
 
 
 
2008 SCEC Progress Report 
 
 
Testing for time-variable loading from slip rates of the San Jacinto 
fault system 
 
 
Principal Investigator: Dr. Michael Oskin, University of California, Davis 
Co-Principal Investigator: Dr. Warren Sharp, Berkeley Geochronology Center 
Co-Principal Investigator: Dr. Thomas Rockwell, San Diego State University 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Introduction:  
Documenting temporal variation in slip rate on individual faults and across fault zones remains 
one of the outstanding challenges in assessing seismic hazard in southern California. 
Paleoseismic investigations show earthquake activity clustered over millennial timescales 
(Dawson et al., 2003; Weldon et al., 2004; Rockwell et al., 2006). Similarly, Quaternary slip rate 
studies from offset landforms spanning 103 to 105 years suggest that geologic rates differ from 
the distribution of fault loading measured with GPS (e.g. Oskin et al., 2008). A synthesis of such 
data sets has led to the hypothesis that seismic moment release is strongly clustered across 
southern California (Dolan et al., 2007). The arid climate of southeastern California provides an 
ideal location to determine the age of displaced landforms and directly test clustering hypotheses. 
Two of the most active fault zones in southern California lie in this region: the San Andreas and 
San Jacinto. Together these faults accommodate ~80% of the Pacific-North America relative 
plate motion (King and Savage, 1983; DeMets and Dixon, 1999; Bennett et al., 2004; Fialko et 
al., 2006). In 2007 and 2008, we determined late Quaternary slip rates for the Clark and Coyote 
Creek fault strands of the southern San Jacinto fault zone (SJFZ) by incorporating geologic field 
mapping, tectonic geomorphology, and dating offset landforms with 10Be. Our data along the 
Coyote Creek and Clark fault strands implies 1) slip on the SJFZ is equal or secondary to that of 
the San Andreas over the ~35 ka timescale, 2) a slip rate gradient exists along the Clark fault 
strand over the ~35-50 ka timescale and 3) slip rates may vary coherently at the ~35 kyr and ~5 
kyr timescales. The coherent activity of these two fault strands may imply that clustering of 
earthquake activity along faults may reflect temporal changes in fault loading rate at depth. 
 
Background: 
The southern San Andreas and the San Jacinto fault zones are the two principal structures 
accommodating Pacific-North America plate motion (~ 80%) (King and Savage, 1983; DeMets 
and Dixon, 1999; Bennett et al., 2004; Fialko et al., 2006). Geodetically derived slip rate 
estimates are on the order of 10-20 mm/yr for both of these faults, but only 2-6 mm/yr for the 
Elsinore fault (Johnson et al, 1994; Meade and Hager, 2005; Becker et al., 2005; Fay and 
Humphreys, 2005).  The SJFZ has historically been more seismically active than the southern 
San Andreas fault zone (Thatcher et al., 1975; Richards-Dinger and Shearer, 2000), but its 
longer-term slip history is controversial, with estimates ranging from 10 to 20 mm/yr (Rockwell 
et al., 1990; Lutz et al., 2006)   
Although many previous studies have documented well-preserved offsets of Quaternary 
landforms along the SJFZ (e.g Sharp, 1967; Sharp, 1981; Rockwell et al., 1990; Morton and 
Matti, 1993), fault slip rates are often more poorly defined due to the inherent difficulties of 
dating Quaternary deposits. Moreover, what dating does exist spans time scales from 103 to 106 

years, complicating direct comparison of slip rates over comparable periods for the San Jacinto 
and the San Andreas faults (Sharp, 1981; Weldon and Sieh, 1985; Harden and Matti, 1989;  
Rockwell et al, 1990).  
Overview of Research Progress and Results: 
For the past two years we have systematically evaluated slip-rate sites along the southern half of 
the SJFZ, from Anza to its termination in the Salton Trough. In this region the SJFZ consists of 
two main dextral strands separated by 5 to 8 km: the Clark fault and Coyote Creek fault. From 



microseismicity these strands are distinct and well separated within the brittle upper crust 
(Richards-Dinger and Shearer, 2000). It is however likely that these strands share a common 
zone of loading that drives slip at depth on the SJFZ. In 2007, with the aid of the ‘B4’ lidar data 
set, we identified several new slip-rate sites in offset alluvial fan deposits and conducted some 
preliminary 10Be dating of these fans. Based upon our preliminary data set and the potential for 
developing a spatially and temporally comprehensive slip-rate data set on two parallel fault 
strands we proposed in 2008 to test two alternative hypotheses for the origin of earthquake 
clustering (Fig. 1). Hypothesis A (Declining failure stress) should result in alternation in slip 
between the two fault strands. Hypothesis B (Variable loading rate) should result in coordinated 
slip-rate variation, with both strands accelerating and decelerating together.  

