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1. Preface : We had feeled two strong earthquake north of Fukusima Prefecture in the earthquake of
2011 the TOHOKU District Pacific Ocean Earthquake.

In this paper, in this second strong earthquake, the soliton was occurred. (Fig.-1) Still more the
second strong earthquake was occurred along the axis of the Japan trench. I could proved two
methods.

2. The relationship between Soliton and the center of this earthquake.

At K-NET Oshika (MYG@11)(Fig.-1), the epicenter length is 121km. This center is first earthquake
motion in seismic wave.

Depend on reference (2), Slip Progression in terms of ship amount is spreading off the coast of
MIYAGI Prefecture and is spreading to the north part direction along the axis of the Japan trench
after 50 seconds. After 60 secs~1@@secs, large slip is spreading off the coast from the southern
part IWATE prefecture to the north part of FUKUSHIMA prefecture along the axis of the Japan trench.
(Fig-4 in reference (2))

In this reference, the total moment rate function (fig-5 in reference (2)) showes Soliton. It is
as clear as day. (refer to Fig.-1)

This peak point happened before and after the 80 sec of Seismic moment rate. Therefore this
reference showes the second earthquake motion along the axis of the Japan trench.

3. Relationship between Soliton and still more location of the second strong earthquake motion and
Seismic Wave.

At K-NET Tsukidate (YYG0O04) or K-NET Oshika (MYG@11), strong-motion accelerograms continues for
two earthquake motions in Seismic Wave. In short, the first seismic wave peak and the second
seismic wave peak quaked continuous motion. Two strong motion with a small continuous shocks of an
earthquake in between exist. For that reason, the second earthquake motion had happened off the
coast of the first earthquake motion.

Abstract

1. Strong-motion accelerograms recorded at K-NET Tsukidate (MYG@@4) or Oshika (MYG@11 and others)
express clearly a continuation of two earthquake motion.

Therefore the second earthquake motion had happened off the coast of the first earthquake motion.
And still more the second earthquake motion was occurred along the axis of the Japan trench. It is
an earthquake directly above its epicenter. That's perfectly right.

2. the total moment rate function (Fig.-5 in reference (2)) shows Soliton.

Reference

1) Sekiguchi, H., Irikura, K., and Iwata, T. (2000): Fault geometry at the rupture termination of
the 1995 Hyogo-ken Nanbu earthquake. Bull. Seismol. Soc. Am., 90-1, 117-133, doi:
10.1785/0119990027

2) Wataru SUZUKI, Shin AOI, Haruko SEKIGUCHI, and Takashi KUNUGI. (2012): Source Rupture Process of
the 2011 off the Pacific Coast of Tohoku Earthquake Derived from Strong-Motion Records. Bull.

©2016. Japan Geoscience Union. A1l Right Reserved. - 55530-01 -



SSS30-01 HAMERSER S EA2016EAS

Research Report on the 2011 Great East Japan Earthquake Disaster.: March 2012, Natural Disaster
Report No. 48: National Research Institute for Earth Science and Disaster Prevention, Japan.

3) Masaru Nishizawa. (2013): The Relationship between in GPS wave gage and Seismic Wave of 2011 the
Tohoku District Pacific Ocean Earthquake.: May 19-24 2013 JpGU

F—"—F 12011 the TOHOKU District pacific Ocean Earthquake. Two strong earthquake
motion. Soliton. Total moment rate. Science of Form
Keywords: 2011 the TOHOKU District pacific Ocean Earthquake, Two strong earthquake motion, Soliton,
Total moment rate, Science of Form

©2016. Japan Geoscience Union. A1l Right Reserved. - 55530-01 -



55530-01

BAMIRBERNFES2016FXE

MRRSEUNHANEIRAFRE Ea® xazxe1y

Fig - [ MYGO11 100311 a2y Sro - wmalien accillagrams e
2 ,-..:-.Lmdid ot K=VET Oshlka LMYEoN1)
l.?h-lﬂll -3 iarw Lo I T ATRISTE

I
- M = MRS e, A8 s
g -
’-:.-.:J'!' i e w ARy wans 2L AL
- - _
T
3 4 T 1
a " E 200
T s
D
i

- b

(8 |
il |
I 1
=
L
A
1 I
i
Hi

1
1 "
W w o ®m m ®m =n @

GoliTon '&ﬂ;}ﬂ g Zed w PS5 Weue g

E

T = : -n-E e il The Tn-
11 o] Diskwiel Pacific,
l:t . .--ﬂ. 11.: _?_m;-?"_" whe T Lr Kopud
s l,ﬂ L 1] Cike .
-] - £ ' -f.l"' S I'-Hli ﬁ"rtu.'r EEHF'I.W.E'E
-—j— i i - | . ﬁ Tl'l-t ik
_:I | _1-.=""f | I i Ih"r‘lﬁi JF-:H.'
ey M A5:0B 1E0

S8 EW onanmi Seieacd
M1 SPREENO S ERH AR LRRSERREE | b
HOF). REFREDT - 24 LEMK 195, pd.

