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We present a new methodology for simulating interseismic deformation along interacting faults in 
tectonically complex regions. We show that the analytical solution for a semi-infinite vertical strike-
slip fault is identical to that of a vertical fault of finite height that soles into two horizontal detach-
ments with opposite senses of slip. Because this solution is independent of depth to the detachment, 
we choose the detachment to be located at Moho depth, where the crust may be decoupled from the 
mantle. Based on this analytical solution, we formulate a two-step numerical simulation of the 
earthquake cycle that allows three-dimensional fault surfaces to interact and accumulate mechani-
cally and kinematically sound slip rates and distributions. In the first step, we solve for the distribu-
tion of total (i.e. entire earthquake cycle) fault slip along multiple faults within a three-dimensional 
geologic model that permits slip at all crustal levels. Then, to simulate interseismic deformation, slip 
from the geologic model below the seismogenic locking depth is mapped onto fault surfaces; above 
the locking depth slip is zero. Because the slip results from the geologic model are applied to the in-
terseismic, this technique does not require inversion and can be used to investigate fault systems 
with any degree of complexity.  Using this two-step technique, the interseismic model results match 
well the conventional velocity profile for a single transform fault. We apply this technique to the Los 
Angeles region and find that geologic model results match well geologic slip rate data and interseis-
mic model results match well the heterogeneous GPS velocity pattern in the Los Angeles region in-
cluding localized convergence in the San Gabriel basin noted in previous geodetic studies. The 
modeled rates of convergence in the San Gabriel basin match well geodetic rates with geologically 
reasonable fault slip rates implying agreement between recent GPS and geologic shortening rates. 
This new modeling technique offers the first methodology for simulating interseismic deformation 
along finite, intersecting, non-planar faults. 
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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]. While 
the average modeled slip rate along 
the entire surface of the fault 
(dashed line) does not match the 
geologic slip rate, the modeled near 
surface west-side up slip rates near 
the site of the geologic investigate 
fall within the geologic range. 
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In order to derive an analytical model that is better suited for finite intersecting faults, we use the solu-
tions of Okada [1985] for finite rectangular dislocations to set up an earthquake cycle model equivalent 
to the conventional model. The net, fault-parallel displacement field for any number of elementary dis-
locations can be found by finding the sum of the contributions from each elementary dislocation. 
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where ux is the fault-parallel displacement, U is the displacement on the fault, y is 
the distance from the fault trace, and D is the locking depth.  
 

The fault-parallel displacement for a vertical rectangular dislocation of finite 
width and infinite length is given by  

  
 
 

 
 
 

 
 
 
 

 
 
 −  

 
 

 
 
 − 

= 
d 
y 

D 
y U u x arctan arctan 

π

W 3 

d 3 =
 180

o

z y 

x 

U
1 

-1 
2 

U
3 = 

z = -d 

W1 

W 3 

d 3 =
 180

o

2 L 

U1 

d 1
 =

 9
0o

z 
y 

x 
U

1 

-1 
2 

U
2 = 

U
1 

-1 
2 

U
3 = 

W 2 

d 2 =
 0
o

z = -d 

U1 

d 1
 =

 9
0o

z 
y 

x 
For a single vertical fault of infinite length and width located along the x-axis 
(after considerable simplification), the solution approaches the conventional solu-
tion, 
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This agrees with existing solutions for a fault of finite height [e.g. Savage, 1980; 
1990]. This solution only differs from (1) in that an additional term, –arctan (y/d), 
is present to account for the finite height of the fault. Therefore, to simulate an 
infinitely tall fault (i.e. W = ∞) this additional term must be effectively removed. 

For a horizontal dislocation (δ = 0) with a uniform strike-slip displacement, the 
fault-parallel displacement at the free surface is given by 

  
 
 

 
 
 

 
−  

 
 

 
 
 − − 

= 
2 

arctan 
2 

π
π d 

y U u x 

For a horizontal dislocation (δ = 180) the fault-parallel displacement at the free 
surface is given by 
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Summing the contributions from both of the horizontal cracks, we 
arrive at the contribution from both horizontal cracks,  
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Therefore, the contributions from both of the horizontal cracks, ex-
actly compensates for a fault of finite height.  

