sands are
exposed north of and in fault contact with the main fault strand in the southern fault
zone, but the beach deposits exposed within the southern fault zone (that is, the
deposits that I correlate with those near the sea cliff in Trench 18) are poorly sorted
(Figure 2-7D). The poorly sorted sands exposed within the fault zone in Trench 9
are inferred to be bioturbated beach deposits because they are more poorly
consolidated and finer grained than the underlying alluvium and because they pinch
out southwestward against a cliff cut into the older alluvium. The poor sorting of the
beach deposits within the fault zone in Trench 9 is consistent with the poor sorting
of the beach deposits within 1-m of the sea cliff in Trench 18 (Figure 2-7E).

(3) In Trenches 1, 18 and 10 there is a lag deposit of rounded and subrounded
cobbles at the base of the beach deposits, which extends lakeward from a point 4-5
m lakeward of the sea cliff. (The westernmost cobbles in Trench 18 are east of the
eastern end of the cross section in Figure 2-7E). These cobbles were probably
derived from the underlying older alluvium and were too large to be transported by
wave action in the lake. The lack of a cobble lag deposit at the base of the
bioturbated beacil deposits within the fault zone in Trench 9 is consistent with lack

of such a lag deposit within 4-5 m of the wave-cut cliff trenches 1, 17, 18 and 10.
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FIGURE 2-6: Map documents offset of the shoreline across the southern fault zone
and possible offset between Trenches 3 and 11. Offset across southern fault zone is
most likely 37 m (P3 to PS), but could be as little as 36 m (P3 to P4) or as large as
38 m (P3 to PS5 plus P1 to P2). Offset of the shoreline between Trenches 3 and 4 is
most likely 0 m, but could be up to about 3 m (P6 to P7). Offset of the shoreline
between Trench 4 and the excavation southeast of Trench 11 is most likely 2 m but
could be 0 m. See text for explanation of piercing points P1 to P10. Tic marks along
the sides of trenches correspond to tic marks along the tops and bottoms of cross

sections in Figure 2-7.



32

unod 3urorog iId e PIS I9MO] ?
auIj210ys Jo uoissaxdxa oiydiowosn —-——-—- — uo Jfeq pue yeq ‘dress neq
sajnueid pouoddns-jiomaurey jo noyould - [eonayiodAy a1oym ysep UOYys
uonisod pajoaej ‘pareso] Ajarewnxoidde

SMOYS dUI[ JITABIY ‘QUT[OIOYS PALIQJU] ----wmmw 219y ysep w:o- ‘YNE,] reseeses
suoneAedxa ut pasodxa ‘aurfaioys youaij,

-
- ‘andom
w09es |— °

woses | ]

. ‘Lm '000

p 4 ‘oo, Ol TIL

’ /Io 0’ \ *

N ‘o
S
/' otto
N

woors f—

—_—

wo91e uopie wozIe w001e w 080T

Figure 2-6



33

FIGURE 2-7: Cross sections of excavations on both sides of the southern fault zone.
Tic marks on top and bottom of cross sections are spaced 1 meter apart and
correspond to tic marks along the sides of trenches in Figure 2-6. Elevations labelled
on the sides of cross sections are in meters above sea level. Cross sections of the
western walls of Trenches 1 and 9 have been reversed for easier comparison to other
cross sections. See Table 2-1 for explanation of units in cross sections. Both walls

of most trenches were logged, but only one wall of each trench is shown here.

FIGURE 2-7A: Explanation of symbols used in cross sections
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OO cobbles, to scale
P00 pebbles
Lot granules: massive

sens02s bedded
coarse and massive
BRI very coarse sand: bedded
= fine to medium sand: massive
bedded

ANIN silt: massive
~ - laminated

¢ clay

K calcium carbonate

a ash

shells or shell fragments

~—— contact

—x—  contact, gradational over x cm

-------- inferred contact

—— —— boundary of beach deposits, dashed where gradational

— — - fault, long dash where less certain, short dash where

inferred

KRG pervasive fractures
% shear zone

T -~ ==~ strongly developed platy soil structure

.« —+v- weakly developed platy soil structure

—~+—  0.5- to 2-cm-thick layers, very weakly cemented by
CaCO3

uc unconsolidated

pc poorly consolidated

mc moderately consolidated
wc well-consolidated

vwc very well-consolidated

Figure 2-7A
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FIGURE 2-7B: Cross section along western wall of Trench 1. Irregular bodies of
well-sorted sand (Qb) are probably liquefaction structures. The sea cliff extends
from the lowest sand layer at right edge of cross section upward along the inferred
contact between older alluvium (Qoa,) and colluvium (Qc) derived from the sea cliff.

Logged by G. Roquemore and S. McGill.
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FIGURE 2-7C: Cross section along eastern wall of Trench 17 shows thin layers of
beach sand (Qb) interfingering with colluvium (Qc) derived from the sea cliff.
Shoreline angle is at southwestern end of lowest sand layer. Note bed of framework-
supported granules that terminates about 1.5 m northeast of the shoreline angle.
This bed probably correlates with similar beds in Trenches 18 and 10. As in trench
1 (Figure 2-7B), the well-sorted sand (Qb) has probably been disrupted by

liquefaction. Logged by S. McGill
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FIGURE 2-7D: Cross section along western wall of Trench 9 shows well-sorted
beach sands (Qb) truncated by fault 9A at the northern edge of the southern fault
zone. Bioturbated beach deposits (Qbb) are exposed within the southern fault zone.

The shoreline angle is about 20 ¢cm north of fault 9J. Logged by S. McGill and M.

Slates.
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FIGURE 2-7E: Cross section along southern wall of Trench 18 shows beach deposits
(Qb) interfingering with colluvium (Qc) derived from the sea cliff. Shoreline angle
is at western end of lowest sand layer. Note bed of framework-supported granules
that pinches out about 2 m east of the shoreline angle. This bed probably correlates
with similar beds in Trenches 17 and 10. A lag deposit of rounded and subrounded
cobbles extends eastward from just beyond the eastern end of the cross section.

Logged by M. Slates.
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FIGURE 2-7F: vCross section along southern wall of Trench 10 shows poorly
consolidated, bioturbated beach deposits (Qbb) interfingering with colluvium (Qc)
derived from the sea cliff. Shoreline angle is at lower, western corner of Qbb
deposit. Note bed of framework-supported granules that pinches out about 1.5 m
west of shoreline angle. This bed probably correlates with similar beds in Trenches
17 and 18. Also note lag deposit of rounded and subrounded cobbles that extends
eastward from a point about 4 m east of the shoreline angle. Logged by S. McGill

and M. Slates.
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FIGURE 2-7G: Cross section along the southern wall of Trench 3. There is no sea
cliff in this exposure; beach deposits (Qb, Qbc) and bioturbated beach deposits
(Qbb) pinchout along a gently sloping lake floor. Logged by S. McGill and M.

