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Separation of temporal variation in transfer function of ACROSS
source using Independent Component Analysis

*Rina Suzuki', Koshun Yamaoka'

1. Graduate School of Environmental Studies, Nagoya University

ACROSS source is a vibration source that can generate seismic wave of constant frequency band by
accurately controlled rotation of eccentric weight. This source can gain a signal with high signal-to-noise
ratio by taking advantage of stable operation for long period. Therefore, it is suitable for continuous
monitoring of the propagation property of seismic wave. The ACROSS source is used for monitoring
temporal variation of seismic velocity in many studies. lkuta et al. (2002) reported that observed velocity
change was caused by multiple factor such as rainfall and strong motion by earthquake. In this study, we
applied Independent Component Analysis (ICA) for the observation data using the ACROSS vibrations in
Mikawa Observatory of Nagoya University in Toyohashi City, Aichi Prefecture. We try to separate
independent variation in order to research influence of each factor to the temporal variation of transfer
function

ICA is a method to extract statistically independent signal from the mixing of multiple signals. By an
assumption that the variation of transfer function by each factor is independent and observed variation of
transfer function is linearly mixed by these variations, we can extract variation by each factor using ICA.

In this study we used fourteen-month long data for monitoring temporal variation of transfer function at
stations around the ACROSS source installed at Mikawa Observatory of Nagoya University. There are six
components in the transfer function: up-down, north-west, and east-west components by vertical
excitation (Uv, Nv, and Ev component) and those components by horizontal excitation (Uh, Nh, and Eh
component). For our analysis, we synthesized horizontal component at seismometer which is parallel to
the vibration direction using Nh and Eh, named Hh. Uv and Hh component mainly include P and S wave,
respectively. For the analysis, we used transfer function in frequency domain and performed data
whitening and dimension compression as a preprocessing. Data whitening maximizes the performance of
signal separation by ICA. Dimension compression is made by Principal Component Analysis to reduce
noise that may be included less important components. We applied ICA to the preprocessed transfer
function and succeeded to obtain independent components. Among many methods of ICA, we adopted
AMUSE method (Tong et al., 1991, Nemoto and Kawakatsu, 2005) that is often applied to time series
signals.

Independent components obtained by ICA show same temporal variations but show difference in travel
time part in Uv and Hh. Comparing each independent component with ground water level data,
independent components show high correlation with ground water level variation. The temporal variation
of this independent component mainly appeared in later wave.
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Method to detect change in amplitude using an artificial seismic
source, ACROSS, and its application to in-situ data

*Shuhei TSUJI', Koshun YAMAOKA', Ryoya IKUTA?

1. Graduate School of Environmental Studies, Nagoya University, 2. Department of Geosciences, Shizuoka University
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Derivation of SPAC-like expressions for strains measured by DAS

*Hisashi NAKAHARA', Kentaro EMOTQ", Takeshi NISHIMURA'
1. Department of Geophysics, Graduate School of Science, Tohoku University
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Detection and location methods of volcanic tremors using seismic
cross-correlation: application to Sakurajima volcano

*Theodorus Permana’, Takeshi Nishimura', Hisashi Nakahara', Nikolai Shapiro2

1. Tohoku University, Japan, 2. Institut des Sciences de la Terre, Grenoble, France

Volcanic tremors are associated with the movement of volcanic fluids such as magma and gas in the
conduit of a volcano. Determination and monitoring of their source locations are important to understand
the mechanism that controls the eruptive behavior. However, seismic records of volcanic tremors are
known to have complex waveforms with unclear seismic phases and variations in the amplitude and
duration. We develop and evaluate methods to detect volcanic tremor signals from continuous seismic
records and determine the source location. We employ cross-correlation analysis to avoid reading the
arrival time of seismic phases and assume the propagation of direct S-wave. The calculated
cross-correlation functions (CCFs) contain information on signal coherency and relative travel time that
are useful for detection and location. The method is applied for every 10-minute of the seismic data of six
JMA stations at Sakurajima volcano.

