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Two-sided model from

seismic refraction:

strong across-fault 

velocity contrast!

SAF



Key finding #1:

Strong and sharp velocity contrast 

across the San Andreas near the

eventual site of SAFOD

Simultaneous inversion for Vp 

and hypocenters using SIMUL



Key finding #2:

High-velocity body on the 

northeast  side of the 

San Andreas near Gold Hill
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Key finding #3: Location of high-velocity body correlates with 

the area of maximum slip in the 1996 earthquake



Key finding #1 replicated:

Strong and sharp velocity contrast 

across the San Andreas near the

eventual site of SAFOD

Simultaneous inversion for Vp 

and hypocenters using tomoDD



Key finding #2 replicated:  High-velocity body on the 

northeast  side of the San Andreas near Gold Hill.

Greenstones and mafic rocks of the Permanente Terrain?



Key finding #3 replicated for 2004:  Location of high-velocity body correlates

with the area of maximum slip in the 2004 earthquake (2 slip models shown)

*



2D MT inversion using code

of Rodi and Mackie (2001)

Key findings:

Shallow Eastern Conductor (EC)

Deep Crustal Conductor (LCCZ)

LCCZ



EC

LCCZ

Simultaneous inversion for Vp, Vs 

and hypocenters using tomoDD

Key findings:

Shallow Vp and Vs features 

and deep Vs feature consistent 

with EC and LCCZ



SUITE OF 2D INVERSIONS

2D MT inversions using code

of Rodi and Mackie (2001)



DEEP FLUIDS TRIGGER

TREMOR AT CHOLAME?
FLUID CHANNEL

FEEDS SAF AT SAFOD?



Darker colors indicate strong 3D structure

3D MT inversion using code

of Egbert and Kelbert (2012)



SAFOD PROFILE CHOLAME PROFILE

3D

2D

CP = Conductive Path present in 2D, not present in 3D Cholame  HCZ stronger in 3D



Vp Vs Vp/Vs



Joint inversion penalizes the

models for areas where the

spatial gradients of the two

models are not parallel. Done

for the Line 1 plane only.

Note: the the two gradients 

are allowed to point in the 

same direction or opposite

directions!

3D Seismic 2D MT

2D MT/3D seismic joint

inversion using code 

tomoDDMT





MT misfit is actually 

lower  for the joint 

inversion because 

the gradient constraint 

allows the smoothing 

constraint to be reduced!



NORTHEAST SOUTHWEST5 km

Seismic Tomography Results 

from Many Years of Field Work

"VIRTUAL

EARTHQUAKES"

"Target Earthquake"

Locations for Targeting

SAFOD Phase 2 Drilling



SAFOD Phase 2 Drilling Plan 

How did we do?



SAFOD Phase 2 Drilling Plan 



SAFOD Phase 3
SAFOD Phase 4? 



CLOSING COMMENTS

ü Decades of geophysical imaging research have provided 

 essential insights into crustal structure around Parkfield

 over a range of spatial scales

ü Independently derived seismic and magnetotelluric images

 show some features in common but discrepancies are

 significant

ü Joint seismic-magnetotelluric imaging is possible, yielding

 compatible results but is quite challenging (need to do 3D!)

ü Years of passive- and active-source seismic field work

 resulted in successful targeting of the SAFOD borehole ï

 let's finish the job!





EXTRA SLIDES





Direct wave


