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Introduction
Northern California’s Bay Area lies along the Pacific North Amer-
ican plate boundary, placing millions of residents at risk from
damaging earthquakes. To investigate how large ruptures might
evolve across this system, wemodel earthquake dynamics along
the Calaveras, Hayward, and Rodgers Creek faults. These faults
form a major hazard network, with the Rodgers Creek fault ex-
tending 45 km north of Santa Rosa and the Calaveras fault
stretching 65 km south of Gilroy to its junction with the San Andreas fault. In our
simulations, we compare scenarios with realistic versus simplified material proper-
ties to evaluate how subsurface structure influences rupture initiation, propagation,
and fault interaction. Scan the QR code on the right to explore these faults directly on
Google Maps.

Figure 1: Fault system included in our model (map created using Google My Maps [1])

Method
We constructed a high resolution 3D structural model and tetrahedral mesh of the
Rodgers Creek, Hayward, Calaveras, and Northern Calaveras faults using fault traces
from theNational SeismicHazardModel [2], incorporating topographic elevation from
the USGS 3D Elevation Program [3]. For dynamic rupture simulations, we use SeisSol
[4], [5], an open-source code for earthquakemodeling that implements the ADER-DG
method.

Figure 2: Cross section of shear modulus NetCDF (units: Pa) with the wireframe of the fault in black. This represents
the realistic material properties model.

Eachsimulation is initializedwith a static stressfieldofσxx = 40.5MPa,σyy = 40.5MPa,
and σxy = 20.5MPa. To include realistic material properties, we generated a NetCDF
file containing density and Lamé’s parameters λ and µ from the USGS 3D seismic ve-
locity model for the San Francisco Bay region [6]. Fault failure is governed by a linear
slip weakening friction law. All simulations were run on the Expanse supercomputer
at the San Diego Supercomputer Center[7], using four nodes per run (128 CPU cores
per node) with an average sustained performance of 2.45 TFLOP/s.

For the homogeneous case, we use ρ = 2670 kgm−3, µ = 3.90 × 1010 Pa, and λ =
4.24 × 1010 Pa, and we also impose minimum values of P-wave velocity 3600ms−1, S-
wave velocity 1950ms−1, and density 2550 kgm−3 for the heterogeneous case, follow-
ing Harris et al. [8].

Results
Rupture Time
When material properties are included, rupture propagation shows distinct differ-
ences compared to the homogeneous case. The rupture front does not extend as far
south, halting near Gilroy, and it also takes longer to reach the northern extent near
Santa Rosa. Although rupture expansion to the fault edges is slower overall, the trans-
fer of rupture between fault segments occurs approximately 4 seconds earlier than in
the homogeneous simulation.

(a) Rupture time with homogeneous properties.

(b) Rupture time with heterogeneous properties.
Figure 3: Comparison of rupture time on the fault (units: s).

Energy
These differences in rupture evolution are also reflected in the overall energy release
and fault mechanics. The seismic moment (M0) grows more slowly in the heteroge-
neous case, consistent with delayed rupture propagation toward the northern and
southern fault tips. For reference, the model with homogeneous material properties
generates a Mw 7.65 event, while the heterogeneous properties result in a Mw 7.71
event. Additionally, the radiated energy (Er) increased when realistic material prop-
erties are included, indicating that more elastic energy is emitted as seismic waves.
Here Er is calculated following Ma and Archuleta [9] as the difference between the
total work (Wt) and the static work (Ws).

(a) Evolution of the seismic moment M0 during rupture
(units: N·m).

(b) Radiated energy Er emitted as seismic waves (units:
J).

Figure 4: Comparison of seismic moment and radiated energy in simulations with and without material property het-
erogeneity.

Slip and Displacement
Another key difference is observed in the accumulated slip distribution. When mate-
rial properties are included, the accumulated slip near the surface is nearly doubled
compared to the homogeneous case. This amplification is also reflected in the sur-
facedisplacement, where certain regions experience significantly greatermovement.

(a)With homogeneous properties.

(b)With heterogeneous properties.
Figure 5: Comparison of accumulated slip (ASl) on the fault (units: m).

(a)With homogeneous properties. (b)With heterogeneous properties.
Figure 6: Ground displacement magnitude (units: m).

Future Work
Potential next steps include investigating how rupture dynamics are affected by the
intersection of the Calaveras and Hayward fault traces near San Felipe, and testing
nucleation at different locations and depths to better understand their influence on
slip and surface displacement.
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