Breaking the Earthquake Mold: Episodic Tremor and Slip

MOMENT RATE DURING CASCADIA TREMOR CONSTRAINED BY GPS

Ana Aguiar (CWU), Tim Melbourne (CWU), Craig Scrivner (CWU),

A compaiison of GPS and seismi@codings of 22 distinct Episodi€remor and 8p events loated thoughout
the Casedia subductio zone over a ten-gar peiod yields a highy linear elationship betveen manent release
as estimateddm GPS and total duation of nan-volcanic temor as summedrdm regianal seismic agys.! e
events ange from one to Pe weeksproduce ~5 mm of statiofeac debrmation, and shav cunulative totals of
tremor that ange from 40 to 280 hourdvioment releasedyeah event is estimatedybinverting GPS-measted
0" setswhich are sensitig to al rates of temor-syicronous faultingincluding aseismic eep for total slip alag
the North Amelican-Juan de &ca plate inteface Tremor which is shevn to be itvatiant in amplitude and
frequeng both betveen @ents and with @spect to its dation, is talied through seeral di' erent metianisms
that agee intenally to within 10% All known Casedia e/ents detected since 199hich colectiwely span the
entire Casedia ac from northem California to nothem Vancouer Island Canala,release moent at a ate

of 5e23+-.1 dge-cm per hour ofecoded temor! is relatinship caistitutes a ®mor magnitude sde that
enables the quantigtton of mament dissipatia within the regians of the Casalia subductin zone that pose the
greatest theat to major metpolitan centers.
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SEISMIC EVIDENCE FOR OVERPRESSURED SUBDUCTED OCEANIC CRUST

Pascal Audet (University of British Columbia), Michael G. Bostock (University of British Columbia), Nikolas I.
Christensen (University of British Columbia), Simon M. Peacock (University of British Columbia)

Water plas a kg role in the oigin and eolution of subductia zones ly cantrolling geodyhamic pocesses shic
as ac wlcanism,lubrication of the plate intdiace and ly alteing mantle heolog,. Its seismic signatarwithin the
mantle vedge is @ident in lav shear-elocity ananalies making sepentinization, however, its transpot within

the subducting oceanic plate beneathtoental cust is lesslealy debPnedWe present obseations of coverted
teleseismic was that indiate water is p@asiely present in Buiddrm at poe pressues near lithostatic values
within subducting oceanic ust from the nothem Casedia catinental margin beneath southeYancouer
Island to its intersectiowith foreac mantle! is obsevation holds impotant implications for our understanding
of pemeabilily at the plate intdace subductio zone \elocity structure and the mdtanism of episodic émor
and slip
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SPATIAL PATTERNS OF NONVOLCANIC TREMOR SOURCE LOCATIONS ALONG
THE CASCADIA SUBDUCTION ZONE

Devin Boyarko (Miami University), Michael Brudzinski (Miami University)

Along a cavergent marginthere is potentialdr megathust eathquakes in the seismegic one whee stong
coupling occursmothe inteface betveen the plates and elasticastr accunulates within the plate®own-

dip from this seismognic one, increasing tempeatures and metamephic detydration reactions geneate a
transiticmal zone betveen the loked and fee-slip potions almg the subductio interface EpisodicTremor and
Slip (ETS), the corelatian of slav slip efents maitored by GPS obsearations and navolcanic temor (NVT)
monitored via seismic signais,belized to be associated with thiamsitional zne.! e piocesses thabgem
ETS and its elatinship to megathust eathquakes in spa and timeemain unesoled,although ET'S has been
proposed to impet the likelihood of megathist eathquakesGiven the inceased dengitof seismmeters fom
EarthScope one @n begin to examine the spatial pattem souce loations of NVT all along the Casadia
subductim zone in detailWe anajze NVT signals with a semi-autoated pocessdr identifying prominent
bursts (S-waes) that a& abae the bakground noise Ieels,and anajst-rebned elatie arival times ag used to
invert for soucelocations.Further rebnementf soucelocationsis achieved whencadherent P-waesare obseved.
Preliminaty results fom an episode in ntiem Oregon reveal NVT epicenters that migite aver 200 km fom
south to noth but ae resticted betveen the 30 and 45-km atours of the plate intéace precisey within the
expected ansitimal zone of frictional behaviar

POSTER 19



Breaking the Earthquake Mold: Episodic Tremor and Slip

DANCING WITH THE PLATES: WATCHING FAULTS SHIMMY AND SHAKE

Michael Brudzinski (Miami University)

