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Abstract

Geodetic data from the Southern California Integrated Geodetic Network (SCIGN) provide information on interseis-
mic deformation patterns in the Ventura Basin, which can be compared to results from three-dimensional mechani-
cal models. This comparison may determine the most realistic among differing three-dimensional active fault con-
figurations and predict slip rates for unconstrained faults. Although the Ventura basin is one of the fastest converg-
iIng areas within southern California, geodetic signals are complicated by seasonal fluid injection/withdrawal. We
use geodetic data that has been corrected for seasonal anthropomorphic effects for comparison to a set of three-
dimensional mechanical models. For our models, we use three-dimensional triangulated fault surfaces defined by
the Community Fault Model (CFM) for the Ventura Basin. Fault surfaces from the CFM have been modified to
extend below the seismogenic portion of the crust (depth < 19 km) to a 27 km deep freely-slipping horizontal crack
representing the Mohorovic Discontinuity. We establish two sets of Boundary Element Method (BEM) models, one
with 169" remote contraction determined from relative displacement of distal SCIGN stations and one with 171°
contraction, determined from a complex matlab script that calculates a best fitting strain tensor to the entire net-
work. We calculate fault slip rates over a simulated period of 5000 years, which should exceed the recurrence in-

tervals for all faults.

For validation of the three-dimensional model and tectonic boundary conditions, fault slip rates and rakes are cal-
culated and are compared to available paleoseismic rates. Our results suggest that model-calculated dip-slip rates
are generally within the range of published paleoseismic rates for both tectonic contraction directions tested. We
simulate interseismic deformation by locking all fault surfaces above 18 km depth and prescribing the slip rates
from the best-fitting geologic slip model to the portions of fault surfaces that fall below the 18 km seismogenic lock-
ing depth. Model surface velocities are compared to geodetic data. We observe that the modeled interseismic de-
formation patterns resemble that of the geodetic data. Furthermore, the sensitivity of fault slip rates and surface
velocities to amplitude of fault surface topology are assessed by comparison to a model with simple planar faults.

Interseismic GPS Time Series

OVLS Residuals, before and after filtering
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Left: In order to get the best estimate of tec-
tonic deformation rates, we assume that the
rates are linear and attempt to filter out
non-linear components of time series. We
first take the solutions from JPL and SOPAC
and apply a common mode bias filter to the
15 sites in our region of interest. This should
remove noise that is spatially correlated
across the network. We then use principle
component analysis to filter out the the spa-
tially uncorrelated noise. We assume that
only the linear rates of deformation are spa-
tially and temporally correlated across the
network, and we find this is true at the few
mm-level. The figure to the right 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 is not completely linear, but the
rms of the residuals has been significantly
reduced from the initial time series.

Below: The table below 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 re-
siduals to below 1T mm.

Unfiltered Common Mode Filter Common Mode & PCA Filter
East (mm) 3 0.8 0.3
North (mm) 2 0.7 0.2
Vertical (mm) 6 3 0.7

Ventura Fault Model

Boundary Conditions Tested

121 nanostrain/year @ 171°

36 nanostrain/year E-W extension
from matlab analysis

of all GPS station velocities

145 nanostrain/year @ 169"
no E-W Extension
from preliminary analysis

<

of distal GPS station velocities.
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3-D Model In Plan View

Faults are color shaded by depth : red = surface and dark blue
=27.5 km. Thin black lines are highways and the thick black
line is the coastline. Although not shown in this figure, within
the model all faults merge at 27.5 km depth into a horizontal
freely-slipping crack. This crack at moho depth and the

— extension of active faults to this crack simulates the lower
crustal deformation that occurs on geologic time scales. This
model is based on the SCEC CFM version 2.5.
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Creating Interseismic Mechanical Models

1. Extend Faults to the Moho We use fault sur-

faces defined by the
community fault
model and extend
them along dip to a
27.5 km deep hori-
Lo\ zontal crack that rep-
resents the Moho. By
extending faults

CFM-Defined
Fault Surface

(>18 km)

‘Non—Siesmogenic Crust |\ Sjiesmogenic Crust

\

- ( Represents The Moho)

below the seis-
mogenic crust (~19
ST N 75k KM depth), we are
able to model geo-
logic slip rates.

