Reconciling disparate estimates for slip rate
on the Owens Valley fault, California
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The velocity results (Figure 2) indicate that motion of ~ 2 mm/yr
relative to stable North America occurs east of our GPS network.
Part of this may result from strain accumulation on faults to the west,
including faults comprising the shear zone and even the San Andreas
fault. Dextral deformation of stations north of the Garlock fault
penetrates deeply into the continental margin. This is apparent in the
plate motion normal component of deformation (Figure 4). The
orientation of Eastern California shear zone faults is generally more
northerly than the plate motion direction, thus extension across these
faults is a consequence of the dominantly plate motion parallel crustal

Figure 5. Fault map of
Owens and adjacent
valleys.
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INTRODUCTION

Many large earthquakes have ruptured faults within this zone since 1872 (Figure 1), and
several of these earthquakes have exceeded magnitude 6.8 (e.g., the 1872 Owens Valley,
1915 Pleasant Valley, 1932 Cedar Mountain, 1954 Dixie Valley–Fairview Peak, 1992 Landers,
and 1999 Hector Mine earthquakes [Wallace, 1984; Kanamori et al., 1992; Scientists from the
U.S. Geological Survey, 2000]). Yet most of these faults show little evidence for recent or
prehistoric activity, and the estimated recurrence interval of earthquakes of this size along the
individual faults that have ruptured are as great as a thousand to 10,000 years [Wallace,
1984; Rockwell et al., 1993; Beanland and Clark, 1994; Petersen and Wesnousky, 1994;
Rubin and Sieh, 1997].
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The Eastern California shear zone plays a major role in balancing the discrepancy between
predicted plate motion and San Andreas fault activity. Its importance was first suggested on
the basis of patterns of historical seismicity in eastern California and Nevada [Wallace, 1984]
(Figure 1). Geodesy [Sauber et al., 1989; Savage et al., 1990; Sauber et al., 1994; Dixon et
al., 1995; Gan et al., 2000] and geologic relations [Dokka and Travis, 1990a, 1990b] confirm
its importance. The moniker Eastern California shear zone was first used for faults within the
Mojave Desert [Dokka and Travis, 1990a, 1990b] but is now more broadly employed to
include the penetration of through-going deformation north of the Garlock fault into the
western Walker Lane region.
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Viscoelastic Model
For a layered rheology, with an elastic layer overlying visco-elastic
material, present-day elastic strain effects due to locked faults may be
influenced by past earthquakes, and these effects can extend far from
the fault and persist long after the last earthquake, depending on
earthquake history, fault depth, and crust and upper mantle rheology
[Savage and Lisowski, 1998]. We use the viscoelastic coupling model
of Savage and Lisowski [1998], with an elastic layer overlying a
Maxwell viscoelastic half-space. The elastic layer corresponds to the
upper crust, and the viscoelastic half-space corresponds to the more
ductile lower crust. The boundary between them, at depth H,
corresponds to the lower limit of brittle faulting and the maximum depth
of crustal earthquakes, typically 10-15 km. For this model the surface
velocity v is
∞

v = ∑ (bn / π )[arctan{x /((2n − 1) H )} − arctan
] {x /((2n + 1)H )}
n =1

118°

bn +1 = b1 (τ 0 n / n!) ∑ n!/[k!(n − k )!]ak +1 (t / T ) n − k
k=0

36°

117°

FUNE Coordinate changes

Latitude (mm)

CEDA Coordinate changes

0

Longitude (mm)

components of motion are shown

Latitude (mm)

network. North, east, and vertical

10

-10

Longitude (mm)

Figure 3. Representative time

cycle and Fish Lake Valley

0

Modified from Wallace

series for GPS stations within the

Valley fault early in its seismic

Model paramters:

16

viscoelastic model. This two-

n

Lone
Pine

Owens
Lake

Valley fault, HMF =

= Flish Lake Valley fault.

combines predicted pattern of
deformation from Owens

-4
-300

Hunter Mountain fault, 36°
DVFC = Death ValleyFurnace Creek fault, FLV

fault model at latitude 37.25N

6

-2

Big Pine

viscoelastic model. This two-

Near Big Pine

8

Fault depths: 10 km

kilometers

Landers and Hector Mines surface ruptures are plotted in red.

37°

10

2

60

PVF

s

of the map oriented N41°W at the latitude of the Mojave segment of the San Andreas fault. The

40

Figure 6. Two-dimensional

"fault1"
"fault2"
"sum"
"gps"

Figure 7. Two-dimensional

C

Wh
ite Mo
untain

Mercator projection parallel to the Pacific–North America relative plate motion direction determined
by DeMets and Dixon [1999]. Predicted Pacific–North America motion is thus parallel to the edge

20

F
DV

margin deformation.
Barstow #

0

12

4

F

INF

125 years that defines the
inland penetration of plate

ellipses show two-dimensional 95% confidence region. The velocities are plotted on an oblique

117°

V
FL

zone of heightened
seismicity during the last

regional network solution in ITRF96 (Figure 3), which lie east of all Cordilleran deformation. Error

ada

These events define a

QV

NE
CA
V
LIF AD
OR A
NIA

IF

earthquakes within the
western margin of the
North America plate.

