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Using a two-step Boundary Element Method approach, we simulate geologic and interseismic defor-
mation along multiple interacting non-parallel faults in the Los Angeles and Ventura regions of 
southern California. Models with homogeneous rock properties match well geologic slip rate data. 
Interseismic model results, in general, reproduce GPS velocities well, but mismatch GPS velocities at 
several sites within the Los Angeles and Ventura sedimentary basins. We suggest that much of the 
model-GPS misfit is produced by two main factors: many large geodetic gradients are likely non-
tectonic in nature, and the model is unable to simulate the mechanics of spatially-variable rock prop-
erties such as those that are likely to occur between uplifted basement rocks (high stiffness) in the 
mountains and subsiding sedimentary basins (low stiffness) in the valleys. To better constrain the ef-
fects of heterogeneous rock properties on resultant deformation patterns and fault slip rates, we de-
velop a methodology for simulating compliant (less stiff) regions within an otherwise homogeneous 
model. To simulate a region of less stiff rock (e.g. a sedimentary basin), we populate the specified 
region with randomly-oriented cracks, which accumulate slip and interact based on the applied tec-
tonic boundary conditions. To validate this technique, we create an unfaulted rectangular-shaped 
compliant zone in a two-dimensional Finite Element Method model and compare results to our 
Boundary Element Method model simulation.

ABSTRACT 

GEOLOGIC DEFORMATION MODEL 

APPLICATION: FAULTS OF THE LA BASIN 

ABOVE - Map showing active fault traces and corrected interseismic 
GPS velocities (Argus et al. 2005) of the greater Los Angeles region. The 
upper traces of blind faults are indicated by black dashed lines. GPS 
stations (site names in capital letters) are indicated by triangles. 

ABOVE - Faults are color shaded by depth : red = surface 
and dark blue = 27.5 km.  This model is based on the SCEC 
CFM version 2.5. Coordinates are given in UTM (km).
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ABOVE - Model-predicted average slip rates (circles) and geologic slip rate estimates (grey ranges). Gradient shading on 
geologic ranges indicate that the upper limit is poorly constrained. To calculate the average slip rate of modeled fault sur-
face containing many elements of varying size, we integrate the slip over each element’s area and calculate a weighted aver-
age slip rate for each surface. References for the upper and lower geologic slip rate ranges are shown by gray italic numbers 
and are as follows: 1) Morton and Matti [1987] 2) Oskin et al. [2000] 3) Dolan et al. [1997] 4) Huftile and Yeats [1996] 5) Bryant [1987] 6) McNeilan et 
al. [1996] 7) Shaw et al. [2002] 8) Grant et al. [1999] 9) Dolan and Pratt [1997]; Dolan et al. [2000] 10) Tsutsumi et al. [2001] 11) Tucker and Dolan [2001] 
12) Rubin et al. [1998] 13) Crook et al. [1987] 14) Walls and Gath [2001] 15) Yeats [2002] 16) Dolan et al. [1997] 17) Freeman et al. [1992]; Grant et al. 
[1997] 18) Lindvall and Rockwell [1995] 19) Stephenson et al. [1995] 20) Marin et al. [2000] 21) Kahle [1986] 22) Yeats et al. [1994] 23) Gath et al. [1992]. 

LEFT: West side up slip rate 
along the vertical Palos 
Verdes fault. (From Cooke 
and Marshall 2006) The grey 
box shows the locations and 
slip rates determined from 
analysis of uplifted marine 
terraces along the Palos 
Verdes peninsula [Bryant, 
1987; Ponti and Lajoie, 1992].  

Homogeneous rheology model results match well both geologic slip rate estimates and interseismic GPS velocities in the region, suggesting that the models capture 
the first-order features of geologic and interseismic deformation in the region. Most regions where the interseismic model produces relatively high residuals occur 
where GPS stations likely have mischaracterized anthropogenic and seasonal motions, suggesting that corrected GPS velocities may better elucidate the current-day 
tectonic deformation pattern in the Los Angeles region. To explore the effects of contrasts in rock stiffness between basin sediments and basement rocks, we attempt 
to simulate a stiffness contrast by populating basin regions with randomly-oriented cracks. Currently, we are unable to properly simulate the mechanics of a less 
stiff zone by using randomly-oriented cracks; however, the close correlation of three-dimensional interseismic model predictions of surface velocity with geodetic 
data and the match of geologic model predictions of fault slip rates with geologic data suggest little discrepancy between geodetic and geologic deformation rates in 
the metropolitan Los Angeles region. In contrast to results from two-dimensional models of the region that evoke geologically-discrepant slip rates of 9 mm/yr on 
the Puente Hills fault [Argus et al., 2005], we find that steep geodetic gradients in the San Gabriel basin are matched relatively well by a three-dimensional model 
with relatively fast slip on the Sierra Madre fault and relatively slow slip on the Puente Hills thrusts, in agreement with geologic slip rate estimates.  