Tectaic plate boundaes @n genearte larg devastating eanquakes when theris a sudderetease of elastic
strain energ stoed o the loked,seismognic Dne of the plate intéace Recent godetic obsemations eveal
that at depthwhee inceasing tempeaitures and pessue and banging petology d' ect the fictional behaviqr
plate bounday faults an also eélease their sss though slev slip In marny casesthe slav slip e/ents hae been
shawn to corelate with seismally recoded na-volcanic temor forming so-@lled episodic #mor and slip
Modulation of these signalsyliides and passing $ace waes impy that \ery low €' ectie stess is a necesgar
condition, suppoted by canstraints fom frictional modeling and the psence of high'p/Vs ratios that sugegst
high pore Ruid pessues! e recurence intevals betveen episodes ofamor and slip and their sae lo@tions
can hae remakable egulaity, which sug@st thee ae sone links to @ologic teranes and seismegic one
behaviorW hile the majoity of initial obsevations hae cane from subductio zone ewironments,sane
intriguing signals havrecenty been disoered in other settings sugsting that this penanena may also shed
light on fault propetties in geneal.
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EPISODIC TREMOR AND SLIP IN CASCADIA

Ken Creager (University of Washington), Aaron Wech (University of Washington ), John Vidale (University of
Washington), Justin Sweet (University of Washington), Mario LaRocca (University of Washington)

Much of the subductio plate motim at depths near 40 km under thedet Sound through souther Vancouer
Island egian can be explainedybmajor Episodidremor and 8p (ETS) events that happen likedackwork every
14 manths.Tremor lo@tions detemined for every 5-minute windav provide a detailed we of the popagatio
of the last thee (or bur if the nextslightly tady, ETS gets its at together) eents as &l as may mudch smaler
tremor episodes. e brst wo stated near the &n Juan Islandsjigrated updipthen bifuicated and pspagated
north and south alog stike.! e third propagated unilatatly to the noth.! e westen edg of well-located
tremor is 75-100 kmrbm the davn-dip edg of the loked zne as inérred from themal models and modeling
of geodetic dataWed Poster).If megathust eathquakes upture al the way down to the updip edg of the
ETS zong as thg appear to in Bikoku, Japanthey will rupture much doser to the major populatiocenters
than previously thought.Tremor amplitudes arstongly modulated # the tides impling that tremor is sensite
to very small (10”-5 times lithostatic) sass pdurbations.A new method br detemining S-P times povides
debnitive eridence that ®mor is loated ery near the plate intéace (LaRoca Roster) We hae lodked for,

and not et found,shoter S-P times that wuld be indiative of shdbwer tremor! e polaization of tremor-
induced shear was is cosistent with that pedicted or thrust slip alag the plate boundgrsug@gsting that,

as in $ikoku, tremor and slip @& maniestatios of the same pressA smal-appeture argy of 80 gofhones
coupled withTexan ecoders is poviding the Prst god lo, in Casedia,at what appears to beolv-frequeng
Earthquakes (EEs) (Sveet Pster and/idale Pster) LFEs hae proven to be exemel valuable in helping to
constrain the loation and mehanism associated withetmor and sl slip in Shikoku.
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PERMEABILITY ENHANCEMENT BY DYNAMIC STRESS FIELDS

Jean Elkboury (University of California, Santa Cruz), Andre Neimeijer (Pennsylvania State University), Emily Brodsky
(University of California, Santa Cruz)

Shaking from eathquakes has been obgs to & ect hydrological sytems in a vasty of wgys.Water vell

levels @an dhange dmamatially, streams an becme fuler, spiings disbarge @n incease andven faults an gt
lubricated.Most of these fdrological obsevations @n be explainedytsane form of pemeability increase

We use theaspmse of water @l levels to solid Eah tides to measierpemeability over a 20-gar peiod

at the R\~non Flat Obsewratory. At the time of eah of nine eathquakes in Buthen California,we obseve
transient incease in peneability as high asyba fator of three We shav a ioughly linear dependence of the
pemeability increase o the amplitude of peak damic suface stesses in theange 0.02-0.2 MRL.! e large
vaiations of pemeability over time indi@te that natual pemeability is not a bad quantiy but rmther an-eer
evolving, dynamially cantrolled paameterlt also shavs that elatively smal dynamic stessed).2 MPa,can
triple pemeability and theefore suggsts a possible methaa fective pemeability enhancemenWe also pesent
preliminary expeimental esults in a biaxial apus whee we shav pemeability enhancements imdctured
sandstaes induced yodynamic poe pessues at fequencies under 1Hz and peak@prssue amplitudes in the
range 0.01-1.0 MRu.
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TIDAL CONSTITUENTS IN NON VOLCANIC SEISMIC TREMOR ACTIVITY AT
THE CHILE TRIPLE JUNCTION