c Rt "axHBaERRY
BB FY S5 ) - 185, Plo,
D + Soliten @*'v@-‘ Break -

Re parance

" Hy hrad pramics, down of S‘aﬂ::targciguﬂ;hns.
Weilen by Mikio @K ¢ B BFEREE T A0 04,
Hine. Asolers

publisher. |99 LE ‘E -" iE . 199 2

©2016. Japan Geoscience Union. All Right Reserved. - 55530-01 -



SSS30-02 HAMERSER S EA2016EAS

J—5 Y TEOERMEERAEOBERIE
Design and Implementation of the National Seismic Monitoring Network in the Kingdom of
Bhutan

KR T8 HE QXL FITIW IvIPYN FLOT £V ReLo)R FF ]
*Shiro Ohmi', Hiroshi Inoue?, Jamyang Chophel’, Kinley Namgay®, Dowchu Drukpa’®

1. REK LB TRt R SRR FRERPS. 2. BRI AR, 3.0 —5 VT ERBEXAMELILE
1.Earthquake Hazards Division, Disaster Prevention Research Institute, Kyoto University, 2.National
Research Institute for Earth Science and Disaster Prevention , 3.Department of Geology and Mines,
Ministry of Economic Affairs, Kingdom of Bhutan

1. [FU®IC

J—S VS, 1 YREXEEI-SITREOEREBCAUBL THD, ZOMZNEREN SRR
SEENERTHIEEZISNTUVS. EXE, 2015F4HDOXR/I—IVIE(M7.8)®2016FE1BA DT VR - 1
IR—ILDIE(M6.8) L (FC NS DIMEEFEIDHICTH D, T—FevSyitEndicuBI S T—9VE
EEANTEARIMEE L >z, LALEAS, EAEICHSVTIE, VWEIEICHEBHSNESIMES NS CHED
NTH59, BN LUELHIEOMEESHEDFMIRMNETETHSD. AHETIE, T—9rEVYSTIL
BCAIETSD, WNEFENDKETOETHZ I -9 VEEOERNESFIMOZEEZZEL, AEOMMERK
(CBITBEEEC, ZOHRAUT—IBABRICEDOTCOMBOEANL Y1 XEFORZ O XERESHI(C
THICEEEZBDENETS.

2. ZMNER

TJ—=50eVSVIE, RFRFY, RIN-IEEEEE(CA—ZIT7TIL—ed VY REBXRE (7R
L—bk) OEEFICMNBELTVSD. 1 VRI(E, EXEREERNSmTCI->2 7 FL—~C@ERELTLSD
nN, ZNCELODTEFTRIIRILF—NDSE0% NI VY RTIL—bDI—SI 7T — b TADREHFAHC,
N0%NI—SI 7 TLU—RDEEICELINTUVDEIND. BEE, EEOHTEL, ORI TOHOME
HECLODTEBEINTHD, CNICLD, 7VR - I-SIYT7ETL— OEERFEHREEHROMEFT
EEO>TVD. 7 VR - A-SIPEEFEOAEICMUET /3T RI VTIE, 20055 (CM7.6DMEMNFEL
L, 9P AEBIBIBENRBELEFD, R/IZ—IVTIF2015FE4F DM .8OMECL D8, FAEBIRENE DL
g, MEKEOZEAFLL. CNICHL, FBWOT—F VIEHEFTEFNOEAFBTHIEVWSERBESD, &
BEDT VR - P LM TI8TECEE LMD O VIMES, AREOXENSDZH(IH > TE, 2014
FICIE TS VERICIMIZEBZ DMEFRELTULEWEEINTUVS. &EC3M, 2009F98(C, T—HVE
HEEREIT M6 IDE TFRMENRELEL, 199720 T—9 U EEBRIILEE, IO TOREZHSEXLEN
FEELR. CHNICmMz, 201MEIBICE, FBEDT VR - I wFLMTM.INMEAFEE L EICK

D, J—=5VBEBONROBZEHNIC, EECZHENDZEDD, BEYICKSEHEENFREET DL

E, I8 YEVYSYEITOMERBDERIENFEINIRREL>TUVD. iz, BET(F20165E18
(Z, T=BYVDRALCHEZD, TV - =+ IV—EEAEDT /- ILADOMEM.8)EENT -5 VE
ATERELED, REI—5 VO—ETEBMICHENEZC ERBEINTUL S,

3. ChFETORE

200920 EQCENTOMBHENREEZ(F, T—5 VEIE, 2013%EE, HEETLD BABRBEA
MBEBREE (PHRD) B I (TA) DEEES T KEEEBEBEDCOHOTOTS L] Z/KAL, RAEREFEZE
AithESL L1F (DGM, Department of Geology and Mines, Ministry of Economic Affairs)MZO{E(CHZ>T
W3, BLARGAZTOTS LOMERREFMOZOD IVR—X Y EORADURICHNTZIEVSET, B
EOEXIMEEABNOBREENTUS.

