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[1] Normal stress perturbations accompany propagating
mode II rupture along an interface separating materials of
contrasting elastic compliance. The extent to which those
perturbations may produce significant, observable rupture
asymmetries (i.e., final slip distribution heavily weighted
toward a preferred propagation direction) in earthquakes is
uncertain, but previous numerical simulations predict such
asymmetry when frictional resistance is velocity dependent,
with sufficient post-rupture re-strengthening to produce
pulse-like rupture. We show, by numerical simulations in
3D, that purely geometrical effects leading to pulse-like
rupture can also induce strong asymmetries (and under very
limited conditions can even evolve into strictly unilateral
rupture), even when frictional rate dependence is neglected.
The effect is studied here in a context that can only apply to
strike-slip earthquakes large enough to rupture the entire
seismogenic thickness, but the results suggest that other
geometrical effects leading to pulse-like rupture will
interact with a compliance contrast in a similar manner.
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1. Introduction

[2] Rupture at the interface between solids of contrasting
elastic compliance has been the subject of extensive theo-
retical and numerical studies [e.g., Weertman, 1980; Adams,
1995; Andrews and Ben-Zion, 1997; Harris and Day, 1997;
Cochard and Rice, 2000; Ranjith and Rice, 2001; Ma and
Beroza, 2008; Ampuero and Ben-Zion, 2008], as well as
scale-model experiments [Xia et al., 2005]. In a propagating
mode II rupture, the compliance contrast induces a normal
stress perturbation proportional to the slip gradient
[Weertman, 1980], which can be large near the rupture
front. This perturbation affects the fault frictional resistance
if, as usually assumed, friction is sensitive to effective
normal stress. Moreover, because the sign of the normal-
stress perturbation at a rupture front depends upon rupture
propagation direction, this effect on frictional resistance is
asymmetric with respect to rupture direction and can intro-
duce asymmetries in the rupture velocity and/or the slip-
velocity. Following convention, by positive (or preferred)
direction (Figure 1g) we refer to that direction of mode II
rupture for which normal stress perturbations are favorable
to propagation at subshear speed, corresponding to the

direction of displacement of the more compliant side of
the fault.
[3] Andrews and Ben-Zion [1997] demonstrated through

numerical simulations that these asymmetries can lead to
emergence of a self-sustaining slip pulse (the ‘‘wrinkle
pulse’’) propagating unilaterally in the positive direction,
as proposed by Weertman [1980]. Those simulations were
for a simplified model in which the friction coefficient never
weakens at or following the onset of sliding, so the
asymmetrical wrinkle pulse dominates the dynamics. Harris
and Day [1997] added frictional weakening and found that a
consistently bilateral rupture propagation mode emerged,
though with the wrinkle-pulse dynamics still present and
reflected in asymmetric slip rates in the two propagation
directions. Subsequent simulations have shown that rupture
asymmetry depends upon the balance between the compet-
ing effects of friction coefficient changes and normal-stress
fluctuations [e.g., Ben-Zion and Shi, 2005], and we distin-
guish three classes of such simulations.
[4] 1. Irreversible reduction of friction coefficient. All

simulations published to date (2D examples include Harris
and Day [1997], Ben-Zion and Shi [2005], Shi and Ben-
Zion [2006], and Rubin and Ampuero [2007]) are consistent
in showing bilateral rupture (accompanied by significant
asymmetries in slip velocity, and sometimes in rupture
velocity) whenever the friction coefficient is allowed to fall
irreversibly (on the timescale relevant to an individual
rupture event) to a dynamic friction value that is below
the minimum required to stabilize the fault under the initial
static stress conditions, i.e., to below t0/s0, where t0 and s0
are the initial values of shear and normal stress. This
behavior has been verified in 3D as well [e.g., Andrews
and Harris, 2005; Harris and Day, 2005], and was also
found in the laboratory experiments of Xia et al. [2005]. For
natural earthquakes, rupture-front asymmetries associated
with this type of model have been proposed to explain
observed asymmetries in aftershock distributions [Rubin
and Ampuero, 2007] and ground motion amplitudes [Ma
et al., 2008]. Additional theoretical results of Dunham and
Rice [2008] still showed bilateral, asymmetric, rupture (in
2D) when the effect of mismatching poroelastic properties
was added to this class of model.
[5] 2. Little or no weakening of the friction coefficient.

When the friction coefficient does not weaken to below t0/
s0, interface rupture can still be induced by imposing an
energetic nucleation event, and such simulations frequently
show unilateral rupture, albeit with small slips and very
short rise time. Most such work has been in 2D [e.g.,
Brietzke and Ben-Zion, 2006], but Brietzke et al. [2007]
have recently performed simulations in 3D showing very
narrow, self-sustaining, unilateral pulses in an angular zone
about the positive mode II direction.
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