For the detection, we adopt a detection method called the network covariance matrix analysis that
measures the signal coherency over the seismic network, referred to as the “spectral width” . However,
this method does not specifically detect volcanic tremors, since any signal that is coherent across the
seismic network may also be detected. We extend the network covariance matrix method by further
computing a classification measure. To specifically target volcanic tremors, a weight function is defined,
where the weight is set to be non-zero at the frequencies where the tremor signal is the most coherent.
For the location method, we apply the CCF-based source scanning algorithm (CCF-based SSA) that locate
the source by finding a location that maximizes the “brightness” function in a grid-search scheme. The
location method has been evaluated in the previous study by using volcano-tectonic earthquakes and
simulated tremors (Permana et al., 2020). Therefore, application to real seismic data is new.

We analyze continuous seismic data during the period of April-September 2017 in the frequency range of
1-4 Hz. Catalog and reports of activities at Sakurajima volcano by the JMA are used for validation. For
each source location, the corresponding spectral width value is used as a measure of location reliability.
For further interpretation, we select only reliable source locations by imposing a criterion of the spectral
width and correlation coefficient that is computed from CCFs calculated between component pairs of the
seismometer. We successfully detect two time periods where volcanic tremors mostly occurred associated
with the increase in eruptive activity. In the first time period in May, the tremors are characterized by
long-duration signals, the source locations are mostly distributed at depths of 0-6 km beneath the
Minamidake and Showa craters, and the eruptions are characterized by continuous ash emission.
Changes in source location preceding and following an eruption are also observed. In the second time
period is in August-September, the tremors are mostly short-duration and intermittent, but we are able to
detect a continuous tremor that accompanies an episode of Strombolian eruption and their sources are
determined at shallow depths (<2 km depth). Comparison with magma supply system from various studies
shows that the estimated depth distribution of the source location appears to consistent with the
movement of magma from the shallow magma chamber at about 5 km depth to beneath Showa crater.
Our results show that the detection and location methods based on cross-correlation analysis can be very
useful to monitor tremor activity at a volcano and provide insights into the movement of magma and
eruptive behavior.
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Seismological evidence for a seamount subduction in eastern Shikoku

*Katsuhiko SHIOM!'
1. National Research Institute for Earth Science and Disaster Resilience
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LoRELN S, FERIE THRE L ZmIER O &G ISRER T RE TR L.

MEREATORBEIREICK Y, ERIEHRISLAADBIUNFETZIENRREINTSY, ZOBELOILA
EERICHEY T 2EFEREITEAICEN L TWS (Kodaira et al,, 2002) . ZDiEILIE, TUEERDEZE DL
KETHZEEBLUIIOERLEICHY, SERE LAZEEROREREIES SICZOBERICAET 2. —
7, EERDBIGEESBERRME (HE) Fa#h, NEREDCRFFEICERTERTHZ EEHIC, FIERRA
EF - FEERBMED2INUHINTHAHRTEEVIFHELAHZ. 2056, BEMEDFEROEHRIAR
MECEENOTEGFEERE LIRS0 G EIFEFE—HTE. 202 eEhD, FNNERADFEN RS T L
HEEREREIET 215, BEMEDFREIILHAATELD &L D AEFMRAOEBSEERSE & ERMFRDE
TEHBREMBRT DI ENARETHZ. Bd, ZoBOL > —/\BEHrmIsEHTHY, X577 LEOFIRK
ELY—NBEELNLREET R EE, RIFRTIER#EETHS. £z, NEIT T 7 1@ (BIAIE, 3A

8 - fih, 2007) THTOLRBENEOLNTELT, AT LEOHWREMRBEITZI L IEISHROEFETHS.

