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Ruptures - physical dependence

§ Active fault geometry 
• Do we know which strands of the San Andreas are active?
• Do we know the subsurface geometry?

§ Rupture initiation
• Where will the rupture start?
• How will the rupture propagate at fault intersections?

Tarnowski, 2017 Beyer et al., 2018
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Ruptures - time dependence

§ Initial stress conditions
• Time since last rupture 

event 
• Recent earthquakes –

Landers (1992), 1812, 
1726

Jiang and 
Lapusta, 2015
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§ Restraining bend along the 
southern San Andreas.

§ ‘Earthquake gate’
§ Strands inside the pass have 

not ruptured since ~1400
§ Other nearby earthquakes may 

impact stresses within the SGP

The San Gorgonio Pass
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Methodology
§ Poly3D: Three-dimensional Boundary Element Method code

• Solves the equations of continuum mechanics
• Discretizes boundaries and faults into linear triangular elements

§ Faults from the SCEC Community Fault 
Model (Plesch et al, 2007)

§ Plate motions applied at the edges of the 
model

§ Faults are freely-slipping

§ Three step approach
• Steady state models
• Interseismic models
• Coseismic models
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Effect of nearby earthquakes

§ Slip is applied to the upper portion 
of faults involved in each rupture

§ All other faults are traction free

Applied slip 
distributions (m)
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Model Validation – slip rates

§ Model slip rates from steady state 
models.

§ Our models provide a good match to 
geologic slip rates

Beyer et al., 2018

§ 6 fault 
configurations 
tested

§ 2 best-fit fault 
geometries
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Fault stressing rates
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Stresses are impacted by fault interaction
§ Resolving remote stress field 

results in the same on-fault 
stress for faults of similar 
orientation

§ Near proximity of the San 
Andreas and San Jacinto faults 
allows for fault interaction

San Andreas 

San Jacinto 
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Impact of recent nearby earthquakes
§ Landers (1992)

• right-lateral loading of the northern portion of the pass
• left-lateral loading in the south

§ Wrightwood (1812)
• right-lateral loading of SGP thrust and just in front of rupture 

extent on San Bernardino strand
• rest of SGP feels slight left-lateral loading

San Andreas 

San Jacinto 
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Total evolved fault stress

§ Total evolved fault stress
§ Includes effects of:

• fault interaction
• nearby earthquakes
• *assumes complete stress 

drop*

Don’t resolv
e ‘em…

EVOLVE ’em!
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Stresses for dynamic rupture modelers

Years into the future

12345678910

Stressing Rates x

Loading on the faults up until 
present day – includes fault 
interaction and impact of 
recent earthquakes

Allows dynamic rupture 
modelers to bring faults 
to rupture
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Future fault stresses

§ Calculate fault stresses using stressing rates and time since last 
event on each fault

Failure when element 
exceeds 3 MPa

Failure when element 
exceeds Τ = µ ∗ %&
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On-going stress projects in the SGP

§ Investigation of off-fault stresses using focal 
mechanisms

Linear Elastic Burger’s Material
§ New finite element models in 

COMSOL Multiphysics explore the 
effects of rheology
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Summary
§ 3D crustal deformation models provide interseismic stressing rates

§ Faults of similar orientation have different fault stresses due to 
interaction with nearby faults

§ Fault stresses are calculated using the TSLE of each fault

§ Evolved fault stresses include:

• effects of fault interaction and recent nearby earthquakes

• a linear gradient with depth – consistent with being loaded at depth

§ Implications:

• Complete stress drop after rupture events 
may be unrealistic


