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*lyan E. Mulia', Shingo Watada', Tung-Cheng Ho',
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Seismological Society of Japan Fall Meeting

10:45 AM - 12:15 PM ROOM C (Research Bldg No 8 NS Hall)

[S17-06] Near-field array observation of the 2015 Mw6.0
Bonin Trench earthquake: from foreshock to
post-seismic seafloor deformation
*Yoshio Fukao1, Hiroko Sugiokaz, Aki Ito1, Mikiya
Yamashita1‘5, Takashi Tonegawa1, Hajime Shiobara3,
Tatsuya Kubota® Tatsuhiko Saito® (1. JAMSTEC, 2.
Kobe Univ., 3. ERI/Univ. Tokyo, 4. NIED, 5. GSJ/AIST)
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[S17-07] Near-field array observation of the 2015 Mw6.0
Bonin Trench earthquake: Modeling in-situ
tsunami generation field
*Tatsuya Kubota1, Tatsuhiko Saito1, Yoshio Fukaoz,
Hiroko Sugiokas, Aki It02, Mikiya Yamashita2'4, Takashi
Tonegawa?, Hajime Shiobara® (1. NIED, 2. JAMSTEC,
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[S17-08] New phase correction method for accurate
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tsunamis
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Corporation, 2. Aichi Institute of Technology)

12:00 PM - 12:15 PM

Room C | General session | S17. Tsunami

[S17]AM-2
chairperson:Tatsuya Kubota(NIED), Satoshi Kusumoto(JAMSTEC)

©Seismological Society of Japan

Room C | Emergency session | S24. Off Yamagata Earthquake of 18 June
2019

[S24]PM-1

chairperson:Masanao Shinohara(Earthquake Research Institute,



Tue. Sep 17,2019 Room C

The University of Tokyo), Kazuki Miyaoka(Japan Meteorological
Agency)
1:30 PM - 3:00 PM ROOM C (Research Bldg No 8 NS Hall)
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Nakamura1, Satoshi Harada1, Fujio Kusanoz, Nobuo
Harada (1. Japan Meteorological Agency, 2. CeMI)
1:30PM - 1:45PM

[S24-02] Spatiotemporal distribution of aftershocks of the
2019 M6.7 Yamagata-ki earthquake
*Keisuke Yoshida Yoshida1, Satoshi Hirahara1, Takashi
Nakayama1, Naoki Uchida1, Tomomi Okada1, Toru
Matsuzawa' (1. Research Center for Prediction of
Earthquakes and Volcanic Eruptions, Tohoku
University)
1:45PM - 2:00 PM

[S24-03] Yamagata offshore Earthquake in view of
Historical Earthquakes and Crustal Movements
*Kazuo Kawauchi' (1. NIIGATA UNIVERSITY OF
PHARMACY AND APPLIED LIFE SCIENCES)
2:00PM - 2:15PM

[S24-04] Onshore temporal aftershock observation for the
2019 Yamagata-Oki earthquake
*Tomomi Okada1, Shin'ichi Sakaiz, Keisuke Yoshida1,
Naoki Uchida1, Takashi Nakayama1, Satoshi Hirahara1,
Toru Matsuzawa1, Ryota Hino1, Masanao Shinoharaz,
Richard Sibson® (1. Research Center for Prediction of
Earthquakes and Volcanic Eruptions, Graduate School
of Science, Tohoku University, 2. Earthquake Research
Institute, University of Tokyo, 3. University of Otago)
2:15PM - 2:30 PM

[S24-05] Aftershock observation of the 2019 Off-
Yamagata Earthquake using anchored buoy
ocean bottom seismometers
*Masanao Shinohara1, Shin'ichi Sakai1, Takeshi
Akuhara1, Kimihiro Mochizuki1, Ryota Hinoz, Yusuke
Yamashita3, Hiroshi Sato’ (1. Earthquake Research
Institute, The University of Tokyo, 2. Research Center
for Prediction of Earthquake and Volcanic Eruption,
Tohoku University, 3. Disaster Prevention Research
Institute, Kyoto University)
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[S24-07] Characterization of the crustal structure in the
epicentral area of the 2019 Off-Yamagata
prefecture earthquake, northern Honshu, Japan
*Hiroshi Sato', Tatsuya Ishiyama', Masanao
Shinohara1, Shin'ichi Sakai1, Akinori Hashima1, Tetsuo
Noz, Shuichi Kodairaz, Takeshi Sato3, Makoto
Matsubara® (1. Earthquake Research Institute, The
University of Tokyo, 2. JAMSTEC, 3. Sapporo Regional
Headquarters, JMA, 4. NIED)
3:15PM - 3:30 PM

[S24-08] The relationship between 2019 Off the coast of
Yamagata prefecture earthquake and 1964
Niigata earthquake
*Taku Ueda1, Lina Yamaya1, Aitaro Kato' (1.
Earthquake Research Institute, the University of
Tokyo)

3:30 PM - 3:45PM

[S24-09] Long-period strong ground motion observed in
the Echigo Plain during the Yamagata-ken-oki
event of June 18, 2019
*Tomiichi Uetake1, Kazuhito Hikima1, Shutaro Sekine?

(1. Tepco Research Institute, Tokyo Electric Power
Company Holdings, Inc., 2. Association for the
Development of Earthquake Prediction)

3:45 PM - 4:00 PM

[S24-10] Rupture Process of the 2019 Off Yamagata
Prefecture Earthquake Based on Waveform
Inversion with Empirical Green's Functions
*Atsushi Nozu' (1. Port and Airport Research
Institute)

4:00 PM - 4:15 PM

[S24-11] Science literacy of Twitter users considered from
"tweets" for earthquake clouds before and after
the Yamagata Offshore earthquake
*Yoshiaki Orihara' (1. Inst. Oceanic Res. &Develop.,

Tokai Univ.)

4:15 PM - 4:30 PM
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University), Hiroshi Sato(Earthquake Research Institute, The
University of Tokyo), Atsushi Nozu(Port and Airport Research
Institute)

4:30 PM - 5:00 PM ROOM C (Research Bldg No 8 NS Hall)

[S04-02] 3-D thermal modeling associated with
subduction of the Philippine Sea plate along the
Ryukyu Trench
*Nobuaki Suenaga’, Shoichi Yoshioka?', Yingfeng Ji®*

(1. Department of Planetology, Graduate School of
Science, Kobe University, 2. Research center for Urban
Safety and security, Kobe University, 3. Center of
Excellence in Tibetan Plateau Earth Science, Chinese
Academy of Sciences, 4. Key laboratory of continental
collision and plateau uplift, Institute of Tibetan
Plateau, Chinese Academy of Sciences)

4:45 PM - 5:00 PM
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Room C | General session | S17. Tsunami
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chairperson:Shingo Watada(Earthquake Research Institute, the University of Tokyo), Akio
Katsumata(Meteorological Research Institute, JMA)

Tue. Sep 17,2019 9:15 AM - 10:30 AM ROOM C (Research Bldg No 8 NS Hall)

[S17-01] Mechanism of the 2018 Sunda Strait Tsunami

*Shingo Watada', Masumi Yamada?, lyan Mulia', Karyono Karyono3, Arif Aditya®, Dimas Sinipar®
(1. Earthquake Research Institute of the University of Tokyo, 2. Disaster Prevention Research

Institute, Kyoto University, 3. Meteorological Climatological and Geophysical Agency, 4.
Geospatial Information Agency of Indonesia, 5. National Central University, Taiwan)
9:15 AM - 9:30 AM

[S17-02] Tsunami simulation due to the Anak Krakatau Volcano activities on 22
December 2018 and analyses on the potential future observing systems
*lyan E. Mulia', Shingo Watada', Tung-Cheng Ho', Kenji Satake', Yuchen Wang', Arif Aditya® (1.
The University of Tokyo, 2. Geospatial Information Agency of Indonesia)
9:30 AM - 9:45 AM

[S17-03] Investigation for the Tsunami and Earthquake Source of the 2018 M7.5
Sulawesi Earthquake
*Tung-Cheng Ho', Kenji Satake', Shingo Watada', lyan E. Mulia', Yosuke Aoki’, Ray Y. Chuang2

(1. Earthquake Research Institute, Univ. of Tokyo, 2. Dept. Geography, NTU, Taiwan)

9:45 AM - 10:00 AM

[S17-04] A Method of Real-Time Tsunami Detection
*Yuchen Wang1, Kenji Satake' (1. Earthquake Research Institute, The University of Tokyo)
10:00 AM - 10:15 AM

[S17-05] Rapid magnitude estimation method for slow tsunami earthquakes (4)
*Akio Katsumata1, Masayuki Tanaka' (1. Meteorological Research Institute, JMA)
10:15 AM - 10:30 AM
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Mechanism of the 2018 Sunda Strait Tsunami

*Shingo Watada', Masumi Yamada®, lyan Mulia', Karyono Karyono®, Arif Aditya®, Dimas Sinipar®

1. Earthquake Research Institute of the University of Tokyo, 2. Disaster Prevention Research Institute, Kyoto
University, 3. Meteorological Climatological and Geophysical Agency, 4. Geospatial Information Agency of Indonesia,
5. National Central University, Taiwan
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Tsunami simulation due to the Anak Krakatau Volcano activities on 22
December 2018 and analyses on the potential future observing
systems

*lyan E. Mulia', Shingo Watada', Tung-Cheng Ho', Kenji Satake', Yuchen Wang', Arif Aditya®
1. The University of Tokyo, 2. Geospatial Information Agency of Indonesia

A deadly tsunami occurred on 22 December 2018 claimed hundreds of lives, as well as injured and
displaced thousands of people living across the Sunda Strait regions. The tsunami was associated with the
Anak Krakatau volcano, which according to the Indonesian Centre for Volcanology and Geological Hazard
Mitigation, had exhibited an increase in seismic activity followed by explosions and volcanic ash
emissions prior to the event (https://magma.vsi.esdm.go.id/, last accessed 22 May 2019). However, the
Anak Krakatau had never been known to generate significant tsunami. During the 2018 event, the edifice
formed by the accumulation of pyroclastic material partly collapsed and slid down the water, triggering an
impulsive wave.

We use numerical models to reveal the generation (NHWAVE, Ma et al., 2012) and propagation
(FUNWAVE-TVD, Shi et al., 2012) of the tsunami caused by the southwest flank collapse of the Volcano.
With the estimated volume of 0.24 km® and the relatively short duration ("3 to 5 min), the landslide of
volcanic edifices triggers the tsunami of approximately 40 m in the vicinity. The tsunami, however,
attenuates rapidly as it propagates away from the generation area resulting in <2 m wave heights at tide
gauges around the Sunda Strait. The observed tsunami waveforms at these tide gauges are well
reproduced by our model. The maximum tsunami energy is mainly distributed towards the west coast of
Java leading to significant number of casualties compared to other areas.

To mitigate future tsunami disasters in the region, we assess the efficacy of potential tsunami observations
using ship height positioning and oceanographic radars. We demonstrate that the relatively small tsunami
amplitudes of the event are still considerably larger than the noise level of a typical observation by ship
height positioning. Furthermore, applying a tsunami data assimilation (Maeda et al., 2015) to the tsunami
velocity field detected by radars can produce accurate forecasts of coastal tsunami heights.
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Investigation for the Tsunami and Earthquake Source of the 2018
M7.5 Sulawesi Earthquake

*Tung-Cheng Ho', Kenji Satake', Shingo Watada', lyan E. Mulia, Yosuke Aoki', Ray Y. Chuang2

1. Earthquake Research Institute, Univ. of Tokyo, 2. Dept. Geography, NTU, Taiwan

A devastating tsunami struck the bay of Palu, Indonesia after the M7.5 (U.S. Geological Survey; USGS)
Sulawesi (Palu) earthquake. This earthquake mechanism was a left-lateral strike slip fault. Large horizontal
offsets of up to 5 meters were measured near the bay area by satellite images. According to the
researches of Bao et al. (2019, Nat. Geosci.) and Socquet et al (2019, Nat. Geosci.) a rupture velocity 4.1
km/s was suggested indicating that this earthquake was a supershear event. The tsunami was recorded by
two tide gauges: 2-m wave height was observed by a tide gauge at the port of Pantoloan in the Palu bay,
and 20 cm wave height observed by a "200-km-far tide gauge at Mamuju port. In addition to the tide
gauges, up to 10 m runups were measured near the coastal area by field surveys (Omira et al., 2019,
Pageoph; Muhari et al., 2019, JDR). Other than the earthquake, landslide events were captured by videos
which also induced local tsunamis.

