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In the past year we have made significant progress on our project to model earthquake 
nucleation on non-planar faults.  This problem is significant because the nucleation location in an 
earthquake can determine not just the directivity of the ground motion, but often the ultimate size 
of the event [e.g., Oglesby and Day, 2002; Oglesby, 2005].  As stated in our proposal from last 
year, we have focused on simple 2D models of dip-slip faults, both with and without depth-
dependent frictional properties.  We have found that nonplanar fault geometry can have a 
significant effect on the nucleation process.  A simple fault system that demonstrates the effects 
of fault geometry on nucleation location is shown in Figure 1.  It consists of a dip-slip fault that 
has a change in dip angle halfway down dip.  We use the Variational Boundary Integral Method 
[Xu and Ortiz, 1993; Xu, 2000; 
Xu and Zhang, 2003; Zhang et 
al., 2004] to model the 
interseismic loading and 
nucleation process on this fault 
system under the assumption of 
constant-velocity loading at the 
fault base.  We vary the angle 
of the fault bend as well as the 
direction of base slip (i.e., 
either thrust or normal faulting).  
Figure 2 shows sequential 
snapshots of the normal stress 
increment on the fault system 
(loaded in the normal-faulting 

direction) for three different values of the bend angle 

! 

" : 0°, -40°, and +40°.  Note that the initial 
stress increments are flat and equal to zero in all cases; sequentially later time snapshots have 
their corresponding curves move away from the zero line.  In the case of 

! 

" = 0°, we have the 
same normal stress variation shown in Zhang et al. [2004] for a planar dip-slip fault: slip on the 
fault at the base causes the normal stress (positive in dilation) to increase (i.e., become less 
compressive) near the free surface, and to decrease (i.e., become more compressive) near the 
base.  The effect of a negative bend angle is seen quite clearly in the case of 

! 

" = #40° :  
preseismic slip at the base of the fault clamps the upper segment of the fault, especially near the 

 
Figure 1. Diagram of nonplanar dip-slip fault geometry. 

     
Figure 2. Sequential snapshots of normal stress increment on nonplanar fault system shown 

in Figure 1.  Note that in all cases, normal stress is increased (i.e., unclamped) 
near the free surface, and decreased (i.e., clamped) at depth due to preseismic slip 
and the stress interaction with the free surface.  In addition, different directions of 
bend angle have quite different effects on the stress increment near the bend. 
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bend, while preseismic slip on the upper fault segment unclamps the lower fault segment.  A 
positive bend angle (

! 

" = 40°) has the opposite effect: Slip on the base of the fault unclamps the 
upper segment near the bend, while preseismic creep near the free surface clamps down the 
lower segment. 

The stress increment 
around the bend manifests itself 
quite strikingly in the nucleation 
location on this fault system.  
Figure 3 shows that as the bend 
angle goes from negative to 
positive, the nucleation location on 
the normal fault moves from the 
base of the fault to the upper 
segment.  The reason for this 
change in location lies in the 
normal stress increment shown in 
Figure 2:  For strongly negative 
bend angles, the upper fault 
segment is strongly clamped, and 
the lower fault segment is strongly 
unclamped, favoring nucleation at 
depth.  However, as the bend angle 
increases and becomes positive, 
the upper segment becomes 
unclamped, favoring nucleation at 
more shallow depths.  As would be 
expected kinematically, this effect 
reverses for the thrust fault. 

An important observation 
about the above results is that 
while the nucleation location is strongly affected by the bend angle, nucleation is not simply 
“glued” to the geometrical discontinuity at the bend.  The relationship between geometrical 
discontinuity and nucleation is more complex than might be suspected.  This tantalizing clue at 
the complexity of the nucleation process indicates that more investigation is necessary to 
characterize the effect of fault geometry on earthquake nucleation.  In addition, we must include 
the potentially crucial effects of heterogeneous frictional properties in our models to determine 
the relative contributions to nucleation.  Such models, as well as the integration of these results 
with dynamic faulting models, are the subject of ongoing work. 

We note that in addition to the SCEC funding discussed above, Oglesby was also funded 
as part of “A Collaborative Project: 3D Rupture Dynamics, Validation of the Numerical 
Simulation Method.”  In this project, we found that a new 3D finite element code (EQDyna) by 
Benchun Duan is quite accurate and efficient, and appears to be appropriate for modeling 
earthquakes, especially on geometrically complex faults.  We suspect that future projects in this 
lab will primarily utilize this new code. 

 
Figure 3. Variation of nucleation location with bend 

angle for normal and thrust earthquakes on 
the fault system shown in Figure 1. The bend 
is at r/D1 = 1. Note that the dependence of 
the nucleation location on bend angle is 
opposite for the thrust and normal faults, and 
that the bend is not typically the nucleation 
location. 
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