America, where North America is defined by 10 GPS stations that are analyzed in common with the

a Nev
Sierr

Figure 1. Large historic

118°

California shear zone, 1993–1998. Velocity field [Miller et al., 2000] is shown relative to North

WMFZ

Part of the discrepancy between geodetic and geologic rates may reflect the viscoelastic
nature of the lower crust and influence of earthquake cycle effects, specifically the 1872
Owens Valley event. In order to evaluate these effects we assess the GPS results along two
transects, one just south of Lone Pine, Ca and one near the Tinnemaha Reservoir. First, we
correct for the elastic strain contribution to GPS station velocities from nearby or major faults.
Then, we assess the remaining velocity field through a series of viscoelastic models that take
into account the recency of the 1872 Owens Valley earthquake and recurrence interval.

Figure 2. GPS Velocity Field of the Owens Valley Region. GPS-determined velocity field, Eastern
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A slip rate of 7 mm/year implies recharge time for a 1872 event, with a coseismic dextral
offset of 4-6 meters, 570 to 860 years; requiring a dozen or more large Holocene events.
Only three are recognized. It is unlikely that evidence for such Holocene offsets could be
overlooked, even on strands of the fault which did not rupture in 1872.

Herein lies the problem: On the basis of geologic evidence for
active faulting within and near Death Valley, significant partitioning of
slip on the Death Valley-Furnace Creek fault zones is likely [Dokka
and Travis, 1990; Reheis and Sawyer, 1997]. Local geologic
determinations yield only 2±1 mm/yr slip rate for the Owens Valley
fault [Beanland and Clark, 1994; Lee et al., 2000]. Thus geological
studies suggest a relatively fast eastern component (Death ValleyFurnace Creek-Fish Lake Valley fault zones) and a relatively slow
western component (Owens Valley fault zone), in apparent conflict
with the geodetic rates.

The Owens Valley fault last ruptured in 1872 AD. Given that this
fault may have recurrence times longer than 1000 years, it is in the
early stages of its earthquake cycle, in contrast with faults that lie
farther east, which are probably in the late stages. Postseismic
effects associated with the viscoelastic response of the lower crust or
upper mantle may explain at least part of the discrepancy between
geologic and geodetic rates [Dixon et al., 2000] (Figure 6).
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ABSTRACT:
The Owens Valley fault partitions dextral slip related to the northward penetration of the
Eastern California shear zone. Recent geologic and geodetic studies yield conflicting fault
slip rate estimates. Holocene vertical offset along the subsidary Lone Pine rupture and a
characteristic ratio of vertical to horizontal slip during the 1872 event indicate a maximum
dextral slip rate of 2±1 mm/year [Beanland and Clark, 1994]. Only three large Holocene
earthquakes, including the 1872 Owens Valley earthquake, are recognized. Paleoseismic
studies south of Big Pine [J. Lee, unpublished data] corroborate low slip rates of 1.7±1.0
mm/year and a recurrence interval between 3300±600 to 4000±400 years. Geodetic rates are
greater by a factor of three [Miller et al., 2000; Savage and Lisowski, 1995] and apparently
imply that Holocene surface ruptures along the Lone Pine trace alone cannot account for the
total Holocene offset.

Current studies undertaken by Lee and others support these
constraints, perhaps expanding the range of possible geologic slip
rates. New trenching studies along the Owens Valley fault bracket
the timing of the penultimate (pre-1872) earthquake to between
3.3±0.5 and 4.0±0.4 ka and a Holocene slip rate between 1.7-4.7
mm/yr (Lee et al., this session).
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Pattern and Magnitude of Deformation East of the Sierra Nevada
North of the Garlock fault, eastern California dextral shear is
concentrated within several large structural basins that contain the
Owens Valley, Panamint-Hunter Mountain, and Death Valley-Fish
Lake Valley faults (Figure 5). The oblique orientation of these
features relative to plate margin shear results in extension and basin
formation. Although all three fault systems are active based on offset
Quaternary features and seismicity, there is some uncertainty on their
respective roles in accommodating Eastern California shear zone
deformation. This partly reflects the uncertainty of estimating fault
slip rates from geodetic data when the faults are closely spaced and
their strain fields overlap and partly reflects the influence of the
earthquake cycle [Savage and Lisowski, 1998].

