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Mon. Sep 16, 2019

ROOM B

Room B | General session | SO9. Statistical seismology and underlying
physical processes

[SO9]AM-1

chairperson:Kaoru Sawazaki(NIED), Koichiro Obana(JAMSTEC)
9:30 AM - 10:30 AM ROOM B (Symposium Hall, International
Science Innovation Building)

[S09-01] Derivation of probability density function for
interval maximum amplitude of continuous
seismogram
*Kaoru SAWAZAKI' (1. National Research institute for
Earth Science and Disaster Resilience )

9:30 AM - 9:45 AM

[S09-02] Focal mechanisms of aftershocks and stress field
in the focal area of the 2018 Hokkaido Eastern
Iburi earthquake
*Yuki Susukida1, Kei Katsumata1, Masayoshi
Ichiyanagi', Mako Ohzono', Hiroshi Aoyama', Ryo
Tanaka1, Masamitsu Takada1, Teruhiro Yamaguchi1,
Kazumi Okada1, Hiroaki Takahashi1, Shin'ichi Sakaiz,
Satoshi Matsumoto3, Tomomi Okada4, Toru
Matsuzawa4, Shuichiro Hirano5, Toshiko TerakawaG,
Shin'ichiro Horikawa®, Masahiro Kosuga’, Hiroshi
Kataog, Yoshihisa Iios, Airi Nagaokag, Noriko Tsumurag,
Tomotake Uenom, the Group for the Aftershock
Observations of the 2018 Hokkaido Eastern Iburi
Earthquake (1. Institute of Seismology and
Volcanology, Faculty of Science, Hokkaido University,
Sapporo, Japan, 2. Earthquake Research Institute,
University of Tokyo, Tokyo, Japan, 3. Institute of
Seismology and Volcanology, Kyushu University,
Fukuoka, Japan, 4. Research Center for Prediction of
Earthquakes and Volcanic Eruptions, Tohoku
University, Sendai, Japan, 5. Nansei-Toko Observatory
for Earthquakes and Volcanoes, Graduate School of
Science and Engineering, Kagoshima University,
Kagoshima, Japan, 6. Earthquake and Volcano
Research Center, Graduate School of Environmental
Studies, Nagoya University, Nagoya, Japan, 7.
Earthquake and Volcano Observatory, Hirosaki
University, Hirosaki, Japan, 8. Disaster Prevention
Research Institute, Kyoto University, Kyoto, Japan, 9.
Department of Earth Science, Faculty of Science,
Chiba University, Chiba, Japan, 10. National Research

Institute for Earth Science and Disaster Resilience,
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Tsukuba, Japan)
9:45 AM - 10:00 AM

[S09-03] Seismicity in the Japan Trench outer-rise region
off Miyagi based on OBS observations
*Koichiro Obana1, Tsutomu Takahashi1, Yojiro
Yamamoto1, Gou Fujie1, Yasuyuki Nakamura1, Seiichi
Miura', Shuichi Kodaira' (1. JAMSTEC)
10:00 AM - 10:15 AM

[S09-04] Improvements of seismic activity model for
probabilistic seismic hazard assessment
*Nobuyuki Morikawa', Jun'ichi Miyakoshi?, Hiroyuki
Fujiwara' (1. NIED, 2. Ohsaki Research Institute,
Inc.)

10:15AM - 10:30 AM

Room B | General session | SO9. Statistical seismology and underlying
physical processes

[SO9]AM-2

chairperson:Kazuyoshi Nanjo(University of Shizuoka), Kohei
Nagata(MRI)

10:45 AM - 12:00 PM ROOM B (Symposium Hall, International
Science Innovation Building)

[S09-05] Seismicity prior to the July 2019 southern
California M7.1 earthquake
*Kazuyoshi Z. Nanjo' (1. University of Shizuoka)
10:45 AM - 11:00 AM

[S09-06] Successively occurring large earthquakes in the
world (2) -Successive occurrence and
simultaneous occurrence of same class
earthquakes-
*Tetsuo Hahsimoto', Takashi Yokota®? (1.
Meteorological Research Institute, 2. Aichi Institue of
Technology)
11:00 AM - 11:15 AM

[S09-08] Temporal change in size distribution of the
earthquakes around large earthquakes in the
continental crust of Japan
*Kohei NAGATA! (1. Meteorological Research
Institute)
11:30 AM - 11:45 AM

[S09-09] Variation of activity of felt aftershocks: An
application of the modified Omori formula to
aftershocks of the 2019 off Yamagata
earthquake
*Kentaro Hattori, Ichiro Nakanishi' (1. Kyoto Univ.)

11:45 AM - 12:00 PM




Mon. Sep 16, 2019 Room B

Room B | General session | SO9. Statistical seismology and underlying
physical processes

[SO9]PM-2

chairperson:Makoto Matsubara(NIED), Masahiro Kosuga(Hirosaki
University)

2:45 PM - 3:45 PM ROOM B (Symposium Hall, International
Science Innovation Building)

[S09-10] Small repeating earthquake beneath the Tokai
region
*Makoto Matsubara1, Hiroshi Sato® (1. National
Research Institute for Earth Science and Disaster
Resilience, 2. Earthquake Research Institute, the
University of Tokyo)
2:45 PM - 3:00 PM

[SO09-11] Spatio-temporal distributions and activities of
deep low-frequency earthquakes in volcanic
regions all over Japan
*Ryo Kurihara1, Kazushige Obara1, Akiko Takeo1,
Yusaku Tanaka' (1. Earthquake Research Institute,
The University of Tokyo)
3:00PM - 3:15PM

[S09-12] Low-frequency aftershocks of the 2008 Iwate-
Miyagi Nairiku earthquake revisited
*Masahiro Kosuga' (1. Graduate School of Science
and Technology, Hirosaki University)
3:15PM - 3:30 PM

[SO09-13] Migration of microseismicity and subsequent
aseismic adiabatic expansion after the
termination of injection in Okuaizu Geothermal
Field
*Kyosuke Okamoto1, Li Yi2, Hiroshi Asanuma1, Takashi
Okabe®, Yasuyuki Abe”, Masatoshi Tsuzuki® (1. AIST,
2. Osaka University, 3. GERD, 4. OAG, 5. JOGMEC)
3:30 PM - 3:45PM

Room B | General session | SO9. Statistical seismology and underlying
physical processes

[SO9]PM-3

chairperson:Takane Hori(JAMSTEC), Hisahiko Kubo(NIED)
4:00 PM - 5:15 PM ROOM B (Symposium Hall, International
Science Innovation Building)

[S09-14] A mechanical model of regular and slow
earthquakes
*Takane Hori' (1. JAMSTEC)
4:00 PM - 4:15 PM

[SO09-15] Patch distributions of tremors and growth
process of ETS.

*Keita Nakamoto1, Yoshihiro Hiramatsu1, Takahiko
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Uchidez, Kazutoshi Imanishi? (1. Univ. of Kanazawa,
2. AIST)
4:15 PM - 4:30 PM

[S09-16] Spatial properties of slow earthquake activity
and its geophysical and geological environment
*Kazushige Obara' (1. Earthquake Research Institute,
the University of Tokyo)
4:30 PM - 4:45 PM

[S09-17] Spatial relationship between rupture area of two
large inter-plate aftershocks of the 2011 Tohoku
earthquake and slow-earthquake activity
*Hisahiko Kubo1, Tomoaki Nishikawa® (1. National
Research Institute for Earth Science and Disaster
Resilience, 2. Disaster Prevention Research Institute,
Kyoto University)
4:45 PM - 5:00 PM

[SO09-18] Spatial distribution of b-values related to slow
earthquakes in the area encompassing the Kii-
Peninsula and Hyuga-nada regions, Japan
*Keita Chiba' (1. Institute of Seismology and
Volcanology, Faculty of Science, Kyushu University )

5:00 PM - 5:15 PM
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ROOM B

Room B | General session | SO9. Statistical seismology and underlying
physical processes

[SO9]AM-1

chairperson:ryosuke Azuma(Tohoku University), Ryuta
Arai(JAMSTEC)

9:15 AM - 9:45 AM ROOM B (Symposium Hall, International
Science Innovation Building)

[S09-19] Distribution of strain energy density change due
to an earthquake faulting in elastic-viscoelastic
media
*Tatsuhiko Saito1, Akemi Noda' (1. National Research
Institute for Earth Science and Disaster Resilience)
9:15 AM - 9:30 AM

[S09-20] Mechanism of normal-fault type earthquakes
under the Boso Peninsula, Japan
*Akinori Hashima1, Hiroshi Sato1, Toshinori Sato? (1.
Earthquake Research Institute, University of Tokyo, 2.
Graduate School of Science, Chiba University)

9:30 AM - 9:45 AM

Room B | General session | SO6. Crustal Structure

[SO6]AM-1

chairperson:ryosuke Azuma(Tohoku University), Ryuta
Arai(JAMSTEC)

9:45 AM - 10:30 AM ROOM B (Symposium Hall, International
Science Innovation Building)

[S06-01] Anisotropic P wave velocity structure around the
shallow plate boundary in the northern
Hikurangi margin
*Ryuta Arai1, Shuichi Kodaira1, Stuart Henrysz, Nathan
Bangs3, Koichiro Obana1, Gou Fujie1, Seiichi Miura1,
Dan Bassettz, Dan Barkerz, Rebecca Be||4, Kimihiro
Mochizuki5, Team NZ3D (1.JAMSTEC, 2. GNS
Science, 3. Univ. of Texas, 4. Imperial College London,
5. ERI, Univ. of Tokyo)

9:45 AM - 10:00 AM

[S06-02] Seismic wave velocity structures in the lburi
region of Hokkaido, Japan
*Takahiro Shiina1, Kei Katsumata?, Masayoshi
Ichiyanagiz, Hiroaki Takahashiz, Ryoichi Nakamura1,
Aitaro Kato1, Mako thonoz, Hiroshi Aoyamaz, Ryo
Tanakaz, Masamitsu Takadaz, Teruhiro Yamaguchiz,
Kazumi Okadaz, Shin’ ichi Sakai1, Satoshi
Matsumoto3, Tomomi OkadaA, Toru Matsuzawa4,

Shuichiro Hiran05, Toshiko Terakawae, Shinichiro
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Horikawa6, Masahiro Kosuga7, Hiroshi Kataos,
Yoshihisa Iiog, Airi NgaokaS, Noriko Tsumurag,
Tomotake Uenow, the Group for the Aftershock
Observations of the 2018 Hokkaido Eastern Iburi
Earthquake (1.ERI, UTokyo, 2. ISV, Grad. Sch. of Sci.,
Hokkaido Univ., 3. SEVO, Grad. Sch. of Sci., Kyoshu
Univ., 4. RCPEV, Grad. Sch. of Sci. Tohoku Univ., 5.
Nansei-Toko Observatory for Earthquakes and
Volcanoes, Grad. Sch. of Sci. and Eng., Kagoshima
Univ., 6. Earthquake and Volcano Reserach Center,
Grad. Sco. of Environ., Nagoya Univ., 7. Earthquake
and Volcano Observatory, Grad. Sch. of Sci. and Eng.,
Hirosaki Univ., 8. DPRI, Kyoto Univ., 9. Department of
Earth Sci., Faculty of Sci. Chiba Univ., 10. NIED)
10:00 AM - 10:15 AM

[S06-03] Tomography and anisotropy in the 2018 East
Iburi earthquake area
*Dapeng Zhao1, Tao Gouz, Zhouchuan Huangz,
Liangshu Wang? (1. Graduate School of Science,
Tohoku University, 2. School of Earth Sciences and
Engineering, Nanjing University)

10:15AM - 10:30 AM

Room B | General session | SO6. Crustal Structure

[SO6]AM-2

chairperson:Ryuta Arai(JAMSTEC), ryosuke Azuma(Tohoku
University)

10:45 AM - 12:15 PM ROOM B (Symposium Hall, International
Science Innovation Building)

[S06-04] Particle motion of Rayleigh waves in the ocean
bottom : Effects of water and sediment
*SHUN FUKUSHIMA1, KIYOSHI YOMOGIDA' (1.
Hokkaido University, Graduate School of
Science,Department of Natural History Sciences)
10:45 AM - 11:00 AM

[S06-05] Phase velocity estimation based on spatial
gradient of surface wave arrival time of
teleseismic earthquakes observed by S-net
*Akira Ishigami', Ryota Takagi' (1. Univ. of Tohoku)
11:00 AM - 11:15 AM

[S06-06] Investigating Japan Trench Outer Rise Structure
off Sanriku and Miyagi Using Multichannel
Seismic Reflection Survey
*Ehsan Jamali Hondori1, Yue Sun1, Hyun-Woo Youn1,
Katsura Kameo1, Masanari Ashida1, Juichiro Ashi1, Jin-
Oh Park1, Tomoko Hanyuz, Ayanori Misawag, Gou

Fujie4, Seishiro Furuyamas, Mayu Ogawas, Keita
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SuzukiG, Akie SuzukiG, Waka Komatsu® (1. Univ. of
Tokyo, 2. Kobe Univ., 3. Geological Survey of Japan, 4.
JAMSTEC, 5. Tokyo Univ. of Marine Science and Tech.,
6. Nippon Marine Enterprises)
11:15AM - 11:30 AM

[S06-07] Faults mapping of outer rise earthquakes off the
Japan Trench
*Shuichi Kodaira1, Yasuyuki Nakamura1, Gou Fujie1,
Koichiro Obana’, Seiichi Miura' (1. Research Institute
of Marine Geodynamics, JAMSTEC)
11:30 AM - 11:45 AM

[S06-08] Seafloor sediment thickness below S-net
observatories revealed from PS conversion wave
at the sedimentary base
*Ryosuke Azuma1, Ryota Takagi1, Genti Toyokuni1,
Takashi Nakayama1, Syuichi Suzuki1, Makiko Sato1,
Naoki Uchida1, Ryota Hino' (1. Research Center for
Prediction of Earthquakes and Volcanic Eruptions,
Graduate School of Science, Tohoku University)
11:45 AM - 12:00 PM

[S06-09] P and S wave tomography of the NE Japan
forearc region using S-net data
*Genti Toyokuni1, Dapeng Zhao1, Naoki Uchida1,
Takashi Nakayama' (1. RCPEVE, Tohoku University)
12:00 PM - 12:15 PM

Room B | General session | SO6. Crustal Structure

[SO6]PM-1

chairperson:Tatsuya Ishiyama(Earthquake Research Institute, the
University of Tokyo), Takashi Tonegawa(JAMSTEC), Masanao
Komatsu(Okayama University)

1:30 PM - 3:00 PM ROOM B (Symposium Hall, International
Science Innovation Building)

[S06-10] Receiver function imaging of the subducting
Pacific plate beneath NE Japan using offshore
and on land seismic arrays
*Hyeleong Kim1, Hitoshi Kawakatsu1, Takeshi
Akuhara', Masanao Shinohara', Ryota Takagi® (1.
Earthquake Research Institute, The University of Tokyo,
2. Graduate School of Science, Tohoku University)
1:30 PM - 1:45 PM

[S06-11] Crustal reflector and seismicity in Iwaki area
*Takashi Iidaka1, Shinichi Sakai1, Toshihiro Igarashi1,
Kazushige Obara1, Aitaro Kato1, Tetsuya Takedaz,

' (1. Earthquake Research Institute,

Shigeki Nakagawa
the University of Tokyo, 2. National Research Institute

for Earth Science and Disaster Resilience)
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1:45PM - 2:00 PM

[S06-12] Heterogeneous crustal structure offshore of the

Ibaraki prefecture along the Japan Trench
*Kimihiro Mochizuki1, Tomoaki Yamada1, Masanao
Shinohara1, Ryota Hinoz, Ryosuke Azumaz, Yoshihiro
Ito3, Yoshio Murai4, Kenji Uehiras, Toshinori Sato® (1.
Earthquake Research Institute, Univ. of Tokyo, 2.
Graduate School of Science, Tohoku Univ., 3. Disaster
Prevention Research Institute, Kyoto Univ., 4. Faculty
of Science, Hokkaido Univ., 5. National Research
Institute for Earth Science and Disaster Resilience, 6.
Graduate School of Science, Chiba Univ.)

2:00PM - 2:15 PM

[S06-13] Seismic Source Fault Model for Kinki Region

Based on Geologic and Geophysical Data,
Southwest Japan

*Tatsuya Ishiyama1, Hiroshi Sato1, Naoko Kato1,
Makoto Matsubaraz, Tomoko Elizabeth Yanoz, Susumu
Abe®, Masanori Higashinaka3 (1. Earthquake
Research Institute, the University of Tokyo, 2. National
Research Institute for Earth Science and Disaster
Resilience, 3. JGlI, Inc.)

2:15PM - 2:30 PM

[S06-14] The seismological structure about fault zone

extending to the lower crust in the northern

Kinki district, southwestern Japan

*Shinya Katoh1, Yoshihisa Ii02, Takuo Shibutaniz,

Hiroshi Kataoz, Masayo Sawadaz, Kazuhide Tomisaka?®
(1. Graduate School of Science, Kyoto University., 2.

Disaster Prevention Research Institute, Kyoto

University.)

2:30 PM - 2:45 PM

[SO06-15] Detailed seismic velocity structure in focal area

of the 2016 Central Tottori Earthquake
estimated using dense aftershock observation
data

*Hiroo Tsuda1, Yoshihisa Ii02, Satoshi Matsumotog,
Shinichi Sakai* (1. Graduate School of Science, Kyoto
University, 2. Disaster Prevention Research Institute,
Kyoto University, 3. Institute of Seismology and
Volcanology, Kyushu University, 4. Earthquake
Research Institute, The University of Tokyo)

2:45 PM - 3:00 PM

Room B | General session | SO6. Crustal Structure

[SO6]PM-2

chairperson:Tatsuya Ishiyama(Earthquake Research Institute, the
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University of Tokyo), Takashi Tonegawa(JAMSTEC), Masanao
Komatsu(Okayama University)

3:15 PM - 5:00 PM ROOM B (Symposium Hall, International
Science Innovation Building)

[S06-16] Feasibility study on the waveform inversion to
the OBS wide-angle seismic data
*Gou Fujie1, Takeshi Satoz, Kazuya Shiraishi1, Shuichi
Kodaira', Eiichi Asakawa®, Nibe Takao® (1. JAMSTEC,
2. Sapporo Regional Volcanic Observation and
Warning Center, JMA, 3. JGl, inc., 4. JAPEX)
3:15PM - 3:30 PM

[SO06-17] Seismic velocity structure monitoring of the
Nankai accretionary prism from ambient noise
correlations during Chikyu drilling
*Takashi Tonegawa', Toshinori Kimura', Kazuya
Shiraishi1, Eiichiro Araki1, Masataka Kinoshitaz,
Yoshinori Sanada1, Seiichi Miura1, Yasuyuki
Nakamura1, Shuichi Kodaira' (1. JAMSTEC, 2. Univ. of
Tokyo)
3:30PM - 3:45PM

[S06-18] Underthrust turbidite facies affecting variation in
interplate coupling along the Nankai subduction
zone
*Jin-Oh Park', Tetsuro Tsuru® (1. Atmosphere and
Ocean Research Institute, The University of Tokyo, 2.
Tokyo University of Marine Science and Technology)
3:45 PM - 4:00 PM

[S06-19] Relationship between three-dimensional
detailed crustal structures and very low
frequency earthquakes in the Nankai trough off
Kumano
*Kazuya Shiraishi1, Yasuhiro Yamada1, Masaru
Nakano1, Masataka Kinoshitaz, Gaku Kimura® (1.
JAMSTEC, 2. ERI, University of Tokyo, 3. Tokyo
University of Marine Science and Technology)
4:00 PM - 4:15 PM

[S06-20] Lithium isotope detects slab-derived fluids in
spring water from the Median Tectonic Line fault
zone in Shikoku, Japan
*Yoshiro Nishio1, Satoshi Tonai1, Yu |n0kuchi1, Emika
Nakamura' (1. Kochi Univ.)
4:15 PM - 4:30 PM

[S06-21] The velocity structure beneath the Aira caldera,
deduced from the seismic exploration (4)
*Hiroki Miyamachi', Reji Kobayashi', Hiroshi Yakiwara',

Shuuichiro Hirano1, Takeshi Kubo1, Naohiro Unno1,
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Takeshi Matsushimaz, Kazuya Uchidaz, Rintaro
Miyamachiz, Hiroshi Kataig, Takuo Shibutani3, Tsutomu
Miura3, Jun Nakagawa3, Itaru Yanada3, Takeshi
Tamegurig, Kosei Takishita3, Kazuho Nakai3, Yusuke
Yamashita3, Yuta Maeda4, Shinichirou HorikawaA,
Kenjiro Mitsuhiro4, Takashi Okuda4, Shuhei Tsuji4,
Naoki Sogawa®, Kazuo Nakahigashi®, Eiji Kurashima®,
Tomoaki Yamadae, Miwako AndoG, Shinichi Tanakae,
Satoshi Ikezawae, Toshinori Sato7, Mare Yamamotos,
Satoshi Hiraharag, Takashi Nakayamas, Ryusuke
Azuma8, Shuichi Suzuki8, Tomoki Tsutsuig, Ryuichi
Takeig, Yuya Tadag, Hiroaki Takahashiw, Hiroshi
Aoyamam, Mako thonom, Takahiro Shiinam,
Masamitsu Takadam, Masayoshi Ichiyanagiw, Teruhiro
Yamaguchiw, Chihiro Itow, Yuki Susukida'®, Yoshio
Murai'®, Tatsuya Nakagaki'® (1. Kagoshima
University, 2. Kyushu University, 3. Kyoto University, 4.
Nagoya University, 5. TUMSAT, 6. University of Tokyo,
7. Chiba University, 8. Tohoku University, 9. Akita
University, 10. Hokkaido University)

4:30 PM - 4:45PM

P- and S-wave attenuation structures in the
Ryukyu Arc, Japan

*Masanao Komatsu1, Hiroshi Takenaka' (1. Okayama
University)

4:45 PM - 5:00 PM
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ROOM B

Room B | General session | SO8. Earthquake Source Processes and Physics
of Earthquakes

[SO8]AM-1

chairperson:Takuji Yamada(lbaraki University), Nana
Yoshimitsu(University of Tokyo)

9:15 AM - 10:30 AM ROOM B (Symposium Hall, International
Science Innovation Building)

[S08-18] Slip inversion using empirical Green's function
considering radiation patterns
*Ritsuya Shibata1, Genki Oikawa1, Naofumi Aso1,
Junichi Nakajima', Satoshi Ide? (1. Department of
Earth and Planetary Sciences, Tokyo Institute of
Technology, 2. Department of Earth and Planetary
Science, University of Tokyo)
9:15 AM - 9:30 AM

[S08-19] Source mechanism and triggering process for
the April 12" and 13" 2014 earthquake doublet
in Solomon Islands
*Calvin Luiramo Qwana1, Masatoshi Miyazawa 2, James
Jiro Mori? (1. Graduate School Science Kyoto
University, 2. Disaster Prevention Research Institute
Kyoto University )
9:30 AM - 9:45 AM

[S08-20] Evaluation of source parameters in the Bayesian
framework by Markov Chain Monte Carlo
method
*Nana Yoshimitsu1, Takuto Maedaz, Tomonari Sei® (1.
ERI, UTokyo, 2. Hirosaki Univ., 3. IST, UTokyo)
9:45 AM - 10:00 AM

[SO08-21] Spatiotemporal characteristic of frictional
properties on the subducting Pacific Plate off the
Tohoku region, Japan
*Takuji Yamada', Meitong Duan’, Jun Kawahara' (1.
Ibaraki University)
10:00 AM - 10:15 AM

[S08-22] Possible aseismic phenomena causing the
precursory activity and aftershocks of the 2017
M 5.3 Kagoshima Bay earthquake, Kyusyu, SW
Japan
*Yoshiaki Matsumoto1, Keisuke Yoshida1, Toru
Matsuzawa', Akira Hasegawa' (1. Department of
Geophysics, Graduate School of Science, Tohoku
University, Japan)

10:15AM - 10:30 AM
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Room B | General session | SO8. Earthquake Source Processes and Physics
of Earthquakes

[SO8]AM-2

chairperson:Toshiko Terakawa(Nagoya University), Keisuke
Yoshida(Tohoku University)

10:45 AM - 12:00 PM ROOM B (Symposium Hall, International
Science Innovation Building)

[S08-23] Stress release process along a crustal fault
during the foreshock-mainshock-aftershock
sequence of the 2017 M5.2 Akita-Daisen
earthquake
*Keisuke Yoshida Yoshida1, Tatsuhiko Saitoz, Taka’ aki
Taira3, Kentaro Emoto1, Toru Matsuzawa' (1. Tohoku
University, 2. National Research Institute for Earth
Science and Disaster Resilience, 3. UC Berkeley)
10:45 AM - 11:00 AM

[S08-24] CMT inversion of aftershocks of the Yufu, QOita
earthquake triggered by the 2016 Kumamoto
earthquake using 3D FDM Green functions
*Hirofumi Kowari1, Masanao Komatsu1, Hiroshi
Takenaka', Taro Okamoto?, Takeshi Nakamura® (1.
Department of Earth Sciences, Okayama University, 2.
Tokyo Institute of Technology, 3. National Research
Institute for Earth Science and Disaster Resilience)
11:00 AM - 11:15 AM

[SO08-25] Stress field in and around the aftershock area of
the 2018 Northern Osaka Prefecture earthquake
*Yoshihisa Iio1, Hiroshi Katao1, Kazuhide Tomisaka1,
Masayo Sawada1, Takuo Shibutani1, Airi Nagaoka1, Jun
Nakagawa1, Shukei Ohyanagi1, Shota Hara', Mitsu
Sakaguchi1, Abuyama Supporters1, Satoshi
Matsumotoz, Takeshi Matsushimaz, Megumi
Kamizonoz, Shin-ichi Sakai®, Masataka Masuda3, Shin-
ichi Tanaka3, Yoshinari Hayashi4 (1. Disaster
Prevention Research Institute, Kyoto University, 2.
Institute of Seismology and Volcanology, Kyushu
University, 3. Earthquake Research Institute, University
of Tokyo, 4. Faculty of Societal Safety Sciences, Kansai
University)

11:15 AM - 11:30 AM

[S08-26] A new energetics-based failure criterion for
understanding the spatial pattern of aftershocks
*Toshiko Terakawa Terakawa1, Mitsuhiro Matsu'uraz,
Akemi Noda® (1. Graduate School of Environmental
Studies, Nagoya University, 2. ISM, 3. NIED)
11:30 AM - 11:45 AM

[S08-27] Metrics for Aftershock Generation Based on the
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Energetics of Shear Faulting

*Mitsuhiro Matsu'ura1, Toshiko Terakawaz, Akemi
Noda® (1. Institute of Statistical Mathematics, 2.
Graduate School of Environmental Studies, Nagoya
Univerisity, 3. National Research Institute for Earth
Science and Disaster Resilience)

11:45 AM - 12:00 PM

Room B | General session | S12. Rock Mechanics, Crustal Stress

[ST12]PM-1

chairperson:Muneyoshi Furumoto(Tono Research Institute of
Earthquake Science), Kentaro Omura(NIED)

2:30 PM - 3:15 PM ROOM B (Symposium Hall, International
Science Innovation Building)

[S12-01] Applications of DCDA method to rock core
samples from NIED seismic observation wells -
Attempt for in-situ crustal stress measurement-
*kentaro Omura1, Weiren Linz, Takatoshi ItoS, Akio
Funato? (1. National Research Institute for Earth
Science and Disaster Resilience, 2. Graduate School of
Engineering, Kyoto University, 3. Institute of Fluid
Science, Tohoku University, 4. Fukada Geological
Institute)
2:30 PM - 2:45 PM

[S12-02] Correlation of frictional property on
volcanoclastic sediment with changes in its
mineral assemblage and microstructure
*Akari Fuke', Tetsuro Hirono', Shunya Kaneki? (1.
Science, Osaka University, 2. DPRI, Kyoto University)
2:45 PM - 3:00 PM

[S12-03] Experimental investigation of cumulative effect
on thermal maturation of carbonaceous material
as a proxy for earthquake slip
*Yutaro Shimamura1, Tetsuro Hirono' (1. Osaka
University)
3:00PM - 3:15PM

Room B | General session | S11. Various Phenomena Associated with
Earthquakes

[ST1]PM-1
chairperson:Muneyoshi Furumoto(Tono Research Institute of
Earthquake Science), Kentaro Omura(NIED)

3:15PM-4:15 PM ROOM B (Symposium Hall, International
Science Innovation Building)

[S11-01] What are Posibilities of Influencing of the Strong
Vertical Impulsive Seismic Motions on the
Occurrence of Grate Landslides ?

*Hroshi Mehara' (1. Geosystem Research Institute)
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3:15PM - 3:30 PM

[S11-02] Tomographic study of 3D distribution of the
ionospheric electron density anomalies before
and after the 2011 Tohoku-oki eq.
*Kosuke Heki1, lhsan Naufal Muaﬁry2 (1. Dept. Earth
Planetary Sci., Hokkaido University , 2. Dept. Natural
Hist. Sci., Hokkaido University)
3:30 PM - 3:45PM

[S11-03] Geomagnetic variations coincident with the
passage of longer period surface waves
*Muneyoshi Furumoto1, Osamu Murakami1, Yasuhiro
Asai' (1. Tono Research Institute of Earthquake
Science)
3:45 PM - 4:00 PM

[S11-04] Reality of "swirling clouds" associated with
earthquakes
*Yuji Enomoto1, Tsuneaki Yamabe1, Shigeki Sugiura 2,
Hitoshi Kondo? (1. Shinshu University, 2. Genesis
Research Institute, INC.)
4:00 PM - 4:15 PM
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Room B | General session | SO9. Statistical seismology and underlying physical processes

[SO9]AM-1

chairperson:Kaoru Sawazaki(NIED), Koichiro Obana(JAMSTEC)

Mon. Sep 16, 2019 9:30 AM - 10:30 AM ROOM B (Symposium Hall, International Science Innovation
Building)

[S09-01] Derivation of probability density function for interval maximum amplitude
of continuous seismogram
*Kaoru SAWAZAKI' (1. National Research institute for Earth Science and Disaster Resilience )
9:30 AM - 9:45 AM

[S09-02] Focal mechanisms of aftershocks and stress field in the focal area of the
2018 Hokkaido Eastern Iburi earthquake
*Yuki Susukida', Kei Katsumata', Masayoshi Ichiyanagi', Mako Ohzono', Hiroshi Aoyama', Ryo
Tanaka1, Masamitsu Takada1, Teruhiro Yamaguchi1, Kazumi Okada1, Hiroaki Takahashi1, Shin'ichi
Sakaiz, Satoshi Matsumoto3, Tomomi Okada4, Toru Matsuzawa4, Shuichiro Hirano®, Toshiko
Terakawa6, Shin'ichiro Horikawae, Masahiro Kosuga7, Hiroshi Kataos, Yoshihisa Iiog, Airi Nagaoka8
, Noriko Tsumura®, Tomotake Ueno'®, the Group for the Aftershock Observations of the 2018
Hokkaido Eastern Iburi Earthquake (1. Institute of Seismology and Volcanology, Faculty of
Science, Hokkaido University, Sapporo, Japan, 2. Earthquake Research Institute, University of
Tokyo, Tokyo, Japan, 3. Institute of Seismology and Volcanology, Kyushu University, Fukuoka,
Japan, 4. Research Center for Prediction of Earthquakes and Volcanic Eruptions, Tohoku
University, Sendai, Japan, 5. Nansei-Toko Observatory for Earthquakes and Volcanoes, Graduate
School of Science and Engineering, Kagoshima University, Kagoshima, Japan, 6. Earthquake and
Volcano Research Center, Graduate School of Environmental Studies, Nagoya University,
Nagoya, Japan, 7. Earthquake and Volcano Observatory, Hirosaki University, Hirosaki, Japan, 8.
Disaster Prevention Research Institute, Kyoto University, Kyoto, Japan, 9. Department of Earth
Science, Faculty of Science, Chiba University, Chiba, Japan, 10. National Research Institute for
Earth Science and Disaster Resilience, Tsukuba, Japan)
9:45 AM - 10:00 AM

[S09-03] Seismicity in the Japan Trench outer-rise region off Miyagi based on OBS
observations
*Koichiro Obana1, Tsutomu Takahashi1, Yojiro Yamamoto1, Gou Fujie1, Yasuyuki Nakamura1,
Seiichi Miura', Shuichi Kodaira' (1. JAMSTEC)
10:00 AM - 10:15 AM

[S09-04] Improvements of seismic activity model for probabilistic seismic hazard
assessment
*Nobuyuki Morikawa', Jun'ichi Miyakoshi?, Hiroyuki Fujiwara' (1. NIED, 2. Ohsaki Research
Institute, Inc.)
10:15AM - 10:30 AM
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Derivation of probability density function for interval maximum
amplitude of continuous seismogram

*Kaoru SAWAZAK|'

1. National Research institute for Earth Science and Disaster Resilience

EHREDOBHN

KWEDOERICIIRENEGHRT 270, MEEHEHELETEEIEWVWICERY ALV, PEPSKEEZHIY ERR

EETIZENHREE D, TD&LDREBMRMBEEEZN ST FEOMENFREHMET 2AEE L

T. &, HEFREHKLT—ERETI & OXREZAIRIE (Interval Maximum Amplitude, IMA) % 557 BX

U, TOHELHEEBEFARDFEMNMRREI N (Sawazaki, 2019, SSA) . IMAIE (EEE) Frechet®
(Non-stationary Frechet Distribution, NFD) &MEENBIBEDFHD—FEIC L7 D T EMREBRIICAH SN T

BY. NFDEZAWTIMADOFERFRHAZTORAADBAINTWS, LA L. IMADZRENFDIZ L7=h' D HDER

HESRE. NFDERET B/ A—IHNMEZMICEDL I ABERERF ONMCOWVWTIK, BEBELERILIN

TWiW, $[E. Gutenberg-Richter (G-R) Bl AF% - FZER, ¥/ -Fa1—REIRILF—BEBHEELDHE

R IRIVF—BEREEFARBE ORBRFRAEEZHAEDE T, IMADNFDIC LA D & & 2 ERmINICE

& NFDZHRET B/ XA - DMBEFWLBEERZPALSMILIZDT, ®RET .