Slates.
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FIGURE 2-7H: Cross section along southeastern wall of Trench 4. Gravel layer
containing rounded and subrounded cobbles (Qob;) was probably deposited during
one of the older lakestands (possibly the 120-135 ka highstand) on the basis of 1-mm-
thick calcium-carbonate coatings on the cobbles. Radiocarbon analyses of snail shells
from this layer will test this hypothesis. The sea cliff associated with the most recent
highstand is inferred to be along the poorly defined contact between moderately
consolidated, massive, sandy gravel inferred to be bioturbated beach deposits (Qbb)
and very well-consolidated, sandy gravel with crude, subhorizontal bedding inferred
to be older alluvium (Qoa,). The stronger soil development in the western two-thirds
of the cross section is also consistent with the inferred position of the sea cliff

associated with the most recent highstand. Logged by S. McGill and M. Slates.
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TABLE 2-1. Explanation of units in cross sections

Hc: Holocene colluvium, deposited after Qb beach deposits. Poorly sorted,
unstratified, pebbly, silty sand.

Hs: Holocene soil, produced by infiltration of aeolian silt and calcium-carbonate
dust. Usually well-consolidated.

Qb: Quaternary beach and nearshore lacustrine deposits. Usually unconsolidated,
moderately sorted to moderately well-sorted, fine to very coarse sand. Locally
stratified, as shown in cross sections. Probably deposited during the most
recent highstand of Searles Lake, which ended between about 10,000 and
13,800 “C-yr B.P. (Stuiver and Smith, 1979; Benson and others, 1990; Dorn
and others, 1990; See section entitled "Age of the shoreline and slip rate of
the Garlock fault.")

Qbb: Quaternary beach and nearshore lacustrine deposits that have been bioturbated
and/or infiltrated by aeolian silt. Poorly consolidated, poorly sorted,
unstratified, silty sand.

Qbc: Quaternary beach and nearshore lacustrine deposits that have been partially
consolidated and reddened by clay. Clayey sand.

Qc: Quaternary colluvium, derived from a sea cliff and interfingering with the
youngest beach deposits. Poorly sorted, pebbly sand.

Qob,: Older Quaternary beach and nearshore lacustrine deposits. Mostly
unconsolidated, moderately to poorly sorted coarse sand and granules.

Stratified and locally cemented by calcium carbonate where exposed in the
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Table 2-1 (continued)

northern end of Trench 15 (Figure 2-14D). Also exposed in trenches 7
(Figure 2-14B) and 20 (not shown). Relative elevations suggest that this
deposit is older than Qb, but comparable soil development suggests that it is
not much older than Qb. Qob, was probably deposited during one of the
highstands of Searles Lake that occurred between 10,000 and 24,000 “C-yr
B.P. (Stuiver and Smith, 1979; Benson and others, 1990), but prior to the most
recent highstand.

Qobb,: Older Quaternary beach and nearshore lacustrine deposits that have been
bioturbated and/or infiltrated by aeolian silt. Poorly sorted, silty sand,
granules and pebbles. Exposed in trenches 7, 15 and 20.

Qob,: Older Quaternary beach and nearshore lacustrine deposits.  Interbedded,
clast-supported pebbles, and moderately well-sorted granules and sand.
Mostly unconsolidated, but locally cemented by calcium carbonate. Exposed
in the central portion of trench 15 (Figure 2-14E). The coarseness and
thickness of this unit is unlike any of the other beach deposits exposed in the
trenches. Probably older than Qob,, on the basis of their relative elevations,
but not much older, because of the lack of a well-developed soil profile on
Qob,. Qob, may have been deposited during one of the highstands of Searles
Lake that occurred between 10,000 and 24,000 **C-yr B.P. (Stiuver and Smith,
1979; Benson and others, 1990), but most likely prior to deposition of Qb and

Qob,.
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Table 2-1 (continued)

Qobb,: Older Quaternary beach and nearshore lacustrine deposits that have been
bioturbated and/or infiltrated by aeolian silt. Probably older than Qobb,, on
the basis of their relative elevations. Poorly sorted, pebbly, silty sand.
Exposed in the central portion of trench 15.

Qu: Poorly consolidated, poorly sorted, unstratified, pebbly, silty sand of unknown
origin. Underlies Qob,.

Qol;: Older Quaternary lacustrine(?) deposits. White, cemented, silty, fine-grained
sandstone. Exposed in trench 15 (Figures 2-14D and 2-14E)

Qs: Soil developed on deposits older than Qb.

Qoa,: Older Quaternary alluvium. Very well-consolidated, crudely stratified sandy
gravel. Exposed in trench 4 (Figure 2-7H). Truncated to the northeast by an
inferred sea cliff against which younger beach sediments (Qb, Qbb) have been
deposited. The relative degree of soil development on Qoa, and Qbb also
confirm that Qoa, is older than Qb and Qbb.

Qob,: Older Quaternary beach and nearshore lacustrine deposits. Well-consolidated,
cobbly gravel. Exposed in trench 4 (Figure 2-7H). Contains fossil freshwater
snail shells including Lymnaeidae Stagnicola sp., Lymnaeidae Lymnaea sp.,
and Planorbidae Helisoma (Carinifex) sp. Stratigraphic position indicates that
this unit predates Qoa, Degree of soil development on Qoa, suggests that
Qoa, and hence Qob, are considerably older than Qob, and Qob,. Qob, may

have been deposited during the highstand of Searles Lake that occurred about
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Table 2-1 (continued)
120 and 135S ka ago (G. I. Smith, unpublished U-series dates).

Older Quaternary alluvium. Well-consolidated sandy gravel. Exposed in
trenches 2, 9, 18, 10 and 3, between the northern and southern fault strands.
Stratigraphic position indicates this unit is older than Qb and Qbb. Less
consolidated than but may correlate with Qoa, in trench 4.

Older Quaternary alluvium. Very well-consolidated sandy gravel.

Exposed in trench 4 (Figure 2-7H). Stratigraphically below Qob,.

Older Quaternary alluvium. Very well-consolidated gravel with some cobbles
and boulders that disintegrate easily. Exposed in trenches north of the
northern fault.

Older Quaternary alluvium. Well-consolidated pebbly gravel. Exposed in
trenches 11, 12, 19 and 13, within the north-central shear zone and between
that zone and the northern fault. Stratigraphic position indicates this unit is
older than Qb, but the age of this unit relative to other units older than Qb

iS uncertain.

Qol,: Older Quaternary lacustrine deposits. Well-sorted claystone, siltstone and fine-

grained sandstone. May include interbedded fluvial deposits. Where visible
(in Trench 13), bedding has an apparent dip of 30-45° northeastward.
Stratigraphic relations indicate that this unit is older than Qb, but its age

relative to other units older than Qb is uncertain.
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Table 2-1 (continued)
Qoa,: Older Quaternary alluvium. Well-consolidated, sandy, clayey gravel. Bedding
has an apparent dip of about 20° southwestward. Exposed in trenches 1, 17,
9 and 2, south of the southern fault. Stratigraphic relations indicate that this
unit is older than Qb, but its age relative to other units older than Qb is

uncertain.
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(4) In Trenches 17, 18, 10 and 3 there is a 10- to 30-cm-thick layer of well-
sorted, framework-supported granules that pinches out 1-2 m from the sea cliff. The
lack of such a granule layer in Trench 9 is also consistent with the lack of such a
layer within 2 m of the sea cliff in Trench 18.