  
Results from 10Be dating at three sites on the southern SJFZ (Rockhouse Canyon, southern Santa 
Rosa Mountains and Ash Wash) suggest both temporal and spatial slip rate variability (Fig. 2). It 
is especially encouraging that alluvial fans correlated from surface weathering and soil criteria 
give consistent 10Be model ages. Our late Pleistocene Q2c fan yielded ages of 35 ± 11 ka and 35 
± 7 ka. A companion study by Sharp found a preliminary U-series date from one of these sites of 
35 ± 2 ka, consistent with the 10Be data. The Holocene Q3a fan also yielded self-consistent 10Be 
ages of 3 ± 1 ka and 4.6 ± 1.6 ka. However both ages are younger than expected from soil 
development – a problem we will tackle with proposed research for 2009. Taking the 10Be ages 

as correct yields a conspicuous increase in 
slip-rate across the SJFZ from the late 
Pleistocene to the Holocene. Along the 
southernmost Clark fault slip rate 
increases from 1.5 ± 0.4 mm/yr to 3.9 ± 
1.0 mm/yr. Along the Coyote Creek fault 
the rate increases from 2.9 ± 1.0 mm/yr to 
8.6  ± 4.1 mm/yr. Note that the slip rate 
along the southernmost Clark fault does 
not include a significant component of 
distributed deformation recognized near 
this site (e.g. Belgarde, 2007). Also note 
that if our Q3a ages are systematically 
biased towards younger values then the 
slip rate increase we observe may be an 
artifact of this bias. Proposed efforts for 
2009 will use independent soil-
development and U-series methods to 
check our 10Be results and confirm 
whether a synchronized increase in slip-
rate has occurred across the SJFZ. 
 

In 2008 we also defined a more rapid slip rate for the central Clark fault at Rockhouse Canyon 
where it is less affected by distributed deformation. Here we sampled boulders from abandoned 
canyons beheaded by dextral fault slip. Model ages for two beheaded canyons are 47 ± 8 ka and 
28 ± 9 ka, offset 500 ± 70m and 220 ± 70m, respectively, yielding an average slip-rate of 8.8 ± 
2.0 mm/yr  for the Clark fault.  

 
 
Figure 1. End-member models for slip rate 
variability shown as a plot of fault stress versus 
time. Failure stress is stress at onset of 
instability leading to an earthquake. A. Variable 
brittle fault strength causes irregular 
earthquake recurrence. B. High loading rate 
causes cluster of earthquake activity. 



 

  
Figure 2. Geologic map of the southern San Jacinto fault zone. The blue arrows show the 
amount of displacement of plutonic, metamorphic and mylonitic rocks mapped by Sharp 
[1967]. The white star indicates the location of the slip rate site studied by Rockwell et al., 
1990 along the Clark fault segment discussed in the text.  
 
Discussion: 
Overall our new slip-rate results show that rates 1) change significantly along strike as slip is 
transferred southwestward from the Clark fault to the Coyote Creek fault and 2) may have varied 
synchronously by approximately a factor of two over the past ~35 kyr. Slip rates over the same 
time interval (30-50 ka) along the Clark strand of the SJFZ show a pronounced southward 
decrease from Anza to the southern Santa Rosa Mountains. The ~13 mm/yr at Anza (Rockwell et 
al., 1990) decreases southeastward to 8.8 ± 2.0 mm/yr at Rockhouse Canyon to 1.5 ± 0.4 mm/yr 
at the southern Santa Rosa Mountains locality (Fig. 2). This pronounced slip rate gradient is the 
subject of a paper submitted to the Journal of Geophysical Research in February of this year. Our 
research results also suggest that mid-Holocene slip rates along both the Clark and Coyote Creek 
faults increase by about a factor of two. However, at this time we cannot confidently conclude 
whether slip rates varied coherently due to systematic uncertainties associated with the 10Be ages. 
The coordinated activity of these two faults, if real, would strongly support temporal variability 
in fault loading rate along the down-dip extension of the SJFZ. Such a result would be consistent 
with the hypothesis that fault zones undergo periods of long-term clustered activity (cf. Dolan et 
al., 2007). Alternatively, there may be a systematic underestimation of ages for younger alluvial 
fans, leading to a bias towards faster slip rates over the late Holocene.  

 
Our results also allow us to compile a new late Quaternary slip rate across the SJFZ. Over the 
~35 ka time period, the slip rate for the Coyote Creek fault at Ash Wash is 2.9 ± 1.0 mm/yr. 
Combining this slip rate with the adjacent Rockhouse Canyon site on the Clark fault yields a 
combined rate of 11.7 ± 3.0 mm/yr. This analysis illustrates (1) that over the 30-50 ka timescale, 
the Clark strand is the more dominate structure where the SJFZ enters the Salton Trough, and (2) 
The slip rate of SJFZ is equal to or less than that of the San Andreas fault in the Coachella Valley 
(van der Woerd et al., 2006, Behr et al., 2007). The sum total ~40 mm/yr of slip is in this region 
is likely partitioned between the SJFZ (10-15 mm/yr) and the Indio segment (15.9 ± 3.4 mm/yr) 
with the remaining taken up by the Eastern California Shear Zone (~ 5-8 mm/yr) (Peltzer, 2001; 
Oskin et al., 2008) and distributed cross-fault strain.  
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