SR8 H
G-RAIE K7 - FEAIHM S, FEHISORBERt t+dt, ¥V =F 12— KM M+dMOEE THRE T D HE D
nix

n(t,M)=Kt*10™MdtdM (1)

ERIND, LELAREZR - FEADCEEIITIROEHRT, F/z, WERIRILF—WEMEDEIC
logW=a+BM (2)

I RILF—HEEEE (ERMERFE) c&MEDEIC

logz=6+7YM (3)

DIFHERZIRET 5, = HIC. EREEREICH T 2 MEEFDHKRKIREXA

x=CRS(W/ 7)"?rexp(-Q" wr/V) (4)

LB ENBERET S, TITR S, do Q'L w. VIRERZNERESNEE. Y4 MEIEE, SEHEED
B, NIRRT XA =%, ARFEN. BLUSEEETH D, CIILLAIERTHS, ULEDXEHEAEDES
&, tTtHdt, X x+dxDEE TR E T 2HEKIREOENIZ

n(t,x)=At"x ™ 'dtdx (5)

ERENB, TIZT

A=mbKC™R™S™10™* )/2mdeyn(-mQ " wr/V)/In10  (6)

m=2b/(B-v) (7)

THd, RARIEOHRENHEEDRAZET /87X —49mid. b, B. Yy DilAEHLETERIND, KR
IBOFREMEZETZ/ T A—YAIL, HEFE (K. b) . #HEFOIXILF—8ESH (a. B. §. v) . T
FUE—EE (n Rodo Q) . 1 MEE (S) ICEDBRIASA—SDEABDETREREIND, BRI
RAERTNTA—% (p) IF. KFHK -FERADODNFIA—9EFALTH S,

BIESEIERICENIE, REFAICLADPWERT 2HERLH (5R) OBEDHIEFrechetp e s, (5)R
Mo, BBEE+TOBICRE T 2 XKERAIRIEZD RIEEERDHECH

G(z,t)=exp(-ATm'z™P®) (8)

cBHNG, B)RIE GEEE) FrechetnfmERUBEEFETHY. AL m. pD SEDMII%/NT XA —4 Tigih
IN3, BRTEBHgT

g(z,t)=9G(z,t)/3z=ATt Pexp(-ATm ' z™tP)z™" (9)

EEHIND,
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DEDEHIZ, MEREEHOLIYIEREHE ERTHIMELS (LA > TrEBEEEEARHRES) . D
2REBDOHEREZEBLBWVGEICKYIID, 7272, thEREBEBOLNY EB/BBTELRVWEETE, 2T
DB TAE-RERIHI’B UCHERAA/-EY, DOmEBAAICESRWAAT A=Y EHRE2HBE. 8)R
EERDBAHFEZELL ZENTE S,

HERER

AHMERAVWT, ¥ =Fa— RERERRV(NDRICTRIBELB/ICLEDDRELSHERL. 2)°@)RX%=H
WTMEXICEH# L, T=60sDIHAEDIMAAEE L-EREHICTY, EHHTIE, K (ADAHICHE, X

a) . b (AEmICEE, ®b) . p (Bc) DENSA—F AL HLBADEKEBRLEFATRLTY
%, KEKELTD (ADH%EKELT D) FAE., IMAREDRERERBICEWTERENICA CEIETEMNY
%, bENEL (mENSL L, ABZEIL) 5848, IMADREMICIENT 27213 TIER L, IMAD E ZED
SFENEN D, pERKELTEHEIMADKBIRENREL 25,

FLHERE

PEDESIC, ¥7=Fa—K, IXIF—EBHE, TXILF—HEEFE. BLUOKRKIREOEORBRRAHL,
5. WSODWDIRENDTTNFDEEH L. NFDEERT 2 3@ED/IZ X —FA, p. m%E, HEETHWLNS
MBEDHAEDLEE LTRBETZIENTERL, INSIFD/NRATA—F1F, BHISINEIMAICQ)REH T
2 ET, KIMERERBEBREURICERIRIEICHETRETH D, AR TR LUEROBRRICED
&, ERMEHTHROBFERBL T, 907 2FHLTICAEFTHORBERLICIERE - FATEZLSICR
22 ENHFIND,

A AMAREBFE - EFMHAB ERMERVEHRERWCE) 7ILY A LARBEEEB T HUFEDORH
1 (GREHES17K14385) o DXBEZITTWVWET,

IMA (m/s)
IMA (m/s)
IMA (m/s)

o 1 2 3 4 5 6 0 1 2 3 4 5 6
Time (hour) Time (hour) Time (hour)
BIERBRICKYAERKLT IMA DTS ERALIN\FA—FDTIAILMEIR, a=4.8.
p=25. 6=-23 . y=05 . d=1.0 . C=10"(J/s)"*m"%s . 0'=0.002 . S=1.0. R=1.0 .
V=3.5km/s, w=2 7T X5 Hz, r=20km, K=20000s"", b=1.0, p=1.1, K. b, p ZE LS 1=
HEEDEIEE a b, c IZENTNEREDLEEY,
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Focal mechanisms of aftershocks and stress field in the focal area of
the 2018 Hokkaido Eastern lburi earthquake

*Yuki Susukida', Kei Katsumata', Masayoshi Ichiyanagi1, Mako Ohzono', Hiroshi Aoyama', Ryo
Tanaka', Masamitsu Takada', Teruhiro Yamaguchi1, Kazumi Okada', Hiroaki Takahashi',
Shin'ichi Sakai?, Satoshi Matsumoto®, Tomomi Okada®, Toru Matsuzawa®, Shuichiro Hirano®,
Toshiko Terakawae, Shin'ichiro Horikawa®, Masahiro Kosuga7, Hiroshi Katao®, Yoshihisa lio®, Airi
Nagaokas, Noriko Tsumura®, Tomotake Uenow, the Group for the Aftershock Observations of the
2018 Hokkaido Eastern Iburi Earthquake

1. Institute of Seismology and Volcanology, Faculty of Science, Hokkaido University, Sapporo, Japan, 2. Earthquake
Research Institute, University of Tokyo, Tokyo, Japan, 3. Institute of Seismology and Volcanology, Kyushu University,
Fukuoka, Japan, 4. Research Center for Prediction of Earthquakes and Volcanic Eruptions, Tohoku University, Sendai,
Japan, 5. Nansei-Toko Observatory for Earthquakes and Volcanoes, Graduate School of Science and Engineering,
Kagoshima University, Kagoshima, Japan, 6. Earthquake and Volcano Research Center, Graduate School of
Environmental Studies, Nagoya University, Nagoya, Japan, 7. Earthquake and Volcano Observatory, Hirosaki
University, Hirosaki, Japan, 8. Disaster Prevention Research Institute, Kyoto University, Kyoto, Japan, 9. Department of
Earth Science, Faculty of Science, Chiba University, Chiba, Japan, 10. National Research Institute for Earth Science
and Disaster Resilience, Tsukuba, Japan

(1) IELoIc
2018%F9H6H, JLBBRERREHE (M,,,6.7) (LT, RBEHRBEEMIR) AA%4E L7, Katsumata et al.
(Earth, Planets and Space, 2019) IC& % &, AEDRHE L TUTD2OEIFO D, FE—IC, XEDER
DFERZF30kmLETH Y, BERDMIIBDOREEMEH20 kmEUXTH B DICLERTEWL, FZIZ, PRIEFD
HLBIZALRELAEBREXA A=A LBEEIT B A RL, PEERARICMTREE —HLA
L\, Katsumata et al. (2019) ZAEBERIEFEDORED, LEF - FE - EEE3DICKAT N B RICEER

L, AEOWIRIEHEDO/NSWVETHIBCHEY, Z0O®%, LHREEBORTLFBMBENBY 2RI LZE
WO ETILERIBL 7=,

AR TIE, BEIREEOREDEBREAAXLBELZHREL, BAA U NN—=UaVERIILYEBRBEOE NS
HWE L7, IREEOEREMMLE, EENRMEZFINEEIEVEZD, BREADZXLBERAWLRS
GOWEIIRHETH >IBATH B, /=, BONLBRHIGZDER DT & Katsumata et al. (2019)HMRIE L 7=
BFEETILE DL AT 1=,

(2) F—4 @8
RIRMEREEERNS10A31HE T, LBEKRE - RERAFMEMEAN - AMKE - REXKFE - BEESX
2 ZHEBKRZE - SARIKE - REBKREHKARAN - TEKRZ - AR ERMARMIEE CERFREE R %X
L7, AR TIE, ORISR EEESAS (LBEKXKE - [RKT - Hi-net) OPEHWIEIDIRLEIZ %
FALTERANZZALBERE L, RBEIXFERALTVARL, BRADZXLBOHEICIE, HASH
(Hardebeck and Shearer, 2004) =B\ 7=, O, Katsumata et al. (2019) O —RITHE REEEE % R E
L7ze HASHTRELZEBRAAZXLBEOAN, HBEDRLV, Quality A, B, C Dfi#% 21, Hardebeck and
Michael (2006) ABFE Lo A v /N\—2 3 Vik%#EA L 7=

(3) #ER
ABOERA N =X ABELMT2ERES N, TNEDOMIEM,1.005M,5.7TH o7, ZDMA, Quality
AB241{8, Quality BA266/8, Quality CA 1557 570 AA Y A= avickds, BEETORAE
ISHEDORAEERIER—FEEATHY, FEDCMTHROPEORAE LRAMMTH 2, RAEIGHEHDMEE
&, ERERICEVWTEBNICIFEEAEELLTVWARWD, BALLICIKZEBMNELEIR SNz, BREOPE
TlE, BALHA05ISEL, BMINMBEORANBERET 5, £/, BREOEETIE, ISHLEH0.7I5E
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<, POEBRDIENGETRERY 5,

A
ARIL, 201 SFRERRBUEREZEA, HARFOBRENRE L UVIRFOERRARNSF/TLONL

TYERWTERZT>THEY EY. 2018FEIRREBBBREGA VL —TOEK, AR, SKFRL
OEBMWMEBERICEDL O TWEALICDLWRHEBLEFXT,
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Seismicity in the Japan Trench outer-rise region off Miyagi based on
OBS observations

*Koichiro Obana’, Tsutomu Takahashi’, Yojiro Yamamoto', Gou Fujie1, Yasuyuki Nakamura',
Seiichi Miura', Shuichi Kodaira'

1. JAMSTEC

20113 B ICHAE LA-RALAHELRE, BAEBEOEBMEBAT VY —F4 B TIE. XKEFTL— MAET
HMEMNERICRELTWS, BEREFOT VI —F4 ABUTEVWTIE, 2011F4BH 52014F48 ICH T
T. BEMES (OBS) #AWVWAMEESH/MEYRLERINTEZTEY ., FEI40kmfHEE TIEMBE DM
ENRELTVWB I ENRENTWS(Obanaetal, 2012), Th5DERITIE, /KL DDZ < DFFE & B
ICHZ AHMERSRZAVWEZOBSHERINTE Y., BEEDIFE A ENKREE000mE UIRWBTICR SN T
Wi, KIR6000m%A B R 5B B8 ISR ER R EEEOBSORAILIT LN OHED SN T WA, EEEHIC
BFZEAIBOTRENICITDONALIFTTH o7z, —H. 2015FLUEICITbN-BAEEILD (=

M) BLUEE (BS - Zigh) OBEHMNST VY-S54 ABICH T BB TIE. ERLEIhABREE
OBSERWABRIAEREIN, 7Y —54 ABICH T2 HEFTEHNEALSHMCA>TETWS, HlzIE AR
BB =R I, 1933FEMBAM=[EMEICEAEL TV & BbN 3 EFSHKE7000mICET EEH
FEETRELTVWBIEMRASONTS Y (Obanaetal, 2018), BEBROBSERBWEHADEEMNTEIN
TW3, £IT. 2017F9ANS2018FE7HICHI T, BSHEHEARFEDEBHME LA S CISEEERICEW
T. BRBEOBSZ SV E45ADOBSEAVWIERANEABUERELL, ZOBATIE, BEMEZFEAL
35RICHEWVT, 2017F9BH 52018%28 (—E8IE3 B) FTEAAZTR>TWS, F/2018F3AHS 7
BICh T TUEEEBEDRFI60km N 5 100kmDEEFH IC10mDOBSAE R E L TEA A EHE L 7=,

R TlE, OBSICK B EMEIBHBINSAANY M ERH LD, FETRIAIZTRV., 1 RTEETCERAEE
TRo7, BRAEICHEALLEREEEIX. BEICHUERRAITITONEMREZSEICLTVWS, HERBIC
LZEBDOENICEAL TR, AR EICES FETH CPSERIKR S BEZEPKOEIEZREEL SR RMIE
EEHELTHELL, £/ PRUEBEEZAVTERAD-ILEHE LT,

BoONLER2mASIE. 201 TE3RT11HORILAHMEDL402% IEBE BRI TRE L /ZMW7.6DIEREME
DOERBABOREZFHN % IELH. 201 TFRILMARTEFERITERIEL LAEXEETL — NASROME
BB LTWBIENRINTVWS, BREANZXLE, 2014FFTOERHOERERBKIC. 77

Y =4 BUCHE VW TREI40kmITIEE CEMBREOA AZXLAEH L TH Y, FERMNICKEAZLIZRS
niw, —A., SO0 AHEH ICIE. BSEEREHALELETII—F4 AFITEWT, M67 5 RDHME
PEHEELTVWS (2017F9821HM6.3. 10H6HM6.3. 11THA13EM6.0) . HIC10B6HDHEIFEIR
DTIAFEICOBSHERBINTH Y., ABELZNICHES REFINFEMICIRAONATWS, ZOMEIF. ER
BTERINILRILAN - FS5—RUBENTERICE > TVWBEHOTRELTH Y., REREROIERAB
DERDMEBEMICE >THHLTWS, FILAD - F5—RUEERBXEBEDT7 VY —54 AWICEL 0%
LTWaH, BFLEEREITL <AL, LI XY MeIhTWS, —A. 1933FEBM=EMED &
DBRKBERT V5 —F4 AMEDIRICIE, BEOUBHL EE) L THRIRT 2 AL TER S T W3 (Uchida
etal, 2016, Obana et al, 2018), SEIDEAFERIL. EROEMENEE L TGEHNTI2HFEIRAT-EDE
EAibNb,
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Improvements of seismic activity model for probabilistic seismic
hazard assessment

*Nobuyuki Morikawa', Jun'ichi Miyakoshiz, Hiroyuki Fujiwara1
1. NIED, 2. Ohsaki Research Institute, Inc.

1. FC®IC

hEAEMRHERISIC L 22EESFRME DS 5, BRANMEEF MK TIE. BAEDLTRET S
BWEERIFLIZDETOMELAEERT 570, ERMIEZH SN LCOHRELICK WHENETIMEShTWL
5, ERMIBAEHSHLDODBELICK WHHEIX, BEICRELAMEDT—% (A4907%) ICEDL, HED
REZBA, HE BEEZETIMMELTS Y., RIMMAXREEFEEZZII T, EATL— FDOZXVWHEADK
EEOBAY, RABEBEORELREDETIRELTHhNZ, LHALANS, FILHAKEE DEDFR
BAEBEFEBEEDLDICERTIMIDVWTEHRBAE LTERINTWE, £/, FHR30FIEERRIRREE A
ERERELLMEICLY., ETIVEDGR+DREBAEELMER >z, TOLIRKREREZ T, ERET
BaHoONLORBELICK WHHEDETILRRICAIT KT 21To7,

2. RibAKREFEHMEROMEN YO DERY AH

FAb AR EAMEDOREFTDIEA4BRELTETVWEEDD, 2019FE3ARK A TIIAEHRLERID1.5E12
EOMENRELTWVWS (MERAEZEER. 2019) , I T, YZHBRBICBVWTAERICRE L LMER
HORBEREARARABRAXICHTIEH, EREFTOMEFHL NIVETRELAFAN O ERRFEE A2
ETILERET .

3. EERXSDEMEREL
ERMBADHOHNLCDHDEELICK WHHETIE, BEAMEORPTMPIEEAESE EROBHFICEOVT
KoShiEEasfe LM 2 A%, MBMICKS LARAERIL0.IEDA v 158 s L THM
THEHAEEHALTWVWS, TDOb, BIZEOAEICHITREEESICOVT, REDHEICLZHMREE H
Nl OLRWHEFEETILOEEE WVHYEBEAEHIST,
OBEHICHITBEATL — hDFWHE (HRBAHE)

2016 FE1T1H22HICKRE LI-RBEEHDHE (M7.4) X, BEATL—MOBEAMESEMIhTWDE (HE
BEZER, 2016) B, ZTOERAMER. RITOEEXLSOAMITIRTEERBELABRL TV, 22
T, XEFAOBISICH -2 HRANMEDRIBR D AEMT 5, JDEE, BEOMES L UHRBEDKE A
E (M7iRE) OEA2EETEZLDICEARALEETL — N EEFEI10kmERRE CHEEIE LTED LD
ICL. et AR TR, biEdE, FE~NERES. mENS 7. HRE~EAEZESICHIT TOEETA
TERRELTHRET D, —AH. BRBAICOVWTLBEOBEEA T TICHRESNTWEEHEDD, XEREE
IC& 2 BEEICSITIMBEREATHME OV 7 b TRINTWVWSAETESTEAHNOMBILIRTDMEEX
DHIHELTWS, ZI T, WN~EREFSOEA (R FiE) OBEBICOVWT, RITEBOEAICIEERT
%,

OfEMNZ 7UADEE (N> 7) EHaE
FEBEILFE—/NERBEBEAWVICOWVWTIE, BESHABOMEE T TICETIMELTWS—AT, BiEb
SUYBLUVEAZEEEDESE (MS57) @AAICDOWVWTIE, BEA T, INSICDVWTEHAREER S %
BRET D,

OFI0FIEERIRREIMEEZ 1T T

TR 30EIBERIRRESRE LRI HNA0kmTRE L7z, HHICE W TIE, FX25kmE TIEhRRAHbE
ELTETNMEEINTSEY., ZEY EFVHEIX TR TEIT100kmIBEDNDRA S TAMEE LTETILES O
TWh, —AT, BHETZHEMHICOVWTIE, 1982F B MhihE L ZFOREEFHNE2HFT AT, FS
25km~45kmDOMEFE = FIRICE T ILE L TWe, dLEERIRREMEOEREICOWTHHIHE SR
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BOETILIEEITS,
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Seismological Society of Japan Fall Meeting

Room B | General session | SO9. Statistical seismology and underlying physical processes

[SO9]AM-2

chairperson:Kazuyoshi Nanjo(University of Shizuoka), Kohei Nagata(MRI)

Mon. Sep 16, 2019 10:45 AM - 12:00 PM ROOM B (Symposium Hall, International Science Innovation
Building)

[S09-05] Seismicity prior to the July 2019 southern California M7.1 earthquake
*Kazuyoshi Z. Nanjo1 (1. University of Shizuoka)
10:45 AM - 11:00 AM

[S09-06] Successively occurring large earthquakes in the world (2) -Successive
occurrence and simultaneous occurrence of same class earthquakes-
*Tetsuo Hahsimoto1, Takashi Yokota® (1. Meteorological Research Institute, 2. Aichi Institue of
Technology)
11:00 AM - 11:15 AM

[S09-08] Temporal change in size distribution of the earthquakes around large
earthquakes in the continental crust of Japan
*Kohei NAGATA' (1. Meteorological Research Institute)
11:30 AM - 11:45 AM

[S09-09] Variation of activity of felt aftershocks: An application of the modified
Omori formula to aftershocks of the 2019 off Yamagata earthquake
*Kentaro Hattori, Ichiro Nakanishi' (1. Kyoto Univ.)
11:45 AM - 12:00 PM
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Seismicity prior to the July 2019 southern California M7.1 earthquake

*Kazuyoshi Z. Nanjo'

1. University of Shizuoka

KEAN T 2T MEE T, 2019FE7R480ICY T =ZF 12— RKM6A4DHMEHIFEEL., ZOREGH)IC. BER
REIEESEIC L TM15 kmBEN/ZIBFARC. M7 TDOMENRE L, HMICR2 &, M6ADMERER, bER—F
BAABICETEZRHOMETREE., TOEHOILRIGESH. AA—FERABICET AT o LIETEIERL
LTW3, 2L T, 203w S5M7.1DOMEDIIEA RIS L 7=,

KB LHIE LT, 2016EREAMENDH S, 2016 F4814BICEEAMBDILE TME.5DHE A2
&, 2H#%(16H)IC. BET SME)IMETM/ 3DMENREE L. MESDOMENSM7 3DMEX TICEE
MERNEMBTT 2L, MAIMBTM/.IOMEDRNICT L R Y v THdH > - aTEEMEA R S /= (Nanjo
& Yoshida, 2017), T DI, AMEE AMEDOEDFZHDOHR ZIBET S & T, KMENGRT 2558 %
RAONZAEELHY., COMRITSEOMEREFTAOHRDOEREE LS,

FITAMETIE. MCADMERELRE, M/ IOHMEETICRELAMERSZHET LA, AVWEFESE

&, =57 UR)LT - ) ey —RI(GRANDLESE., HEDEFEDIREBEZEILEIEZ 5 ¢ {&(Lippiello et al.,
2012)ICE DK<, hEDREFMEZHISCGRAITELTE, MEF—MRICTIEWMEZ &5, bEMNNE W
A, NEWHBEICH L TRKEVWHENEBHNZOHTH S I EA2RT (MENKE VEHIL Z0M), ERKIERER
o, BEEZEISHICEOHEELH S ZEMFMENTSE Y (Scholz, 1968), £/, W DHDKMEDEIICZED
TEIERRIA R AHE THEDMED - 7=3R&EH D B (e.g., Schorlemmer & Wiemer, 2005; Nanjo et al., 2012,

2016), ZDZ &iF. HMERLERICERMETRANEN >/ & ETBT S, —H. ¢fEIE. FEE HICH
ENERLTRETIHRICA =D >1). Tk, WMEHNEENICIES DOHKRICA 2720 <) EFHET 2
EBIETH D, 1980FERLEDOEAIL T 2N =TF DT —4 % ¢ BTN LI=ER. KHEMELLL)DFAERZ
IAEDLKIZONT, ZOERMETHEDEHRAR SN E WD HRENH 5 (Lippiello et al., 2012),
bEDEZEESHEN S, MEFEIOILER TM7. 1 DMEREFICEDDEFI=0.7)E>1=Z £H'H

Mhotz, £, EILFERIDOELN S, BEEEHIC, LLEMRKZHDOMBMILLE)NER L THRET BHRIC
BoTWEZEEPh2-(mAKEIFP=1.5), TDLIBRERIT, OMBZOFHTIEIR SN o7, UL
Mo, LAERAIT. KEHOMEMILUL)NERT 2HRICA /I T, BVWHELIRAShEZEER

%, o T, WA E,h Mg, S, M7.1OMEDIEARIE L /-msEELH B,
J—OVISHDFEICEDE., MEADHBEDHREIZLY., M7T.1DERMETIIEES 2 RET 2I5NH1E
{72>THY(Steinetal.,, 2019), AARDEREFE LRV, KMENMGR T 2HHEIRABLHICIF. &
RHITLIAMERDISNHREAMHET DI ENEETHEIEERLTWVS,
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Successively occurring large earthquakes in the world (2) -Successive
occurrence and simultaneous occurrence of same class earthquakes-

*Tetsuo Hahsimoto', Takashi Yokota®

1. Meteorological Research Institute, 2. Aichi Institue of Technology

BEENTHEDRVDOBENIGDIODEERNFESN, ZOBEOERELREINL, HRICHIT B KFE
WEDHAEMEICOWT, BEET>TELMEERM, 20174 ). SEHIZ, CTOFEESEIXPPENT, &@E
Z7DMEORHBD—DOTHEZ2EZHPHBMOHEDL > RABRBEDOHMEDHHK EEXKDOMEDL D ICHEELRE
EBOEEHD L S BIREN, HEROKEEMEDREICDOWT, HFAICHETSNZISC-GEM version5.1DF—4
(1904—2014F) = HWVWTHHET 3 Z EAHEZMRET 21T o 72,

RHOFREE EBEDOMES TdoubletE WA %1%, doubletDHhEDHAZLIE, Lay and Kanamori(1980)IC & %
SolomonfE & DHME, Kagan and Jackson(1999)IC K 2R DMEDBFT R ELZRHDEDD, TOEZE L
T, 2ODHEOMECLIFZEREERICOVWTEENTIEA W, £2T, ZI T, doublet& L THEEMDH Y
ZORMEOHAEDLEELBENS < HET S0, PPBAEICEDEIICLT, M+0.3, ZEREEREd x 2;
logd=(0.5M-1.8) (FEOKERR(1962)D21%) , BFEEI1TFL L THRELTo>/. i, BRORS
&, WO PHOREELEEEL, 150kmklkE L, M72L EDMEAETRE L, MO/NRE2MI#MBA A
LT, BEZTo7%.

FETHEICH T 2R GEMEOEARN LEEOREICE>-EDIE, EEEHFTLOICLT, 252@N‘HMEIN
. TOA, LTHEBI1DOEX)EBHEHEOTEAIM7.8=M<8.6MEFIMNINEH Y, HiFHENIFELRIC
FELEA(ERX)IE13ME, SEURIESE®RE)ERY, 22T, 1707FFEAKkMEHIME6 EINTWVWBD
T, TNEYPI VA, POREDORKEZHOMEOHEREMEAZRTICR Lz, M8.6LLEDHE (Frx) DI fE THIF
A RTHE, 1957AleutianittE, 2005Sumatraitt®, 2011TohokuthtEDIERICH SN

7=. Aleutian#thtEDE Y TIX, 1986FEM7.95 £ 19965FEM7.88 AN I NTWB A, /N RIMETH
3. 7z, FTOBETI965RatsIslandttELNFEELTH Y, FODEETIE, 1906FE8H17HMS.3 (A, [E
HOFDME8Y 5 ADMEMNISCGEMICIFZEFEINTVWAWVKL I RO TEENIKNE) OHMEP2014E
M7.92DMENREEL THY, NSO TIEFHANEFRTH 2. Sumatraltt EDIEETIE, 2012FDHET
NEEDHEIN MBI TWBED, JEWVW-TEWVWWEEZ S, TohokulttEDIEEEH 1938FEMT7.95%
1968 EMB.2DHMENMHEEINTWED, TNOHHIEE L TTohokuttBICR > b IFTIEHRWVWDT, FltpeE
A%. #EB, 100EREDEHASRICLZ2HMEEUINSIE, BENS 7DEEERABEOHEDOHRREDOERER
HeZ&lE, PERVEEIMHDLOITHS.

ZIT, MEM7.2H 5 LT, doubletthEN LK AS5NZVOEVEEEDICEB LD AR 2 (REH
#(IZUSGS K U'Lay and Kanamori,1980)IC7Rd. K <HHNTWB19715F, 19744, 19755 (Lay and
Kanamori, 1980)D#iEAHHEINTWS. HEDRELNSKHERZHEL, PBLZOMEBEICERMEZER
FRABIEERIN L W) THRAERSAVWESITRLE, 1971 EDOME & RERBEER, MPHRIEOIEENEA
5H, 1916FEM7.96(+1920FEM7.81) >1919FEMSB.I5(FE AR L LD EHWVWAEME LWL, PPE
EAH B, 1983+1992F-2000F(#§1) 1’H 5. ZEDOMUBREORELH DN, ALLIRTARY
TA—DHIEINTWEEDICBAS. £/, 1974FRER) & 1975F(FR)D—H T, 1939FEM7.820#E
DEEFHHIBEINTVEELIICHERZ, EHFEABREOBERMEEARLTVLWEEMLIE LRV, ZORICAR
BREDDBEYRLABESNSDD, LHrLANS, ZOLIBBERITFEEL TLARL,

ISCGEMZERWT, miE N7 DES - AFREMECHKEMEEZIRL THLD, BRAREDIE, LARHLREHET
ZEDNELVWEDSICEDNS.

BiEE : ISCOISCGEMver5. 1 &b TWARE W,
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Temporal change in size distribution of the earthquakes around large
earthquakes in the continental crust of Japan

*Kohei NAGATA'

1. Meteorological Research Institute

TEk28%F (2016%F) RRAMELRE, WMEZMHDI LOLBBFROKRELENRELED. ARESL LIEE
ICARELFROMBICH T 2HEADEERICOVT, RO TRBFIEE>TWVE, DK I BRARELMEFR
FRICIE, MTBEILE CCGRAID bENARICIEBMNT 2MRAELH S I ENMEHINTS Y. TORDOMEERHIC
& WEORLEBREORKEELLZ T TR, BRIEELITORAELIZEY 2ARENMERINTVLS
(Bl Z (¥ Gulia et al., 2018, GRLl, Z£Z T, ZD& D BFBAAKNAHREINBELFOELIEL S Z & %RiIR

I REELGHEREROBRALOPPEWERR T — I TOREREEDFOEREOERZEEL. BT
HNRRERRED DL E DBEREEZANS O DB R4 2,

INETICT BT, 1997F 108 LU, 2017FF TCORRKRT—TTIEERER W T, 2004FLEICH
ADREEMBRATHRLE LML EDIE (FAM7.3) 2XRIC. BREMICE T B EI40kmELEDHEE
FOREIEENFEDELE AR, REJEED G OMBITICIIF LA BRFENMRERINTWSEH, SEIE. ]
ERSEE A DBEEOELLERARD EVWIBEEALD, /Y5 X N v 712F% [Amorése, 2007, BSSA] % A
WCERAYOIVHIBETETCVBHMEDTY I =ZF 21— ROTRE (Mc) ##E L. Mcl EDIRETGRAID AL
WDII>TWBERELEBEDbBEERLEICIVHEETZEEEIC. bENSHEINZHEBEIEELIR &
BRI SNIZDENERBIHNE DI DN EKSKREICK IR, £/, GRAIDNSDOHDRREDIEZRE L TIRES L
TWBnfE[FiE, 1978, thE2 |2 EBICHELZ. TNODETE, WRBEERDITRTOREDERNS
W L-—EBOERT 2ERET — 4 ICIERER L 7.

WRBEHLNEEOHEEEICHEARIFLEZIER[MRAT —ILE LT, HEREME OFHMNLRERA[FE,
1961, SRR ER]EAVWTHE LZREBORRLEEEL L, SRINECEREMIEEUTOER%
HWH L ERFE=BALER. SREORERICHER, L TREZRDbEIEL R>TWVWE I & =R
L7 ZIEOFBEIITRIEICE Y EAZH, #ih. RRMEREERDL S bEIEIMLIED. BHALS
1ERENMNTT—EDEICELELIERANROND, TDLODEDOLEICIE, WRMEREFOPRBEE,
RIMERERDHIBRELEIELEZVL6r AUBOARREEZB WL, bEDEMOEEIX. XEWVWEDT
0.1FBETH o7z MCIIIRBEDOREZRMEDORERICEL ML, —EDEICELEL ETICHIEEDHE
BAEETZH. ZOBBIZERO bEDEMDBEESRICLERS EEW, nfEld. YRBERLEREZ TETED
BT ZDIEDNHZEDOD, BR1.7T~1.9BEDETHEELAZEIIRESNATULAL, 2D &iE, MclEDIR
BRSEEAHRMMEL TLICOOBRER>TWEZEERLTEY., LBD b EDOEMAMcOETICERT %
ZETIERWT EEZEMITTUVWS, KSREDHR, GREIEIZEEICELRZFEIMESHEH, HICHRHE
HEBRICEZERINDD, IN6DT—9%2RBRVWTH, LEOKRIEIZEDLRW,

EERROERIE. GRRID b EATREMRIGAZDERDISHG L FEZ/HSE, ZRNNEWVEE b ENMEWN
A % #2 & W D TR DR [Scholz, 2015, GRLIERAFMNICR A 2, T74b5, HEICH D BREELT
DIHAETICHIG L TOEAEIML 7z & DFERMITETH Y. ZDFE. bEOPPREAMLERBAREIL. TR
WMEICL VBRI NEBEADZDEROREICEDIGHDOBEDICEL Y ZEMICEBEINANSHERERRK
BICELBEVWTWKBREZEARLAEDEVS BRATERTRBEVWNEEZEZITWVWS, bEDOEL EBHEILD
BARzHRT 27D, BERMEHOER L T2 %Z0.71L, 0.5LE L TRKDOENZT o/ & I 5. BITNRE
HEEDBIFEDEDEMENAREKRIHBEEAONLED, WRMERMOFENEESMEZHET 572DHD
THREBRT—IMEONZBFNM DAL, PARGBERIF/OATVLARWL, FIZ, 2014F11 A OREFRILER
DHE (M6.7) ICEIL TIE, BRIEEBOSLUADHBICOWTHENY &, RAERMETHEMET IS EWD
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fthE ITFDORRNMEOND, Thik, FAEDERMEDERENLEEDHETCAERObENAECHESIN
DI L. AERIEZTNUADFANRERNHEELHTOARBL A2 EDH S & ICK UIERHICERMEDRHE
METTBHEEZIOND, bEDOERETIEORAEICIE. TDLDREENAEFHOLHEDTILDEESH
HE-ORHEEFDS & FEICIERINTWS [ X IEWiemer et al., 2002, Adv. Geophys] & Z 3 Tlk#H %
B, LRROFERIZ. ZOLIABFELESCELTH, REOKRESRIEICHD M RbEDEMNIZEEICE
TBHIEETERLTWS,

Stk AN REEZBY T L EHIC, WREEAZ/NEEICHEI L. BFFNAEREIOE(LH LB OFER &
EDELIICEARLTVWENEVWSIALEDTHREEITOFETH S,
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Variation of activity of felt aftershocks: An application of the modified
Omori formula to aftershocks of the 2019 off Yamagata earthquake

*Kentaro Hattori, Ichiro Nakanishi'

1. Kyoto Univ.

Dependence of activity of felt aftershocks (K value) with epicentral distance has been studied by fitting
the modified Omori formula (Utsu, 1961) to the aftershock sequences of the off Southern Yamagata
Prefecture earthquake of June 18, 2019 observed at eight seismological stations in Yamagata and Niigata
prefectures. The aftershocks used in the analysis are limited to those whose epicenters are located off the
coast of Yamagata prefecture or Kaetsu area of Niigata prefecture. The fitting of the modified Omori
formula is made to the time sequences of aftershocks with seismic intensities greater than one at each of
the eight stations. The aftershocks with seismic intensities greater than one are called felt aftershocks in
the present study. Because the data set of aftershocks located by JMA is used, the fitting of the formula is
also made to all the located felt aftershocks. The interval of two hours is adopted after several trial fitting
of the formula to the data. Three intervals are obtained from the origin time of the main shock 22:22 of
June 18 to 4:22 of the next day. The values of p=1.3 and K=20 are derived from fitting the formula to the
data set of all the located felt aftershocks. The value of c=0.1 is assumed. The values of p=1.3 and c=0.1
are fixed and K value is determined from the aftershocks felt at each of eight stations. The results are
summarized in Figures 1 and 2. Figure 1 shows the numbers of felt aftershocks at three time intervals for
each of eight stations, the best fitting formula and the K value for each station. Result from the all the
located felt aftershocks are also shown in Figurel. In Figure 2, the values of K obtained for eight stations
are plotted as a function of epicentral distance. The K value plotted at epicenter (O km) is obtained from
the data set of all the located felt aftershocks. Figure 2 may show the decrease of the value of K with
increasing epicentral distance.
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Fig.1 Frequency of the felt aftershocks for interval of 2 hours of the 2019 off Southern Yamagata Prefecture earthquake
and lines with p=1.3, ¢=0.1, and the best values of K estimated for modified Omori formula (Utsu, 1961).
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Fig.2 Relation between the value of K of the modified Omori
formula and epicentral distances. The K value at 0 km is
determined from all the located felt aftershocks.
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Room B | General session | SO9. Statistical seismology and underlying physical processes

[SO9]PM-2

chairperson:Makoto Matsubara(NIED), Masahiro Kosuga(Hirosaki University)

Mon. Sep 16, 2019 2:45 PM - 3:45 PM ROOM B (Symposium Hall, International Science Innovation
Building)

[S09-10] Small repeating earthquake beneath the Tokai region
*Makoto Matsubara’, Hiroshi Sato® (1. National Research Institute for Earth Science and
Disaster Resilience, 2. Earthquake Research Institute, the University of Tokyo)
2:45 PM - 3:00 PM

[S09-11] Spatio-temporal distributions and activities of deep low-frequency
earthquakes in volcanic regions all over Japan
*Ryo Kurihara', Kazushige Obara', Akiko Takeo', Yusaku Tanaka' (1. Earthquake Research
Institute, The University of Tokyo)
3:00 PM - 3:15PM

[S09-12] Low-frequency aftershocks of the 2008 Iwate-Miyagi Nairiku earthquake
revisited
*Masahiro Kosuga1 (1. Graduate School of Science and Technology, Hirosaki University)
3:15PM - 3:30 PM

[S09-13] Migration of microseismicity and subsequent aseismic adiabatic expansion
after the termination of injection in Okuaizu Geothermal Field
*Kyosuke Okamoto', Li Yi?, Hiroshi Asanuma’, Takashi Okabe®, Yasuyuki Abe* Masatoshi Tsuzuki
> (1. AIST, 2. Osaka University, 3. GERD, 4. OAG, 5. JOGMEC)
3:30 PM - 3:45 PM
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Small repeating earthquake beneath the Tokai region

*Makoto Matsubara', Hiroshi Sato?