There are a few differences in the shoreline features on either side of the
southern fault. First, the beach deposits in Trench 18 are about twice as thick as
those within the fault zone in Trench 9. This may be due to greater erosion of the
beach sediments in Trench 9 than of those in Trench 18. Perhaps colluvium from
the scarp along the southern fault quickly buried the beach deposits in Trench 18,
protecting them from erosion. Second, in Trench 18 the beach sediments interfinger
with clay-rich colluvium near the sea cliff, whereas in Trench 9 the beach deposits
are buttressed against the cliff without any interfingering colluvium.

Although the southern fault zone is 4-5 m wide in Trenches 9 and 2,
significant offset of the shoreline has occurred only along the northernmost fault
within this zone. The other fault strands must have become inactive prior to
deposition of the beach deposits of the youngest lakestand (Qb). In both Trenches
9 and 2, weH-so&ed sands (nearshore lacustrine deposits) are in fault contact with
older alluvium along the northernmost strand within the southern fault zone. The
trend of the shoreline angle (the pinchout of lacustrine sands at the base of the sea
cliff) in Trenches 1, 17 and 9 suggests that the shoreline is not significantly offset
along any of the fault strands exposed south of the shoreline in Trench 9. The

shoreline may have been offset as much as about 1 m on these faults (P1 to P2 in
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Figure 2-6), but any larger offset would require an unjustifiable and unlikely
geometry of the shoreline. Three-dimensional hand-excavation of the sea cliff
between the western wall of Trench 9 and the northernmost fault in the southern
fault zone also indicates no left-lateral offset of the sea cliff on any of the faults
between the shoreline in Trench 9 and the northernmost fault within the southern
fault zone.

The three-dimensional hand-excavation along the sea cliff from the western
wall of Trench 9 to the northernmost strand of the southern fault zone revealed the
precise location of intersection of the base of the sea cliff with that fault (P3 on
Figure 2-6). Projection of the base of the sea cliff from both walls of Trench 18 to
the northernmost fault in the southern fault zone yields the piercing point P4,
whereas projection of a visual best-fit line to the same feature as revealed in both
walls of Trenches 10 and 18 yields the piercing point P5 (Figure 2-6). I prefer PS to
P4 because the trend of the best-fit line is less sensitive to the uncertainty in the
location of the base of the sea cliff in any one trench wall and because the trend of
the best-fit line is more consistent with the trend of the base of the sea cliff exposed
in the three-dimensional excavation west of Trench 9. The preferred value for the
left-lateral offset of the shoreline across the southern fault zone is 37 m (P3 to PS),
but the offset could be as small as 36 m (P3 to P4) or as large as 38 m (P3 to PS5 plus

P1 to P2).
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Possible offset between Trenches 3 and 4

The presence of a small (s 10-cm-high) fault scarp north of Trench 2 (Figures
2-4 and 2-6) suggests the possibility of additional offset of the shoreline between
Trenches 3 and 4. The location and trend of the shoreline angle in Trenches 3 and
4, however, indicate that little or no lateral offset of the shoreline has occurred on
this fault. In Trench 3, there is no sea cliff; the beach deposits thin and pinch out
on a gently sloping lake floor. Because the base of the sea cliff is at an elevation of
690.1 m in Trench 10, I believe that the 690.1 m structure contour on the surface of
the lake floor in Trench 3 correlates with the base of the sea cliff in Trenches 10 and
18. The projection of this structure contour intersects the projection of the small
scarp at P7 (Figure 2-6). A reasonable eastern limit on the intersection of the
shoreline with the projection of the small scarp is obtained by projecting the visual
best-fit line through the shoreline in Trenches 10 and 18 northward to Pé (Figure 2-
6).

In Trench 4, a 20- to 30-cm-thick gravel layer with rounded and subrounded
cobbles extends from near the eastern end of the trench to beyond the western end
of the trench and overlies well-consolidated, poorly sorted gravel (Figure 2-TH). 1
interpret the cobbly layer to be nearshore lacustrine gravels overlying older alluvium.
The presence of 1-mm-thick calcium-carbonate coatings on many of the cobbles
suggests that these lacustrine gravels were deposited during one of the older
lakestands, perhaps the 120-135 ka highstand. A few dozen gastropod shells were

collected from the rounded cobble layer. The collected shells included specimens of
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Planorbidae Helisoma (Carinifex), Lymnaeidae Stagnicola, and Lymnaea (Clif Coney,

Los Angeles County Museum of Natural History, oral communication, 1991). Some
of the shells appeared to be in growth position, affixed to the underside of cobbles.
Future U-series and/or radiocarbon analyses of these shells may constrain the age
of this layer. In the western half of the trench, the rounded cobble layer is
overlain by very well-consolidated alluvium with a well-developed soil profile. In the
eastern half of the trench, however, the rounded cobble layer is overlain by poorly
consolidated, moderately to poorly sorted sand and granules, which I interpret to be
the beach deposits associated with the most recent highstand of Searles Lake. The
soil profile in these deposits is much less' developed than the profile in the western
half of the trench. Apparently the lacustrine cobble layer from an older lakestand
was buried by alluvium, and a soil began forming on that alluvium. Later, wave
action during the most recent highstand of the lake eroded the alluvium that buries
the older lake gravels from the eastern half of the trench and deposited beach sands
on top of the older lake gravels. The presence of calcium-carbonate coatings up to
1-mm-thick on cobbles beneath the young beach sands indicates that waves during
the most recent lakestand did not significantly rework the older, lacustrine cobble
layer. |

Uncertainty as to the precise location of the inferred sea cliff makes
determination of the trend of that cliff impossible, so I assume a trend parallel to the
geomorphic break in slope east of Trench 4 (Figure 2-6). This projects to the

projection of the small scarp at P8, which lies very close to P7 and suggests that little
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or no lateral offset of the shoreline has occurred on the small fault north of Trench
2 or on any concealed faults between Trenches 3 and 4. Because of the uncertainty
in the location and trend of the shoreline in Trenches 3 and 4, however, the
possibility of a few meters of slip in this zone can not be ruled out at this time (for
example, 3 m from P6 to P8). Larger displacement is unlikely, given that the channel

wall about 70 m to the east is not noticeably offset in this zone.