BEE . ATFRICIE, BAKRFHI-net/F-netBLAISDIED, [&RF, EMRFIVA-net, RAMEFERAT, TABHK
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LTRELRIFRAIRDOT -9 2@ALE L. AERFERIOEREICHL>T, BREHEHK, EHREKIC

SREBDIHMAETEEE L. AAED—ERIZISPSEIFEIP16H064758 & IP16HOGA73 DB A= T £ L
7=.
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Detection of deep low-frequency earthquakes in the Nankai
subduction zone over 11 years using a matched filter technique

*Aitaro Kato', Shigeki Nakagawa'

1. Earthquake Research Institute, the University of Tokyo

To improve our understanding of the long-term behavior of low-frequency earthquakes (LFEs) along the
tremor belt of the Nankai subduction zone, we applied a matched filter technique to continuous seismic
data recorded by a dense and highly sensitive seismic network over an 11 year window, April 2004 to
August 2015. We detected a total of "510,000 LFEs, or "23x the number of LFEs in the JMA catalog for
the same period. During long-term slow slip events (SSEs) in the Bungo Channel, a series of migrating LFE
bursts intermittently occurred along the fault-strike direction, with slow hypocenter propagation. Elastic
energy released by long-term SSEs appears to control the extent of LFE activity. We identify slowly
migrating fronts of LFEs during major episodic tremor and slip (ETS) events, which extend over distances
of up to 100 km and follow diffusion-like patterns of spatial evolution with a diffusion coefficient of ~10% m
2/s. This migration pattern closely matches the spatio-temporal evolution of tectonic tremors reported by
previous studies. At shorter distances, up to 15 km, we discovered rapid diffusion-like migration of LFEs
with a coefficient of ~10° m?/s. We also recognize that rapid migration of LFEs occurred intermittently in
many streaks during major ETS episodes. These observations suggest that slow slip transients contain a
multitude of smaller, temporally clustered fault slip events whose evolution is controlled by a diffusional
process.
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[Invited] Crustal activity monitoring using ocean networks for
earthquakes and tsunamis

*Narumi Takahashi', Takane Hori?

1. National Research Institute for Earth Science and Disaster Resilience, 2. Japan Agency for Marine Earth Science
and Technology

BB N7 ZRVOREEMEOREDTEMENEMMICE X oL EFHBSNAIBEFIC. [IRTIFEFIFR%E
BRI D, DFA. BENSOMEDHEADBHEEP TE IR ITRERHKITHE LD I EMHERSIATY
%, 201 TFRIEMAXRTF B FIERLCHKEL SO LY, BEERRIZHE] HoI e
bfE. pfE, HFRZEE). MEEE), AIEORVEHELN SRS NA(RER. 2012), 2O IKFEEMEOFKLED
AREMELERMICE X o7 TEEBB NS 7BTRTAOHIC, EENAMBEBOE=4") v I/PRLETH
BEEZTWVWS,

BENS 7EIRELLHEERY TS ZFa—R (M) 2UEAH OMEESNMEFATHZ, 20RO, TED
FHNSWHEARZ., ZNO5DOMEFRGHOES THIMBADISHIBELEIBET I EHNEETH D, B
RHE - EREVHEER S X7 L4 (DONET) (IFAmAEREFH ZEBEL TWE, MO.7TUEDOHEAER L TL
20, TNLOHMEOERME. BEAMNICIETL— MER, LB, TEOWTNICOFRTEINMNEIENBE
THd, INETEBEICSITIMBERBATME OV IV M2BLTEBELTEAEEB NS 7EO=RITTE
ERE%EFAWTDONETOER T — 9o BRMEBEZTMELE L /2. ZOBREFEMBROMES XA —2%
B, F/-. 201648 1 H=Z=EEEFTHIOHEDMEIN L —MNERTH B T & 52MHA L 7=, BEBEREEIC
S BB & EHEAREICE 2P oK Y ITARY 2S5O MMERS 2 BEXBRTZIEHNRELDODDOH S, @
BN 7HOBRAGKE S LTiE, WREBRDESCBLAFTEI ORBLABARENLEEZ LWV, Thid. EE
HEAZERBITNIERVEHOIRBIIVDERARTHZINLTHD, LHL, BEKEEHIZIERY 7N/ A4XH
BEN. £ EENS VBICITEKEENRLZEAL’RFICIIMBEEZZEARDONHT S, TORYT MDD
RIEFEMP., BEI7AE2AVEKIREEBEROMAORARER AN 1THhN, HWREEEARIRICHEIT TREITEE
HTW3B,