1. National Research Institute for Earth Science and Disaster Resilience, 2. Earthquake Research Institute, the
University of Tokyo

1.1xC®IC

BAmEATIE., 74 VEVEBITL—NIEENZ DL —FYT7 T L—MDTFIEHAATWS, ZDT
L—MERTIH.,. BEAMENINEITHERYBRLEELTEY., SEROREETFAINTWS, RiEihig &5
ARZ 7, COERMEREHORIKICAET 2, INETH, MEBE (FPARY T 1) TOMEYRL
WMENSTL—MERTOIRYEIHEINTE - (FlZIXNadeau and Johnson, 1998; Igarashi et al.,
2003, Uchida et al., 2003; Matsubara et al., 2005) , Bi&RIZLFRMAZRAR BRI EXEETL— PP
T4V EVBITL— DI —Z T TL—MDOTITEHAE 2 OMIFHICE W T1979~20035F (C BHR R EER
@ (KT-net) %2000FLUEIISREMEBENME (Hi-net) 2 BALTEL, BAMNS 705D T L — MER
ICBITB2ITRYEZHET 27, BL)IAOMETELORBHIHICE WNT, MEYRLIMEZ#ENTL <,

F—% - Fik

R#R137~139°, Jb#E34~36° DI H W THKEBFADKT-netPHi-netiC & W 1979F8H ~2017F 128 %
TRV =ZFa—K (M) 1.5 LDOHEH152,333FDHENIAREB I N, HHMEICH L TABEOT (K
10km) LIHDOME DR = HEHEBEGREOGEN R E Lz, BERHHI-netDERIRICH 175 ETEIHND D
1~8HzD/NY RIRR T 4 )Y —%BRALEEFICOWT, PREOEIZEDTHEINSSKEOEZEDSHEETE L
IE. SEDOFEHEY NMEWSGEIZPREDOEZED1RFEIA S40MBE DRI IC O WTHEBERE ZFE L2, BEEIC
EENBEEEEH T, ERERH100 kmEL R OIE A LA ETO.95L L DHERERE A F DRI A ER S nrzith
EDHAEHLEZMEUME S L THE L (Matsubara et al. 2005)

3. #&R

3,525 DMEN 57%221,0727 )L —TD/NMEVR LIBEDHEAEDLENE SNz, TOHRAS2FLLE#EL
TWB/MEY R LIEIX3 48MEDHEN 572251,0597 IV — T TH o7, BRI15~25kmD 71 JEVEBT
L— M EERFTEELTWVWR EEZONSEAUMBIRD/NEY R LR IBERHMECHREMES L UW
HEBMTREL TV, 2055, FUMEORBERBRIEI NS 70BN TVEARST7 kmfETH Y
TU—MRRELEBEDREAACHALAEEDRAEMETHZ I EHH, ZOMRYBRLMERT
L—MERATRE G RECHNMNMIBEEEZ 5N D,

4. ZFm

TL—  MERMETRELTWS/NEY R LIEICDWT, Nadeau and Johnson (1997) OBERAEZAWT
RTZFa2a—KRDOLITARYFEEAMEL, TNFNERTMETIZ0.2cm/E, ILREFEHTIX1.4cm/ET
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Ho7, Seno (1993) ICLNIETDEEHDTARYFEEIZLO0cm/FETHDH, NMNEVIRLMEISHES L
BZIARYFEILKBICTFE>TWB I &g h o7,

Igarashi, T., T. Matsuzawa, and A. Hasegawa, 2003, Repeating earthquakes and interplate aseismic slip in
the northeastern Japan subduction zone, J. Geophys. Res., T08(B5), 2249, doi:10.1029/2002JB001920.

Matsubara, M., Y. Yagi and K. Obara, 2005, Plate boundary slip associated with the 2003 Off-Tokachi
earthquake based on small repeating earthquake data, Geophysical Research Letters, 32, LO8316,
doi:10.1029/2004GL022310.

Nadeau, R. M., and L. R. Johnson, 1998, Seismological studies at Parkfeld VI: Moment release rates and
estimates of source parameters for small repeating earthquakes, Bull. Seism. Soc. Am., 88, 790-814.

Seno, T., 1993, A Model for the motion of the Philippine Sea plate consistent with NUVEL-1 and
geological data, J. Geophys. Res., 98, 17,941-17,948.

Uchida, N., T. Matsuzawa, T. Igarashi, and A. Hasegawa, 2003, Interplate quasi-static slip off Sanriku, NE

Japan, estimated from repeating earthquakes, Geophys. Res. Lett., 30(15), 1801,
doi:10.1029/2003GL017452.
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Spatio-temporal distributions and activities of deep low-frequency
earthquakes in volcanic regions all over Japan

*Ryo Kurihara', Kazushige Obara’, Akiko Takeo', Yusaku Tanaka'

1. Earthquake Research Institute, The University of Tokyo

KM DFESEEFRHE L, RAREOBEEOHEBICHRTHEHEERBNMBEVNEVWSIHHEEL, SREKFDHY
A7IC& B EFICKLMIBORERZTT10-50 kmTRET S, ZDEL IIBEREIDHDHRENHI20—-30 kmiC
B3 (UNE -, 2017) =8, EFREEDEF{EIEREINTVWS. LHL, EFIUTIEEZ10 kmffik &35
kmfHETD2DDEE TEAR L THRE L TWB (Nakamichi et al., 2003) i &, BRI RHICIEMLEISEWND
H5., WMWTOMEREE & OLLEAR T, EEEEHOAREE 2 IXZDORMICESREREEDERIA DA T
52 EDD, KIUMEREOBRIFEBEBRMEOREICEAS L TWVWEEEZLNT WS (e.g. Hasegawa et
al., 2005). KR TIE, FHEFRFMEOFEINHEE LV EREICKD, TOREANZZILICEDLZEEEE
B3 % 7= IZNetwork Correlation Coefficientix (Ohta and Ide, 2011) IC& 2 EROBREAIT o7/, £
=, IRFOAYOQThOFREERRIMEET Y TL—MELT, ¥vF K7 1JL%% (Gibbons and
Ringda| 2006) # AW TEHRET —9 H 52004F4B Hh 52018F 128 OHIBE CREERRMEDKRE 1T

, 2ES2#HE A FRICHERFHI-netDERIREZFRA L THYOTAER L. A9 OTDEREICIE, &
ﬁ/*ﬁf‘éﬁ‘?%f“/7 L—bMIxy FLERREREMEOREERELZRAWVWT, HhyOJ7hOFEMERKMED
PEREITOT-.

ERBREDHER, FEEEFMEOERITS I TLEBHEAICHOML CVWHIETEHRONEGEHICES
L, £z, FEAEDOHIFICE VWTEHORDONSIBREBRIFICOMNZ Z &N o7, ILEERTTIEEA
EARICHS kmBERT4DDRROERICOMS. £, ZOERDEWLEIRERRMEDKMBERSEIC
LK BDHEDBEREIFITHIGT 2. D, FEMEERMEDOERIGIMIINICEHREFEEL, —EHFFOERTIE
BAL&IBRANZZALDREBERFMEMEVRELREELTWVWREEZAONS.

RIS, BEAEBICEL > TSN I —TBICRSMEREMEDESORBEAER LI-hdO s 2AL
T L. ZOER, FHERRMEDENIFA—MBRTE /I —TEBICKECERSZ I END
ol R CIRRBERRE’EITHEEPICHREENRL — NTRET D7V —T &, BERNQTEEDL
HEBNTRET DIV —THEETS. HRAEEPLPESL, HETREBNICRET 2 RBERRE DM
I2, RRZEE (ELihiEkz, 2019) PEAEEIEFWEDORWI I —TORBEREMEERR I N, O
RiF, HRKUADT T THEIBICHE D HTRBORANERERRMEOERIBEO—HDA%BIBT 5L D%
MECTLERLTETCWEZEAETRET .
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Low-frequency aftershocks of the 2008 Iwate-Miyagi Nairiku
earthquake revisited

*Masahiro Kosuga'

1. Graduate School of Science and Technology, Hirosaki University

&I

RILBADOHFRBR I Y MVREEBTIHERFHEENRELTVWEY, REOEEEMEEAICLY, i
FORBICHBWTHEBRMENREL TWBZEMBHELNMIR>TEL [HFO - th(2018), /NE - b

(2019) 1. HRREMERRMEDOREA DXL DRI, BLCEFEIHFEATRETI2BEEDOMEDRE X

HZXLDRAERATDRTHZZ DD, MR ERRMEORERREND I EIZEETHD. —A, KW
REHAR N THRE L7-2008FEF - SHHNEMEOREFICEARBEENEEFNTWVWE I EP’RESINTWS

[Bh KRR M FTAT(2009), K[RF - KK (2009) 1. INE - fh (2010) IFZDRMHIARAELEEREL
=%, SME&Frequency Index (LLF, FUEEFY %) ZAVWTERERIMEDKRE & BRORFZEMIMICDL
TOERNAETRSTEDT, TORBRERET 3.

BHikET—4

FIEIZ, BRKETEE SEBERTHOZARY MURBLLOERAREHE LTEESN, BEBEIEHT 2 LiEWE
DREVEDEEZES. SOORITICIESKEAERAV, SEKFEEHIE10-20 Hz, KB SEHIE2-4 Hz& Lz, &
AR & BRREIE, 2008 FEF - SBREMESERESRUNIIN—FICL2505AW . b, FEDORA
EEHAEH LY ERED /1 AL WERIRIZRE, SIRE /1 XDRARY MURIELA L Z WE%E O S
BEICIEFME % KD TULARLY,

FIEDQ2 L ZTDER

FMEDE R TS ALlE, E—RP-02BREDERDGISAVEEATRTS, 1 FRAADOTF—ILHARL, Thd
BEREODREEZRLTWS. FUEBIMEEROESWAERECKRIATES I EDFARTHS. FIfEE< T =
Fa—ROBICIFTVWEDHERBENH 2D, REOABLEZLHHZ YV =F 21— R25KEBDHE TIFKFHED
EEIRN

R ZFa1— R25RBOMEBICDOVWTFHEDEEAOG 2R3 L, BRAKOREIIEBNICELE >ADHFER
FTZENDHDB. ENSHIE, (1) AEOERE ZOIES, (2) REBOILET, (3) LAIREE, S FEAICH
hrhNy S R5—, (4) BEILDORS5~10 kmDEE, &KL T(5) REHEHEE (BFALUDOILILR) TH

%, IS, BEKEI-ROSHRAKM ARV TERRBEARE LZ/NE - 8 (2010) DOFEREH
RIAFNNTHZH, (1)E)ICDWTIR&L YBRBELSHEST-.

BRARMEREFHDORT, (A)G)EANTSREELSHETS. TN 5 DOHEETIIENNERRE TELA

BETEOMENIREL TWHELMRTES. —7, BAKMBRRIREFILAICEELOHTS. IhoDRE
TREEARORELHMELANOBAZITITHHT D, COBRADITIFEE - ENOERBOMHN S TIHERAT
BIERETERY. (NMEQDEHIIBABRDERFEERNIANVEHICHIET B DD, REDFSICLHE

ISHETOMEIANY ZRMRLALEDONE LNV, S&RIE, ROBAKRE OLLBRE ZED, BRKRE
DREA N =X LDFRBPEHEDTL.
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HEF : AR TIE, 2008FEF - ERAEREASRKREH NS L UM KB ERMFRATHI-net DERIKTY %= &
ALFELL..
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Migration of microseismicity and subsequent aseismic adiabatic
expansion after the termination of injection in Okuaizu Geothermal
Field

*Kyosuke Okamoto', Li Yi?, Hiroshi Asanuma’, Takashi Okabe?®, Yasuyuki Abe*, Masatoshi Tsuzuki
5

1. AIST, 2. Osaka University, 3. GERD, 4. OAG, 5. JOGMEC

RSFhRMIG TRAIEEEDOREILZRSZHIC, 2015FEITHEIKABRD THOhN (10

B :2015%6R-8R, 2EA : 118-12R) ., FXEEFIKDRIC, HEHMFICKELIR (HRSR, 1A
4R) DBUNEEFT TERAShAM/IMbERSZFAL T, [DEETIKA , [E-EEEIKF], (H—
EUREFKE , [EZEIEEIKE , TBZOERETIKE] OHEICSTT, REESHBEZAAZ7DOT
HRET 2,

BNEDA RN MREICER LT, 1,000HzY > 7)) Y I TIREESINAT—2ICx LT, P, SSEOBHZHEHA
B %ZTo7, BIC, RESNBNMMEERICHLT, BEERZANABLAEBRI SAIBNZERTZ I L
T, LYUEDPRELHNMNMEESTRZRDL, BIC, RIDEHML TWHMEARBEEEAAKRAN, BWEFKIC
HFWERETEBHRINEEERENIELBZ2 I LICEBL, BELEMBITICEY ZOHEER A7z, ANEMICE
Y, BEKDOEE - REZEZIFZEETYHM TSI %28, ULOEHZBLT, UTOZ&ZBHLNEL
7o

CEHEIEKABIC—E L TERNBMUNEER (Mgs1, Mgs2) 28R ELE, ThOMNEEKORBAAEZRLT
WBHEBEMZRELDE L .

- B—EEEEKRICHICE L 2BUNEERF(Mgs3) 2R E L7z, ZOBNBERIZERENDGREICE T
FLTWaHaZRELNE L,

- BTENREEKRICKE, FCAGHUNMEERRRE LDV EZFE L, BEIC, EEHEW EMgs3iC &£
DAERKRSNIRIEET, MEAFREKOEROEVRLAELCTWESAREMZRH L.

UEDzE &Y, EPBEAMNNNEERRNEZTO & T, BEEIKICHEIHTREAFRAUTESZ &EHD
N7,

FFRIZIOGMECOMBARBRAM IR T 2 ZEMA NhMAIEETM - EERM O—RE L TiThhi, Z
ZICEE L TREDEZRLETY,
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Room B | General session | SO9. Statistical seismology and underlying physical processes

[SO9]PM-3

chairperson:Takane Hori(JAMSTEC), Hisahiko Kubo(NIED)

Mon. Sep 16, 2019 4:00 PM - 5:15 PM ROOM B (Symposium Hall, International Science Innovation
Building)

[S09-14] A mechanical model of regular and slow earthquakes
*Takane Hori' (1. JAMSTEC)
4:00 PM - 4:15 PM

[S09-15] Patch distributions of tremors and growth process of ETS.
*Keita Nakamoto1, Yoshihiro Hiramatsu1, Takahiko Uchide?, Kazutoshi Imanishi® (1. Univ. of
Kanazawa, 2. AIST)
4:15 PM - 4:30 PM

[S09-16] Spatial properties of slow earthquake activity and its geophysical and
geological environment
*Kazushige Obara' (1. Earthquake Research Institute, the University of Tokyo)
4:30 PM - 4:45 PM

[S09-17] Spatial relationship between rupture area of two large inter-plate
aftershocks of the 2011 Tohoku earthquake and slow-earthquake activity
*Hisahiko Kubo1, Tomoaki Nishikawa® (1. National Research Institute for Earth Science and
Disaster Resilience, 2. Disaster Prevention Research Institute, Kyoto University)
4:45 PM - 5:00 PM

[S09-18] Spatial distribution of b-values related to slow earthquakes in the area
encompassing the Kii-Peninsula and Hyuga-nada regions, Japan
*Keita Chiba' (1. Institute of Seismology and Volcanology, Faculty of Science, Kyushu University
)
5:00 PM - 5:15 PM
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A mechanical model of regular and slow earthquakes

*Takane Hori'
1. JAMSTEC

HEK, HEONIVWEDHSLKZEREDET, FLRETIHMCLILST (BREALIMBLZERT 2WE
BEB>TWEY, IRYDFIRREICRZIYPEBREARLR >TWEZYLTE) | BERTRNEBLULRIRSE
WaT 5, TOIRDTEWIE, BHEERPICTARYGELE (TRYICKEL TREMETT2) OREEF TN
WEZREL. AT —IVICHUEBIBIRIILX—E TR FERH. RT7—ILICEKELRWVWISHETEZ2RE
TBHIETRIETED (Kb - #MH, 2002) ., 2L T, HARRAT—ILSRELARETOMEDHKL B
(1 DDOMEBEEOITARYDENYALIFTERL, RABFEDOHEDORE) X, HIZIEX., TRYUELICKAR
RKEZOAFDNRY F&, ZOEERORHN 7SI I IHNAMEEZFEOODERMICT VY LI HIHE, %
DHERICTANYSHLERH LB E D LD ICKHEEZRET 2 & TKRIETZS (Ide and Aochi, 2005) ., Z
ZTRAYVMNIRZDIE, ZENRS VY LRIEMEDL., BROFTAITHENICEETZ2H5DOTHY., The
AT —=IUKREDTRY FLARIEAEDI DI ET, NEWRT—ILTHRE > BHIBESBANICIEZ Y ST
W AR > TWBEEWS ZETH B,
—AH. oK UHER, RT—INIZEKFELTIRNYDGEREESFIRECES LD, RESN-LUIIRFHER
T=IREBRRAT—IVIZIECTERZEMDEZ 6N, BABZHEKE L THRONTE, LHL, Zhod'i
EEIFRHOBUEE AT —IVKEEEAF >EMEIARNYVBERTHBZENHM>TETWS (Ideetal, 2007,
2008; Kaneko et al., 2018%) . WoK UHEL, MELRAKICEAMIANVIRKRTH Y., #EEEFRICTAY
HZREL. TNUEICALHIrDNZEREE (BIEHEHKA) 25252 & T, ZORZBVWERIETESLRE
n3, EERLARBRAZETILIREINTVWEN, HEEERZEMNE - 7 —IUKEEEZETICIRZAZET
i, ZOEIBRAZETI TR, BEMNALES V4 LS 2 Dstochastic ETILT#H 3 (Ide 2008,
2010; Ide and Yabe, 2018) ., StochasticRETID S5, EEMARLEAY #FA L 7zIde and
Yabe(2018)DEFIVAEH T, AR > YHEDETILITHRELTWSE Z EIE, TRYDEHKEILED S
HEPITARYICTL—FENTZEEIMISHIDHETA>TWEB I ETHD, TRYEZBEUE LNy F
NERMTIRYAERBIEDLIICRESINTWLWS (Ide and Yabe, 2018; Ben-Zion, 2012; Collella et al,
2012742 E) HDEHNIEX, TRERTRY ZFDEDHIIETELRWVEE %D (Shibazaki and lio, 2003;
Matsuzawa et al., 2010) £ D, FELELITARY ZR I TEDOFDICHHEPTRY FEREAETTL—F
%M F% (Ando et al, 2010; Ariyoshi et al.,, 2012) £DEH B, HEI—DODTL—FDMNTAHIE. TRV
{LEEBEA KREL TBHEDTH B (Hashimoto and Matsu'ura, 2000; Liu and Rice, 2005; Nakata et al.,
2014) , 22T, WEDAFETIORA v bH MBORKDOERAAFHEMNNIELTANY OEFEEZ LD
ZUHBEEF ->TVWEZE, oK YIEAREILTVLWAHEIZ. TBOMEAEI L TVLWIHBDERIERY
ABERTHDIENZVWI E, IHIC, WBOFRSBTIHRENATWOHIC, RBTREBAYIIEVNI &
ZD=HOICTARNYFBILEEENAKREZ LN & (Kato et al, 2003; Marone, 1998) A EET hIE, ZEENAS
VELRHEERELZHEOETIVICH LT, &KW IRYGBEEHAERE S LELITT, Feahp o< Wit
BERTETICRDZEDEAFTIND, TRNYBLERELSAZVEWVIDIE, TARYICHT 2EEDOETE
BINSL, TRYICTL—FMNMFDDT, FERIICTARY REBRIEDIRDZBEVWET DI EICRY, KT RY
£ RKIEIND (Hori and Miyazaki 2010%) . 2%V, HWEDETIEBALAEETILTI DDNRIXA—4 %
EEIDEITT. RABRT IO > YHBEPRMIRYERRTEZETIICRD LB/FSINE, 2O
EdE - oK WHEDHZETINOEMMEAERT 2720101, ERENARS VY LTRHEERE LZ#EIC
loadingZMF TEHEMNICTRY AR I L TW o LIHAEIC, stochasticBRETFIVTIRE SN TVWABREMNAS Y
FLINEOTHRREAHFAMEEBZINEINEARDZUELH Y., BETITZORTFERICOVTER
95,
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Patch distributions of tremors and growth process of ETS.

*Keita Nakamoto', Yoshihiro Hiramatsu', Takahiko Uchide?, Kazutoshi Imanishi?

1. Univ. of Kanazawa, 2. AIST

iEL®IC
FEHEREMBOERREFEE LTI URO—THERRBREY /N1 7))y REAFA—BRMWICAVWLNTWS
[Obara, 2002; Maeda and Obara, 2009]. Imanishi et al. [2011]%Ghosh et al. [2009]iZ, 7L 1 &I A=A W3
CETBEDERREFELIVEVREERTHEOERREZRET DI ENTED I L ARLE. RNFRTIEE
EREBMEMIRFEBICKRBELAETLABRAT -9 2HVTHEBIOBRRRAE S TRILF—EEETL,
ETSARY MOMKRBRICOVWTDREE T o 7. ARRTEBEBOBIRILF—2KRET /Ny FOHRV
ETSORBME S FIEME, S SICIFEMU LB REZFDIETSICOVWT, ABEROEXRICMANET 25T R/
F—NRyFEBIRLFERETEAD > ERORBIXN X —DREAZLOBWCERELYTTRET 5.
T—4 - BRFiE
RMTHAE 2011 F4B A H2015F1BETE L. ERLAET LA DR T — 9 IEEFRERMMRAICE Y
BAZINEDTHD. N Ty RIZRH Y v E[Obaraetal, 2011]ICE WRESNAEERT —4 IO
LTOZRYY Y TUEBETW, HEINRFEENICER L TREL TV IREAEZFELEZ. BFELEZIZ RS IE
16ATH 7. AR T I DI SR Y DEFEZETSA RN MOFEEREE L THETZTo%.
AR CTHW T LAICEPERREFEIEVY IS VRAETHZ. BERAEETOIBRIIRELZTL— ME
RETINEEE#ETE T /VIEShiomi et al. [2006]D 7L — MERETILEKRTIMA200T EEEEETIL[L
BT H, 2002] TH 5. RFHEBEOMENFERICKEAAIC2kMBER T Y vy REBRELET Yy Ko7
L— MERDORIZEELE, BEBEICHK > CEREBHAETIZEICLYERTY Yy ROMNBEREHRE FES
NZ20—XABEREJ T ZhICEWETY vy ROMNBRRE Y 77V ABAKR+EERGIE 2
ZENARETHD. LV TV ABTICER LEBRETIE2-4H2TH Y, BRARIF1IDTHZ. KLY TV
ZENOIULEDT) v ROMBAEMBOERSE L TRELE. £EEELAS Y v REFBOIRMEISRES N
ARy MEBFTEEAD / 4 ZDEEEMELH 5 =08 L 7=. TxILF—5EFEKIEMaeda and Obara
[2009]DETEX % FA L, IE#MERBTED /AT X —4 —Tdh % Quality factorld—E(E184 % IRE L 7=.
BR-EE
AFRTETEEITARERIIMEBOBVIRILF—42 KT 2BEHOZERLTR(E 1)IFETSA N> b DFEFEIC
AhoTEELERETH /I ETHE. DI &, BLWIRILF—DOWMEN % FRE S B5EBIKETSI RV
NOILKBREOHHICELAINT, MBEBEORHHICL > TRED I EE2EKT 5.
ETSOILKEFZAFHR 78, Obaraetal. [2011]%5E(CL, —2BICT1DRD 5N B ERICH L T1RE DBF
BMERTIZRYY VIEFETWV, SEAULOEREFE DIV RAVICH L TCELMIBEERD 2B 5T, %
DOEBRBHOEOMEBEOREAZILL S, BEAMICIIETSORBRIEMENFREROFERTH Y (XBHSHEBTEE
DE—EEIE), ZIHOXRBOBI RIVF—HEIBERIEL /2%, ETABICIEDL S & WD ETSORFHIRILAEA
BERZZENTEL (H2). £AWERHOERAARADKEL, HE2HITRILF—y FHEEBICEAR &I
FILF =Ry FAHFIEI G ENEFERWFEICIFELET B(H3). TNIKETSORRBRIIZES I XL
F—NyFHEHL THIRTINENDZEL TVWEAREMEZRET 5.
7 LA DOADEU R EMEEHDORARE T HETSORBEHER T RILF—OBEZE(LER4ICTT. TR
TLAESBICEET 2T RILF =y FORBNELCLETS, SRIET LA DETICHNET 2aT xR/
F—Ry FOWBBIELCRN>IZETSOEDTHZ. CORBITIERMN O, REOBIRILF—/y FEFIRT
2HBEE LBRWVEATIE, RBIXVF—OREAZIEOWMBEBIICE WTHEBRAREIIBRETE AN /. 2D
EDDS, ETSOMRERICOWTHEZRE N SHESNDETSONEEE D DEIHRENSIFBAS MR FRIETE
¥, ETSOMIRBEEXICH 2RI RILF =Ny FORNEBRERTZOBIBROEENMSRELTWVWEEEZDL
na.
T
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Spatial properties of slow earthquake activity and its geophysical and
geological environment

*Kazushige Obara'

1. Earthquake Research Institute, the University of Tokyo

1. IZC®IC

AO0—EBEIFELRZBYEELF ORLABRERISEBRIN. ThTNEHNLEEREEAET S, TDZEM
DHEIIBENELEITERICELRT ZH5E7HY. WINEIRYIESZY - hEPNRERELRMT ZEE
Zbhd, HE. AO—HMEOREBREBEICOVTHEZ K OMBREIBIE SN, BEFEMNLBA A —IDTEDD
Hb, KBEETIE. AHTAO—MEFERFEICS T 2ZEEOFOHHRERT L. TRERE L TORERE
ICDWTERTY 3,

2. Along-strikez X v F— 3V

AO0—MEEZEKRT HERRE. KHAAT L — MEREOIFIFR URE Talong-strike SR < 2% L. #H
DETAY MMM TENTNRILICH 2 WVIEEFRA LADNSEE AR YIRS, ZDHEFIE

ETS (Episodic Tremor and Slip) T#H Y. AEHEATIZHN3 6H . CascadiaTIZ#10" 20N A DFLERE R
EROEI AV MIOMNS, REIMSSEL HEE A SIEFKEICHNITTETSEEBZHEDF v v T%#1BH 2
EOIEPmE L. ERMRFIFRRIEPIEVEIAY MEShTWS, ETSOEI AV T—2a VvOXRERE
L Tld. CascadiaTIR KRFEMAZE PR Z T SEEI N2V ) HE AEBATEIL—MERLEBOD
Vp/VsPREEEDER (Frv70OvY) OEFEEICLZFEEEIERINTVS, KiEUjiieetal.

(201 8)IFETSOEHAMFE ICRET 2 E XN Z RE L. BEDETSHMMKICELE LLEEZIONEAS
VY aHDE M Dshear-veinllFE S NizquartzDEHT M 6. 4 R NREBRAETS &AM ELINTH
ZEEPELMIL, CORREBFZADE. ETSZER T 2 EHNSSEIEMBHFRIOMMEER D~ -/ 0O
RIETHY ., BENIMMBHERIDZHDveinlC BT DERBIEEEZ DI ENTE S,

3. Along-dip®DE#HZE{ (ETSH)

ETSIE. along-dipDEWETEFERFMEARZICEL L, REHSFERICEN» > TREBBIEL. THLBEE
NN LB, ZOERAIIEARBMBA S CascadiaTHBTH Y. ETSOELEBHARHEEZ OND, XBERE
LTk SBEZEICHGLAEERBESY D) AEREIEIFONE, DL AFEFEORIEKEMEICEL
TRFALMEENLIARERHSI A TOARWS, ERERBRTIIFEDEME & 612 > < W IROM GRS
BLRBEWVWHIBRNMESNTSY (Hirauchi & Muto, 2015) . EMMICIZEIIEE & AMMHLE LA
W

4. Along-dipFEEMZEL (REIFISSELETS)

BKETIE, REAMWSSENETSO LIREBDEEI ZFRILT D2 &S5 TWE A, REBISSEOTARY 57
[EFRERBIDETS & IFEA > TWAWT & (Nakata et al., 2017)5 5, HBEFHNBIEDO R ERD/ZOICTNY EE
DPRETZIENTEING, FEPHERRICEAINEENMESRRT7 L 1 2BV L > —/ BB
N5, ETSRUREMSSENAZNEFN, vV MLy v Y RUREQ TSR E LML TL — N EDERTH
E£TD2MAA=IUDELNT WS, CascadiaTIXETSE BE&EH & OEICKRIAMVSSEFMHEINT, Fv v TDH
NEEL. FL—MNEAY 7)Y JIEEBBEETSETIEEL ¥+ v TETIHEVWI EN S, ¥+ v TEHTIE
ARmAAREFERICHRBA TR INZ KETHHZD TL— MERICETIEEZAONS, &b, AEAEAAXT
REIMSSENE L A& L TIE. FEAITEHBBADF vv 7Oy I 0EHFRAEEET L — MR TORKIC

& o TREFEENEIN L CHBRENMET L. EEBNEHEZTIONE LAV,

5. Along-dipF &L (BH#ESSE& BFFEME)
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FEHSSSEIX. FREMMRIIEE E REIMSSEC A TH B A, MGERFEIIE B H S HER & BHIMSSEISEL . B
L74VEVEBTL—MERTRETZMORAO—MEL XERDIFHRFUEETRT, /2. BEHMSSEXEICT

RO THANCEERMEA V., FARFIC/NMER LE (RE) SMHINZ NS, FHUELEBEmO—I8
ICEBMITARYIFICEINZHEEONN Yy FAEET ZEEZIONS, INOHODREF, JLHAALEFHZRD
REMEBEIHNEWONDEMFFEADEITARLTWS EEIREN (Kimuraetal, 2010), Zhic&ED<

&, BHSSERZDXRE THMEBRIC—BL TWENZERNSRERE@MICER T 2R T Y Y IVICRHBT
2&EZLND, DFY, TL—MREBBORBEMHIEMRSSEORETHDEE WA D,

© The Seismological Society of Japan -S09-16 -



809'1 7 Seismological Society of Japan Fall Meeting

Spatial relationship between rupture area of two large inter-plate
aftershocks of the 2011 Tohoku earthquake and slow-earthquake
activity

*Hisahiko Kubo', Tomoaki Nishikawa?