Our analyses showed that the tsunami leading wave at the Pantoloan port may have directly induced by
the earthquake rupture deformation, but the initial tsunami waves at Mamuju port should be from the
source outside the bay or the earthquake source area. We applied the back-tracing method and the result
indicates that the potential tsunami source for Pantoloan located inside the bay but the source for
Mamuju should located outside the bay at about 2°S, 119.3°E.

To understand the tsunami induced only from the fault deformation, we utilized the InSAR data and
tsunami waveform at Pantoloan to estimate the source of the earthquake. Two InSAR datasets of
ascending and descending data from Sentinel-1 operated by the European Space Agency were used in
this study.

The InSAR images revealed clear traces of the rupture. We assumed a fault plane consisted of 27 by 6
subfaults along the traces and performed a source inversion. In our inversion, the two InSAR datasets
constrained horizontal land deformations in two different azimuths and the tsunami waveform constrained
the vertical deformation at the offshore area. The combination of the INSAR and tsunami data provided
complete information for the rupture deformations.

Our result suggested that the rupture extended southward from the epicenter and changed its direction
or strike at the bay where also showed a large asperity of a 10 m slip (Figure 1). The rupture changed the
strike again at near 1.2°S and had an offset slip there. In addition to the dominant strike-slip components,
normal fault components were also estimated at the asperity area which agrees with the finite fault
solution of USGS and the plate motion recorded by GPS (Socquet et al., 2006, JGR). Our model
reconstructed the tsunami waveform at Pantoloan and the offset data by InSAR. However, we
underestimate the inundations and runups for the coastal area. The local landslides may explain for the
high inundations and runups.

© The Seismological Society of Japan -S17-03 -



S1 7'03 Seismological Society of Japan Fall Meeting

10

Slip (m)

1.4°S- -

119.8°E 120°E 120.2°E

© The Seismological Society of Japan -S17-03 -



81 7'03 Seismological Society of Japan Fall Meeting

© The Seismological Society of Japan -S17-03 -



81 7'04 Seismological Society of Japan Fall Meeting

A Method of Real-Time Tsunami Detection

*Yuchen Wang', Kenji Satake’
1. Earthquake Research Institute, The University of Tokyo

Real-time tsunami detection plays a key role in tsunami early warning system. The best way to confirm the
tsunami arrival is to use the ocean bottom pressure gauges (OBPGs) (Sanderson, 2008). A reliable tsunami
detection algorithm for OBPGs should be able to identify the tsunami signals and characterize the tsunami
amplitude accurately, at a small computational cost. Traditional methods, like the DART algorithm
adopted by the National Oceanic and Atmospheric Administration (NOAA), or the Algorithm based on
artificial neural network (Beltrami, 2008), have to rely on the prediction of the tides and other lower
frequency signals. These algorithms can detect a tsunami by subtracting predicted pressures from the
observation, but they cannot properly identify its waveform. And they are unable to capture the feature of
the background sea noise.

In our research, we propose a method of real-time tsunami detection based on Ensemble Empirical Mode
Decomposition (EEMD). EEMD decomposes the time series into a set of intrinsic mode functions (IMFs)
(Huang et al., 1998; Wu, 2005). Unlike Fast Fourier Transform or wavelet analysis, it does not need a
priori basis. Instead, it adaptively determines the natural oscillatory modes embedded in the original
signal. Therefore, it is applicable to nonlinear, non-stationary data like tsunami signals. In our practice, we
use the series of the OBPG record of the past three hours, and then we conduct EEMD and obtain the
IMFs. The tsunami signals can be separated from the tide signals, seismic signals, as well as background
noise. By comparing the value with the threshold, we could decide whether the tsunami has arrived or
not.

We apply our method to the tsunami record of OBPGs of the 2016 Fukushima earthquake (M7.4; Gusman
et al.,, 2017). Five OBPGs owned and operated by the Earthquake Research Institute recorded the tsunami
generated by the earthquake. We retroactively conduct EEMD to the data. Our method separates the
high-frequency components and extracts tsunami signals automatically, without the need of predicting
the tides. The tsunami arrival is easily determined by comparing with a threshold. In addition, the tsunami
waveforms are also characterized in the IMFs, without the need of filtering. Because our method uses an
ensemble with the help of white noise, it becomes robust to background noise.

© The Seismological Society of Japan -S17-04 -
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Rapid magnitude estimation method for slow tsunami earthquakes (4)

*Akio Katsumata', Masayuki Tanaka'

1. Meteorological Research Institute, JMA
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Near-field array observation of the 2015 Mw6.0 Bonin Trench
earthquake: from foreshock to post-seismic seafloor deformation

*Yoshio Fukao', Hiroko Sugiokaz, Aki Ito', Mikiya Yamashita'®, Takashi Tonegawa1, Hajime
Shiobara®, Tatsuya Kubota?, Tatsuhiko Saito*

1. JAMSTEC, 2. Kobe Univ., 3. ERI/Univ. Tokyo, 4. NIED, 5. GSJ/AIST

1. &

INEEGBEBISA > TIRERMENBERMICAMONTEL T, TL— MNEARAHIKEOHIIEHMESRBYICLS
ESINBENZOREIFLC DA >TVARWL, 2015F98T1HOREIZHMRAHME (Mw=6.0) (&, BET
CHRANCRE L BEAYMBMET, x7tE. ERLOEREH CEEKESTO7 L —8AEZEEL TV
oo ZOT7 L= TRIE->AE-BEDER - LE>ZREORE - GHEBERWEH KD EHOEXR] %
IR L7ee 2O LE—EDREN’MREDOMETERAINIDIIFHERI L THZN, NEFRBETIIER
ICRBI>TWBZEMhB LNV, RERTIEIOMED LEE—FEDBREOBEZRE T 5, ERBITOFFH
IR FER (AEAEIFH2019SS)) T3,

2. HAOBME

T7L—IZEHEET - BEFLADEBEMYENET (APG) (PARO-8B7000-1-005) %A 710 BllR
BO1-B10A 54 Y, BO5ICIZA®EBEMEST (BBOBS) &BEZEET (DPG) MHfEEIhTWS, D7
L—%2BBIE3hRAN, NERBERBDKRELI794-5670mDEEEICER L7z (BO4ILRIEEADIEE(C
LW F—FKREUN. F7/-BOSIZAPGOEMAESDOBEKRRE) . APGOY YT VIERBE DY M A
TREBEEIT 4Hz & 0.7 HZICRRE LT 7 L —DR/NEBEMIGTTRIOkMDE=AR,, mKAIFIDRIOkMDIE=H
FTH 3,

3. EDOHE

20159 8 1 H (UTC) Mw6.0EDERIFUSGSIC & 1iE (31.18N, 141.60E, 8.0km) & EhBO6DIFIT
BETICABET ZIBEREN, ZED 1 281ICIEmb=5.6MFE FEELTWVS (M1 -H2) , 7L—nit
HICIEE—RBE A > THRA SFICB10,B09,B8,BO7THREBEINTH Y., BERER (AFMIEFHN2019SS)) D
ERBITOBERICEINIEBIOMEAFMBEOIFIFTHRICMAE L. BOIXMEEAEMmIC. BO8, BO7IZZDHEIC
FBACRIBET 5, M1 &X21F. BEHE50% DLowpass filteringf MB10X% U'B09,B08,BO7IC 7 B KEEERT
Hb, WBEEICHVEBENIEE LAB10&EE L7=B09,B08,B07 & Tld, KELEIDBUENE W ICH AR

ER

4. KRICHIBELTEEEZROREE - &

ATV THH B W T Y THIBEEE RET 7-DICIFKERZEI SEHIEBOHELZE LI Z&DY

RATHD, FRICEVWTIIMEZ I 40000 DFIH 150008 & £ 41500082 R—R 5 1V DE W ZFHF
L CTIEsXBI#fittingd 2 Z &IC & WIS EB 2 KD, I DRMEIEIEETHROBRICEDEREL

7zo 1 RUK2IE, GELESZEE+Y > 7)) v TRRERIFICHIET 2RX—254 V) ZRHZHSELEIV

IRERHETY. M1 0B, BERE>BEEREICH D F#IIKER (<0) &EQ-> TERKER
(>0) EEIRIKER (<0) DOXMAEHEEINT WD, ELLBEEMMNEBROFEERELD, 20

B09,B08,BO7(C (&, BIEILME>EBEILEEICH > FHBIKERE (50) EE4> THHKER (<0) &BHIKENRE
(>0) OWAEBHIEEINTWS, ELBAZMNMEBRORERELSZD. TOKRETIEZRTA 7y MK

FEZ1tiZB09,B08,BO7DIRIC/NE K72 FENGEKRE L TERT ZKEELLNLVELTELICA

%, M1 -H20&5ICEBREICEETORRDODEED SEBADBELVAPGT L —IC L WEFMICIRA 5

DS EDMHTTH %,
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5. BERMWEE
BM1%2R2EHRBRICH oY EBENERELTWS, BIOICRS T,
WTH, FTFHREORERTE > TEENMNEZTWE I L2 2, BEEFMEREBERERVLZAMU
TTHotce MBELIEBARNRONBZVWI ED S, WBBY BEICHBEROMBEADTAERTES LI L
MRS ND, REUOFRE - RIBOBEZBIMERE 4 BRRV4DBRICERE L, JD& DA
BEMRYDESHT HDIINERBED 1 DORFEANE LN,

FrfEdz R <D SN ORI RICH

6. it
BBIIZHDRARADT L —DREIFYKT5-08ff1E (R/VELZFH, JAMSTEC) T. EIURIEMR16-E02fiiiE
(R/VH B W, JAMSTEC) ICTiT o7z, AMRIZISPSHHFE (2524707,17K05646% U'19K14818) & HAE

N N _ o
BEBROENREZRRMBICE 2 R—MEZT,
So0e ' B10 re‘sidual 250000 BO7 residual
@ 3 A
200000 - 200000 | o
100000 - o | B09 |
o Dy
% % 100000 |-
E -100000 - g 4
8 £ soo00 I‘ m/\ ]
& 200000 = (1) \ BOS
3 I n' \ /\_\__k ey
@ ® B10 e 1 1
-300000 - Y| ~
g SN | S ~ BO7
50000 |- \{J"' e e e
-400000 |
® (2]
-500000 ‘ : - ‘ ‘ -100000 :
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Fig.1. Lowpass-filtered seafloor pressure record at site B10. Fig.2. Records at B09, BO8 and BO7, where the initial polarity is

(DForeshock, @ @ Positive and negative dynamic pressure
changes due to accelerations of water mass. Negative static
pressure change due to uplifts of seafloor and sea-surface is
included. @Tsunami, ® Post-seismic seafloor uplift.

© The Seismological Society of Japan

opposite to that at B10, @Foreshock, € € Negative and
positive dynamic pressure changes due to accelerations of water
mass. Positive static pressure change due to depressions of

seafloor and sea-surface is included. #9Propagating tsunamis.
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Near-field array observation of the 2015 Mw6.0 Bonin Trench
earthquake: Modeling in-situ tsunami generation field

*Tatsuya Kubota', Tatsuhiko Saito', Yoshio Fukao?, Hiroko Sugioka3, Aki I1to?, Mikiya Yamashita®*
, Takashi Tonegawa®, Hajime Shiobara®

1. NIED, 2. JAMSTEC, 3. Kobe Univ., 4. GSJ, AIST, 5. ERI, Univ. Tokyo

SBIEEAG (PC) (&, HETHRE LHEICK 22K (BEOZLE, BT 10°-10%) OBAICA<AVLNT
X7z (e.g., Gonzalez et al. 2005). ZN & EIC, PGIE, BFSEROEMEAL(T10s) 28 A2 3 FHORAK

B (T "10'-10%) T, p=o,hya, (0, : BKBE, h, : KE, a, : BEDNENEE) EXRSN5, BEL
TENNEE ICELHI S 2 BRI ESAZEE (e.g., Kubota et al. 2017; Matsumoto et al. 2018; Saito 2019) + &3l
TBHIENHMBNTWS (e.g, Filloux 1982). 2015598 1H(UTC), NEEREEEICH W TMw6.0DE A HlT

EBitEIFREE L, BEREELICBEASINENERENDGF (APG) 7 L A4 N HENR, K, MBREHICLIZE
NEFHERBFICER L7z (BRIEHN2019SS)). CThiFEDRARBRET NERREERISOKELIL] &KL
FERIEFEDLTHD. XAETIE, HERK, K, BSLUMBRTEINBRET I ERREISAEMRT S0, 8
BESNZEHZEHOBREZHA 5.