RE. BRI, BEEREIEEE N Z 78O ER S HEEICH T THARREE NS 7 hEFFER
@ (N-net) Z#BEPTH 5, DONET, S-net®N-net& W\ > 7= EIHERIME & S RAEHMEE AR (Hinet) A&
bt LEEAMBESE=s Y v I/E2ERLTVWELWL, INO5DBERIE, BT IaL—2aviC
DN, MBOBKEKEICERTZZEICARS, INODBERAEFMALT. MMEDEZ] ¥ L2AmK
78] 2/ MBTHRITA ALALNSIW ANTEHEINIFEEET LI BEHIEZFLVEEZEZTWS,
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Ambient noise tomography in the forearc region off northeast Japan
using S-net

*Ryota Takagi', Kiwamu Nishida®

1. Graduate School of Science, Tohoku University, 2. Earthquake Research Institute, The University of Tokyo

B KRBT AT 0 B A E B R B R EIE (S-net) ICL > T, RILBAFHLEE TICS T2 20—
BBV AL AT RIS ICEAT IH-AMENIEOND LD ICA >/ [e.g., Tanaka et al., 2019;
Nishikawa et al., 2019], L L. HEREIGZOEFICEE/ZEEZONISREEBESOEAIIESNhTWL
%, AARTIE, S-netTEASNBRFHBOMEEERBREMN SXRERZHME L. RILAXRFEHUERICS T2
SREEBEAMET DI ENBMNTH D, BITTIX, 2016 FESANS2019FE8A X TOIFES DINZEREET
FT—YEFRAL, BV —RBLRBOMIE [Takagietal, 2019] & EAET I XY FDBREET O

%, BAREOEERERREZHE L, o, WRET 30.1 HZUAT ORIREHE T3 BRHENIRIEH 1 2R
JAXLNIVLLTFTH B =8, Takagietal. [2020] DAEICE WERRAIRETIE—L v MalER/ 1 OHE

=lREL, 0.04-0.1 HzZICB W TERIKR A WH TE. SPACE [Aki, 1957; Nishida et al., 2008] IC & V) 118
BEEHELTE— RERE LK, Verticall ka2 EL (VWHES) OIEEHEREBEL & Vertical X4 & Radial %2
(VRE%) DOHEEBEMEREEEICIEL A ) —ROEXE— RASE L. Transverseli D BT OEEHERERBREICIES
TROEAE— NP EHT 5, £/, Radial KO RALTORBEEBAERKTIEL A ) —EOSEHE— RHIBEERD
FESICE > TERL, RBETIEERE— R, FEHTIEN0.06 Hz& W EAEBEHHICBVWTTLRERE—R
NEHT S, XFETIE. FTVWHEHLEVREDEZRAWT, LAY —REXE— ROMBEE~YY TH2HEEL
oo BUAIRART7EDAMHEZEEREICIE Nagaoka et al. [2012] DA%, MEY S 7 4 —IZIE Rawlinson and
Sambridge [2003] D&% AWMz, 0.04-0.06 HzICE W T, EBEANE TS TIENILEISE L Y LIS
HBE., mEMERELHESI N, £ BEERANEPEH TIEINILEI7TEDL SHILIE39E DEHHE TE&E
E. ThiVtHBemPcERELHESN, FICHEHREERPOEREERFEINEETH D, HES N
HEREDHIEEICLBADOSERERLERBEEZRMTZEEZIONED, L1 —KEDOTRERE—RBLV
STROERATZIET, SEERERBSEALVRRTEZEEZONS,
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chairperson:Ryota Takagi(Graduate School of Science, Tohoku University)
Fri. Oct 30, 2020 1:00 PM - 2:15 PM ROOM D

[S23-05] [Invited] Dense seismic observation using seafloor optical fiber cable
system off Sanriku by Distributed Acoustic Sensing
OMasanao Shinohara', Tomoaki Yamada', Takeshi Akuhara', Kimihiro Mochizuki', Shin'ichi
Sakai' (1 .Earthquake Research Institute, The University of Tokyo)
1:00 PM - 1:30 PM