1. National Research Institute for Earth Science and Disaster Resilience, 2. Disaster Prevention Research Institute,
Kyoto University

1. lFL®IC

Nishikawa et al. (2019) Tl&. S-netPPEHEABOEARKSES L UCHMEFHLHEZMNAIT ST, BE
BEAVWTRELTVAHE - BEBRME - AO—RAY vy TARY M - #2YIRLHE - BRHEE WV o7/
AO—EOTENFEZHEL. TNONEEMNICTAHDITBHETRELTWSBZEEBALNMILE, KR T
01T ERIHMEORICKELEZTL— MEREDORKED D 5. 201 1FRBEHME (2011538118156
159, Mjma 7.6) &£2011EEFHHE (FB15889. Mjma 7.4) ICEHL. Th 5 OMBHRKIEER &
Nishikawa et al. (2019) IC&k 2 2 O—hEFBHOERENAERICEAL TS, #BEBICEL TXARFETH
ISR & 1T 5 7

2. 20N 1 ESIHEPHE & FID R O—thEES

201 1 FEFRIKIE b E Dup-dipflld 7' L — MER EICIEE AL #EIL A Mochizuki et al. (2008)IC & » THE X
hTH Y, Nishikawaetal. (2019) IC&2 &, ZOBIUIMET Z2EEICEVWTHENEBNEELTWL

%, 2011 ERBKEPHEDRBIRIEBIZICEI L TIE. Kubo et al. (2013)h 8 E KLk & AR E Bk % A
WESaAVREBRA VA=V avVICE>THELTWS, ZORRICLDE. ZOMEIEETE L Tup-diph
MICTRIRAER L TWE, BLUOFFITRT LAEZZENDD>TWS,

TLU— BEREICEET BN EDELIIRDIBES ONEINETHRABERDBINTETWS, HIZE
Scholz and Small (1997) CTIEEAALBIUNN—RNY T E LTRZEI ZEZRELTWS, LHLAENS
RIFEHDEILTIIMIANREL TWEB I E%EEH S E. Mochizuki et al. (2008)AMRE L =& I, B
VIMRNYTELTRZE-O-TWVWBREEZZDHNEZLETH S, Mochizuki et al. (2008) TIEK D ICE A TZHEFE
MHEILE —BISEARAR. TN TL—MNEAY TY VT E2FHTVWBHEEEBRRTWVWSE, 2OV 7 A
)7 DEEAERIEOEREICEEL TWEZ EICE > T, 201 TERFBEHNEDRIENIEFE /- &EX
5h 3,

3. 201N FEFEHME L ADD R O—hEFE
FT201 1 EEFREFMEOERBREMITICE L TR 2, 201 1ERBRFHE % 47 L 7=Kubo et al.
(2013) & AT EITO N, BIRA v /N\— 3 v Fi%KIZKubo et al. (2015)IC & B Fully Bayesian
multiple-time-window source inversionz fiWN -, BIBET I & LTLE 1 R THEEETIL (Koketsu et al.
2012) OXRFFTL—bOLEEMRIAED EDEEMR LTz, BIEREROKEMBEFIIRTOERIFREFE
AL, T—%ITiE. BKRIK-NET - KiK-netlZ & 2 tiZEKRFC8k (SIKERS. FHAS-50%) & ELiiE
BRGEONETIC & 2304 Y 7)) vV OEFEEREHEL) SEH L thERIE OBHMNRESRHEERA W, &
ERFDGreenfB & LT, BER - b (2009) ICK2ZRTHTHREETADSENSBICEIRETD—R
TEREBEEIREIHE L. THICED TEEULEEESE (Bouchon 1981) & K&t - E:BLREITIE
(Kennett and Kerry 1979) IC& U RERDBER Z5H L7z, HBREBDGreenf#i e LT, FEREHEKE
HIREL. Okada (1992)m 7OV S LEHWTEEL T,
2011 EEFEHHEDup-dipfilic %, #E - BERRME - &VIRLUIE - BRMENSHBLTVS
(Nishikawa et al. 2019) , FRHLRERBEMBHOER. BREZFDOE LIEBICKERTRY OBENR
S5NTHEY., 201MFEFEHMEOHIBIEIRAO—MEDFESEH ICIE RN >EEZONS, £/20115F
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BFEHMECORNTIEBERICEMIVIZADT L — MERBMMEARELTEY. 1960FE=fEHDIE

(Mjma 7.2) %1989F =13 2 AN HDHE (Mjma7.1) BRERICHED, ZhEROREEEEE20114E
EFEHMEORTRYMEE LY Hup-dipfllicfiiBL TH Y., LEEoAO—HEDFEE., & < ICEVIRLH
E-HERMEOFENEEELD, RB1989F=EXZ2MHDOMEOREEFHNICAL T, HMERDIEMEY
BYICK > TERSINLTREMEI RS T UL 5 (Kawasaki et al. 2001; Uchida et al. 2004),
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Spatial distribution of b-values related to slow earthquakes in the area
encompassing the Kii-Peninsula and Hyuga-nada regions, Japan

*Keita Chiba'
1. Institute of Seismology and Volcanology, Faculty of Science, Kyushu University

EBNZ T, Z<ORAO0—MENRKET S I EMNHREIN TS (e.g., Obara and kato, 2016). TN 5D R
O—#EE, ISHREBICHRBAEEEZF O ENMMSNTEY, TL—MNERICE T2 IGNREDBEICA S &
ZZ bNTW3(e.g, Obara and Kato, 2016).2 5 L7zAO0—HEOMEISEEL, mENS 7ICH 175 BFE
ENSHAEICHTTOT L — MEFREETRET 2REMEDbESFE RO, RV RAO—) v T
(SSEs), &R #E(LFES) & DR AR, blElE, 7 —T U NILT - JES—BUIHKD, KEWEBOHE &/,
SWHRBEOEDHEGHREERD/INZA Y THY, ZERANVCEEEFHEET I ErHMONTLWS(e.g,
Scholz, 1968, 2015; Wyss, 1973; Urbancic et al., 1992). Z IC, blED B HH S T L — MEFLEEICH 1T
BISHIREAIRIBTE 3 L SN 5. Chiba (2019)TlE, E&KED S HE#EICH T TDIREMASEE ThE
BT Z1TWV, T ONT-bEDMASSESPLFESICIEK KFT I & 2R L TW5. AFKKTIE, KKFEFENSH
EEEHC T TO, & W IEWEE TOEMRFT ATV, bEQZBMATREERICOVWTOERER» 5.
bEDEETICIE, Yano etal., (2017)IC& BJUICEA# O & FERA L. 2OAYOTT—4I1E, Hi-netic & 2 BIR
hévosxEIC, hERET—4 OKFMEE% B /=Double-Differenceix (Waldhauser and Ellsworth,
2000)IC& WEBRESNI-EDTH 5. BENTEIREIX2000/10/1-2012/12/31, fRHFEEHEIXE131°-136°,
N31.0°-34.2°, JRE25—40knicRE Y BMEZAWE. FRY 7/ =Fa1— KM OZERIHEZER L, BIFTICIEM
21.40DA4A XY MN120901E % fEF L 7=. bIEDEHEIZIZZMAP (Wiemer, 2001) % {# A L 7. 5TEIC1X0.1° RO
JYy REEEKRL, &) v KRICH L50-100EDMEZER Y H L&xLiEAKI, 1965)IC&K WbEAEFTEL 7.
R DOFER, bEIX 7L — MEAMAHFARAICA > TRELKELT 2HFHNAH LN BEAMICLFESRERI(B%
K&, MEEER, ILFELE)TObEIEKEZ L. ZNidChiba (2019) TEWMINT WS & S ICLFESOREAET

&, 7L — MERELBAIOpermeability /NS <, SEAAL R T THOSEIKINZKIERMEICEEE Y, B
BAKEN EF L2200, SbENELLE D EBIREIND. T/, SSEsORLESFLFKE, B%KKE, BE#
H)TIE, bEIEFEERENS, PPEWVMEEZEZZEN DI 27k TORICDWTH, Chiba (2019) T h
T3 &DIC, SSESREICHD EAMRISHDIER, RUSSESHFEELRVWI EICLDHBNDERERT EEZ
Snz. —%4, MEFRIETIE, EEREDEETRT I ENDDN o7, TDEH TILLFES, SSEsHARET Z2EHEDD,
SSEsic & %, RV IL/NE W (e.g., Takagi et al., 2016). T DFEE TIL, BHRDLFESREETIVICL DbED LR
KWUE, SSESDITARYDBNINWZ EICLZIADEBDIAEZKFELTVWSREDEEZONS. LEDERD
5, bED M IELFESPSSESOFRE IR FEIND I ENTEBINS.

SEIDERITHEE X, KENICIXEEREREEDdown-diplICitiid 5. AO—MEREICH DS HSHBILEE
LT RAO0-#EE 7L — MNEBERMEICIIBERFENHDEEZOLNTWVWE I EHN S (e.g., Obara and
Kato, 2016), SR DEBMEDREFAICKEL, mBHED 7 AR F4 BT TR, BEIZAO0-—HE
HETOLEMRITAEEZICRZME LA,
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Room B | General session | SO9. Statistical seismology and underlying physical processes

[SO9]AM-1

chairperson:ryosuke Azuma(Tohoku University), Ryuta Arai(JAMSTEC)
Tue. Sep 17,2019 9:15 AM - 9:45 AM ROOM B (Symposium Hall, International Science Innovation Building)

[S09-19] Distribution of strain energy density change due to an earthquake faulting
in elastic-viscoelastic media
*Tatsuhiko Saito', Akemi Noda' (1. National Research Institute for Earth Science and Disaster
Resilience)
9:15 AM - 9:30 AM

[S09-20] Mechanism of normal-fault type earthquakes under the Boso Peninsula,
Japan
*Akinori Hashima1, Hiroshi Sato1, Toshinori Sato® (1. Earthquake Research Institute, University
of Tokyo, 2. Graduate School of Science, Chiba University)
9:30 AM - 9:45 AM
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Distribution of strain energy density change due to an earthquake
faulting in elastic-viscoelastic media

*Tatsuhiko Saito', Akemi Noda'

1. National Research Institute for Earth Science and Disaster Resilience

&I

MEREATIRILF—AF>TRET DD, MRBICEZONEZZFAIXILF—DITRILEEEIIEETH
3. FIZE, mBNS7AVDOTL— NEOEENNEOHEREBICSIZEITEAMEATIRILF—DIF

WO & NEEERS) & DRFE(Saito et al. 2018 JGR), BERMERIE - ARICL 2 LAMEA I RILF—DIE

METOREZFBOFERKILARE, EHAIRILF— & HEFEDOREM(Noda et al. 2018 ACES; Tanaka et al.

2018 JpGU)AERES N T & 1.

HBADEATRILF—DEARL, EELETORICIE, BE)Y R 77— HEE7E/ A7 T7T0OHES

EZETDHIENEETH . Hashlma etal. (2014 Pageoph)ld, S 7S RAEHERBRESEICEL LT, &
& ISHOBEBETLEEEL, MEMETE/ 277D, BRAZEBEERTREAMBAZ2EFE I REDL
12, WEICK ZBRENQISHEEICIEESEEE LT, hERORABENARTIIMESE LTRS8O &

FAYIal—hNLT.

AFRTIE, FRBEETORBEDEICEI ST, BEVVYR 7 7—HE#ET7E/ A7 7HOEATRIV
F—OBZEBELEARL, EE2HET 5.

E‘l‘ﬁ%‘f

— ) T LR A s TEARRE B EIC, Y7 Ay TIVABRICHT 2EREINE 5518
L, BRI SEEEEEAEEMT Z LT, EHB - BHBORBEBELEHET S HERE
correspondence principle). KERKEBEEZIREL, FBEEEDEEZFBLAET 3. BEHBEFETRLTWS
=9I, EHRENIG GBBIARR) DKBIEDE(Zhu et al. 2002 GJI) & DS - IRAB R ICITA B F =D
H5. HEPEEREInitial value theorem& LT, SRIRFBROBEEBISENHEIEIGE AR L, RIKETEE
final value theorem& L T, BERIREFUIER D BIRBIGEDNENL - IS NGO TEENEEZRT.

FHERER

—flE LT, $ERMEHEEO7E/ A7 T7OLICEEBDOY Y R 7z 7HE--#EEE8BEL, §71I
Ay TIVRBRICEZDIEHECEEAIRINF—BEEDIMEEE L. MHEERICEDE, BMIFE(500
yNICEE L THAERERE (40yr") ORRHEGER, BUEEARELEBAEB—RT2 I &amRAL
=, 7=, SRETEBICEDE, +9EAKE (2pi/5000yr") ORRBIGEIE, 7t/ A7 7 ORISR
b‘tDO)iz% DISHELERLS BT B & 5=ME L.

ZERISHGERELT, B@EICHND I~7'7/E|/<‘:lifﬁJE§"\U75r']7b\HLF]é?0)i% EZ, YT
73/7)1/5 ERICEPEAIXINF—BEDERIAEITRILE - EELE. BE, BRIGNFICHE > THE
EFNEI DL, MEEmCHRALETL, f@”ﬂ@%‘:’%&l*)lﬁf—tiﬁ@‘?é(eg Savage 1969
BSSA). —7, AEEROYIalL—a v T, WEEEICK > THRADOKREAT RIILF—IENT 2. i
EREICI > THBODEAIRILF—HRENMBENT S &1L, FERENLERTHS. ZORRIZ. FHOML
TRYFEAIPEERIEDO RS I3V ERLAETEH, EREROITANYRDIBIFICEZ ITNIEEAT RIL
F—3EMLB 3 Z & (HlSaito & Noda 2019 JpGU) I L TW3B. AERDIBA, %_L/EZEG)T’\UEEﬁb\W
HIC% <, EMNRISHETEHINEISHICLERKELLARBDT, Savage (1969)DEIRFHE BN, T
RILF—DEIMTE I EICRD.
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Mechanism of normal-fault type earthquakes under the Boso
Peninsula, Japan

*Akinori Hashima', Hiroshi Sato', Toshinori Sato?

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

1.1 &ZC&IC

20194 5825H. EHM¥EETTMw4IDMENFEE L, BRIMADLEEICHAZYVERIRL OGN, RAEE
ETEETEELSBE TH o7z, ZOMEBIFFHXERZRMIFRAADHI-netX =X LBAHOJICE L, FBS
26 kmTRE LI-EMBREOMETH 7=, LIz 2T, TOWMEIXTL — MERMETIEAL, LBT
L—REXEFETL—RMNIREIENLETAVEVBRAS I TCRELTL—-—NAMETHD EEZOND, [HE
TIZ6B1HICERAKDA W =X LEFRTMWAEDIENFLE L /-,

TL— MNAEOMEIL, BFEFEULORBICHEZZ L — MNERODITRYEFICLY, ZORBICEREINE
ISHERBBRTBEIICEIDEEZIOND, LN 2T, TNOSDMEDREX DXL ETEENICEHSHIC
T5EHICIE. FL— MNABOBRAEEBRE2ET LT 2HELNH B,

EZESIZ, ThETOMRICEWT, BARAMEBEOMES - TEMPET —SICEIDE, XEFETL—bE
T4VEVEBITL—NOEELMAFEH E FEXEDEFROMRICLZREBRAT—ILOEEEETILEL
=[], AREXRTI., ZORRAMOREBZEIETIVICDOVWTHER, ZOETFTIEAVTEREETICHRE
NZNBEBICNIZEFEL. MEFEBEOREEZRT 5,

2. BRFZMORBEEELEHET IV

AR THWSBETFTILTIE, Matsu’ ura & Sato (1989)DEE T L — MNEAAAETIL2] ICHEDE, 7
L—MNEREICBITZ2EEITARYEFNCEL>TIAVEVBEREES L —MNDLAAFESHRIEL, &
. FENEFEIMOERIIITARYEEREEZSZ2 (EEHNESE) CEICEVETFIVMELZ, —A., HE

2 TP ENFRICL > TREEONBEIOOEEDLETEHT—YICE D&, IFLHERZHODIFIF
2ETHBENEZ > TWA, SEBEIZGR A ICE Y., SREDKE (12.5F5%01) LUBRIE2E TORREE
BACELTWS, RBEICIE. 74UV EVEBETL— NOESHABA M LIEEL SIERABAZTILL LI &'
WINTW3B[3,4], FZT. FEFTILERAW, 74 VEVETL— NOEHABEEILIC L BFE/NERINEZ
DOMRDOEBEEEE L. BRAMO L TEH/NY - OBEBE L EETEREBOSEFEEED, 55
NEEREHISFEEEORBEHO L — MERNMRLAENAEBE THE D, BEOILAEAAED T L — MEFH)
TTHRFEXELYEFRIDOHDOMENREE HDH B,

3. ARAM. EHRESTORANKE
BoONLETL—PMEARLAAEFRETEEOFHRETILEAWVWT, 7L— NABDBHEEL — M 25TE Lz, B
Rith 5 EBRAIOMBHNBEANITFATEBICS I Z2ILA-—BEREMRSND. 71 VEVETL — NATOET LA
BB EEEHIC, EAREZMDEETIX, RF—FTYROADZILFETRIND, T - @it & & ICHIRMAIS
NBERT, BMEETO714)EVETL— MNAKOGHIEE LBRAIE BEKIC. KEMBENQRISHIGEET
9., 5H25H. 6BTHOMEIIHRAFEDEMBETH DA, FTETRLUIKEMEDHAEE/NNY—V &
HMBWTHY., 74 VEVBRASTRBOBAEICEVWTHIEBEITARY & LTRBENEEDEEZLOND,

5| F >ck

[1] Hashima et al., Tectonophysics, 679, 1-14, 2016.

[2] Matsu’ ura and Sato, Geophys. J. Int., 96, 23-32, 1989.
[3] Nakamura et al., Bull. Soc. Geol. Fr., 26, 221-243, 1984.
(4] BiR, 5%, 96, 223-240, 1987.
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Room B | General session | SO6. Crustal Structure

[SO6]AM-1
chairperson:ryosuke Azuma(Tohoku University), Ryuta Arai(JAMSTEC)

Tue. Sep 17,2019 9:45 AM - 10:30 AM ROOM B (Symposium Hall, International Science Innovation
Building)

[S06-01] Anisotropic P wave velocity structure around the shallow plate boundary in
the northern Hikurangi margin
*Ryuta Arai1, Shuichi Kodaira1, Stuart Henrysz, Nathan BangsS, Koichiro Obana1, Gou Fujie1,
Seiichi Miura', Dan Bassett?, Dan Barker?, Rebecca Bell*, Kimihiro Mochizuki®, Team NZ3D (1.
JAMSTEC, 2. GNS Science, 3. Univ. of Texas, 4. Imperial College London, 5. ERI, Univ. of Tokyo)
9:45 AM - 10:00 AM

[S06-02] Seismic wave velocity structures in the Iburi region of Hokkaido, Japan
*Takahiro Shiina', Kei Katsumata?, Masayoshi Ichiyanagiz, Hiroaki Takahashi®, Ryoichi Nakamura'
, Aitaro Kato1, Mako thonoz, Hiroshi Aoyamaz, Ryo Tanakaz, Masamitsu Takadaz, Teruhiro
Yamaguchiz, Kazumi Okada?, Shin’ ichi Sakai', Satoshi Matsumoto®, Tomomi Okada®, Toru
Matsuzawa4, Shuichiro Hiran05, Toshiko Terakawae, Shinichiro HorikawaG, Masahiro Kosuga7,
Hiroshi KataoS, Yoshihisa Ii08, Airi Ngaokag, Noriko Tsumurag, Tomotake Uenom, the Group for
the Aftershock Observations of the 2018 Hokkaido Eastern lburi Earthquake (1. ERI, UTokyo, 2.
ISV, Grad. Sch. of Sci., Hokkaido Univ., 3. SEVO, Grad. Sch. of Sci., Kyoshu Univ., 4. RCPEV, Grad.
Sch. of Sci. Tohoku Univ., 5. Nansei-Toko Observatory for Earthquakes and Volcanoes, Grad. Sch.
of Sci. and Eng., Kagoshima Univ., 6. Earthquake and Volcano Reserach Center, Grad. Sco. of
Environ., Nagoya Univ., 7. Earthquake and Volcano Observatory, Grad. Sch. of Sci. and Eng.,
Hirosaki Univ., 8. DPRI, Kyoto Univ., 9. Department of Earth Sci., Faculty of Sci. Chiba Univ., 10.
NIED)
10:00 AM - 10:15 AM

[S06-03] Tomography and anisotropy in the 2018 East Iburi earthquake area
*Dapeng Zhao', Tao Gou?, Zhouchuan Huang?, Liangshu Wang® (1. Graduate School of Science,
Tohoku University, 2. School of Earth Sciences and Engineering, Nanjing University)
10:15AM - 10:30 AM
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Anisotropic P wave velocity structure around the shallow plate
boundary in the northern Hikurangi margin

*Ryuta Arai', Shuichi Kodaira', Stuart Henrys?, Nathan Bangsa, Koichiro Obana’', Gou Fujie1,
Seiichi Miura', Dan Bassett?, Dan Barker?, Rebecca Bell*, Kimihiro Mochizuki®, Team NZ3D

1. JAMSTEC, 2. GNS Science, 3. Univ. of Texas, 4. Imperial College London, 5. ERI, Univ. of Tokyo

HMEREAMEEOBEECHHREICIKET B-HD, INoa#FETBIERE LTE<AVLORTWL

%, TL— ML AHAHHOEBMELTIE, BEENT—YERWAESER Y vy T 1 VY ITBFEN S, BE
TERBOSKEAMEAENERDLIAAHTHTHEL MR > TEL (HIZIE, Tonegawa etal. 2017) , —
H. PEOEAMHEICITHEERT — 9 2AVEEBANRETH I, EEMN I7FO—EHitEER< &
multi azimuthZBICHN—FT 5T —9YDEBIFIFEAERINTE ST, HEKEPEAAHREE OBFRAE S
KABEHLZ W,

TE R RMBII 201 7TEEICHAR Z2—YV -V ROEMBEEE HERAT, Za2—Y -5V REEERA
HWDE VTV XFLIFAHTICTRRER SRTHERET —9 2 IE L, AEMESRISEERAL SFHELER
¥ CTOMEE T, BEERXAMIC60km, BEEITABICI4kmTH D, I DBEERICATIC2kmERTER L7
978 DEEMEST (OBS) T140,000A LD T 7 H Y RHIRDEHE NSRS Nz, T7H Y RIRIEIRTREE
BERICEBICABICERRIN2H, EAMMIRISE L Zmulti-azimuth® 7 —4 OERFITEHRI L 7=,
IDT—8tEy MCESTHEERNES S 7 B2 EAL. FAMEZRELEIRTPEEEREEHE L
oo BONLIRTPEEEETIHL, MMAROKEFT L — N LOHBEBEL L8 T L — MO INMEICHTIS
TREEEFEIESHE RS>, BEORINME (Barkeretal, 2018) & dT 2 &, ZOMERICIET
L—MERNSDDBMBNEREFETZEEAOND, RIS, LEEDIRTPEREETIOSFHEINE W
BDERBEESROBSEMBERDGIRARADAMAT EICHIELLE T3, EEBEIBEELAMKELET
e o, HIC, BIER EICERE L/ZOBSTZ DALMKEMENBRETHY ., RATHI%DPRERE
DAMEBAEDNGFEET DI DN o7z, —A. BELVBATREIOEAEHORFHIETPRICARS, &

fo. BELVYEATIIPEN L VEL GBS 28MNITIFRA CBBICERTZAME) AL 2 &EHHE

T-o REBBOE VSV FiLHAAHHETIE. BERE LR CERICIRERAZESTHNTE Y. borehole
breakout® 7 —4 MO RRKKEEMEAV BB L ZBEBLERT2AAICALL I ENHEALMIR>TWVWS, &
NODIERIS, PREEDODEAMERKBMICIET L — MNEFRAAHICERT ZEEEAGERMLTWS &E
ibhd,
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Seismic wave velocity structures in the lburi region of Hokkaido, Japan

*Takahiro Shiina', Kei Katsumata® Masayoshi Ichiyanagi?, Hiroaki Takahashi?, Ryoichi Nakamura
' Aitaro Kato', Mako Ohzono?, Hiroshi Aoyamaz, Ryo Tanaka®, Masamitsu Takada®, Teruhiro
Yamaguchiz, Kazumi Okada? Shin’ ichi Sakai', Satoshi Matsumoto®, Tomomi Okada®*, Toru
Matsuzawa®, Shuichiro Hirano®, Toshiko Terakawa®, Shinichiro Horikawa®, Masahiro Kosuga7,
Hiroshi Katao®, Yoshihisa lio®, Airi Ngaokag, Noriko Tsumurag, Tomotake Uenom, the Group for
the Aftershock Observations of the 2018 Hokkaido Eastern Iburi Earthquake

1. ERI, UTokyo, 2. ISV, Grad. Sch. of Sci., Hokkaido Univ., 3. SEVO, Grad. Sch. of Sci., Kyoshu Univ., 4. RCPEV, Grad.
Sch. of Sci. Tohoku Univ., 5. Nansei-Toko Observatory for Earthquakes and Volcanoes, Grad. Sch. of Sci. and Eng.,
Kagoshima Univ., 6. Earthquake and Volcano Reserach Center, Grad. Sco. of Environ., Nagoya Univ., 7. Earthquake
and Volcano Observatory, Grad. Sch. of Sci. and Eng., Hirosaki Univ., 8. DPRI, Kyoto Univ., 9. Department of Earth Sci.,
Faculty of Sci. Chiba Univ., 10. NIED

2018F9H6RICHEE LILBERIRREHE (M=6.7) PZDREIF, ThETEZIONTELREMED
HERETR (#15km) &Y ERWN20-40 kmIZ9 % % [Katsumata et al., 2019]. IR OFREICAIE
T2ABWIRE PO E T 3T TR FLEANAHRL TS Y, BI—BMOERSEE LTNSAT
W3, 207, LEERIRRISBMEITZD LD RIEEFHEICS T2EMRT IV NV AICEELHE
THh»dEEZLND. AMFETIE, LEEREIRAZFRDE LZBROERREREDHBAKE A
. ZLT, BoONAMEREREBEERN—RICILEERRRFHEEDOREA N X LPREEZSL—EDE
BHERMIBICEITETI M=V R EDEKRERET L .

Hh 2 SR FE 4 & D HETE I [EDouble-difference (DD) tomographyi% [Zhang and Thurber, 2006]% B\ =, ##
FHAR L2008 FE11 HOE M 52018FE11HSH X THOI10ERTHS. D> 5, 2018FIA7ANSAEITH
SHMHIEFIF2018FELiEERIRREMESREN /L —FICL > TITbh BRI TSI NAET —9 %
E0. FRALABIROBIIEENREN N3, BEENRN20DE93RTHS. MEHIFAEIRREE
AEEIOHAEH3,0891E, AEEKOHBHN805EE A4S, ¥/ =ZFa—RDTFRIEIM=2& L. PRESKEDEHR
AHEY EIFLHBTEFNFN209,009, 176,052TH 5. /-, DDF—4IFPJKT114,083, SIKT
104,348¢ 72> 7z. 7'V v RRERRIEERAAMIC7.5-15.0 km, EILAHMIC12.5-15.0 km, FE S HHAIE4.0-20
km& L7z, fIHiTRTTEERBEIFILEERFEMEXNUAREN Y Y —CHERAINTWRIL—F VEEE

[R - B, 1994] A R—UTEZT10 kmEUR A EH - fih [2009|DHEETCEZBRA-EDAFR L. BITER
DE Y IXCheckerboard resolution testx 175 Z & THEN O T-.

REIRI A A S AEIUARICHT T, MEROEEEFHIBEEICA X —S Sz, 205, HREMNEDEEE
BIEARMEMEICRETIEVWVHEBEBICHNT 3. £/, BEESILSEI40-70 kmiBEEZXTHfmL, FDTF
PRIZE (HEWAR) BITEC A%, ZOFBIETEIME DERICK Z2ERILBERIMDILHAH[e.g., Iwasaki et
al., 2004; Kitaetal., 2012]#R L TWB EEZZ 5N 3. I 5(C, LEBERIRRESHMEILZF D & S A BEERLE
REEREBOFEIKICAEBYT 2. SVWHA S L, PBIRRSHMEOERIEEDAZHA CTHEREENIHICELL
TW3EIICRAS. COMEREEERER (H2WVWEEFARELE) XFEFELICHHEL, REOLEHINZAHA
E—HTE. MROMEBETEREONSE LIS, mibICHUZFAHERIILEEFSHITOBFENLEETH
5. LD ->T, ABFOFKERIE, FTEMERILEBARMOER #ER & ¢ 2BMREEN BRI AICEVWTS
FRELTCHZEAERTEEDIC, LBERRRISHELSZOL D BAHEBSEBEICBARLEMETHS
EETRBT S, B, SRTEEBECOERBRELAToLER, BIRRBHEOAERIIESS L35
km&frorz, Fiz, BREFEM TIEPKRTS.5-7.2 km/si2E, S T3.0-4.0 km/sEEEELREE LN/, D
ZEND, PEIRREMED—EOMEFRSIIEE L CEMMBRALTRELALEEDTHEEEZLNS.
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Tomography and anisotropy in the 2018 East Iburi earthquake area

*Dapeng Zhao', Tao Gou?, Zhouchuan Huang?, Liangshu Wang®
1. Graduate School of Science, Tohoku University, 2. School of Earth Sciences and Engineering, Nanjing University

We used a seismic tomography method (Zhao et al.,, 1992, 2015) to investigate 3-D P and S wave velocity
(Vp, Vs) structures and Poisson's ratio images in the source area of the 2018 East Iburi earthquake (M 6.7)
in Hokkaido, Japan. We collected a large number of P and S wave arrival-time data from two groups of
earthquakes released by the Japan Meteorological Agency (JMA) Unified Earthquake Catalog, which were
recorded at 74 seismic stations belonging to the Kiban seismic network installed in southern Hokkaido.
One group contains 53,784 P-wave arrivals and 38,840 S-wave arrivals from 3073 local shallow and
intermediate-depth earthquakes during June 2002 to August 2018 before the East Iburi earthquake. The
intermediate-depth earthquakes mostly occurred in the subducting Pacific plate, providing very good ray
coverage in the mantle wedge beneath the source zone. The other group contains 8540 P-wave arrivals
and 6528 S-wave arrivals from 460 earthquakes that occurred in the crust and uppermost mantle (mostly
< 40 km depth) during 6-14 September 2018, including the mainshock and aftershocks of the East Iburi
earthquake. The picking accuracy of the arrival times is estimated to be "0.05-0.15 s for P-wave data and
"0.1-0.2 s for S-wave data. The 2018 Iburi mainshock occurred at the edge of a high-Vp (2-4%)
seismogenic zone. Significant low-Vs (-1 to -3%) and high Poisson's ratio (2-7%) anomalies are imaged in
and below the source zone and extend to the upper surface of the subducting Pacific slab, most likely
reflecting ascending fluids released by the slab dehydration. A high consistency between the fault plane
and the low-Vs and high Poisson's ratio anomalies indicates that the fluids may have entered the fault and
affected the rupture nucleation. A high-V (1-3%) anomaly is revealed in the fore-arc mantle wedge and
connects with the high-V seismogenic zone, probably reflecting a lithospheric fragment and contributing
to cool down the mantle wedge. We also apply the method of Wang and Zhao (201 3) to investigate the
3-D Vp azimuthal anisotropy structure in the 2018 Iburi earthquake area. The results reveal complex
seismic anisotropy in the crust in and around the source zone, which may reflect complicated stress
regime and strong structural heterogeneities there.

References
Wang, J., D. Zhao (2013). P-wave tomography for 3-D radial and azimuthal anisotropy of Tohoku and
Kyushu subduction zones. Geophys. J. Int. 193, 1166-1181.

Zhao, D., A. Hasegawa, S. Horiuchi (1992). Tomographic imaging of P and S wave velocity structure
beneath northeastern Japan. J. Geophys. Res. 97, 19909-19928.