EREEL, BEEDT7L—TCEAINTWBAPGRESHKICH LT, EIEHROEIMY BV DS, BEAYOE
EEERCPHERRYERET H7-HIC, hy MAT7EH30sOO—RRA 7195 BEHAT . BREELIC

KIRED /NI ZAHBREDEPEARBE 2P > Y EEEBTZ2ENZENRD, KEA 7Y NOEHIER S

nTwa.

APGOEESEBIRT 2720, £, 1HMOEMBAIREL, MEREHER (e.g,Satake 2002) ICETWT
ERAEEE L. ERMBOKEME, FE, E—X VN, %7 (strike, dip, rake) RUTEH 1 X ED/LS5 X
4 $Global CMT#E%#SZIC LD DEAEF #BIRT 2 & D ICHATHEERMICRE L. £/, HEINER
BEHOERIN SBEMBEIICHESI KEF 7y PEEDEELIIK ZEICLY, HREFOFELEE
L. COEEVITFILDETY VI T, BRELBARTHONZENDA 72y NPT LA TEBlINh
EEEE™0.2km/sTIHRNZREAH (T> "3 min) DREFREREBIRTE S (M, FF). LhrLars, BEL
B EOERERICIRN S LG REBAKIRIE/ LR (T<7100s) aBIRT 22 & IETEARL.

RIS, EREEICAWERKES, BUMEE— XV N, strike, dip, rakex H DCMTEETELLL, BRIERES:
B A 10 EREL T, BRI S DEMERDEEEFTEL (e.g.,Saikia 1994), BEDOENEEEETE L (H
, ). TNICE>TERELICRN A ARB/NILVAEZBIRT I ENTES. BRABICLZEBEENE
BIFEAICERL, BHRABICIZ2ENTREIENE IXBARARSRETIENELTHSH, MEEREL
EHLEZZEICE > THRTARBESKAZN - B - MERRD 2 SUEBREANLEHEERT DI ENTES
(Saito & Tsushima2016).

BRLIEBEDENEHICL T, BHINZEEOENETH A B<BE TS (0P, #ig). £/, 8RR
HBEBERLEMEBIX, SRFERLYS0kmIZEREA, L UVUSGS, GCMTOCMTED10kmiZ EILERD, &
AIRBI0D I EEEICHIE L TUW .
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FHEEBIC

Ho A7 B H#I30sD— R AT )L ZEDNT TN,
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New phase correction method for accurate numerical computation of
shorter-period tsunamis

*Osamu Sandanbata'?, Shingo Watada', Tungcheng Ho', Kenji Satake'

1. Earthquake Research Institute, the University of Tokyo, 2. Department of Science, the University of Tokyo

BERMETHERET ZZEDE K EHTkmD SHBEKMDER Ry —IL &t DBEELEICL > TElERI &

h, BRI EREFOREEHEIZ1000M5BA%. —AT, &YIMNEELRIECERET Y 2SI/

LV, 500U TOLYERERDICBEAISERNIEHNINZZENHD. 25 LAERAERDICEAISERERD
HERIBETEICH L TIE, Peregrine (1967, J. Fluid Mech.) TEH I N/ ERN LT T X RV AR A
BRI, BTSRRI BHECK (linear Boussinesg-type waves: LBW) EFILALIELIEAWVWON S
(Saito et al., 2010, JGR; Fukao et al., 2018, Sci. Adv.% &). LA LADS, ZOFEERETILHABEWVWT WS HE
TEDELUC & BRIBEEDIRENY, EEDIHE (Watada et al., 2014, JGR; Ho et al., 2017, JGR%A: &) TEA S H
ICENIBKDOEREN - HIROBEY - BKBEXE - ENEHICL Z2FROMEREETOMRICOVT, B
BAEGET 2EEORABTHICE T 2HEBEFH L CRARNLARIEITEAERL.

ZZTEY, LBWETIEIEEHE - FEFMEDRESR (linear gravity wave: LGW) ET LD ERE R %= R1E
JEIC & > TEHE L (Sandanbata et al., 2018, PAGEOPH), W& % tb#d % Z & TCLBWEFIIL D EXIEIRBLIC
LBNMEREDREDHELZER L. LBWETILODBERIE, LGWETILOLEEROEBRR %= kD (kix
L, DIXKR) OTROBEXTHELLAZHDICHET 2. MOMBEROLEICE >T, RAMEKS TIEE
U & ZHAAEREDREZIF/NSW—AT, EEAPICRZICONTEBICRENEBARL, LBWETFILOMIEEE
NMETT 2. TOLHDLBWETILZBWAZHEAEICSWTIE, EEERS MMEIRICGEL EHET 5 & WD RBEE
AREINS.

RIS, BEODEMEICMA T, BKOEHENE - Ik - BKBENRE - EHELICL2EZERTOMR%E
EUEKRET IV (the PREM Earth model with stratified oceanic layers: SPREMEFIL) DD BRI R A& L
(Hoetal., 2017), LGWET I EDLEICE > TEREDDERICL 2 EEETOHEA TR, Fig.1a T~
TEOICERBEEEICS WTIIMIEEEE TOESEETRBAREFHICEERTIAEI W, LHALAENDS, EEHI—
BRIKGRDEIRZT100 kmiciEd 5 2 & TERT 2ERFENZZ B THKRET 2L, —BAHICET 2B
ERFENIZEEEATE (100-500%) TL WY KEREEE S (Fig.lb). DI &, EAYPDERO AN REL
DEFICHEAT, REETHRICKZEHEEN K VIERIGEVWEASTHEZICRENSIEEZTEBTS. flZ
I, FEEAL kmAGROEBE % EOFEIC, AZED10 %DOERENHIEET 2 DICHERIGIEES~RAHH1,000%
ERAHAZ00MIIDOWTZENEFNEE T 5 &, BHIT1,0008 TIE#3,333 km (=10[%]/0.3[%/100km]) T&H % D
Ioxt L, EEI300# TIE#833 km (=10[%]/1.2[%/100km]) & EtE I 3.

AR TIE, LETHRLE (A) PBUEDELIC K 2ABEREREE, (B) EMMEEK - 2K - BKBEK
B - EAZCICL2EZEBRTHRONAEER L ERAMEROMBHEFE] 21K 5. XTERESD
EICK BEKRETEO— R - JAGURS (Baba et al,, 2015) #FHWT, LBWETIICE D ERKEIGEETET
%, ZTDR, BEKXKESTCOEREAGZEREDLEDRLD, mEIFH (2018, SS)) DFERICAS>TYAI LR
Ty T ENTERREISIC 1/cosh(kD) D RTTZEB 7 4 VI —%MNFT B 2 & T, BRAEERICHED KEICE
LZENEHORBEDRAZERETSD. E5ICHoetal (2017) DAMBHEBEABELAAREBWT, GEDRICE
B9 DLBWET IV ESPREMETILDAIEZE A D BBE/RA SFHME L, LBWOFERFICH L THAMEMHIE% i
L, SPREMET I OOEBEFKICE D CGERESERT 25 5.

AFE%, 2015FEEEED NINMERIME THRE LIERDBRET IV (Fukao et al.,, 2018) & AW/ ER
STEURICEA L, DONET - DART - EGBSEA A S5 37DEBEKEEST TOEEEFEASTE L. Z0iE
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2, SPREMETILODEEREFDABRMERMIZ, LBWETILICE D CJAGURSHERF & LB L TUTD
'f*#fiﬁm\ Shrz; (1) BEEDEERICBALEIRINF —EROERNMESARD L EHIC, FEI/IRELEL
, (2) [GIBEEEE A 500 kmUL EDERISRICEWTIE, [CHEBEHMIRC LRI EBEEREFENIRE SN
%;. LlJ:’CTLfJ.L*H%ﬁIEkJ:%’>a+%/)§2ﬁ40>7"4|:t;t%h%h, (A) DBUEDIELLE (B) fIEEEETOWR
P, BRAEROEMGEICEVWTERTERVWEEAEATWVWAIEETRLTWS., AFEEAVSE I L
T, INSOMREREEEICHA»AA, BRAERDICEALEERN 2L VESREICSTE TSI ENTE
5., ILICKFETHELRES) —VEBERWSERRERA VNN—Vavild->T, BRAPERERESE
ZINRBERMECEBREMTANYICHL TLY SBEEARRBITNTEEICR 5.

(a) (b)
16 T - 2.0

— 1.0 km 6.0 km ] — 1.0 km 6.0 km
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Fig.1 Velocity reduction effect due to the elastic Earth with density-stratified compressible oceanic layer. (a)
Phase velocity difference between linear gravity wave (LGW) and the PREM with stratified oceanic layers
(sPREM) models at uniform water depth. (b) Travel time delay normalized by wave period after 100-km
propagation over uniform depth.

© The Seismological Society of Japan -S17-08 -



81 7'09 Seismological Society of Japan Fall Meeting

Estimation of Roughness Length by Comparison of Observations at
Onshore Tide Gauges and Numerical Calculation Results

*Masaaki MINAMI'

1. Japan Meteorological Agency Meteorological Research Institute

S[RMEMTIE, BEOBRBREELLHEETZHODMBAEITo>TWVWS, TNITEREROBRIFEDY
B, EEORBLBBROFERDOLHICIE., BEOBRBEZERICIBIET 2HEN’HDZHLTHZ, LHL
BNNS, TNOICRZRBEEZET ZERBEGFEII NI TITIODATULAL,
INETIC. BEOERBMEFEFLGHREREFERN) TA—NR—aV 21— 4952V ZKRETERED
BRETE AT o7 (B - 18,2018 HAMEEZRMERRE) A TALOFEICSWVWTEH, BREOBRBRED
BERESTERD 272, ZZTEERRBREOBER LDZD, EHRESRIXDOESXDHUER
(F3,2019,JpGU) %fTo7h, ZRXDURICL ZBEDORERLIIREZL AN >, TNOLDHRITRE
ADFEIFNE NN, FTORRBRICEVWT, HLICHERBAZZ CERBESEATo-ERE, &
AME & DLEBD S, ROLBVAEERIAT IHERRAMET 2 ENARETHEI I LD 9D o7,
ZITARTIE. HRABRAARY MIBEWT, HERRZZEZA TERBEEZITV. ThODFEHERE
BEAEEDLHEAEITV., TNODRENSBARTOAROREMICH T ZHERBOHERT >/, £
9. 2001 FERIL—BFEDOHEMWS.4). 2010FF ) AEAFDOHE(MwS.8). 201 THERILih A X F hithE
(Mw9.0), 2015FF ) FEAFEDHEMWS.3), FEDA RV MIDWTHERBZEZ T, EEREESTES
To7. HERBUADEERGIEZE<E—E L. ZOHELHE LT, KEXLEAET (RE100E~FH
ZO0E) fAlEETA30M A v 2(GEBCO2014)& L., duiEmE. &M, WME. hMzECHEETIE. 108
AYVATRATA VI ETV, REBREEZRZ-HIC. REFE (720M9) OFE%To7%, SFEI—RIC
I¥JAGRUS (Baba et al., 2015) ZR\\. EREREFE (GhBROBEM L BKOBEWREZER) & L
BOHDEAEIR. FARY MIRBT 2. [IRTOREREFMCOEAME ([RTHIKRE - BFMICE
ZREEEFAHD15MME) #EALE,
INODFEFREBABICOVT, BIISESZLEEBTZ20TIEARL, BEAZEDIRILF—& L THET
2010, TFNFNIRIEBO2ETES L. REYAYORMATOREIRILFT—DORBEE LTKRD=, N
5% 1 BEEICEBAATES LER (2010F ) DEAF) A, figl TH2, fig 1 SHEERKIEDEE
FERIFASNMHRAMICEELTWER I ED DD D, I T, ZOBEFRAZ(RELHRLERKENE L&D
THERICK > TRDA(fig.2), KDSNAHKIE, HE2HERBXTOHEFERDERI RILF—ENX)IE. EEN
BWEE(EBRICE S TIRILF—DABIRLAWVWE LEBA)DIRILF—E I, HERKEREERE L
exponential decay CRIBHEZZ AR LTWS, DF Y, HERKRAMNEHIZEZ OEREUESE S £
L. exponential decay@RA MWK ENIX, FEEA XY NTCOBHABEBTOIRILF—ELN DD >TWVWBE, ZD
EARICHTIEOHZZEICE 2T, EROHBENINSHERKAKET D2 L HES,
DEDHEE, FFERAUSERLZER. KOO Z2HEREN0.05REICARZ I &N 7. T OHIFER
WMRIEICERZN, ARV IMNBICKESBRDZEIIRD 27, UEDHERI S, REDNEETOHER
HiE, BEORESFTETHVLLONTULWSIHEERI0.025& Y KREWVWZ &AEL REEI NS,
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Tsunami Event: 2010chile

