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We are currently working to invert surface velocities and stressing rate tensors simultaneously. 
We plan to invert surface velocities at GPS stations and stressing rate tensors inverted from the focal mechanism catalog to 
estimate fault slip distributions for the southern SAf.

We use MSATSI to invert focal mechanisms to estimate local stressing 
rate tensors (DOI: 10.1785/0220130189). We cluster focal mechanisms 
within 7.5 kms of  the 40 locations that have > 39 events. The Shmax 
orientations generally agree with one another and with previous 
estimates of  N-S compression in the area. The mean normal 
stresses inverted from the focal mechanism catalog are not damped and 
relative uncertainty is denoted by the length of  line Shmax line.

450 500 550 600
Easting UTM zone 11 (km)

3720

3760

3800

N
or

th
in

g 
(k

m
)

-0.200.20.4

Shmax orientation

σEE+σNN

2

We analyze the catalog of  relocated focal 
mechanisms from 1981 to 2019 from the SCEC 
database (Yang et al, 2012). We limit the nodal 
plane uncertainty of  events we use to < 45°, 
assess completeness, and remove aftershocks 
from Landers, 1993 and Hector Mines, 1999. 
Over time the completeness magnitude has 
decreased with increases in instrumentation. 
We decluster the complete catalog containing 
28,965 events by taking the largest event from 
each cluster; the final catalog contains 19,260 
focal mechanisms. 
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We test if  the stress tensor inversion can recover the slip 
applied in the interseimic forward models. We invert 68 
forward model predicted stressing rate tensors along the 
southern SAf  and San Jacinto fault at 5 and 15 km 
depths. Green points indicate locations that include more 
than 39 focal mechanisms within a 7.5 km radius in the 
southern California catalog. 

Inverse estimated strike-slip for 7 of  the 8 faults 
match the applied strike-slip when we invert 68 
stressing rate tensors. If  we remove the stressing rate 
tensors at the red points (above) the strike-slip mismatch 
increases for Garnet Hill, Mission Creek and Coachella.
Inverting stressing rate tensors leads to more variation of  
slip rates than inverting surface velocities. 
Future efforts to invert stressing rate tensors with surface 
velocities may yield inverse results that better match the 
forward applied slip. 
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Inverting 12 stressing rate tensors (six  tensors located 10 
km from the fault on either side of  the fault) leads to a total 
misfit of  65 mm/yr between the inversion predicted fault 
slip distribution and the forward model applied fault slip dis-
tribution. Lateral spacing of  15 km and vertical spacing of  
10 km between tensors insures the lowest misfit. 
Inverting the stressing rate tensors produces an 
asymmetrical slip distribution, but the total misfit is much 
lower than the total misfit for the surface velocity inverted 
slip distribution, which is 161 mm/yr.
The sensitivity analysis for the single fault model shows 
that only a few stressing rate tensors are required to 
estimate the fault slip distribution.

We test if  the surface velocity 
inversion can recover the slip 
applied in the interseimic forward 
models. The average inverse slip 
rates match some but not all of  
the average slip rates we apply in 
the forward interseismic models. 
Results have the BCR. Here, we 
show the average slip rates and 
standard deviation below 20 km 
depths for eight faults. Inverse 
estimated strike-slip for 6 of  
the 8 faults match the applied 
strike-slip within one standard 
deviation. 
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The use of  Laplacian smoothing-based 
regularization within the inversion 
results in estimated locking depth 
transition zones that are broader than in 
the forward model. For the San 
Gorgonio and Garnet Hill segments the 
inversion estimates sinistral slip on 
portions of  the faults; this may be a 
result of  inverting for slip distributions 
on closely spaced faults. 

The southern SAf  model inverts 
forward model-predicted surface 
velocities at 62 regional GPS 
station locations. We also present 
observed surface velocities at the 
62 station locations in reference to 
station COTD (red triangle).  

Normalized to Forward 
model applied slip at 35 

km depth

Average and standard 
deviation of slip below 20 km

 30

 15

0

De
pt

h 
(k

m
)

 30

 15

0

De
pt

h 
(k

m
)

0

0.5

1

-50 0 50
 30

 15

0

De
pt

h 
(k

m
)

-50 0 50 -0.5

0

0.5

Distance from center of fault length (km) Distance from center of fault length (km)

Forward

Inverse BC Inverse BCR

Inverse BC Inverse BCR

A

C

B

D

E F

Forward model faults merge with a horizontal basal crack at 35 km depth, which simulates distributed 
deformation below the seismogenic crust. The inclusion of  this basal crack in inversions may lead to 
simulated distributed deformation below the seismogenic crust being estimated as slip on crustal faults. 
The result of  removing the basal crack and the component it contributes to the surface velocities is a 
decrease in the magnitude of  the velocities. We use the single strike-slip fault model (A) to compare 
inverse results for models that include the basal crack (Inverse BC) and models that have the 
basal crack and its contribution to surface velocities removed (Inverse BCR). 

The applied locking depth transition zone in the forward model (B) is narrower than the transition zone 
estimated with the inverse approach because of  smoothing-based regularization within the inverse approach 
(C and D) . Removing the horizontal basal crack for the single strike-slip fault model leads to a 
decrease in misfit (E and F) between the inverse estimated slip distribution and the forward model 
applied slip distribution on the fault patch (blue patch in A). 
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For sensitivity and resolution testing, we use either  
surface velocities or stressing rate tensors from the 
forward models to invert for the fault slip 
distribution and locking depth. 

The single fault model inverts a regular grid of  
forward model predictions, while the southern SAf  
models invert forward model predictions at 
regional GPS station coordinates and the centers 
of  each cluster of  focal mechanisms from the 
catalog. Both inverse approaches use a weighted 
distance method to estimate slip distribution on 
faults, which we compare to the slip prescribed 
within the forward models. Importantly, we allow 
slip to be estimated on shallow portions of  faults 
above the locking depth, even though forward 
model slip is applied below the locking depth only.

For a single strike-slip fault model and a  
southern San Andreas fault model, we use 
forward BEM models to simulate 
interseismic deformation by applying steady 
state slip rates below a prescribed locking 
depth. The steady state slip rates are determined 
from a long-term model loaded with tectonic 
velocities at the model edges. We implement a 
slip transition zone such that elements with 
centroids within 2.5 km of  the locking depth are 
prescribed half  of  the applied steady state slip 
rate.
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In the San Gorgonio Pass region, forward 
Boundary Element Method (BEM) models of  
complex 3D faulting show that multiple viable 
fault configurations can match some but not all 
geologic slip rates. Inversions of  interseismic 
surface velocities often struggle to uniquely 
resolve slip rates on faults in closely spaced 
systems, such as the southern San Andreas fault 
(SAf). Local stress states inferred from 
microseismic focal mechanisms during the 
interseismic period may provide additional 
insight on fault slip rate distribution. 
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Sensitivity of inversion results to the basal crack

Methods

Future Work

How well do surface velocity inversions resolve slip 
distibutions along complex fault geometries?
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