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Do we need and want physics-based EQ ‘g

models for our SiIERRa TAG?

* Can EQ models always produce * Does SiERRa need a modeling

what you want? component?
— No: If we do not have enough funds

=> observation-focused investigations
should always come first; or if we are
very skeptical of EQ models => not
trustworthy.

— Yes: if you are given very (too?) wide
of freedom to choose your model
parameters! An example: a single-
event dynamic rupture model.

— No: if you are constrained by
paleoseismic observations of event
types, frequency, intervals etc!=>
Earthquake-cycle models.

— Yes: if we really want to assimilate
available and new observations; if we
want to do physics-based
forecasting/assessment.

_ * Benchun Duan, SCEC SiERRa Workshop, Lake Taheo, NA, October 22, 2026 _
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Using a Dynamic Earthquake (EQ) Simulator to

explore complex fault slip over EQ cycles

e QOur group’s focus: FEM-based

behaviors, in particular EQ rupture dynlamlc EIQ cycle simulations wgh

— Dynamic rupture modeling: rupture real complexity in geon?Etry an
physics; single-event w/ assumed initial stress CVN'_ and as many phyS":S as
condition possible - EQdyna

B anlﬁ?';gﬁgCEg%fnyucllaet;?fde“ng: earlier EQdyna-based Dynamic Earthquake Simulator

- ._ i i : Nucleation Dynamic Post-seismic
Quasi-dynamic EQ cycle modeling
major way currently, radiation damping i - s
for coseismic process

— Fully dynamic EQ cycle modeling

e Current ways to model fault slip

Luo et al. (2020)

Earthquake Cycle (RSF)

— Earthquake simulators: most quasi- R
static? RSQsim: Quasi-dynamic
— SEAS: quasi_dynamic or fu”y dynamic * Dynamic processes: directly use EQdyna

* Quasi-static processes: EQdyna with DR
— e (Dynamic Relaxation)

_ * Benchun Duan, SCEC SiERRa Workshop, Lake Taheo, NA, October 22, 2026 _
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Using a Dynamic Earthquake (EQ) Simulator tO explore g

complex fault slip over EQ cycles

* Complex fault geometry: an example

Comparing Dynamic Rupture Behavior of the Southern San Andreas Fault over Multiple
Earthquake Cycles between CFMS.3 and CFM?7 with a 3D Fully Dynamic Earthquake Simulator g % C
4

A GEULUGY & GEOPHYSICS Hasti Bordbar! (hastibordbar@tamu.e_du), Benchun Duan! o
S Texas A&M University n comer

INTRODUCTION RUPTURE PATTERNS MAXIMUM SLIP RATE

®,, ——tineor foultt race— vl @ 2
.\ - Mojave

Earthquake rupture behavior is strongly influenced by ~ £ o
fault geometry. The Mojave segment of the southern 5 25
San Andreas Fault often acts as a rupture barrier, even &
though it has a straight surface trace (e.g., 1812, 1857 $oa

logso siip rate
(mis)

log(velocity) mis

events). Recent paleoseismic studies suggest lower 2
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earthquake frequency in the middle Mojave compared & = 7 ol A A = A uJ

to adjacent sections. ; Bemis et al., (2021) proposed that Capams =g B L Bhre ™ o - 2 W

this may be related to the non-vertical subsurface (o 3 0 w0 1 a0 20 30 50 0 a5
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Figure 1. (a) Map of the southern San Andreas Fault (SSAF) system showing paleoseismic sites (bla k triangles) and dlppmg fault geometry.
i e ©) Apl rupture scenario. (B

(b) Earthquake frequency distribution along the SSAF inferred from enario. (Bemis etal, 2021) [I55 2%
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Figure 7 MaMaximum fault slip rate through time for (a) CFMS5 3 and (b) CEM. Peaks
‘mark dynamic earthquakes; intervals between peaks represent interseismic periods.

‘ ¥ CONCLUSIONS

+ Spatially variable loading weakens the Big Bend barrier.

* Complexinteractions: e.g., SSE & megathrust along subduction zone? (Meng & Duan, 2022, SRL)
* More physics: e.g., Fluid effects — Dilatant hardening in 3D permeability structure (Tang and Duan, submitted)
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