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to study directly the
physical and chemical
processes that control
deformation and
earthquake generation
within an active plate-
bounding fault zone.
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San Andreas Fault Observatory at Depth:
Project Overview and Science Goals

Test fundamental theories of earthquake mechanics:
» Determine structure and composition of the fault zone.

» Measure stress, permeability and pore pressure
conditions in situ.

» Determine frictional behavior, physical properties and
chemical processes controlling faulting through
laboratory analyses of fault rocks and fluids.

Establish a long-term observatory in the fault zone:
» Characterize 3-D volume of crust containing the fault.

» Monitor strain, pore pressure and temperature during
the cycle of repeating microearthquakes.

» Observe earthquake nucleation and rupture
processes in the near field.







Parkfield Experiment

» Observe the build-up and
release of stresses on the San

Andreas Fault through multiple
earthquake cycles.

» Test the feaS|b|I|ty of short-term
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Seismicity 1984 - 1999
Sliprate inferred from trilateration data 1966 - 1991
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Source: Jessica Murray Fault parallel distance (km SE)
Felix Waldhauser & Bill Ellsworth



Cumulative Seismic Moment

Examples of Repeating Earthquakes
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SAFOD  pilot Hole
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Stage I: Drilling, Sampling and

Downhole Measurements

* Rotary dr 2.2 km, collecting
drill cutti nd bottom-hole core.
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SAFOD Pilot Hole Goals

» Provide technical
information about drilling
conditions prior to SAFOD.

» Measure stress, fluid
pressure and heat flow
adjacent to the fault zone.

» Record surface sources
during seismic experiments
In 2002 and 2003.

» Facilitate precise location
of target earthquakes for
SAFOD.

» Test seismic, pressure,
and strain monitoring
instruments for SAFOD.

» “Calibrate” physical
properties from surface
geophysical surveys.

> Reveal nature and extent
of fluid/rock interaction
adjacent to fault zone.
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Electrical Imaging Reveals
Distribution and Orientation
of Faults and Fractures
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Ultrasonic Imaging Reveals
Stress-1nduced Breakouts That
Yield Stress Orientation



Frictional failure in vertical fault zone
and in the adjacent crust (after Rice, 1992)

Adjacent to fault zone Inside fault zone
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"Fault-normal” compression Elevated stress magnitudes
Normal fluid pressure Superlithostatic fluid pressure
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Depth, km
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Stage |: Vertical Drilling 1
] + Rotary drill 1o 2 km depth 1
+ Downhole measuramants,
spot caring and fluid sampling ?
= + Case and cameant

Stage lI: Menitoring (B months)

+ Install downhole seismometar at 2 km
+ Locate microaarthquakes in
canjunclion with surface array

Stage [lI: Directional Drilling
» Fictary drill to 4 km depth,
with spat and sidewall coring Stage IV: Monitoring (2 years)
» Case cement and perforate i* Install menitoring string across fault
thraugh fault zana Zone (seismometry and fiuid pressure)
» Downhale measurements + Conduct site-characlanzation studias
and fluid sampling with instruments in hole
* Remaove string periadically and kog for
casing deformation

Stage V: Continuous Coring

» Care four, 250-m-long sida
fracks through fault zone

* Install slotted liners in cora halas

for later hydrologic monitaring

Stage VI: Long-Term

Monitoring (~ 20 years)

= Install monitoring siring across
fault zone (seismomatry, fluid
prassure, tamparature and
defarmation)
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