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Abstract 

Preliminary results from four sites along the San Bernardino strand of the San Andreas 
fault suggest that the latest Pleistocene slip rate decreases southeastward from ~ 25 mm/yr in 
Cajon Pass to a rate in the mid-teens (mm/yr) at two sites along the central portion of the San 
Bernardino strand (Badger Canyon and Plunge Creek).  We propose that slip transfers from the 
Mojave section of the San Andreas fault to the northern San Jacinto fault zone in the vicinity of 
Cajon Pass, where the two fault zones parallel each other and are only 2.5 km apart for a distance 
of about 16 km along strike.  Within this proposed transfer zone, the slip rate of the San Andreas 
fault at two sites in Devore is in the high teens (mm/yr), a rate that is intermediate between the 
rates measured farther northwest and farther southeast.  The results are compatible with a 
temporally constant slip rate, over timescales of the past ~30 ka and past ~14 ka at Badger 
Canyon  and over the past ~30 ka and the past ~ 1ka at Devore, although the uncertainties in the 
rates are large enough to allow for moderate changes in slip rate over time.  The latest Pleistocene 
and latest Holocene rates, however, are still substantially higher than rates inferred from elastic 
block modeling of geodetic data.   
 
Introduction 

The partitioning of slip rate between various faults within the southern San Andreas 
system is still poorly understood.  Elastic block modeling of geodetic data suggests that a 
substantial portion of the slip on the Coachella Valley section of the San Andreas fault passes 
northward to the Eastern California shear zone, rather than remaining on the San Andreas fault.  
Likewise, a substantial portion of the slip on the Mojave section of the San Andreas fault appears, 
in these models, to extend southward onto the San Jacinto fault, leaving a very low strain 
accumulation rate (5 mm/yr or less) on the San Bernardino section of the fault (Meade and Hager, 
2005; Becker and others, 2005).  This contrasts dramatically with geologic estimates of the slip 
rate of 24 ± 3.5 mm/yr at Cajon Creek (Weldon and Sieh, 1985) and 14-25 mm/yr at Wilson 
Creek, in Yucaipa (Harden and Matti, 1989).   In an effort to resolve this factor of 3-5 uncertainty 
in the slip rate of the San Bernardino strand of the fault, we have measured slip rates at several 
sites along the San Bernardino section of the San Andreas fault.  
 
Plunge Creek Site 

At the Plunge Creek site (Figure 1) an ancient channel wall of Plunge Creek on the 
southwest side of the fault has been right-laterally separated from a correlative terrace riser on the 
northeast side of the fault by about 270 meters (Figure 2).  The truncated channel wall on the 
southwest side of the fault correlates with the riser between the high and low terraces northeast of 
the fault.   Incision of the terrace riser that is now separated 270 meters, led to abandonment of 
the high terrace, followed shortly thereafter by deposition of a sandy colluvial wedge (light pink 
in figure 3) onto the high-terrace gravel.  Three calibrated radiocarbon dates from near the base of 
the colluvial wedge are in agreement and suggest that the high terrace was abandoned around 32 
ka (Figure 3).  A fourth radiocarbon date is older (38 ka) and may be reworked from an older 



deposit, although the uncertainty in the age of this sample is so large that its age could be 
consistent with the other three samples.  On the other hand, the three OSL dates from the same 
parts of the colluvial wedge are substantially younger, ranging in age from 14.3 to 19.9 ka.   
 

 
Figure 1 (above left): Location of slip-rate study locations along the San Andreas and San Jacinto faults in 
the vicinity of San Bernardino Valley 
 
Figure 2 (above right): Annotated Airborne Laser Swath image of the Plunge Creek site, showing a 
truncated channel wall southwest of the fault that is offset from a correlative terrace riser northeast of the 
fault.  (LiDAR data collection and processing conducted by Ohio State University and U.S. Geological 
Survey; funded by NSF) 
 

 
Figure 3: Cross-section across Plunge Creek showing riser between high and low terraces.  Calibrated 
radiocarbon dates are shown in black; OSL dates are in red.  Errors are 2-sigma. 
 