Possible offset between Trenches 4 and 11

There are no faults visible at the surface between Trenches 4 and 11, but
projection of the shoreline northwestward from Trench 4 and southeastward from a
hand-excavation southeast of Trench 11 suggests that conceivably the shoreline could
have been offset a few meters on concealed faults between these two trenches (P9
to P10, Figure 2-6). Any concealed faults are probably not far southeast of Trench
11 because the geomorphic break in slope northeast of Trench 4 is not offset. The
~2-m- possible offset suggested by this projection is poorly constrained because of
uncertainty in the location and trend of the shoreline in Trench 4 and in the trend
of the shoreline between Trenches 4 and 11. There may well have been no offset of

the shoreline between these two trenches.

Offset across the north-central shear zone
A zone of many, closely spaced faults that offset the shoreline lies about 6 to

14 m south of the northern fault zone. The relationships exposed in Trenches 11, 12,
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13 and 19 and in the three-dimensional hand-excavations from these trenches place
constraints on the displacement of the shoreline across this zone (Figure 2-8).

In the southeastern wall of Trench 11, very well-sorted beach sands pinch out
against a sea cliff cut into older alluvium (Figure 2-9A). Three-dimensional hand-
excavations revealed that the sand pinchout is offset 0.7 m across a fault exposed in
and nearly parallel to the northwestern wall of Trench 11 (P12 to P13 in Figure 2-8)
and is offset 0.1 m across a small fault north of Trench 11. The trend of the sand
pinchout suggests that within 0.5 m north of the fault in the northwestern wall of
Trench 11 and within 1.5 m south of that fault, the shoreline may have been warped
left-laterally. If this is the case, then the 1 m of slip on diécrete faults is a minimum
estimate of the total displacement across this fault zone. Projection of the sand
pinchout from farther away from this fault zone suggests that up to 1.8 m of left-
lateral displacement may have occurred in a combination of slip on discrete faults
and warping (Figure 2-8, P11-P14).

The trends of the sand pinchout in three-dimensional excavations northwest
of Trench 11 and east of Trench 12 suggest that 1.8 m of left-lateral slip may have
occurred on unexposed faults between these two trenches (Figure 2-8, P15-P16). It
is also possible, of course, that no offset has occurred in this area because a smooth
curve connecting the shoreline in the two hand-excavations would not be an
unreasonable initial geometry for the shoreline. Given the number of faults that
offset the lake bottom in Trenches 11, 12 and 19 (Figure 2-9), however, some offset

on unexposed faults between Trenches 11 and 12 is likely. Therefore, I use 1.8 m as
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FIGURE 2-8: Map documents the 3.5- to 13.6-m-offset of the shoreline across the

north-central shear zone. The location of the pinchout of well-sorted beach sand
against a sea cliff was revealed in Trenches 11, 12, 19 and 13 and in three-
dimensional hand-excavations from these trenches. 12A-12G label faults that are
also shown in Figure 2-9B. 19A-19G label faults that are also shown in Figure 2-9C.
Locations of faults 19A-19G are shown where they intersect a horizontal plane at 690
m, and fault 19H is shown at the elevation of the base of the trench. Tic marks
along the sides of trenches correspond to tic marks along the top and bottom of cross
sections in Figures 2-9 and 2-12. P11-P26 are piercing points discussed in text. See

text for details of offset measurements across the north-central shear zone.
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FIGURE 2-9: Cross sections of excavations within the north-central shear zone. Tic
marks on top and bottom of cross sections are spaced 1 meter apart and correspond
to tic marks along the sides of trenches in Figure 2-8. Elevations labelled on the
sides of cross sections are in meters above sea level. Cross sections of the western
walls of Trenches 12 and 19 have been reversed for easier comparison to other cross
sections. See Figure 2-7A for explanation of symbols and Table 2-1 for explanation
of units in cross sections.

FIGURE 2-9A: Cross section along southeastern wall of Trench 11 shows
unconsolidated, well-sorted, coarse and very coarse beach sands (Qb) pinching out

against a sea cliff. Logged by S. McGill and L. Maepa.
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FIGURE 2-9B: Cross section along western wall of Trench 12 shows unconsolidated,
well-sorted, coarse and very coarse beach sands (Qb) truncated by fault 12E. Faults
12A-12G are shown in map view in Figure 2-8. Logged by S. McGill, M. Slates and

S. Bryant.
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FIGURE 2-9C: Cross section along western wall of Trench 19 shows poorly
consolidated, well-sorted, coarse and very coarse beach sands (Qb) displaced along
fault 19C and truncated by fault 19D. Faults 19A-19G are shown in map view in

Figure 2-8. Logged by G. Roquemore, M. Slates and S. McGill.
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a best estimate of the offset between Trenches 11 and 12 (Table 2-2).

In the western wall of Trench 12, very well-sorted beach sands are truncated
by a near-vertical fault (fault 12E, Figure 2-9B). Projection of the sand pinchout in
the western part of the hand-excavation east of Trench 12 indicates that about 0.7
m of left-lateral slip has occurred on faults 12E and 12G combined (P18-P19 in
Figure 2-8). An additional 0.1 m offset of the shoreline has occurred on fault 12D.
If the trends of the portions of the sand pinchout in the excavation west of Trench
12 and in the western part of the hand-excavation east of Trench 12 have been
modified by warping, then a more complete estimate of the offset in this zone would
be 2.8 m, from P17 to P19B, assuming that the original trend of the shoreline
through this zone was parallel to the trend of the sand pinchout in the eastern part
of the excavation east of Trench 12.

The shoreline may be offset the entire distance (about 2 m) between the
excavations west of Trench 12 and east of Trench 19 along fault 19F (P19C to P20,
Figure 2-8). Alternatively, it may not be offset at all in this area because the trend
of the shoreline in the excavation west of Trench 12 projects directly to P20.

In the hand-excavation east of Trench 19, beach sands are truncated by fault
19F for a distance of at least 0.6 m (P20 to P27, Figure 2-10). A 15-cm-long segment
of the shoreline is preserved between faults 19F and 19D, and the shoreline is offset
1.1 m along fault 19D (P28 to P29, Figure 2-10). The shoreline is offset about 0.2
m along fault C (P30 to P30B, Figure 2-10). The shoreline is thus offset a total of

1.9 m across discrete faults in the vicinity of Trench 19. If the shoreline has been



TABLE 2-2. Summary of offset across the north-central shear zone.

Area Minimum  Maximum  Best
offset (m)  offset (m) estimate (m)

Trench 11 hand-excavations 0.8 1.8 0.8
Between hand-excavations

from Trenches 11 and 12 0 1.8 1.8
Trench 12 hand-excavations 0.7 28 0.7
Between hand-excavations

from Trenches 12 and 19 0 2.0 0
Trench 19 hand-excavations 1.9 2.1 19
Between hand-excavations

from Trenches 19 and 13 0.1 3.1 0.1
TOTAL 3.5 13.6 53
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FIGURE 2-10: Map documents 1.9- to 2.1-m-offset of shoreline in the vicinity of
Trench 19. Sand-pinchout is offset at least 0.6 m along fault 19F (P20 to P27), about
1.1 m along fault 19D (P28 to P29) and about 0.2 m along fault 19C (P30 to P30b).
An additional 0.2 m of left-lateral slip could conceivably have occurred as warping
(P30b to P30c). Structure contour lines show the elevation of the lake floor in

meters above sea level. Contour interval is 10 cm.
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warped west of P30B, then an additional 0.2 m of slip may have occurred in this area
(P30B to P30C, Figure 2-10).