— RL=0.025
RL=0.031
RL=0.040
RL=0.055

— Observation

RL: Roughness Length

hour f OT.
ourtrom fig.1 Time Line of Energy Integration at IMA Tide Gauges

- 500

R-Length @450
—_ T
0.025 2 oo
= 0.031 350 .
0.040 .
0058 :jjijgﬁijﬂiiy "
250 LS
\‘\,‘
200 .
\ .f_:\ 150 approximate curve
A 100 .
\Y y = 598.63e217%
R AN 50
— N
0
0.00 0.01 002 ©0.03 004 0.05 0.06
% x = Roughness Length

fig.2 Relationship between Energy and Roughness Length

© The Seismological Society of Japan -S17-09 -

0.07

NN
——— el
e R = S e
—= —at SES=S=S
48 st sa 57 60 6 66 69 72



81 7'1 O Seismological Society of Japan Fall Meeting

Origin Time of the 1854 Tokai Earthquake Estimated from Distant
Tsunami Waveforms

*Satoshi Kusumoto', Kentaro Imai', Ryoko Obayashi', Takane Hori', Narumi Takahashi®',
Yuichiro Tanioka®

1. JAMSTEC, 2. NIED, 3. Hokkaido University

BN 7AVDIEAAAT T, BERMEL ERLBHLZ10005200FDERTRY IRLEEL TV

3. ZDOH>B184ERBEEMMEIX12H23AF IO 15DEICEEL, TODES & Z30BE%ICKREEEH
ENRELLZIENERAEISHLNER>TWVWSD, ZOERGERMEELICOVWTIHKREZERLN 9D
nTwa (BRI, BARMESR, 1951; FREFKRE, 2005) . INODOMEICK > TELEBRIET XY
HAFOREFCHRAShTWR Z &M r>THEY (flZIFE, Unoetal, 2018, ACES) , AR TIE, K
ZOAIICRESINAALITUMTZANIT, ALTANZTHNH YISV RARVCY VT4 TIDOHGE
BETIIIEL, EREBOBEY I 2L —2 3 Ve BT 52 & TERHEEMEDEREI/FLOHE %
AT,

9, MEBEADOFALIEHRKICK L TGolden SoftwarefDidger 4% AW T ERBR CHRELLEIT o /. RICTY
G ILE LBk & BBy A LY 5 2 & THRIMEEITV, ZD%0.0005 HzD/NA /RR 7 4 LY —IC
& URIRDERYRWE, EREEBOREY I 2L —Y 3 VICIXJAGURS (Babaetal., 2015) %#{FHA

L, P RFER S BREEEICL SMIKOBEEECBKBENREER L IFRHOBRERICEDWVNT
ZNEThORFATERRM Z5THE L. SAIRRKRIY ESTERREF Z LR Y 5I1CH7> T, ILHEMNHKER
TH? I EPHREMBOMMUS TRIBICOHT 2BREN BV L, BEBESEICIIAIEEME SALREOHE
F—9EFRALTWEIEARFAT, BROE—~ZHOBEBBEREICE DV TGRS OB ERZ % #
EL7.

T UG IAE LI EADRI IC SRR HE ORI A BHRICEH I T W e, STERP SSAKRM & LB L
el s, RIBIZEDBMAS THLHAL Y RE< o7k, ZORRIIHESEICHAWIREDH & RBERE
BRRNRELLEROMPIAE S RREIEICERTZ2HDEEZIOND. FRKRTIE, Ihbo DR
EHIEY I 2L —Y 3 Y ORBREEICREERBMEDZRMERZICOWTERT 2.

HEE - AFRIFISPSHIFAE (16H03146) , H25-RTFEXEMFE [FiE S 7 REMENKHFR IO
s bl (MRARERE  BIEMARERERE SHFRT) O—RELTiITbhILL.
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An evaluation of tsunami occurrence probability based on tsunami
deposit in eastern Hokkaido

*Makoto NEMOTO', Takashi YOKOTA?
1. OYO Corporation, 2. Aichi Institute of Technology

EROEETIE, RENMSEEMBETIVICE I O FH Y FBONY— REMI TN TELN, RATIES
WOREMEEEBLAMBE T IVICE DLW THERRIWAEE N\ — RFHEATHhh 2 LD IR >TETL
3. TD—AT, REPBERRE LRGN AERTMMEREZBN T — 9L BRI EIT#H L, Z20F
LUMOFMAREBE L > TWS. AR TIE, REBOERHEEN T —SICEOVWT, AT —90mEISE
R ERE Ol & B A 7.

AN - R (2011) IC& BREMBIHEOERHEBRYRETIE, 77 5 Ta-cLARFD2700FE DRRHRY) &
LT, 10BDARY MPENRDAN>TWVWS. ZDARY MNYEBEDREZEE L. FRHEBEYERS & EKRH
LB DOBFRIE, 201 TFRILMAKTEDEOERR T — & ICH T 2RFAHVCRHED (2013) I > TiThh
TW3. ZhIZHLT, ARRTIZZRHED (2013) OBBIT—FICH L TERYIaL—YavaHAT
e THEOREFRE L UBER AN, MBORRERYESICHL O2nzmELLes 2R RELSE
WHEHXD 2R, ZORARZEZAVWTHHAEDRZKREBYICE S (HERRE LEORBHEEDH 2
BLELET, M (1982) OREFoTHLEFEY I/ =Fa1—NICEHL, ¥J/=F1— NORBEHESH
EHEBLE. 20K, ME (1982) ORIFBFICEITZRKEOFAXNTH 21, HHEICH T BERZK
FRZITW, BKEEBESMIFELWI EZRERLE.

7z, EHUBEOT—4 & LT, RibkZE DEREMDB] 5, REMIIYUBMEIGEREE-S LATER
BOHMEICOWT, HYBELISERIMUADRSTY AR OERRENST —9 ##HH L7z, #E LERERE

BET—YDESEIF1973EREFEHRHEDC.OmTHY, RICEVDIF1843KFREHED3I.OMTH
5., TINELNTWSHERN1843FE~2018FD175FBTH B0, BERMERBYWT —4 D2, 700FE/M &

bt did, REHEEA15E (2700+175=15) L.

B, ERDT—49E LT, [SRKFO—TEEBRT—% (1923~2017) H5, MEAXRIICKL 2 T EBEDT
A D S BRILBE M 5EZE350kmURDA Ry hERH LT, ¥/ =Fa1—RICEATZ2RBEELMEHAN
7=. biEIZ1.05TH 3. —TILEBRDOT— Y HIRIZ, 1923FLUBDMISER TH D=0, BERHEEIT—4
D2, 700FEMEEHLE R/, REEE%281% (2700+95528) L7-.

MEDESIC, #2700FR1H 5 DERHERBY T — 9 HESNTVWBILEERBOBEHILEICTH LT, &2
BB T —49, BEREMET 9B LUCHERE T —YICEDWIR I ZFa1— RORBEHEESI W EIEK L
. TORR, ET—YDORBHEELFIIWR—DODRTRIT I ENTE, MwS.0D 1 XY N DEIRHAR I

504, Mw9.0D 1 XY M DFBIRHIMIEH1,000EL 52,000F & HETE S (K1) . £/, Utsu (1974) @
WRG-RRAZEAT L, RABREDT I ZF 21— RIF9.05&HES .

AR TELNEZEEAUT — 4 ICED GERE LS OERIHAILERHERY T — 9B ONTVWBRL M
MTULMTIZARVEDD, EVEARENSARING/NY— REMAKRAZ OISO RBEDH T EDRE
DIRETHZOHEEMBICTMEAT 2 & KD EEBIC, SHROBRRBIGER/ Y — REEMOZ LM %R
BEL, KYUEEMEOBWNY —RTHEZTODICHELRT—9 15, AHROKRETZRIOHIBTEHERL T
WS ZENEIFEI NS,
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Room C | Emergency session | S24. Off Yamagata Earthquake of 18 June 2019

[S24]1PM-1

chairperson:Masanao Shinohara(Earthquake Research Institute, The University of Tokyo), Kazuki
Miyaoka(Japan Meteorological Agency)

Tue. Sep 17,2019 1:30 PM - 3:00 PM ROOM C (Research Bldg No 8 NS Hall)

[S24-01] An outline of 2019 Off-Yamagata earthquake
*Kazuki Miyaoka1, Kiyoshi Takeda', Yuzo Ishigaki1, Koji Nakamura', Satoshi Harada', Fujio
Kusano?, Nobuo Harada (1. Japan Meteorological Agency, 2. CeMlI)
1:30 PM - 1:45PM

[S24-02] Spatiotemporal distribution of aftershocks of the 2019 M6.7 Yamagata-Kki
earthquake
*Keisuke Yoshida Yoshida', Satoshi Hirahara', Takashi Nakayama1, Naoki Uchida', Tomomi
Okada', Toru Matsuzawa' (1. Research Center for Prediction of Earthquakes and Volcanic
Eruptions, Tohoku University)
1:45 PM - 2:00 PM

[S24-03] Yamagata offshore Earthquake in view of Historical Earthquakes and
Crustal Movements
*Kazuo Kawauchi' (1. NIIGATA UNIVERSITY OF PHARMACY AND APPLIED LIFE SCIENCES)
2:00 PM - 2:15PM

[S24-04] Onshore temporal aftershock observation for the 2019 Yamagata-Oki
earthquake
*Tomomi Okada1, Shin'ichi Sakaiz, Keisuke Yoshida1, Naoki Uchida1, Takashi Nakayama1, Satoshi
Hirahara1, Toru Matsuzawa1, Ryota Hino1, Masanao Shinoharaz, Richard Sibson® (1. Research
Center for Prediction of Earthquakes and Volcanic Eruptions, Graduate School of Science,
Tohoku University, 2. Earthquake Research Institute, University of Tokyo, 3. University of Otago)
2:15PM - 2:30 PM

[S24-05] Aftershock observation of the 2019 Off-Yamagata Earthquake using
anchored buoy ocean bottom seismometers
*Masanao Shinohara1, Shin'ichi Sakai1, Takeshi Akuhara1, Kimihiro Mochizuki1, Ryota Hinoz,
Yusuke Yamashita®, Hiroshi Sato' (1. Earthquake Research Institute, The University of Tokyo, 2.
Research Center for Prediction of Earthquake and Volcanic Eruption, Tohoku University, 3.
Disaster Prevention Research Institute, Kyoto University)
2:30 PM - 2:45PM

[S24-06] Active period of eastern margin of the Japan Sea
*Yuzo Ishikawa' (1. Geological Survey of Japan)
2:45 PM - 3:00 PM
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An outline of 2019 Off-Yamagata earthquake

*Kazuki Miyaoka', Kiyoshi Takeda', Yuzo Ishigaki', Koji Nakamura', Satoshi Harada', Fujio
Kusano?, Nobuo Harada

1. Japan Meteorological Agency, 2. CeMI

2019% 68 18H22652243IC, IUWERAMDRE14kmTMj6.7DMENFEE L. BRIIILFE - FRERERED
HERI0kmT, MTREN LT TREE6HR, IWHRBHET CEEOHZERA L. I OMEICK Y EHBET
BorETIecm2yE, AR, IWWKE, HRE, AIRTEREZEALL. XERBIIEILAE-RERAMIC
Eh#zREOuER TH > /.

FOROMEFES IR —FEEARAOR I 20kmZEDLEIS T, FHIIAE—RERTHBLTWL
3. RAMj4.3%5ED, Mj40ULEDOAREHN7HISAXTICSEFEELTWS. L, BES L REETH
S LEAREOHEDRERHNE L CITLHBMNERTH 3.

