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The San Andreas and San Jacinto faults are the dominant faults within the plate 
boundary fault system in southern California (figure 1).   Together they accommodate 
about 70% of the Pacific-North America plate motion.  North of their junction, the San 
Andreas fault has a slip rate of about 35 mm/yr (Sieh and Jahns, 1984).  South of  
their junction, this rate is divided between the two faults.  There has been considerable 
debate as to whether the San Andreas fault contributes substantially more to the plate 
boundary deformation in southern California than the San Jacinto fault, whether the two 
faults contribute approximately equally or even whether the San Jacinto fault contributes 
more.  The Holocene slip rate of the San Andreas fault, in Cajon Pass immediately south 
of the junction with the San Jacinto fault is well-documented at 24.5 ± 3.5 mm/yr 
(Weldon and Sieh, 1985), suggesting that the San Jacinto fault may carry the remaining 
10 mm/yr of slip.  However, some investigators suggest that the San Andreas fault slip 
rate continues to decrease southeastward along the San Bernardino strand, as more and 
more slip is accommodated by the San Jacinto fault (Matti and others, 1992; Morton and 
Matti, 1993).  We have begun field mapping along the San Andreas fault in an effort to 
measure the slip rate of the San Andreas fault in two areas: (1) in Devore and (2) in the 
East Highlands Ranch area in the vicinity of Plunge Creek.  These are two of only a few 
areas in which correlatable Quaternary deposits are present on both sides of the fault.  
This report focuses on the work in progress in the Plunge Creek area.  Although work has 
begun in the Devore area, the bulk of it will be done during winter 2005. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Map showing San Andreas and San Jacinto faults in southern California.  The 
Devore slip-rate site is near PT and the Plunge Creek slip-rate site is a PL. 



Several Quaternary deposits and channels are offset by the San Andreas fault in 
the East Highlands Ranch area (Figure 2).  In particular an abandoned channel of Plunge  
Creek is preserved on the southwestern (downstream) side of the fault (Qof2a in Figure 
3).  It is a remnant from a time when the channel flowed parallel to the fault in order to  
connect two channel segments that had been offset by slip on the San Andreas fault.  The 
fault-parallel channel segment was abandoned when the channel re-incised straight across 
the fault.  Since that time, the newly incised channel wall (between Qof2a and Qof2b) has 
also been offset several hundred meters by the San Andreas fault.  On the northeast 
(upstream) side of the fault there are two major gravel-fill terraces preserved within the 
canyon of Plunge Creek.  At the mountain front, the top of the lower terrace (Qt1) is 
about 80 feet above the modern channel and the top of the higher terrace (Qt2) is about 
160 feet above the modern channel.  The abandoned channel (Qof2a) projects to the fault 
at an elevation that is intermediate between the high and low terraces. 

Our currently favored interpretation is that the abandoned channel correlates with the 
high terrace (Qt2).  One problem with this interpretation is that the high terrace is present 
on both sides of the canyon at the mountain front (see figure 4), as remnants of an alluvial 
fan apex that was at least 400 meters wide.  In contrast, the fault-parallel segment of the 
abandoned channel is only about 150 m wide.  However, the high terrace remnant on the 
east side of the canyon is slightly higher than the remnant on the west side of the canyon.  
We suspect that the Qt2 remnant on the west side of the canyon is the remainder of a 
channel that was incised several meters into the 400-meter-wide fan and that represents 
the youngest locus of deposition on the fan, at a time when the sediment was being 
funneled into the abandoned channel.  This interpretation requires about 13 meters of 
northwest-side-up slip (Figure 5), which is a small percentage (i.e., a reasonable amount) 
of the inferred right lateral slip of about 310 meters.  This interpretation is favored over 
correlation of the abandoned channel with the low terrace (Qt1) because that correlation 
would require 7.6-23.5 m of relative uplift of the southwestern side of the fault (Figure 
5).  Given the presence of the San Bernardino Mountains on the northeastern side of the 
fault, southwest-up slip seems counter-intuitive.   Preliminary analysis of prior trenching 
data from McGill’s paleoseismic site just east of Plunge Creek also favors a small amount 
of northeast-side-up slip rather than southwest-side-up slip. 

