
We simulate physics-based multicycle dynamic models of the southern San 
Andreas fault (Cajon Pass to Parkfield) and San Jacinto fault (Claremont and 
Clark strands) with a focus on fault geometry and its effect over earthquake 
cycles. Using geodetically derived strain rates (Smith-Konter and Sandwell, 
2009), we validate our 2-D models against long-term geologic slip rates and 
recurrence intervals at various paleoseismic sites. 

Our findings include 1) the interactions between fault geometry, dynamic 
ruptures and interseismic stress accumulation produce stress heterogeneity, 
leading to rupture segmentation and variability in rupture extents similar to a 
recent comprehensive paleoseismic catalog (Scharer and Yule, 2020).
2) The Big Bend and Cajon Pass ‘earthquake gates’ occasionally impede 
dynamic ruptures. The angle of compression, which is the subtraction of the 
maximum shear strain rate direction from the local fault strike, can better assess 
the impedance of restraining bends to dynamic ruptures. 
3) The Big Bend has an angle of compression of ~20 degrees while it is a ~40 
degrees restraining bend measured by the fault trace. As a result, ruptures that 
traverse the Big Bend, like the 1857 Fort Tejon earthquake, are more frequent 
than would be expected based on the empirical relation, where a ~40 degree 
restraining bend tends to terminate most of the ruptures. 
4) Our models indicate that large ruptures that involve the whole simulated fault 
system tend to initiate north of the Big Bend and to propagate southwards, 
similar to that of the 1857 event, providing critical information for ground shaking 
hazard assessment in the region.

Figure 3: Long-term slip rates in Model A-C, which use 0.5, 0.3, and 0.7 static 
friction, representing moderate, weak, and strong faults, respectively. Blue, red and 
black dotted lines are best, minimum, and maximum estimates of slip rates from the 
UCERF3 geologic slip rate model (Dawson and Weldon II, 2013). 

Simulated rupture scenarios are comparable to paleoseismically derived 
maximum rupture model. . 
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Figure 4: Rupture dynamics of representative and other events in the preferred model (A). 
Slip distributions, rupture time curves, and magnitudes are shown. (a) Rupture of the entire 
simulated system. (b) Rupture impeded by the Big Bend. (c) Rupture of the entire SSAF 
and the Claremont segment of NSJF. (d-e) 1857-like rupture. (f) 1812 Wrightwood-like 
rupture. (g) Rupture that involves a small portion of SSAF near the Big Bend. (h) Rupture 
that involves a small portion of the Clark segment of SJF, like the 1918 event. Events in 
panels a-e are representative and events f-h occur occasionally. Panel (i) shows the 
heterogeneous shear strength before the event (e). Panel (j) shows the fault geometry as a 
reference and colors are consistent across each panel.  

Figure 5: Comparisons of simulated ruptures with paleoseismic data, adapted from Scharer 
and Yule (2020). (a) Map of the fault system with paleoseismic sites. Dark blue presents the 
SSAF and green shows the SJF. Dashed fault sections are not included in the simulations 
and ruptures have been omitted for clarity. (b) Rupture history constrained by paleoseismic 
data. Bars show rupture extent based on observations at paleoseismic sites; height of bar 
represents age uncertainties due to radiocarbon dating at each site. Red numbers are rupture 
IDs given in Scharer and Yule (2020). Hachured areas define portions of fault with no 
paleoseismic data. We compare those ruptures against the simulations (black rectangles with 
label a-g that correspond to ruptures in Figure 4) and find many of the ruptures are similar 
although a few ruptures (9, 23, 33) are not common in the simulations and other events, such 
as NSJF-only earthquake do not appear. 
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1) The heterogeneous stress induced by the interactions between dynamic 
ruptures, interseismic loadings and realistic fault geometry is a key factor in 
producing complex rupture extents and recurrence intervals inferred from the 
paleoseismic data.
2) The models produce ruptures like the 1857 Fort Tejon and 1812 Wrightwood 
ruptures. In addition, large ruptures that involve the entire simulated SSAF tend 
to initiate north of the Big Bend and propagate to the south, like the 1857 event.
3) The angle of compression is more relevant to assess the impedance of 
restraining bends to dynamic ruptures than bend angles measured in fault trace. 

We validate simulated long-term slip rates against UCERF3 geologic slip rates.

With realistic fault geometry, the multicycle dynamic models produce diverse 
rupture extents that can be compared to historic and paleo earthquakes.  

Figure 1: Fault geometry of the 
southern San Andreas fault (SSAF) 
and northern San Jacinto fault (NSJF) 
from SCEC Community Fault Model 
5.2 (CFM5.2, Nicholson et al., 2017). 
Paleoseismic sites are big stars and  
their abbreviations are BF, Bidart Fan; 
FM, Frazier Mountain; MP, Mil Potrero; 
3P Three Points; EL, Elizabeth Lake; 
LR, Littlerock; PC, Pallet Creek; WW, 
Wrightwood; Pt, Pitman. Fault sections 
include Carrizo, Big Bend, Mojave, 
San Bernardino on the SSAF (blue), 
Claremont (red) and Clark (black) 
strands of the NSJF.

Figure 2: (a) On-fault maximum shear strain rate from Smith-Konter and Sandwell (2009). (b) 
On-fault maximum shear strain direction relative to the northern end of the fault system from 
Smith-Konter and Sandwell (2009). (c) Local fault strikes relative to the northern end of the 
fault system from CMF 5.2. (d) The angle of compression, calculated by local fault strikes 
minus maximum shear strain rate directions, for the fault system. (e) Fault geometry for 
reference, colors are consistent across each panel. 

Method
For details of the method of multicycle dynamic models, please refer to the 
Method sections in Duan (2019) and Liu et al. (2021). 
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