Zhao, D., H. Kitagawa, G. Toyokuni (2015). A water wall in the Tohoku forearc causing large crustal
earthquakes. Geophys. J. Int. 200, 149-172.
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Room B | General session | SO6. Crustal Structure

[SO6]AM-2

chairperson:Ryuta Arai(JAMSTEC), ryosuke Azuma(Tohoku University)

Tue. Sep 17,2019 10:45 AM - 12:15 PM ROOM B (Symposium Hall, International Science Innovation
Building)

[S06-04] Particle motion of Rayleigh waves in the ocean bottom : Effects of water
and sediment
*SHUN FUKUSHIMA1, KIYOSHI YOMOGIDA" (1. Hokkaido University, Graduate School of
Science,Department of Natural History Sciences)
10:45 AM - 11:00 AM

[S06-05] Phase velocity estimation based on spatial gradient of surface wave arrival
time of teleseismic earthquakes observed by S-net
*Akira Ishigami', Ryota Takagi' (1. Univ. of Tohoku)
11:00 AM - 11:15 AM

[S06-06] Investigating Japan Trench Outer Rise Structure off Sanriku and Miyagi
Using Multichannel Seismic Reflection Survey
*Ehsan Jamali Hondori1, Yue Sun1, Hyun-Woo Youn1, Katsura Kameo1, Masanari Ashida1, Juichiro
Ashi1, Jin-Oh Park1, Tomoko Hanyuz, Ayanori Misawa3, Gou Fujie4, Seishiro Furuyama5, Mayu
OgawaS, Keita Suzuki®, Akie Suzuki®, Waka Komatsu® (1. Univ. of Tokyo, 2. Kobe Univ., 3.
Geological Survey of Japan, 4. JAMSTEC, 5. Tokyo Univ. of Marine Science and Tech., 6. Nippon
Marine Enterprises)
11:15AM -11:30 AM

[S06-07] Faults mapping of outer rise earthquakes off the Japan Trench
*Shuichi Kodaira', Yasuyuki Nakamura', Gou Fujie1, Koichiro Obana', Seiichi Miura' (1.
Research Institute of Marine Geodynamics, JAMSTEC)
11:30 AM - 11:45 AM

[SO06-08] Seafloor sediment thickness below S-net observatories revealed from PS
conversion wave at the sedimentary base
*Ryosuke Azuma’, Ryota Takagi1, Genti Toyokuni1, Takashi Nakayama1, Syuichi Suzuki', Makiko
Sato', Naoki Uchida’, Ryota Hino' (1. Research Center for Prediction of Earthquakes and
Volcanic Eruptions, Graduate School of Science, Tohoku University)
11:45 AM - 12:00 PM

[S06-09] P and S wave tomography of the NE Japan forearc region using S-net data
*Genti Toyokuni1, Dapeng Zhao', Naoki Uchida', Takashi Nakayama1 (1. RCPEVE, Tohoku
University)
12:00 PM -12:15 PM
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Particle motion of Rayleigh waves in the ocean bottom : Effects of
water and sediment

*SHUN FUKUSHIMA', KIYOSHI YOMOGIDA'

1. Hokkaido University, Graduate School of Science,Department of Natural History Sciences

REE DR D SHMRRBOMBKATEEEHET 2. REENMGIET 2 2 SEOMERECERED
DEBEN CNEFTRHVWLONTEZ R, ThEEFICL A ) —FEOBEEENISEER DI O TOMERERE
BEEHRETEDZENMSNT WS (e,g., Tsuboi & Saito,1983), L 1 1) —ROEMAXRIIEEBHROMERE T
DIRBLETEZRSIND 20, MHEEELY HXVEDOMMBRAISESICRENEV., BEFOHELFTCOY
1 MEEABEICTEMT 27010, BERMEIOKE S E TR OIRIEE, H/VIEARAWSNEH, EXRNICIZE
CRIETH S, \TFEDONETAEDBEMESTRMOFEEFEICL Y BEA COMERIHZLHAUAINELDIC
Y, LAY —ROERRLFELWEALITEEERY DDH B, LHrL., ELMES & BEMESTIX. BR
FENERLD-ODEARNERDZ I ENFEINDG, SSICHBEBTIHEBICPEEEPSEEENBELT S
B BEEBEOEAEADHEI+SICHRERINTULARL,

AR TIIFEEREZV /HEE LTRABEIOMA 5400 OBEETOL A Y —EOBEHAEEETE L, PREM
(e,g.,Dziewonski & Anderson,1981)ICIE3kmEX TEMNSENTWVWE D, BESOLPREMEBZEY RV
PREMICDOWTHEHERZEEL, BELHMES B LMEF TOBARDEVERIILE, ILISBEST
PREM & BA S FARWVWPREMZNZTNITEBIER & HRA 5500m £ THEE (PREMASPEREE #10%. SR
EA50%RPE L) 28D, BHARADOHEBEZRIILE, ThoD4DDETIVOEAE (RIR) &ABE=E
B (2R #RICRd., BELETOEBE (noocean) TIFAHEEEDHERTHLMNIINTWE LD I, HERB
3 EMEEREITERH20MULTEHIFIF—HRITHED L. BRGNS RSB, TROEREICERERELM
DBEOKEFNEHT 5, —H. BIAMLZE. MERER CRSICHLCT) A15HEIEISEABTIE
RKECBLTEHIREAHTIEHF Y ELIEAL, THIFMBEREORENRASEFICEVWTEREEL TIE/NME
W=HTHd, —H. BEACOEAXRILENGFETSE (KR . 2BPELEY,. XKELA>THY., B
NEL 2 EZDRFEIBRL, KEBICLERTETHNARELA>TWVWS, HEBEBOHEELERY, SAS=D
FRICPRE D EET 2B’ H D E ETHRD LI MBIRMNICKE L AZEHEEZIONE, THICHL

T, HEBEEBEAZSUBAICIE (R . BELEEELC LS IS, BAXREGNS LAY, ETENKRE ARG
Abh3a,

ZDEIIC, BEETCTRPEREELESERELEVEBELNH>TH, PERRELITNEET 2BKOUWRD
HIZ. ETFEIDNKRELLRZEEELH B,
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Phase velocity estimation based on spatial gradient of surface wave
arrival time of teleseismic earthquakes observed by S-net

*Akira Ishigami', Ryota Takagi'
1. Univ. of Tohoku

WERLEBREYL L — MNMEREICB T 2T RYBHOEROLDHICIE, HEREEEBENEELBRO—DIC
3. i, BEFEOMBEAMOREICLY, BABMAKEBE L TRAD I ENAREICAR > TE . A
RTIE, 201 1ERILHS KFF it ER ISR KR RMA AL R L - BAEE B EEZIRE AN
(S-net) DEBFT—4EAWVT, RILAXMIEETICHS T Z2REMBRMABEEL %, MHEIERBEOZERES
AR5 & THELL.

FRMTIC I INEEET CRESN/EMEIC L 2RABPREREZFERT 2. BRIEHEEXYZHRS D 5 UNEK DA
DEZEE#E, ETERS%EAWT, RayleighlRICDWTRTAIT 7. MFEIELinetal. (2009) ICHE
W, BITFIERUTOREY THD. £, HeE7 19 %A L -ERNEREZT (FTAN) #2170, &3
REBICMEEESBEREZESL. RIC, H2EHICEE L TZOEMBICS T2 KBRS TORERX % 2R
ICHRL T, EIERRIYY 751187k ZORERZIOARAZEFTEY % Z & TRayleighliFDRO—RR%&KH 2
ZENTE, AO—FRRAOHHEZEND Z & TRHEREN R LR/, ek LAE CRKOENT%=1T

W, 20-50sDEHIIC D WTEsZ EIChIBEE DA BT,

LFTCRREZFIBDS B, RARHBEEM@ENTICS TR UEREHEICIE, MBD2T DEEMOBEIEFET

3. —fRIC, EENLRMEEESBEREREL LTHA VI BEHBET S &N ThNs D, EEDABZE
EDBER S RBEOMEREREDENKE WEEP, MHMEICLZ2HENKREZVEEICE, Y17 L8%
BOoTHETZAREMLNDHD. AMRTIE, BEELTIMEREDHRERYVRLIBET 2 & TIOME
ERRRL=. =7, HIETIVEREBICSITBPREM 1 DEFILTE 2, ARMEERBITETV, SERSET
NMEEREDODBHRERSS. RIS, BONLUEERESBHEROFHEERY, ZThEROI1IL—> 3 VO
DEAESEIFE L THWTEREEBEMBTA1TY. COREARURLITYIZET, BRBICBVWT—ED
YA OB EBDIENTEL.

U LD TEONIAREREIL3.6-3.9km/sTH Y, RayleighiFDAIBEE & L TZYLELIEONE. I
HEEDRRBOMEERTZIENTE, AH45s5ICEVWTIIEEEEE THEIATTARTLOREER
EHIHERTE L., F, B @EPOEENAZFNEVIES S UOEOEBICHRTEEEARIT/NNY—VEHE
RTET-.

5113, SOMESINUEEEDOEBNI—V A TEEERMLAEEDTHZOD, TheBBFTLEL
HEDRDOI %, BITTH2HMEAEPT I ETEIDEVWEEZITWS, £, MMAIEERYY T555K
DEEAEEMEREDEE /NI —VICHEEZBEZ TWBHBEELHY, CHhICDODVWTHERETEITVW WSS
IZ, BELEOWMESHDT—YERAVWTLEROBNAITOZET, BELT TR ELEEDLLYLEVEREICS
ITBAEREY Y 74527, BITHMRIEBETVEZVWEEITWS.
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Investigating Japan Trench Outer Rise Structure off Sanriku and Miyagi
Using Multichannel Seismic Reflection Survey

*Ehsan Jamali Hondori', Yue Sun’, Hyun-Woo Youn', Katsura Kameo', Masanari Ashida', Juichiro
Ashi’, Jin-Oh Park', Tomoko Hanyuz, Ayanori Misawa®, Gou Fujie4, Seishiro Furuyama5, Mayu
Ogawa5, Keita Suzuki®, Akie Suzuki®, Waka Komatsu®

1. Univ. of Tokyo, 2. Kobe Univ., 3. Geological Survey of Japan, 4. JAMSTEC, 5. Tokyo Univ. of Marine Science and
Tech., 6. Nippon Marine Enterprises

Introduction

A number of historically large earthquakes with magnitude higher than 8 occurred in the Japan Trench
subduction zone, with the March 2011 Tohoku earthquake (M 9.1) being the latest one. Obana et al.
(2012) used ocean bottom seismograph observations after Tohoku earthquake and realized that the
mechanism of intraplate earthquakes beneath the outer rise of Japan Trench has changed at depths
below 20 km from a reverse faulting to a normal faulting pattern. Their observation suggested that the
stress regime of the Pacific plate has changed to a tensional stress down to a depth of 40 km after the
Tohoku earthquake. This could have a direct impact on the occurrence of the large normal faulting
earthquakes which could trigger a Tsunami. In order to investigate the detailed geological setting of the
outer rise of Japan Trench off Sanriku and Miyagi of northeast Japan, we have conducted a high resolution
multichannel seismic reflection survey in April, 2019.

Data Acquisition and Processing

We used research vessel Shinsei-Maru for survey KS-19-05 to acquire seismic reflection data along two
seismic lines. Line number 5 off Miyagi passes closely to the epicenter of Tohoku earthquake, and line
number 1 off Sanriku is in the northern part of the study area. A streamer was towed at a nominal depth of
6 m with 288 channels at intervals of 6.25 m to record the data with a maximum offset of 1800 m. Two Gl
airguns (2 x 355 cubic inches) at a depth of 5 m were fired simultaneously at shot intervals of 50 m and
37.5 mfor line 5 and line 1, respectively. The total length of seismic line was 100 km and 150 km for line
5 and line 1, respectively. Due to a problem with acquisition tools, the depth of streamer could not be
fixed in line 5 and a significantly strong swell noise contaminated the reflection data. Moreover, a large
amount of spike noise occurred due to the recording system issues, which demanded advanced noise
suppression methods. We used a time-variant band-limited envelope thresholding technique to suppress
the strong swell noise. The spiky traces were manually edited to be excluded from data processing, and
FX deconvolution filter was applied to further reduce the noise effect. Stacked sections and post-stack
time-migrated sections illustrated the high resolution subsurface structure of the Japan Trench outer rise.

Results and Future Work

We could recognize a horst and graben pattern which starts from the seaside and continues toward the
Japan Trench axis with clear associated normal faults. There are three major vertical displacements along
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line 5, the line close to the Tohoku earthquake epicenter, which are of significant importance for further
investigation. We also observed a series of horst and graben structures that are characterized by normal
faults with displacements of several hundreds of meters along line 1. We found slumping-like structure
containing turbidites in the major grabens, which we believe were produced by the normal faulting
earthquakes. Our future work is to apply advanced velocity model building and depth imaging techniques
including reverse time migration (RTM) for a detailed and more accurate imaging of the subsurface
structure.
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Faults mapping of outer rise earthquakes off the Japan Trench

*Shuichi Kodaira', Yasuyuki Nakamura', Gou Fujie1, Koichiro Obana’, Seiichi Miura'

1. Research Institute of Marine Geodynamics, JAMSTEC
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Seafloor sediment thickness below S-net observatories revealed from
PS conversion wave at the sedimentary base

*Ryosuke Azuma', Ryota Takagi1, Genti Toyokuni', Takashi Nakayama', Syuichi Suzuki', Makiko
Sato', Naoki Uchida’, Ryota Hino'

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

BX - FEBESICERASN AT TR 7IL9 1 LBEMEESARE [BAEEERBEEREAE

(S-net, BIKBIZEAMMERN) | OERA20T6FICHBSN, BETRET HERME - BREORBRAIC
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(T2FLLTF) 1o L TRIEmAHER (T2 L) TIRREXNHICERZENKREZ VL. MAT, REFEHOKE
1,00073,000mDEEHTIE, BEEOMNEDEPNHE MZ 7 (72.5-3.3%) HNSREDIEINT % =[EHH
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P and S wave tomography of the NE Japan forearc region using S-net
data

*Genti Toyokuni', Dapeng Zhao', Naoki Uchida', Takashi Nakayama'

1. RCPEVE, Tohoku University

The great 2011 Tohoku-oki earthquake (Mw 9.0) occurred off the Pacific coast of Northeast Japan, where
the Pacific plate is subducting beneath the Okhotsk plate. The S-net (the Seafloor observation network for
earthquakes and tsunamis along the Japan Trench) that initiated in 2016 is a large-scale, permanent,
ocean-floor seismograph network with cabled 150 stations, which covers a wide oceanic region off
Northeast Japan (Kanazawa, 2013). In this work, we study the 3-D seismic velocity structure beneath the
NE Japan forearc region covered by the S-net.

We have newly collected two sets of arrival-time data. The first set contains arrivals picked by our
technical staff, which include 36,002 P and 13,326 S arrivals of 241 local earthquakes recorded at the
S-net and other inland Hi-net stations. The second data set contains arrivals picked by the first author
(G.T.), which include 3,754 P-wave arrivals of 63 local earthquakes recorded by the S-net. Then the newly
picked data are integrated with the existing arrival-time data from 747 teleseismic events for P-wave and
643 teleseismic events for S-wave, as well as 2,528 local earthquakes recorded at 1,852 Hi-net stations
on the Japanese land areas (Liu & Zhao, 2016). These combined data are inverted to obtain new 3-D P-
and S-wave velocity models (Vp, Vs) beneath the entire NE Japan arc by using the tomographic method of
Zhao et al. (2012).

In this work we focus on the obtained 3-D images at depths < 80 km below the region covered by the
S-net. The major results are summarized as follows.

(1) The spatial resolution of the Vp and Vs images at depths of 5760 km beneath the S-net is greatly
improved.

(2) Prominent low-Vp and low-Vs anomalies are revealed in the off-lwate and off-Fukushima areas. These
features are consistent with those revealed by previous works (e.g., Zhao et al., 2011; Huang & Zhao,
2013; Liu and Zhao, 2018), suggesting that our hand-picked arrival-time data are quite accurate and
robust.

(3) A significant high-Vp anomaly is revealed along the Japan Trench especially beneath the off-Miyagi
region where the rupture of the 2011 Tohoku-oki earthquake (Mw 9.0) initiated, which may reflect that
the sedimentary layer is very thin there above the subducting Pacific plate.

References
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Room B | General session | SO6. Crustal Structure

[SO6]PM-1

chairperson:Tatsuya Ishiyama(Earthquake Research Institute, the University of Tokyo), Takashi
Tonegawa(JAMSTEC), Masanao Komatsu(Okayama University)

Tue. Sep 17,2019 1:30 PM - 3:00 PM ROOM B (Symposium Hall, International Science Innovation Building)

[S06-10] Receiver function imaging of the subducting Pacific plate beneath NE
Japan using offshore and on land seismic arrays
*Hyeleong Kim1, Hitoshi Kawakatsu1, Takeshi Akuhara1, Masanao Shinohara1, Ryota Takagi2 (1.
Earthquake Research Institute, The University of Tokyo, 2. Graduate School of Science, Tohoku
University)
1:30 PM - 1:45 PM
[S06-11] Crustal reflector and seismicity in Iwaki area
*Takashi Iidaka1, Shinichi Sakai1, Toshihiro Igarashi1, Kazushige Obara1, Aitaro Kato1, Tetsuya
Takeda?, Shigeki Nakagawa1 (1. Earthquake Research Institute, the University of Tokyo, 2.
National Research Institute for Earth Science and Disaster Resilience)
1:45 PM - 2:00 PM
[S06-12] Heterogeneous crustal structure offshore of the Ibaraki prefecture along
the Japan Trench
*Kimihiro I\/Iochizuki1, Tomoaki Yamada1, Masanao Shinohara1, Ryota Hinoz, Ryosuke Azumaz,
Yoshihiro Ito3, Yoshio Murai4, Kenji Uehira5, Toshinori Sato® (1. Earthquake Research Institute,
Univ. of Tokyo, 2. Graduate School of Science, Tohoku Univ., 3. Disaster Prevention Research
Institute, Kyoto Univ., 4. Faculty of Science, Hokkaido Univ., 5. National Research Institute for
Earth Science and Disaster Resilience, 6. Graduate School of Science, Chiba Univ.)
2:00 PM - 2:15PM
[S06-13] Seismic Source Fault Model for Kinki Region Based on Geologic and
Geophysical Data, Southwest Japan
*Tatsuya Ishiyama1, Hiroshi Sato', Naoko Kato', Makoto Matsubara®, Tomoko Elizabeth Yano?,
Susumu Abe®, Masanori Higashinaka3 (1. Earthquake Research Institute, the University of Tokyo,
2. National Research Institute for Earth Science and Disaster Resilience, 3. JGI, Inc.)
2:15 PM - 2:30 PM
[S06-14] The seismological structure about fault zone extending to the lower crust
in the northern Kinki district, southwestern Japan
*Shinya Katoh', Yoshihisa lio?, Takuo Shibutani?, Hiroshi Katao?, Masayo Sawada?, Kazuhide
Tomisaka? (1. Graduate School of Science, Kyoto University., 2. Disaster Prevention Research
Institute, Kyoto University.)
2:30 PM - 2:45PM
[S06-15] Detailed seismic velocity structure in focal area of the 2016 Central Tottori
Earthquake estimated using dense aftershock observation data
*Hiroo Tsuda', Yoshihisa lio?, Satoshi Matsumoto®, Shinichi Sakai* (1. Graduate School of
Science, Kyoto University, 2. Disaster Prevention Research Institute, Kyoto University, 3. Institute
of Seismology and Volcanology, Kyushu University, 4. Earthquake Research Institute, The
University of Tokyo)
2:45 PM - 3:00 PM
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Receiver function imaging of the subducting Pacific plate beneath NE
Japan using offshore and on land seismic arrays

*Hyeleong Kim', Hitoshi Kawakatsu', Takeshi Akuhara', Masanao Shinohara’, Ryota Takagi2

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

The seismogenic zone of NE Japan subduction zone locates at offshore, where in situ observation is only
possible with ocean bottom sensors. The seismogenesis of subduction zones has a close relationship with
the hydrous state of the subduction zone system, and water has been observed as a low velocity zone of
the subducting plate. Continuous imaging of the subsurface structure from the trench, crossing the whole
forearc, is important to understand the relationship between seismicity and seismic structure, as well as to
delineate the water transportation in subduction. On land, arrays from different institutes cover Japanese
islands densely enough to get good quality receiver function images. On the seafloor, several temporary
arrays of pop-up type ocean bottom seismometers were deployed over the years (e.g., Shinohara et al.,
2012, EPS). Furthermore, the ocean bottom cable network off the coast of NE Japan (S-net; Kanazawa et
al., 2016, SubOptic) has allowed a real-time and permanent observation on the seafloor from late 2016.
In this work, we conduct the receiver function analysis of those amphibious array data to produce
continuous receiver function images from ocean to land. To use the ocean bottom seismic data for
imaging, special care has to be taken for the effect of the low velocity sediment on top of the seafloor; an
extremely slow S-wave velocity (< 0.5 km/s) of the thin sediment causes a large delay in arrival times (e.g.,
~2 seconds) to the converted waves that may result in misplacement of an image if the effect is not
corrected. The common conversion point stacked images show a continuously dipping oceanic Moho
along profiles crossing ocean and land. Besides, the forearc part of the subducting plate shows a
signature of a low velocity layer above the oceanic Moho as land stations do. The result of this work
presents the first receiver function image in NE Japan using both ocean and land stations that shows
coherent structural signatures of the subducting oceanic plate.
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Crustal reflector and seismicity in lwaki area

*Takashi lidaka', Shinichi Sakai', Toshihiro Igarashi1, Kazushige Obara', Aitaro Kato', Tetsuya
Takeda?, Shigeki Nakagawa'

1. Earthquake Research Institute, the University of Tokyo, 2. National Research Institute for Earth Science and
Disaster Resilience

1) @EL®IC

20T TR ICHRE LRI A K FFPHELE, BHANEOMEFHIEIRE K EL L. Ih5DMEFEEID
ZlE, RAMAREFEHAMEBICHVWEIMDORAGHIEAELIEZEICARLTVWSREEZONS, LWh Xl
DMEFHICHSWVWTIE, R AR ERELERZKERL, HEMEMLAZ, LHL, ZOEHITWVWE
FICEAS MR > TWARL, RERKFMENITAT CIEBEREE S EEL, T OMigT6 0 RREDEFIhEER
MEH IR, WhEMIBTRE LAAMBAMEIIOWVWT, ZORBHAISRTEAISINZREEHEEZRS
&, VEDDRFEE LT 2BEORENERASINZ, TORREZARTHDE, 2 DDFBURIE, HRRMAIC
FETERAmEEFENSORETCHZ &M bh -7 (HH, BLHRX2018) ., HHE(2018)TIE, W
hEHEICHKE LAE S BRIFERDSRSEZREWT, HWVSPIEMITICL2REINSKRINTDOMNEDOHER S
ot

COMBOMEFRS O E LT, LEWBRTOREICIMA T, HRPETCEEELFFEARSNDZEN
Bifohd, ZOMBRPEHOFEEEIE, HEARNE S IZIE—HL, MRPEHOMETEE & KITHEE OBGKH
BWZ EDRTREBEINA, £, RERDIREAKRZWVWI &AL, MBRNORGTRITFEESATVEEBELILD
RESETH BN BRI N, RPHOMEFEAHBRPAUTREICL > TR I S-SRI N
(FH,2018) ., I, ZOMWFBOMR EEHMOMEFE S RMNE & DEFREZRANL, TOBEFBDOMEEE
&, REMARFEFEAMEICHVIAITBICERLEIAE > TWE, —EDFEIL, RESN/RETOREER
NDELTHFEY, HBERRARFEZROICLTRYVEAD LS ICHEFTHNERER>TWE I EN b o7z (BR
=, 2019) . COKDICHEFEE REBEOMEITFZELGERNHY, —EOHMEBFEINHRRRRA L
B L CWaAageEr s ni (Bkis - i, 2019) . EHH(2018)IC L > TRD SNz RFEIFILEI7TE X
TROHLENTWSBD, ZOIAITHMMETHIEFRTHY, MELRFEE DBEREZESNMCT Z7-HIC, 1t
BI7TELALICH T2 RFABOFEEDERELZPALMNMITEIENEETHDIEEZIObND, TDLHILAICDOW
T, BREOIAITRE LZEEROIIIEI7TELILOSRB R EZ AL, REEERET 278, HVSP &
RTICE BT ERWMEREE IR o7,

2) T LUEN

Wh E i T, 2012FICIEI37TELILICRE LAY =ZFa— RIULDHMEICOWTHRITES Z

Bot, AWASRISIE, ZoMigicERE L RSB S S Hi-net, F-netFO&BISEZB W=, ZOiignith
EEHE, LI TRET DES15kmELEDMHE S, 15kmh 530kmICFHEE T BB HROBMEDEE LR
bz, ZOMTTIE, HRREIHTHRELLI1SMELEOEE AW,

BITFIRIELLTOLSIC L, (1) BRI SBREEEEARET 5, (2) ZORED/NA—FT 4 VILE—2a V%l
R, PETHZDSETHEZNEPLNICT S, 3) REDEREZARS (RESNETHD I & 52HRT
%) o (4) BFUEE B WHVSP SEENTIC K U RSTE % KD 5,

3) R

BIERAERARBZEICE ST, RN—=F A4 ZILE—aveRHMTEELDS, BRI NBERITHMBERICEE
TREAADSODSEORFTETHZ Z &b h o, TOMIFTIE, ThFE TISHEVSP EZRBITICK 25EEL
SREmOBRENMTONTEY, LE7TEZF TCREBOFEENRSINATVWS (HH, B1LH#X2018) ., —
H, ZOMIFOMEFREIE, —LA30kn~50kmD=FF OB TERICRELTHY, TOMEFENIILE
J7TELALICE R 6N S, £/, ZOMBOMEFEHERFEE DBEARIATRBINTSY, ZOHERICI>TE
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A5 &, BEI7TEUILOBAIICEWTERNEOEEI/HININS,

SED@AT, TOVWHEME TREIREBWTHEVSP EZ@BTAS IR>7EZ 3, TNETROLNTVE
OB OILIEI7TEUILICE, REEIEET I EERINL, D &IF, ZOMBEICEVTIE,
EERSNERAREBICS WA HMBRARFEIFEET S EE2RLTVWS, ZORNEIR, KRIEOIRED
RKEWZ DS, HBRARERRETH ARSI TBINTWS, ZOMBOFRRLMETRE) & HRARAEE
DOEfREBEALMILTVL 2 &I, HMBRABEORERREEZZIATOLLIICEEREETHS,
fo, HRAREOMEMEESLZORGREBASMNMIL TV 2 &I, AEMEDRE X HZXLDERER
ICAIT-ERRRRFECHDEEZIOND,
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Heterogeneous crustal structure offshore of the |Ibaraki prefecture
along the Japan Trench

*Kimihiro Mochizuki', Tomoaki Yamada', Masanao Shinohara', Ryota Hino?, Ryosuke Azuma?,
Yoshihiro Ito®, Yoshio Murai®, Kenji Uehira®, Toshinori Sato®

1. Earthquake Research Institute, Univ. of Tokyo, 2. Graduate School of Science, Tohoku Univ., 3. Disaster Prevention
Research Institute, Kyoto Univ., 4. Faculty of Science, Hokkaido Univ., 5. National Research Institute for Earth Science
and Disaster Resilience, 6. Graduate School of Science, Chiba Univ.

RIKEH100 kmD BREEAVTIE, M7BBEIF20ERBBTRYRLEELTEL. ZOEREEIDIT
THONEBERECIEETIUREREDILAAA LB LUNIER I NLD, ZOMEIIM7REDEREL, S 4
nTuw7i (Mochizukietal, 2008) . F7-, BEMESRATHASNABINEES, ZORAAALELED
ICIEFDHELTWARWT ERBLNER ST, ThHDERMS, Mochizukietal. (2008) &, JLAHAATZE
WHEM7 8RR LIBED 7 AR F 4 £ > TWARWEEEM %2R L7=. Wang and Bilek (2011) &, ELA
HMARL T EICE T, LBRABERNICT SV Fv—ldEHRSh, LEN>TTL— MEREAIZTROY
HAIXIF—DEBRINABVEDIC, HEOAXZRMENRELLWVWTHIAEEEZRLE. EOHRIC
£oT, AEHTRAO-MENREELTWB I ENEALSHER >/ (Bl X IEMatsuzawa et al.,

2015 ; Nishikawa and Ide, 2018) . BEDMEMNS XA O—EF T, EZHLMETSE T — NMERBLE
EEOHBREE, MEREANZXLDOBBO-OICEEREETHS.

Za—Y—SVREEHREDE IS UENIAIAAHETIE, ZHRAMEZTHE 7L — MEROBIRMEHHE DL
BRENED SN TWS. flxiEWallace et al. (2016) (IBEH TOME - MBREBHEAWICE T, ZDE
TTRELAZRBELRZO—-2Y vy TOSBICKIIL, 20— )y FICHIF2ITRYEOFMLIHE LS
MLz ZOERERZE, 20— )y FICL BB TR IF, HhERESHAECEMKEANN SHSH
ICENIEAAATEBLERITZEIICHALTVWEZ &b o7, £/Toddetal. (2018) I, 4>
VERAHPIABETIEMDTER D, BRICH T I2MEFHNEHEL, LHEZOF:|HIILAFRAAIELREDE
ICRR> T TBIEEASNICLIZ. TNEDZ EDD, BTV FhIAFHBILEREICE T B ZHAME
FAE, TOTRYDHEEDEWVWEESICL, TL—MNERELORR S LGAAICOHBLTWVWEEEZILN
3. ERESHEEICLZ 7L — MEREOHRCPYEDRH ZFEMICEASMNCT B2 & T, SHRAHMEDR
EANZZXLDEREIRED Z ENEFINS.

FREMICRET 2 ARELRMENSAO-—MEXT, SHRLMBRINEOSNSABEHNAREBELNT

&, BEMESEIT7 AV AIRRZBVWOBEBEREN N ERDARRICA > TIThhTEL., IThbDiEs
AEORREZZTEHDZIEILEST, TL— MERADOBENS L UPHENBHOZEB OB EZELMNIT S
ZENTEDBEEZLNS. AFRTIZ201TF2RICABAZAWVWTIT > BEREDT — 9 i 2D, B
BEORBSHRECREREGLE, TL— NERBDOBENRHALERT 5.
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Seismic Source Fault Model for Kinki Region Based on Geologic and
Geophysical Data, Southwest Japan

*Tatsuya Ishiyama1, Hiroshi Sato', Naoko Kato', Makoto Matsubara?, Tomoko Elizabeth Yano?,
Susumu Abe®, Masanori Higashinaka®

1. Earthquake Research Institute, the University of Tokyo, 2. National Research Institute for Earth Science and
Disaster Resilience, 3. JGI, Inc.

LIS EHMBOFERBAART TIEFEMITICEER QR ~ILILRER DFEWTE & R ~RILRER DR
THEEABEICOH L. INOIEEH-BHNS L CPRIAERE - THFEHICKR S NHIBOMY = RERIC
ESE3 CEMERRS, 1991) . HMIHTIX1995FEERMEMELURICHS < ORFEMERENE
BEhTsY, BonRFESERTNEOBRICE DK ERMBETIILOHENTRETH D, F/o, TH
oI I 3BT - ERTROHERBALEC 2B L BIZIEHRR, 1993) . ZOEFIERAME D BERCRIRE D

TRYEEZHET D2 LTERATH S, I T, HEHTREICMB SN RFEMERENE S L 0EE)H
T - hEBE - - ERROBFICE D IBERMETV., ERMIFICHH T 2 EMBORRMEETTILOHE
FHrHAHTc, ARRTIEIEFELFBEICOVWTHIERT & &HIC, RELEET 5,

RFZHEEMBETIVOBE ERMBETIILOBRICEL. 1980FRLUEIER MBI TERINALEE
A EIREEREAIEL, BARRMABEHEOI Y /M ILEITo7-, REMEORIRICHI-> T, EX
BT SR - hEREREE Y —RTD5ADDT - 209D 1HERICINA THEERME (1993) &

N - =@ (1999) . Satoguchi and Nagahashi (2012)& Dt - BEFHHEOBRE - &2 8RBTz ¢t
IC. MEEEER, tEIES (2002) FOSEE - REMPOAME - ERICET 27— %25, £
. ENEET—9 (HWEREMRAEYY—RR013)4Y) BEALK,
WHECHIEENAFNET S AMINMBE CHA2REITMBFTIEEL CHEEL TS Y., AL’ ETELREE
MCDVWTIERELLFD>TWAEW, ZZ THMBFTOBENLEMRICOVWTEHEMICRIN I I 2BME L
T. MEEEMT 22018 TERIE L 250 MRERTEMEZREOKER (FLIFH, 2018) A 5. EEMAR
Biid KRB, STEICHAE CEN T IHEMBTHZ I L. FLEAMBHIIEARV LIKIFIEZEELRINE
HERTEEZOND, —H., WEKRE®EEET /I (Matsubara et al.,, 2017) ICE D < ARA WV DRTGHRT
|- MNEES L UOEBRA DXL (MR- v /,2018) IC&L2E. ABTHEB THZTEITMEB &
BHRBRANZALBEFE OHMEFHIEI10kmELRICBESNZDICH LT, BMBREOX WX LRER
DHEIIERAMBEOMEBEED THERBICAHLTHY., SADABTIMB CHZIERMESS., FAET
FICER T 2 BB CHIEEHASMBRO EBAICKET 2 THHETETIL (EBEIEN, 2007) &BA
MTHhs, ZDLIIC, BT - EENARMBTICOVWTIR., REGZMEZRES LUBEBREERICLS
hWEEE) - ERANZXL@BHIS, BA~PAECHIEN T VB CHZ2EENRFNBTENIIMHBETH
Y. EIREELSZOLLBAIICRET 2RAOHETIBEHESIND,

AIREFEDICIE, LB, £HMESICRRINIEILER - REROUMEL. E5-aEw. ~
- RERMBRICRRSNIRA~RIEFERDOET NETENNEZEL TOHLTH Y. ZOBENLRERITEH
Thd, LETHIE - £EHME %M I 2 KRR (Satoetal, 2009) OBRTERCEHEEST —4H

5, LETHTE - (LSFILMBINERMEB S I LAY R N v IV REBE2E T 2HETHD & (AL
IFH, 2018) . MAMBCEE-AWEBTEIRERDOHEL Y HILB L VPRICEY. TORIKHHL &IFIFINHT
BIERENBELMER ST, 2018F6B18HDKIRAFILEBDOHE (M6.1) DAL - REIK. I o5DEK
DTN RS 2 LETEEDILSBER TH 2L IFILUMEDORREREDICH =2, BRETBEDHE
KRIRFFALERDHE & DR ZFMICHRT 27-0IC1F, FHBEZREICE VILASFILEEA & OBENEHE
BICEHMICIBIET 22N ETH B,

S AN MBEREREEVY R BARAENT —9X—XDVDR, 2013;m &R, [KREBE , Al
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#t, 1993; AL, FEE - HEMRRRAETIHRSE, 3, 145-155, 2003; ALLIEH, FEE - HEHRRRERSE, 4,
155-162, 2004; ALLIEFH, BAMEBEFEMFEARFRE, S24-04, 2018; JEMEH KRR, #imBADERT

B, RERAZHIRE, 1991; Sato, H. et al.,, Tectonophysics, 472, 86-94, 2009; Sato, H. et al.,
Tectonophysics, 644-645, 58-67, 2015, 2015; Satoguchi, Y. and Nagahashi,Y., Island Arc, 21, 149-169,
2012; HIl - ZHEH, HE M, 105, 332-340, 1999; F/FH, MEBREZRETTOEZTARBRANE,
114-117, 1987.