The offset of the shoreline between the western edge of the hand-excavation
west of Trench 19 and the southern wall of Trench 13 is between 0.1 m and 3.2 m.
A smooth curve connecting the southern limit of the beach sands in the hand-
excavations west of Trench 19 and south of Trench 13 would be reasonable geometry
for the shoreline, suggesting that no offset may have occurred in this area (Figure 2-
8). The structure contours on the sea cliff in the hand-excavation west of Trench 19
support a shoreline trend similar to that which would be consistent with no offset
(Figures 2-8 and 2-10). If this is true, then the total offset between P21 and the
southern wall of Trench 13 is 0.1 m, the offset on a minor fault exposed in the hand-
excavation south of Trench 13. I use this value as a best estimate of the slip between
P21 and P26. If the shoreline has been warped, however, the offset may be greater.
An upper bound on the left-lateral displacement in this area is 3.1 m (P21 to P22,
Figure 2-8). This is obtained from assuming a N5SQW oﬁginal trend of the shoreline
in this area (the trend of the shoreline away from any faults in the hand-excavation
north of Trench 13) and a fault trend of N75E.

The total offset of the shoreline across the north-central shear zone is between
3.5 and 13.6 m (Table 2-2). The smaller value is the sum of measured offsets on
discrete faults, whereas the larger value includes possible warping and possible slip
on unexposed faults between the excavations. I use 5.3 m as a best estimate of the

offset of the shoreline across the north-central shear zone. This value is the sum of
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the measured offsets on discrete faults and the inferred 1.8 m offset that is strongly
suggested by the projections of the shoreline northwest of Trench 11 and southeast
of Trench 12.

An alternate method of estimating the left-lateral slip across the north-central
shear zone is to project the trend of the shoreline on either side of the shear zone
to a hypothetical fault trending N7S5E. Assuming an original shoreline trend of
N40W (trend of sand pinchout in southeastern end of hand-excavation southeast of
Trench 11) throughout the shear zone yields an offset of 13.7 m (P25 to P26 in
Figure 2-8). Assuming an original trend of the shoreline throughout the shear zone
of N5OW (trend of sand pinchout in hand-excavation north of Trench 13) yields an
offset of 10.7 m (P23 to P24 in Figure 2-8). These values are consistent with the

range of offsets summarized in Table 2-2.

Offset across the northern fault zone

The characteristics of the shoreline and of the beach deposits in the hand-
excavation north of Trench 13 are similar to those in the hand-excavation east of
Trench 5, supporting the correlation of the shoreline between these two excavations
(Figures 2-11 and 2-12). In both hand-excavations the beach deposits are 0.4 to 0.5
m thick and consist of moderately to well-sorted, coarse to very coarse sand. The
trend of the shoreline in these two excavations is also similar (Figure 2-11).

The best estimate of the offset of the shoreline across the northern fault zone

is 46 m. To obtain this estimate I project the shoreline to a line
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FIGURE 2-11: Map documents 42- to 46-m-offset of the shoreline across the
northern fault zone. The shoreline is probably warped within about 0.7 m north of
the northern edge of the northern fault zone, in which case the offset is 46 m (P33
to P36 plus P31 to P32). The minimum offset is 42 m (P34 to P35 pius P31 to P32)
and would apply if the current trend of the shoreline within 0.7 m north of the
northern edge of the northern fault zone represents the original trend of the
shoreline across the northern fault zone. Tic marks along the sides of trenches

correspond to tic marks along the top and bottom of cross sections in Figure 2-12.
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FIGURE 2-12: Cross sections of excavations on both sides of and across the northern
fault zone. Tic marks on top and bottom of cross sections are spaced 1 meter apart
and correspond to tic marks along the sides of trenches ih Figure 2-11. Elevations
labelled on the sides of cross sections are in meters above sea level. Cross section
of the northern wall of Trench 13 has been reversed for easier comparison to other
cross sections. See Figure 2-7A for explanation of symbols and Table 2-1 for

explanation of units in cross sections.

FIGURE 2-12A: Cross section along northern wall of Trench 13 shows poorly
consolidated, well-sorted, coarse beach sands (Qb) pinching out against colluvium

(Qc) derived from the sea cliff. Logged by S. McGill.
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FIGURE 2-12B: Cross section along eastern wall of Trench S shows unconsolidated,
well-sorted, coarse beach sands (Qb) pinching out against older alluvium (Qoay,).
Northern fault zone is exposed in the southern end of the cross section. Logged by

S. McGill and M. Slates.
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FIGURE 2-12C: Cross section along eastern wall of Trench 14 shows the northern
fault zone. Poorly consolidated, poorly sorted, sandy gravel that may be bioturbated
beach deposits (Qbb?) are truncated by fault 14B. Faults 14B, 14C, 14D, 14E, 14F
and 14G appear to be the most recently active strands within the northern fault zone.
Faults 14A-14M are shown in map view in Figure 2-11. Logged by S. McGill, M.

Slates and S. Bryant.
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connecting the northern edge of the northern fault zone in Trenches 5 and 14 (Figure
2-11). In Trench 14, fault 14A does not displace poorly consolidated, poorly sorted,
pebbly sand that may be bioturbated beach deposits or alluvium burying the old lake
floor (Figure 2-12C). These pebbly sands are truncated against fault 14B, however,
so I use fault 14B as the northern limit of the northern fault zone in Trench 14, for
the time period since the latest lake highstand. Although the trend of the
northernmost fault in the hand-excavation east of Trench S and the trend of fault
14B are more northerly than the N75E-trend of the line connecting these two faults
(Figure 2-11), these two fault strands are probably part of an en echelon fault pattern
in which the trends of individual fault strands are not parallel to the trend of the
fault zone as a whole.

To obtain a best estimate of the offset across the northern fault zone, I
assume that the more easterly trend of the shoreline within about 0.7 m of the fault
zone in the hand-excavation east of Trench 5 is due to warping (Figure 2-11). This
is a reasonable assumption because the zone in which warping is inferred coincides
with a zone in which the lake floor is displaced by minor faults with 3 to 25 cm of
vertical separation. Furthermore, the ~ N35W trend of the shoreline immediately
north of the zone of possible warping compares well with the trend of the shoreline
in the northernmost part of the hand-excavation north of Trench 13. Projection of
these parts of the shoreline to the northern edge of the northern fault zone yields an
offset of 45.5 m (P33 to P36, Figure 2-11). When added to the 0.5 m offset

measured across a minor fault in the hand-excavation north of Trench 13 (P31 to P32
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in Figure 2-11), this gives a total of 46 m offset. If the shoreline is not warped near
the fault zone in the hand-excavation east of Trench S, and if the trend of the sand
pinchout in this area represents the original trend of the shoreline across the fault
zone (a hypothesis I regard as unlikely), then the offset could be as small as 42.1 m
(P34 to P35 in Figure 2-11) plus the 0.5 m offset exposed in the hand-excavation

north of Trench 13.