Alejandro Gallego (University of Florida), Raymond Russo (University of Florida), Diana Comte (Universidad de
Chile), Victor Mocanu (University of Bucharest), Ruth Murdie (Vienna International Centre), John Vandecar (Carnegie
Inst. of Washington)

We piesent gidence that no wvolcanic seismic &mor detected at Chile RiégSubduction Project (CRSP)
seismic natiork correlates with lunisolar tidal amplitude iatfon. Tremors vere detected at 14 bedband seismic
statins in the Los Chaos Archipelag andTaitao Peninsula lg simple visual inspectiomf corelated temor ;m
seismogams at CFSP statims.Time seies anajsis of o years (2005-2006) ofémor occurence at ne hour
sample inteval reveals stong paver-spectal peaks at semidinal (M2, S2),diurnal (01,K1) and long tem
(Mm) tidal periods.Spectograms sha hamonic behavior of #mors catinuing during the wo years with sme
smal gapsZonal giavitatimal traction due to tidal aceleation is maxinum near the latitude of the studggim
(46S),and is enhancedylthe ocean laiing. At least wo hypotheses could explain the @ation: stress ycling
on the subducted@aiteo and Dawwin transbrm faults due to solid elr tide and ocean lang, leading to tremor
geneation; or enhanced ydrothemal ativity duiing Ruid elease in the subducted Childge stucture. Tremor
souces detanined via the soge sanning algrithm fall within regias of elgated Coulmb stess hanges m
the Nazca-South Ameiica inteplate inteface due to slipthe subducted &msbrm faults.
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NON-VOLCANIC TREMOR AT SAN ANDREAS FAULT NEAR PARKFIELD
TRIGGERED BY THE GREAT SUMATRA EARTHQUAKE, 2004

Abhijit Ghosh (University of Washington), John Vidale (University of Washington), Zhigang Peng (Georgia Institute
of Technology), Kenneth Creager (University of Washington), Joan Gomberg (USGS), Paul Bodin (University of
Washington), Heidi Houston (University of Washington)

Passing seismic wes fom large eathquakes tiggered nan-volcanic temor (NVT) in several instanceBut
tremor mebanism,and its eaction to the dyhamic stessing fom di" erent body- and stdiace-waes emains
pooirly understoodWe found NVT at San Andreas lkult (SAF) near BrkPeld ignited lp Mw 9.0 Sumatra
eathquake 2004.Complex behavior of the NV sequence dimg the polonged shakingand dense statio
coverace at Rukbeld aea povide an egelent oppotunity to study dpamic tiggering of tremor! ere ae
primarily two regicns a1 SAF that poduce temors in this sequendeove wae shavs the stongest modulatio
of NV T with tremor amplitude sychronizing with the suface wae gcles.! e Rayleigh waes witnessrdy a
rather weak peiod of tremor but ae immediate} followed by stiong bursts of gmor ativity. At times,tremor
shut itself § abuptly; in other times it is stilquivering ater the waes hag passedsome tremors in this
NV T sequencssuiprisingly, are associated with the passad P-wae, not usudly recognizd for its triggering
potential! ese obsertions point tavards the potentialdr resoVing the possible sensitiyibf tremor souces to
both shear and dilatatial stess.
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INFLUENCE OF LARGE EARTHQUAKES ON THE NONVOLCANIC TREMOR
ACTIVITY IN THE PARKFIELD-CHOLAME REGION, CA

Aurelie Guilhem (Berkeley Seismological Laboratory), Robert M. Nadeau (Berkeley Seismological Laboratory)

Understanding theelatianship of navolcanic temor (NVT) activity to the fault bnes @ which they occur

is cwucial or a deaer pictue of the caditions and meganisms espmsible br their geneation. In Casadia

and Japam\V Ts hae shevn a emakable corelation betveen their ativity rates and GPS and tiltmeter
measuements of tansient dedrmation in the deep (sub-seismajc) fault one It has also been pposed that
dynamic stess hanges fom passing stisce waes of distant teleseismic gajuakes and ssses associated with
the tides an induce NV activity.! ose obsemations suggst that temor ate hlanges ma be dosel related to
stress hanges or tansient defrmation in the deep faultane and suggst that stess hanges fom near-ly large
eathquakes mpalso stimlate temor ativity.

