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Introduction and Background 

The Imperial fault in the Salton Trough is the main plate boundary fault that transfers most of the 
displacement across the international border. It also has the distinction of being the only fault in southern 

California that has sustained two well-
documented surface ruptures in the 
historical period, the 1940 and 1979 
Imperial Valley earthquakes (Figure 1).  
Of particular interest is that these two 
earthquakes and their associated surface 
ruptures are significantly different in 
terms of magnitude and slip distribution.  
The Mw6.9 1940 earthquake ruptured the 
Imperial fault from end to end, with 
maximum displacement of about 7 m 
about 1 km north of the All American 
Canal and border (Rockwell and Klinger, 
2013).  The earthquake nucleated near the 
juncture of the Imperial and Brawley 
faults and ruptured mostly to the southeast 
in a series of sub-events, four of which 
released most of the seismic moment 
(Trifunac and Brune, 1970; Doser, 1990, 
Rockwell and Klinger, 2013). In contrast, 
the Mw6.5 1979 earthquake nucleated 

south of the zone of high slip in Baja California 
and ruptured unilaterally to the northwest, 
opposite the rupture direction of 1940.  Of 
interest, the 1979 earthquake ruptured beneath 
the region of high 1940 slip and only broke the 
surface north of Heber Dunes, closely matching 
the slip distribution from 1940 along the 
northern third of the fault (Sharp, 1982), leading 
Sieh (1996) to argue that the Imperial fault is 
segmented into “slip patches”. 

The goal of this work is to test basic 
recurrence models for the Imperial fault.  Recent 
paleoseismic work on the rupture history of the 
Imperial fault at Dogwood Road has 
documented as many as 17 surface ruptures 
during the past 1200 to 1400 years, yielding a 
recurrence interval of about 80 years (Tsang, 

 
Figure 1. Map of major structural elements of the plate 
boundary fault system in and around the US/Mexico 
border region. 

 
Figure 2.  PDFs of event ages determined at the 
Dogwood Road paleoseismic site on the northern 
Imperial fault.  



2011; Meltzner et al., 2015 in 
review)(Figures 2).  3D trenching of several 
small channels at the same site has resolved 
displacement in the past six surface 
ruptures (Figure 3), with slip in both 1940 
and 1979 documented by historical 
observations (Buwalda 1940 notes, Sharp, 
1982) at about 20 cm for each event.  
Afterslip and continue creep amounts to a 
total of 60 cm in the past 300 years based 
on offset of small channels into the most 
recent Lake Cahuilla deposits.  In contrast, 
three of the earlier four events sustained 
about 1.5 m of slip in each event, and two 
of them occurred between two Lake 
Cahuilla high-stand deposits, implying that 
there wasn’t a long duration between these 
larger surface ruptures. These observations 
contradict the slip-patch model of Sieh 
(1996) and the characteristic earthquake 

model of Schwartz and Coppersmith (1984) in that slip at 
the Dogwood site appears to be bi-model in displacement 
– 20 cm displacements and 1.5 m displacements (Figure 
4).  This is particularly interesting because the two events 
that we know the most about were quite different, yet these 
two both had self-similar slip at Dogwood Road. 
 For this project, we excavated a trench at a new 
site in the area of large displacement.  We expected to find 
evidence for only the largest Imperial ruptures observed at 
Dogwood Road, with no evidence for 1979-type events.  
This would imply that the large displacements are end-to-
end ruptures that experienced more complete stress drops 
than did 1940, which exhibits a “dogtail” distribution of 
slip (Wards, 1997).  In contrast, if some of the “large” 

Dogwood Road events are not observed at the border region of high slip, this implies a much more 
variable behavior for the Imperial fault, which is also interesting because the Imperial fault is straight and 
bounded at both ends by major steps to the San Andreas and Cerro Prieto faults, and many geologists 
would infer this to be a simple, unsegmented fault.  Thus, understanding the rupture history of the 
Imperial fault will provide a longer view of complex fault behavior of an apparently simple plate 
boundary fault. 
  
Results From New Trenching – We excavated trenches across a small sag pond that was evident in aerial 
photography that was flown after the 1940 Imperial Valley earthquake (Figure 5)(Rockwell and Klinger, 
2013). Six meters of displacement passes through the sag, and offset crop rows allowed us to measure the 
transfer of slip through this step.  Of particular interest is that crop furrows can be seen to drag down and 
be inundated in the sag itself, demonstrating that the sag was activated in the 1940 earthquake. The 
trenches, one of which is still open as the study is ongoing, revealed evidence for several past faulting 
events (Figure 6).  The vertical component of slip is accommodated by warping or folding of the 
sediments down into the sag, as observed in the 1940 rupture and in the trenches.  Brittle faults are also 
present, and together record evidence for at least 4 surface ruptures. The timing of these prehistorical 
events has not yet been resolved, as we are now preparing charcoal samples to be dated.  Preliminary 

 
Figure 3. Map of a portion of the Dogwood site trench 
complex, showing the location of channels offset in the 
past 6 events.  The modern rill is offset about 60 cm, 
which includes slip in the 1940 and 1979 earthquakes 
plus afterslip and creep. Channel 264268 is displaced 
by additional slip in events 3 and 4, whereas channel 
310319 and 320329 are offset additional amounts by 
events 5 and 6, respectively.  

 
Figure 4.  Slip over time for the past 
500 years at the Dogwood site. 



interpretation of the earthquake 
event horizons, along with 
preliminary correlation of the lake 
deposits in the trench to the 
regional lake chronology, suggests 
that the border site exhibits a 
longer recurrence interval than the 
Dogwood site.  If our preliminary 
correlations of lake units is 
correct, there have been only 4 
large surface-rupturing 
earthquakes in the past 700-800 
years, suggesting a RI of about 
200 years, which is more than 
twice the RI determined at the 
Dogwood site.  This observation, 
if verified by the radiocarbon 
dating, suggests that the region of 
large 1940 displacement in the 
border area is a resilient asperity. 
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