[S23-06] Estimation of Site Amplification of Azuma volcano: Analyses of Seismic
Signals Recorded by Fiber Optic Cable and DAS
OTakeshi Nishimura1, Kentaro Emoto1, Hisashi Nakahara1, Satoshi Miura1, Mare Yamamoto1,
Shunsuke Sugimura1, Ayumu Ishikawa', Tsunehisa Kimura® (1.Graduate School of Science,
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[S23-07] Analysis of dense records of the DAS observation using fiber optic cable in
the urban area
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Ganefianto', Katsuhiro Yabu' (1.Graduate School of Science, Tohoku University)
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[Invited] Dense seismic observation using seafloor optical fiber cable
system off Sanriku by Distributed Acoustic Sensing

*Masanao Shinohara', Tomoaki Yamada', Takeshi Akuhara', Kimihiro Mochizuki', Shin'ichi Sakai
:

1. Earthquake Research Institute, The University of Tokyo

$T7 74 N\ %4 E L THWSDistributed Acoustic Sensing(DAS)&HAIIZ., ZEMNICERERT —49 HEUE
ARETH B ENLEARMEERICISHASIN TS Y., BES —TIVICK 2EBMAERAMNEH S, DASEHE
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EOBRABELED/NRY =V EaZAI TR ENL, RBEZRET 5, /NILRAEZEE L THSOREAIAER R E
TORBEICHIGT %, £ BAWMEIKRD/NY —VERBICITFHRAMERAVNTS Y, BELRDERHEL

(FZ) %#5HAIT %, THSE2REROBELEOER (F—YR) NEENROMBEEICHEY L. HhEER
DHBERT—VRIEFAMIERET E2&HE W0, ThLE, MEEHZH+ImERT. RIPEHEZINLTWS
T7ANIIRIET BT LAERNTIENTE S,

HEMREATIE. 1996FIC=RERNT — T IV RBEME - FREH S R TLEZE L. 201 TERILMAKEFE
B D KICE 2R AR T, BEGENICAVWTWVWS, ZOYRATARKEROILRAE LT, 6K
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N4 0Oy MRBIE L TRIDDASEHA . 2019F 28 13BN S5 15H £ TICERE L /=, DASEHRIDEAIZS % [E
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BE)1OM E 72 1340 TERINER L 7=o KT + ¥ RILERIEEME LD T, £20,000F + Y RXILDT—4 &
oz, PERHIREILH46ERETH D, ZTORR. YV =ZFa1—R1 75 2ADOMNEEBDER > AT L5EE
TRELLNSBRMEBELERMELR ESHOMENRB I NA(K), £/, BLEENMS70kmEE X TORMEIC
BWTHERDEELARRT DI ENTE L, £, ¥HBIO /1 XZARY MLEROEZ 3, BELEOEE
ICHEBRARERLRILTHEBZ bbb o7,

DASEHRIRMTIIFHEHRDORM TH Y., FHAREICDOWVWTH, BUDILZNETNOREIH DERENMREINT

W%, TIT, BHOSHOREZE > (HRBEAZEREL. AREEDB & &L, 2019F6R258,5
28HICATTIE, TEIB & IZERZEHARICE Y, M72EORANZIT o7, SHARKEDRHICEY. 6BD

BIETIE. EHAIERIESkmEFE S B o 7D, Fry VRIVERIM. F—YRIE7mA532me L TERBEE DA
sl COBRMICEVWTH, BAY AT LEETHRE LEHRIBED/NS RMEP, RRMBEL SO
WENRASN, REMREE L TEIDOEHAREICIFITEVD AW & o /M4 XARY MLOKED
LHELZIFHAREBERETEL /A ALRLVIBRAETHD Z &b A o7,