We repot here m the spatial and tempal relationships of NVT activity alang the &n Andreas Rult near
Cholame California, stating in August of 2001 e lo@tions of the NVTs ae detemined using evelope coss-
correlatin tedniques similar to ®@am,2002,with additional use of@dundant statio triplet information to
identify and emove outliersDouble-di' erence eloation (hypoDD) of the alignment pases is also used.

We shav: 1) that NVT activity rates inceasedllowing the 2003 8n Smean eathquake andmore signibantly
following the 2004 Bikbeld @ent,2) that the amplitude of the Coutab stiess hanges conputed br those wo
large eathquakes & smadlbut corelate with the elative rate t©ianges associated with theents,3) that since the
Parkbeld eahquake a quasi-paodic patten of the NVT episodes has delopedand 4) that this patterand

an overall increase in the NV activity following San Smem and Rukbeld eents persistlso, locations of the
Cholame NVTs occuring during the 2006-2007 péod indicate that the NVI's occur at subseisnmagc depths,
genearlly betveen 15 and 25 knthat they ale distibuted in the aross fault diectian over an ~ 10-15 km wide
zone that is 6 set fom the SAF ly ~ 5 km to the SW
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SPATIAL AND TEMPORAL PATTERNS OF NON-VOLCANIC TREMOR
SOURCE LOCATIONS ALONG THE OAXACAN SEGMENT OF THE MEXICAN
SUBDUCTION ZONE

Hector Hinojosa-Prieto (Miami University), Michael Brudzinski (Miami University), Timothy Carey (Miami
University), Enrigue Cabral-Cano (UNAM), Alejandra Arciniega-Ceballos (UNAM), Charles DeMets (University of
Wisconsin-Madison), Oscar Diaz-Molina (UNAM)

Convergent tectmic plate boundaes gneate lar@ desastating edlhquakes when plate moticeccunulates
tectanic stessesmthe loked,seismognic one of the subductiozone inteface Downdip from the seismognic
zone, wheee inceasing tempeaitures,pressue and slab dekration &' ect the fictional behavigmpeiodic slav

slip events appear to occur in atrsitimal ne! e slav slip aents hae been shen to corelate with no-
volcanic temor (NVT), forming so-@lled episodic #mor and slip (ES).! e Oaxaan segment of the Mexan
subductim zone is an ideal aa br detailed HS studies due to itefatively rapid cowvergent rates shalow
subductim angle shot megathust eathquake ecurence intevals (deades)and shor trend-to-coast distances
that bring the seismagnic and tansiticn zones of the plate intégice as mach as 250 km inlandrém the
coastlinePreviousl anayzed slav slip e/ents in southar Mexico occur ger vastdeep agas of the subductio
zone inteface and mg even extend updip into the seisnargc one, potentialy playing a ole in the timing and
location of upcaning megathust eathquakeslin addition to recent expansioof the pemanent GPS statio
network, a nev seismic deploment cansists of 8 lwadband seismuoeters gogaphically dispersed inland aig
the Oax&an segmenproviding the means to examine N\&ignals in detaildr the prst time in thisegian. We
analze NVT signals with a semi-autoated pocessdr identifying prominent bursts (S-waas) that a& abee the
background noise leels,and anajst-rebPned elati\e arival times ag used to ivert for souce loations.Further
rebnement of soue lo@tions is &hieved when cberent P-waes ae obseved.We appy this te@inique to data
recoded over the brst gar of the deplment to detemine spatial and tempal pattens in souce loations.
Furthemmore, we will compare NVT source loations with those of sle slip eents,current micioseismicig, and
previous megathust eathquakes upture mnes.
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SCALING OF THE TREMOR SOURCE

Heidi Houston (University of Washington)

Recenty, a canpilation of di' erent types of sla slip e/ents ly Ide et alsuggsted that duations of sub events
are linealy proportional to their seismic moents.Here | canduct a sgtematic study of @mor using a atsistent
data steam br the 2005 Casxlia ETS. Day-long seismogms fom the Port Angeles ay ae integated,
corrected br gain,and blteed from 1-8 Hz. Envelopes of the haontal recods ae staked and smoothed.
Tremor eents ae debned as inteals duing whidch the ervelope egeeds a tlesholdTo associate nmeents

with tremor eents the ernvelopes a treated as time functis (manent-rates)Moment of a temor eent is
estimated assuming the signahsists of far-peld déct S-waes,and appying an empiical alibration to corect
for reverbemations near the statits (deeloped ly canpaiing the knavn magnitude of smbhéathquakes with that
estimated P the pocessing desbed abee).! e expoent of popottionality betveen duation and manent does
not depend a the @alibration and vaies fom 0.8 to 0.9 wer a ange of thresholds and smoothing peds.! is
allows or modest gowth of the amplitude of ®mor eents with duation, which is dealty seen in the erlopes.