4. BRAIEOEME

PHRDEE(C L DDGMF6R N\ SR I ERAPEBRHITHD. CNSOEARICIE, ZhENCEAREREME
3, MBEEINS, TOICLEEMEEINAEREITSD. CNSOBRARIE, KBER IRILEESHE
HAPEDERZERY X TLTHRETSD. 85N z7—5(F, T—5 VEROEEEEEE St Td SBhutan

©2016. Japan Geoscience Union. A1l Right Reserved. - 55530-02 -



SSS30-02 HAMERSER S EA2016EAS

Telecom Ltd. (BT)MDEEMEIHRNNDT, SERRNSEREDBTIOA T+ AL TIIE|IET, ZCH5EH
ThimphuMDGMDZ T + FX TIE, BTD/N\ W OR—VEREFEALTY 7ZILI T LTIEET D. T —I
&, Fa—UvEeIRKZ(ETH)TERIN, JO-/NIVELNEEAROELENLT —SNEBI X F LEKEST
L\BSeisComP3ZEEATS. NI, EBEECERINIBRURO T —SEBRRICHEETETDILDICTIH

TH3.
5. 7OV 0 ROBRIRICDVNT
2015FEMIC, RVIDBRTLUXA—S9EARTHSD, BEThimphuDERIRABRENZRIBL, Z0EKRT—5(d T

TICDGMD T =Y —=NICEZX SN DD H D, 2016FEE(C(E, FET—5 > DBumthangDERRI = A\ BRENE FAIA T
B3FECTHD. CNBICIR, 2015FELD, TLXA—IRAUBEYS R— LI DHDT TS5 VERIR

M, Wangdu (FEBRT—H ) HLUGasa (ALEBEIRIARE) D2RTEHREIL CTL\D, Fz, ABtEIF, H#(E
PHRDIC K BABMIY R— DB TIRE DI EDTH DM, ZN%, HE7 I T7EDERPHRERPSOERE
7o TL\DEEEM Tdr DRIEMS (Regional Integrated Multi-Hazard Early Warning System for Africa and
Asia)D\S DERAEBRZEORUERS D, ZNSOEEEDRBETO>TLS. CNSOEAREHRET D
E, IMNEFEDKETOELICIOMRN S BRAUBNRTRT 5 FET, BEOMEHKLDEOHDERT—-5
OEREOHEST, AMEOT T IETFIRZOIMARICET DT —IER/OSNDIENPR[RIND.

F—DO—R:J=SVEVSY. HHEERRE
Keywords: Bhutan-Himalayan district, Seismic Observation Network

©2016. Japan Geoscience Union. A1l Right Reserved. - 55530-02 -



SSS30-03 HAMERSER S EA2016EAS

K[IKRTHEN S OT DE
An improvement of JMA's earthquake catalog

BB B BH o A/ /' #ub mE'. EE . Ll EE. SN ERL B8 fxX
*Satoshi Takahama', Koji Tamaribuchi', Ken Moriwaki', Kana Akiyama', Nobuyuki Hirota', Naoyuki
Yamada', Masaki Nakamura', Tetsuo Hashimoto'

1. 2&FT
1.Japan Meteorological Agency

[T TE, WEREMRHEERTOERICEDSE, EENEREMESHDOT —5 ZIN&E UERREFDNIE

E—TMICITL), EO/REMEHIOTELTARAKRLTULS,

REQCHENSIOTE, BEICID—ENEEEW/ZLIEENEBEHISCEELTULS, LKL, HiGHHS

KEFHMEEOREFE CEREENIETLUTETTLDIEDOLEIE EANTTEFRTIKNRICH D, NIETR

HEOREDOTRE L(FRLBEZETOTUSCENS, RATNTEMRRERE CTHIOHMENSOTI(C

BEINIOVEND B,

CNICHNT BTzsh, FRBFERCAARBSMERERERD T CTREMNTON, 1) NI TORMEET (SHE

LU, 2) BAISNZHEOINTEMEAIOIANGHT S, 3) BECREE DIREEEETS, O

3DOBhAMERUEHRENRT EH SN,

K[EKFTTRCOWEEEI R, BPEREEFAISLE, ERRAEVEFIRERE LHRET . BIERIC

(&, BEECRSCEICHBREZTOMEOMMDRME (AT, MtheiEd) EFREL, MhBIEDHEICDONT

H,ﬁﬁﬁokhﬁbtﬁﬁimﬁﬁthMW*E@%&&DU?HQ%E@EE$&b,@ﬂéﬂt%%@%

BRI SEVEEICDOVTIE, BRRIOREENRARERAT SBHLEFIRICLDERREETO L

T\ WEBEDMREEN D, FETNIEROBR(E. WEDZVMEEREIM 2B EEL, BRICDV TSR

(ﬁ%ﬁ)UB@E%EEU?MELW?%K@M4utt?§oik,MEE%C%E@EUﬁDN%&5
BRISTEHIZICRITD,

CCTH HIZESMEN S OTEAVTIKRTHMER T SERDHERENERCDONT. BEFIEENT B,

F-O—R I HIEHNSOT
Keywords: earthquake catalog

©2016. Japan Geoscience Union. A1l Right Reserved. - 55530-03 -



SSS30-04 HAMERSER S EA2016EAS

BERET — 5 DIER — AR —

Compiling the source area data of large earthquakes in the world

*Alll =

*Yuzo Ishikawa'

1Y ITBORAN  EERATIAZIRR SEWE - A LERFRERRS

1.The National Institute of Advanced Industrial Science and Technology

1. [FCHIC

ERIMNEH<IFE. FEAEBRLI VRILTERERL CULZ, LHL. ENTEBRED K S EHE(C
DUTIIIERLLMRDICDVTRBESZITLE S, ECTAII(2014)(F. KD ERLERET —5&/F3
®». —7 BEORESMEBEERALU CENTERBORBE Uz, COBEZEFRLU CTRAFEFHTHREL
EEXMENERHET —IDIER Lo CDFT—7S (&, Takarada et al.(2014) TEFA L. ZNIIREENRIF
O TR7I7EmEALSER ] (FHIEH.2016) [SEATNTLSD, SOE. ChEEEEILAL TR
DRI (ST L THER L T2,