HARBORZTIEER S5 FE(1993F)biEEm i hE, BHSSE(1983F)AARETIME, 1964FEDH At
E (UT, fsthE) , ERI6FQR004F)FREHRIE (LT, FEhthE) 4y, HEOKRELHMEIK
L TW3, IhooEREENETN, RS LA —RmEREAREDEMREICKL 2 HEBE TH 2, 2D
BEOERABIE—HFTHRWNINY D, REDALREHOSEROMBEMEEI NS R Y, EMABETRLE
LEETHB I EERHINTWS. LA BF X, T Z Tk Double Differenceix (LU, DD%) #HW
EHMAREDSHICL IMBEEEES K UFBHEL DNEBRERFICOVWTOERAB IR > k.

Fig.1 ICIXRTAEEA2HB L/-DDEICL Z2ERDAME ZDLEAB L VOEBEOMENE R LZ. AEIEER
BIOREREWNMEMICHEBELTHY, TEAEORLTRAENMVALVEFIELONS. REFXSAMICITER
TEHRAICENTZEICOB/LTEY, REMBO2HROBED S5, MRIENOEALEE & AMNTH
3. BEEOSTERLBE, FEE2SOAEDOWMATIHERIER THZEOD, MAEKDHEE TIEIh &I
BERZUEFAICENT I2REONGEHIESN TS Y, hldhELRE ERAKIC, BROMBEOEEN TR
na.

Fig2ll I3 SEIDOMEFRE & FTRMEORELH (BF - JEH, 1991) L DUEBMRZTRLL. SODEEEIE
FIREOEMSICHEL TEY, MRMEORENMILAEREL TVWRWETSOIOFEENFEELLD

ENOD D, FIRMEOMBEICDO W TIRAEER, RERREVWKIONDETILIREINTWVSED, ZOF

TEE - BB (1991) BRESHH,DL, SADHEMER (N70°W) OETEELALIEZERHLTW

%. FiglICR2 &S ICHBHEDOREFHOERLHDICEL TV SOOMEFEHORARD A LEERID
HICAmLTWAZ &, B - JBEA (1991) OEMEZXIRLTVWEEDEEILNS.
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Spatiotemporal distribution of aftershocks of the 2019 M6.7
Yamagata-ki earthquake

*Keisuke Yoshida Yoshida', Satoshi Hirahara', Takashi Nakayama', Naoki Uchida', Tomomi
Okada1, Toru Matsuzawa'

1. Research Center for Prediction of Earthquakes and Volcanic Eruptions, Tohoku University

RILEBATIE201 T FRILAMEOREICL VRAETBEAVBED LEZICERAHLY, SROFRMETEHN
L7, TNODREFHOZ K IIRFEBRHRBREZFDRD2DICKANT 5 EATZ S (Yoshida et al.,
2018): (1) RAAEHMEE (FBEZICERIZA NI LBERDEE., ThOoDA D _XLBOEAMEIE, 20114
HILHEROBAZTLDEAAE L BT 2, flZiE, KARFEEY. E8-RREETECLMER
B, Q) ROEBERANN LA DX L@EERFE, EROFEHISXREAE migrationd ZEEFRMETH,
i, IL-BEBREXIIARE. WHBWWEDTE CABRMEES)., Yoshidaetal. (2018) &, (1)D% 17
DERMEFTHNBHOEEAEE ICERT 2B AEMEETERE L, (2) DY M TOFERMETE
BRSO REEEINCH I BEBRTATERETIEELDIEICLY, TDEDEBEBRTESZ L
HRL7.

2019F I THRE L= M6.7DOMEIL, BLZREAMIC PHIZFDOHMBEDX WX LEERFD, D
WEH, BHRLE RQDIA FICBTHDH, HEZWIERZERICLYBIZRISNADONIEBTIEA
W AR TIE, 2019FILUFHD M6.7OMEDHKEMBIC O WTERDRDZENT, KREOFHELEREY
MEFARTVWEDT, ZOBERICOVWTHRET %,

EROBRE, BEFEAEARICLYESONAEEET —9%, —TERIEHOP, SKERERZT—4ICMA T
Double-Differencei%x (Waldhauser & Ellsworth, 2002)2@H 35 2 &Ik WiTo 7k, RIS, EREEEE 3
kmURDOMER T, h¥ OV EEHH 5 WIETE L PR ESKESZERLDO.1sHIN SR FE 2 ZNFh 2.5,
4.0sDRE DwindowZzFAWT, HEHEEBRHZEGFEL. TNIFRKRICARDIEFOEEFREZ RO, FTHE
DEREDHEBERNYREZDHIC, 1 9L —2avDR¥ETIE. BREBICLIVEONAREZET —4ICEVE
HEHITTCERMBEHE L, 1 9L —2avOBET, BEMEEICLVYEON-ERERER
120msechH* 520 msecf2E £ TR L 7=,

EREREDER (M1). BRODMmIE. cloudKDSEMDsharpREIRBENERELLEILLE, TEREA
BEERENTHZEOD, EHICIEFEENT2HED0ER LN, AEERIE, RIERT 2EEED TiHRED
ICHIBY %, ZORBICIKKREDCEABINR SN, FERORKIRYEERBLTWSEAE LARYL, ZOY
1 X1E, ISHBETE IMPa%RE LBICFEINZMEBY 1 XICHRTIHESBICHAEI L,

AEBERORENSIE, BEEEHIIBHLTWHEAIGR LN, RWTANY PERKEDIEE % KL TL
SEEEMENIEITOND, EROBEIESIABRICKEBEETHY, 2) DI14 FTICROoN B R EFELT

5, ZDZElE, SOOHED, FHEISDRABIANCLIMBEEBETICLVRELEZIEETRET IO,
H LAV, RihhEROMBEEHORE (Huetal, 2016)VRETD Y ) —FICHES AEMIC L 258
& (Meneses-Gutierrez & Sagiya, 2016), SEIDMEN1964FEFMBETMEDRETH I A EDTREMLEL S

HELYFMICHRE T 2HMELH BB,
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Yamagata offshore Earthquake in view of Historical Earthquakes and
Crustal Movements

*Kazuo Kawauchi'
1. NIIGATA UNIVERSITY OF PHARMACY AND APPLIED LIFE SCIENCES

2019 6 B18HILFEHHEMG.7)IE, 1964FEHBMEMT.5) 2 ST M7-SHOELMEIREYIRI N TE
HEEBATRELE. COBRBIMEESEFRUFREOHBICMNET 2FMRREESRADOEET, BABR
BEEEDOREIBIRICIEBEYT 2. 1833FEERHMEIL, ThE COMETIHBEDERFDILELEHEL
THEEPISET 2 EEZZA5NTWS. 17625 EEHMHE (FImamura(1947)LLsk/METERI R 5 OB D 1
EEIhTWE, InEPBE90)IKIEEILAH, = 5ITANQ2000)AZFNETEIHS N TWhZDERY
EZEERBLT, NMEE TER] HOEEMEESBIELE. ARN2000)ICHEAILI DEEOM7RIRE2SD 7
BUERLOEIZ4DERS.

1964 FEFTBEDEREIZ, REXHNOEEADLOE LALLE-FEAEAORAOHREHEESN, &
DEHIEERIBIOICELTWS(ET). BREHFELCIHASISICEEAARICAMNICEV 2EBETEEH

T, REOBKICIIEHOARAEBERT 2HILE-RERAALODEMGATHKRS N [EBHERE] »
[WprEthiR ] NEF AL TWE. FHARBEZTENZEERE/II, EROFHIISSICRERMENSIZRE
NDFERIE, ZOEHECPEEROBEMICERIN TRARMICE->TWS., BERTHFHRIBOFERMET
Z, 1828F=F&EIFMOENTSEY, AN - KAK(1996)IZZDHEDILEASHIER Z1670FEmBERME (M
FAthE)DEEEERE L (K1). 2004FEh#thE, 2007Eh#htE, 2011 ERFELSHMEITISSICE
FRWLERBAATERELKL. 5D2&EEEHED IERII=8%TE] OMETHS. FEL, KF1921)D 1§
BILREMET] ENER-HREEAS. EROFEHEZFBALEICBLIL THD E, FHALI S
fE, AWM ANEVSZEETEZRHEI I ENTES.

FEERO(973) DB EDKELEH LT ICHEDRIMNMBREEISEIBELZEDTHEN, ThIERAHEZEZS
EERIFIOGEWHIR S AN ER IR L AN SEAEE L2 ERLTWS IR - KK (1997)] . &
ENRALCKANMEBLANSKELEZIEEZINLE, REORAICKHBROH 2 BEROFKE (FADH
BWARAOMIBICO L EN S ME) N"ERMBCTHE I EIIESHTHS. INIESOEDHEDMIERIC KL
LB EHDOERPIRTOREMIEMR S+, F7/-2004%F - 2007F - 2011 EDHEDZFN & HRAMBTH
%.

FESRhE AR DHEMEDEHERES L VMR LEHOREI SEA T, BRERELHEIXEEHNSREA
N-FREBERNEZET D LD ICIFAHAZRV,. CLASHEOMEORREZSCORESADMFBHALA ML —
ICHIB TR, SHEMBEALETTWVWS., ZLTEFNIRENOYNBI =#8 L - EFRERNMELAE >TSS
Y, THB-MPEAEDE] ICEHRITDZIEETEBLTWS.

(51 FACR#Rk]

R (1973) , #FURMERD - B - ROMWRES), HEFMERIIEK, 9, 93-96.

PE (1990) , EB128F (1762%F) - ZF25F (1802%F) LEMEDHRER L K, ERE, 6, 1-7.
Imamura(1947), Seismic Activity on Both Sides of Fossa magna, Proc.Imp.Acad., 22, 314-317.

AR - KA (1996) , 1670FmEEERMEMG 3/4)DERDEMREYT, ME2, 49, 337-346.

AR - KK (1997) , 1964FEFTRMEIC L 2 IROIEE & ERINIMEFTDOT I b=V R, HE

2, 50, 303-314.

AN (2000) , EEEEHME (1762%F, M7.0) OEROBWHE, EHRE, 16, 107-112.

A#FZ (1921) , RE7TFEEMNKIETMGHERERS, BXFHRAEREREHEILS, EXFHHAER, 16-69.
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Onshore temporal aftershock observation for the 2019 Yamagata-Oki
earthquake

*Tomomi Okada', Shin'ichi Sakai?, Keisuke Yoshida', Naoki Uchida', Takashi Nakayama1, Satoshi
Hirahara', Toru Matsuzawa’, Ryota Hino', Masanao Shinohara? Richard Sibson?

1. Research Center for Prediction of Earthquakes and Volcanic Eruptions, Graduate School of Science, Tohoku
University, 2. Earthquake Research Institute, University of Tokyo, 3. University of Otago

1. [ C&HIC

20196 A 18H228223 12, IWHEMICEWTME.7TOMENRELE L-s AEDANZXLER (ZREFH LY
BERIR) (2. PEAHDRER-AILEABEE2BE K EMEBERORBRTH Y., RENOEEmOERIZN30°, FEERO
EEOERHIWE0"TH B,

COBMEDREAT 2B HRICIIRRBEETOSBERU TR LHICIRTEERELZRA VNS I ETH
EzLF2enTE2LM/FIND, $h. BEREFIOMEREERE L. COMBEOREKEEZNS L
TEZREREND D, RIELRFZERAMERTMEIAERERZRIEELEICH W CERIFMESAZ1T

IRote, AFRTIE, BRIFMESRAUAT -9 2RAVTHELNAERESHPHEREEBSICOVWTHRET 5,

2.7—% - A&
R L DERIFMESAIAERERN 2 RN SORAB L, R A Y 4 VERBlR GRRMEN : 4 1. Rib
K:2R) EAT7FAVEAR (RIEK: 3R) BHERIN. BLEREFITO S 7OBFIRAVICEREL

o BONERET -9 52 ERBEAICLE T -9 EEHLETHETICAW:, BRREIX. Okada et al.
(2015)DHE R EE #1E % WAL & L. Double-Difference N EF' S5 7 4 EIC& VTR > 1=,

3. fER

EEBIRZAVCREORFRRE (FH - i, X¥R) Bk, REDHBREEICRICPSZPNMMER LD
ELTHELNT, >T. AEDAAZZILBO 2 DOOHEAD > B, RICIEMN L HEIEEICHBT 5 &
EZiond, ARRRIER LARBEOLCICHEKFBICMAEL TV, ZORICIEMNLEZRESGDORBER
RBIREEEFOARMEICHIETELIICRA2, —FH. BRE (REH) EHTIE. RELHIECPEMT
HY., BICPPEATERLTVWEERONIRESF OB/ LN, COBERORBEOLTIE. FEDA S
ZZXLBO2ODHEDN DB, BICHEFM LAHEICHBLTWSEEEILND,

S2E =,
4. Fs

201 T ERILHPERERICRIEM AR EDW DHADEETRILHMEICIVEBERINELZEEZZAONDHE
MEELTWS (Okadaetal., 2011, 2015, Yoshida et al., 2018 2 &) , ZNHOMEICN T 7 —O VG
HNEIZETHY., RIGAHMEICL DIEHEILDEDHEEZITTWEEEZIONS, —A. UWHEHHED
2ODEETORIHMEICLZ7—OVIENEIZTEESEATH o7, Uchidaetal. (2018) 1. SEID
HWEOERBEZEVERKICE W THRILPHMEROMEFEOER T ZEHL THY. WHEHAHEIIRT 28D
J—OVIEHEILEEBELTWREDICEZALNS, L. RILHHMEOHMERZTEIPEICHET 2

1964 FEFRMEDHELZER T I2HNENH D, —A. 2011 ERILPHEREROFRMEBEICOVWTIE, B
REORBILAREDNSERREEN LEFEREAE LTEIASNTWS, BEMES LUOEAMRICK 2HER
BENESZ 71 DERMSILUFEHRMEBEOERIEOREBICEWVWTEVp - KVs - &Vp/VsDBEENHEIRTEZ S
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ZEND, IIREHBREORERR E L TREDESHEEA SN S,

On June 22 (JST), a M6.7 earthquake occurred off Yamagata Prefecture in NE Japan. This Yamagata-Oki
earthquake is located within the East Margin of the Japan Sea (EMJS) strain/deformation concentration
zone.

