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Slip inversion using empirical Green's function considering radiation
patterns
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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
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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
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ERAWT, RIBLRICE S TRESNEANZZILBREDHBPAROMBY 1 AEDHEBRFETII L
—EDHEFHEFRILDORRAIC D WTHANL.

X9, SRF—TEEBRERAYOJICEBEINTVS 2010 F1AH52018F4A DHREICE W TE REERER
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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
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PIREDTEE (e.g. Parotidis, 2003), HMEFKLE#HIBIR (e.g. Kato et al. 2016) FEANEZ LN TWVWED, D
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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 : S08. Earthquake Source Processes and Physics of Earthquakes ]

& Wed. Sep 18, 2019 10:45 AM - 12:00 PM JST | Wed. Sep 18,2019 1:45 AM - 3:00 AM UTC | & ROOM B
Symposium Hall, International Science Innovation Building

[SO8]AM-2
chairperson:Toshiko Terakawa(Nagoya University), Keisuke Yoshida(Tohoku University)

10:45 AM - 11:00 AM JST | 1:45 AM - 2:00 AM UTC

[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 Yoshidal, Tatsuhiko Saito?, Taka’aki Taira3, Kentaro Emotol, Toru Matsuzawa! (1.

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

11:00 AM - 11:15AM JST | 2:00 AM - 2:15AM UTC

[S08-24] CMT inversion of aftershocks of the Yufu, Oita earthquake triggered by the 2016
Kumamoto earthquake using 3D FDM Green functions

*Hirofumi Kowaril, Masanao Komatsul, Hiroshi Takenakal, Taro Okamoto?2, Takeshi Nakamura3 (1.

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

11:15AM - 11:30 AM JST | 2:15AM - 2:30AM UTC

[S08-25] Stress field in and around the aftershock area of the 2018 Northern Osaka Prefecture
earthquake

*Yoshihisa liol, Hiroshi Kataol, Kazuhide Tomisaka!, Masayo Sawadal, Takuo Shibutani, Airi Nagaoka?,
Jun Nakagawal, Shukei Ohyanagil, Shota Haral, Mitsu Sakaguchil, Abuyama Supportersl, Satoshi
Matsumoto?, Takeshi Matsushima2, Megumi Kamizono?, Shin-ichi Sakai3, Masataka Masuda3, Shin-ichi

Tanaka3, 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)

11:30 AM - 11:45 AM JST | 2:30 AM - 2:45 AM UTC
[S08-26] A new energetics-based failure criterion for understanding the spatial pattern of
aftershocks

*Toshiko Terakawa Terakawal, Mitsuhiro Matsu'ura2, Akemi Noda3 (1. Graduate School of Environmental
Studies, Nagoya University, 2. ISM, 3. NIED)

11:45 AM - 12:00 PM JST | 2:45 AM - 3:00 AM UTC
[S08-27] Metrics for Aftershock Generation Based on the Energetics of Shear Faulting

*Mitsuhiro Matsu'ural, Toshiko TerakawaZ, Akemi Noda3 (1. Institute of Statistical Mathematics, 2.
Graduate School of Environmental Studies, Nagoya Univerisity, 3. National Research Institute for Earth
Science and Disaster Resilience)
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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).

© The Seismological Society of Japan - S08-23 -



808'23 Seismological Society of Japan Fall Meeting

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.
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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
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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

& Wed. Sep 18, 2019 2:30 PM - 3:15 PM JST | Wed. Sep 18,2019 5:30 AM - 6:15AM UTC | @ROOM B
Symposium Hall, International Science Innovation Building

[S12]PM-1

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

2:30 PM - 2:45 PM JST | 5:30 AM - 5:45 AM UTC

[S12-01] Applications of DCDA method to rock core samples from NIED seismic observation
wells -Attempt for in-situ crustal stress measurement-

*kentaro Omural, Weiren Lin?, 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)

2:45PM - 3:00 PM JST | 5:45AM - 6:00 AM UTC

[S12-02] Correlation of frictional property on volcanoclastic sediment with changes in its
mineral assemblage and microstructure

*Akari Fukel, Tetsuro Hironol, Shunya Kaneki? (1. Science, Osaka University, 2. DPRI, Kyoto University)

3:00 PM - 3:15 PM JST | 6:00 AM - 6:15AM UTC

[S12-03] Experimental investigation of cumulative effect on thermal maturation of
carbonaceous material as a proxy for earthquake slip

*Yutaro Shimamural, Tetsuro Hironol (1. Osaka University)
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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 ]

& Wed. Sep 18,2019 3:15PM - 4:15PM JST | Wed. Sep 18,2019 6:15AM - T:15AM UTC | I ROOM B
Symposium Hall, International Science Innovation Building
[S11]PM-1
chairperson:Muneyoshi Furumoto(Tono Research Institute of Earthquake Science), Kentaro
Omura(NIED)

3:15PM - 3:30 PM JST | 6:15AM - 6:30 AM UTC

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

*Hroshi Meharal (1. Geosystem Research Institute)

3:30 PM - 3:45 PM JST | 6:30 AM - 6:45 AM UTC
[S11-02] Tomographic study of 3D distribution of the ionospheric electron density anomalies
before and after the 2011 Tohoku-oki eq.

*Kosuke Hekil, Ihsan Naufal Muafiry? (1. Dept. Earth Planetary Sci., Hokkaido University , 2. Dept. Natural
Hist. Sci., Hokkaido University)

3:45PM - 4:00 PM JST | 6:45AM - 7:00 AM UTC
[S11-03] Geomagnetic variations coincident with the passage of longer period surface waves

*Muneyoshi Furumoto?, Osamu Murakamil, Yasuhiro Asail (1. Tono Research Institute of Earthquake
Science)

4:00 PM - 4:15PM JST | 7:00 AM - 7:15AM UTC
[S11-04] Reality of "swirling clouds" associated with earthquakes

*Yuji Enomoto!, Tsuneaki Yamabel, Shigeki Sugiura 2, Hitoshi Kondo? (1. Shinshu University, 2. Genesis
Research Institute, INC.)
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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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Electron density anomaly 10" electrons/m?
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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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