
Figure 1. Map view of the nucleation scenarios 
(black stars) and our model fault geometry. The 
yellow lines represent the SSAF, SSAF-EXT (projec-
tion of the SSAF under the Salton Sea) and NF. Pos-
tulated larger scale fault geometry (red curves) 
from Kyriakopoulos et al. (2019), along with the 
underlying mapped  fault traces (blue curves from 
USGS) and micro-seismicity lineaments  (black 
dots) from relocated seismicity of Hauksson et al., 
(2012). 

Figure 2. Interpretation of the Normal Fault 
Throw based on Seismic CHIRP Prof�iles. Normal 
fault marked with thick black line. Extracted from 
Figure 2a in Brothers et al., (2011). 

1. Introduction

Key Points

2. Dynamic Rupture Simulations
In our experiments we use two different fault  geometric con�igurations. In “Con�iguration 1” the 
SSAF stops at Bombay Beach, while in “Con�iguration  2” the SSAF continues under the Salton Sea 
(SSFA_EXT in our models). To build the mesh we use the �inite element mesher TRELIS (Core-
form.com). To run our dynamic simulations we use the �inite element code FaultMod (Barall, 
2009).  The computational parameters used in our simulations are summarized in Table 1 to the 
rigth. The friction law is slip weakening (graph 1 to the right). The friction coef�icient µ drops from 
a static value of 0.6 to a dynamic value of 0.1 over a slip weakening distance (d₀) of 0.3 m. The ini-
tial stress conditions are controlled by the seismic parameter S (Eq. 1). Low S values (S=0.45) indi-
cate a system close to failure, while larger values (S=2.0) indicate the opposite. In our simulations 
we use a locking depth of approximately 15 km, that is achieved by progressively increasing the 
normal stress towards the bottom of the fault (see �igure in section 4B). However, because we are 
interested to evaluate the effect of a shallower locking deptn beneath the Brawley Seismic Zone, 
we use models were the normal fault ends at 8 km depth and the SSAF at 12 km, as indicated by 
local seismicity (Hauksson et al., 2012).

(Eq. 1) Andrews et al., 1976

initial shear stress (MPa) 4.33, 2.6
initial normal stress (MPa) 9.76
Nucleation stress (MPa) 6.44

Static friction ( ) 0.6
Dynamic friction ( ) 0.1
Slip weakening distance (m) 0.3
Density (Kg/m3) 2700
S-wave speed (m/sec) 3162
P-wave speed (m/sec) 5477
Nucleation radius (m) 5000
Nucleation speed (m/sec) 2000
Fault element Size (m) ~150
Off-fault element size (m) ~450
Rupture time step (sec) 102

Table 1. Computational parameters.
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3. Dynamic Rupture Models
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The generation of large earthquakes along the 
Southern San Andreas Fault (SSAF) depends 
on different fault-rupture parameters. Of par-
ticular importance is the initiation phase and 
the triggering of the SSAF by adjacent smaller 
faults that in some instances might also partic-
ipate and affect the evolution of larger 
multi-fault ruptures. The southern part of the 
Salton Sea concentrates the structural ele-
ments that could host these types of interac-
tions. Seismicity in the area indicates that, 
south of Bombay Beach, the SSAF projects into 
the Salton Sea, and later steps over to the Im-
perial Fault (IF) forming a transtensional 
step-over. The Brawley Seismic Zone (BSZ) 
lies in the middle of the step over and is char-
acterized by continuous micro-seismicity and 
swarm-type activity. Although most of the 
seismicity in this area occurs along vertical 
NE-SW oriented strike-slip cross faults, there 
is clear evidence of slip (between 0.2 and 1.0 
m per event) along a network of SW dipping 
normal faults (Brothers et al., 2009, Brothers 
et al., 2011) under the Salton Sea. For that 
reason, the normal faults should also be con-
sidered as candidate initiation structures for 
future large earthquakes. Here, we provide 
updates on our ongoing work regarding the 
dynamic interactions between the SSAF and 
the local network of normal faults. To achieve 
this, we designed a series of dynamic rupture 
scenarios that help us investigate how SSAF 
events can transfer slip onto the normal faults, 
and the mechanisms by which normal fault 
earthquakes could trigger a major event on 
the SSAF. Our initial experiments are based on 
a model implementing the SSAF that is inter-
sected by a normal fault near Bombay Beach. 
Preliminary results indicate that when earth-
quakes initiate on the SSAF, the nucleation lo-
cation plays a catalytic role for slip triggering 
on the normal fault. More speci�ically, rup-
tures approaching from the north promote 
slip on the normal fault while this effect is re-
versed for ruptures initiating at the south of 
(Bombay Beach) the normal fault. Finally, to 
better capture the extensional features of the 
southern portion of the Salton Sea we are 
planning to update our models and run new 
simulations with a more extended network of 
normal faults.  

4. Rupture evolution and Coulomb Stress Changes

A. Schematic explanation of DCFF

B: Initial shear and normal stress

C. Rupture at different time steps
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1. Displacement on the normal fault could be the evidence of large eartquakes 
on the Southern San Andreas Fault.

2. SSAF ruptures nucleating south of Bombay beach are less likely to trigger 
slip on the normal fault.

3. Locking depth of the normal fault plays a determining role to control the 
magnitude of slip triggered by an event on the SSAF.
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