I is saling cantrasts stongly with that of egular eahquakesyhich follow duration propottional to cube-oot

of moment over mary orders of magnitudeand br which amplitudes gww strongly with mament.!  at saling
occurs due to theough poportionality of fault displaement)Jength,and width,and the impositia of a oughly
constant value ofupture \elocity by the dyhamic stess popagation in eathquakesOne or moe of these fetors
must be missingrbm the tremor pocesd. e empiical alibration indicates that the minimm mament needed
to geneate the obseed 1-8 Hz temor o a lepresentatie vigorous dg of the 2005 ES is nuch less than that
of the inferred slav slip Given the abundance ofemor signals obsexd in the 1-10 Hz ange conpaed to

the relative pauciy of signals at leer frequencieghe possibiliy should be awsideed that the soure spectim
produced ly episodic sl slip is moe canplicated than f*-1 at dlfrequenciesrdbm 0-10 Hz. Furthemore,

it has been suggted that tmor mg casist of numeous tiry regular eghquakesHowever, expeiments
summing up thousands to ridns of smdlf*-2 eathquakes demustrate the di culty of modeling temor as the
supeposition of sud souces.
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EPISODIC TREMOR AND SLIP IN JAPAN

Satoshi Ide (Dept. EPS, University of Tokyo)

Following the disceery of deep la-frequeng tremor low frequenyg eathquakes (EEs),very low-frequeng
eathquakes YLFs),and slav slip e/ents (SSEs) havbeen diso@red in westen JapanWe study these unusual
eathquakes maiylin westen Shikoku whee tremor @tivity is most ative. Among these penanenaLFE has
impulsive natue whid alows us to appl dereloped seismologit methods! e double dierence tonography
and event relo@tion hawe shevn that these wents ae loated m the subducting plate inteace and P-wae

brst motian anaysis and the empial Green tensor iversio hawe detemined a lav-angle thust as aypical
souce mebanism! ese fats indi@te that LFEs ae tiny slip a the plate intefiace Low frequeng tremor is
also cosiderd as successislip &ents beause the waforms of temor ae explained as supaposed [FE
waweforms.Moreover, larger events,VLFs and SSEs havbeen identibed asWeangle thust slip!  erefore al
these unusuall@enanena shar the same @ angle thust mebanism casistent with eerall plate motion and
the Nankai megathust eathquake! e seismic mment and gent dumtion of these penanena age piopottional,
with a dharacteristic manent rate of 10012-13 Nm/d. is sale invaiiance and pximity of loation and

time suge@st that theselenanena ag di' erent appeances of a singlequess of sle eathquake! ey ae
sepaately discoered o the saling law due to the limitatio of obsevation cantrolled by microseism and tidal
noisesHowever, if S/N is good,we @n Pnd loger events thanVL Fs,with duration 20-200sthat satisfy the
same saling law! ese gents ediate seismic eneygn direct popottion to their seismic mment ratg which
implies that saled energ of slav eathquakes is awstant! ese gidencestogether with other éatues suls as
peiiodicity, shot- and long-range migrations,and modulatia by tidal stess and far-beld dace waes requie
united explanatio by physical models.
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CASCADIA TREMOR DEPTHS CONSTRAINED BY S MINUS P TIMES

Mario LaRocca (Osservatorio Vesuviano, Instituto Nazionale di Geafisica e Vulcanologia, Naples, Italy), Ken Creager
(University of Washington), Danilo Galluzzo (Osservatorio Vesuviano, Instituto Nazionale di Geofisica e Vulcanologia,
Naples, Italy), John Vidale (University of Washington ), Steve Malone (University of Washington), Justin Sweet
(University of Washington), Aaron Wech (University of Washington)