Adding the displacement contributions from each 
of the three dislocations shown to the left, we 
arrive at the conventional interseismic solution 
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Note that this solution is independent of 
depth to the horizontal detachments. The 
only stipulation is that the detachment 
must be placed below the locking depth. 

For the purposes of modeling the Los Angeles region 
where faults are densely spaced and all GPS sites are 
within 10km of an active fault trace (cf GPS/Fault Maps to 
the right), the horizontal detachment need only extend ~20 
locking depths (e.g. 300 km assuming a 15 km locking 
depth) away from the faults of interest (Left). Additionally, 
all faults can sole into the same detachment, allowing 
faults to interact with less a priori deep geometries.  
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THE DETACHMENT: HOW BIG? 

STEP #1 -  Schematic cartoon illustrating 
the two step process by which interseis-
mic models of this study are made. In 
the first step, a geologic time scale model 
is created by allowing the entirety of 
fault surfaces to freely slip in response to 
displacements applied at the base of the 
horizontal detachment.  

STEP #2 - In the second step, slip from 
below the locking depth is applied to 
simulate interseismic deformation. Sur-
face velocities can then be calculated at 
the locations of GPS sites and compared 
to existing GPS data. 

LEFT - Theoretical and BEM model generated 
fault parallel interseismic displacements. BEM 
model results for a single vertical fault utilizing a 
30 km deep horizontal detachment to simulate 
height. BEM results are plotted for 6 and 19 km 
locking depths, which represent end members of 
suggested locking depths for the Los Angeles 
region. The decoupled BEM model reproduces 
well the conventional displacement profile. Dis-
crepancies between theory and model predictions 
reflect discretization errors. 

ABOVE - Map showing active fault traces and GPS stations 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 and 
corrected velocities from Argus et al. [2005] are plotted with grey arrows. 

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).

ABOVE: Average reverse slip (above left) and strike-slip (above right) rates along faults for which paleoseismic 
data (grey boxes) are available.  Darker portions of graded boxes indicate preferred rates within the range.

LEFT: To determine a best-fitting locking 
depth, various locking depths were tested. 
Locking depths of 10-15 km produce the 
lowest average model-GPS residuals. This 
locking depth is conststent with seismicity 
in the region.  

LEFT: GPS and model-predicted interseis-
mic velocities for a 10 km locking depth. 
The model reproduces well the general in-
terseimic velocity pattern. 

RIGHT: Residual velocities (GPS-model) 
for the LA model. Residuals suggest that 
the model produces a reasonable match to 
the GPS data with only a few scattered sites 
having large residuals.

We show that the analytical solution for a semi-infinite vertical strike-slip fault is identical to that of a 
vertical fault of finite width that soles into two horizontal detachments with opposite senses of slip. 
Based on this analytical solution, we formulate a two-step numerical simulation of the earthquake cycle 
that allows three-dimensional fault surfaces to interact and accumulate mechanically and kinematically 
sound slip rates and distributions. We apply this technique to the Los Angeles region and find that geo-
logic model results match well geologic slip rate data and interseismic model results match well the het-
erogeneous GPS velocity pattern in the Los Angeles region including localized convergence in the San 
Gabriel basin noted in previous geodetic studies. The modeled rates of convergence in the San Gabriel 
basin match geodetic rates with geologically reasonable fault slip rates implying agreement between 
recent GPS and geologic shortening rates. Furthermore, our CFM-based models highlight that the use 
of geologically-constrained non-planar fault geometries in numerical models produces results that 
are in agreement with much geologic data. This new modeling technique offers the first methodology 
for simulating interseismic deformation along finite, intersecting, non-planar faults. 


