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SAFOD led to remarkable discoveries about the internal structure,
composition, physical properties and deformational behavior of the
SAF at seismogenic depths and set the stage for similar fault zone

drilling experiments around the world.
Zoback, Hickman & Ellsworth, 2011

Gold Hill Fault

2002: Pilot hole
drilling

2004, 2005:
Phases 1 & 2,
Rotary drilling
across SAF

2007: Phase 3,
Coring active
traces of SAF

2008 to 2024:
Downhole
monitoring to
within 100 m of
M2 repeating
earthquake

2025 to 2026:
Preparation and
Installation of
3-km-deep DAS
Array/Geophone



Two Years of Casing Def. Monitoring: Find Creeping Faults
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Downhole Recording of Guided Waves from M1.3
Earthquake in SAF Zone (EQ ~4 km below sonde)
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Downhole Recording of Guided Waves from M1.3

Earthquake in SAF Zone (EQ ~4 km

below sonde)
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Locations of SAFOD M2 Target Earthquakes:
San Francisco, Los Angeles and Hawaii
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SAFOD Pilot Hole and Main Hole Confirm
Weak San Andreas Fault in a Strong Crust

SAFOD Pilot Hole

(Hickman & Zoback, 2004)

Reverse Faulting:

Byerlee’'s Law
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Mud-Gas Chemistry: Mantle Fluids on NE Side of SAF, Barrier to Fluid Flow

[ ] Wireline Fluid Sampler (Kennedy et al, 2006)
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Mud gas measurements after drilling resumed and agreement between in-situ and lab Vp
& Vs measurements (Jeppson & Tobin, 2015) show that SAF not abnormally pressured.



Core Interval 2 — Inside the SDZ

Ph 3: Cored GBF, SDC & CDZ
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Lab Testing of SAFOD Core from SDZ and CDZ Shows Extremely

Low Friction and Creeping Behavior (Lockner et al, 2011)
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concentration in
CDZ explaining its
lower friction coef.

See discussion of friction tests and SAF rheology by Sara Beth Cebry, this meeting.



SAFOD Core Interval 2 — Just outside SDZ

Coffey et al. 2022 present evidence that large earthquakes ruptured the creeping

section of the San Andreas Fault in the distant past:

» Biomarker thermal maturity indicators (MPI4) suggest that EQs with displacements
>1.5 m occurred in black fault rock (BFR) just southwest of SDZ (yellow shading).

» Low K/Ar ages suggest partial resetting due to coseismic heating, with event ages
of 9.5-3.3 My. Frictional heating model suggests EQ sizes ranged from M6 to > 6.9.
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SAFOD Main Hole:
'. /(;I:)e" c: rometer

l'f 17

Ground Surface

Optical

* Fiber
Cable

Sensitive
Interval

Ler
S Clamp

FO Strain meter (Blum et al., 2010)

Downhole Deployments:

Downhole Monitoring, 2008-2025
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» Bragg Diffraction Grating fiber optic strain meter cemented behind casing in 2004
(UC San Diego). Later used for multilevel (DAS) seismometry to depth of 800m
starting in 2017, with continuous recording starting summer 2024.

» Multiple installations of 15 Hz 3-C geophones just above Hawaii M2 repeater
starting in 2008, most recently May 2022 — September 2024.

» Cross-hole seismic experiment to look for small strain transients associated with
local earthquakes (LBNL, Rice Univ.).



Low-frequency DAS at SAFO_D (Belyalova et al SSA April 2026)
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Low-frequency
DAS signals
(0-0.01 Hz)
show coherent
~background
behavior with
clear day—night
modulation,
consistent with
wind noise
coupling.

3-hr window of
bandpass-filtered
data (0—-0.01 Hz)
show coherent,
phases with slow
upward velocity
of ~0.2 m/s.
Fluid migration?

Preliminary Information-Subject to Revision. Not for Citation or Distribution
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SAFOD Latest: 2026 Installation of Deep Distributed Acoustic Array

March 24-28: Installed 3.1-km-long DAS
array with geophone within ~105 of SD/Z.

Near-field monitoring of earthquake
rupture behavior, fault-stress

* Compliments shallow DAS array using interactions and seismic wave
fiber cemented behind casing in 2004. propagation during multiple cycles
* Supplemented by weather station (wind of repeating M2 target earthquake,

speed/dir., rainfall, temp., baro. press, etc.) ~240 m from the array.

* Active source experiment starts June 15, s Wi |
could extend to regional surface array. f

* Adding DTS soon, with tensor strain and

ter.
Wff"

O AR

AR

JodS\itekwith CERT
cable winding crew

X%

~_ Fibers (6) in
~  SStubes

"~ Electrical
conductors (4)




Cable Slip

Multiple events, starting immediately after installation, demonstrate that we may

have sufficient coupling to measure static deformation (earthquakes/creep events).

» What is threshold for frictional coupling between cable and casing?
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SF/LA Repeater Patch Event

First observed event:

M 1.1, ~400 m from DAS array geophone

2026- 04 01 04: 57 S7 (UTC)
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Time from earthquake [s]
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SAFOD'’s Future: Drill new multilateral off Main Hole into HI repeater?

Original SAFOD Plan: compare Downhole measurements, laboratory testing

creeping & seismogenic fault) an_d Iong-te_rm monitoring directly within a
: seismogenic patch of the SAF:

g * How do creeping and seismically active

faults differ (e.g., mineralogy, deformation
mechanisms, frictional properties,
poromechanical response)?

* What physical and chemical processes
control earthquake initiation, propagation
and arrest? Are earthquakes predictable?

3-Component Seismometers,
Accelerometers and Tiltmeters

Rubber Packer with Fluid

 What are the roles of fault stress
Pressure Transducer Below

interactions and fault creep in controlling

|
|
|'|
A - P | earthquake recurrence?
Perforations in Casing |

« How can we better characterize source,
path and site effects in predicting
earthquake ground motions?

Options for next phase of drilling discussed at 2018 SAFOD Synthesis Workshop:
http.//www.earthscope.org/research/synthesis_workshops/SAFOD
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