© The Seismological Society of Japan -S06-13 -



806'1 4 Seismological Society of Japan Fall Meeting

The seismological structure about fault zone extending to the lower
crust in the northern Kinki district, southwestern Japan

*Shinya Katoh', Yoshihisa lio?, Takuo Shibutani?, Hiroshi Katao®, Masayo Sawada?, Kazuhide
Tomisaka®

1. Graduate School of Science, Kyoto University., 2. Disaster Prevention Research Institute, Kyoto University.

GNSSEAIIC & W FTR-ME 0§ AEFH(NKTZ) DEFEEHIHER S LT L 5 (Sagiya et al. 2000 Pure appl.
geophys), NKTZTIEM7U EDRBERENZ K RELTE Y. NKTZIZBARIEDREZADE - [SHDOER
PEFICEERBEALTVWREEZALNTWS, ZTD7H. NKTZOKEEBESHMICT 5 I &k, REEEA
DNE - WHHDEBCERDAN_IXLEEBRT BH-DICEETH D, IRTE. lio et al. (2002 Earth Planet Sci
Lett)iCk V. BIBTREBORAKICE Z2FHEEEDERICLVELO LHPHBRTOTARERENRELABEWV
SNKTZOREETILMRIESNTH Y., TOETFILTIREICK 2B EN TR OB R ZEERICE
FIICFEEL TWB I EPREEEZIONTWS,

IRE £ TO % (Katoh et al. 2019 JpGU) T, BAMEZ RV SERESEMBITOERN S, It A hILERD
TER R ICITEEEMMBTATF2) EALCET 265, ATFZOMEMNARICOAHEET 2 HEHESE
(reflector) BBES MMCA Y, I SICL Y —NBERA A=YV I T DreflectorMERIEEEDEVNETH S
AR H D EHHESI Nz, Th&Y. T DreflectorldATFZD FERIHFE AN DFHIER TH 5 & #ERD
IF. reflectoridlio et al. (2002)IC & > TIRIBS WM EREROREEBETHD EEZT, LML, L
V=NNERA A=V TICBWT, reflector® EETOMERIERE O ERE IS R ETERIT & BANALKE
KT oOND, reflectorO TR COREHTE ISP P RBAERTH o7z, TDD, AEAF Tldreflectork W) %
FEOEEE L UEMICKDZ 2B E L TRITEITR - 7=,

BRITFEEEISERIGERITE L Y —NBERA A=V VI Th D, SEREGERITTIE, BRI hAERD
O—4 SN % A— Y EDBER(codaQ) = HAWVWTIRIBOBEA TRV, 3DRYYFV I AT EHIET
reflectorDfIBA KD T WD, SERIVEBITICE WV TcodaQAEEBLR/IRS A —4 — 05D, ETHETIE
HEIN/ZcodaQDENBEE LK KDOENTWVWEINDHEEREEZITHR>TWREN o7z, ZIT. AR TIHHEES
N7=codaQDEE = HERM, SHETICFEML. HESIN/codaQDEEN B VKT % SIE R AT
ICAWE, RIS, BITHETOL Y—N\BEEA A =TV I T, THzETOEMBEDRFEEBEWVWTL Y —N
B EROTWED, AR TIHTHZULEOEREDEREA WS Z & TL Y —\EROMEREE RN ERHKHE
~NDREE % Fifreflectord FTEAZEMICKDH LS & L=,

LFROFEEZAVTHES NATEHMRICES T SMBFTRBOMEBZNEEICOVTERL, EHMAHILE

D TERHARICTFIET Breflectoridlio et al. (2002)IC L 2 ETILTREE SNZMEBF RO HEREETH D
NEIDEERT B,
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Detailed seismic velocity structure in focal area of the 2016 Central
Tottori Earthquake estimated using dense aftershock observation data

*Hiroo Tsuda', Yoshihisa lio?, Satoshi Matsumoto®, Shinichi Sakai*

1. Graduate School of Science, Kyoto University, 2. Disaster Prevention Research Institute, Kyoto University, 3.
Institute of Seismology and Volcanology, Kyushu University, 4. Earthquake Research Institute, The University of Tokyo

2016FE10H21HICEREFEICE VW TM6.6DME (RIREHIHE) ARELL, BROFESIEH
10km, EREEIZILA—FEERAAICEVZEBETNEB CH > 7=, AARTIE. TROWERESRAT
Bon/fzT—9%BHWVWT, hERERIN T/ 714 —ICSVAREDEREBICE T 2HMAMEREEESAIH
ElLl, AARTHEOLNARERBSEEETHRICLYEEINLZIRYDHCRAGELETEIET. AE
DREBREEER LT,

SNEARMMEORERKICE VT, RBRFE - AMKRE - REXFMEMRAAMEREAIIC L VAR hEER
NMTbhiz, MEFHOREIIAESEREDEHI0OB22BMS11A8HICHTTIThh, 3XOMES (XN
AEY, HEaER) 10m. 3RoMEE (MEFHELS. GSX) 1048, 1RO HEET (0.1EAMES) 494

DETEIEMNBRE SN, THROMMEETIZ2016FE12B12B F T, 3MOEST (GSX) F2017FE3B £ T, 3K
SHEE CGESMESH FREZTHANMMTONhTWS, MICIZ. T OEEBEHRSE2016FE10H22BL S
12B15BIERZ 15 kmEUR CTRELK14,166DMEDEREZ 7Oy b L, L. HIZ7OY NLEE
R, REEHRTEONET—92AVL, BRRETOY S Lhypomh (Hirata & Matsu’ ura, 1987) |

E-oTHRELEEDTH B,

WERERNES S 7 1 —@BITICIE, BREIROT—YICNA., 2ROEFHIADT—YHFALE, b
TS 74 —BOTOTZLELT, ¥TNVTAT7LYARNEYT S 74 —DTOTSLTHS
tomoDD (Zhang & Thurber, 2003) #FH L%, NEIV T 71 —BARDEIRA Vv NRN—U 3 VEIFTIE. ¥
HEICE 2 EEL LWMEAEZ DI ENEETHD, £IT. 1 RuBERELERMUBARBICHES 51
YIN—=T 3 VFETHBVELEST (Kisslingetal,1994) #FHAL. £ 2B 6 LWVWIRTEEESE. ERUE
HHOLDNLCOHEEL. ThO%E MNES ST 1 —BITOWEEEES, MHEERMEE L TERL .

BEREOA vIR—ravicky, ERENEERILED 2 yFIICKERTRYAPHEINT VWS (Kubo et
al., 2017) . AR TCEOSNIMEBELOEEBETIE. ZO2 yFIOKRIRYEIEEESEIC. TORBED

FTRYDKREL B> LBEEMEREFHICEECRHIELTWS, SREFHTHERIRNUNMERL, BEE
HTIANYDERIBEES NI EHNTERIND,

HWEE  [QRT. BABRERMARAICL 2 EEMERAROT -y 2FAIETWELEH L,
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Depth (km)
133.7° 133.8° 133.9° 134°0 5 10 15
35.5° - - . .

35.4°
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Figure. 7'L— D xi1%.2016/10/22~12/151C 2R X 15 km A CHEA L 7= HIEE D
R R T, B3, SR R O R 2 5 5 X h o FERE A R 13 Ry HUR
HERHLER D AR TIC L 5 CMTHENT Dt R %2 2 7 /Kt D = A I3 ERI B Rl %
HO=AITEHHI N 2R
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Room B | General session | SO6. Crustal Structure

[SO6]PM-2

chairperson:Tatsuya Ishiyama(Earthquake Research Institute, the University of Tokyo), Takashi
Tonegawa(JAMSTEC), Masanao Komatsu(Okayama University)

Tue. Sep 17,2019 3:15 PM - 5:00 PM ROOM B (Symposium Hall, International Science Innovation Building)

[S06-16] Feasibility study on the waveform inversion to the OBS wide-angle seismic
data
*Gou Fujie1, Takeshi Sato?, Kazuya Shiraishi', Shuichi Kodaira', Eiichi Asakawa®, Nibe Takao* (1.
JAMSTEC, 2. Sapporo Regional Volcanic Observation and Warning Center, JMA, 3. JGl, inc., 4.
JAPEX)
3:15PM- 3:30 PM

[S06-17] Seismic velocity structure monitoring of the Nankai accretionary prism
from ambient noise correlations during Chikyu drilling
*Takashi Tonegawa1, Toshinori Kimura1, Kazuya Shiraishi1, Eiichiro Araki1, Masataka Kinoshitaz,
Yoshinori Sanada', Seiichi Miura', Yasuyuki Nakamura', Shuichi Kodaira' (1.JAMSTEC, 2. Univ.
of Tokyo)
3:30 PM - 3:45 PM

[S06-18] Underthrust turbidite facies affecting variation in interplate coupling along
the Nankai subduction zone
*Jin-Oh Park1, Tetsuro Tsuru® (1. Atmosphere and Ocean Research Institute, The University of
Tokyo, 2. Tokyo University of Marine Science and Technology)
3:45 PM - 4:00 PM

[S06-19] Relationship between three-dimensional detailed crustal structures and
very low frequency earthquakes in the Nankai trough off Kumano
*Kazuya Shiraishi1, Yasuhiro Yamada1, Masaru Nakano1, Masataka Kinoshitaz, Gaku Kimura® (1.
JAMSTEC, 2. ERI, University of Tokyo, 3. Tokyo University of Marine Science and Technology)
4:00 PM - 4:15 PM

[S06-20] Lithium isotope detects slab-derived fluids in spring water from the
Median Tectonic Line fault zone in Shikoku, Japan
*Yoshiro Nishio', Satoshi Tonai', Yu Inokuchi', Emika Nakamura' (1. Kochi Univ.)
4:15 PM - 4:30 PM

[S06-21] The velocity structure beneath the Aira caldera, deduced from the seismic
exploration (4)
*Hiroki Miyamachi', Reji Kobayashi', Hiroshi Yakiwara', Shuuichiro Hirano', Takeshi Kubo',
Naohiro Unno1, Takeshi Matsushimaz, Kazuya Uchidaz, Rintaro Miyamachiz, Hiroshi Katai3, Takuo
Shibutani®, Tsutomu Miura®, Jun Nakagawa3, ltaru Yanada®, Takeshi Tameguri3, Kosei Takishita®,
Kazuho Nakai3, Yusuke Yamashita3, Yuta Maeda®, Shinichirou Horikawa®, Kenjiro Mitsuhiro®,
Takashi Okuda4, Shuhei Tsuji4, Naoki Sogawa4, Kazuo NakahigashiS, Eiji Kurashimae, Tomoaki
Yamada®, Miwako Ando®, Shinichi Tanaka®, Satoshi kezawa®, Toshinori Sato’, Mare Yamamoto®,
Satoshi Hiraharas, Takashi NakayamaS, Ryusuke Azumas, Shuichi Suzukig, Tomoki Tsutsuig,
Ryuichi Takeig, Yuya Tadag, Hiroaki Takahashim, Hiroshi Aoyamam, Mako thonom, Takahiro
Shiina'®, Masamitsu Takada'®, Masayoshi Ichiyanagi'®, Teruhiro Yamaguchi'®, Chihiro Ito'°, Yuki
Susukida'®, Yoshio Murai'®, Tatsuya Nakagaki10 (1. Kagoshima University, 2. Kyushu University,
3. Kyoto University, 4. Nagoya University, 5. TUMSAT, 6. University of Tokyo, 7. Chiba University,
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8. Tohoku University, 9. Akita University, 10. Hokkaido University)
4:30 PM - 4:45 PM
[S06-22] P- and S-wave attenuation structures in the Ryukyu Arc, Japan
*Masanao Komatsu', Hiroshi Takenaka' (1. Okayama University)
4:45 PM - 5:00 PM
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Feasibility study on the waveform inversion to the OBS wide-angle
seismic data

*Gou Fujie1, Takeshi Sato?, Kazuya Shiraishi', Shuichi Kodaira', Eiichi Asakawa®, Nibe Takao®

1. JAMSTEC, 2. Sapporo Regional Volcanic Observation and Warning Center, JMA, 3. JGl, inc., 4. JAPEX

ATIREZ AWCBEMERBEREIBRETOMBRBEEZ A XA -V V755 > EEMRHNABFERTH

%, BEMEREIX. ETHLORMREMWBELMEST (N FOT7 4 V) THALBETOMERRAESH
EAA—IVTT BREGEMEIREMCS) &, BAICKE L BRMES(OBS) M EDERRT—4 AW TiH
BEREEBEEET ) VI T IBINEMEREICKIEI NS,

REESBREETCHTRERFNBE) ZA A -V VI TESDD, EFHLORFIRILF—IETVED
T0KmLUGEE WO ISREDA A=V VT IRBH TRV, —A., BIFEIEHEMCEAI NS B2 &EL -
WEREEATESLD, REGEICURBEHETAA—IY VI TES, LHL, —KRIC. BITET—4IXHE
FEOERGAREN SERH S TOGERB) DA E2AVWTETSN2ENZ L, 7K$Hﬁ®ﬁﬁ{%f§b€§ikmut@
EEBNRRENIRFEICLLLKRELLS

ZDRRERELHELEBZON,. BINETERAINZFEIGEERL THMTEEEZA XA -V I T 2ERA
YIN=U 3 VBRFETH B, BHA NN—2 3 VENE—RICABLEEGHEANNE L 5 7H. OBS%E
RW=BERITERE CIERAIZERZ % < X WAH, Kamei et al. (2013, EPSL) % Gorszczyk et al. (2017,
JGR) Zx EIEHEMRARBEHLRE N 5 71 TEME L 2TAHOBSIEE T — 4 (OBSHIEHMTkm)IC & > T, EFFAE
FICLEL TN ERIRE CTHEREERENET ) VI TEL I ENTRINBEDHTWS,

ZIT. BRIGEFHEEREENSERELAZZD0DEE. BB NZ 78(Kamei etal, 2013&RALRAE). F=
INERBTANE, CES L7 TAZOBSEITERET — Y ISEFA v N\—Y 3 VEBRFEEEAL. ZOAAM%IC
DWTHE L7z, ZDRER. BFA VA=Y 3 VEBTOERIIERBAERICL L TERANICESRIEETH S
MY TR, A A=YV T INEEEERIIRBEICE > TIRA SN 2 R MHEEBEOMERRNEL2HE S
FEBICIV—HERTIE, SHICREINODOREBERFIRFTETIEFAA IV IDNTERVWEEZTHRWLT
WBZERENRRBTE R, INSLDOBRIZOBSEITET — S ICERA v N\—Y a3V 2BRAT 5 & T, K
BEMEIRKECERTEIEERODTCERHBIEZEDTH S,

AEETIK, EEMNS 7E. FENEREIASICHITIRFEA vNN—Va VvEBITERARTEEEIC. 208
REREEAA =V VIR ELE L, OBST—9MITICHE T BRFA v\—=Y 3 VETFEOERAMICOWV

TERT D, T/, BBIZETAMNORERAEICEEDE, SERDBEHMBRIBESIZEEDEDREAEALLEIZDW
THLERT 5,
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Seismic velocity structure monitoring of the Nankai accretionary prism
from ambient noise correlations during Chikyu drilling

*Takashi Tonegawa1, Toshinori Kimura', Kazuya Shiraishi', Eiichiro Araki', Masataka Kinoshita®,
Yoshinori Sanada', Seiichi Miura’, Yasuyuki Nakamura', Shuichi Kodaira'

1. JAMSTEC, 2. Univ. of Tokyo

2018F10AMNBH2019F3AICHIF T, MBREIREM (52w D1 ICK > TEE M Z 7C00027. DHEHEINTT
b (BERRERZEHIGTE (IODP) HE358XM%EME) . I OIEHIFOBRMEEECHRE BV THINED
BEE=ZY )T %1T57=8, 2018FE11AH 52019FE58 ICH T TCO002FLH 5 #2800 mLLAIC6=. #

RA-10 kmfHEICARDBERMEEGTAZFZE L. (1)EEFOEBEERHREIOELER. 2) (5Z2w > KOOI TH
VEE. QEBELEMER (HhWHW] ASDITH U REDEHFZIE L (Kimura et al.

JpGU2019) ., AR TIE. IS DBEMEF ORI EFICHEEEBRETZEA L TRIEEOME =3

H. MIAICEZIT7AHVEFREEBRLTZENSDEEEZTV. S5, AEINZRIEEDAIE - RIEDERHE

ZLOBB|EZIRILT 5,

BEMES AN CBETHI00 M) ICRESNMBEFORE (/4 X) BHICHERRBERITZERLLE
23, 420 HzOFEHTCIBEDESZRBTE VWA I &b o, —2@O—4% ) —#EHIFD R IL

By hEHBBEDMLIICE>TELZ LEEICEET 2SR (Ev o FFIb: RYILEY NTHIEZTEEIT
ZEDEHRILIRE) T, £ -2l [5Z 5] ODTFIVRARATIRY— (MHOHERE) PHEHIESE D
FICE MBS Z2BRE T 5 ERMBPEZLEHLY S HICBETZ THEICERT PR THS, INLHHE
By 2ETE. RYIEY NOOGEROBERICEYRBITHIENARRIEEDD o7, KFRTIE, B
ETHORS T DREBEEFRICLTWS O, MFREICKDMEROAEZFERT 5,

CO002A. %@ %20 kmDAIFE (N302W) L£T, HhWVSHW] ICEBZIT7HYERENTTONZ, TNOLDEE

HEFFEFROKEBRDZR D &, PEISENTOMMNEICOIREEN S, SWHAICEF MR EmMN S0
PSRENEA R TE R, [BEw S ] OMAIREIESHEN) SB/AHEERERKE. 5Zw 5] ICLKP2ITHY
HENOCRBLHEEEBARRELETIE. BRI—BEFEARWVWETE, FEICIK U7 o4 X2EAT
BZENTER,

IS MEDOEREREEE DY INE RS 7-H. CO002F.H 5#93.7 kmBEL 7~DONET(Dense
Oceanfloor Network system for Earthquakes and Tsunamis)&8ls (KMD16) MKESTEEEFEAE AL, FDK
EORZEITRIITRYI YV %1To7, TDHER. KEDE (FE) APREVEZDIFINMNIVEZDED
ICHEART, REBEDIRENKELS BB I b >, TO—AT, ERORKHAELIIRE SN A

Mol TDIZER, BETODKENKREVWEZIBETICHFET 2MEREFENERAOEEIY M5 R
HPEFELTWBZEETREBLTWSHABEENH S,

$iEF : DONETOKEFSESFKEFHbOE TWEEEE L, £ [B5Zw 5] - Aoy - T&ZT
A1 DRAFRE DEEICBEER L EIFE T,

© The Seismological Society of Japan -S06-17 -



806'1 8 Seismological Society of Japan Fall Meeting

Underthrust turbidite facies affecting variation in interplate coupling
along the Nankai subduction zone

*Jin-Oh Park1, Tetsuro Tsuru?

1. Atmosphere and Ocean Research Institute, The University of Tokyo, 2. Tokyo University of Marine Science and
Technology

Trench sediments get involved in subduction-zone processes such as interplate coupling and megathrust
earthquake generation. Although recent seafloor geodetic observations have revealed variation in
interplate coupling along the Nankai subduction zone, what constrains the variation is not fully
understood. Based on seismic reflection characteristics and drilling results, we mapped three Miocene
turbidite facies within the Shikoku Basin sedimentary section incoming to the Nankai subduction zone:
western turbidite (WT), central turbidite (CT), and eastern turbidite (ET). These turbidite facies are
apparently discrete, and also underthrust along the megathrust fault (i.e., décollement) immediately
beneath the overlying accretionary wedge. An inferred landward extension of the three turbidite facies
correlates well with the recent slip-deficit rates (SDRs) (Yokota et al., 2016) indicative of interplate
coupling. The "200-km-wide, sheet-like WT overlaps partially with a high-SDR region (SDR > 5 cm/yr). The
underthrust WT with possibly enhanced drainage could cause low fluid pressures and high effective
stresses in the footwall of the décollement, eventually affecting the high-SDR region. The “115-km-wide,
channel-filling CT is almost consistent with a moderate-SDR region (SDR > 4 cm/yr) between the
high-SDR region and patch. The underthrust CT deposited within erosional channels or isolated basement
lows may generate local compartments of excess pore pressure in the footwall of the décollement and
thus the moderate-SDR region, leading to segmentation of the neighboring high-SDR region and patch.
The "100-km-wide, sheet-like ET interbedded with thick hemipelagic mudstone facies coincides roughly
with another moderate-SDR region between adjacent high-SDR patches. The underthrust ET with the
less-permeable mudstone layer may cause relatively high pore pressures and low effective stresses in the
footwall of the décollement, and help low-coupling condition at the moderate-SDR region and thus
segment the two high-SDR patches. The shallow décollement with the high SDR in the WT region may be
associated with the tsunami earthquake generation.
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Relationship between three-dimensional detailed crustal structures
and very low frequency earthquakes in the Nankai trough off Kumano

*Kazuya Shiraishi', Yasuhiro Yamada', Masaru Nakano', Masataka Kinoshita?, Gaku Kimura®

1.JAMSTEC, 2. ERI, University of Tokyo, 3. Tokyo University of Marine Science and Technology

BN 7RBE T, BREMICIRYVRSINZEAMEDIELN. 20— Y v T4 Ry MOXREBERKIME
(shallow very low frequency earthquake, A& I&SVLFE) MENERAINTHE Y., TODREER P A H=
ZALIZDWTERT 27-ODRE - ARI/BAICITONA TV, ZOFT, ZRTREET—925 10, B
T L — NOBRPAINERESDOEREE & sVLFEDBERICD WTOFMARERIE T2 ICThhTuwaRn, K
METIE. REET—IBBAICL Y RBOREINLZRTHRBEES X —T &L EIC, BIEAT A MNED
S B A E & sVLFERE DBEREZRASMNMIT 5,

SRTHBEEDBTICAW T —2d. EE NS 7EFHICEVT2006FD=RTRETEMERETRE
INEEDTHZ, MEREFTOFMASRTHEREL LVRCERTZLD. 7Y ICBREBEESINE
EXAJL—2avaERL. 1 A—YRBEOHRE%ET>7% (Shiraishietal., 2019) . I TiE. AIfER >
ARNBOMEREEARETIEE L, $30km x12kmOEEDZRITRERA A —JICDWT, =L VR
B ERWAETERESOME S BORER, BFEHNR LEmETIANTEDRTA YV VEBHAREEToz, X
ICZ. Nakano et al. (2018)IC & 2sVLFEDCMTEHEFRICD W T, KEFA & REHHEDBootstrapiEIC & %
HEREICEDE, ERAEREOEEMNEVWVERDOA4ERN L., =R THEEBEE OFLET o7

T—YBRENOER. P—TVRATRAMNDOERET ZERMBOEEI=Y LY THMD, 7V¥—RZ X NFE
MOREBICIIEHORFEHI L VEARICAR>THEY., NSOV DNMIRAZTAKNEDT I Y FAY MNERE
TE2, "4V VEWMET /T ANTEIK, 2FE L THBHLAD SHARKRERRER > TILAEISER
NRERHTKMD 54.3kmETEHLCAS, 2L T, RETEECPHRMER TEBERE CET 5 —A. ARITIEE
HER CRMEN A F > T—EXR Q> THSEPNMNIBERICET 5, JEFRHR EEIE. ERIC2AENICIEE
SEERNEENSkMA 56.5kmE TR AR BHT, MBRHNOMEE (e.g, Tsuji et al,, 2009, 2013) IZHESE
RPRAIBEECTH D, HIC, WREEODRE, FAILTEOREREE, S FIEAKLMDEIBIC, BIEE
HWikmD) v OORESI N, Foo HEBRZEDOTHELU T TEINSINASVLFEDIF E A EIE. REBREN
1.62kmU T DBEE T, BF R EEAEEESH2kmDT7 VY —RA SR NEBYMOREBICABELTE Y, *
D% L HEEMHZD ) v DoALlicoHm L TW 5B,

MEEMRR EE DR ESVLIFEERD G S WHEENH 2 DL, EF iR EEmOMIRASVLIFEOFE LAY b
O—IIE2ERO—DOTHBIEETBLTWVWS, BREA N XLNMBEATEBE S#HEINE

SVLFE (Nakano et al., 2018) M%< (&, EFHHZEmMDY) v D OEMEZRLE LT, F=FHBEHBEDH
SRZTVY—RATANEBYMBOARIS T, TIANIEELISHBYHOT I FAY MNEFBALTRELT
WBATREMENEZ 5N D, S, sVLFEASUMEFR EEEL DE/RE I SISES BRI 22012, 7
RECAINERESORED=RTHRIERIMELRVERE LD,

HEE - KEFZRIL,. JSPSRIFFZEEARS (JP15HO05717) Ic&UHR— KR ENTWVWET,
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Lithium isotope detects slab-derived fluids in spring water from the
Median Tectonic Line fault zone in Shikoku, Japan

*Yoshiro Nishio', Satoshi Tonai', Yu Inokuchi’, Emika Nakamura'

1. Kochi Univ.

HEADL D RILAAAFICEWVWTIE, BEXZBELCTHTERISEASNILEETL— NS, HTRBOSEE
BEICL >TKABHEEIND (= ThK] PEITTS) « —H, KFRAALTL—POERIKRECERDK
TETL—RETAVEVEBETL— T, RKOBANKECELRS (B2, Ffs, 2010) . RLEA
TISEAROKEETL— ML, 1.3BFRIEEHLISBETEONLZLDERTH D, TD7H, RILBEXD
NIUFTHRICSET 2 X TORBMET, KEETL—MDSD MK XS IFEETET, NUFHRE THRHRAA
T, £V T L— MO SEERBRAKNIERIDZEDICHDE, —FH, AEEHEATICEARAD 714V EVET
L— Mg, 2FFRIICHBMREICESNOXEZEL, 207k, ARBEADKNIURHRICET % X TORI
MHT, 74 VEVETIL—MDS THK] MBLEI>TVWESZENFRINS, IO ML
&, BRIASERZZIFIEBREIELARWVESD, AmAAFIEIETIE, BITEROEESEICL>TTL— M5
BEINEKDA LRSS [KAb] PEHEETDIIENFREING, ZL T, ZOKITHBZEHNOEE%=
WoTHRIGEHLTWSEEZONS, ZOERLD, AEAERIENEE, TL— M SKHEINZKDHA
BEMRICHEEICELEIBRE WA %,

HMTOREIROBEMRICEVTIE, EXHERBERECHERNES T 7 1 —& W o LHIRYIEBENF
ENRABRY —ILTHBD, REOERMBEFET 5 2 & ITHEKYBENFETIIELL, 22T, HRTH
BT 2FKOMKEZLEMERFNNRE2HATEIET, JYBERRRERRAFEREEZ I E/HEFS
N3, LML, FHHROBREIMREITLR T Z2BRTHRKOEALEITZIENATERL, IThETH
BEROMIKCZREAEMRIIITONTEZ LD, KELOSFHASIN TWEGEHRNAHIKIEZIEZEDS < AP iFRK
BADREBERESZIT, FEHHETEOERERFD & IIREETH > 72, GEHRAMKEREY —ILOFT
B, N LARMKEBEZEIRICGEADHZENDRWD, ¥V MULEROORBICBNEZY—ILTH>T, A7
TRERDEEERETZIEETERY, ZOEHAT, TNETEKAHOFISASTEERSEFET
T KL FR I R N,

REBWIILAYEEBTRTHSD ) FoL (L) 1F, KIZDESNPTWVWITERD 1 DTHD, BAZSLKA
WILGEEN ER T3 EHIC, KABRPOLIEENBREICER T 3, ERISHIIIKDOEL D BEBELMEERL TV
HWHRIKICEEARZ &, BRKGLESEERERLAKOLIEEIZIBRICE WV, MRKESEEZRER L IEERR
EDOLIREDENMBH TRKE WY, HRKEADEEIZLIDIZEIFMDITRICLERZ &IE BTN I W, i
FRICDESI NPTV, LUADOTILA ) EBTHROEBELLZFHTH D, Lkto7ILAY £ET
REBR>TBTRORERMMAGL (L/SL) 2FBATEIENTES, KEEANRETIRICBEWVWT, &
AEDRINEBEIE L B IF EKZ A_&i@ LI/ LitbIE RIS L8 ADEISED E, AADEREE DHEE % Al e
ET5, BICABRICKIUABEELAVEEIEICEWTIE, BONERBEREENSHEOEBREEAMETZ T
ENTES, TOEIITEERREDBARY —ILERBLAMEIEBETH DD, REXTOMIERETH >
728, MBI EEBICHRZ EBONZARIEEST T W,

FRESRIIBAENICE T 2REEENRMBETD 1 DTH 2, MEFTIIHTRROREDOLERKE LT
HFIh, LYUFBHEOREERETEZ S, AR T, AEBAFIEBTLERT 2R 5 TREREEFIC
MHERREESRDOEDFE KRN SRET 5 & E2HAAT, TORBR, HEDHFRESERMIEDFEKADLIER
STREBETCHDZIEDNRATCEL-ODERARERKRTHBT 5,

SEHL - FILf(2010) #2112, 205-223
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The velocity structure beneath the Aira caldera, deduced from the
seismic exploration (4)

*Hiroki Miyamachi1, Reji Kobayashi1, Hiroshi Yakiwara', Shuuichiro Hirano', Takeshi Kubo',
Naohiro Unno', Takeshi Matsushima?, Kazuya Uchida? Rintaro Miyamachiz, Hiroshi Katai®,
Takuo Shibutani®, Tsutomu Miura®, Jun Nakagawa3, Itaru Yanada®, Takeshi Tameguri3, Kosei
Takishita®, Kazuho Nakai®, Yusuke Yamashita®, Yuta Maeda®, Shinichirou Horikawa®, Kenijiro
Mitsuhiro®, Takashi Okuda® Shuhei Tsuji4, Naoki Sogawa4, Kazuo Nakahigashi5, Eiji Kurashima®,
Tomoaki Yamada®, Miwako Ando®, Shinichi Tanaka®, Satoshi Ikezawa®, Toshinori Sato’, Mare
Yamamoto®, Satoshi Hirahara®, Takashi Nakayamag, Ryusuke Azuma®, Shuichi Suzuki®, Tomoki
Tsutsuig, Ryuichi Takeig, Yuya Tadag, Hiroaki Takahashim, Hiroshi Aoyamam, Mako thonom,
Takahiro Shiina'®, Masamitsu Takada'®, Masayoshi Ichiyanagi'®, Teruhiro Yamaguchi'®, Chihiro
Itom, Yuki Susukidam, Yoshio Muraim, Tatsuya Nakagaki10

1. Kagoshima University, 2. Kyushu University, 3. Kyoto University, 4. Nagoya University, 5. TUMSAT, 6. University of
Tokyo, 7. Chiba University, 8. Tohoku University, 9. Akita University, 10. Hokkaido University

(1] AIHEFRESE

AANDOKRIBEE~BR NIV T T ~EEEE~REE% R ICHEET T 25165 kmERO A THIEIFRE AR % 5%
EL, 2017FEE2018FICEH A ZEREL 7=, BESORR EICKT0OMBERET8305, EEORR EIZIZT kmZE
liE2 kmERT42ROBRREEBA L. ATERICIK, 2017FEERTIAFOERER (RFEE
200kg) %, 2018FIET 7 H> (FE6000 cubicinch) %EEAMR ET100m (—EHDOXE TIE50m) MEEE
TRETDIEHIC, BEETREABENSTL—Y48ICL2SEXRELXFEMA LA UpGU, 2019) .

[2] EBT—9 EBFTFE

2018FEDIT7HYBRICEDERT—YIIRARETHZDD, S, T —IBEEMEDYRE, 798
WICAWS. SO, 2017EEOPKMEIERT —4 IC2018FEDEAITHE O N RPHENBERT— 9 D
—EEIA, BREERELZ. BITFEE, INETEERIC, ZRTIMNESF 71 —% (LTE (Asakawa
and Kawanaka, 1993) , SIRT}:) T#H 2. aRELSRIREEL aEELRBREERRVIT7AVRELER
L, NEFS 714 —RICBIFBREILHY A XE200mx200meE L, AR TOFMAEEEE (TER) OHE
EE M. T, TTAVEEBICEMLEZEAN) ——4 —TILOFT—9DEREITo .

[3] iR

AN == =TT OFERIZLY, AIEB (EDILHEE) Tld, KEXKBEZRET 2 EEH DR
BRRFEHIRI2kmEGR TR TE 2. —4A, BRH (REOmAEE) BIED (ghiEE) T, %<0
BENMRE I N

FABTOEEBEICOVWTI, T—9E’M AL EICLY, REOBERLVE, LURELLEDISE
LNZEMATHS. HRFICFHFRERET 5.
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P- and S-wave attenuation structures in the Ryukyu Arc, Japan

*Masanao Komatsu', Hiroshi Takenaka'

1. Okayama University

AMEmENSEBEIRICHNITHNET 2EAZEEZ R E LT, Komatsu and Takenaka (2017, IASPEI)I&P3&
BLUSKDODBRIMNEI S 74 %172/, ZOK, BRARI M OIA—FARBLBIKFYI/=F1—RKH
LEEL, QPBEBRBICHITHSE LTRRE!ZRELEL. ARARTE, EREESTRELLBEICDOWN
T, SA—FRDANRY ML SHE Lf, (MR - 179, 2018, HEZR) AL, QDEREIKE %
EZELTIERELE. RELAEAVTERINESS 7452170, Q' O3IRTEMO/HEHE L. HHRE
L7hE L, mfusEBE T200256H ~2017F58 OHBICHEE L 7287414 XV b (Fig. 1) TH 3. BAKK
SLERDPE S K USKNEAIWBELIVEY, IRIEARY MLEEELE. QP ERBAKEL TELT D ER
EYdE, THZOQZRAWTQR=Q,f"EREIND. AFFRTIE, PRESKDIARY MLH D, QDR
KEMEEZERBLZCOREETVY, aDRBEEZREL 7. TOEIR, PREESETENEN0.550.8TH
5. RIS, tAT—YE L THERRENES 5714 21T o7, BREHICHEREFEIEIL/AMAINTVWS R
FORGEFREDEREZIVARIILLTETIVEL, EHFRAL T 1V EVEPHS) 7L — b LEAIERFOET
WERBALE. HESNEQ OEBMAHLY, UTDZ EADN 7. il NS 7P AILEEHSEF A this
ICEVWT, SREEENENS>TWS., ZHIFHTASEBINZ2SEMECRENRREEZONS. LH
ADPHS T L — MR- =Q ' ONH EmAZETRELAERENRAO—RY v 7 - 1 RV MNSSE)DITBET
IWaEERDE (Fig.2) , PHSTL—MNELOBREEE L. LAHAATLPHSR Z 7H S S N/ fjE
(B2, BKL7K)DSSEICKELBEbL>TWE EEZ LN 5.

