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Constraining On- and Off-Fault Nonlinear Dynamic Rupture Parameters

Motivation

* Dynamic rupture simulations link fault friction, off-fault

damage, and seismic radiation

e Damage rheology governs rupture cascades and

triggering delay times (Niu et al., JGR in press)

® Requires integrated 3D modeling, inversion and

uncertainty quantification

(a) shear modulus (d)
reduction (%)
10 10°
-40 -20 0 20 40
X (km)

shear modulus

First Bayesian inversion using complex 3D dynamic rupture simulations with off-fault plasticity

Delayed dynamic triggering and
enhanced high-frequency seismic
radiation due to brittle rock damage in
3D multi-fault rupture simulations

Zihua Niu, Alice-Agnes Gabriel, Yehuda Ben-Zion
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Joint inversion of on- and off-fault nonlinear dynamic rupture parameters
Using fault-parallel surface offsets from satellite imagery, high-rate GNSS time series, static GNSS displacements
Quantify uncertainties and correlations among on- and off-fault dynamic rupture parameters

Using 4 million CPU hours

———- data (Antoine et al.
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Scalable Bayesian Inference via Asynchronous Prefetching
Multilevel Delayed Acceptance (MLDA)

e Multilevel delayed acceptance (MLDA) Bayesian inversion (Kruse

et al., PASC 2025), reducing the number of costly simulations
needed for uncertainty quantification by combining fast

approximate coarse models with fewer fully resolved simulations

(a) surface displacement data (b) 2019 Ridgecrest earthquake

Taufiqurrahman et al., 2023 Abram et al., 2023

(c) MLDA algorithm
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(d) model of off-fault nonlinear damage
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