CONCLUSIONS 
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RIGHT:  N9°E Transects through the Los 
Angeles region showing model and GPS 

velocities. Locations of transects are 
shown on the figures above. A cross-

sectional slice through the three-
dimensional model along each transect is 

shown above each plot with faults 
shown with black lines (dashed where 

locked). Sedimentary basins are shaded 
gray. In the plots, the N9°E component of 

GPS velocities and station location are 
projected onto transects (triangles). GPS 
stations discussed in the text that poten-

tially have mischaracterized anthropo-
genic motion are shown with gray tri-
angles. Model results are shown with 

black curves. Localized convergence is 
strongest in the eastern transects (C and 

D) in both the model and GPS data.INTERSEISMIC GPS AND MODEL VELOCITIES 

ABOVE:  GPS velocities from Argus et al. 2005 and model-
predicted surface velocities. Model velocities are shown for a 
locking depth of 8 km.

ABOVE:  GPS-model residual velocities. The four areas of 
greatest residuals correspond to locations with large non-
tectonic ground motions.
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Distance Along Palos Verdes (km) 

North South 

10 20 30 40 50 60 70 80 900

average dip slip 

slip rate from 
uplifted terraces 

0 km 

Stress-Free Horizontal Crack 

Fault T
ra

ce 

27.5 km Freely-Slipping 
Fault Surface 

Applied Motion 

Model-Calculated 
Motion 

STEP #1 -  A 
geologic time 

scale model is 
created by allowing the 

entirety of fault surfaces to 
freely slip in response to 

geodetically-constrained 
displacements applied at the base of 

the horizontal detachment.  

GEOLOGIC SLIP DISTRIBUTION 

INTERSEISMIC DEFORMATION MODEL 
0 km 

Locking 
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Fault Surface 

Locked 

STEP #2 - Slip from below the 
locking depth is applied to 
simulate interseismic 
deformation (similar to 
backslip approach). 
Surface velocities can 
then be calculated at 
the locations of GPS 
sites and compared to 
existing GPS data. 

SIMULATING HETEROGENEOUS ROCK RHEOLOGY:  A PREVIEW 
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Our BEM models employ a homogeneous, isotropic elastic rheology for the 
entire Los Angele region. However basement rocks exposed in mountains and 
basin sediments have a stiffness that may vary by more than a factor of two. 
O’Connell and Budiansky (1974) show that an elastic material populated with 
randomly-oriented cracks will attain a lower seismic velocity, which implies a 
lower elastic stiffness. We are in the process of testing to determine if an elastic 
region populated with randomly-oriented cracks can simulate a region of less 
stiff rock, such as a sedimentary basin. 

STEP #1 - CREATE A BASE MODEL 

STEP #2 - COMPARE BEM RESULTS TO BASE MODEL 

Using a commerical FEM solver (Comsol) we simulate a unfaulted rock unit 
with a rectangular region of and less stiff material. 
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RIGHT:  FEM 
model results 
show that the 

displacement rate 
increases in the 

less stuff zone, as 
is expected. 

Because we want 
just the effects of 
the less stiff zone 
we must subtract 

out the 
displacement 

gradient from the 
more still material. 

RIGHT:  FEM model 
results with the 

displacement gradient 
from the stiff material 
removed. Because we 
seek to simulate a 2:1 

stiffness contrast, a 
reasonable 

approximation between 
sedimentary basin and 

basement rock, we only 
show the model results 

for a 2:1 contrast. 

To determine if the BEM with randomly-oriented cracks simulates the desired effect, we make a model with a 
similar geometry and boundary conditions and compare results to the FEM model. Because the cracks in the BEM 
model have several options for boundary conditions, we have tested several plausible boundary conditions to the 
random cracks. In the following plots we test dense random crack configurations (cracks nearly overlapping), in 
order to determine what the maximum stiffness contrast can be. 

WHAT WE WANT TO SEE STRESS FREE CRACKS 
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