2. T—9 DK

MRELUMEE. RAFEFREBU 1970FEOPEN SOOI TVYVI ZF 21— R7.5U EDFERST100kmELED
EDo ENLUBITIFEICIER U TZ. 1938F 7S X DMIE. 1944FREFEME. 19465 mRBHIE. 195261 L4
FryAME. 1957FE7V1—2v Y (PYRLT7JIJBE) HIE. 1960FFVUMIE. 19644775 X it

B 1965F 7V 1—IvY (SyhB) HIE. 1968F+-BHithEDMIC. 19055 1 > FILERIE. 19204
BEME. 1923FEEME. 1927FFE - HRME. 1934FER—IUHIE. 1950477 v LE. 19704
FE - EEME. 1976FFE - BILME. 2015F /I -JUELEEEMUTR,

EANICAEREANS—r AEOREDHMZEEHD L SEBEEEEART, BEEET & ESeis-PC(FRF - A
J11,2005) DIEFEID W USBEE F > TR Y ~OIBE - BEE KD, Fle. —7 AUROKXRENFEEL T
VWZBE. XN ZXLRREODREDHNAEENICHNTULRIES(E. TOXRREFRDBIRINICHEE L
TRV REFICEEDHEN DTz, BLVETREDREDRISHVNED(E. BEEDMHNSHEEL .

CC TR URERBEET —5 (3. ERHOY—N—TLMEITI3FECTH D,

BN

A)IB=,2014, BAFEF S CTRE LTZEXIMEOERE T — 5 OER, BAMIRZRERZESK
=,H-DS28-02.

RS - A)IEBZ=,2005, 5 EDEFEBNEENT SEIS-PC for WindowsDZ ) 8 &, HAMEZ R2005FMEAS
BETRE P153.

Shinji Takarada , Joel C. Bandibas , Yuzo Ishikawa , Yasuto Kuwahara , Naoji Koizumi , Toshihiro
Uchida , Akira Takada , Norio Shigematsu , Ryuta Furukawa , Tadashi Maruyama , Ryosuke Ando ,and
Junko Hara, 2014,

Global Earthquake and volcanic eruption risk management activities, volcanic hazard assessment
support system and Asia-Pacific region hazard mapping project in G-EVER, EPISODES. 37. 4. 321-328
FHEREN, 2016, 577 I 7B LKER, EIRIFR (KEE. ERA T —XCTREFE) .

F-O—kBRET—5. EXHIE
Keywords: source area, large earthquake

©2016. Japan Geoscience Union. A1l Right Reserved. - 55530-04 -



SSS30-05 HAMERSER S EA2016EAS

MERMENSRERETVIZF1—REE—AXVE - VIZFa1—REDE
The difference between JMA magnitude and moment magnitude in terms of seismic efficiency

LA B

*Kiyohiko Yamamoto

1. BUOIC BRBEAVICERETIRSUHEBICOVT. [REFAVIZF1—RMjEE—AYRVYIZ
Fi—RMNEZERDE. BEEHRDOHMETENST VA ZNUATEMIEM] XD EI.IEBEXET L), HIX

F. [EKFTVYIZF 21— BNl HERIRILF—O/ECHHAIL. E—XY VI ZF 21— REMIKERT
DEVEVENEDTHICLAIT B, MERT RILF—(IMERMRICEEKZFT M. E—X Y ~DHER
WMFRAKEFE(NT Ve UIeMR> T HIERZNERE MjEMDEDBRRENO—DEEZX 5N B,
WERNRIBRCEREODBEH CTHD . RBRGEERENNS LD L, NS <HED, CC Tl MjEMDE
= RN R & RRIGEERE & OBRROS RN SEILHTS A FHiE (2011/3/11, Mw9) ZHIICIRETT B,
2. B WREERERTE. BREQERRAETEBRINSEE (RRERE) &7 IR T« —@#F@ns
4%, e, BRFHEAEOEBEREENBHC IS, REEREOESSRIDMEN S DRBERIBICK D TR
ZICEBBIINTVS, —A. PAIRDFT v —(FRHACEFL LH#MEERD,

VIRV T 4—NE. TIN5, BERDEMNNERFMEICGEL K. MBOBRIRENRC 5. COROIXRIV
F—UNZ (.

Pa+Pb=Es+W. Es=f x Pb (1)

TRIND, CCTT. PaLPFENENT IR T v —EBRFERCBEICEXRSNTUEIRILF—T
HD. EsENFHERIRILF—ERNMNIOBIBEIRILF—TH D, Tle. fIFHERMETH D,

TPIR) T4 —HBIRL. BRREEEICEBIRNETU TIRDANERINS &S, ZOREIC(EDOENEC
Do WICHEETE L SMBERDERABOEMUNFE(CELIEEICFEEHT B, Pbld. FEGHETEIC
ZFLOVIDHHREV TV SEBREEICHEENBENE U EETDIRIVF—BREL UTEHEINS,
JOEXRYV—r (LEOWEBRRTE) OET(EKBRICLHHITS (Vermilye, J. M., and C. H. Scholz,
1998) . CDEHRERAVTHKRFEEMBROBERNMESNTULIS*, Sato and Hirasawa (1973) (IHBEERZN
REWRICEEE OBREAFEENBEDOBECDOVWTERH U, UTOKMBOT AL MEDRIBPE—X 2~
ENBHERP VI ZF 21— R EBIRCEREDBRICET 3FMICIE. CNSDOBEREFIAT 3.