To obtain more reliable aftershock distribution of the 2019 Yamagata-Oki earthquake, we deployed
temporal seismic stations. It began about two days after the earthquake. We used the double-difference
tomography method (Zhang and Thurber, 2003, 2006) for relocation. Initial velocity structure is from
Okada et al. (2015).

We can see major eastward-dipping alignment with a dip angle of 30 degrees. In southern area of
aftershock area, aftershock distribution seems to be complex and we can see westward-dipping alignment
with a dip angle of about 60 degrees.

Focal mechanism of the 2009 Yamagata-Oki earthquake is reverse-type with P-axis oriented NNW-SSE
(e.g., F-net, NIED; JMA). One of nodal planes is eastward dipping with a dip angle of about 30 degrees,
and anothers is westward dipping with a dip angle of 60 degrees. These nodal planes of focal mechanism
seem to correspond well with the aftershock distribution.

© The Seismological Society of Japan -S524-04 -



824'05 Seismological Society of Japan Fall Meeting

Aftershock observation of the 2019 Off-Yamagata Earthquake using
anchored buoy ocean bottom seismometers

*Masanao Shinohara', Shin'ichi Sakai', Takeshi Akuhara', Kimihiro Mochizuki', Ryota Hino?,

Yusuke Yamashita®, Hiroshi Sato’

1. Earthquake Research Institute, The University of Tokyo, 2. Research Center for Prediction of Earthquake and
Volcanic Eruption, Tohoku University, 3. Disaster Prevention Research Institute, Kyoto University

1. ELC®HIC

2019F6 B 18H228 223 tH, I RBEATHDRETK14km ZERIRE T H5M6.7DOMBENFRE L, T D
BICLY, fTBRENETTEREEZEAL. IWRER, FHRE. AIRISERITHRIMIHSI N, HEIVFEEL
oo RERBEIAILA-—RERARICENHZFOVMEI T, WO IAEMEEEZI LN TWS, BFXE
RFEEICIE VT AEFRFTEMEINZFBENEFEEL TS Y, SO0HMERZOBED—HIERLTWEZ &
MEESNTWVWD, SEOMEORREIZ. EHERBEHUMOEETH 2D, BREEBHEEE>TWL

%, ZDLDHIC, BELBREDHEROZHICIE. BREELICE T ZBEBESICLZEUNMVEFRTR
TH?, TIT, SO0MEESE T OMBREZOFHZERICIEET 0. BEREELICEVWT, B
EMER 2 AW RSEAS S OBRRBEEEDBFRMEICEVWTERRT LA —SBlZERET &L

oo LOLADS, BREELOBEIKRIOONE Uik, KEBBHENERGBHEL>TEY., BEB
EHAICAVWONZEREZETESFLXNBEMESCL 2BREGANEL V., SO, BEHSKICOWTIEXET
HBZEEFAL, BELARBITAARNICLZBRBESICI Z2EAEREL 2,

2. A

SEfFER L BEESRIZEE L. KEGeospacett DOcean Bottom Recorder (OBX-750) T#H %, Z DEIRIZ
Blx., BARKRNIS5Hz3 O EERMESHGS-ONE OMNNE /NS RO 7+ v &#BE L T, 750mE TOKE
TR L-BHATRETH D, BHL TVWEHEBEFEEMIMTVWEERBICEARLGCEHITRETHZLHIC, L
RY Y TEBEEHLTWRWL, hESFORBAEMS/2HIC, 2HMOBERIEHE AAFIAMEMENTWS, NA
RO7 # VIE10HzZL EDEEEICDOWT, FHEAFMHE R > TV, HESSLIUNI ROT7 4+ VD LDES
I$24bit-A/DEh, XEY —ICEHFINEFRIN D, AEERICK UHNI0HEDEHREALATRETH D, KEX
&, 52x21x11cmTH Y., EEFEEZHFHN11kg, KPW4kgD/NRELREBTH D, ZEFICOWT

&, OVCXO ([EREEFIEKRREERTF) 2AVWTVWS, REBICODVWTIHBRE T4 K& Lk, 74 NBLICH
2Z&IC&Y, BRICREMADHD I EEZRAMT 2, RBURAT LI, £9. O—TRIRICRED/ZDHDIEE
22kgf2E) &DIF. $1.5mBEL T, OBXEEY T3, TDEI2mERRIC. MRIEHADT7 Y hH— (B
Skgi2fE) A2MEEY ffiF. BERET S, MIEDAT7VH—2HWVWRZ&IC&Y, BAVEEICE ZMUBDORE
HRALET B ENTE D, ZOHRMI75mOO—TRKIC, O—FLEHADE (EE2kgf2E) #{FF. I5IC
20mDO—7%N LT, T4 2R IF7, ZOXBAKRE T4 AXNBREMLES3IE %R, 5kmd L U8.5kmiz
EORRTEREELICERE LK, KEL7IOMD580mMTH2, RERATHBD I &, REHKENT00MUT
EEXRWTEEEREL, OBXDT7 OV EDIBRE LTS, 500HzDY > 7Y ¥ JRIEEIC TINER %

7o7z, 7THASBICEREBEAREL. ONE7B13BICT o7, BINETHDI12BICHRE 714 AR EBEEMEE 18D
TADREKLTWBZEDERIN, 12HRCIBHICEIREERIERFEE T o720, BIAHNSIREER
TRERINhTUWARYL, 2E0ERIEFIZI3HICENRS N, RFAT—IEEIhTWD, —A, BELT
L A —SBREFERANCIE. BERIROINIREREFT 2RV, BEREOBEMEICEWVWT, BEREES
Al BAHENELRD LD ICHMEREL. IHELERIFRT—INELONE, SRIE. BEMEFICK 2R
BFEA R & BREBOBFMIICHRE L RSS2 SOUEESIAN SO T—9 52 HE T, BEOLIWVWER
DHEERDZFETH 5,
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Active period of eastern margin of the Japan Sea

*Yuzo Ishikawa'

1. Geological Survey of Japan

SEGCHISHICIUHEHRTME.7DMENEE L, ZDEIE. B)I(1994) A EE R & 5 L TLW=FHA
HRED TA] SEEBOEICHELZMBTH >, BRBRELEH T TOMEBZ SHEIZ. 2014F118
22BM6.7RBFEILEOMEURTH o7z, COMEIK, LE 7+ v BT/ T TRELTHY. BEABREE
BHEICIEEENLRVEAEH D, MALBEKRCOEABERBEEHT CIE, 3-TTHEERICEZARY - FRERE
BEOMEME.7EMA - SHRBEEZ DHEMG.4LIETH B,

HABRZTIL, 1939FBEMEMG.8,M6.7DFRELRMEFEICA->TWREERHLTEE (A
N1,1994) , 7=, BRBRETOMEREDRYIRELIZ. EEN S 7VPEXNESE - TEBEDL O BREKH
EDBRYBLEEDNRY—VEREER>TWS, Zhid, BERBRETIEEADOTL — b OHEITEEHE
Wiz, HEREDORYIRLERIRVWEZDERDNS, ZOOBEDOMEZTEHER,NHRE CERE TR
ViR LEELAEZEAIXIFEAENShTLAW,

HMEDRY R LREED/INY—VIFBALHTIEEWD, FEHHEHBHEMEVIRL TVWE Z EFERITYL
%, TNEFNOHBIZABTITEVD, BIRIOFEEA 1741 FEICIBF Y 1833EERME TR TV EE
ABLNZDT, 2FEBERZ, SEDFRBEANT1939FEICHBEF>TWVWEDT, HELALHPEEKS DTHN

X, WEZEAHEW ONEFET IO TELLIESKERT IHELNH S,

SE R
AINE=1994 B n=Z=ZaE, AH IEF] 1994,547,102-107.
PSHEALRR,1994 iEEm A thEER E ZAE, BT EF] ,547,211-218.

MO : BABERGOMEENAESE (RHgE) 3B (AesE) MEYIERLTWS (A)IL19940H
ICINZE) .

FoEik, BEREICEEHBEOERREESE (F8,1994I183) .

THEIZ, RFEEMCKEMEIF EFOMREICIZFIERIGEL TWS, iz, FTimsfEE1550F TLICkKSIFE
RRIEW, #ERE. BRICEZAMEOEREZEZZERICHBELTEVNTH S, TOEOEEILZD
WEOYI=F 21— K,
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Room C | Emergency session | S24. Off Yamagata Earthquake of 18 June 2019

[S24]1PM-2

chairperson:Naoki Uchida(Graduate School of Science Tohoku University), Hiroshi Sato(Earthquake Research
Institute, The University of Tokyo), Atsushi Nozu(Port and Airport Research Institute)

Tue. Sep 17,2019 3:15 PM - 4:30 PM ROOM C (Research Bldg No 8 NS Hall)

[S24-07] Characterization of the crustal structure in the epicentral area of the 2019
Off-Yamagata prefecture earthquake, northern Honshu, Japan
*Hiroshi Sato1, Tatsuya Ishiyama1, Masanao Shinohara1, Shin'ichi Sakai1, Akinori Hashima1,
Tetsuo No?, Shuichi Kodaira?, Takeshi Sato®, Makoto Matsubara* (1. Earthquake Research
Institute, The University of Tokyo, 2. JAMSTEC, 3. Sapporo Regional Headquarters, JMA, 4.
NIED)
3:15 PM - 3:30 PM

[S24-08] The relationship between 2019 Off the coast of Yamagata prefecture
earthquake and 1964 Niigata earthquake
*Taku Ueda’, Lina Yamaya1, Aitaro Kato' (1. Earthquake Research Institute, the University of
Tokyo)
3:30 PM - 3:45PM

[S24-09] Long-period strong ground motion observed in the Echigo Plain during the
Yamagata-ken-oki event of June 18, 2019
*Tomiichi Uetake1, Kazuhito Hikima1, Shutaro Sekine® (1. Tepco Research Institute, Tokyo
Electric Power Company Holdings, Inc., 2. Association for the Development of Earthquake
Prediction)
3:45 PM - 4:00 PM

[S24-10] Rupture Process of the 2019 Off Yamagata Prefecture Earthquake Based
on Waveform Inversion with Empirical Green's Functions
*Atsushi Nozu' (1. Port and Airport Research Institute)
4:00 PM - 4:15 PM

[S24-11] Science literacy of Twitter users considered from "tweets" for earthquake
clouds before and after the Yamagata Offshore earthquake
*Yoshiaki Orihara' (1. Inst. Oceanic Res. &Develop., Tokai Univ.)
4:15 PM - 4:30 PM
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Characterization of the crustal structure in the epicentral area of the
2019 Off-Yamagata prefecture earthquake, northern Honshu, Japan

*Hiroshi Sato', Tatsuya Ishiyama', Masanao Shinohara', Shin'ichi Sakai', Akinori Hashima',
Tetsuo No?, Shuichi Kodaira?, Takeshi Sato®, Makoto Matsubara®