The OSL ages were obtained very recently, and we do not yet understand the reason for 
the discrepancy between the radiocarbon and OSL ages.  One obvious possibility is that all four 
of the detrital charcoal samples from the high terrace colluvium were reworked from an older 
deposit.  Another possibility is that the colluvial wedge material that was sampled for OSL dating 
had been disturbed by bioturbation that introduced younger grains into the sample.  There were 
no recognizable burrows near the sample locations, but the material was unstratified and 
homogeneous, so it is quite possible that bioturbation occurred without leaving recognizable 
boundaries.  In fact it is clear that some bioturbation did occur because a charcoal sample (T1-11) 
from 1.6 meters beneath the surface of the colluvial wedge (and about 1.3 m above the 19.9 ka 
OSL sample) had a modern age.  Bioturbation is also one possible explanation for the 
stratigraphic inversion in the ages of the 14.3 ka and 17.6 ka OSL ages from the high-terrace 
colluvium, although the 2-sigma uncertainties do allow these two samples to be the same age.  
We are also investigating other possible causes for the discrepancies between the two dating 
techniques.  The two OSL samples from the low terrace gravel (14.1 ka and 15.0 ka) are 
consistent with the stratigraphic relationships (Figure 3).   

One way to estimate the slip rate at the Plunge Creek site is to use the age of 
abandonment of the high terrace (which approximates the age of initial incision of the terrace 
riser that is now offset), and to estimate the maximum and minimum possible offset based on the 
inferred position of that riser at the time it initially incised.  If the terrace riser bent toward the 
northwest as it approached the fault from northeast (which can not be ruled out), the offset could 
be as small as 120 m.  On the other hand, it is also possible that the initial incision of the riser 
occurred well to the southeast of its present position, possibly even as far southeast as the 
southeast edge of the canyon.  In this scenario, the low-terrace channel would have widened over 
time until the riser was in its present position, separated by 270 m, but the age of abandonment of 
the high terrace would correspond to an offset that could potentially be as large as 540 m.  We 
thus use a trapezoidal probability density function for the offset of the riser since the time of 
abandonment of the high terrace, with a plateau of equal likelihood between 270 m and 500 m, 
and tails tapering to zero at 120 m and 540 m.  If we assume the OSL dates from the high terrace 
colluvium are unreliable due to bioturbation, and use instead the three youngest radiocarbon dates 
(32.5 ± 1.5 ka) to approximate the age of initial incision, this yields a slip rate of 11 mm/yr with 
a 95% confidence interval of 3.6-17.6 mm/yr.  On the other hand, if we assume that all of the 
charcoal samples were ~ 13 kyr old at the time they were deposited, and use the OSL ages instead 
(using a trapezoidal probability density function with a plateau between the best-estimates of the 
17.6 and 19.9 ka dates and tails tapering to zero at the outer ends of the 2σ uncertainties for these 
dates), this yields a slip rate of 19.0 mm/yr with a 95% confidence interval of 8.9-29.7 mm/yr.   

Another way to estimate the slip rate at Plunge Creek is to use the measured separation 
between the terrace riser northeast of the fault and the truncated channel wall southwest of the 
fault in their present locations, and to try to bracket the age at which the terrace riser stopped 
being cut back by lateral erosion of the channel.   This can be done with the radiocarbon dates 
from the high and low terrace colluvium, but it yields a slip-rate estimate that is not as tightly 
constrained as the method described in the previous paragraph.  Since both methods are valid, we 
choose the previous method because it yields a tighter constraint.  For the OSL dates, on the other 
hand, the second method yields a tighter constraint.  The riser incised after 19.9 ± 3.0 ka (oldest 
OSL date from the high terrace colluvium), and probably stopped being refreshed prior to 14.1 ± 
2.8 ka (youngest OSL date from the low terrace gravel).  Although it is possible that the riser 
continued to be laterally eroded after deposition of the 14-15 ky-old (OSL) sediment of the low 
terrace, the amount of lateral erosion that could have happened after this time is limited to the 
fault-parallel distance between the OSL samples from the low-terrace gravel and the present 
position of the terrace riser, which is no more than 50 meters.  Thus, the maximum offset that can 
be associated with a 14-15 ka age is 320 meters.  Putting this all together yields a slip rate of 14.1 
mm/yr with a 95% confidence interval of 8.1 to 21.7 mm/yr.   