3.8BR (1) WoBoNIBRISMEBOBECKEZFLLL, f = 1DBE. EIRILF—PbFETEs(CK
D, PADHEHEULTCIRDEAMEIAT D, COEET. PR T+ —HKBHEICHOHDIEBDEISGIE2 %
T. BATH B, I, WRICBERE IS X ZFEDSKEE TH D,

HERFEALO (f=0) ([SEVGE. PhEITRDEDILK(CEDN, HMEREFEELLEV, k. HREER
EEFEOIEAD<, Whp3dXO-AJy T - 1JIVREBEKLTLBEHRIND, 7IRY T+ —1H#
EBEICEH»BEIEEH0.74 5. LEM>T. WABTECHENORBLVEVEUEET = 1TOHEEOMN0.31ETH
Do

Es&M MoEMvDEZRE LT, ZNEN.

logEs = 1.5M + 4.8 (2)

LogMo = 1.5Mw + 9.1 (3)

BMENND, CC Ty MFE—XVHERETH S, MBEREE —EL LIZEE, Mo Es(SHERMZRI DRI
THd. chSMe = M [CEBTERD D EM0.8(CTED, ChlF. ZLDMETIN 0.8 BETHBICEDR
MTHS5,

K[URTIC KNSRI S KFEFAHEDOMES. 4. Mw(F9.0. Mo=4.3x10/"22TH D .. BRIBGERE (T
1.8km/sTSERE (#93.4km/s) DIIO.53E TN L\ TNHOSHERMFENNG.ICEEIND, CDBED
My EMDZE (0.4 TH BN 5. Mj(FHIB.6(CHEHETNSD. CNIEMvEMDED—EBIE C DIEDHIEREIZR V)
TLCElCBALTVWSCEETRELTUL S,

7E : *Yamamoto and Yabe, 2009; http://kynmt.in.coocan.jp/ ;(REFERENCE/23)

**http://www. jma.go. jp/jma/kishou/books/gizyutu/133/ALL. pdf

©2016. Japan Geoscience Union. A1l Right Reserved. - 55530-05 -



SSS30-05 HAMERSER S EA2016EAS

F-O—RIHIERMER E-AVRVYIZFI1 R KEFVIZF1—F. XO—-XV v, BRIREER
E. mHEERER
Keywords: Seismic efficiency, Moment magnitude, JMA magnitude, Slow slip event, Rupture velocity,
Damagezone fault model of earthquake

©2016. Japan Geoscience Union. A1l Right Reserved. - 55530-05 -



SSS30-06 HAMERSER S EA2016EAS

2010F F U HEE(M,8.8) £2001FRIL—1HE(M,8.4) (51T L EthEEEN D RIFFFRIL
Long-term seismic quiescence before the 2010 M 8.8 Chile earthquake and the 2001 M 8.4
Peru earthquake

R

*Kei Katsumata'

1.46EE XX REP R RENENE AN LRG>y 5 —
1.Institute of Seismology and Volcanology, Hokkaido University

ISCOERASOTERWNT, 1964F181HNS52009F 128318 & TICRER AT EFEDOMZMEIT (65-80°W,
10-60°S) THRAE UIZRIT60kmELE, EME VI ZF 1— 5.0 EDitE1062@ = T L7z, Zhuang et al.
(2002) MBEFE L TzStochastic declusteringZZE VLT T O S XA - LUz, IMAPEEER L CThEESE
DE{bEFMICRANTIER, 2010F2827HF UHEM,8.8)H K U20014E6H238RIL—HEM8.4) (CHETL
EHEESE ORISR ZRE L. 201056 F D IEOERCERIE, (36.7°S, 73.1°WEFILE UHEEFR
144 kmOARNTHD. COARDHEREL — ~E, 1964.0FEH 51990, 45 F TOHHERIAMN .1 {E/4E,
1990.44EH 52004, 3FE F TOHARIBANG. 19 {@/4E, 2004.3FEH52010.0FF COHIRICH 0.83 E/ET
Hol. HEAIEERNLEESE L, B (13.9FR) (IEM2LEARS, HARIC (5.74FR) (IHthESEEnD
BHEEEZOSND. BEEREORBICHERORERIAEN, ZOBRENRFEETDIEUD/5T—UI(F, 2004F
AV S SHEM9.1) P20 ERILHMEMI.0) TEHATNTULS. MO SIDBEXRMECKEN/A
H—UOEXHNEO. 2001FERIV—HIEDEZB(LEEIE, (17.7°S, 72.1°WEHRDE T SHEE113 kmOEAT
H3. CORROIMEREL —(E, 1964.0FH51990.45F F TOHIRIDA0.76 &/, 1990.4FEH5
2000.55F X CTOHIMEIZ0.0 B/FTholz. CDFZEIE, HEINEBENLMEFEHESRL, HHEE (10.145
) NEBCHRANAAEERZ TG L, RO KL SHBABLEERARSNEL. COLSE/IIFT—Y
(&, 199446 mER 7T AR (M 8. 3) 220035 +-B5 iR (M 8. 3) DERICEERINTLS. M8.3~8.4EEE Dith
ECFBED/INE —UDEXNE.

