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Crustal Deformation and Monitoring
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* Bridging the sensitivity and frequency gap between
seismic and GPS measurements.

o Detecting aseismic deformation rate changes prior
to earthquake
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Borehole strainmeters
TERRESTRIAL (40 km),
Campaign GPS (0-31
km)
Pi~ non Flat .~
TERRESTRIAL strainmeters, Gps 4.8 (IZ'SEPO” Flat  \yyatt et al. 1994,

(68 km), Dilatometer : Johnston et al. 1994
(100 km) strainmeter)

CGPS (10 km) <M6 Yu et al. 2001

Mw6.9 Loma Prieta,
California
October 18, 1989

Lisowski et al. 1993

Mw7.3 Landers,
California
June 28, 1992

Mw7.6 ChiChi, Taiwan TERRESTRIAL
September 21, 1999
Mw7.1 Hector Mine,

California CGPS (25 km), INSAR

October 16, 1999
CONVERGENT
Mw8.4 Peru Melbourne &Webb
June 23, 2001 MARGIN CGPS (300 km) <M7.6 2002

TERRESTRIAL <M6.4 (CGPS),

<M5 (InSAR) Mellors et al. 2002

Mwa8.3 Tokachi-oki, CONVERGENT CGPS (30 km from fauit
Japan MARGIN plane, Irwan et al. 2004
September 25, 2003 70 km from epicenter)
Mw6.0 Parkfield,
California TERRESTRIAL Borehole strain (10km) Langbein et al. 2005

September 28, 2004




How well can aseismic deformation
be measured?

* For ten earthquakes in nonmagmatic settings,
there are credible published accounts of pre-
earthquake deformation-rate changes lasting
hundreds of seconds to more than a decade.

e Although most M> 7.5 earthquakes have occurred
without detectable pre-earthquake deformation, the
detection threshold for aseismic deformation
remains high, in that aseismic slip with moment
equivalent to an M5 earthquake would in most
(although not all) cases have been missed.




Motivation and Scientific goals

e Coupling with environment

* Episodic Tremor and Slip (ETS)
e Strain seismography

e Variation of principal strain

* Aseismic deformation rate
change prior to earthaugke




PBO (US) and Tokal Scheme
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CONVERGENT MARGIN EARTHOQUAKES

« The 1944 Tonankai (Ms8.2), 1946 Nankaido
(Mw8.3), and the Anticipated Tokal
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Strainmeter In Taiwan
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Coupling with environment

Tides and pressure
removed from data
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Correlation of Tremor & Slip in the Victoria Area
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Olympic Peninsula PBO BSM Network : Shear Strain
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 Blue dots show GPS east component at Victoria
» Black graph shows total # of hrs with tremor activity in a 10-day window
» The strong correlation prompted the naming “Episodic Tremor & Slip”




Strain seismography
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Principal strain
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Permutation of principal strain

Magnitude of Earthquake
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Semi-diurnal tides: M2 (1.9323), S2
(2.0000)
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Coupling with environment

Tides and pressure
removed from data
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