Correlation of shoreline features north of the northern fault zone

The sea cliff and beach deposits exposed in Trenches 6 and 7 are similar in
thickness, grain size and sorting to those exposed in Trench 5 (Figures 2-13 and 2-
14A,B). The location and trend of the shoreline in Trenches 5, 6 and 7 confirms the
correlation of the shoreline between these three trenches (Figure 2-13). West of
Trench 7, however, the correlation of shoreline features is less certain. Within
Trenches 8, 15 and 20, three different sets of shoreline and nearshore deposits and
features are exposed. In Trench 8 and in the northern half of Trench 20, a sea cliff
is exposed, but there are no moderately or well-sorted sands (Figure 2-14C). The
cliff and the inferred lake floor are buried by poorly sorted sand that may be
alluvium or bioturbated beach deposifs. In the southern half of Trench 20 and in the
northern part of Trench 15 another possible shoreline is exposed. Very coarse sand
and granules, moderately sorted in northern Trench 15 and poorly sorted in southern
Trench 20, are present within a trough cut into the older alluvium (Figures 2-14D).

Although the geometry of the deposit suggests that these may be alluvial sands, I
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FIGURE 2-13: Locations of shoreline features in trenches north of the northern fault
zone. There is no evidence of significant offset of the shoreline north of the northern
fault zone, but up to about 3 m of left-lateral warping could conceivably have
occurred (P37 to P38). Warping may be responsible for the more westerly trend of

the shoreline angle in Trench 7.
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FIGURE 2-14: Cross sections of excavations north of the northern fault zone. Tic
marks on top and bottom of cross sections are spaced 1 meter apart and correspond
to tic marks along the sides of trenches in Figure 2-13. Elevations labelled on the
sides of cross sections are in meters above sea level. Cross section of the western
wall of Trench 8 has been reversed for easier comparison to other cross sections.
See Figure 2-7A for explanation of symbols and Table 2-1 for explanation of units

in cross sections.

FIGURE 2-14A: Cross section along eastern wall of Trench 6 shows clayey beach
sands (Qbc) interbedded with colluvium (Qc) derived from sea cliff. Inferred contact
between colluvium (Qc) and older alluvium (Qoa,;) shows probable location of sea

cliff. Logged by S. McGill.
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FIGURE 2-14B: Cross section along eastern wall of Trench 7 shows beach sands
(Qb, Qbc) deposited against a sea cliff. The beach sands are displaced several cm
along a minor fault at the southern end of the cross section, but the matching
stratigraphy of interbedded clayey sand and well-sorted sand on either side of this
fault suggests that lateral offset has been minimal. Older beach deposits(?) (Qob,

and Qobb,) are truncated by this fault. Logged by S. McGill.
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FIGURE 2-14C: Cross section along northwestern wall of Trench 8. Poorly
consolidated, poorly sorted sand (Qbb) pinches out against a sea cliff and may be
bioturbated beach deposits from the latest lakestand or alluvium or colluvium burying

the sea cliff. Logged by S. Bryant, M. Slates and L. Maepa.
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FIGURE 2-14D: Cross section along the northern end of the eastern wall of Trench
15 shows moderately sorted beach deposits (Qob,) filling a pre-existing channel. We
interpret these deposits to be slightly older than the Qb beach deposits, for reasons

discussed in the text. Logged by S. McGill
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FIGURE 2-14E: Cross section along the central portion of the eastern wall of
Trench 15 shows beach deposits (Qob,) interpreted to be slightly older than the Qob,

beach deposits for reasons discussed in the text. Logged by S. McGill and S. Bryant.
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interpret them as beach deposits filling a pre-existing channel because they are better
sorted than most alluvium in this area. Evidence for a third set of beach deposits is
found farther south in Trench 15 where poorly consolidated, well-sorted pebbles,
granules and sands are exposed between two faults (Figure 2-14E). Although the sea
cliff is not exposed in this cross section, these are undoubtably beach deposits.

The beach deposits in southern Trench 15 are much thicker and coarser than
the beach deposits in Trenches 5, 6 and 7 and clearly do not correlate with them.
Although the trend of the shoreline angle in Trench 7 suggests that it correlates with
the southern shoreline in Trench 20 and the northern shoreline in Trench 15 (Figure
2-13), I suspect that it correlates instead with the sea cliff in Trench 8 and in
northern Trench 20. Left-lateral warping, perhaps related to the minor fault that
displaces the beach deposits in Trench 7, may explain the anomalous trend of the
shoreline angle in Trench 7. There are no lower shorelines in Trenches S5, 6,and 7
with which the sea cliff in Trench 8 and northern Trench 20 could correlate. In
addition, the elevation of the base of the sea cliff in northern Trench 20 is consistent
with the decreasing elevation of the shoreline in Trenches 5, 6 and 7 northward from
the northern fault (Figure 2-15). The shoreline angle in southern Trench 20 is
farther from the northern fault than is the shoreline in Trench 7, but it is 1 m higher
than the shoreline in Trench 7, which would represent a reversal in the trend of
vertical warping if these two shorelines correlate.

I suspect that the beach deposits in southern Trench 20 and in Trench 15 are

remnants from earlier highstands of Searles Lake. These two shorelines are several
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FIGURE 2-15: Elevation of the shoreline angle (base of sea cliff) as a function of
distance perpendicular to the fault zone. Dashes show elevation of Qb shoreline;

open triangles show elevation of Qob, shoreline.
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meters higher than the current elevation of the sill at the outlet to Searles basin
(between 685 and 690 m, but probably just under 690 m; U. S. Geological Survey,
1984) and must have been uplifted after they formed. The fact that the shoreline
exposed in Trenches 5, 6, and 7, has been warped upward towards the northern fault
(Figure 2-15) indicates that older shorelines would have been warped upward to an
even greater extent, as are the beach deposits in southern Trench 20 and in Trench
15. This uplift above the level of the sill (and thus above the level of wave action
during younger lakestands) probably accounts for the preservation of remnants of
older shorelines here and not elsewhere. The two older shorelines do not appear in
Trenches 5 and 6, probably because they intersect the northern fault zone west of
Trench 5. In Trench 7, sands (Qob, and Qobb,) that may correlate with the beach
deposits in southern Trench 20 and northern Trench 15 are located stratigraphically
below the beach deposits (Qb) that correlate with those in Trenches 5 and 6 (Figure
2-14B). Although these are lower than the beach deposits in southern Trench 20 and
northern Trench 15, they may be nearshore sediments associated with the same

lakestand.