 
For the time being we report a preliminary slip rate of 13 ± 9 mm/yr, which includes the 

~2-sigma uncertainty range for both the C-14 and OSL dates.  Once we gain a better 
understanding of the issues affecting the accuracy of the radiocarbon and OSL dating techniques 
at this site, we may be able to reduce the uncertainty in the rate. 
 
Badger Canyon Site 

At the Badger Canyon site, a set of four alluvial fans (Qf1-Qf4) have been right-laterally 
offset from the mouth of Badger Canyon (Figure 4).  No other nearby drainages are large enough 
nor have the correct clast lithologies to have been the source of the fans.   

 
Figure 4: Preliminary geologic map of the Badger Canyon site, showing calibrated radiocarbon dates in 
black and OSL dates in white. 
 

Three radiocarbon dates on detrital charcoal and three OSL dates from the Qf3 fan are in 
general agreement with an age ~ 12-15 ka (Figure 4).  For a preliminary slip rate estimate, we use 
the C-14 date (14.8 ka) and the OSL date (13.3 ka) that are closest to the fault zone (figure 4), 
which makes it easier to constrain their offset than for the other samples.  Restoring the Qf3 fan 
to a position in which these two samples could have been deposited at the mouth of Badger 
Canyon yields a preferred offset of 110-210 m.  The absolute minimum offset of 85 m comes 
from restoring the terrace riser between the Qf3 and Qf4 fans southwest of the fault with the riser 
between the Qt2b terrace and the Qt4 terrace northeast of the fault.  The absolute maximum offset 
of the Qf3 fan is 280 m, because this is the inferred offset for the next older fan unit (Qt2b and 
Qf2-east), and it puts the two samples in a position in which it becomes difficult to envision them 
being deposited. These values define a trapezoidal probability density function for the offset.  We 
also use a trapezoidal offset for the age of the two samples, with a plateau between the best-
estimates of each age and tails that taper to zero at the outer ends of the 2σ error bars on the ages.  



The resulting probability density function for the slip rate has a mean of 12.8 mm/yr and a 95% 
confidence interval of 7.2-19.7 mm/yr. 

Let us consider now the Qf2 fan.  A detrital charcoal sample from trench WT-3C, near 
the apex of the central lobe of the Qf2 fan, has a calibrated (Kitagawa and van der Plicht, 2000) 
radiocarbon age of 27.5 ka (2-sigma range: 25.8-30.0 ka).   An OSL sample adjacent to the 
charcoal sample has an age of 20.6 ± 3.0 ka (2-sigma).  Because only one detrital charcoal age is 
available from the Qf2 fan, we cannot dismiss the possibility that this sample had an inherited age 
at the time of deposition.  The OSL sample was from a 10-15 cm thick, moderately well sorted 
fine sand layer within alluvial fan gravel.  In this case, bioturbation would have been easily 
recognizable, and thus seems an unlikely explanation for the younger age of the OSL sample.   

