ShakeOut Scenario 2.0: Dynamic Rupture Modeling of the M7.8 Earthquake on Southern San Andreas Fault
and the Resulting Long-Period Ground Motion
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1. Abstract

Southern California sits atop the southern San Andreas Fault, which has not
produced a major rupture in over 300 years and is widely regarded as capable of a
magnitude ~7.8 earthquake. Anticipating how such an event would nucleate,
propagate, and shake the Los Angeles region is central to hazard assessment for
millions of people. The 2008 ShakeOut scenario established a landmark M7.8
simulation using a kinematic source with pre-assigned slip. Dynamic rupture
modeling relaxes this assumption, letting slip emerge spontaneously from fault
stress and friction. We present dynamic rupture simulations run with SeisSol on
the Quakeworx/Expanse HPC platform, integrating SCEC Community Earth
Models for fault geometry (CFM 7.0), velocity structure (CVM), stress (CSM), and
thermal structure (CTM). We set the hypocenter at 33°28'32.1"N, 115°52'33.1"W at
10 km depth and employ rate-and-state friction with enhanced dynamic
weakening, testing two fault geometries and a range of stress conditions. Rupture
directivity focuses stronger shaking toward the Los Angeles Basin, establishing a
baseline for physics-based hazard assessment in southern California.
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Figure 3: Three representations of the southern San Andreas Fault geometry
used as model inputs, with the hypocenter marked (yellow star) near the SE end.
Top: SCEC Community Fault Model (CFM) 3.0, the geometry used in ShakeOut 1.
Middle: CFM 7.0 Preferred used in ShakeOut 2.0. Bottom: CFM 7.0 Alternative
used in ShakeOut 2.0. The Arrows indicate rupture propagation direction.
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Figure 5: Combined fault geometry for the CFM 7.0 Preferred and Alternate model, both
used in ShakeOut 2.0

% Fault geometry
o All ruptures nuclear on the southeastern end of the SAF at 10 km depth
and propagate northwestward, consistent with ShakeOut 1
% Stress
o Principal stress orientations taken from CSM Hauksson model [4]
o Vertical stress as 02 according to Anderson model
o Test various k-values to achieve ~Mw 7.8 earthquake
o Projecting stress tensors onto fault surface using strike and dip angles
% Friction
o Shear traction always equals frictional strength
o Depth-dependent friction parameters are derived from the Community
Thermal Model (CTM), with temperature increasing with depth [2] [3]
o Case 1 sees velocity-strengthening near the surface and at depth, while
case 2 sees velocity-strengthening only at depth
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Figure 2: Comparison of Community Velocity Model (CVM) at free surface of ShakeOut 1 (left)
vs ShakeOut 2.0 (right)
Figure 5: Workflow for developing M7.8 simulations and ground-motion maps
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3. Results

(a) _ peak ground velocity uptot = 150.0 s (b) .' peak ground velocity uptot = 150.0 s (a) Final Surface Slip along strike
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Figure 7: Annotated peak ground velocity (PGV) distribution comparison in Southern California with the LA Basin area. PGV distribution reflects fault geometries, subsurface k-value: After the 1.25 14 11
velocity structure and directivity. (a) ALT case 1 (supershear rupture). (b) ALT case 2 (sub-Rayleigh rupture). (c) PRE case 1. (sub-Rayleigh) (d) PRE case 2 (sub-Rayleigh). structural knot
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