Possible offset away from the main fault zone
Significant offset of the shoreline on secondary faults north of the northern
fault zone or south of the southern fault zone is unlikely. The incised channel east
of the offset shoreline is not noticeably offset on any faults other than the two main

fault zones. Although the beach deposits are faulted in Trench 7, the matching
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stratigraphy of the beach deposits on either side of this minor fault suggests that little
lateral offset has occurred on this fault since deposition of these beach sediments
(Figure 2-14B). The agreement of the general trend of the shoreline between
Trenches 5 and 7 with the local trend of the shoreline between the two walls of
Trenches S and 6 also precludes large offset of the shoreline on discrete faults in this
area (Figure 2-13). The fact that the shoreline has been warped vertically north of
the northern fault, however, does suggest that it may also have been warped left-
laterally. If any left-lateral warping has occurred north of the northern fault this
would have rotated the shoreline to a more westerly trend. Because the shoreline
between Trenches S and 8 trends more northerly than it does anywhere else at this
site, significant left-lateral warping is unlikely. A subjective, but reasonable, upper
bound on the amount of possible left-lateral warping and small offsets on discrete
faults between Trenches 5 and 20 is about 3 m. This value is obtained by projecting
a line parallel to the most northerly-trending part of the shoreline in the hand-
excavation east of Trench 5 to a N75E-trending reference line (P37 to P38 in Figure

2-13).

Total offset of the shoreline
Summing the best estimates of the offsets across each part of the fault zone
yields a total left-lateral offset of about 90 m (Table 2-3). Summing the minimum
and maximum estimates of the offset across each part of the fault zone yields lower

and upper bounds on the total offset of 82 m and 106 m, respectively. Although the
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TABLE 2-3. Summary of offset across the entire fault zone.

Area Minimum Maximum  Best
offset (m)  offset (m) estimate (m)

Southern fault 36.0 38.0 37.0
Between Trenches 3 & 4 0 3.0 0

Between Trenches 4 & 11 0 2.0 2.0
North-central shear zone 3.5 13.6 53
Northern fault 42.1 46.0 46.0
North of Northern fault 0 3.0 0

TOTAL 81.6 105.6 90.3
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upper and lower bounds on the offset across each part of the fault zone are
subjective, it is unlikely that the true offset is close to the minimum offset, or close
to the maximum offset, for every part of the fault zone. Thus, the probability that the
true total offset lies within the upper and lower bounds for the total offset is greater
than the probability that the true offset across any part of the fault zone lies within
the upper and lower bounds for that part of the fault zone. Hence I view the
maximum and minimum values as conservative limits.

The vertical offset of the shoreline across the main fault in the southern fault
zone is about 1.3 m, north-side-up, but part of this is due to vertical warping near the
fault (Figure 2-15). The net vertical offset across the southern fault zone is about
0.5 m, north-side-up, between Trenches 17 and 4. About 0.5 m of north-side-up
displacement occurs between Trenches 12 and 19 in the north-central shear zone.
The vertical displacement of the shoreline across the northern fault zone is about 4
m, north-side-up. However, the shoreline is warped upward toward the fault on the
north side of the northern fault zone (Figure 2-15). The net elevation difference of
the shoreline between Trench 13 and Trench 8 is about 1.5 m, north-side-up.

The net vertical offset of the shoreline across the entire width of the fault zone is
about 2.5 m, north-side-up, between Trenches 1 and 8. The vertical warping of the
shoreline north of the northern fault may be an example of how some shutter ridges

and "squeeze-ups" form.
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AGE OF THE SHORELINE AND SLIP RATE OF THE GARLOCK FAULT

Lakes occupying Searles Valley have reached the overflow level several times
between about 10,000 and 24,000 “C-yr B.P. (Figure 2-2; Stuiver and Smith, 1979;
Benson and others, 1990; G. I. Smith, unpublished data). Searles Lake also
overflowed between about 120 and 135 ka and possibly around 50 ka (G. L. Smith
unpublished data).

The degree of soil development in the trenches across the offset shoreline
suggests that the offset shoreline features studied in this paper formed during one of
the most recent highstands, between about 10,000 and 24,000 “Cyr B.P. Soil
samples spanning 10-cm depth intervals were collected from the southern wall of
Trench 18, about 3 m east (lakeward) of the shoreline (Figure 2-7E). The samples
from this profile (Profile 18S-1) were described by Oliver Chadwick (Table 2-4). The
upper part of the profile is enriched in silt and clay relative to the parent material
(below about 110 cm). The greatest enrichment in fine material occurs between 20
and 30 cm below the ground surface, corresponding to the layer mapped as Holocene
soil (Hs) in Figure 2-7E. The amount of silt and clay in the profile gradually
decreases downward through the unit mapped as bioturbated beach deposits (Qbb)
until apparently unmodified beach deposits (Qb) are reached at about 110 cm depth
(Figure 2-7E and Table 2-4). The source of the fine material is probably aeolian
dust derived in part from the Searles Lake playa, about 20 km to the northwest.

If the offset shoreline had formed during the highstand of 120-135 ka, one

would expect to see evidence of two generations of dust influx in the soil profile.
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Table 2-4. Description of soil profile 18S-1

depth texture dry con-  structure effer- carbonate  horizon
(cm) (%clay) sistence vescence stage

0-10 SL (10) lo-so indeterm. es ---- Alk
10-20 SL(fSL)(14) h 1msbk es I A2k
20-30 L (18) h 1f,msbk es I Btk
30-40 SL (14) h 1fsbk es I Bk1
40-50 SL (10) SO m es+ I-1I Bk2
50-60 SL (8) SO m es+ I-IT Bk3
60-70 SL (8) SO m es+ I-1T Bk3
70-80 LS (6) SO m-lo es+ II Bk4
80-90 LS (4) SO lo es+ I BkS
90-100 LS (6) SO m-lo es+ I-IT Bk6
100-110 LS (4) SO lo es I Bk7
110-120 S(3) lo-so lo e I Bk8
120-130 S(2) lo-so lo e I Bk9
130-140 S (2) lo-so lo e- I Bk10
140-150 S(2) lo-so lo e- I 2Bk11

Description by Oliver Chadwick, Jet Propulsion Laboratdry, Pasadena, CA.

Field description of dry consistence by Sally McGill.

texture:

dry consistence:

S, sand

Key to Abbreviations

LS, loamy sand
SL, sandy loam

L, loam

% clay was estimated, not measured.

lo, loose

so, soft
sh, slightly hard
h, hard

vh, very hard

eh, extremely hard



structure:
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Table 2-4 (continued)
indeterm., indeterminate
1msbk, weak, medium, subangular blocky
1f,msbk, weak, fine to medium, subangular blocky
1fsbk, weak, fine, subangular blocky
m, massive
lo, loose
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One episode of dust influx would have occurred when the playa was exposed between
the 120-135 ka highstand and the most recent highstands (10-24 ka), and a second
episode would have occurred after the most recent highstands. The dust that
infiltrated during the first episode would have migrated deeper into the profile,
would have weathered to clay and would have a stronger structure than the dust that
infiltrated during the second episode. Unweathered dust from the second episode
of influx would be concentrated near the top of the profile. The lack of moderately
or strongly developed soil structure in Profile 18S-1, and the lack of evidence for two
episodes of dust influx suggest that the offset shoreline formed during one of the
most recent highstands, 10,000 to 24,000 years ago.

