
Deformation due to strikeDeformation due to strike--slip slip 
faults: Theory and faults: Theory and 

observationsobservations

Individual earthquakes
Modeling of multiple earthquake cycles on 
fault systems



Individual eventsIndividual events

• Coseismic (static/dynamic?) 
• Postseismic
• Interseismic

What essential physics and what constitutive 
laws should the models incorporate? 



• 3-D variations in elastic properties
• Non-linear visco-elasticity?
• Plasticity?
• Poro-elasticity? 
• Gravity
• Pre-stress
• Topography?
• Rate-and-state friction
• Temperature-dependent rheology?



M7.1 Hector Mine, 1999 
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Line of sight 
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stacked InSAR
data

35 interferograms

Epoch: 1992-2000

Southern San Andreas Fault





G1/G2 <0.4
(also, see LePichon et 
al., JGR 2005).







Evidence for macroscopic low rigidity Evidence for macroscopic low rigidity 
zones around major faultszones around major faults

• Field: Johnson et al., 1997; 
Chester and Chester, 1998; 
Wilson et al. 2005

Chester et al., 2005

• Seismic: Li et al., 1994; 
Eberhart-Phillips et al. 1995; 
Thurber et al., 1997; McGuire 
and Ben-Zion, 2005 



Origin of compliant zonesOrigin of compliant zones
• Damage due to past earthquakes (high stresses at 

the rupture front, multiple ruptures on sub-parallel 
segments, aftershocks, etc.) 

• Geometric complexity (non-planar faults, fault 
step-overs)?

• Interplay between damage and time-dependent 
healing (Vidale and Li, 2003)

• How much shear strain is accommodated off the 
“primary slip surface”?

• Dependence on a cumulative fault slip?

Nelson and Jones, 
Tectonics 1987



Shallow coseismic slip deficit





Kagan, JGR 2004



Proposed mechanisms of  Proposed mechanisms of  
postpost--seismic deformation:seismic deformation:
Afterslip on or below the seismic rupture 
(Shen et al., 1993; Savage and Svarc, 1997)
Poro-elastic rebound (Peltzer et al., 1996; 
1998; Jonsson et al., 2003)
Visco-elastic relaxation (Deng et al., 1998; 
Pollitz et al., 2000; Freed and Burgmann, 
2004)
Combination of mechanisms (Masterlark
and Wang, 2002; Fialko, 2004)



How localized is How localized is postseismicpostseismic
deformation in the ductile deformation in the ductile 

substrate?substrate?
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33--D models: Vertical D models: Vertical 
displacementsdisplacements



Maxwell’s rheology (n=1)



Power-law rheology (n=3.5)







cm/yr



Horizontal displacements Horizontal displacements 
alone: are they a good alone: are they a good 

discriminantdiscriminant??



Pollitz, 1997; Hearn, 2003; Fialko, 2004







Time dependence and Time dependence and 
““permanentpermanent”” postseismicpostseismic

deformationdeformation



Freed and Burgmann, Nature 2004



Savage et al., JGR 2003; Fialko, JGR 2004
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Visco-elastic relaxation 



LongLong--term deformation term deformation 
(multiple faults, multiple (multiple faults, multiple eqeq

cycles) :cycles) :
Long-term vs short-term rheology
Large strains
– Elastic
– Inelastic

Treatment of plasticity (localization)
“Pre-stress” -> ambient stress
Forcing (Paleoseismicity? Spontaneous 
rupture nucleation?)



V 6.6 (as of May 2006)







Number of nodes: 3.3 105

Number of variables ~ 106

RAM ~ 12 Gb





PostPost--Hector Mine deformationHector Mine deformation



Pollitz et al., Science 2001
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ConclusionsConclusions
Given realistic rheologies, visco-elastic relaxation 
produces surface deformation that is very similar to 
that due to afterslip
Post-seismic deformation transients following 
Landers and HM earthquakes lasted several years
The kinetics of surface deformation measured with 
InSAR is consistent with hydraulic diffusivity of 
0.1-1m2/s; pore fluids are likely present throughout 
the seismogenic layer 
The post-seismic deformation observed after 
Landers and HM eqs is complex; a combination of 
“afterslip” and poro-elastic relaxation is required to 
explain the data 



Savage et al., JGR 2003; Fialko, JGR 2004
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