1. Earthquake Research Institute, The University of Tokyo, 2. JAMSTEC, 3. Sapporo Regional Headquarters, JMA, 4.
NIED

1.4EC®IC

2019%6H18H. WKEDHETM] 6.7DMARAMEANFE Lz, hWEMBMIE. FAMEREBEEZRH, SMELT
OBEARMEERR, XBEOBEMRES ZAVERMESE (1] 217> T& k., FLBEMREARAKBIIER
BRI TOMBEEEERLTWS [2] . AHEICDOVWTIX, BERIDENE - #hE&E s S D & 5 2E &
HZOMN., 201 T FRILKEFHBEDORMEZENET L TWBEHEIC, &5 LTEBEOREOXRE WHE
DREELZONRE, RIFERTIEHARTETVAVEELNH S, I TR, IWHERN S FURHEERMIC AL
EY32ERBOBEMEBZNFHICDOWVTIRAR, RREFICIIREDPHREICE & DL BRBDMENQAMAE
DI DoWTHiR B,

2. BREEIOHEBE

BRI - REEETICHRENZNNE-SSWARDHEBRRIMAICHYE T 2, T—TEEILIIEEE
BMET LEEVWHE=ZX2DHBEBOHFENTERING, PHILHMAICIEINNE-SSWABEOKELNEHT 5
A, THSIZENEBEHREABIC D SNEBOEWN—T IS5 —RUPTS5S—RyAREIT2EMERTH
% [3] . Z0BOBEXBILAEICIE, ILRRILATH SKAICH T TOHRBRAME, RV ST+ v
RTFICEDZARELHBRRMOSTR SN, BREELE NSRS LHBERMOEAIICAEY 5, mHER
AMTICE, BARBEKHBICIEYE LARKRRELIREOZHIMONTEY ., BRERADORICELRT 25
BREPICIKRFEELENIRENMEALTWS, Z5 LEBRNS, BREOHRTEHBARICIE, HHREED
SMTIARMELNH S, PHILMOBRBRRETIE. ZOROEHREMICL > TROLWAER O RIER T
ElEnTW5, BRNOHBEIZ. EIXKELBEERT I LN [4] (. BREFERS N TUWRWERER
FREICRADEMZEES ERIEMOMENIEEE NS, ZOMBORERTIIBRERENFEL, HES
NZREMOBMTEABORERIBICEVNTE, BN THSZIEE2TLTWS [6] . ZDBREDAERICIFZE
EREF,DHY S5, REREFTORRKE. LtR-EEAEEQDOHEEMNOFEMEICL >TREINATWS [4,
6] . INSDME L 1964FFMBMEDEIRITE & ORRIEIASHTIFARWA, IR HHEDEIRE

[7] (ZFRMEOERIRL [8] DILRIFICAET %,

3. BRETE & EEE & DE%

W EDORENFEIL. EEEREST & WBILMOBICAIE L. PBILORFEICHE I N D RIER ORT
B RERESORBOMBORAICMAEBT S EICRDD, BNOBEEMECERE LTIRABZZE
AEEL W, BEREESAFBEREZAWVT [1] . JYFHBICEREE &BEEE L OBRKRICOWTHRET 2,

4, RIEXFEFEAHMERDBHEL E DER

201 T ERIEATFEHAMEROMBEENIC DOV TOZRTHMBEEERERE TV [9] ICESKKRETIE. Bl
CEXARMSDERISAIE. MERICERBICHOADTRERETIHEDEEAEINS, ILFEHMEDOEIRSE
& MOIDITARNYBDKEZQMEFOZICHEE L., ROBRMOFEEZITEH. EBHIDEKRICK ZHEFR
HIZDWTIZERBADEEL W,

Xk
NERHKEE IZH, 2019: X EBARE 74 ARNBEMEETICE 22019F L EHDMEDREE A, 2019FEHK
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EFR (&) . [215FE#EH, 2019: 2019F6 8 18H LR HDOHEERIEOMRIEE. 2019 EF R
(#%#FEH) . [3] Yamaiji, A, 1990: Tectonics, 9, 365-378. [4|EF1TEIFH, 1996: /B ¥hBER47, B
&rr. [65] FEAZETF - KHIEF, 2003: #iFH55, 112, 394-406. [6] BXRBICH T2 RFEMEIC
BY AR R 2013 ELREE, 470p. [7] BAXRZERMAZA, 2019: 2019F LR HDHEDEIR
2% & FENER
(http://crs.bosai.go.jp/DynamicCRS/index.html?appid=627aeb82a4774af8a706dd407db31dec, July
16,2019). [8] FE—BB,1973:tEfARATEHR, 12,83-98. [9] Freed A. et al., 2017:Earth and
Planetary Science Letters, 459, 279-290.
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The relationship between 2019 Off the coast of Yamagata prefecture
earthquake and 1964 Niigata earthquake

*Taku Ueda’, Lina Yamaya1, Aitaro Kato'

1. Earthquake Research Institute, the University of Tokyo

20196 A18HICILEHTMj6.7DMENRE L7z, SEOMEDEREIF1964F6816BHICRE LFR
HMEM75)OERBICBHELTVWSH00D, FHIREEEROKREBTEIZILACEZ TS LT HERERS
£,2019), ¥FEFOMETEE GBSO TEALRBETHS, COBAUERE. WHEHRDEREE TR
EBICL > THIBRBS AN >/ & ATBT 2. ZORRIFHALMISNTVRL, Zhd 2 DDMBEEDOEK
MAEBRY 5720, AFRTIE 2 DOBEBOMEREEEE & EFEORFHICER L THE - RiT%
T-o7-.

I Erhith B R OB HED R EE %2, Matsubara et al. (2017)IC & o TE SN E R EEE S (FF SR
MAAEMICEY AR &Lz, TORER, ILREPhERESE X, FRthEREE &R, VpRUVp/Vstt
NEBICBEWMEZRT Z &b o7,

RICUHESERER 2 STCERERERCIMAHREREE 4 SURRERBOMEFZH ObEDHE % 1T
72 o 7=(Wiemer and Wyss, 2000), 1998F1H1H» 5201956830 CORKRF—TLLEBERH4 OS5
Mc1.3)ICHBEWT, BEEBEEBOAD’DEINEGEICEVN EDbH -7,

REIC, HMEFBOHIEETILD 1 DTH BEEBETAS(Epidemic Type Aftershock Sequence)EF L (e.g.,
Ogata, 1998)D K /N5 XA —4 D EEKIF M % ZE L 7=HIST(Hlerachical Space Time)-ETASE 7 /L (e.g., Ogata,
2004) &= FAWT, 1998FLIEDOHEFEEI(Mc1.3)IC LT, BERMEFHIE u. KRFE—FRAUD/NRZA—=4(K,
P)DEBRFHDHEZITIR>Tce TR, BERERRIEZTRERIF LT, u. K pDENMEVWI &ED'D
Mot

MEREEPHEFEDORTEELR/NSA =YD 2DDEEHICEVWTERZZ &N, IWFEhihEREE &
MR EREBIIBECERERNERZ EEZIOND, LEOBECEREARDEVWIIRMERERICE
WTIIH R ER A ICHKIENER LA 2 REED 1 D¢ EA 5N 35, ILFEHhEREE ThEMNMEL
DI, BIRIFLAD 72D, FRHMBICL > TRHRAPERTSIN/AI ETEIRAPEIHICKELB>TWVWSEE
RIRTE %, plElIEMikumo and Miyatake (1979)%Utsu (1961) CHIBEBREDARHEDEASWE L THRIRI N
TEY., FYRHELELpEMEL DS, IWHERMEREBOAIpENMBEVN &N, ZOMEFIEFRIE
FREFH LR, BNREEEY Sy VP RABELYEZCRELTVWDEBIRTEZ S, ZOFERIIVPDEWE
HEENTH %,
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Long-period strong ground motion observed in the Echigo Plain during
the Yamagata-ken-oki event of June 18, 2019

*Tomiichi Uetake', Kazuhito Hikima', Shutaro Sekine?

1. Tepco Research Institute, Tokyo Electric Power Company Holdings, Inc., 2. Association for the Development of
Earthquake Prediction

1. [ELC®IC

2018F6A18HICHIR-IUZERRIZEMETM6.7DEREME (RS 14km) AFEELL. ZOMEICKYFTNRE
RO S TRUCHED 2R TE TIE, EESH~EE4, REAPHMEERER2~1 26800 2. BETHF B
EDOKRMERF (1964FFRME, 1983FHABHIPMER L) BIAIEIHE - IRE(1984)) OHEHINS, K
Bt EEAEMT 2 &ML NTWS. —F, REAMES:TH->TH, HBYMECHTEEICHCLZE
FZEbERT IEMHONTWVWS. WFEHADIMETEONRERFKEZEIL, BRTHFRLORAIRMES)
HFMHEZRET L.

2. BREIREEER

REHCRAWEBRIEESRIE, FRERICEREBESIN TV BXRFOK-NET, KiK-netDidsk, [IKFHIREHAHE
EFEMICAWVWT WA EERT DR, 7 L TAMBEEFHMAEMBIRES A Pt C5%E L TV 2AN-netd
HERTHD. IRTH—RBEINEEEICL 2EHTH D, REFTORFEOEHEDLNMY XTI 5260
EEREFEES L TEEREFICLTEB WL, ZOK, IEE7—)IARI MLOBREEZEEL, AKHK
0.05Hz~20Hz®MD /N> R/IXZA T 1 LY — & HMHF 7=,

3. EERDRH

Hic, JREREE (NSKD)ZBETHFOMAA, BETE, SERTHFORAO IMIHICHITTRYT. Ad, &K
DIRBD R T —ILIEEDLETHS. ERERHOKMUHNDFREILIOMIKIC I, EVWEHIRIIES, Bo5hN
o EE OMIRIFE X8R 100 520 THREAZRFREIZIR SNV, BEAlOBERTENMLL 5 ihig T
t, B IRUTOERHOMESMGEREIZ10MH 5200 TH S, THEROFISTIIRERR (AL
2~10%) DEFUEENREER GoUL) #iGT 5. BEREOREIX, EHTHRITIEREWVD, LRD
rhilithis, (BREEE#140kmiHE : REED) TIINSL<K RSB, T, TRETERADOEFOZTITERERD

RgAPPNEV, EFHEZRYBCRAEEBORYNRTIE, RAPOREROEREBE/NE VWY, SEOEXR
ICABION ZBASREBNMEETE2HAREHD. T, SIKELERIC, L TE & Radialiis TEZEAPLR
EEZONSZRAPORNIER TS 2HAREEFEY 5.

FHI2~108 D7 —1) TZARY MUIRIE%E, EHBAOARUNSKICAN IR LETHET S &, EHFRNITH
IR L COENSI0BETEEICKREV. £, FHOAAEEERIE, RALYI5BZBEEKRE L.

e, SEOERORA, ILEENSEHEICHITDK-NETERARDILHKEHEET 2, AREDIEROMEE
EHRENSICERTERROIRELFEL, 72— TARY MUIRIEIZEE2~100RAEHFETI109D—LUTF
THhd. BEFEFNTEIREAPOMESHN EHBL TWS.

4. BbHYIC

201956 H18HD LU EHDIETE LN /ZMERLEN S, BERTHFRN A2~ 10W 0 RBHES: N REF
B L TWB &P EINAE., 7L, EHRTHZORMEICIIE[-EEIRSNA, £, EHFMNITE

HFRICHKRREBRESIS/NE WA, FBAIERAZLERZ & REAHBESIRIBICIIENR Sh, B0 THE
DEWVWVHIFELTWEEEZILNS.

SiEE
B KB DK-NET R UKiK-net, [SIRFTOREHMES)ICEAT 2EHABROT —92FBEWZLELL. LT
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RIFFK-NET, KiK-net, https://doi.org/10.17598/NIED.0004
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NS-component of Ground Velocity observed from the Yamagata-oki event of June 18, 2019.
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Rupture Process of the 2019 Off Yamagata Prefecture Earthquake
Based on Waveform Inversion with Empirical Green's Functions

*Atsushi Nozu'

1. Port and Airport Research Institute

BRI —VBEABERWLREA Y NN—Y 3 VIC&Y2019F6 B 18AILMIRHMDME (M6.7) DIRIE B
EHE L7, NREKEIE0.2-2HzE Le. 7 —VEKE LT, FREY & RREMOMBRIEOHLIE
EHOALOREILTHE, 2019F6F19H0:570KRET (M4.2, FS12km) £20195F6A21H5:330FK
Z2 (M4.0, Fx13km) OEHFEMHALL. KREB2BFnetil L2 E— AV TV YIBHIELNTEY, K
BEEMBCAMISPPELZ N HMBEROME (ER49°, EMN63", §NUABS) THD. —H, REID
E—AVITVVILBERONTLARL., L LAEREEIRE2EY ERBRTIOADVEFICAELRCEST
W3.