A key to understanding Episodicemor and 8p (ETS) is obtaining ecuiate temor depthsln Shikoku, Japan
this has been dw using S minus P times obged by staking mary hundeds of lev-frequeng events (LFES)
that ae postulated to ecopose the ®mor In Japanthe tremor souces occur at (or at leagtry near) the plate
interface In Cas@dia,however, LFEs ae not et widel obseved,and temor lo@tions satter oser tens of km.
It has not beenlear whether thisapresents uncéinty or true vaiability. We hae deeloped a methodof
detemining S minus P times thatavks best using aays recoding tremor that is taweling nealy \ettically. For
obsevatians aross the thee arays deplged to obsere the Ju}, 2004 Casadia ETS, the S minus P timesang
from about 4 to 7 3Ne loate temor usingwo methods! e brst cmbines S minus P time oetraints with
vector slevness estimateddm the arays.! e secod adds S minus P time ostraints to a method that emple
cross corlatiins of seismo@m ervelope functios.Both methods gratly reduce the uncinty and satter in
souce depthOur preliminaly anaysis indi@ates thatsimilar to Japarthe Casedia tremor souces ag caning
from locations at,or at leastery neaythe plate inteface In addition, polaiization anaysis of temor seismogms
indicates that the #mor bcal medianism is cosistent with slip o the plate boundarin the diectian of relative
plate motia. Together this sugests that temor and godetially obseved slip ag both maniéstatios of the
same pocess coespmding to the two plates slipping past@aother almg the plate boundsr
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WAVEFORM MODELING OF SANTIAGUITO VOLCANO EXPLOSIONS

Jonathan Lees (Dept. Geological Sciences, University of North Carolina, Chapel Hill), Jeffrey Johnson (Depz‘ of Earth &
Environmental Science, New Mexico Tech), Takeo Nishimura (Graduate School of Science, Tohoku University, Sendai,

Japan)

In Januay, 2007,SantiaguitoVolcang Guatemalaempted explosisy appoximately once per houtOver a peiod
of several dgys we recoded numeous explosios at distances of 1-6 krnom the ative vent.! e ative \ent
erupts frequenty, venting gas andypodastics 6r durations of tens of seads.! e explosins @n be tassibPed
cluster anajsis into at leasto or moe goups B wherthe stongest explosias shag a casideable similaity

in wawe form.! e explosins hae equivalent estimated magnitudaaging fom 1 to 5 basedroTuboi® (1954)
formula and peakréquenciesanging fom 0.8 to 1.6 Hz! e initiation of these eents (explosios/implosias) is
associated with R eathquake gneation (of Pnite soure duation: 1-2 s) whit we seek to explain usingveel
potential modelsWe used a disete wae number method toatculate Geer® functions and sythetic waeforms
for single érce and implosio souces at a distance of 1 km waehe ¢osest statio (DOM) was loated We
used high esolution video ecodings of the sdace of the dme to estimate dislations for deliving souce time
functions for the singledrce! ese a¥ then used in the modeling to der the best btting modelsifthe LP
waves ecoded m a near beld statioEstimated érce amplitudesrbm the sesmic modelingeaim the ange of
5x10e8-4.4X10e9 N as epared to video estimates of 10e8 - 10e9.5 N ssjgg that the models ein quite
good ageement.
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DYNAMIC TRIGGERING OF NON-VOLCANIC TREMOR EARTHQUAKES AND
ETS ON VANCOUVER ISLAND

Justin Rubinstein (USGS), Joan Gomberg (USGS), John Vidale (University of Washington), Aaron Wech (University
of Washington), Kenneth Creager (University of Washington), Honn Kao (Geological Survey of Canada), Garry Rogers
(Geological Survey of Canada)

W ith the goal of darifying the physical mefanism and prcesses necesséor triggering nan-volcanic temor
and eathquakes @ examine aatalog of 30 teleseismic daquakes and 17 gianal eathquakes that hit
Vancouer Island with the sbngest shakingrom 1996-2007 and sedr for nan-volcanic temor and edhquakes
that were dynamially triggered ty these eentsWe identify temor tiggered by four teleseismic etdmquakes and
eight erents that likey triggered lo@l eathquakesExamining the that tiggering and those that didbwe Pnd
that the amplitude of the iggering shaking appears to inlBuence whethemior and edhquakes wiltrigger,

but loal canditions also appear to imgant in detemining whether temor or eahquakes wilbe triggered.
Specibally, eathquakes tend to beigrgered in regims with high seismicijt rateswhile triggered tremor is likey
to occur in tose poximity to ambient temor (in both spae and time)We also note an intesting corelation
between larg teleseismicvents and E'S in the southan Vancouer Island/nothem Puget sound egim. All the
ETS events that hag Iang inter-event timeshaw a larg teleseismicvent that pecedes themyba matter of dgs.
| is sugegsts thatér ETS events that ae GateCand hae built up moe stess than usuahe slight nude of the
shaking fom a larg distant gent mgy trigger the ETS.
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REPEATING NATURE AND RELATIVE LOCATION OF SAN ANDREAS FAULT
TREMORS NEAR CHOLAME, CA