Furthermore, the texture and calcium-carbonate stage in Profile 18S-1 are
comparable to and the structure is weaker than on profiles SL85-1a and SL85-2c on
the lower part of alluvial fans draining towards Silver Lake, about 100 km east of the
site discussed in this paper (Reheis and others, 1989). The latter two profiles are
formed on fan surfaces estimated to be approximately 35,000 and 11,000 years old,
respectively, on the basis of field relations with radiocarbon deposits, and on
radiocarbon and cation-ratio dates on rock varnish (Reheis and others, 1989). This
supports the correlation of the offset shoreline with one of the youngest highstands
of Searles Lake, rather than with the 120-135 ka highstand.

The following field relations indicate that the shoreline features that are offset
across the southern fault zone formed during the most recent one of these highstands

(C3 in Figure 2-2). Lacustrine deposits attributed to highstand C3 can be traced to
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an elevation of 695 m in northern Searles Valley (G. I. Smith, oral communication,
1991), indicating that this highstand reached the level of the offset shoreline
discussed in this paper. (Some uplift of the shoreline in northern Searles Valley must
have occurred relative to the area near the outlet of the lake, since the shoreline in
northern Searles Valley is several meters higher than the shoreline discussed in this
paper and than the current elevation of the outlet of the basin, which is just under
690 m.)

In additioh, the offset channel east of the shoreline must have incised after
the C3 highstand; otherwise, deposits from that lakestand would have filled the
channel. Even if the most recent highstand (C3 in Figure 2-2) at this site was several
meters lower than the offset shoreline (an unlikely hypothesis, given the 695 m
elevation of deposits associated with the C3 highstand in northern Searles Valley),
the most recent lake would have flooded the channel and filled or partially filled it
with lacustrine sediments, had the channel existed at that time. Lacustrine sediments
deposited on the western side of the channel and just north of either of the two main
faults would be preserved from erosion by later stream flow in the channel. The lack
of lacustrine sediments in the channel thus indicates that the channel incised after
the most recent highstand of the lake.

The fact that the shoreline angle is offset the same amount across the
southern fault as is the channel indicates that the shoreline features on either side
of the southern fault must have formed during the most recent highstand and that

the channel must have incised immediately (within one or two earthquake cycles)
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after that shoreline was abandoned. Apparently the most recent highstand of the
lake in this area reworked the beach deposits of earlier highstands and further
incised the pre-existing sea cliff, thus obliterating the evidence of offset of any
shoreline features from previous lakestands.

The offset of the shoreline across the northern fault zone and the north-
central shear zone, however, is 10-20 m larger than the offset of the channel across
those zones (Table 2-3 and Figure 2-4). (The north-central shear zone probably
merges with the northern fault in the vicinity of the offset channel, or is located
beneath the small channel parallel to the northern fault). This suggests that the
shoreline features on either side of the northern fault strand may have formed during
an earlier highstand and were not completely reworked by the youngest highstand.
Perhaps the sea cliff exposed in the three-dimensional excavation north of Trench 13
and east of Trench S was cut during an earlier highstand of the lake and was offset
several meters prior to the most recent highstand. When the lake reoccupied this
shoreline during the C3 highstand, it would have had a fault-parallel segment of its
shoreline initially. If the most recent highstand had a brief duration, then the waves
may have cut into the fault zone only a few tens of cm, leaving an essentially fault-
parallel segment of the shoreline that could be misinterpreted as offset that had
occurred since the latest lakestand. For this reason I use the offset of the channel
(69 = 2 m) as a lower bound on the slip across the entire Garlock fault zone since
the most recent highstand.

Several other explanations for the discrepancy between the offset of the
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shoreline and the offset of the channel across the northern fault zone and the north-
central shear zone are possible. (1) If the western wall of the offset channel just
south of the northern fault zone has been eroded by flow in the modern channel,
then the 32-33 m separation of the western wall of the channel may underestimate
the actual offset of the channel across this fault zone. This is unlikely, however,
because the portion of the western channel wall just north of the southern fault zone
is clearly in a position where it can not have been eroded by flow in the modern
channel, and the slope and trend of the portion of the western channel wall just
south of the northern fault zone suggest that is has not been eroded any more
recently than the portion of the channel wall farther south. (2) Perhaps only the
northern fault strand was active between the time the shoreline formed and the
channel incised, whereas both strands were active after the channel incised. (3)
Although I expect the total slip rate across the entire fault zone to be uniform over
distances of several tens to hundreds of meters along strike, the ratio of slip on the
two fault strands may differ along strike. Thus, whereas the slip rate of the southern
fault strand is roughly equal to that of the northern fault stand at the location of the
offset channel, the slip rate of the northern fault strand may be greater than that of
the southern fault strand at the location of the offset shoreline.

The alternative explanations given above do not require the part of the
shoreline offset across the northern fault to be older than the most recent highstand.
So, it is possible that the entire 42-46-m offset of the shoreline across the northern

fault occurred after the most recent highstand. As an estimate of the maximum slip
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rate, I thus divide the maximum offset of the shoreline across the entire fault zone
(106 m) by the age of the end of the latest highstand.

Constraints on the ages of past highstands of Searles Lake come from
radiocarbon dates on disseminated organic carbon and inorganic carbonate minerals
from cores near the center of the basin (Stuiver and Smith, 1979), and on shells,
oolites, tufa and marl from lacustrine sediments exposed at the surface (Benson and
others, 1990). A minimum age for the abandonment of the most recent overflow
shoreline is the age of the top of the Parting Mud unit in cores from the center of
the basin. This unit is the uppermost unit in the cores associated with deep lakes.
The age of the top of the Parting Mud is a minimum age for the abandonment of the
latest overflow shoreline. If inflow into the lake stopped éompletely at the onset of
desiccation, the lake could have dropped from the overflow level to the level at
which evaporites began precipitating within a few hundred years (Stuiver, 1964). If
some inflow continued during desiccation, then deposition of the Parting Mud may
have continued for an unknown amount of time after the overflow shoreline was
abandoned. The average of seven radiocarbon dates from the top of the parting mud
unit is 10,500 + 165 yr (Stuiver and Smith, 1979). The CO, in the lake water was
probably not in equilibrium with the CO, in the atmosphere, however, making all
dates on materials that derived their carbon from the lake water too old. The
magnitude of this disequilibrium was probably such that radiocarbon dates from
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