The preferred offset of the central lobe of the Qf2 fan from Badger Canyon is 300-400 m.  
A maximum offset of 470 m is obtained by restoring the dated charcoal and OSL samples at the 
fan apex to the extreme east edge of Badger Canyon.  A minimum offset of 280 meters comes 
from realigning the northwest-facing terrace riser between central lobe of the Qf2 fan and the 
lower (and presumably younger) western lobe of the Qf2 fan.   We combine a trapezoidal 
probability density function for the offset, defined by the values above, with two different 
triangular probability density functions for the age (one using the C-14 age and the other using 
the OSL age).  Using the C-14 age (assuming no inheritance) yields a slip rate of 13.6 mm/yr 
with a 95% confidence interval of 10.5-17.5 mm/yr.  Using the OSL date yields a slip rate is 17.7 
mm/yr (range: 13.7-22.6 mm/yr).  Further work and thought are needed in order to decide 
whether to use the OSL age instead of the radiocarbon age with its potential inheritance problem, 
or whether to subjectively assign relative weights to the two ages and combine them into a single 
probability density function for the age. 

We can also make a separate estimate of the slip rate since the time that the riser between 
Qf2-central and Qf2-west was abandoned.  This abandonment was caused by a landslide that 
blocked the Qf2-west channel and shifted the locus of deposition farther east on the fan (Qf2-east 
and Qt2b). The age of the landslide is ostensibly bracketed by two radiocarbon dates from trench 
WT-1A to be between 22.2-23.2 ka.  In reality, it could be somewhat younger, because the 
detrital charcoal samples may have already had some age at the time they were deposited.  We 
thus extend the tail of the probability density function for the age to 15 ka, which is the 
approximate age of the next younger unit (Qf3).  The terrace riser between Qf2-central and Qf2-
west is offset 280 meters (range 236-290 meters).  The values yield a slip rate of 13.2 mm/yr 
with a 95% CI of 11.1 – 16.7 mm/yr. 

To the northwest of the Qf2 fan are a set of older fan remnants (Qf1) which also clearly 
came from Badger Canyon.  Two OSL samples were collected from about 3.35 m below the 
surface of Qf1 in trench WT-9A, at a location that is separated by 500-720 meters from the mouth 
of Badger Canyon.   The OSL ages of these samples (18.1 ± 2.8 ka and 18.4 ± 3.6 ka) seem 
anomalously young and are most likely unreliable, because the Qf1 fan remnants are clearly 
offset farther than the Qf2 fan, which has an OSL age of 20.6 ka and a C-14 age of 27.5 ka.  
These OSL samples were collected from a ~15-cm-thick, poorly sorted sand layer within alluvial 
fan gravel.  The possibility of unrecognized bioturbation seems low.  We are investigating other 
possible explanations for the stratigraphic inversion between the OSL dates from Qf1 and Qf2. 

The slip rate estimates from Badger Canyon are summarized in figure 5, where they are 
plotted as a function of age over which the rate is averaged.  Most of the estimates are in the mid-
teens (mm/yr).  Except for the estimate for Qf1, which is probably inaccurate, the range 15 ± 8 
mm/yr includes the entire range of ~2-sigma uncertainty for the all of the other slip-rate 
estimates. 

In summary, the new slip rate estimates from Badger Canyon and Plunge Creek suggest 
that the slip rate of the central part of the San Bernardino strand of the San Andreas fault is in the 
mid-teens.  When combined with previously published rates from Lost Lake (Weldon and Sieh, 
1985), and with new, unpublished rates from Pitman Canyon and Devore Heights (supported in 



part by this SCEC grant, but not discussed in detail in this report due to space limitations), it 
appears that the slip rate of the San Andreas fault decreases southeastward from Lost Lake 
(Figure 6).  The decrease occurs within the 16-km distance over which the San Andreas and San 
Jacinto fault zones are parallel to each other and only 2.5 km apart.  Farther southeast, the two 
faults diverge and the San Andreas fault slip rate appears to stabilize in the mid-teens. 
 

 
Figure 5 (above left): Slip rate estimates from Badger Canyon as a function of the age over which the rate 
is averaged. 
Figure 6 (above right): San Andreas fault slip rate as a function of distance southeast from Lost Lake. 
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