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Three-Dimensional Velocity Structure, Seismicity, and Fault Structure

in the Parkfield Region, Central California
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Key finding #1.

Strong and sharp velocity contrast
across the San Andreas near the
eventual site of SAFOD
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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
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Fig. 13. Along-fault cross section of the 3-D velocity model on the northeast side of the SAF, well-located
seismicity from 1971 to July 1991 (open circles), 1966 mainshock hypocenter (star), and contoured mainshock slip
distribution (from 20 to 60 cm) from geodetic modeling [Segall and Harris, 1987]. The velocity is shown with gradational
shading and 0.5-km/s interval contours.
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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?
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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)
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2D MT inversion using code

A deep crustal fluid channel into the San Andreas Fault system near of Rodi and Mackie (2001)

Parkfield, California

M. Becken,! O. Ritter,! S. K. Park,? P. A. Bedrosian,® U. Weckmann'-# and M. Weber!+4 Key findings:
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2 University of California Riverside, Department of Earth Sciences, 2207 Geology, Riverside, CA 92521, USA
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Geophys. J. Int. (2016) 206, 1574-1585 doi: 10.1093/gji/ggw217 . . .
il “# Simultaneous inversion for Vp, Vs

Advance Access publication 2016 June 14

O Sesmoloey and hypocenters using tomoDD
3-D P- and S-wave velocity structure and low-frequency earthquake —— _
locations in the Parkfield, California region Key findings:

Shallow Vp and Vs features
Xiangfang Zeng,! Clifford H. Thurber,! David R. Shelly,> Rebecca M. Harrington,> and deep Vs feature consistent
Elizabeth S. Cochran,l4 Ninfa L. Bennington,' Dana Peterson,! Bin Guo! with EC and LCCZ
and Kara McClement
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doi:10.1038/nature10609

. . 2D MT inversions using code
Correlation between deep fluids, tremor and creep of Rodi and Mackie (2001)

along the central San Andreas fault

Michael Becken>?#, Oliver Ritter', Paul A. Bedrosian® & Ute Weckmann'?

i b SUITE OF 2D INVERSIONS
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FLUID CHANNEL
FEEDS SAF AT SAFOD?

a Resistivity cross-section at SAFOD
Pacific plate ————— North American plate
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DEEP FLUIDS TRIGGER
TREMOR AT CHOLAME?

b Resistivity cross-section near Cholame
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Geophys. J. Int. (2013) 195, 130-147
Advance Access publication 2013 July 4

Three-dimensional magnetotelluric inversion in practice—

doi: 10.1093/gji/ggt234

3D MT inversion using code
of Egbert and Kelbert (2012)

the electrical conductivity structure of the San Andreas Fault

in Central California

Kristina Tietze and Oliver Ritter

Helmholtz Centre Potsdam, German Research Centre for Geosciences—GFZ, Potsdam, Germany. E-mail: ktietze@gfz-potsdam.de
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SAFOD PROFILE CHOLAME PROFILE

CP = Conductive Path presentin 2D, not present in 3D Cholame HCZ stronger in 3D
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Along strike variations in the electrical structure of the
San Andreas Fault at Parkfield, California
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Joint inversion for Vp, Vs, and Vp/Vs at SAFOD, Parkfield,

California
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Joint Inversion of Seismic and Magnetotelluric Data in the Parkfield Region of California
Using the Normalized Cross-Gradient Constraint
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Joint inversion penalizes the
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Vp Model (Zhang et al., 2009)
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Seismic Tomography Results

from Many Years of Field Work “Target Earthquake”
Locations for Targeting
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CLOSING COMMENTS

I Decades of geophysical imaging research have provided
essential insights into crustal structure around Parkfield

over a range of spatial scales

I Independently derived seismic and magnetotelluric images
show some features in common but discrepancies are
significant

1 Joint seismic-magnetotelluric imaging is possible, yielding
compatible results but is quite challenging (need to do 3D!)

1 Years of passive- and active-source seismic field work
resulted in successful targeting of the SAFOD borehole 1
let's finish the joDb!






EXTRA SLIDES



Vp Y=3.0 km

Salinian
Block
basement

20 -15 -10 -5 0

5 10 15 20 25
distance from SAFOD (km) Resistivity sQ m)
* seismicity 1 10 100 1000




Direct wave