F—D—F  EREMb. IMAP. 2011EFEF UME. 2001FER)L—HE
Keywords: seismic quiescence, ZMAP, the 2011 Chile earthquake, the 2001 Peru earthquake

©2016. Japan Geoscience Union. A1l Right Reserved. - 55530-06 -



SSS30-07 HAMERSER S EA2016EAS

Influence of the 2011 Tohoku, Japan earthquake on the Korean peninsula
Influence of the 2011 Tohoku, Japan earthquake on the Korean peninsula

“fk 5F'. Lee Jun-Whan'. Yang Hyojin'. Park Eun Hee'. Lee Won-Jin'
*Sun-Cheon Park', Jun-Whan Lee', Hyojin Yang', Eun Hee Park’, Won-Jin Lee'

1. BESRRT RAFTA

1.National Institute of Meteorological Research, Korea Meteorological Administration

The 2011 Tohoku, Japan earthquake (M9.8) not only produced catastrophic damage in Japan but
influenced on the Korean peninsula in terms of the seismicity, tsunami and crustal deformation.
Seismic waves were large enough to be saturated in broadband seismic stations equipped with STS-2
seismometer which were located in the eastern part of the peninsula. Also small tsunami waves were
observed along the southern and eastern coast. We have analyzed the tsunami as well as the seismic
activity and crustal movement to understand the influence of the Tohoku earthquake on the Korean
peninsula which is located about 10~15 degrees far from the fault plane.

Tsunami generated by the Tohoku earthquake propagated to the Korean peninsula as well. Tsunami with
the height of less than 3@ cm was observed about 3~5 hours later at the water level stations in
southern and eastern coast of the peninsula, as can be expected by numerical tsunami simulation.
However, some water level changes occurred even a few minutes after the earthquake at the several
water level stations in north-eastern part of South Korea. We calculated horizontal displacements
as well as vertical ones in the surrounding seas of the peninsula using the slip distribution
obtained by the seismic waveform inversion (Baag et al., submitted). Then the tsunami was
calculated considering the bathymetry effect or the effect of the horizontal displacement and the
seafloor slope, following Murotani et al. (2015). As the result, the unexpected tsunami observed a
few minutes later seems to have a coincidence with the tsunami generated by the bathymetry effect.
The level of seismicity was changed by the Tohoku earthquake. Even though only three earthquakes
with magnitude greater than 2 were reported by the Korea Meteorological Administration (KMA) within
5 days since the event, 53 events including micro earthquakes were identified using continuous
waveforms only in the day of the earthquake (Park, 2012). Unusually large increase of seismic
events was observed rather in 2013. Those events include three moderate earthquakes of M~5 and
intensive swarm in the Yellow Sea region. Hong et al. (2015) interpreted that this phenomenon was
induced by the fluid diffusion during the transient tension field and pore pressure increase during
the ambient compressional-stress field recovery.

Crustal deformation was determined using the GNSS data densely distributed in the Korean peninsula.
The displacements induced by the earthquake were about 1.5~4 cm. The crust moved toward the
direction of the fault, which was to the east and it differs from the general movement of this
region before the Tohoku earthquake. And the trend of eastward movement continued at least until
2012. The annual velocity of crustal deformation showed that the movement was recovered to the
general direction since 2013.

These analyses indicate that the Tohoku earthquake has directly influenced on the Korean peninsula.
And it may be necessary to consider the influence of another large earthquake that can be expected
around the Japanese islands, like expected Nanakai earthquake.

F+—"—K 2011 Tohoku, Japan earthquake. tsunami. crustal deformation. seismicity. Korean

peninsula
Keywords: 2011 Tohoku, Japan earthquake, tsunami, crustal deformation, seismicity, Korean peninsula
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Analysis of foreshock sequence of the 2014 M 6.2 Northern Nagano earthquake: Implications
for slow-slip transient and unusual source property
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The M, 6.2 Northern Nagano earthquake occurred on November 22, 2014, central Japan, which broke a
northern part of the Itoigawa-Shizuoka Tectonic Line active fault system. The earthquake has a
foreshock sequence from four days before the mainshock, which was captured by a dense permanent
seismic observation. We first determined hypocenters of foreshocks, mainshock, and aftershocks by
assuming two different one-dimensional velocity models to account for heterogeneous structure in
the area. We then applied the double-difference (DD) method to improve the precision of event
relative locations. The DD location reveals that the foreshocks were located at a depth of 3-4 km
and distributed on a NNW dipping 1 km x 1 km plane with an angle of about 60 degree (plane A),
which is distinct from the aftershock distribution. The geometry of the plane A is consistent with
the foreshock focal mechanisms determined by P-wave polarities as well as body-wave amplitudes. We
also found that the foreshock sequence is located at the eastern extension of two Neogene faults
described in the geological sheet map at 1:50,000 (Geological Survey of Japan, 2002), where the
strike of one of the faults agrees well with that of the plane A. These Neogene faults cut active
folds as well as Otari-Nakayama fault, making the region become a local structural heterogeneity.
We infer that the foreshock sequence appears associated with fault zone complexity, as suggested
for other foreshock sequences (e.g., Chen and Shearer, 2013).