2E0/R1 Oy MRAIICE Y, BRI — TV ERWDASTHAIC K 2B AERTHZ LALLM E
Bolz, BRICBITZE=ZY ) VIVEBIOLDICIE, SSICRBOISKHABNIGEE A4S, £7=. DASEHA
TS OFHEICIE, S URABOT—9PVETHD, I T, E=F )V IJBRAEEHL T, TEIRYEKR
HARE EfE L 7=DASEHRIZ,. 201911 B18AMNS12A2HICHFI TEREL 7=, ZLHIABIIEFEBOBEIC
‘kELTHY, BRIE2BEAI I GRRED 2T, NFNTX—5DE I, 2RDEBRERLE L, L. I
BBELHIRT 27010, £2FHAIR%EZ18HIEH48kmE L. 2HEN 5@ 70kmE Lz, T—49 ODMBEIX15T
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Estimation of Site Amplification of Azuma volcano: Analyses of Seismic
Signals Recorded by Fiber Optic Cable and DAS

*Takeshi Nishimura', Kentaro Emoto', Hisashi Nakahara', Satoshi Miura', Mare Yamamoto',
Shunsuke Sugimura', Ayumu Ishikawa', Tsunehisa Kimura®

1. Graduate School of Science, Tohoku University, 2. Schlumberger

BERICHEINAEZA T 7AN—AEGETIHRIE. 7274 X—2T7ROREPAMYREICL Y BRAHE S
n3d, ZOBELKR%FIFE L 7zDistributed Acoustic Sensing(DAS)system& W52 & T, 774/ N—ICE LT
EHDHEBRELEBA— MO SH T A—NLERTRAETZ2IENTES, S0, TOVRATLEZFRHALT
HhAIBIERF 2 HEE LD THRET 2,
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Analysis of dense records of the DAS observation using fiber optic
cable in the urban area

*Kentaro Emoto’, Hisashi Nakahara', Takeshi Nishimura', Mare Yamamoto', Kodai Sagae1, Gugi
Ganefianto', Katsuhiro Yabu'

1. Graduate School of Science, Tohoku University

WBE, 7 74/8—4—T I EBEW=DAS (Distributed Acoustic Sensing) NHEZICEVWTHWLWLONS LD
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Characteristics of DAS data by Artificial Vibration

*Masayuki Tanaka', Akio Kobayashi1, Akio Katsumata’, Koji Tamaribuchi', Tsunehisa Kimura?,
Shunsuke Kubota®, Yukihide Yoda®*

1. Meteorological Research Institute, 2. Schlumberger, 3. YK Giken Co., 4. NEC Corporation
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AV LRNILOVT HOBREEENERATE S, LLs, —BD/NIVRATT 74 N\2iEE MM VERTERRATE
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[S23-09] 3-D S-wave velocity structure derived by ambient noise tomography using
dense short-period OBS arrey of off Ibaraki region
Olina Yamaya1, Kimihiro Mochizuki', Takeshi Akuhara', Kiwamu Nishida', Tsuyoshi Ichimura’,
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3-D S-wave velocity structure derived by ambient noise tomography
using dense short-period OBS arrey of off Ibaraki region

*Lina Yamaya1, Kimihiro Mochizuki', Takeshi Akuhara', Kiwamu Nishida', Tsuyoshi Ichimura',
Kohei Fujita', Takuma Yamaguchi', Takane Hori®

1. ERI, Univ. of Tokyo, 2. JAMSTEC

AR TIE, FREGHEE ICH6kmER CTREINZERPERBEEICK 28y BEOESARE ICHERT S
EEBEATEIET, IEMERHI OB LRI TOIRTSHEEEEAHE L=, 2010FE108178(—EB
1$2011E28148)D 5201 1FE1087HICHF T, $ekmBEROERALEEMEST (Lenartz 3-D Lite) 32&
NS R SAREREHI RIFGHEE ICBRE I TWE, ERTHE (e.g., Bensenetal, 2007) TlE/ 4 XR
DEEMBREADHERET Z2HELNH D70, HEOHHILLEMN D2 W2011E3B8H £ T(ZREHHE
(2011 FE3B9RA) RV R A KT F it E(R3IB 11 B) DR AR OERRKRR & AL 7.

