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They say there’s nothing new under the sun.
But under the ground...
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Empirical talk

® Tremor

Tectonic setting
Appearance

Sensitivity to weak stresses
Regularity and irregularity
Magnitude-irequency,
Migration

® ® & o & @ O

more ...

@ Bold Speculation will
follow later
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Locked, slipping, and bizarre
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Numerous
subduction
zones and
other faults

3 Figure from Steve Malone
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Global studies generally find tremor
occurring at the plate interface

Autocorrelation location of low-frequency quakes that comprise tremor

Distance along
profile (km)

Brown et al., 2008
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Global studies generally find tremor

occurring at the plate interface

Autocorrelation location of low-frequency quakes that comprise tremor
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Global studies generally find tremor

occurring at the plate interface

Autocorrelation location of low-frequency quakes that comprise tremor
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Episodic Tremor and Slip schematic

Far Offshore Locked ETS
Zone Zone Zone

Plastic
Zone
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Episodic Tremor and Slip schematic

Far Offshore Locked ETS
Zone Zone Zone

Plastic
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Episodic Tremor and Slip schematic
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Episodic Tremor and Slip schematic
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Episodic Tremor and Slip schematic
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central Japan cross-section

Locked ETS re 010N Stable Slip
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Periodic (14.5 mo) Cascadia recurrence
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! Color is ETS
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Multiple segments
with regular
recurrence intervals
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Tremor - Seismic Signals
vs earthquake
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Tremor vs LLFE —
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Two kinds
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Two kinds
of quakes
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Tremor is modulated by surface wave stresses
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Tremor is modulated by surface wave stresses
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Widespread
tremor from [EEEREYE &
2002 Denali | S|

/ spots along
SAF
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Gomberg et al., 2008
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Smaller events between major ETS episodes
between two Cascadia ETS events, projected along strike
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Wech et al., in press, GRL
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Gutenberg-Richter Power-Law Distribution
of Tremor Swarms

Tremor Duration (Mours)
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Tremor and slow slip coincide in space

Total ETS Slip Accumulation
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Tremor and slow slip coincide in time
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2008 dense-array
pilot study
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2008 dense-array
pilot study
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2008 dense-array
pilot study
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2008 dense-array
pilot study

@
o
6)@@

&

% e e oo

(OO}
® 0O
O]

84 sensors in a km?,
Caught 8 days with light tremor in March,
then 17 days of heavy tremor passing
directly underneath in May

® G)@ OO,
@@@@G

<§) ®©

©

QG)@@
@@G © e
@ e

©

O

®®
®

Time (days)

Monday, November 1, 2010



Oo‘
®

©®@ 00O
O 0

@GG)@@@'
@ @O OO
@

o
®®
©
©
@
(O]
©
@@
©

&>
X
O
®
S0
g@
®
®

®

®

®
®©

O
O]
®©
©

140 142

Time (days) i

13¢

130

123

Monday, November 1, 2010



Iremor source spectra
not so simple
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Iremor source spectra
not so simple
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Iremor source spectra
not so simple

e MayvO8 03:39 . 03:52 falloff: 7~
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Tremor more irregular than previously
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km Along Strike
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Array of Arrays UW EarthScope Project
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Array of Arrays UW EarthScope Project
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Tremor and locked zone
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Characteristic migrations
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All LFEs short vs long LFEs

Sensitivity
to tides

Ide, Nature, 2010

M2 amplitude
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Tremor stripes vs geology
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Tremor fills
Cascadia

Courtesy Mike Brudzinski 31
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Tremor fills
Cascadia

Courtesy Mike Brudzinski
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Kao et al., 2007 B4
400

w
o
o

istance (km)

Steady

O 100
SE April 2005 Episode
movement} 7 Days after April 19
halting,
jumping
2008 event

occurred over
nearly the
entire margin

32

Monday, November 1, 2010



Along Strike Migration and Segmentation
Kao et al., 2007
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Several reasons for public to care

® Are locations of
intra- and inter-

plate quakes

illuminated by

tremor geometry?

® (Crustal
earthquakes
distribution?

® Does tremor
pattern change
before

Abers et al.,
Geology, 2009

megaquakes?
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Several reasons for public to care

Megaquake closer to Seattle?

Larly studies suggested

® Are locations of

the Cascadia

intra_ and inter_ Subduction Zone would

rupture no closer to

plate quakes Seattle than line "A."

Hut new research

o - . suggests the rupture
illuminated by Sopgmts Bt ote VR o

.B,“ whach would .“A"tli

tremor geometry? mean moee shaking

and destruction In
UrDan areas

7 3 - == | = WASHINGTON
= Crustal e Ikermation: www e o1
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earthquakes
distribution? ) e saxtr e Tl :
Nov. 17, 2009
in Seattle Times
Abers et al.,
Geology, 2009

® Does tremor

pattern change
betfore

megaquakes?
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