In order to investigate the foreshock sequence in more detail, we analyzed seismograms recorded at
Hakuba Hi-net station, which is a 632-m deep borehole station located about 5 km west of the
foreshock region. By a visual identification of running spectra at the Hakuba station and S-P time,
we newly detected 384 foreshocks, which are nearly seven times more than those in the JMA
catalogue. We determined their locations and magnitudes on the basis of waveform cross-correlations
and amplitude ratios, respectively, between newly detected foreshocks and DD relocated events. Our
new catalogue delineated another plane with a N-S striking vertical plane (plane B), which is
consistent with one of nodal planes of the P-wave first-motion mechanism of the mainshock. The
spatial and temporal distribution of our new catalogue indicates that the foreshock sequence
started at the deeper part of the plane A, migrating to the shallower part, and then jumped to the
plane B, migrating to the mainshock hypocenter. The migrating speed is less than a few km/day,
implying a possible slow-slip transient. A hypothesis is that the foreshock sequence is driven by
aseismic slip, which causes stress loading at the mainshock hypocenter and triggers the mainshock.
We further determined source parameters of the foreshocks to investigate their fault properties. We
applied Multi-Window-Spectral-Ratio method (Imanishi and Ellsworth, 2006) to the foreshocks and
aftershocks using the deep borehole data. The estimated corner frequencies of aftershocks decrease
with magnitude and indicate constant stress drop. In contrast, the estimated corner frequencies of
foreshocks are almost constant over nearly two orders of magnitude. The constant corner frequency
suggests that fault dimension is the same regardless of magnitude or stress drop increases with
magnitude under an assumption of scale-invariant rupture velocity. It is noted that the same
observation was reported for the foreshock sequence of the 1999 M 7.6 Izmit earthquake, Turkey
(Bouchon et al., 2011), which may indicate that the constant corner frequency or the size-dependent
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stress drop is a common specific property of foreshocks.
Acknowledgements: Seismograph stations used in this study include permanent stations operated by
NIED Hi-net, JMA, ERI, and DPRI.

F—O—R 1 204ERBRITOME. AIE. BRISFE. #o><HIARD
Keywords: 2014 Northern Nagano earthquake, foreshock, source property, slow slip
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Delayed triggering process of the M,,6.4 Eastern Shizuoka earthquake on March 15, 2011 by
analyses of stress changes and detection of foreshocks
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201ME3R 1B ICHE U TeMu9. 0836t A KSEEHithE D4R & (. EREIEERERCH LI TMj6.4(Mwb. 0) DIHENH
H Uz, COMEF. HILMAREBEPMENL Y RO RHSHI40kmBEN Tz REFBADEIE THRELTH
D, FEHADHEICREE U BERHOMEMj6.2) DREKMEBL TOBRPICHEEL TLZZH. EDER
HFRERERTRECEXZONERARE, TF. BEBRIMBHMEDEIRICE DK DEILHZRIEHEIL T
EOOVERRDIZ6h. BEHIACFF. RER & MEREY 1C K DEIMIACFFE AT, BIALHAKFEEPithE(C LS55
RIS HZ R ORERIC X DEBNGNEILDRKEIE. ZNENH2T kPa, 200 kPaTH D .. B HE(LIGE
FIGNZCICHEAR—HTRE N DIz, HEKEY(IC K BRNELEBEREDDOMEDREK (C K SEMICHDZELIE
RATHI1.2 kPa, 0.3 kPaTHolc—7F. FHREEREBMERFEROMETVITFNEEDIETH-0.2 kPa, -0.01
kPaTH DIz, RIC. EFERREMEDHIES CORIEFEHOBRICDVWTHANZ, [RKT—TEERNIOLT
[C XD EFFMRRTEOREICEREZE S TEE TIIMEFEMNERH SN TULVEL 8. matched
filterBlCEDBREERH L E S AEDOKHNTERERICABRDOEIRN SHI2kmILILERDIZFR(CMT. 0D HIE N
1DEDM 2 ENFITOMNMNIEFEEERT 3 EAEEFHRK UICRIE & (&R (T oNE0,

U EOERERFT 2. MEREY 1 IIUICH(FBclock advancelc kD, EFEBEHEIMED IEHTENS
F| OUEEMEIRRT D, FTHMERIMEOERBOERIGHM. RILHAKFFHME(C K DENEID
NEERD. REFEOBLBNEIC L > TRREITBM Uz, ZOHE., BILHIA KFEEDIME D KRIELR
ENRERIC KL DERNEGNERTU. BRI (C L BIENEILICK > TERISHNK DERBE(ORED

T IWHEBELAEN > EBEDREFERA LD EEF D T(clock advance)MEMRFELE Uz, KIRIEBDIGIE
EOMERUTH S ENBIRICED T TORBEMN, MERET 1 IILDIT—ILEERTHOFMATULAEWNC &
o, EEEEBRREREMED K SEMENRKEE T IERBNRTIEO> TV ERTREBINDS,

