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Abstract. Strain rates measured at four geodetic net-
works in eastern California situated between northern
Owens Valley and the Transverse Ranges along a small
circle drawn about the Pacific-North America pole of ro-
tation are remarkably consistent. Each exhibits 0.14 yrad/
yr simple right-lateral engineering-shear-strain accumula-
tion across the local vertical plane tangent to the small
circle. Local faults (e.g., Owens Valley, Garlock, Helen-

dale) traversing these networks are not as closely aligned °

with the vertical planes of maximum shear-strain accu-
mulation as is the local tangent to the small circle. A fifth
network slightly east of the small circle shows no signif-
icant strain accumulation. Thus, a shear zone trending
N35°W from near the eastern end of the big bend of the
San Andreas fault to northern Owens Valley is indicated
by these data. This corresponds to the Eastern Califor-
nia shear zone proposed on geological evidence by Dokka
and Travis. The shear zone carries ~8 mm/yr of the
Pacific-North America relative plate motion from the San
Andreas fault north-northwest across the Mojave Desert
into Owens Valley and the northern Basin and Range
province. The shear zone observed at the surface may be
a manifestation of a through-going subcrustal fault.

Introduction

Bird and Rosenstock [1984], Sauber et al. [1986] and
Dokka and Travis [1990a and b] have all maintained that
a north-northwest trending shear zone crosses the Mo-
jave Desert carrying perhaps 15% of the North America-
Pacific plate relative motion from the southern San An-
dreas fault into the northern Basin and Range province.
Geodetic strain measurements reported in this paper sup-
port that contention and better define the location and
breadth of the shear zone. The shear zone appears to
extend at least as far north as northern Owens Valley.

Shear rates measured at four geodetic networks (Owens
Valley, Garlock, Barstow, and W. Mojave in Figure 1) in
eastern California are remarkably similar in magnitude
and orientation: 0.14 urad/yr simple engineering shear
across a vertical plane striking N35°W. No known single
fault traverses these networks to account for this similar-
ity, but the networks do lie along a common small cir-
cle drawn about the Pacific-North America pole of rota-
tion. That circle bisects the principal strain axes closely.
The observed strain rate is too large to be regional but
rather must define a localized shear zone presumably con-
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trolled by some flaw in the lithosphere. For example, a
subcrustal fault along the small circle could concentrate
strain accumulation in the zone defined by the strain net-
works., The local faults traversing the networks do not
serve this purpose because their orientations are not eas-
ily reconciled with the azimuths of the principal strain
axes.

Some readers may feel that the observed shear-strain
rate (0.14 prad/yr) is not too large to be explained as
simply a manifestation of a very broad shear zone that
forms the Pacific-North America plate margin. For ex-
ample, Ward [1988; p. 7722] shows that a uniform shear-
strain rate of 0.12 prad/yr across a 455-km-wide elastic-
plastic megashear that spans the breadth of California
accounts for the motions observed at 18 VLBI (very long
baseline interferometry) stations in southwestern United
States. However, there is adequate evidence from land-
based geodetic surveys that shear-strain accumulation
across California is not uniform. About 38 mm/yr of
relative plate motion is accounted for within 50 km on
either side of the San Andreas fault [Savage et al., 1979;
Matsu’ura et al., 1986; Lisowsk:i et al., 1991}, whereas
the total relative plate motion in central California is
only 48 mm/yr roughly parallel to the San Andreas fault
(DeMets et ol., 1987]. Thus, in the 200-km-wide zone
from 50 km east of the San Andreas fault to Owens Val-
ley one need account for not more than 10 mm/yr of
relative motion. The average shear strain rate is then
less than 0.05 prad/yr.

Measured Strain Rates

The strain rates shown in Figure 1 were calculated by
standard procedures from repeated surveys of each of the
local geodetic networks. Strain is assumed to be uniform
over each network, and the uniform change in strain that
best accounts for the deformation of the network between
surveys i1s found. The strain rate reported is then the
average rate of those changes. FEarlier measurements
of the Barstow and Owens Valley networks have been
described by King [1985] and Sevage and Lisowsks [1980],
but one additional survey of each network is included in
calculating the strain rates in Figure 1. The strain rates
quoted for the Garlock network were taken from King and
Lisowski (unpublished manuscript, 1984) and the strain
rates for the E. Mojave and W. Mojave networks were
taken from Sauber et ol. [1986].

