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Heterogeneity through
the seismological lens

W

Partial ruptures
Non optimally oriented faults

What are the mechanisms
allowing ruptures to start and
forcing ruptures to arrest?
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?
Why Rough Fau ltS ¢ Foreshocks and precursory slow slip

Cattania & Seqall, 2021
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Realistic high frequency radiation = Complex rupture histories & slip
Low stresses on faults distributions
Dunham etal., 2011 Bruhatetal., 2016, 2020 S R e I

Fang & Dunham, 2013 Allam et al., 2019
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Simulations of Earthquake Cycles on Rough Faults

2D plane strain fully elastic simulations
50 times the nucleation length
Rate weakening, a-b <0

Preslip to increase heterogeneity Ac/c
500 m

5mIW
M

Self-affine faults Candela et al., 2009
Dunham et al., 2011
Hurst exponent 0.7 Fang & Dunham, 2013

Amplitude to wavelength ratio 0.001 Cattania & Segall, 2021
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Simulations of Earthquake Cycles on Rough Faults

Fault Dynamics with Radiation Damping
Approximation FDRA Bradley & Segall 2012

7(z,t) —[o(z,t) — P(t)]f(v,0) = ﬁ v(z,t)

Shear loading exceeding frictional resistance is
balanced by the radiation of shear waves

Ao =22 ,/ H_ omyf it
2> \2-H

The variance of normal stress scales with
fault roughness aa and the amount of slip S

Aguilar Suarez, Segall, Cattania, (2025)
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Perturbing the simulations Fault 111 Perturbations
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Sequences of earthquakes

in perturbed simulations

Feedback between creeping regions and
foreshocks

Merging creeping zones drive locked
asperities to failure both before and after
perturbation onset

Earthquake catalogs from S|mulat|ons
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Integrating Observations
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Integrating Observations

Aseismic moment release dominates the ~ Preparatory processes vary in duration
interseismic period but is much smaller ~ and extent depending on the timing of
compared to system spanning ruptures  Injection
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