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Abstract. We consider a mode II rupture which propagates along a planar main fault
and encounters an intersection with a branching fault. Using an elastodynamic bound-
ary integral equation formulation, allowing the failure path to be dynamically self-chosen,
we study the following questions: Does the rupture initiate along the branch? Does it
continue? Is the extensional or compressional side most favored for branching? Does rup-
ture continue on the main fault too? Failure is described by a slip-weakening law for which
the strength at any amount of slip is proportional to normal stress.

Our results show that dynamic stresses around the rupture tip, which increase with
rupture velocity at locations off the main fault plane relative to those on it, could ini-
tiate rupture on a branching fault. As suggested by prior work, whether branched rup-
ture can be continued to a larger scale depends on principal stress directions in the pre-
stress state and on rupture velocity. The most favored side for branching rupture switches
from the extensional to the compressional side as we consider progressively shallower an-
gles of the direction of maximum compressive pre-stress with the main fault. Simulta-
neous rupturing on both faults can be activated when the branching angle is wide, but
is usually difficult for a narrow branching angle due to strong stress interactions between
faults. However, it can be activated then too by enhanced dynamic stressing when the
rupture velocity is very near the Rayleigh velocity. Natural examples seem consistent with
the simulations we present.

1. Introduction

The rupture zones of major earthquakes often involve ge-
ometric complexities including fault bends, branches and
stepovers. Such non-planar fault structures have been sug-
gested to affect the dynamic rupture process including nu-
cleation, propagation and termination [King and Nabelek,
1985; Sibson, 1985]. In this paper, we focus on branched
faults. Several earthquakes have occurred along preexisting
fault structures that include branching faults [King, 1986].
The 1979 Imperial Valley and the 1992 Landers earthquake
are examples [Archuleta, 1984; Sowers et al., 1994]. What
path is dynamically self-chosen in a pre-existing geometri-
cally complex fault system, with branches or step-overs, is
very important for seismic risk estimates.

Theoretical stress analysis for mode II rupture running
on a planar fault suggests that the propensity of rupture
path to bend onto a potential branch path is controlled by
rupture velocity vr and the preexisting stress state [Poli-
akov et al., 2002]. In describing rupture by a slip-weakening
model, deviatoric stresses in the vicinity of a rapidly prop-
agating rupture front are found to be much higher in the
border region, to the side of the fault plane than directly
ahead, when rupture velocity vr becomes close to the lim-
iting velocity, which is the Rayleigh wave velocity cR for
mode II. The pattern of predicted Coulomb failure on sec-
ondary faults, within a damaged zone bordering the main
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fault, is strongly dependent on the angle Ψ between the pla-
nar fault and the direction of maximum compression Smax

in a pre-stress field. High Smax angles Ψ lead to more ex-
tensive activation of secondary faulting on the extensional
side, whereas low angles give comparable activation on both
sides. In both cases, secondary failure off the planar fault is
predicted to increase markedly as the limiting velocity is ap-
proached (Figure 1). However, the theoretical solutions just
discussed are limited to the cases where ruptures remain on
a plane and no further alterations of the stress field due to
the excitation of secondary ruptures has been considered, in
the interest of mathematical simplicity. Accordingly, what
path is dynamically self-chosen on a branched fault system
still remains unknown. The dynamics, including nucleation
of secondary ruptures, must be investigated with numerical
methods.

Recent progress in the boundary integral equation
method (BIEM) has enabled simulation of spontaneous rup-
ture with a complex fault geometry. Kame and Yamashita
[1999a, 1999b, 2002] have investigated dynamic branching in
their self-chosen crack path modeling. They base the choice
of the orientation of each new increment of crack path on
the maximum shear stress along radial directions very near
the crack tip, explicitly including the high-speed distortion
of the stress field. They successfully showed that a crack
bifurcates at the high-speed propagation stage due to local-
ization of wave stresses around the crack tip and then the
growth, after following the locally optimal path, is finally ar-
rested, after branching, by the larger scale pre-stress state.
However, it remains an open issue of how to properly include
effects of normal stress in that description. In addition, the
nature of their crack-tip-focused procedure does not allow
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