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 The San Jacinto and the San Andreas faults together account for ~80% of the relative 
motion between the Pacific and North American plates (Fig. 1) (Bennett et al., 2004, Fialko et al., 
2006). How plate boundary motion is partitioned between these faults, however, is controversial. 
Several researchers suggest that the San Jacinto fault may be the more dominant member of the 
San Andreas system (Morton and Matti, 1993; Dorsey, 2002; Lutz et al., 2006). Alternation of 
deformation between the San Andreas and San Jacinto fault has also been suggested, based on 
slip-rate results that average over different time scales (Bennett et al., 2004). To clarify the role of 
the San Jacinto fault zone (SJFZ) in accommodating plate-boundary deformation we quantified 
late Pleistocene slip rates for the Clark and Coyote Creek fault strands through geologic field 
mapping, interpretation of B4 LiDAR topography, and 10Be cosmogenic radionuclide 
geochronology. Our data supports that 1) slip rate of the San Jacinto fault zone is secondary to 
that of the San Andreas in accommodating plate motion over the past 30 kyr and 2) slip rate may 
vary by a factor of two between ~30 kyr and ~5 kyr timescales. This variability occurs on both 
fault strands in a correlated fashion, which suggests that slip rate (and thus earthquake 
production) may be responding to temporal variability of fault-zone loading rate.  

To determine slip rates for the 
SJFZ we precisely measured and dated 
alluvial fans displaced by fault slip. 
These fans were emplaced over late 
Quaternary timescales (<3 to ~100 ka) 
across the two primary strands of the 
San Jacinto fault zone. Fans were 
mapped in the field on topographic base 
maps produced from the B4 LiDAR 
data set. Fan generations were first 
subdivided in the field on the basis of 
inset relationships and surface 
weathering criteria. Where offsets could 
be clearly measured, we dated selected 
alluvial fans using 10Be. Sampling 
methods were adapted to available 
material and degradation of fan 
surfaces. For samples of younger fans 
(Q3a and Q3b), we amalgamated 12 to 
20 chips  from the top 2 cm of boulders 
lodged within single channel bars. For 
older surfaces we either sampled 
individual meter-sized boulders or 
collected samples from a 2 m-deep 
depth profile. Surface ages are 
consistent between Coyote Creek and 
Clark fault slip-rate sites: 40 ± 12 ka 
and 31 ± 6 ka for Q2b, 7.1 ± 1.6 ka and 

4.6 ± 1.6 ka for Q3a, respectively. Ages from alluvial fans the Coyote Creek fault do not yet take 
into account cosmogenic inheritance, thus we use the ages from the alluvial fans emplaced along 
the Clark fault to calculate slip rates. Offsets of Q2b and Q3a are greater on the Coyote Creek 
fault (105 ± 18m, 31 ± 7m) than on the Clark fault (51 ± 5m, 18 ± 2m), Q3b alluvial fans (dated 
to <3 ka) are offset 5.5 ± 1m by the Clark fault but are not ruptured along the Coyote Creek fault. 
On the basis of these offsets and ages, we calculate Late Pleistocene (~30 ka) to present slip rates 
for the Clark fault: 1.6 ± 0.4 mm/yr, Coyote Creek fault: 3.4 ± 0.9 mm/yr, and 5.0 ± 1.1 mm/yr 

 
 

Figure 1. Index map of the southernmost San Andreas 
and San Jacinto fault zones. Seismicity below 10 km 
from Richards-Dinger and Shearer (2000). Inset 
hillshade image shows individual strands of the San 
Jacinto fault and slip rate sites  (Figures 2 and 3). 
 



combined. Mid-Holocene to present slip rates are for the Clark fault: 3.9 ± 1.4 mm/yr, Coyote 
Creek fault: 6.7 ± 2.8 mm/yr, and 10.7 ± 4.0 mm/yr combined. 

Our new data lend further support to the hypothesis that slip rates have varied 
significantly over the Quaternary lifetime of the San Jacinto fault. Though we have not yet 
accounted for distributed deformation in our slip rates, the 50% changes in rate we document are 
likely to be greater than the contribution from such distributed deformation (e.g. Oskin et al., 
2007). We find that the combined Holocene (ca. 5 ka to present) slip rate on both the Coyote 
Creek and Clark strands of the SJFZ, 10.7 ± 4.0 mm/yr is at ~2 times greater than their late 
Pleistocene (ca. 30 ka to present) combined rate of 5.0 ± 1.1 mm/yr. In turn, both of these latest 
Quaternary slip rates for the SJFZ are less than average rate of at least 15 mm/yr since the onset 
of faulting ca. 1.5 to 1.1 Ma (Morton and Matti, 1993; Lutz et al., 2006). Mid-Holocene to present 
slip rates for both the Clark and Coyote Creek strands are about double their ca. 30 kyr rates, but 
are less than the 16-20 mm/yr geodetic loading rates. Though we have not fully accounted for 
distributed deformation surrounding the major fault strands, our results indicate that the late 
Pleistocene SJFZ slip rate is likely to be significantly lower than the slip rate of the San Andreas 
fault at Biskra Palms (van der Woerd et al., 2006). 

The coordinated ~2x increase in slip rate of the Clark and Coyote Creek fault strands 
from 30 ka to 5 ka supports a Holocene increase in tectonic loading rate of the San Jacinto fault 
zone.  Precisely relocated seismic data in southern California indicate the Coyote Creek and Clark 
strands are seismically distinct faults within the brittle crust (Richards-Dinger and Shearer, 2000) 
Beneath the depth of seismicity these two fault strands are likely to be coupled by a common 
zone of loading within the ductile lower crust. Because these strands are mechanical alternatives 
for accommodating slip on the SJFZ, their coordinated increase in slip rate from 30 ka to 5 ka is 
likely to be driven by a late Holocene acceleration in loading rate of the SJFZ. The alternative 
explanation for slip-rate variability would be a large change in elastic strain stored along the 
SJFZ. We reject this alternative because it would require an unlikely coincidence of strength 

 
Figure 2. Slip rate sites and geochronologic data for the Clark fault. Upper panels show mapping of 
Q2b alluvial fans displaced 51 ± 5 m by fault slip. Inset is 10Be depth profile from a natural 
exposure labeled with star. This profile gives an age of 31 ± 6 ka, assuming no erosion of the fan 
surface. Lower panels show mapping of Q3a alluvial fans displaced 18 ± 2 m along two principal 
fault strands. Stars show locations of 10Be samples amalgamated from individual channel bars. 
Sample SJF17 was used to determine cosmogenic inheritance acquired prior to fan deposition. 



changes on both fault strands. Such shifts in strength are much more likely to be out of phase with 
one another, driving alternation of slip between the Clark fault and Coyote Creek fault. Efforts 
are now underway to replicate these slip rate results and reduce their uncertainty in order to verify 
this intriguing fault-zone behavior. 
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Figure 3. Slip rate site along the Coyote Creek fault. Both Q2b and Q3a fans are dextrally 
displaced from the mouth of Ash Wash. Qtb offset of 105 ± 18 m is a minimum here, but 
consistent with offsets in nearby locations (mapping in progress). Q3a displacement, 31 ± 7 m, 
restores individual distributary channels of originally intact alluvial fan. 10Be ages are for 
individual boulders (Q2b) or amalgamated clasts from intact channel bars (Q3a). Inheritance has 
not yet been determined for either fan, thus these ages are maximums. 