David Shelly (U.S. Geological Survey, Menlo Park ), Robert Nadeau (i Uniwversity of California, Berkeley), Roland
Biirgmann (University of California, Berkeley), William Ellsworth (U.S. Geological Survey, Menlo Park), Janice
Murphy (U.S. Geological Survey, Menlo Park), Trond Ryberg (GFZ Potsdam), Christian Haberland (GFZ Potsdam),
Gary Fuis (U.S. Geological Survey, Menlo Park)

Non-volcanic temor has been obsed pimarily in subductio zones but also beneath theiké-slip San
Andreas Rult (SAF) [Nadeau and Dolen@005].We examine theepeating natw of SAF temor waeforms
and the associated potential fietemining the elative loation of tremorsWe initially select aiv relatively
high-amplitude potions of temor atemplate walorms@nd peform a matbed Plter seah using dlavailable
shot period and boadband seismic statis within ~60 km of the #mor epicentePortions of the temor that
exhibit high similaity to the template waforms (as meased by the sum of the coetation coet cients aross
all statilns) ae cosideed detectedwents.We bnd thatlike subductia tremor in southwest Japar§AF tremor
repeatety exhibits a patterof similar wagforms aross nultiple stations.Di" erent templates makcwith

di" erent potions of the temor signalpossiby sug@sting that the eerall tremor signal is coposed of seral
families of soures fom di" erent lo@tions.Templates that encopass the beginning of a&mor burstwhen the
recoded amplitude in@ases noticeabhre typically mote successful at maiog other pats of the temor than
those selecteddm similar amplitude ®mor within burstd. is might reRect a building coplexity of these
bursts as mitiple souces beame ative and intefere.

During a dg of active tremor a given template maidentify daens of similareents.By recognizing smaél
shifts in the d set of the wasforms at eeh station canpaed to the templateve @n estimate the ladion

of the detected &mor elatiwe to the template &mot Although low signal to noiseatios and a sub-optimal
statian distiibution present substantiahalenges to the loation processwe hope Iy this piocess to obtain me
constraints o the Pne-sale stucture of the temor soutes.
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LOW-FREQUENCY EARTHQUAKES IN CASCADIA

Justin Sweet (University of Washington), Kenneth Creager (University of Washington), John Vidale (University of
Washington), Abhijit Ghosh (University of Washington), Maisie Nichols (University of Washington), Thomas Pratt
(Uniwversity of Washington), Aaron Wech (University of Washington)

L ow-frequeng eathquakes (IEEs) were brst epoted in Japan and haween obsged to occur coincident!
with non-volcanic temor in both time and spa Compared to odinary eathquakes|.FEs ae debcient in
frequencies alwe 5 Hz.! e frequenyg spectum of LFEs mirrors the spectrm of tremor Indeed $elly et
al.(2006,2007,Nature) hae suggsted that temor is simpf the supgrosition of mary individual LFEs.
Accodingly, LFEs hae been used to netrain the mebhanism and loation of tremor In Japanl.FEs ae
routinely identibed b their S-waes while their P-waes ae typically belav noise lgels.In March 2008 ve
deplo/ed a dense ay of appoximately 80 geophones paied withTexan ecoders m the Olympic Reninsula of
Washingtm State to ecod tremor from the anticipated episodiceimor and slip (ES) event. Initial analysis of
one hour of dataaveals nedy 100 LFE-like events with similar spedrto lo@aly obseved tremor Unlike LFESs
in JapanP-wa\es ae deally seen o the \ertical canponent of maiy individual statios.Using a tear LFE as a
template gent,neaty 100 mathing events hae beendund with S minus P times that'dér by less than aeiv
hundredths of a secml from event to e/ent suggsting that thg ae al within a few hundied meters of eh other
Preliminaty locations of this tuster usingwo borehole statias suggst that the [FEs ae at the plate intéace
east of our asy.
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DYNAMICALLY-INDUCED WEAKENING OF THE SAN ANDREAS FAULT BY THE
2004 SUMATRA-ANDAMAN EARTHQUAKE

Taka’aki Tuira (University of Utah), Paul Silver (Carnegie Institution of Washington), Fenglin Niu (Rice University),
Robert Nadeau (University of California, Berkeley)