Extended
Fault Surface

" Freely-Slipping Crack

Comparing Paleoseismic Slip Rates To Mechanical Models

Net Slip Rates
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® 121 nanostrain/year @ 171°

36 nanostrain/year E-W extension S||p Sense

A145 nanostrain/year @ 169°
no E-W Extension

Slip Rate and Sense Refs
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1984 16. Rockwell 1983, 1988;
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Above: Grey boxes show the ranges of paleo slip rates
published by numerous past studies (see references be-
tween plots). The 169° boundary conditions tested give
overall faster slip rates owing to the faster convergence
rates, but in general, the two boundary contidions give re-
sults that are different by less than the paleoseismic rate
ragnes. This plot shows net slip rates while many paleo-
seismic rates may only measure one component of slip.
Discrepancies may be accounted for by variations in fault
configuration, the possibility of unrecognized faults, or
changing contraction rates over time.

Yeats 1993; Huftile 1992; WGCERP
1995 17. Yeats etal. 1994 18.
Yeats 1987; Levi & Yeats 1993;
Huftile 1992; WGCEP 1995 19.
Darrow and Sylvester 1984 20.
Colson et al. 1995; Gonzales and
Rockwell 1991; SCEC data center
http.//www.data.scec.org/faults/fault
map.html
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Above: Grey boxes indicate the expected slip sense on the faults. Del
Valle may be an inactive fault, and Northridge has unexpected right-
lateral slip due its location at the east edge of the model (because
there are many faults not included east of Northridge). Slip rake vector
Is similar under both boundary conditions tested. Unexpected right-
lateral slip on Malibu Coast and Santa Ynez may be explained by in-
correct fault geometry, or changes in boundary conditions over time.
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Above: Horizontal velocities relative to CIRX. The GPS velocities are derived from the
filtered time series and are plotted with their 95% confidence limit error ellipses (red
vectors). Many of the error ellipses for the velocity vectors are too small to show up at
this scale. The model predicted surface velocities due to fault motions are shown for
two models: (1) a 3-D mechanical model 5 km locking depth (blue vectors) and (2) a
3-D mechanical model 19 km locking depth (green vectors). Both models use the 171°
contraction direction boundary conditions. Surface velocity patterns from the model
resemble the GPS signal; however, model velocities are too small at many sites.

Does Fault Topology Matter? Slip Vector Analysis

Far Left: Northridge fault plane
(looking NE) as defined in the CFM
2.5.

Middle Left: Planar representation of
the Northridge fault plane. In all figures
vectors are color scaled to magniude
with warm colors being high slip
values and cool colors being low
values. Slip magnitudes and rakes are
very similar for both Northridge fault

representations.
Fault Name Avg Slip Rate |Rake
Northridge 2.33| 140.58
Planar 2.91| 143.46

Far Left: Santa Susana fault
plane (looking south) as de-
fined in the CFM 2.5.
Middle Left: Planar repre-
sentation of the Santa
Susana fault plane. Slip
rakes are similar for both
fault representations; how-
ever, Slip rates are
0.61mm/yr higher on the
planar fault.

Fault Name Avg Slip Rate |Rake
SantaSusana 2.80] 120.26
Planar 3.41| 127.15

Far Left: San Cayetano fault plane (looking
south) as defined in the CFM 2.5.

Middle Left: Planar representation of the
San Cayetano fault plane. Slip rakes are
similar for both fault representations; how-
ever, slip rates are 0.73mm/yr higher on the
planar fault.

Fault Name Avqg Slip Rate |[Rake
SanCayetano 4.21| 108.84
Planar 494 108.91

GPS and Model Horizontal Velocities
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Above: GPS and Model predicted surface velocities are shown for two models that
include the effects of the remote contration on the host rocks as well as fault motions:
(1) a 3-D mechanical model 5 km locking depth (blue vectors) and (2) a 3-D mechani-
cal model 19 km locking depth (green vectors). Both models use the 171° contraction
direction boundary conditions. Surface velocity patterns from the model match the
GPS signal better; however, some model velocities contain too much N-S motion
(e.g. MUSD). Overall, the 19 km locking depth provides the best fit to the GPS in-
terseismic signal and is consistent with seismicity in the area.




