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In the past year we have made excellent progress on our topic of understanding the 
dynamics of complex fault branches.  We have focused on the dynamics of slip partitioning, 
using a fault geometry motivated by the 2001 M 7.8 Kokoxili, Tibet, earthquake (Figure 1).  Slip 
partitioning is the phenomenon in which there is an obliquely-slipping fault at depth that 
branches into a more two or more shallow segments, with different components of slip 
accommodated on each branch.  A common observation in such cases is that the dip-slip 
component of motion is accommodated the more shallow-dipping surface branche, while the 
strike-slip component is accommodated on more vertical one.  Bowman et al. (2003) has shown 
through static models that oblique slip at depth on such a fault system will lead to a particular 
pattern of off-fault stress change that contributes to slip partitioning.  Such slip will induce 
strike-slip oriented shear stress on a vertical surficial fault segment directly above the oblique 
fault, while it will induce more dip-slip oriented shear stress on a more shallow-dipping surficial 
segment.  Such models are very helpful in understanding how partitioned slip might arise over 
time.  However, the Bowman et al. (2003) models do not directly address what happens in any 
given earthquake; in particular, they do not examine the time-dependent rupture propagation and 
resultant slip pattern in an earthquake.  Our recent dynamic analysis of slip partitioning has 
shown that the effects postulated by Bowman et al. (2003) indeed contribute greatly to the 
dynamics of individual events.  We also show some remarkable new effects that help us to 
understand the dynamics of partitioned slip events. 

Figure 1 shows the fault geometry adopted for this year’s work.  It is motivated by (but 
simplified from) the geometry of the 2001 Kokoxili event.  The fault system is under a regional 
stress field that results in oblique normal slip on the base fault.  The resolved shear stress is 
entirely strike-slip on the vertical surface fault segment, and more up-dip oriented on the dipping 
surface fault segment.  We model the dynamics of this event using the 3D dynamic finite 
element method (Whirley and Engelmann, 1993; Oglesby, 1999) and slip-weakening friction. 

One of our most important results is that if we use a pure homogeneous regional stress 
field and nucleate on either the dipping fault or the surficial vertical fault, rupture does not 
propagate to the dipping surficial fault.  This effect is shown in the top frame of Figure 2.  The 
reason for this result is that slip on the oblique normal basal segment tends to lock up the 
surficial dip-slip segment, favoring propagation to the vertical segment.  In addition, slip on the 
vertical segment casts the surficial dipping segment into a stress shadow, inhibiting rupture.  
However, if a barrier is present on the vertical fault (bottom frame of Figure 2), the slip 
heterogeneity around this barrier leads to strong strain and stress in the vicinity; this amplified 
stress can nucleate rupture on the dipping surficial fault.  We also note that in the barrier case, 
slip is strongly partitioned between the upper fault segments, with more strike-slip motionon the 
vertical one and dip-slip on the dipping one.  Thus, we find that a key requirement for slip 
partitioning in branched fault systems may be stress heterogeneity on one or more of the fault 
segments.  Further results (not shown in this final report) indicate that slip partitioning is 
impossible without slip on the basal fault; in its absence, rupture can not propagate to to both 
surficial segments whether there is a barrier or not.  In summary, we find that dynamic slip 
partitioning is  strongly favored when rupture can propagate to all segments in a branched fault 
system.  However, rupture propagation to all segments is not necessarily assured, and only takes 
place under more limited circumstances.  The results help to explain why slip partitioning in 
single earthquakes is common, but not ubiquitous.  We plan to publish these results in a peer-
reviewed journal very soon. 
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Figures 
 

 
Figure 1. Cartoon geometry of fault system. 



3 

 
Figure 2. Slip on branched fault system for homogeneous stress case (top panel) and barrier 

model (bottom panel).  The homogenous model produces slip only on the the base 
and vertical fault segments, while the barrier model produces partitioned slip on all 
fault segments. 
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