BE AR, S8 F, BEREEROFEMEE SFEF—TEUBERT—9%2FALE LA, KREHICIK
Zhaoetal. (1992, 1994)iIc &k 30— R&FRALZF L.
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Fig. 1: Events and stations in this study. Colored circle Fig. 2: Q% structure along a curved surface located 5
and triangle indicate the epicenter and the station, km above the PHS plate. Black rectangles show SSEs
respectively. Color of each circle denotes the depth of estimated by Nishimura (2014). Dashed lines are
the event. contours of top of the PHS plate with intervals of 20 km.
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Room B | General session | SO8. Earthquake Source Processes and Physics of Earthquakes

[SO8]AM-1

chairperson:Takuji Yamada(lbaraki University), Nana Yoshimitsu(University of Tokyo)

Wed. Sep 18, 2019 9:15 AM - 10:30 AM ROOM B (Symposium Hall, International Science Innovation
Building)

[S08-18] Slip inversion using empirical Green's function considering radiation
patterns
*Ritsuya Shibata', Genki Oikawa1, Naofumi Aso', Junichi Nakajima1, Satoshi Ide? (1. Department
of Earth and Planetary Sciences, Tokyo Institute of Technology, 2. Department of Earth and
Planetary Science, University of Tokyo)
9:15 AM - 9:30 AM

[SO8-19] Source mechanism and triggering process for the April 12" and 132014
earthquake doublet in Solomon Islands
*Calvin Luiramo Qwana1, Masatoshi Miyazawa 2, James Jiro Mori® (1. Graduate School Science
Kyoto University, 2. Disaster Prevention Research Institute Kyoto University )
9:30 AM - 9:45 AM

[S08-20] Evaluation of source parameters in the Bayesian framework by Markov
Chain Monte Carlo method
*Nana Yoshimitsu1, Takuto Maeda?, Tomonari Sei® (1. ER], UTokyo, 2. Hirosaki Univ., 3. IST,
UTokyo)
9:45 AM - 10:00 AM

[S08-21] Spatiotemporal characteristic of frictional properties on the subducting
Pacific Plate off the Tohoku region, Japan
*Takuji Yamada', Meitong Duan', Jun Kawahara' (1. Ibaraki University)
10:00 AM - 10:15 AM

[S08-22] Possible aseismic phenomena causing the precursory activity and
aftershocks of the 2017 M 5.3 Kagoshima Bay earthquake, Kyusyu, SW
Japan
*Yoshiaki Matsumoto1, Keisuke Yoshida1, Toru Matsuzawa1, Akira Hasegawa1 (1. Department of
Geophysics, Graduate School of Science, Tohoku University, Japan)
10:15 AM - 10:30 AM
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Slip inversion using empirical Green's function considering radiation
patterns

*Ritsuya Shibata', Genki Oikawa', Naofumi Aso', Junichi Nakajima', Satoshi Ide?

1. Department of Earth and Planetary Sciences, Tokyo Institute of Technology, 2. Department of Earth and Planetary
Science, University of Tokyo

ERBREMBFTTE2FEE LTERA A=Y aryhrE<{AnLNTWS, ZOEFBA Y NN—=Ua vk, &
D—VEHEBYEERERTIAYRY 21— a3y LTERSN BBV CHRAKE 2BHRI 27 70—F
THY. TOREBREERNMNITZDELIBRENFBOBERTY TTEDBYELERN_EMNITKDZDH—
BRTHD, CDEE, J)—VEHELT, RELEEEBE) SERIICKOSNE T — VB (B2
I¥Bouchon, 1981; &, 1985) #HW3HEa L. HETRELLEABDOA DW= X LDOMERFE & RBRINT
1) — VB (B X (EHartzell, 1978) & L TRAW2HAENH B, BREBHNJ Y — VBT, REOBM L EREEE
DEEAGIATEDZ—AT, BEOERENTDISEVNT ERANZXLDBELUMENEREIN D20, BITNR
ETHMEBEDEREEICAEE UL AN ILDHEAFEELRTNITERTERVE WD REANH B,

LA LARDS, HERFOBMMEICKEKTFET2EANEEORENMFIFIHETHNIE. BRMAEBEPAH=
ALDEVEBRIMEORFTE, MENRNY—VOREABELLZLTY ) —VEHELTHAVWSZENTE
AEEELH D, TOLOIRBRBENRAMTHNIL, BNV —VBEROBRALEEREZLITS Z EHHFS N
%5, TITEAHRTIE, WIS —Va2ERBLAERBRNS ) —VBEHERAWEERA =Y a v FEERE
L. BSREFEAEBWTTRANEITo 1,

BEMICIE, SEREREZRELT. THAEE— XAV M TFUVILOBERI S, WRETHHMED/NNIBETDE
Y ERRERIN S — U BEBICA WS HEIC D LW TR ARKET /X4 —> (Aki and Richards, 2002) %EtH&
L. ZOLERAWTPE - SHE - SVEOZFNFNICDWTEHASBICHEEB >, BE/NRY—VIC
. AAZXLHPERDZIEICEIEENLREEL, BERUBIERDIIEICLZ2HANTLOEEN HZD
. —HBERsr—2& LT BERABAB L TAHZXLPERDERERAL. X =X LrRA—TCEIRAL
%#Eaéﬁ ERELICOWT, AFRICLIBEOMRABR L, BEOHIE LT, LiE40E - B
141E TRI50km & 200kmTHRE L., 41 E - RR141.5EOMRTEHBI SN 2 EBmibERFE. Th?
hWRe - FBTHICERT, B8, XAZXLREBOE - EROOEDEFEITIMBAREL TWS, KHRT
RELAGEICLY, IREHAELLLFTMTETCWS I ENEIRTE D, S&. BEMEBETOTANEZTo2ED
AT, BEF—49~DERA%=BIET.
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Source mechanism and triggering process for the April 12" and 13"
2014 earthquake doublet in Solomon Islands

*Calvin Luiramo Qwana', Masatoshi Miyazawa 2, James Jiro Mori?

1. Graduate School Science Kyoto University, 2. Disaster Prevention Research Institute Kyoto University

This abstract is the result of the study carried out on two earthquakes that occurred on 12" and 13™ April
2014 in the Solomon Islands., The pair of earthquakes with magnitudes Mw 7.6 and Mw7.4, respectively,
occurred near Makira Island (San Cristobal). The depth of the main event (Mw 7.6) was 27 km and depth
of the second event (Mw 7.4) was 37 km (Global Centroid Moment Tensor (GCMT). The second event
occurred 16 hours later after the Mw 7.6, approximately 20km southwest of the location of the
hypocenter of the first event. our study aims to analyze and evaluate the source mechanism for the
doublet earthquakes and evaluate the interrelation between the two events, especially to investigate
“Why the Solomon Islands has a high rate of doublet earthquakes” (Lay and Kanamori, 1979; Schwartz
et al.,, 1989; Felzer et al., 2004, Yamamoto et al., 2002 and Xu and Schwartz, 1993). The study aims to
establish a framework in which to understand the mechanisms of the triggering process for these large
doublet events. The study uses static Coulomb stress function to evaluate if the Mw 7.4 earthquake was
triggered by static stress changes. Initially, the slip distributions of ruptured faults for the two events was
determined to evaluate their source process. This was done by the inversion method of Kikuchi and
Kanamori (1991). The teleseismic P waveform data from more than 20 stations Global Seismographic
Network in a distance range of 30° to 90°, were used in the inversions for both events. The P-waveform
data were band-passed filtered between 0.04 and 0.10 hz to obtain the best-fits between the observed
waveform and the synthetic waveform. The Green’ s functions were calculated and used to determine the
slip distribution on the fault planes. Based on an assumed fault plane with fixed strike and dip angles
placed in the region of the earthquake hypocenter and divided into subfaults, a constant rupture velocity
of 2.5 km/s is assumed and the telseismic data inverted for the slip of each subfaults
The results show that the mechanism for the Mw 7.6 first event is left-lateral strike-slip faulting for a fault
plane of strike 116, dip 74, and rake 24 degrees. , The results for the mechanism of the Mw7.4 event
indicates thrust faulting on a fault plane-oriented WNW -ESE with two dip angles, i.e. a south dipping fault
plane with strike 104 degree, dip 46, rake 86 (Fig 1.7) and a north dipping fault with strike 279, dip 44
and rake 94.
We calculated the values for the Coulomb Failure Stress function at the hypocenter for the second event
and obtained a value of +48.59 kPa for the north dipping fault and a value of +18.20.64 kPa for the south
dipping plane.
The spatial distribution of aftershocks for 16 hours seems to be more consistent with the northern dipping
fault for the triggered event. Both cases, however, show increase of stress changes which encourages the
likelihood that the second event was triggered by static Coulomb stress. We proposed a model that might
support the complexicity of the region to produce these doublet events.
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Evaluation of source parameters in the Bayesian framework by Markov
Chain Monte Carlo method

*Nana Yoshimitsu', Takuto Maeda?, Tomonari Sei®

1. ERI, UTokyo, 2. Hirosaki Univ., 3. IST, UTokyo

Stress drop is an important factor to express earthquake source characteristics, and it is utilized for the
hazard assessment. To estimate the stress drop, we usually compare the theoretical source spectrum
representation with the spectrum of the observed waveforms. In this process, we estimate seismic
parameters (corner frequency and seismic moment) that are necessary to calculate the stress drop.
Previously, the estimation error of these parameters decreased the reliability of the stress drop estimates.
For evaluating the estimation accuracy and trade-off among parameters, we used Markov Chain Monte
Carlo (MCMC) method in the Bayesian framework for stress drop analysis (Yoshimitsu et al., SSJ, 2018)
instead of grid search.

In this study, we introduce F-distribution into MCMC as a probability density function instead of normal
distribution. To estimate the stress drop, we use the spectral ratio of co-located two earthquakes to
cancel the path effect. The ratio of power spectrum between observed and theoretical spectrum is
represented by chi-square, and the ratio of two chi-squares is represented by F-distribution. Thus, the
ratio of the observed power spectrum of two earthquakes divided by the ratio of the theoretical power
spectrum of two earthquakes is represented by F-distribution.

We focused on a cluster consisted of 36 earthquakes that occurred from 2015 May to 2016 November in
Oklahoma. The spectral ratios between the large event (M = 4.1) and co-located small events (2.2 < M| <
3.7; < 2 km from the large event) were formed to remove path effects. We analyzed 5.12 seconds after
twice the S-arrival time with the band-pass filter of 0.5 to 30 Hz. To examine the probability of corner
frequencies and moment ratio of each event pair, we applied the Metropolis-Hastings algorithm of the
Markov Chain Monte Carlo method that is a random walk adaptation. Each event observed a different
number of stations, and we used as many stations as possible. To calculate the likelihood, we use all
spectral ratios simultaneously. We update the value of moment ratio and two corner frequencies with
200,000 iterations.

Sampling distribution showed strong trade-off among all three parameters. Moment ratio has a negative
correlation with £, and f_,. f; has a positive correlation with f,. The histogram of the sampling showed a
single peak in most cases, but some events showed multimodal histogram.

We compared the results obtained from MCMC with F-distribution and normal distribution. Both
calculations showed almost similar estimates, but the sampling distribution was different. In this analysis,
F-distribution is suitable for probability density function than normal distribution because sampling
distribution is reasonable.

Acknowledgements : NY, TM and TS are supported by JST CREST Grant Number JPMJCR1763.NY is
supported by JSPS KAKENHI, Grant Number 19K14812.
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Spatiotemporal characteristic of frictional properties on the
subducting Pacific Plate off the Tohoku region, Japan

*Takuji Yamada', Meitong Duan', Jun Kawahara'

1. Ibaraki University

1.1 ZL®HIC

FALM ARG HTIE, KFEETL— MOLAARIED REIMEYBELEELTWS, AFET

&, 2003F1AMNS2018F 12 ICHILMARA A THRE L-hFEME (4.4 Mw5.0) DI B, 2. THREAT
2&8Y,. L MNEREOEBBEARMLTWEEEZ5N1735EARUVE L. AR TEOREN
BiTo7z. 512, 201 TERILMAKREFEDE (Mw 9.0 ; L TFTIF201TEFRILMELKT) 25TBED
Mw 7.0 DIMERITARYDHEEDEELERTDIEICEY., BRAOABTEOEBLHEINRELTZ L — MER
HDERBEEDOREEAIGES LUV ZOYENERICOVWTERET 1,

2. RATHEB DORIRERE

ARETITRIAAOERREREAZE L T. Nakajima and Hasegawa (2006)DH#EE L 7= KFET L — b
BRENS+15km OFES TREHREHE (4.4 Mw5.0) 2ZY, BIIRRE L, RBARRTIE. K
REICE > TRESINAEIY T ZF 12— RMjmadt E—A Y MY T ZF2—RMWIZEZELWERELTWSD, &
DRECDZHHEICDOVWTEREITEATH S, /o, BAFRMBED D B, BHKBERMMARMICE>TA A=
ALBEHROSNTWBHBICOWVWTIE, KFEFETL— MDA AAEEBAMNLREE AR D I & 2
HTH5,

3. Ak T EER

Yamada et al. (2010, 2015, 2017) OFE%=RAWT. AR TEO@EF AT o7, £9. 2012FEH152018%F
ICHELIEMWISDOMED S B, MITRROFREME (4.4 Mw 5.0) OEREHL O RIGEEREICH 2 HEDE R
B ARRIS ) — VB E Lz, RIC, BIANROMEDEARMARY ML ERRIS ) —VBERD AR
R TTFaAviRY)a—Yarvl, BRARI ML AXAH2RETIVICHD EDIREDS &, BANRHME
DOA—F—FK#%ERD-, REIC. MBEIAAKTHY, D OHBBEEEENSKEEEDIONTH S EIRE
L T. Madariaga (1976) DEFT I A#AWVWTCIA—F+—FARHEDO SIENETEEFTEL -

4. BRBIUEER

BWEBEORNETEORENEREZD LIS, BE - BREZTNTN0IEI L ICERELEBNBETES % % Fig.
12T, Figla&k W, AR TEOENERICITEBNLFTEENENA SN, linuma etal. (2012)IC& 2
201 T ERILHEOHERTRYDMELLET &, WERIANYEHEDICKZRABAETEN 2L TWVWS
ZENDLNB, ZORERIE, EEBEDASE VEEI 201 TERIMERICANY 7ELTHWAEZEETREBL
TW3, 2011 EFRILHERIBR TORBE(LEZHANS & (Fig.1bc) . EHEHS LUTRBEHICEL
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T, 201 T FERIMEBERICHAETENMET LEZEEIrRONS, BIFRTINSDERIEABRELELS, LVWEFE
MaREZEEORENSEREFPEEZRY 2V, Bd. AFFROBHFTTRAESEICDWTIE, Uchide et al.
(2014)A 2011 ERILMERI OB TEDEE O HERKHTWD, AR E IIBTFENRBRZD. AHAR
I¥Uchide et al. (2014)DIER LA TH S (Fig. 1b) » TDIZ & F. AAROETERDEBEDE S &
~ELTW3,

BIEE AR T, Hi-net (BIXRZERMARA) « [IRFT. LBEKRZE, REAFE, RERAZOHYRDMH
BEEET—4%&. [SEFO—TEERSLUP, SRAEZEALE L, BLTRHHVELET,
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Figure 1. Spatial pattern of stress drops estimated from moderate-sized earthquakes with 44 <Mw < 5.0
that occurred (a) in 2003 through 2018, (b) from 2003 to 2010, and (¢) from 2012 to 2018. Contours indicate
the coseismic slip distribution of the 2011 Tohoku earthquake with Mw 9.0 (Iinuma ef a/., 2012) at intervals
of 2 m. Bold lines in NS direction express the depth of the upper surface of the subducting Pacific Plate
(Nakajima and Hasegawa, 2006) at intervals of 20 km.
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Possible aseismic phenomena causing the precursory activity and
aftershocks of the 2017 M 5.3 Kagoshima Bay earthquake, Kyusyu, SW
Japan

*Yoshiaki Matsumoto', Keisuke Yoshida', Toru Matsuzawa', Akira Hasegawa1

1. Department of Geophysics, Graduate School of Science, Tohoku University, Japan

WMEOREERSE LT, B LOTAMISADEMOMIC, BEEBEMMETIZIONE. DI &,
EORLICEBKEDELINEL AL >TWS I E5RET S (BIAIE, Hasegawa, 2017; Hubbert and
Rubey, 1959; Nur and Booker, 1972; Sibson, 1992). > T, T OREDEFEFARD Z & ITHEDOHEE
ANZALAEEZBZETETCHEETHS. EIR migration &, HTICHEET 2 REDOREPEICA > TDIE
HMEMDEY DL D RIEMENARRICER T2 LKHBEINS. 2DLIIC, HFHLAEROBEESH
I, HREPESBTY MV TELTVWRIEMENBRIRREZFARDIHDEZRFANY &7 5.

2017 7R 11T H11:56 (JST) IC, BREBEDFRSHK 10km ZBIRE T2 ME53 DMENRE L. XEE

ROBELTIE, RIFED2016 F 12 AEZFICHBFREMERLEL TW I b >TWS., FFRTHE,

M 5.3 OMMEDRIER TRE LAMBICOWVWT, RUABZAVCBELRERBREICL Y RDLFRLERS

ERAWT, RIBLRICE S TRESNEANZZILBREDHBPAROMBY 1 AEDHEBRFETII L
—EDHEFHEFRILDORRAIC D WTHANL.

X9, SRF—TEEBRERAYOJICEBEINTVS 2010 F1AH52018F4A DHREICE W TE REERER
DAEERRLTRELLHEEZNRICLT, KUHEEZAWVS I & TRELGEERRIEZZ RO, ZOEKE
HEAEAWTELONRERIET —Y NI OV EEHORBEDRERRZEZT —F I L,
Double-Difference EiRRE% (Waldhauser & Ellsworth, 2002) #@mE L7-. #HERE LTIE, [EF—T
ftERAY O T—4 %R,

BERBRAEICLY, [SIRT—TA407T7T—9 TRERICES DV TWAEERD, #HEKOELICESL
. %TL'QOJ’)BOJI%&EODHFM; [IRFTICE BABRPREONBRERBERE LRIV OIRIELL Z AW F
7% (Dahm, 1996) IC& > THESINEZ K DREDA A X LBEOHED— D LBENTHZ I EHH, Th
SOMEBRIEROLLINELEEZRELZEEZIONS.

FFIC, AIRRREEIORRDZ K X1 MOELICEHRL, BEIFEAEHRICALEZEN2 KD RIEERAER
migration DFFH AR L7=. EIE migration DRERE LT, FEMEMIT Y (e.g. Lohman & McGuire, 2007)
PIREDTEE (e.g. Parotidis, 2003), HMEFKLE#HIBIR (e.g. Kato et al. 2016) FEANEZ LN TWVWED, D
R migration (&, KEEHAEIEA 0.05 (m?/s) DFRMILHETIVICL 2 REDBEITHATE 2. KREOER
BEHNOERBEEZRL, TOFEBIRKEE &6 ITKEDOFRBANERBRE T IHEALAONS. TDLOR
RERD SR LA D BEBBOFHIE, RAOES M EFHINTWS, RibHitERICstress shadowT
HBHHRAH A PETHRE L B METEBORE (Yoshida & Hasegawa, 2018) & BE< I TW 3.

JRIZ, Lin & Shearer (2007) ®FEICL Y, KB ESHEL TRDIZAI XY MNEDORERZZAFHALTCE
RISICH 1T PR ESHDOMEREREL Vp/Vs DHEETo 7. TOKR, FIBRAESICOWTHELE
Vp/Vs DfEld, BHORELYIBWMEARTEREL&ONE. Tz, KAEFEHNS 20 HUBOREIIOW
T®D Vp/Vs LEIBFMFEEICR L LSO ABWMEEZRLEZ. CThoDEREEROGVLHERHOREZLE DL
ﬁ#6 Vp/Vs DEEBZELIZEEREICL ZREEDLLERMLTWVWE I EATREING. U LEDERM

, BERESZOMEZHOREICIE, THRICLIESIEZOND.
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T 5IC, FIRAGEEIOERAITEKT S (El OFICIEFEROEZAEIA LN, AEERIFEAHOKICAET
3. REDERLFLTEABEBITIZLDICOGTEIEDLD, KREDEFELRITARYEAZOEABICHHT
EEEMEDHD. ART MVHEERAWTHE LEAEERRARY ML —F—FRB, 5RO -ARE DT
BHAXIZZDEABOAREIEBENTH 7. DT e, FEDITRYEBIAZABICAEBT S &458X%
FL, MELOEEBEDAIEZRLTVWSDONE LN,

L EDRISRHEE & RETBENICASNAEROERES & OEIRD migration 2 & DFFEIE, ROEHICEZ
ZEHBTEIAE LAV, (1) AEDREICAUNSBEEFEOEREDOTAEICREIZAL, BEDOEREE
MRV T2ET, BROFBMESNELCK. ZLT, FEHIBEISH > THREIT S I &Y, FIBREE
BDOREIZGALBRAICHEE L. OB, M) A—SN7IEMEMETRY PEEDRIBENTRY EECTHE
F4E - BEREBEBICEMLZD2D LRV, (2) FIBRMESIN S SICET L, BIFMEEITIRE T RYMNEL
B2 EABICEVWTHEDWIICAETRYICE>K. Q) AEICHEIISHELRICKYLEETRENEL
o, FRIRAGEEICAZICES LAERAIEEROBEAGHY BN SXBABES L TV ER, BEE
SRERD SRR BB L 7.
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Room B | General session | SO8. Earthquake Source Processes and Physics of Earthquakes

[SO8]AM-2

chairperson:Toshiko Terakawa(Nagoya University), Keisuke Yoshida(Tohoku University)

Wed. Sep 18, 2019 10:45 AM - 12:00 PM ROOM B (Symposium Hall, International Science Innovation
Building)

[SO8-23] Stress release process along a crustal fault during the foreshock-
mainshock-aftershock sequence of the 2017 M5.2 Akita-Daisen
earthquake
*Keisuke Yoshida Yoshida', Tatsuhiko Saito? Taka’ aki Taira®, Kentaro Emoto', Toru Matsuzawa'

(1. Tohoku University, 2. National Research Institute for Earth Science and Disaster Resilience,
3. UC Berkeley)
10:45 AM - 11:00 AM

[S08-24] CMT inversion of aftershocks of the Yufu, Oita earthquake triggered by the
2016 Kumamoto earthquake using 3D FDM Green functions
*Hirofumi Kowari', Masanao Komatsu', Hiroshi Takenaka', Taro Okamoto?, Takeshi Nakamura®

(1. Department of Earth Sciences, Okayama University, 2. Tokyo Institute of Technology, 3.
National Research Institute for Earth Science and Disaster Resilience)
11:00 AM - 11:15 AM

[SO8-25] Stress field in and around the aftershock area of the 2018 Northern Osaka
Prefecture earthquake
*Yoshihisa lio!, Hiroshi Katao', Kazuhide Tomisaka', Masayo Sawada', Takuo Shibutani’', Airi
Nagaoka1, Jun Nakagawa1, Shukei Ohyanagi1, Shota Hara', Mitsu Sakaguchi1, Abuyama
Supporters1, Satoshi Matsumotoz, Takeshi Matsushimaz, Megumi Kamizonoz, Shin-ichi Sakai3,
Masataka Masuda®, Shin-ichi Tanaka®, Yoshinari Hayashi4 (1. Disaster Prevention Research
Institute, Kyoto University, 2. Institute of Seismology and Volcanology, Kyushu University, 3.
Earthquake Research Institute, University of Tokyo, 4. Faculty of Societal Safety Sciences, Kansai
University)
11:15AM - 11:30 AM

[SO8-26] A new energetics-based failure criterion for understanding the spatial
pattern of aftershocks
*Toshiko Terakawa Terakawa1, Mitsuhiro Matsu'ura®, Akemi Noda® (1. Graduate School of
Environmental Studies, Nagoya University, 2. ISM, 3. NIED)

11:30 AM - 11:45 AM

[S08-27] Metrics for Aftershock Generation Based on the Energetics of Shear
Faulting
*Mitsuhiro Matsu'ura', Toshiko Terakawa?, Akemi Noda® (1. Institute of Statistical Mathematics,
2. Graduate School of Environmental Studies, Nagoya Univerisity, 3. National Research Institute
for Earth Science and Disaster Resilience)

11:45 AM - 12:00 PM
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Stress release process along a crustal fault during the
foreshock-mainshock-aftershock sequence of the 2017 M5.2
Akita-Daisen earthquake

*Keisuke Yoshida Yoshida', Tatsuhiko Saito?, Taka’ aki Taira®, Kentaro Emoto’, Toru Matsuzawa
]

1. Tohoku University, 2. National Research Institute for Earth Science and Disaster Resilience, 3. UC Berkeley

Stress release process ongoing along a crustal fault examined through the
foreshock-mainshock-aftershock sequence of the 2017 M5.2 Akita-Daisen, NE Japan, earthquake

# Keisuke Yoshida, Tatsuhiko Saito, Taka’ aki Taira, Kentaro Emoto, Toru Matsuzawa

Stress accumulation and release processes in the crust are less understood compared to those in the
plate boundary. One difficulty in examining the temporal evolution of stress along a crustal fault comes
from weakness of geodetic signal due toaseismic slip possibly proceeding along a crustal fault.
Spatiotemporal variations in foreshock and aftershock activities can provide key constraints on
time-dependent stress and deformation processes in the crust.

The 2017 M 5.2 Akita-Daisen intraplate earthquake in NE Japan was preceded by an intense foreshock
activity and triggered a remarkable sequence of aftershocks. In this study, we examine the spatiotemporal
distributions of foreshocks and aftershocks and determine the coseismic slip distribution of this
earthquake. In this study, we examine the spatiotemporal distribution of precisely relocated hypocenters
of foreshocks and aftershocks and the coseismic slip distribution of the 2017 M5.2 Akita-Daisen
earthquake in NE Japan, to shed light on processes that release stress in the crust.

Our result indicates that the seismicity concentrates forming a planar distribution with N-S strike dipping
slightly eastward consistent with their focal mechanisms. We find a migration of foreshocks towards the
mainshock rupture area, suggesting that they were triggered by aseismic phenomena such as fluid
migrations and episodic aseismic slip events. Alternatively, the foreshock migration might be related to
the quasi-static expansion of the slow slip associated with the nucleation phase of the mainshock.

The mainshock rupture was propagated primary toward north with lower coseismic slip in foreshock
regions. Aftershocks were intensely triggered near the edge of large coseismic slip regions where shear
stress increased after the mainshock. The aftershock region expanded along the fault strike with the
logarithm of time, which would be attributed to the post-seismic slip of the mainshock.

The postseismic slip possibly triggered repeating earthquakes with M “3. We applied the relationship
between fault slip and earthquake magnitude proposed by Nadeau & Johnson (1996, BSSA) to the
observed repeating earthquakes in this study for exploring post-seismic slip. The resultant post-seismic
slip amount is comparable or slightly larger than the maximum coseismic slip amount of 28 cm. Our
observation is consistent with previous work for California micro-earthquakes (Hawthorne et al.. 2016,
JGR).
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As a whole, foreshocks, the mainshock, aftershocks and post-seismic slip released stress at different
segments on the fault, which might reflect the difference in frictional properties. Furthermore, there are
probably aseismic slip behind the occurrences of aftershocks and foreshocks, which also contributed to
the redistribution of stress. Such observations are similar to those observed for interplate earthquakes,
which is consistent with the model that the deformation processes along plate boundaries and the crustal
fault are not essentially different.

The static stress drop of the mainshock is estimated to be 4.7 MPa, the apparent stress is 1.3 MPa, and
the radiation efficiency is 0.55. The radiation efficiency might be relatively high compared to recent
observations of crustal earthquake. It might suggest that the present earthquake occurred on a rather
mature fault. The similarity to interplate earthquake might be relevant to the maturity of the fault.
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CMT inversion of aftershocks of the Yufu, Oita earthquake triggered by
the 2016 Kumamoto earthquake using 3D FDM Green functions

*Hirofumi Kowari', Masanao Komatsu', Hiroshi Takenaka', Taro Okamoto?, Takeshi Nakamura®

1. Department of Earth Sciences, Okayama University, 2. Tokyo Institute of Technology, 3. National Research Institute
for Earth Science and Disaster Resilience

2016F4B 161252 ICHEAREBIRE T 25M,, 7. 30BAMENFE L, M32HRICKPROHHEEER
ETBM,, 5 7TOMELZFHK L, FRBEFRERT» BURIC, KOBHABA SMBICHNITT, FRBEOR
BEEEZOLNDEM,,,3.605M,,5401A XY MPMAEFEELE (H1) , BLIBINSOREDD SHREDK
X200 RV bk 2016E4F16E78114 (eventl, M,,,5.4) , 45290158595 (event2, M,,,4.5) @
BERMERICIRTHEEETINERBWECMTA, Y N—Sa v aABERA LK (NE - 4, 2018, JpGU) , K%
T, £D2DDA Ry N OB OMIC, FY2DDA RV b : 2016548 16H86274 (event3, M,
3.7) ,AB23K5264% (eventd, M,,,3.6) DEMEITV, WEDME, K, BREA DX LEZHET S, 1~
/N— 3 v |ZiEOkamoto etal. (2017) ®OA—RK, ') —VEAROEFHEICIIEL - BEMFEEAZEETE S
Nakamura et al. (2012) DO3RTEDFI—REAWS (GtEMEEIIL, B2a) , ZDEEIRTEEETIVIC
&, hEEE LY B3 e 6 ICIRTHBEREEETIL (FER - b, 2017) , EEB L Y TIXHEREARE
WEAMOLETVRMTESEET I (BER) 2#FERAT2 (B2b) . AARTHEALALER T —91E, S&F
DEEERG & R 2IRM AR DK-NET & KiK-netDEE M CRB S NI INEE KT 21D LEEE RO
25, 3R LD AR (x3KD) DEFAEFEALAE, IhEl - (2018, JpGU) TlEHiE %= —REEHH 10,5
30 E LD, KR THRRE LA XY MEIFEENNS W E2EEBL T, BHEHEMOL Y ERHORS £ T
A NRN—=I3VIlEDT,
T HROHIE LT, event3 (4%16585%27ﬁ0)MJMA3.70)’f Ry N) OER%EZEY. wEIEEARIH»S
30MEAW, BREKIIIETER (R&T) , MEHXE (A) , %% (OIT009, K-NET) D3&RAlR% A
Wz, 2 hO4 FOAER, [SEF—TEEROERMEL Y EAARN2 kmT, BKENSDRES2
km (HREHODFEEX25km) ERKE->7, YOS ROZFEE I, KEF—TTIEEIR (7.0 km) |, F-net
CMT (5km) &HELTERW, ZOMIFIEAXUOHETHEREBOTRIAFERIEVEZEZILNTVS
(5] Z (¥ Matsumoto et al,, 2016, EPS) T & EBEWTH D, IOMEDHRKEIEIM, 3.8 HES N, RR
TIEZOMDARY NORERERL, TNOOMEDOREME, BEX WX LPELOMBSHEORBARL S,
ISHSEROFREDA D ZILIZDOVWTERT %,

HEE  AARTIRIIRT, AR ERMA R OBRELCHZEERALE L.

© The Seismological Society of Japan -S08-24 -



S08-24

Seismological Society of Japan Fall Meeting

P —Vp (k)
(a) A(b) 0123456785
33.4'N = =T \ . T — - L - - L
eventd event3 336N "%&\J\ /f
4/16 23:26:24 4/16 08:27:00 /7» \
M,,,3.6 < >/
Depth 9.1 km 60 km b
384N '\:AJ xRX S
. 5] —
33.3'N . 231 S
A e B =2
SRR SR T 2R £
33.2°N 8
Eventl
/:/N\ 4/16 07:11:37
= M 5.4 70 km
s3.0n —] event2 Depth 5.7 km
=] 4/2915:09:34 3N Elwy b
] M85 v
"= Depth 7.4 km p——
0 10 20
131.3°E 131.4'E 1315°E 131°E 131.2'E 131.4°E 131.6'E 0 10 20 30 40 50 60
K1 AT A <> b OBRSAE (2H) . &l X2, (a) 5tEEE (BEH) . ROT2016FEAMEDORER24BELINIC
20165 REARMB D RER2AGHUNICKEE LT FELLHEOER, BEEGxXHIEEY oS FMIBORBELEERT,
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Stress field in and around the aftershock area of the 2018 Northern
Osaka Prefecture earthquake

*Yoshihisa lio', Hiroshi Katao', Kazuhide Tomisaka', Masayo Sawada', Takuo Shibutani’, Airi
Nagaoka', Jun Nakagawa', Shukei Ohyanagi', Shota Hara', Mitsu Sakaguchi', Abuyama
Supporters1, Satoshi Matsumoto?, Takeshi Matsushima?, Megumi Kamizono?, Shin-ichi Sakai,
Masataka Masuda®, Shin-ichi Tanaka®, Yoshinari Hayashi*

1. Disaster Prevention Research Institute, Kyoto University, 2. Institute of Seismology and Volcanology, Kyushu
University, 3. Earthquake Research Institute, University of Tokyo, 4. Faculty of Societal Safety Sciences, Kansai
University

1. 1FL®IC
AIRFFALERDOME (M) 6.1) . BEESHIETATL ORImERHE. REAILEET(KNF)., £5MES. F
SBINMTEZ SIEME N ER Y 2iigi T2018F6 A 18RHICRE LT, REE & ZDELD 104D FTICE W TEREF

o, WEADZZXLBOEBDH, BLUBIBFEHELL, I5IC, WEREDOMIOFRINSMBELTWVD
MRETEICE ZMET—92RAVWT, BREBALOLEEDOENGEHE L, ThOoDHEERRE. X
(2018)ICL ZERBRET AN OHESNZSEDHMEICLZHAELEZRAEDLET. BERMBO@IHRITFICS
1T 2ISREDHE =5 H 7=,

2. R

REDERSH(2018F6818H~9BT1H) LB =D HAKICTY ., KREE. MRILEAMOET, ATLE
KNFHEICIES 9% L TWS, ATLORANCIEBUNEED Y Z7 X ¥ MERRD%5) D H 5 TW A (REKE,
1995), DHDEAMRMATIE. KREFZNIA>TEVTWEEIICRA S, ATLOLLAICEESETTW
%, Inbld, KEREBEXAVWTHIRBEEEERBL TREINLZEDTHSEH. ATLEKNFEIEICL
TEBOREBENKECER>TWVWE D, EROMERCEIBICOWVWTIE. 3RTOREREEEE L THRET
TEIRENH D, MEDANZXLRIZ, BERANICIEERTHEINE, LETHEMBETHY . 2MOEEHE
RLTWRERETIVHIZIL, %RE,2018) L AMNTH 5,
REODANZZALBEBWEIGDHBITICE 2 &, KREBOISHGZIE. RKEMBIGHOREEHATEILFE-RERO
BInBETHY, EHA T HRMARBEABE L YBFETEY ICOERL TW5, REZOILETIEFEEEE &
Bo2TW3, RETBET—YICLDLEEBDRIGE INEFAMMTHY ., ATLOFERERDITARYICKZBH
EhOAREMENTRINDG, REHOBEEHEERICS T BB X DX LBE RTHEFERIIFETH

B eI ERTER)ICEE T2 &, ZTOTRIE. KREFEBPESTWImAEARAS L CILAICAN > TEL R
2mMBEAERLTEY., INSOBMICEVWTISHEFIREE L TOWRVWAREEAREI NS,

BIEE T OBE I TICIKEREAICE L TRESHEICAR>THY XY, BLTREHEBELLETFET,

REOERDH EHURDDE RESHIZ2018F6A18ENS59R1HE T,
+ & VHT04NFIDERR R, +(E0. 1ERD TR B RARE - fi, 2018). VIZA Y T4 Y D3XAERAR. A
FHERETEOIND AR, ORISREDEBHA R,
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A new energetics-based failure criterion for understanding the spatial
pattern of aftershocks

*Toshiko Terakawa Terakawa', Mitsuhiro Matsu'ura®, Akemi Noda®

1. Graduate School of Environmental Studies, Nagoya University, 2. ISM, 3. NIED

=i, HR0OHL5WIATFICEVT, MEFECREFEE (Deep Learning, DL) %ZEW At 7= ATHEERAlT
NEEORELITTWS., thEZDAF T, DLICKWHBRAPFTEE LASHOELE—REFTHORT7 & K

L=V 77— LEREDHOEEITHON, TOHERENITHENA I —0OVIFEISHELL (ACFS

) SVEERETHZE VWD EBENLERNMRE SN (DeVriesetal, 2018) . 51T, REDHRLER, A
CFS& Y HLHERDRERHEMDORATMIGA (A 7 ) P2RFEE (AL) KRS TWEEVLIY
BHRERNRS N ChOoDOYEBELERNICHMT DL, Ar  EALIBHICHERRERAT VIV
DOHBEINZEMEIRILF—EFEUOE, ChFBEIMEIRLF—HIPEOTHIEAIGTREN SHEIC
Lo TBIERISINABMEIRILF - () ICHYHTS. LEN>T, DLULLZ2REDFOHERER
BAREBOREICL > TEMEIRILF—HDEDIMTEMTZIEE2EKRKL, WEOREREBICFETS. €D
BRICIE, HMEREHEAEZRMLTRETZICEHST, N—ZV I T—9 P MEICKZHRANEIICET
BZEICESNTVWEE WD IBREANAREELNH S.