AEODERMBA CESRITRUYBED LI IC, K-NETE L UKiK-netd 7 () Zxfithm s L TREEL
. HATRELIZWETHD-HDREDHEIF Ecoverageld B WD, EWLERD2DDREDEHENMNE
EEDNIGO03TRLNTWEH DR ERNRMRICED . KiK-netDERIRICE L TIXREHBEDIELR
FHEEDHENBTHITN S WEEZ ONBMP TOEEFEFER L. EWED & NSO DRE KR
(0.2-2HzDFF BB 7 1 V9 & BRA LK) , 5149 %E 59—y he Lk, 41 vNRN=UavIERALE
DIFSHEEET10WE (HOKE) TH 3.

RELMBEOMEBEARICRYT. MBEIE, [IRFTICKDZAEDOER (1L#E38.607°, Hi®139.478°, BFX
14km) 2SO EDICKEL, EMEERIE, FnetiCE2XKEDE— XY N TFYYVILBOZDDEHED S

5, REDHESLVESTIREREROEERAL (EM23°, ERIS6") . RIEBIODVWTHRELI T %E
BEICREX20km, @15kmE Lz, RE1ERE2DZFNFIOREMBEEERE LEAIOR I SkmD X IC I
KE1%, LAIDOKRZI12ZkmDOXBEICIEREIZEY HTE.

A4 N—=2 3 vDOFEE L TIEHartzell and Heaton (1983) ICK 2RI FIA LAY ROEERBRINYS
)—VBEMICERTE S LD ICHR LAFE (FiFE, 2007 ; Nozu and Irikura, 2008) =B\, T DA
TlE, BE2XD/NMHBTODE— XY ML — MEARIGNMBEDOE—X Y ML —MEAREA VLRI EDETRTE
IND. FOEEDAVNRNILRATIDEINS VNN=U a3 VORI EARS. BiET7OV b (first-time-window
triggering front) (¥, [IRTOWIERB RO SEOARICIERT 2D E L. ZOHAREICOVWTE, &
EREDNEINo/2.7km/sERA L. T, IEBORNEBEREKRDZ-HDDY TIL—F > (Lawson
and Hanson, 1974) ZRA\W, XY DIFE[OHEZEONMIT H-ODHRFHE&RITZ. BAKRESNRE
HHE T DZBRICIFERHEDOAN Y FICEEH S M EHRER OFEREAVTWS.

AVN=U 3 VICAWEBARICE T 28K () EEXRE (F) OB (0.2-2HzOREKF) %=KICxR
7. 2RICHIREERRIERS—HLTW5S. MRRAON EMAEDER (NIGHO2ENIGO07) »{EESD
Rl (NIGO03) TIEEMAMTEEICERT 2 EEAONEBUBADRKENZL VWS, ZOIIEA >~
N=2 a3 VICAVWTLWAWIHELLTEAKRE AREIFR —HBLTWS., ZhidREmT Y —EBEHos
ICHTHEEDHENSENTVWEEDHEEZIOSND.

BICEA YN—Ya v DRERELTBLNARKRIRYVEDSHERLTVS. ZOBREBILHICRE
1EREBE2DE— AV MR ETHZD, REVNOWVWTIEHRIRDBY E—XA Y M F Y YVILENIELNATULAW
e, RE1TERB20EUT7 —) TARY MLOBERKRRATOLICEDE, RE1TDOE—X Y MIRE2D
T4 EHELRE. BICRT LIS, BIERBSR (k) L YILAITEERHISEBOTRYAREL, BT
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FHEMBISRHDTAYNMREVEDRRIMEONE.

B AR TILEMHERRFEEAB LR ZEMFRADK-NET, KiK-netDi&EHk, F-NETOMTHE, TR
FOEBRT—4AFEALTVWEYT. ZZICRBLTHEERLET.
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Science literacy of Twitter users considered from "tweets" for
earthquake clouds before and after the Yamagata Offshore earthquake

*Yoshiaki Orihara’

1. Inst. Oceanic Res. & Develop., Tokai Univ.

201956 H18H228 2248, IWEHTY I =ZFa2—K (M) 6.7 (BEE) OMENIFKEL., FRENLH
TEE6H, IWWEBHT CEERAERALZ., 6B21HOHICHKEBTRM & HE@RELIK. (THE
E£7?718HYAICEHERR AVWERDE., AFMAREHRT] EWo7/k¥ 4 MLDWeb news ZEEE L, Th
ICX L CTwitter E CIXMEEABE LA T+ 72#HHITEZVA—F (D3P E) Kbz, LT, Wit
IFERFRETIDREOREZIY PO, BEORMEEZIMY PHLI & &, Twitter EICH T BHABHY 1 — K
EDERBERIIBASHTIEARVWA, KEDTwitterI—H —IIMBEEDSEEAEE LILBEAT 1 7E#HRPILT
W=,

Yahoo!) 7L & 4 LHFRIE, TwitteriC&EI N Y1 — b EF—D— KD OMRTEDZH—ERXTHS, &
BTRIOY—EREFBALT, WEEHDOMERIC MWEE] 2% LKk, TLT. MWEIKRLELK6A
18HDEIE3B Z ST EF7HEDRESHEN 5. WERIEDY M — NOELERRZ, V14— MUIHMERBOD
198 IC40004 A £ &, #ERIICHER2~3HIBATWE, £/, Y1 —MNOABREXKENHEEICHLTE
EH, BEM. EB55&BVARWN, D3DICHELLIGE. WERLERIEIEENRY M1 — NOEIEHILEL
TEHo7h, WERIITEMNRY A — MEIENKREELHDBBEREA >, TDZ EML, Twitter ETIEHE
BRRONDZMEZED YA —MIF LT, WHEHAOERERICIIHMEEEEROEREZFLADHLS>ETS
FENFERIELTVWEZEWVWR S,

HEE  AMREREARZMEFRRALRFA (2019-Y-HE (FREEFR) 2) OFEIZS FE L,

© The Seismological Society of Japan -S24-11 -



Seismological Society of Japan Fall Meeting

Room C | General session | SO4. Tectonics

[S04]PM-2

chairperson:Naoki Uchida(Graduate School of Science Tohoku University), Hiroshi Sato(Earthquake Research
Institute, The University of Tokyo), Atsushi Nozu(Port and Airport Research Institute)

Tue. Sep 17,2019 4:30 PM - 5:00 PM ROOM C (Research Bldg No 8 NS Hall)

[S04-02] 3-D thermal modeling associated with subduction of the Philippine Sea
plate along the Ryukyu Trench
*Nobuaki Suenaga1, Shoichi Yoshioka®"', Yingfeng Ji*t (1. Department of Planetology, Graduate
School of Science, Kobe University, 2. Research center for Urban Safety and security, Kobe
University, 3. Center of Excellence in Tibetan Plateau Earth Science, Chinese Academy of
Sciences, 4. Key laboratory of continental collision and plateau uplift, Institute of Tibetan
Plateau, Chinese Academy of Sciences)
4:45 PM - 5:00 PM
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3-D thermal modeling associated with subduction of the Philippine
Sea plate along the Ryukyu Trench

*Nobuaki Suenaga', Shoichi Yoshioka®', Yingfeng Ji**

1. Department of Planetology, Graduate School of Science, Kobe University, 2. Research center for Urban Safety and
security, Kobe University, 3. Center of Excellence in Tibetan Plateau Earth Science, Chinese Academy of Sciences, 4.
Key laboratory of continental collision and plateau uplift, Institute of Tibetan Plateau, Chinese Academy of Sciences

1.1 & C&®IC

BEBEBEDLAAA®T TIE, BHNRAO—RY v 714 XY ~(Nishimura, 2014)% R EEE K E (Ando et al.,
2012), REFHBIEREZME(Nakamura et al, 2015)A D2 O—MEIRB I N TWSE, ZO2HDEHOO
EDELT, HBABEMENELEERITO L — MERELETRAEL TVWAEHRNAO—R) vy T4 R
U NECESERRMEDEI A A TEREL > TWBZ EDEITFOND, FZT. AMETIE, HEEXED,
SNELEERIZSTIRTHEBEETIEL. WEKBEENSDT7 1 VEVETL — MDILIHAAITHED R
ESEROCHENSG. SSICIFHEHISCBONIRATTHEDRKICOVWTHEY I 2L —2avaiTwy, Al
NEMBRBAREDOT -9 EHAVTIHEENARETILEBEL, AO0—HEOREE OEEMICOWTEMRL .

2. ETIVERE

BUEFTETIX. 7L — MEIETET )L (Mathews et al., 2016) R U EEE#DIES) E T )L (Heuret and Lallemond,
2005588 L T, 71 VEVEBETL—bMDORLHAAFEEEAL, BEISMyrOFNIEZRO©RES % FERE
RIS LTKRD, x, vy, z8iAREICK LT, ThEFh, EFILH A X500 km, 800 km, 300 km, #'') v K&
f@i&10 km, T0 km, 5 kme& L7z, RNIGDIZFRFZMEIE. +X, X, +y, -y, zOERE TIIANIEEZBRE &

L. +z8I0OERE TIEAAATINE, KETL— MNABFEET 2720, RNIFELRVWEDE L, BEHZDIE
REMEIE, +x, +y, -y, zDERECTIRIEAZHEEESZ, xOEFREDEREIXTL — MAEE T IL(McKenzie,
1969)% AW, MAAL 71 VEVEBETL— NOBEH LELOFHOEIICIEL. &M LRATY TTRIDE
HE L TRESRES ATz, +zOBEREDRBEIFOCEIRELE, £z, BREEBICITBEISEEDRENE
CoREEAH B EHMENTWED, ZOEMIEHOA>TWAWL, FI T, FHESTEL LB SN HARE
REBEBRUAT—IPRELIL—HTELOR, BEORERPBEEBEREE.A V) Yy NH—FTRDiz&Z

A, TNEFN5Ma~0Ma, 2.0cm/yr&kE o7,

3. EREER

ERNICBONREGIERTEHOYIaL—Y 3 VERM S, ETLBERATHRBAENSNELEEN
EBAAAICTLICLEN>T, FL— MEEFERENR RDZZ &ICLY., TL—MERETORESH
MERIET 2EANAHON, ZOMRICKY., NELFEERLTIHHBARAERLICLLRTERETDS

L— MEREREMEC RY, EE550EBTTHEEANAO—XY) vy ARy NR©TEEBRMEDORE
B TOREIZHNS500-650CEHESINS, —A, Jietal.(2016)IZEABHDFEE AW 3 RTEANFREEET )
VIICEY, 4 VEVEBESL—PMLEATRELTVWR EZZOSNTVWSHEREE & 2%KET TOFEEER
RMEDOREBEOEE = ZFNEFN400~700C, 350~500CEREEL 7=, AR TEHE SN LIZEDEE
T, MEREREERKEDTEREE L >z, TL— MERELTIE, 350~450CHEHTARET A
UHNLEETARYAKITT S (Hyndmanetal, 1993)EEZA 5N THY., AR TEONEESHIEZDE
BEBORESEHRH LY 200CEES o7,

T, AEEFETHONLEBEE—RIOBEKRE. EFEHZRPDEKMORBDHER(Omori et al., 2009) % F L
T. A7 LEMADEKENTEKRDIE I3, HBABEFIAT T, epidote eclogitetfh Samphibole
eclogite B~ DHEEFR (SKEZXL: 1.4 wtk)D. NELFES{TETT. amphibole eclogitefBh 5
eclogitelENDIEH(EKEZL 0.7 wt)hH b, /. 714 VEVEBET L — MDEIHAAFBEDEA
EEREL =Y DK AR AEA2 &, NELUFESMEOEHENRO—Y v T4 XY NEEE TRADIRKAIE(H
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0.4-0.5wt%/km)pfgohrc, ELY, MKBETIZ. X577 LEAMEDEKMORBERDEAKDN T L — b
BRELOZO-HMEORLEICTFSLTWREEZLND,
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