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Earthquakes at plate boundaries?

Natures response to stressing
(caused by plate tectonics)

Occur when shear stress
exceeds the force of static friction

To better understand
earthquakes:

Need to study the stress history
of the fault

ormal Stress
ps/prevents slip)

Aoc. = A1 — nAo,

(Coulomb stress change)

Crustal deformation => Stress on faults => Earthquakes




Crustal deformation

Interseismic/Tectonic Loading
— Deep slip . .
— Virtual negative slip/Back slip } Kinematic
— Invert/Calculate regional strain field from GPS observations
— Model the plate dynamics

Coseismic slip

Postseismic processes
— Viscous relaxation
— Afterslip
— Poroelastic rebound

Other processes
— lce unloading etc.
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Stress evolution in NE Caribbean
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Outline for Southern Alaska

« Objective
— Model contemporary deformation

— Decompose the observed GPS velocities into secular and
transient components

— Calculate the evolution of stress over the past few decades

« (Constraints
— GPS
— Geologic

« Numerical models
— Interseismic deformation
— Postseismic viscous relaxation
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Modeling Approach




Objective: Calculate the elastostatic response of an earthquake in a
viscoelastic medium

e [nitial BVP

oiji+1i=0 (1)
. I .)
Cij = ;(”/.‘/ + ”././) (2)
I )
Cig = Cij T €
. (TI - )
€ij = —Z 4 Aollexp =T
: 2/t J
. Tij . Oij .
(','}' — : T ('-)’)
‘ 21 2n

e We want to find the displacement u(x,t) and a stress tensor field o;;(x.7)
which satifies the above given some initial and boundary conditions




Finite Element Formulation
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Faults

* Split nodes (Melosh and Raefsky, 1981)

— Adds additional terms to the RHS (i.e., [K] doesn’t change and
remains SPD)

— Conjugate gradient works well

* Cohesive (zero volume) elements and Lagrange Multipliers (to enforce
constraints)

K crl[=w] [7

c o ||ZT| |D

— C is the matrix of direction cosines; D is the magnitude of fault slip
and L is the force required to impose the slip

— System is indefinite
— GMRES and variants

* Penalty Method (e.g. nodes connected to each other via springs)
— Matrix is ill conditioned
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Postseismic Transients
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Postseismic Transients
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First order surface deformation rates in Southern Alaska can only be

explained by models that simulate both long-term (steady state) and
transient processes

Transient processes such as viscous relaxation can have a ‘significant
effect’ even decades following large earthquakes

Distribution of slip does not seem to have a significant effect on the
postseismic signal ~36 years after the quake




Coulomb stress change as experienced by right lateral faults (striking ~east)
since 1949 until just prior the Denali earthquake
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