Strain rates for the four westernmost geodetic networks
in Figure 1 are all consistent with the simple shear
expected from the motion the Pacific plate relative to
the North America plate. The small circle about the
Pacific-North America pole of rotation (48.4°N, 76.5°W
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Fig. 1. Map of southern California showing five trilateration networks and the principal strain rates measured in each.
The principal faults [Jennings 1975] are shown as sinuous lines. A small circle about the NUVEL-1 pole of rotation
of the Pacific plate relative to North America is shown as the slightly curved dashed line. Details on the measured
strain rate for each network are given on the right margin: network name, period of observation, principal strain rates
(extension reckoned positive),-and azimuth of principal extension. The quoted uncertainties are standard deviations.
Only deviatoric strain rates are available for the E. and W. Mojave networks. VLBI sites (shown by solid squares)
are identified as follows: FO is Fort Ord, JPL is Jet Propulsion Laboratory, MJ is Mojave Base Station, OV is Owens
Valley Radio Observatory, VG is Vandenberg Air Force Base, and YM is Yuma.

[De Mets et al., 1987]) that most nearly passes.through
the four westernmost geodetic networks is shown as
a dashed line in Figure 1. Notice how closely that
small circle bisects the principal strain rate axes of all
but the E. Mojave network. Moreover, notice that for
the Owens Valley, Garlock, and Barstow networks the
principal strain rates é; and é; do not differ significantly
in magnitude. (That equality must, of course, obtain
for the E. Mojave and W. Mojave networks as only
deviatoric strain rates are available.) Thus, except for
the E. Mojave network, the strain rates in Figure 1 are
consistent. with simple right-lateral shear across the local,
vertical plane tangent to the small circle. Furthermore,
excluding the E. Mojave network, the engineering shear-
strain rates (é; — é2) from Figure 1 are consistent within
almost a single standard deviation with the average
value of 0.14 prad/yr, a shear-strain rate about half
of that typically measured in networks centered on the
San Andreas fault in southern California [Savage et al.,
1986, Figure 18]. The shear strain rate in the E. Mojave
network is 0.04 + 0.03 prad/yr, and the component of
that shear strain rate resolved across the vertical plane
tangent to the small circle is virtually zero.

For the four westernmost geodetic networks in Figure 1
the strike of the vertical plane across which the maximum
right-lateral shear accumulates is in better agreement
with the local strike of the small circle (dashed line in
the figure) than with the strike of the local right-lateral

faults or, in the case of the left lateral faults, the strike
of the conjugate to the local fault (Table 1). Thus, the
orientation of the shear-strain accumulation is apparently
not determined by the strike of the local surface faults.
We have been unable to trace the Eastern California
shear zone north of the Owens Valley network despite
extensive coverage of that area by trilateration [Savege
et al., 1984, Figure 7]. The shear-strain rates observed
north of Owens Valley are only about half as large as
those observed in the shear zone to the south, and the
area has been disturbed by a sequence of magnitude-6
earthquakes and intrusions of magma since 1980 [Sav-
age et al, 1984]. Thus, the useful geodetic record ex-
tends from 1973 to 1979, and, given the small rate of
strain accumulation, the distribution of the strain field is
not well resolved. If the shear zone does continue north
of Owens Valley, it is apparently more diffuse. Alter-
natively, the shear zone may split, one branch trending
north-northwest along the Sierra-Nevada mountain front
and the other branch trending more northerly along the
Nevada, seismic zone, locus of several magnitude-7 earth-
quakes in this century (1915 Pleasant Valley, 1932 Cedar
Mountain, and 1954 Fairview Peak-Dixie Valley).

Discussion

The similarity of the strain rates for four westernmost
networks (all except E. Mojave in Figure 1) and the
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Table 1. Comparison of 1 (strike of véftica.l plane with maximum right-lateral shear-strain aééumulation), 4
(local direction of motion of the Pacific plate with respect to North America), and the strike of local faults.

Strike -

Network Yo ‘ ¢ "Fault

Owens Valley N31°W=+3° N34°W Owens Valley N19°W

Garlock N33°W+3° N36°W Garlock* N77°E.