Owens Valley fault
Near-field (trilateration) data indicate strain accumulation equivalent
to ~3 mm/yr of differential motion across Owens Valley [Savage and
Lisowski, 1995]. When convolved with an elastic half space model,
these rates of deformation suggest 6-7 mm/yr of longterm fault slip
rate, in significant disagreement with the geological results. GPS
results across longer baselines corroborate the EDM, with rates that
increase with baseline length [Miller et al., 2000; Gan et al.; 2000].
The relative velocity between the west flank of the Sierra Nevada and
the Darwin plateau (CEDA-5445) indicates 7.6 mm/yr. While as much
as 1 mm/yr of this relative motion can be ascribed to the eastward
decrease in San Andreas entrainment, when combined with an elastic
model for the Owens Valley fault, a rate of 7 mm/yr is implied. If this
reflects the long term rate, the recharge time for an 1872 type event
with a coseismic dextral offset of 4-6 meters is 570 to 860 years; such
displacement would require a dozen or more large Holocene events,
only three of which are documented at Lone Pine Creek.
Holocene vertical offsets on the Lone Pine rupture and the
consistent ratio of vertical to horizontal slip during the 1872 earthquake
point to a maximum slip rate of 2±1 mm/yr [Beanland and Clark, 1994].
Although the ages used in the slip rate calculation are not well
determined, surface ages on varnished fans would have to be
improbably young to support a higher slip rate. In addition, only three
Holocene events are recognized, including the 1872 earthquake
[Beanland and Clark, 1994], although these are on subsidiary traces of
the Owens Valley fault. These relations have been taken to imply a
recurrence interval of approximately 3500-5000 years [Beanland and
Clark, 1994].

Panamint-Hunter Mountain faults
Burchfiel et al. [1987] suggest a geologic model for the opening of
Panamint Valley along a stepped normal (Panamint Valley) and strikeslip (Hunter Mountain) fault at 2-3 mm/yr over the last 4 m.yr., based
on geologic mapping of the northern end of Panamint Valley. Saline
Valley, to the north of the Hunter Mountain fault, is a part of this
system. Similarly, prehistoric surface ruptures in southern Panamint
Valley show partitioning of normal offset, against the range front, and
an oblique (dextral and normal) fault system offsetting alluvial and
pluvial features west of the range front [Zhang et al., 1990]. The
oblique system consists of both normal and dextral ruptures that
indicate a more northerly integrated slip vector (N35°W), however, than
that implied by the orientation of the Hunter Mountain fault (N60°W)
[Zhang et al., 1990]. Slip rates from both studies agree at the 1-2
mm/yr level and are consistent with the data we present here. The
azimuth of the GPS velocities for baselines that cross the fault are
parallel to the Hunter Mountain fault and confirm the geologic model
that calls for strike slip along this structure and oblique opening of
Panamint Valley [Burchfiel et al., 1987]. These results are also
consistent with other recent high-precision GPS studies [Bennett et al.,
1997; Gan et al., 2000].

Death Valley-Furnace Creek-Fish Springs Valley fault
A total of 30 km offset has occurred during the last 3-5 m.yr.
along the Death Valley fault zone [Hamilton and Myers, 1966].
This suggests a slip rate of 3 mm/yr that broadly agrees with rates
determined from an alluvial fan, inferred to be post-mid Miocene
and pre 1 Ma, that is offset 35 km by the southern Death Valley
fault zone [Butler et al., 1988]. To the north the Death Valley fault
zone passes along strike into the Fish Lake Valley fault, which is
well studied and is inferred to slip 4 mm/yr since the late
Pleistocene [Reheis and Sawyer, 1997], consistent with recent
GPS determinations of 3-5 mm/yr [Bennett et al., 1997; Gan et al.,
2000].

where x is the horizontal distance from the fault, t is the time since the
last earthquake, T is the earthquake recurrence interval, and
expressions for ak are given in the appendix to Savage and Lisowski.
The time constant to is related to the earthquake recurrence interval
and relaxation time for the viscoelastic half-space, to=µT/2h, where µ
is the rigidity of the half-space (set here to 3x1010Pa), and h is the
viscosity (set here to 2x1019 Pa-sec). These values for rigidity and
viscosity are equivalent to a relaxation time (h/m) of ~20 years,
intermediate among the range of values found by other authors [e.g.,
Thatcher, 1983; Li and Rice, 1987]. Each fault segment is assumed to
be long and vertical, and local strain effects at the end of fault
segments are neglected.
Using this model, we construct two profiles that predict velocities
that can then be compared to GPS determinations (Figures 6 and 7).
This model is clearly a step towards reconciling geodetic and geologic
deformation rates. Greater station density at about 2.5 elastic depths
from the fault would better discriminated these predictions.
Conclusions
Paleoseismic and geodetic slip rates for the Owens Valley fault
disagree, yet both sets of measurements are supported by several
independent studies that sample different time intervals. The data sets
could be strengthened through continued work on refining
paleoseismic slip rate estiimates and better geodetic sampling at
distances from the fault that discriminate the viscoelastic model from
simple elastic models. Nonetheless, at least part of thediscrepancy
can be attributed to time-dependent deformation following the 1872
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