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 Our SCEC related work over the last year was (and continues to be) primarily in kinematic finite 
element models of the greater Salton Trough region in southern California.  We have two general goals 
for this study.  First we aim to understand the influence of laterally varying material properties (i.e., 
elastically weaker sedimentary rocks), in and around the Salton Trough, a thick sedimentary basin.  We 
use the SCEC Community Velocity Model version 3 (Kohler et al., 2003) to calculate elastic properties 
(e.g., shear modulus, Poisson’s ratio) in our kinematic models.  In general, we find that models with 
CVM-calculated properties are not significantly different from models with uniform properties.  This is 
due to (1) the fact that an elastic plate (the upper crust) is a fairly effective filter and changes in 
material properties in one region do not greatly affect the displacement field away from that region, and 
(2) the canceling effect of the elastically compliant sediments and the relatively rigid basement rocks of 
the Salton Trough.  The greatest influence of elastic structure on geodetic behavior occurs just south of 
the Salton Sea near the Brawley seismic zone where our model strain estimates with and without CVM 
properties differ by approximately 20% and significant geodetic strain is observed (e.g., Anderson et 
al., 2003). 
 Second, we are modeling the kinematics of the southern San Andreas, San Jacinto, Elsinore, and 
northern Imperial faults to better understand the plate boundary at this latitude.  In particular, we would 
like to know how slip is transferred from the Imperial fault to the San Andreas or San Jacinto faults and 
if the observed resultant crustal deformation (i.e., geodetic strain) is sensitive to crustal material 
properties (see above).  Our metric of model ‘goodness’ is the difference between observed crustal 
motion (geodetic velocities from the SCEC Crustal Motion Map, CMM3) and model predicted surface 
displacements. 
Conclusions of this work are as follows. 

• In general, laterally varying elastic properties in southeastern California do not significantly 
change surface displacements compared with models of uniform elastic properties. 

• Using a three-dimensional elastic earth model, kinematic finite element models are most 
consistent with slip rates on the San Andreas and San Jacinto faults of 20-24 and 12-16 mm/yr 
respectively (see Figure 1).  These numbers are however sensitive to how the model is ‘driven’ 
(see Figure 2). 

 
In the course of studying this area, we’ve made comparisons of finite element and Okada (1985, 

1992) half-space deformation models.  Figure 1b shows that for the relatively short faults in southern 
California the relative motion between finite thickness elastic blocks (instead of infinite thickness in 
the half-space model) can well approximate the Savage and Burford (1973) style arctan strain field 
around locked faults.  The match between geodetic and finite element model displacements driven by 
motion nodes on the bottom of blocks implies the plausibility that crustal blocks are, at least in part, 
driven by basal shear tractions. 

We also actively participated in the development of community finite element modeling tools by 
attending the workshop held at Los Alamos in August 2003 (where work was actually accomplished).  
We plan to continue participating with the Fault Systems group to develop these community tools.  
Towards this end, we have adopted the finite element code TECTON for our modeling.  (The Fault 
Systems group has adopted this code as the backbone of an integrated and comprehensive modeling 
tool.)  As Charles Williams improves TECTON and integrates it into the Pyre computational 
framework at Caltech we will use the code to provide real-problem based feedback. 



Finally, we are beginning to model southern California dynamics.  To this end, we are including in 
our models three-dimensional viscoelastic rheologies and fault structure, body forces due to density 
interface relief (i.e., surface and Moho topography), fault strengths, and basal shear tractions.  We 
intend to model the full set of forces that drive and resist blocks motion to better understand the role of 
topography, fault strength and basal tractions in producing crustal deformation in southern California. 
 



Figure 1
Kinematic finite element model of a transect 
parallel to the Pacific-North American plate 
direction and approximately perpendicular to 
the average strike of the San Andreas (SAF), 
San Jacinto (SJF) and Elsinore (ELS) faults.  
(a) Finite element mesh (FE  models are 
calculated in an Pacific-North America oblique 
Mercator projected Cartesian coordinate 
system, though are shown here in standard 
Mercator projection for clarity), SCEC Crustal 
Motion Map version 3 (CMM3) velocity 
vectors (black) and model predicted vectors 
(blue), and normalized shear strain rate.  The 
vector with its base on the red circle is 40 
mm/yr relative to North America (NA).    The 
model is driven by motion of nodes at a depth 
of 40 km such that the prescribed motion of a 
block is the sum of fault slip rates between the 
block and NA (our velocity reference).  The 
slip rates in these figures are SAF = 22, SJF = 
14 and ELS = 4 mm/yr.  Notice the strong 
agreement between observed (black) and 
model (blue) vectors.  Faults slip freely (as 
'slippery nodes') from the driving depth (40 
km) to locking depth of 15 km to simulate 
interseismic fault locking.
(b) Velocity components parallel and 
perpendicular to the Pacific-North American 
plate direction (Demets & Dixon, 1999) of the 
CMM3, of finite element model surface 
displacements and of Okada half-space 
predictions for infinite faults locked near the 
surface.  FE and Okada velocities have no 
perpendicular velocity component.  For the 
Okada solutions, this is due to the infinite fault 
approximation.  For the FEM velocities, the 
boundary conditions are such to allow only 
simple shear, no displacement  perpendicular to 
the Pacific-North American direction is
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allowed.  The three vertical lines show the location of the ELS, SJF and SAF as labeled.  Anomolous motion northeast of the 
San Andreas fault is likely caused by slip transfer from the southern SAF to the Eastern California Shear Zone, though the 
kinematics of this transfer are not known.
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Figure 2
Three-dimensional finite element model of the southern San Andreas (SAF), southern 
San Jacinto (SJF) and northern Imperial (IMP) faults with laterally variable crustal 
elastic properties.  Color indicates normalized horizontal strain (positive is tension) εxx.  
As in Figure 1, the model is calculated in a Pacific-North American oblique Mercator 
projected Cartesian coordinate system, the axes of this coordinate system are shown.  
CMM3 vectors are in black and model-predicted surface displacements in blue.  This 
model is driven with kinematic boundary conditions on bottom nodes (at 40 km 
depth).  The diagram to the right shows how the blocks are defined.  Solid lines are 
block boundaries.  They are straight, strike-slip faults with free slip (as 'slippery 
nodes') below a locking depth of 15 km and locked above, dashed lines are block 
boundaries boundaries for basal node velocities, but are not associated with faults.  In 
this figure, (relative to the North American block and parallel to the Pacific-North 
American plate direction) the Salton and Pacific blocks are driven at 22 and 36 mm/yr 
respectively.  We've found that the alternative models with nodes driven on the side 
work very poorly.  The restraining bend (left step from IMP to ELS) and releasing 
bend (right step from IMP to SAF) create geometric problems (i.e., not simple, parallel 
strike-slip faults) that cause side-driven deformation to be broadly distributed, even 
away from faults.  These models are quite inconsistent with observed geodetic data.
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