SNEK D R Uradial i BT OHEEEEBHEZFEL. SREXRSDS LA ) —FEOEKXE— R, radial DM 5
LA —KROERE—RETRERE—REEE L/, £7. spatial auto-correlation (SPAC) % (Aki 1957;
Nishida et al., 2008) % AW\ T B 72 0 BB #R %8I L. trans-dimensional Markov chain Monte Carloi%
(e.g., Bodinetal, 2012) ZAWTEHANBRTRTHBELZHE L, TORBR. RLEICESS500mDHERERE
(Vs:360m/s) . ZDOTFICEZ1.6kmD#EERE (Vs:930m/s) ##HEL=. CNOHDHBEDOTIIFER
BEEZON, COFRIIIBEREICL ZPHEEE#EE (e.g., Tsuru et al.,, 2002; Mochizuki et al., 2008) &
BLE—HLTWE, 5, MEEREDOFEHANLDOEEIZHE L (following Nagaoka et al.,, 2012) . fit8
EEmapEER L7z, TDE. EZ/I ) v RICH L TURTSREEEEDIEH A /38— 3> (Herrmann,
2013) %17V, INERBLEAEDE R I ETIRTDSHEEBELME L1z, HIBBOEIDELIZESHE L
TIEREN 7D, BEORFEILGBEERORBREL YW /NS N>/, —A T, EEMBZOEEICOWTIK, B
DAL Y EROAIEMTH > /-, AFREEHORAICIEBLIEEINTEY (Mochizuki et al.,
2008) . Sunetal. (2020)IC & UBILDLAAHD EE TR DEEEEBHICT D ENRINhTWS, L
NoT. AMREHTH., BUSLAAAICHW LSRN EHICR ST EEI 5N S,

e, AMRDBREAVWIRTERBEVEE 21T o /oo NEAREIZBERE 520005 53000m & t&/A

{, FLERAICSEEEDEVWVEBHNECHBL TWSEE6H, HEOMEINEHRTELVWEEZOND, FDT-
H, KIFRTHE LBEE2BAVWTIRTEREAEETV., BEOWMREMRIRT 5,
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High-density event locations with high-density OBS network at
off-lbaraki region

*Shinji Yoneshima', Kimihiro Mochizuki'
1. Earthquake Research Institute, The University of Tokyo

Until 2011 Tohoku-oki earthquake, off-lbaraki region has been known to be seismically inactive, not only
large but even small-to-moderate earthquakes. In this region, a subducting seamount was discovered by
Mochizuki et al (2008) in this low seismicity area, and a weak coupling was suggested to account for this
low seismicity.

Just after 2011 Toshoku-oki earthquakes, many earthquakes had occurred including the largest
aftershock (Mw7.8) of Tohoku-oki earthquake. This suggests that this region is seismically active,
presumably as an interaction with the seamount subduction.

Six months before and after the Tohoku-oki e.qg. a high-density OBS survey had been conducted from
October 2010 to September 2011 with quite dense (6km) spacing. In this OBS experiment, quite a large
number of earthquakes (>60,000) were recorded and “20000 events were located.

A tomography with a double difference hypocenter relocation was applied to obtain the velocity structure
and especially the precise hypocenter locations.

The relocated hypocenters formed some clusters in a three-dimensional space. We focused on a cluster
that was aligned along the near-vertical direction, whereas many clusters are aligned along the dip and
strike directions of the subducting oceanic plate.

This vertically aligned cluster ranges from approximately 8 to 24 km depth, corresponding to above the
plate boundary to below the plate boundary, perhaps below Moho. We made a common station gather for
these events, which is analogous to a zero-offset reverse VSP (station is located on the seafloor and
sources in the underground along a near-vertical trajectory).

We will discuss whether there are any featured converted phases in this gather such as a reflection from
the plate boundary so as to gain an insight about the precise depth information of these earthquakes in
conjunction with the subducting seamount.
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[Invited] Dense seismic observation design for capturing background
of large inland earthquakes (lessons from "0.1Manten" hyper dense
seismic observation)

*Satoshi Matsumoto'

1. Institute of Seismology and Volcanology, Faculty of Science, Kyushu University
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SHDEE
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