AARTIE, BHEEN5EERBL TCREORELZER T SO0, BMEETIRILY— E=E (FBHMEIXIL
=) +E, ((ABEOTAHIRIF—) ICEDCH L WHERIER®E (Energetics-based Failure Stress, EFS
) %iRE$ % (Terakawa, Matsu'ura & Noda, in prep.)

EFS=sqrt(2GE))- u{sqrt(2 £ E )-P} (1)

ZITG, £, u, PIZEIME, KEEEE, SO0EERE, FRRGEEEZRY. AXOB-HRREEIGA
D2RAEES,DEARE—HL, BMISADRAAS—EETHS. BTIRD sqrt(2 £ E) IZIEHDTRAER],
D1/3 (FHEERA) THY, FHEEFBEHEBEICHEETS. D2FY, FEICEZERUVEDER

&, TNENEBEARVEHBEREDIEREEKL, BYRESABRUCHERERISHIGZE KLY
(Matsu'ura, Noda & Terakawa, under review) . 62T, R(1) TEBEINBEFSOERERIBRDEIL (AEFS
) DERSIFREZRL, BROEKEZNHITZEEZZILIEAEBENTHS. EFSORRIE, BB E
WBREEZTAEECHIIRLTF—E2FAVWTER LIZRICHD. DD, EDACFSO LD ICHEDE %
WRET B ERL, IRFTIGHEBARAOEED R CHERIRZ T 5 2 &N ATREE 2 5.

AEFS DREBEREMERNEZHNDDIC, 1992F 5V —AMBICHE S 1ERORET —412673@ICHT L
T, ERBEIEOREMLEXT NG (Terakawa & Hauksson, 2018) 2 EL T AEFS %518

L, ROC (Receiver Operating Characteristic) f#fizXfEL 7. £, ERIOFEINDEY, AERV
AEIRBEOREICERVADHERENHZ 2L, NHEDHEERY ANZAEFSIZAEDHERNDZ LES Z
EMERBS N, ORI, HEAIORESALANIVEZRERNRELY BESTSHE, AUCEEERMEER (EELS
RERLEZHELLESG) PEFRT 2D, ARICAREBEEE (RERECHEELALAERICEBVWEIS) t£7
T EMbH ok, ThiE, BEBEMOREBAMEVE, HERICEDENT 2EELIAERE RS CIHEE
ISR, TORRAEFSEBRFMLTCLED ZEICRANHZ. —7, AEIROBRBAEESDEL%T
fliL (Terakawa etal, 2010) , AEFS OEEIZERY ANTROCHENTZEET 5 &, AUCIEL BEfFHERIIER
L, BEEERETLL. INS0RRIZ, FRMBEEDRNEETREHATELVWSHOREDREIC
i, BERRAEDLANEELRBANERLLETREEN’HD I EERLTWS.

e, Az, & ANEFSOROCERITOMERELE L& 2, BERERLABUEREA c DOANAEFSEYE

© The Seismological Society of Japan - S08-26 -



808'26 Seismological Society of Japan Fall Meeting

o, Az 13, HEROBEGEAHEEAN (RELAHEO) , HEICLDZBHELEZMGTERTH S
ELEEBADAEFSOEKRT —ATHD. DF Y, DLICLZ2LEDHOHETIE, BIC, hEFORERHD
WYL ANV AEIEFEMICELS (E0O) RELTWEZEICRY, TANRNMNTORERENDEL LIF2ED

D, FARBICREDREABRIEMT 2EREBVN LI &b o7,
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Metrics for Aftershock Generation Based on the Energetics of Shear
Faulting

*Mitsuhiro Matsu'ura’, Toshiko Terakawa?, Akemi Noda®

1. Institute of Statistical Mathematics, 2. Graduate School of Environmental Studies, Nagoya Univerisity, 3. National
Research Institute for Earth Science and Disaster Resilience

HMEOREIHBRICEL ONLHEZTATI R —2HEEEICL > THRKRT 2BETHD, BEEHIT I
F—iE, —RIC, BEEAIRIAVE—=(IENTVVYILOE1RFER)?/18k & BHEAIRILF—=(RE
ISATVYVIDE2RAEE)/2u OFMELTERES, BL, «IXAEEMEER, wiXAIMEXRTH S, Terakawa,
Matsu'ura & Noda (in preparation) i, ATV VILDE 1 RFAZEBRIFEHEEBRIDIETHY, REDS
TYVILDE2RAEZEEDFTARIIBEGNDR AT —5E BIZAE, FREADPEHEERADICEFL VEIC
B < BIMTRS D (3/2)'2 18) THB I LICEBLT, BEMBOEMKEICEATZE—IL - /—OVOR%E
(Mohr-Coulomb fracture criterion) ICt A 7= T X)L ¥ —RHIERICE D < MiBHIRIS D (Energetics-based
Failure Stress), EFS = (2 uxZ#fEH TR F—)"/? - x[2k FEEHTRILF—)"? -Pl, ZBALL,
ZIT, 4, RUPRBRENETNEADEEFRYRUREKRRAEETH S, > T, EFS DETLFE2HIZMBEDRE
SHEY R ERAEE (CHE T 5,

AEDORLEEERNERIZBOBANGROBRAEZDOE({LESIZL I, Matsu'ur, Noda & Terakawa
(under review) 13, HEFKEMOHBENE (FRISNH) LHBHEOBHEN SEMERTXILF— L4
EEALRIF—DOEEDEL TENICHMT 2 — KX 2B W, ZOARICKY, HMEREICHESEE
WRIZIS S EFS OZEALS AEFS 1%, BRREEDEL%E AP, & LT, AEFS=[2uxME#DOIEMEHST RIL
F—)2 -2 ux BATDOBMES T RILF—)"?] - u x[(2 £ xIBBEDAREELR T RILF—)"? (2 xHERTD
BEEHIRIF—)?-AP] L EBERT LN TE S, FXBETIE, D AEFS #IHIMIEDO T XL ¥ —#
HERICEDCH LLWRERLETMAEREZE L LT, TN INETRESN TELHRARRERETMRES

(BR<HALNTWE 7 —OVIRIGHELLED SREDREBZZETOERIHRE T 2 R KBTS HELESK
WIRERNELT VYILDE 2 RAZEDFEAIRET) Z2HHITI—A& LTEET 28BN —MKETHBZ
EEWERICHRERT B,

BIZIE, HEYICHRENTIEH 2D, BRISNBOEARDEREKDEELODHZE, DFEUMBKITNEH
HEATIXILF—HDELEVICEHSTHENREZTCLE2HE, HMEILLZZEARIRSDELE BER
KEODELEERITNIL, AEFS ORBRIGRESHEALT VYILDE2 RAEZEDLEARICFIET %, BA
HIZ, RESHEILT VYILDE 2 RAEEIIEICEDEIATEERDZDT, ThERERETMRLEE L
LTHERT 3 & (e.g., Devriesetal, 2018), AEFLERZROMEFTHOEMEIIEHRETE TH, FHRLIEEHRAT
RV, BIC, MEROREISAZLLT Y VLB TH 2 S RET NIE, AEFS OXRBEXIEHAEIH
HEEICIEET D, — A, MBROBRIGALARIVIEHIEEULERVWE ZATIRIEICL 3 NELICEH
RTEDICBWVWEEZ LN, ZTDL O RIGE, HEROREISHEILT v VILH MBI T, BERREE
DB ERRIG N ICEHIT 3 ERETHIE, AEFS IRELBICEHBMNA - —OVIZEIRNZEILE ACFS
ICRET %, BL, ZOHBADY—4 v MfEB & L TIEE SIS NIBORABIME 2R IER ITNIER S0,
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Room B | General session | S12. Rock Mechanics, Crustal Stress

[ST12]PM-1

chairperson:Muneyoshi Furumoto(Tono Research Institute of Earthquake Science), Kentaro Omura(NIED)
Wed. Sep 18, 2019 2:30 PM - 3:15 PM ROOM B (Symposium Hall, International Science Innovation
Building)

[S12-01] Applications of DCDA method to rock core samples from NIED seismic
observation wells -Attempt for in-situ crustal stress measurement-
*kentaro Omura1, Weiren Linz, Takatoshi Ito3, Akio Funato® (1. National Research Institute for
Earth Science and Disaster Resilience, 2. Graduate School of Engineering, Kyoto University, 3.
Institute of Fluid Science, Tohoku University, 4. Fukada Geological Institute)
2:30 PM - 2:45 PM

[S12-02] Correlation of frictional property on volcanoclastic sediment with changes
in its mineral assemblage and microstructure
*Akari Fuke1, Tetsuro Hirono1, Shunya Kaneki® (1. Science, Osaka University, 2. DPRI, Kyoto
University)
2:45 PM - 3:00 PM

[S12-03] Experimental investigation of cumulative effect on thermal maturation of
carbonaceous material as a proxy for earthquake slip
*Yutaro Shimamura', Tetsuro Hirono' (1. Osaka University)
3:00PM - 3:15PM

©Seismological Society of Japan
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Applications of DCDA method to rock core samples from NIED seismic
observation wells -Attempt for in-situ crustal stress measurement-

*kentaro Omura', Weiren Lin?, Takatoshi Ito®, Akio Funato®

1. National Research Institute for Earth Science and Disaster Resilience, 2. Graduate School of Engineering, Kyoto
University, 3. Institute of Fluid Science, Tohoku University, 4. Fukada Geological Institute

HMEREBECT I NZv I/ EH BRI 2 LT, EERYESTHI2HMBRORMEDEREAICET 2
T4, ERICEVWTH, MEERIPHRBEHERUT — 5 ICERTZ LWRRICH . TERRMEMRIG
TBREFAETIE, BElERHFRGARNGHANBRET, ERICHh2RBMAREIHELWVWEVWSERIHS. K
RTIE, BEITERSNZEGIT O SRMABMBICHELZHEET 25 ETHBIT7ERE
(DCDAJ%, Diametrical Core Deformation Analysisit) | ZBEFEOEA A7 ICEA L T, RAUBMRIG ZHTE
$5ZeaHA. TITEREE, EELATHGRAEFHNET2REN RS, BEOEGITICERATESZ

ED, flE LTRETERSNAESBERAITICERT S LT, RUBHBRISAT —SDELSND I &N
RENL(NMIHE, 2018FEMEZAKEARAS11-03). AT7EWRETIE, AT7RAICEF>LBREHAT R E &
12, IWHEOHEICITEGORMEERD, ISHAMOKEICIEEITOAMDOIIIVETH S.

7@ B RF D7 s2 DHi-net&BIH TEE A 100m~200m (T#=72172000m) A SHFERLIZBEOERA
TEMALL., EEAMOEAITORD, BRAAMDOHEEIFTELN >7. Funato and Ito (2017,
IJRMMS) uxn‘l"é?ht RECIT7HRBAICZEERZAELEL. BESNAZEAI T, HEE, T0FEULER
BLEEDTIEHZD, REICEF>TERLIYA VA—TRICE(LE. 2hik, BRI 7ZHEIISARKIC
EHRVERRICEMER L TWAZ EMNHASH, A7EREOBERATRELGAHON. —AT, HESD
TDEHIC, PREICEEmMIH ZIZEICIE, BEEICEY LZERROMARKIHI SN, 2837 0MK
HERBTIVLENHDI LN O >, BB NELZHET 2748, IT7EAOHMEERL, BEEGHRIC
LBTF—=ID RN, IﬂU?EﬁU#’C“%BEé?’L?‘:PS*ﬁEL:J:61113&0)%&'521# 85&521#756 BEEZRELT
HEINZEEERAER TSI & a2HA . EENICEBEESRAFERIT7ICITEREZERLT, L

MICRMEMRSNEHETEDIRIAHDH D ENRINE.
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Correlation of frictional property on volcanoclastic sediment with
changes in its mineral assemblage and microstructure

*Akari Fuke1, Tetsuro Hirono1, Shunya Kaneki?

1. Science, Osaka University, 2. DPRI, Kyoto University

ETHRICEWVWT, TEEARVIEYMOERREIL, 1 nm/sDETRYEE,I ST m/sDETRYEEE

T, BWIRYEEHE TCRBIICTARSNTE 7 (DiToroetal, 2011). %< DERDRKEERRI

&, ByerleeBIZA 510.6-0.85DFICINE % 4%, 0.1 m/sLLEDEEE TOEEERREIL0.1-0.41BEICE
TETT2. ZOLIREERETOMBOBMNELIL, MEBICSITZNAOBETELEMSE, HEROD
E—AVNMNITZF 12— ROBRICEINZZEND, IBICEERIBRTHS.
BIEDBMSEHBICDOWVWTIE, Y=L T Loy SME—2a v Y AT IVERREDRABA NI A
DNETHRICLYIRESINTWS (FIZIESibson, 1973; Goldsby and Tullis, 2002) . LAaL, Zh5DFE1E
AAZXLEED, MBS DERFRBRUVEBNSELEENMER L LBEOEEDOREIL, HREBLREKTIIEE
BAEBRTDIMYRBICKETEEEZIONS. BIZIE, JILIPAX V94 N EDBRYT 1 BRIBHEYIZ, B
M5 & LR WMERIFICEWTH, Byerlee QI SANTBEWERGER Z TR T I ENENERERNORES
nTW3 (Moore and Lockner, 2004) . E#kIC, BRBED KL D ICBRT 1 BB A SO RADEEM» 5
EERLEARHIIBWTEH, BEIBEVERRRZRT I EAERINTWVWS (Remitti et al., 2015) .

I5IC, ARRO LD RBWEMLE T TR, MIBBYICE > TERSINAIEREMEINKMLZEDE, ER
BMEDETAEE56F&EILONTWVWS (Nakamuraetal, 2012) . 7=, O&EERERICEWTE, FRE
F /) HDOEKRICER L -BMNEEEIEREINTWS (Roweetal, 2019) . ZDESAIEREWEIX, X
WAZRELTRLUKICZLSEENTEY, —SOMBREICE VW TKURBEHBEM ETK L TWSEH, X
BEMHEYOBERSMIIRAETRBEER>TWS,

ZZTAMETIE, FEREME (KLAZR) OFEEERT DI &ICE>T, KUBRBHEHEBYOERSE
RUZDOHNMNEEDEL & DIRFEHEERAN. BEOERFT L — MERBBOXAHARIC DL T0.0002-1.0
m/sDRERIY CEBREREZTo-. TOER, LEEFHTIE, 0.1 m/sUTOREMRIFICE WTEREBERREY
H0.48-0.65& WHEZRLTWAD, 1.0m/siICHWVWTO0.16-0.2TICEF et L. —7, BHEFHET

(&, 0.001 m/sATORERIFICE VW TEEERFEHN0.44-0.65& WO EEARLTWESD, 0.1 m/sLAlEDRE
EHEBICHEWVNT0.14-0.30ICEF THIE L. LBRREOKERIE, REZTOMOEBLMERAWVERRIERD
EEICERL TWE, BEREICSEWVNT0.01 m/sTHRILT B EVWHIERIZ, BOHTHEHETHS.

NS OEMERERIIZARHI OV TXIEMKROFT AT o ER, ARIT ML LEREMEDEFEEATT
20=20-30°D/\O—E—7 DEEHIERIN. £/, XRDZFA 7 7 1 JLHh 5Rocklocky 7 b % B W T
HREEBT 2T o -ER, BEICIE, C0HMICELEINLRWIEY (Unfiited component) #50.0+2.0
WELRBEENTWB I ENPELMIA -7z, THIRKILASRAICHETZ2EDEEZOND. BEEREOHAR
Tld, Unfitted componentA'5.0-18.0 wt.%IEMML TH Y, KRBEY THBIFEZDEMEIFKED o7, £
o, BERELYEEZIBPREICE T EMEOANKEDN o7, RIS, BIMEERERIIZOABICOVWTER
EER L, BUMBEERRAZT o7& 5, BEEEHOBTICHEVWEDOHEAHKR SN, SR TRY ITHAR
HDORETAB|ZERILIDZEDALNICK . ZOITRYZFEEIHETOREMRIK, KFL =AML
AZADEEICKY, BOHPELE LTI VERIFICST7 ML TWBHEELH S.

BLE, MUERBYMTIEKUA S ZAOKMPERICL 2BERTIRI -TWIAEEETEL, Ihid, X
WWMAICAIB T 2 7L — MLEAAHBTB TCOMEROWIRGER VO ZOIRNYBEHICFELAEZTWELE L
nixu.,
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Experimental investigation of cumulative effect on thermal maturation
of carbonaceous material as a proxy for earthquake slip

*Yutaro Shimamura1, Tetsuro Hirono'

1. Osaka University

WERERICHBCHRRIND TRILF—DREODETH Y (Chester et al.2005). Z DEERAHUTBIH/L A
AZZTLPHEOIRIVF—NXZICEERERLTVD, 20O, MBICEHZINTVWIERRAOREIF, &
NSOBBICBEVWTHBO TEETH D, BEEAOMRHEFEDTIDE LT, REVOERAMKICHE D BHEIFHIRF
MHOEENMEEEEDTWS, INEXTIC. KADNE - 77 oHiE(Hirono et al.2015; Kaneki et
al.2016,2018) ¥ B =0 #T/A(Savage et al.,2014)TTHRHMK 2 Hr(Kaneki et al.2016). E~Y F 41 M REEFBIE
(Sakaguchietal.201 )R EZFRAIT B EICLBHLART7TO—FHThhTEL, LHL. BEBEADODLYE
EMICHETZ7-0IC1F,. BIMICEVIEBESNZI A A/ T I AILMRETOHAAST, BURLINAEZEZEL
FEERISEERERTTI2VLEN N H D, HEARY ML, hERZMNI (A LRT—ILTIIAELRYRT L
O, MIBICEIT2ZHOMBARY MHMIBICESEFNZREWOBARRIGICEZ ZHEBIIVELRBRTH
%, TI T, AR TIIREYORRAKKIGICE T2V R LMBADHEDRAEZBENE L, EHOMEA X
VMNEEBRLAENRRS L UORBRIIBREARNOI XD EREL =,

MRFEELT, FTEFREBEROREYEE L ITNTNHATIRABICEEHA, TOATRAEEZENRE
SUFDHICEA L. 100, 300, 500, 600, 700, 900,1100, 1300 CD;EE TA40M ., BYVIRTHEARY M &
BHEEL T, 10, 100E DN %1TR o7z, £/, BHERDA LEBDORERICIMA. 500CICH T %8,168F—MER
%, 600CICH T 28FEMBME TR o7z, TDH., ERAIBHARCEVT, FADPKADIWBLUITUoH
PR ETRS T,

R, SEREICBVWTHEA - ST UBALIXADTE S ICNBALRIC L 2ABREDERAZ RO SNAE
Mo7z, BL. 500CIZH T B REFEINATIZEEHKECHEDIRIRTE A8 TIXHEAE Y. 16BETEL 5P <
BET DI ENHETE, MEBOEWIALZRT—ILOBYERTIIAERYRL THEERIGEEHF
HEWBBRRNMEESNE I EIIRVWERARDITBIEIHEES, THAb, MBICRERESNTWBREND
EEREIE. DO TEOMEN’BEL-ERREOHMEARY NE2RLTWEEER %,
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Room B | General session | S11. Various Phenomena Associated with Earthquakes

[S11]PM-T

chairperson:Muneyoshi Furumoto(Tono Research Institute of Earthquake Science), Kentaro Omura(NIED)
Wed. Sep 18, 2019 3:15 PM - 4:15 PM ROOM B (Symposium Hall, International Science Innovation
Building)

[S11-01] What are Posibilities of Influencing of the Strong Vertical Impulsive Seismic
Motions on the Occurrence of Grate Landslides ?
*Hroshi Mehara' (1. Geosystem Research Institute)
3:15PM - 3:30 PM

[S11-02] Tomographic study of 3D distribution of the ionospheric electron density
anomalies before and after the 2011 Tohoku-oki eq.
*Kosuke Heki', Ihsan Naufal Muafiry® (1. Dept. Earth Planetary Sci., Hokkaido University , 2.
Dept. Natural Hist. Sci., Hokkaido University)
3:30 PM - 3:45PM

[ST11-03] Geomagnetic variations coincident with the passage of longer period
surface waves
*Muneyoshi Furumoto1, Osamu Murakami1, Yasuhiro Asai' (1. Tono Research Institute of
Earthquake Science)
3:45 PM - 4:00 PM

[S11-04] Reality of "swirling clouds" associated with earthquakes
*Yuji Enomoto', Tsuneaki Yamabe', Shigeki Sugiura 2 Hitoshi Kondo® (1. Shinshu University, 2.
Genesis Research Institute, INC.)
4:00 PM - 4:15 PM
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What are Posibilities of Influencing of the Strong Vertical Impulsive
Seismic Motions on the Occurrence of Grate Landslides ?

*Hroshi Mehara'
1. Geosystem Research Institute

MO EMEENMEEN AIBEIE 2FIE, 120FRRLa1ICBEDEERK (UL KILT7DKR[1898], ¥—AN
T DER[1923]) BMELNTWZ ENLHONTWEERLD, ZI60FEREDCHERFEIZIZTDILES
TWELD T, MMIEENL WETHMANEBEIRT 2FOMERISEBIRTHD Z EITEHTH

5. ] & EEEMBHMEOREZRFAEZREL TWVWAEICZDIERESZIT-.

TNET, BEYMORERBEARIASZEIC, BENMERET 2R NLMBEMEENFET S & ZMAL
£ EFHFLTWAD, BEOHERFENEALAERICIIENTE TLWARAWVWENS, BHOAHNIEBEINZELICL
Mol EIANBEERBRREMMIZECEREZBN T2 EFTHIUIAKE S EDYIEHE. LHrLAd
5, BEMERIRT 2BNEZROMEMENC L 2WKEFAEZFANSDICON, TORKOEHI LIRAICKE
EHLMIR > TEE, RERLTVLARHRADLS, BEBEDOEOHHEARWEATRT ERDELIICHS.

1. REEOHEETIIEA SN ARVWERRAEIPBRBALE OBBROMEEF TH 5.
SWEOEFMAEEMAENLTEOEEMEZRF ORKTHS.
ABEEREMSMEPRTEMBOBEEH 2D, ZLLIERERDORE LITHICL2HEREERT.
OEFEREROAE AR RIGE &N, NEMNDOBELH .

5. BBMALMERS EBEMOREBICE WIREMEIISHKELZRT.

6. MARMBEREINEENL WIDRBRICELDIH5EF (BEMEXFT—/NLR) I'H 3.
7TRERRITERBOEN TR, MEOHEELRICLZEFEINS.
DEDESREBEHAREAT, ARELHBY OREIELAEAERELTHS. 5F - SHREME T
TR Y A LR TRBELRMEY 2AE C72(H1(a). TOMETIE, 1.—OBEAEDMESTDOMEEH T
3866gal DBEHZRADEFKENEONK. LHLIDEEFOMRRICIE, HHMEREFR > THBEIFE LN
NS URY VHRNMEEINTWVWS., 2.ZNIENEREICKL 22 E EIFERAI/TRES TEBIEINAZ & %E
I3, 3EREMBILMEIEVWVERTHEMBOEE 27, 4BBIGAVERK/IEAWT)IIo70OY &
EFIC, DRYRWKEERIERERMHZ. ULOBERINOSBABODHFEELII’FEEOHRELARELLLEZD
TR, BERBRBHDSEMEEOHE, INHL BN FHINS.

RICIEEERRIRRE M E CIEASEEICEY, —EOARMEARLNARL, ILOREDEY BRIENE U7 (K
1(b)). TZTRALUKBOEENRERBORHELRTEDEEZILNTWVS. LHALERKEBIZRS
16kmEUREFEVWE DD, SHEEIOEWKRIR T, ¥MEBDBEZAEETHS. PHRLINEMEINICLZ2EH#5
N2 KEBHIKRERTH D, NEBRROTEREERMBORENS, BAOLMEEEAEIEMICERL
T-AREEIEE VW EBDbN .

ZDEDBRKRIFERIBY AL T LICEAET 5, SHEMEFORAIIRKEVWI ENFEIN, REXWEK
£, BRGEEIXTEIEFEERA, FLWABELBAIEENS.

A WDN
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Tomographic study of 3D distribution of the ionospheric electron
density anomalies before and after the 2011 Tohoku-oki eq.

*Kosuke Heki', Ihsan Naufal Muafiry?

1. Dept. Earth Planetary Sci., Hokkaido University , 2. Dept. Natural Hist. Sci., Hokkaido University

Based on the ionospheric total electron content (TEC) observations using Global Navigation Satellite
System (GNSS) satellites, we reported that TEC showed anomalies immediately before large earthquakes
(Heki, 201 1GRL; Heki & Enomoto, 2013JGR; 2015JGR). The leading times and the intensities of the
anomalies in the 18 earthquakes of Mw7.3-9.2 (He & Heki, 2017JGR) showed clear scaling laws, i.e. they
scale with the fault lengths and fault areas, respectively, suggesting that large earthquakes know their final
sizes when the fault ruptures start. He & Heki (2018JGR) studied the three-dimensional (3D) distribution
of the electron density anomalies before the 2015 lllapel earthquake (Mw8.3), Central Chile, and showed
that the positive/negative electron density anomalies emerged in lower/upper ionosphere along the
geomagnetic field. This let us hypothesize that the ionospheric electrons were redistributed in response
to electric fields made by positive electric charges that appeared on the subaerial surface above the
epicenter. These charges would have been mobilized by micro-scale cracks and dislocations as positive
holes.

Here we apply the 3D tomography technique using the slant-TEC residual data in Japan and South Korea
for the 2011 Tohoku-oki earthquake (Mw9.0). We found that the positive electron density anomaly
appeared 300 km above NE Japan (the anomaly does not extend to the sea, see attached figure). At the
same time, a diffuse negative electron density anomaly appeared in the higher ionosphere. The electric
current that flowed upward along the geomagnetic field makes an eastward geomagnetic field change of a
few nT to the south of the epicenter, which is consistent with the change started “40 minutes before the
earthquake in Kakioka, NE Japan (Heki & Enomoto, 2013JGR). We also try to identify the 3D structure of
the tsunamigenic ionospheric hole made by the 2011 Tohoku-oki earthquake.
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Geomagnetic variations coincident with the passage of longer period
surface waves

*Muneyoshi Furumoto', Osamu Murakami', Yasuhiro Asai’

1. Tono Research Institute of Earthquake Science

WEREBICHWERIZENRET S LICDOVT, INETIKEZCDBENREINTWVS. TRHDH
ERBEE LT, RAZERETHEDICOVWTIE, EROEBRKVPEHER, EBMZ2HFO>MWELLTO
EEDERIC L ZEWFEE, T L CERREEARNOAEBERRA L, R AMECPRKMRRINLTETL
3.

INETICHESINTVLWIHBHRAERE TI2EMBOLEEIRRIE, EICEARBIHz BEYCZNU LEOEFL
BEHOEDTHD., —HAPRTHREEOEEOLEE LTIE, KRaZRERHALLZESHEBOBIICESIED
REICDVWTIEHBESINTWS Y, EAZEEETZ2HEDKITEAERV. HBAEEREE T 2EMAEE
OHBCEET M THEEEME LT, LUEAVHETORBIIEETHZEEZOND. KR TIE
01T ERIEAREHAMES LV ZORELREEXFAL T, KRBOVCPREAPRERICAL L -HKEE
PEOLNZ I EERET 3.

WES) & MM KOS RIE SR, RRMERZMEMRICE VIKEBRHRTICRES N, KEF GRRERME
FFRATIZIN, SRE200m)& IWMA#ANET (R7HR—Ib, RES00m)TH 5. MEHesDKFEH RO EERE I

200mTH Y, FERA—DBASRERBRTIENTES., =90V T Vv IRERIEEEEE1/20WTH
3. 1P, EHOHACHESAZFALTVWAVDIE, DML ELABET IHESEERIRIZTHEZEAS
HEAREMEZE ODLDTHS.

BRMTICRA L2 ERIE, RIEMARXTEFHEDOARE (Mw=9.0) L BRICEELLHFARE (Mw=7.8), &
LUM=77 S ZADEIBE 1B RESETHS. SHEHI S DEZERayleighiE(LLTRE) DIRIEIEAE WY, Xt
R LE-ARBBFEHTIIREOHBIESZDEDONKEWN., ZOLHEABICEVWTEEFRALTOERELLEKT
&, HEH) MK EENICIZBARELANINIERE STV, FICAERICIIHMISENERE L TE Y HMBIKEHHIK
ZLV\. 22T, BSMEOCHEFHLUMIEHOMEEERBRERCELY, BHRELAGEESIEFNTVWEILEZRETL
. FRLAET—Y1E, EZREUBEOI—SHI200EE2FIHELE. I—9YHI2EHANWSIET, BELE
HEEAEESEKRDZDICHE L, HEIEEEENREESBICR>TVWS EHFIND. FLEERETES %
BRWDI, IRIEAZEH L TKRKEVWED, EEMIR TR RZEEZILISTHS. FRLALZI—IEHDIC
%, FH20MWRBEDREEZEE LT, JURBHEROI/ESENTVWREEZZONS. I, HERT—4 &L
TKEEZFBLTWEDT, MERT—4RICSHEPLoveEHR D IZEEFNTUVWAWT &ICA S,

HWEREMIEET — Y ICDWTEREI5 mHZARE L U EERBITWS DDAV R T4 LY —%&H

i, BHEBOHARRIECHEMEABREHASELEZ. M1ICRLEZDIE AEHZROI—5EHDKE S Hifk
SDMERD D25 - 30 mHzHEEOHEEEBRER TH . BEHDIagh' EDEIE, HERICH L THSZEINE
N32&%EXRLTVWS. IASEHLIREDIC, HEEBRERKIZlag=0 ICEVWTE—V%ZF>TWS., 2DZ
EIFHEREMIEIMCIEABPLIEEIDHZ I EERLTVWS. AKROE—271E 15740 mHz DFE TR
5h3. LHL, 40 mHz & W ERAK®HE Tldlag=0 THHEAE— 27 IZRNRL. —AH15 mHz & WEERA
THE—213lag=0 IZIZA L.

RARE (Mw=7.8) IC2WTH, HEBBERERIERAKOBEE Tlag=0 ICE—7%2F>TH Y, KERRIED

BAETCTOBRMERHBLIICRZAS. —FA, TNLYNSWREBICASHIEMw=7.2) PMw<7.57 Z ZDR
ETIE, lag=0 ICBTBHBERE—JIEZR 5hieu.
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Reality of "swirling clouds" associated with earthquakes

*Yuji Enomoto', Tsuneaki Yamabe', Shigeki Sugiura 2, Hitoshi Kondo?
J g g
1. Shinshu University, 2. Genesis Research Institute, INC.

FERMESHTUEE” BECE",” BRID" REBEROEBICEET 3 AN ZERAZ L. FIZIE
S87TFERHMLEDHMETIE [BX, WIEIFE, W, REHK] F=KREH) PI184TEENFHMET
i, TEDEZE, SRl AICKOINEEZERIERE, FARBICERODODTEVEL, HEC 33 LBYEALS
?M%ﬂbmlFﬁﬁ@@jﬁtf%%.EHREbﬂ%gﬂb@ﬂﬁkMZ,ﬁﬁfﬁ%ﬁ?ﬁgﬁﬁfﬁ
IR’ALN, SEIERBPEEEEDITONDIAREMELTTCET, TOERFEZHASNMITZZERIAI->TE
. TNODRPDORREREDIEREENLTRATEL” BELE” OEEFIEX] ROLHITHS. 1)BEE
ERNSRAREICIZIIT S, 2)MERRBICERAERIND ZEHNEW, IEDTZZE5E (W1km)H 5iEE
< HERTHNIENR>TRZAS, S)ELICROTBELTERETS. ULEOEREFEMNMOYBIRRE & LEBS
L, " BE&ELKE” OERERIE, HWBROBHVUEICH > TCRALTELEBREICEETNDRN222FED
7717#tﬁ B CTMESNTLER, " 91V Y OER WRTEEWKL, Kink Instability?hR Tz
HWEDEERLA, 201MFRILHHEDOHNIODRICELCAERLTEOEHEEFORAREEIX. ZDF
BLE” BECE ICL2BEXFENROAEMELH S.
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