In our favored model, the remnant high terrace deposits on the east side of Plunge 
Creel would correlate with the Qof1 fan (Figure 3).  Slip along the San Andreas fault 
began to offset this fan, and also transported a topographically high knob to a position in 
front of the mouth of Plunge Creek.  This knob has a core of igneous and metamorphic 
rock (or a large landslide block of metamorphic rock), and is mantled by gravel that has a 
strong, red soil developed on it (Qvof).  This gravel must have a source east of Plunge 
Creek, perhaps from the Santa Ana River.  As the bedrock knob was carried in front of 
the Santa Ana River, an alluvial fan aggraded around the knob and eventually buried it.  
Continued slip along the San Andreas fault brought the gravel-mantled knob to the mouth 
of Plunge Creek.  The Plunge Creek alluvial fan (high terrace remnant on the east side fo 
the creek) was ponded behind the knob, and eventually incised to a lightly lower lever 
(high terrace remnant on the west side of Plunge Creek) and flowed around the western 
edge of the knob, depositing the Qof2a fan.  As the knob continued to move to the 
northwest along the San Andreas fault, the fault-parallel abandoned channel segment that 
connected the western high terrace remnant with the Qof2a fan grew longer and longer.  



After this Qof2a channel had been deflected for several hundred meters, Plunge Creek 
incised a new channel straight across the fault.  The low terrace (Qt1) and Qof2b contain 
the deposits of this channel.  Continued movement along the San Andreas fault have 
offset this newly incised channel wall (between Qt2 and Qt1 northeast of the  
fault and between Qof2a and Qof2b southwest of the fault) about 310-330 meters.  Along 
the way, a small alluvial fan (Qof2c) was deposited on top of Qof2b from a gully along 
the western edge of the Qt2 terrace.  This small alluvial fan has since been offset about 
160 meters. 

Field mapping is still in progress, and not all of the field mapping that has been done 
is shown in figure 4.  Several charcoal samples have been collected from construction 
exposures of Qof2b and Qof2c, south of the fault.  Samples (one each) for optically 
stimulated luminescence (OSL) dating have also been collected from these units, as well 
as from as sand lens within Qvof.  Additional field mapping will continue in order to gain 
a better understand the geologic history of this site and to seek additional material for 
dating the deposits.  Excavations into Qt2 and Qt1 are planned for early December for the 
purpose of collecting samples for dating from those units.  
 

 
Figure 2: Photo-geologic map showing offset drainages in the East Highlands Ranch 
area. 
 



 
Figure 3: Photo-geologic map of the Plunge Creek slip-rate area. 

Figure 4: Geologic map (in progress) based on field mapping at the Plunge Creek site.  Not all 
mapping completed is shown in this figure. 



 
 

Plunge Creek Terrace Profiles
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Figure 5: Profiles along the high and low terraces northeast of the fault and along the 
abandoned channel southwest of the fault.  Figure shows that northeast-up vertical slip is 
required in order to correlate the abandoned channel with the high terrace, or southwest-up 
vertical slip is required to correlate the abandoned channel with the low terrace.  Northeast-up 
vertical slip seems more likely.  A profile (perpendicular to the fault) across the bedrock-cored 
knob of Qvof shows that the Qvof gravel on the knob is higher than the high terrace and that 
southwest-up slip would also be required if one wanted to correlate the high terrace with the 
gravel on the knob.  (The Qvof gravel on the knob has a pronounced red soil that is absent from 
the high terrace).  Point positions were determined by hand-held GPS.  Elevations shown here 
were determined with a barometric altimeter that was calibrated at a point with known elevation.  
These points have also been surveyed with a total station, but that data has not been processed 
yet. 


