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Outline

 Remote triggering of tremor around the
San Andreas Fault (Peng et al., 2008,
2009, 2010; Shelly et al., 2010)

 Remote triggering of tremor beneath the
central Range in Taiwan (Peng and Chao,
2008; Tang et al., 2010; Chao et al.,
submitted)
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Maps showing where tremor and slow-slip events have
been observed (Peng and Gomberg, NGEO, 2010)

T T—
Geodetic Seismic

O Dee ® ‘Slow’ Events
Shallow € Swarms Alaska
60° ™ & Afterslip @ Landslide

w Glacier * Glacier '
ﬁ 4k - » - 1 » - .
I'mggered Tremor Cascadic

A 16 Japan Parkfielc
Taiwan & Guerrero[]
Hawaii s ﬁ (™

- ®Costa Rica ™

O New
Zealand

— — .
150° 180" -150" -120" -90° -60° -30°

0 30 60" 90"  120°

zpeng GT seminar

11/01/10
Monday, November 1, 2010



Maps showing where tremor and slow-slip events have
been observed (Peng and Gomberg, NGEO, 2010)
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2002 Mw?7.8 Denali earthquake triggered tremors
at Parkfield, CA; Station:BK.PKD
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<9 What we don’t know about
- triggered tremor

* Does triggered tremor consist of many low-frequency
earthquakes (LFEs) like ambient tremor (Beroza and
lde, Science, 2009)7?

* Does triggered tremor occur at the same places
(depth) as the ambient tremor, with similar
mechanism, except that the driving forces are different
(Beroza and Ide, Science, 2009)?

« Can the triggered tremor be explained by the ‘clock-
advanced’ model (Gomberg, JGR, 2010)?

* What are the relationship between ‘triggered’ tremor
and slow-slip events (Smith and Gomberg, JGR,
2009)?

{

11/01/10 zpeng GT seminar

Monday, November 1, 2010



Magnitude 8.8 OFFSHORE MAULE, CHILE
Saturday, February 27, 2010 at 06:34:17 UTC

February 27. 2010 Chile Earthquake (M=8.8) Global Displacement Wavefield
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Argentina and the most distant one is in Mongolia. A 6.9 aftershock is visible for comparative scale near 90
minutes after the mainshock.
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Remotely triggered microearthquakes and tremor in Central

California following the 2010 Mw8.8 Chile Earthquake (Peng/
Hill/Shelly/Aiken GRL in reVIew
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2010 Mw8.8 Chile Earthquake Triggers
Low Frequency Earthquakes at Parkfield
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Comparisons between the surface waves
and triggered act|V|ty
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Triggering potential for Love and Rayleigh waves from
Coulomb failure criterion (Hill, BSSA, 2008, 2010)
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Triggered tremor migration triggered by the 2009 Mw8.1 Samoa
and 2004 Mw9.2 Sumatra EQs (Shelly et al., submitted)
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Delayed triggering of tremor after surface waves

2002 Mw7.9 Denali Fault EQ
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Ambient Tremor migration - deep slow-slip
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Ambient Tremor migration - deep slow-slip
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Most triggered low-frequency eqs were at Cholame
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Triggering activity in southernmost family
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EARTHQUAKE CAPITOL o7 THE WORLD

- Summary I

® Triggered and ambient tremor shares common sources
(consisting of many low-frequency earthquakes) and a
common physical mechanisms.

® Triggered earthquakes and tremor could be explained by
the simple Coulomb failure criterion, although their timing
with the surface waves are different.

® Some triggered tremor sequences show clear along-strike
migrations, likely reflecting small triggered deep creep
events.

® Some sequences have elevated tremor activities lasting a
few days, similar to triggered earthquakes, perhaps

11/01/10 mAi~ndtina anmnunhng'enpnGJff’fe;rnm ! andA lamann Aiimatian) clai alin
Monday, November1 2010

21




Trigagered tremor | in Talwan
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Triggered LFEs (Tang et al., GRL, 2010)
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More triggered tremor observations in Taiwan (Chao et al., ’

GJI, submitted)
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Frequency dependence of triggering potential

(a) Surface wave TPUB Transverse Velocity

10

Tremor
Ceram Sea 1998

Kunlun 2001

107 Tokachi-Oki 2003
Sumatra 2004

. Nias 2005

10 Kuril Island 2007
Solomon 2007
Sumatra 2007

w— Wenchuan 2008

Amplitude spectra (cm/s/Hz)

10" 10 10

10
Frequency (Hz) o6

Monday, November 1, 2010



Cartoon of tremor and the clock-advanced model (Gomberg, JGR, 2010)
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(a) 2007 Kuril=Island: TPUB BHZ disp: R; wvleigh: +64 5
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New observations:

1. Long-period Love
waves did not
trigger any
tremor.

Tremor started
1-2 cycles after
the Long-period
Rayleigh waves.
Tremor continues
during the high-
frequency (<30 s)
surface waves,
and the tremor
amplitudes does
not correlate well
with the surface
wave amplitudes.




Summary II

® Triggered tremor in Taiwan also appear to be
consisted of many low-frequency
earthquakes, and may occur on a more
vertical dipping faults rather than the shallow
detachment fault.

® The triggering potential depends largely on
the amplitude of the surface waves, and less
on the incidence angle and the frequency
content.

® Surface waves with larger amplitudes appear
oo to trigger tremorcwith larger amplitude, 30
‘Monday, November 1,2010
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Scholz (Nature 1998)
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Dynamic triggering of shallow earthquakes in Beijing ™
(Wu et al., GJI, submitted)

Scholz (Nature, 1998)
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