Barstow N33°W+£3° N3T°W Lockhart N59°W
Harper N52°W
Camp Rock N52°W
Blackwater-Calico N40°W

West Mojave N41°W5° N37°W Helendale N40°W
Lenwood N34°W
Camp Rock N43°W

* Left-lateral fault

orientation of those four strain rates with respect to
a small circle about the Pacific-North America pole of
rotation are remarkable. Within the uncertainties of
measurement the strain rates at those four networks
are consistent with simple shear accumulating at a rate
é1 — é2 = 0.14 prad/yr across a vertical plane striking
N35°W. Moreover, the principal strain rate axes are
closely bisected by a small circle about the Pacific-North
America pole of rotation (Figure 1). That is, the strike
of the vertical plane subject to maximum right-lateral
shear in each of the four networks coincides closely with
the direction of relative plate motion (Table 1) exactly as
might be expected if the plate boundary were defined by
an ideal transform fault along the small circle in Figure 1.
However, the plate boundary in California is actually
along the San Andreas fault, the trace of which deviates
appreciably from the path of a small circle (Figure 1).

Significant strain accumulation is generally observed
only in the vicinity of a flaw in the crust that serves to
concentrate deformation there. The conventional model
of an active fault, in which the uppermost section is
locked and the deeper section free to slip [Savage and
Burford, 1973, Figure 2], shows how strain is concen-
trated along the fault. A screw dislocation buried at a
depth D in an elastic half space furnishes a convenient
two-dimensional representation of the conventional model
of a long strike-slip fault. For that model the engineering-
shear-strain rate at the surface is related to the distance
x from the fault trace by [Savage and Burford, 1973)

4 = (bD/7)/(z* + D?) (1)

where b is the slip rate on the deep segment of the fault.
The strain rate is a maximum at z = 0 and falls to half
of its maximum value at = + D. Thus, a subcrustal
fault, the top of which was at depth D, would appear
at the surface as a shear zone of half-width 2D. The
average shear rate over that half width would be b/4D.
For an order of magnitude estimate take b = 10 mm/yr
and D = 20 km. Then the half-width of the shear zone
is 40 km and the average strain rate is 0.125 urad/yr.

This dimension and strain rate are comparable to those
measured along the shear zone in eastern California.
The distribution of relative Pacific-North America plate
movement between the San Andreas fault, offshore defor-
mation, and deformation in the Basin and Range province
has recently been resolved by Ward [1990] using VLBI
(very-long-baseline-interferometry) measurements. Ward
found that the VLBI station Yuma (YM in Figure 1)
is within the stable interior of the North America plate
whereas Ford Ord and Vandenberg (FO and VG in Fig-
ure 1) are within the stable interior of the Pacific plate.
The plate motion (46.8 £ 0.5 mm/yr N36°W =+ 1°) is ac-
commodated by 38.64£0.4 mm /yr N36°W = 1° slip on the
San Andreas fault and other nearby faults plus a residual
8.240.4 mm /yr N34°W £ 2° taken up east of the San An-
dreas fault, presumably in the Basin and Range province.
The Eastern California shear zone could account for all
of the 8.2 mm/yr N34°W motion. The shear zone (strike
N35°W) is properly oriented and an average shear-strain
rate of 0.14 urad/yr across a 60-km-broad shear zone
would accommodate more than 8 mm/yr. Thus, the
Eastern California shear zone alone can explain the dis-
crepancy between the observed relative North America-
Pacific plate motion and the relative motion accommo-
dated on the San Andreas fault and neighboring faults.
However, the resolution of the San Andreas discrep-
ancy by Ward [1990) and the existence of an Fastern
California shear zone demonstrated in this paper are not
completely compatible. Two VLBI stations, Owens Val-
ley Radio Observatory and Mojave Base Station (OV and
MJ in Figure 1) appear to lie within the eastern California
shear zone, but their velocities (10.4 mm/yr N27°W for
Owens Valley Radio Observatory and 9.0 mm/yr N20°W
for Mojave Base Station [ Ward, 1990, Table 2]) relative
to interior North America seem to require that the shear
zone be east of these stations. From the apparent location
of both VLBI stations within the shear zone in Figure 1

.one would expect their velocities relative to the interior

of North America to be only a fraction of the 8.2 mm/yr
relative motion assigned to the shear zone.
There are other problems with the simple interpreta-







