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Geologic Slip Rates and Interseismic Deformation 
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1 :: INTRODUCTION & STUDY AREA

We find that the three-dimensional model agrees well with geologic slip rate estimates and matches much of the regional GPS 
velocities. The model produces complex near-surface slip distributions, but these results agree well with site-specific slip rate 
estimates. Intersesmic model results generally match well GPS velocities; however, model-GPS residuals suggest that zones of 
localized contraction at the edges of the Ventura sedimentary basin are more pronounced in the GPS velocities than the model 
results, suggesting that a homogeneous crustal structure may insufficient to match high rates of contraction observed at the 
margins of the Ventura sedimentary basin (e.g. Hager et al. 1999).

6 :: CONCLUSIONS
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depth is applied to 
simulate interseismic 
deformation. 
Surface velocities 
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calculated at the 
locations of 
existing GPS 
sites.
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In order to get accurate estimates of 
tectonic deformation rates, we assume 
that the rates are linear and attempt to 
filter out non-linear components of 
time series. We apply a common 
mode bias filter to the 15 sites in our 
region of interest. This removes noise 
that is spatially correlated (e.g. 
seasonal) across the network. We then 
use principle component analysis to 
filter out the the spatially 
uncorrelated noise (grounwater 
pumping). The figure shows the 
residuals from linear fit to the original 
GPS solutions in black, and the 
residuals from the final filtered results 
in red. The twice filtered time series 
has significantly reduced RMS from 
the initial time series. 

The table shows the RMS of the residuals, averaged over the 15 Ventura region 
sites,  for the three different stages of filtering. The common mode bias filtering 
provides the greatest reduction in residual rms for this small regional network.  
The PCA filter decreases the rms of the veritcal residuals to below 1 mm. 

3 :: INTERSEISMIC GPS TIMESERIES

Average Time Series RMS
Unfiltered    

3 0.8 0.3

2 0.7 0.2

6 3 0.7

Common Mode Filter Common Mode & PCA Filter

East (mm)

North (mm)

Vertical (mm)

Average reverse-slip 
rates for the geologic 
timescale model 
incorporating the CFM 
fault representations. 
Boxes indicate the 
expected range of 
reverse slip rates from 
paleoseismic studies 
(dark gray) as well as 
balanced cross section 
analysis (light gray). The 
gradient shading on the 
Oak Ridge paleo-slip 
range indicates the 
preferred slip rate is near 
the high end of the range 
determined by Huftile 
and Yeats (1996).

The Ventura region 
lies in the 
Transverse Ranges 
of southern 
California and 
contains a complex 
network of 
non-planar reverse, 
oblique slip, and 
reactivated normal 
faults.  Red vectors 
are updated GPS 
velocities from this 
study.
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We utilize the 
SCEC Community 
Fault Model 
version 2.5 fault 
geometry. Faults 
are color shaded 
by depth: red= 
surface and dark 
blue= 27.5 km. 
Black solid lines 
highlight fault 
traces and black 
dashed lines show 
subsurface fault 
intersections. 
Coordinates are in 
UTM

2 :: MODELED FAULT GEOMETRY

4 :: GEOLOGIC TIMESCALE DEFORMATION

Paleo and Average Model-Calculated Slip Rates

Model-predicted near 
surface reverse-slip 
distribution along the 
Oak Ridge fault. Colored 
lines show the model 
calculates nea surface slip 
distribution. Reverse-slip 
rate ranges are shown at 
two sites of Huftile and 
Yeats 1996. The average 
reverse rate of the entire 
fault surface is plotted as 
a dashed horizontal line. 
The inset shows the 
surface trace geometry 
and cross section 
locations.

Near surface fault slip 
distribution along the 
San Cayetano fault. 
Dolan and Rockwell 
(2001) found no evidence 
of lateral slip at location 
≈ 0.83 (large asterisk). 
This coincides with low 
strike-slip rates 
predicted by the model. 
Slip rate estimates from 
balanced cross section 
analysis are not plotted 
due to their large ranges 
in slip rates.

5 :: INTERSEISMIC TIMESCALE DEFORMATION

121 nanostrain/year 
@ 171˚ from 

analysis of GPS 
strain rates

Model-Calculated Slip Distributions

Average weighted residual RMS 
errors for interseismic models of 
the Ventura region for various 
locking depths. Although an 18 
km locking depth minimizes the 
RMS error, locking depths of 12-27 
km do not provide significantly 
worse overall match to GPS 
velocities. Also, shallow locking 
depths may be required to match 
steep GPS gradients at the 
margins of the Ventura basin.

Locking Depth Sensitivity

Model & GPS Velocities

Residual Velocities

6 :: 2D Transects Through Model and GPS
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Corrected GPS velocities from this study and model-predicted surface 
velocities. Model velocities are shown for the best-fitting locking depth of 
18 km.

GPS-model residual velocities. The areas of greatest residuals correspond to 
the margins of the Ventura Basin where GPS gradients are high.
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N9°W Transects through the Ventura region showing model and GPS velocities. 
Locations of transects are shown on the maps to the left. In the plots, the N9°E 
component of GPS velocities and station location are projected onto transects (triangles). 
Model results for the best-fitting 18 km locking depth are plotted. While the 18 km 
locking depth fits the data well, in general, steep GPS gradients are not well matched.

Same transects as above but results from a model with 6 km locking depth are 
plotted. This shallower locking depth better reproduces steep geodetic gradients 
but consistently over-predicts the south component of GPS velocities.
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