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Shallow Slip Deficit and Surface Deformation
• Co-seismic slip at the surface is generally lower than slip at depth:
- Surface slip measured in the field is less geodetically inferred slip
at depth
- Inversions of INSAR and GPS data yield more slip at 4—5 km
depth than at surface
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• Co-seismic slip at the surface is generally lower than slip at depth:
- Surface slip measured in the field is less geodetically inferred slip
at depth
- Inversions of INSAR and GPS data yield more slip at 4—5 km
depth than at surface
• Explanations for this Shallow Slip
Deficit:
- Interseismic fault creep
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Shallow Slip Deficit and Surface Deformation
• Co-seismic slip at the surface is generally lower than slip at depth:
- Surface slip measured in the field is less geodetically inferred slip
at depth
- Inversions of INSAR and GPS data yield more slip at 4—5 km
depth than at surface
• Explanations for this Shallow Slip
Deficit:
- Interseismic fault creep
- Distributed off-fault deformation
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Shallow Slip Deficit and Surface Deformation
• 2D dynamic rupture simulations with
plasticity (Kaneko & Fialko, 2011)
predict a Shallow Slip Deficit (SSD) of
up to 15%
• SSD proportional to inelastic
deformation
• 2—4 times lower than observed SSD

Scope
• Perform 3D nonlinear dynamic rupture
simulations for observed earthquake with
documented SSD
• Sensitivity of SSD to rock strength
• Compare simulated deformation patterns
with observations

from Kaneko & Fialko (2011)

Dynamic Rupture Simulation of M 7.3 Landers Earthquake
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• 2D model was extracted along Landers fault trace (CVM-S4.26+GTL),
extended to 3D
• Drucker-Prager yield condition used to model inelastic off-fault
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We use our best-fitting slip model with an average
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rupture velocity of 2.5 km/sec (Figs. 10b and 12a) as
the initial model in a linearized inversion (equation 2) to
estimate perturbations to the average rupture time. As
shown earlier in Figure 8, when a different rupture velocity is used, a different slip model results, demonstrating a strong trade-off between slip amplitude and rupture
F
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clear how to weight the two types of unknowns.
Previous investigators have invoked a weighting that
results in perturbations to these parameters that are deemed
reasonable (e.g., Beroza and Spudich, 1988). An alternative method is to allow the rupture time to vary by
letting each fault element slip several times in adjacent
time windows (equation 1 with multiple time windows;
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Dynamic Rupture Models

How to Define Rock Strength in Dynamic Rupture Simulations?

Scale dependence of rock strength
(Wyllie & Mah, 2005)

How to Define Rock Strength in Dynamic Rupture Simulations?
Hoek Brown failure criterion for fractured rock
• Accounts for reduction of shear strength caused by
presence of joints
• Uses Geological Strength Index (GSI) to describe
degree of fracturing

Scale dependence of rock strength
(Wyllie & Mah, 2005)

How to Define Rock Strength in Dynamic Rupture Simulations?
Hoek Brown failure criterion for fractured rock
• Accounts for reduction of shear strength caused by
presence of joints
• Uses Geological Strength Index (GSI) to describe
degree of fracturing
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Scale dependence of rock strength
(Wyllie & Mah, 2005)
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Definition of Four Rock Strength Models
Low-velocity zone (LVZ) around fault:
•Inner damage zone: 450 m wide, 4 km deep
•Outer damage zone: 1,5 km wide, 6 km deep
•GSI=100 outside LVZ and below 1 km depth
•Inside LVZ GSI represents pre-fractured rock

mi = Hoek-Brown parameter; σci = unconfined compressive strength

Shallow Slip Deficit from Fault Zone Plasticity
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Quantifying Off-fault Deformation (OFD)
Observed off-fault deformation (Milliner et al., 2015):
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Quantifying Off-fault Deformation (OFD)
Observed off-fault deformation (Milliner et al., 2015):

Simulated off-fault deformation:

COSI-Corr
displacement
Split node
displacement
Main fault
strand field
displacement

Total
displacement
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Summary
•3D dynamic rupture simulations of
the M 7.3 Landers earthquake
underpredict SSD and OFD in the
linear case.
•However, nonlinear simulations for
good quality rock reproduce both
the inferred SSD of 30—60% and
the observed OFD of 46 ± 10%.
•Fault zone plasticity is needed to
generate dynamic rupture
simulations that are consistent with
observations

Roten et al., GRL, 2017