Measuing in situ fault stength at seismamic depth is ne of the most impdant propeties catrolling the
sequence and nieatian of eathquakeslin situ stess measaments in deep @ls and boeholes haw been
revealed the state of the faultsirgth,however, its tempoally resoving is limited.On the other handstress-
induced tempaal dhanges in the popeties of seismic atterers at depthan be apable of pviding a means

of cantinually manitoring the in situ fault ene popeties.We hae been moitoring a vell-resoled tempoal
change in the popeties of seismic atterers within the &n Andreas Rult at Rukbeld,over 20 yars (1987-
2007),and hee we repot that the tempoal change was obsged in late 2004 that is most liketiue to the
dynamic stessesanented ly the 2004 Mw 9.1 8matra-Andaman edhquake! is change is intepreted as
resulting fom the stess-induced migition of Ruids and assequentedistibution of poie pressue within the
fault zone At the same time @ also obsge sytematic tempal vaiations in the ecurence inteval and seismic
moment of epeating-edhquake sequences thaeamost casistent with banges in fault sength.We caclude
that the maxinum reduction in recurence inteval immediatel ater the 2004 8matra-Andaman eahquake
constitutes a tempeany weakening of the faulGiven that a similar eursio in s@tterer propeties initiated ~1-4
months afer the 28 June 1992 Mw 7.3adnders ednquake we hypothesiz that the larg dynamic stessesrbm
this event weakened the & Andreas Rult through the same mbanism triggeting the 1993 Rikbeld Aseismic
Transient as ell as the tuster of bur M4+ eathquakes (1992-1994) atkbpbeld! e fault stength hange we
identify should teaty fecilitate the tiggering of eathquakessince it vould biing cetain sectios of the fault
closer to failue.
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WHAT DOES TREMOR REALLY LOOK LIKE? INITIAL RESULTS FROM AN
80-ELEMENT ARRAY

John Vidale (University of Washington), Justin Sweet (University of Washington), Ken Creager (University of
Washington), Abhijit Ghosh (University of Washington), Aaron Wech (University of Washington), Maisie Nichols
(Uniwversity of Washington), Tom Pratt (USGS)

Aspiring to see mar intimate detailsye hae plaed an 80 element shegperiod \ertical ariay with an apdure
of 1km o a had rodk mountain wer the path of Casdia tremor! s site is coincident with a skat 6-statiam
three-canponent CAFE array (see talk K. Creager).We uselexansdr logging the seismogms which are
convenient to deplyg but require reoscling for fresh battaes eery four deys.So far we hae recoded just eight
days.We bPnd most of the akrals visible & P-waes,due to the netork canstitution, as S waes ae ¢eneally a
feeble mish at high fequencies.

I is inteval cantains anly a smidgn of tiemor detectableybthe egiaal netvork. Activity is less sanguine
viewed through the unjaundicedye of the dense ay. We see the adady-recognized regiamal seismicit plus a
scoe moke e/ents with the attibutes of plain-vanih eathquakesbut also moe Tremor is visibledr much of
the time shifting in location several times sanetimes in naltiple locations at mce Also, at least a huned weak
souces o the slab in the #mor Dne appearypbeambrming in a single houprobaby a brst glance offAEs in
Caseadia (see absct by J Sweet).In same frequeng bandsdaylight hours ae plagued Y bizarre pattens most
likely from guttural cultual noisesame with unexpectdy \ertical incidenceVery shap pops appantly without
S waes ae another cuosity, as vell as windstams,gunshots andr@ainsaws.

I hope understanding witleepen as evbgue it out.If the 14-mamth-interval tremor oars under the aay on
sthedule as it is has an appointment to do in lso nuch the better[As this goes to pessiremor has stéed
and theTexans @ out o guad duty again.]
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WASHINGTON TREMOR LOCATIONS

Aaron Wech (University of Washington), Kenneth Creager (University of Washington), Wendy McCausland (University
of Washington), Robert Crosson (University of Washington)

Precise estimatits of na-volcanic temor epicenters aid in both mapping and better understanding tagdos
of the lodked,transitin, and freey slipping ones of the subducting Juan deck plateWe hae developed an
autanated temor detectio and loation algorithm to obtain thousands ofémor lo@tions over the past 4-ish
major ETS episodedlVe obtain loations for every 5-minute windav by cross-corelating pairs of band-passed
and smoothed arlope functios and peiorming a 3-D giid seach over potential soure loations that povide
S-wae lag times that optimiz the coss comlations.We then use a boot-stp method to detenine reliability

of locations,yielding eror estimatesSolutions with epicen@l eror estimates < 2km akept as potentialémor
locations.We then anajze these loations for dusteing, demanding that at least 10 minutes (2dtians) occur
within a 0.1 x 0.1 dege aea! e resulting temor epicenters occur wieethe plate intdiace is 30-45 km deep
agee ‘ery well with geodetic iversios of @canparying slov slip episodesnd hae a vel-resoled shap updip
bounday neaty 75-100 km awafrom curent estimates of the dmdip ed@ of the loked Dne
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