Effects ol Seismic \Waveson Hydrothermal
Systems: Examplies fromil-ong Valley, and
Implications for Hydrelegic Precursors



Earthguakes Affecting Water Levelsin Long Valliey
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Hypothesis: Diffusion of pressure
dropifiren deme lnfilation

Volumetric strain from
Point-sourca Inflation

6 km beneath dome
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Water-level Riseln thermal well CW-3: EViaence
I'0r thermall pressurization

CW-3 strain sengitivity (25 cm/10°) -> 2x10° contraction
required for 40 cm water-level rise, which istoo large
CW-3is on ageodetic linethat is extending

No known seismically active structurewould produce
contraction at CW-3

Consider increased pressure in hours after earthquakes
somewhere in thermal aquifer

Increased pressure could be accompanied by up to 5 cm of
opening-mode displacement on seismically active planes
without violating geodetic data



How: sersmiic waves could affiect hot flurds in
SupsuUrface fractures
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TThermmall Pressurization

Dike Thermally

S Pressurized
AT Zone
AP

For hydraulic diffusivity 0.01 -> 20 m2/s:
Ap > 9-11 m H20 if AT > 400°C
Ap > 6 m H20 if AT = 300°C

Ap apx 3 m H20 if AT = 150°C
based on analysis by Delaney[1982]
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Selsmic Waves IIncrease pressure/discharge or
[emperature ab many: hydrothermal lecaions,
asiiar as 100’ s off kmifrem the eplicenter
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L ocation of Date of Seismic Temperat Distance Time Average | Tempe | Rise Other Reference
Seismic Activity Seismic Events ure from from Temper rature | time
Activity Sensor seismicity | seismic ature Rise,
location to sensor, activity C
km to
temperat
urerise
East Pacific Rise | March 22, Swarm: 162 Bio9 1 4 days 365°C +7°C 7 Chloride and Sohn et al.,
1995 eventsin 3 days | silicaincreased Nature, 1998
hours
Cobb Offset, March 1, Swarm: 75 Easter 35-55 3-8 days 5°C +7°C >6 Johnson et d.,
Juan de Fuca 1997 events; Island mont EOS, 2001
Ridge second hs
sequence 70
km north, 5
days laer
. - . Smoke 35-55 36 days 2°C +8 to 40 Observed at 3 Johnson et dl.,
and +13°C | days separate ECS, 2001
Mirrors Sensors
Endeavour June 8, M4.5 Clam Bed <10 11 days 2°C +10°C | Apx Temperature Johnson et d.,
segment, Juan de 1999 followed by 30 oscillationsin Nature, 2000
FucaRidge 2687 more days next two
events months
. - . Easter <10 4+1 2°C +10°C | Apx Temperature ohnson et d.,
Island days 30 ocillationsin Nature, 2000
days next two
months
. - . Axid 220 8 hours 40°C +5°C 1 Discharge Johnson et d.,
Seamount day | increased 50% ECS, 2001
at sametime




Earthguake-indiced temperatune changesin
hydiethermal areas

Approximate
threshold:

M4 at 30 km
M7.2 at 1000 km
M8 at 2000 km

Magnitude

10 100 103 104
Distance, km

@ Usami, coseismic only (Mogi, 1989)
@ Usami, coseismic and preseismic (Mogi, 1989)
B Yudani, coseismic (Kitagawa et al., 1996)

® Yumoto, coseismic (Oyama et al., 1999)
Yellowstone, postseismic, macroscopic (Hutchinson, 1985)




Possible examplies: Earthguakes triggered by effect
O saismic Waves on hydrothermall systems



Miatsushine and Little Skull-Mitn: Evidence
for tinggerng




Earthguake triggering distances compared to
distances fior Influence of saismiic Waves on
hydiethermal Systems

Niigata-Matsushiro g O -
o W Landers-Little Skull
¢ @
Morgan Hi!l-g .
Mount Lewis
O O

(o)
g
=
]
=
o
3]
=

100

Distance, km




Selsmic waves coulid afifiect flura pressure at
[0ase ofi SelSmMogeniic crust
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conciusions

Seismic waves tend to increase fluid pressure/discharge or
temperature in many hydrothermal settings, 100’ s of km from
the epicenter

Hydrothermal conditions exist at the base of the seismogenic
zone for crustal earthquakes, probably with low effective
confining pressure

Selsmic waves can probably affect fluid pressure or
permeability at the base of the seismogenic crust, possibly
leading to delayed triggering of earthquakes

These effects on deep, hot, fluids might be detectable as
selsmic swarms, geodetic rate changes, or changesin fluid
pressure, temperature, or chemistry

Deep, hot boreholes or springs where waters of deep origin
discharge would be the best hydrologic observation points
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