F-D—R  HEEERNE. BENFR. J—OVREGNZ. BE

Keywords: Eastern Shizuoka earthquake, Delayed triggering, Coulomb failure stress change, Foreshock
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Re-analysis of Seismic Quiescence and Slow Slip in Hamanako region
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EZLS(IFEEMOMEFE (2015) TRBMETEILIO D v VEVBTL — ~AICKRE SN IZHIE EENEE(L
A 2 EORKIP > < DBD (LSSE) DI ANDDMg(ELthERE, 2015) CEL S cE=mLEA, MECE
BRSIRAMMERNSRO SNEVWC EERELZ. ULALRKRT Q04FIBABBEOHIESR) (c&D, TL—k
BRCHET S 2 BIOLSSEICHG U CREEZOFE R HASIRADMEFHHME T I SMERANRIN, Rt
RRELSSEE DRFERMEENRESIN TS, —7/)whk - FH (2004) {°Yamamoto et al.(2005)(3, 1988 H
51990FEHDIFHA(CELSSERFE Ul & B L. COLDICLSSERTL—MERTEROBRUAEEL T
VBTN, BEROEMEIHFEIRMRADEEEE DRRBERERASHNICT B EHITRBBEINT

L — hAHEEE DR & DRBNERNRE SNEVEDERBEWH TTTORENRH S,

ERBIOERIL - SERACDISERN - TRNKGEEEEY 326, NI TEEReMAPOTE (BRI -

B, 20088 KUMIT - BEEII, 2010) ZFERALE. KIFT1998FLEEDOMT. I EDMEES EXTRICHAE L I2E
R EEERN\SIRRMEL (C T TORERIL - ERHERERONMETRYT. BRDMN(a) TIIEFRLENE
AEAR OO ERBEDICEFNIICAMI BHRFARSNS. SHEKEK(b) TIE, ERHEINOTL — A
([CHTBEMEDIRF EHHRREPOMBE L — FlADERIEODFRFRRESNS. COFERLIIHER
AFEELTOESZERLCLSHERETRY. BEANMR()ICLBE, BEARTESE (BOMI) T(E20065F
EHNS201MFEBRICANTTERIERRSNSM, LSSEMRBAIS NI 2 BRI H E DIBIE SN T HEFEEL NIUHR
BANORCENRTENS. COBRE[/RTICIDERINZHEONILEBRERMTS. CNICHLTE
BBE (ADRAD) DEHMZ(EELSSEE DXIGIZBABRTIFIEVED®D, LSSEARIERCEMRbENEFDELEDT
LWBELDICERZXSD.

TS (CRMEFEHOBERIENE DREOBRETRE LN E1983FE 1 BETITHDIFOM2. 3B EDOEES
THELRZ. CO/BR, EMRO—ETHRE 2 BOERIMEICIIX, 1988FH 51990F(CHFT TEMRMEMESE T
VB CEMRRBHTINE, DIOEMBEPFEETO 3EDOEHMEMNVTFNELSSEERG T B C EICESD.

B EDERIHBEEEADIGE T EERBETDOTL — MEROLSSEIC L BILTEINER(CEES TLS
CEERIEERSND. MU TRBHMETOTL— ~ADMEESNERL(CLSSEE DRI ERMERENR R
SNEVRRIEKREBROFIITH BN, BEDRNIEMNES L TLSHBEKESH S ENSEICERTEES
BENRDHS.

F—O— R EESEEL. BEEBERL. Po< DB

Keywords: Seismic quiescence, Seismic activation, Slow slip event
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Figure. Source distribution of seismic quiescence
(blue) and activation(red), a) map view, b) vertical
cross-section along A-B, c) space-time plot along
A-B. Reference period is 1998.1-2000.12.

See text.
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Temporal change of focal mechanism pattern in the Tohoku-oki region
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EXMENRRET S, EREEFEDIGNBRRES LTI ECKD, MEEHD/IF—VYREET DL
WS CEMRSNTVS. FIXIE, 201MEIANBICHEE U RIGMARFEFHMET(E, KERER(CIER
BEIOMENEMLZC ENBRINTULS (e.g., Asano et al., 2011) . EREAETHRE T DIMEED
ERXANZILOFHEOBRZLIIEXRMEDICNNOERE - AR - OEEREERI S LTEETHDIM, &
ERLBBFRICHS VW THAERBDBETERINZHAEINTHSD. KARTE, EETHRET DIMEE
OB EEICEB L T, BEXMEFZOICHBORBEELICDVTERT S.

FF, BHERIZEMATERF-net CRE S NIZERAEFEOMEZ Frohlich (1992) (CREL), EXTERIME - SHT
BEME - MFNKBINECHEL, EWE - BKE - BFNBEMEDZNENRSAEDMERIC S5
SEIGOIEELERDIZ. ABEHRLE LT, AERINEE —EXMECH(TS. BEYYTY Y IHEREI
AERI108(C, AERIFS0HE Ulz. BRZEEREICKODDEHIC, 19V TFYU UV TRA TOMERNAERE
([F500 E(C, RERIF100ULEELDLDICHERXBEENE

R OER, EMBRNENIISIAEE T v ARITIBINLZE, BEBEEDEULENRS ERL ICARERD
EREAOIEITIEENESND, TLAERELRIOKECFERZEL TLWELWCERDM . CDOTTICRE
BBRE 7/ XTI 7ORE, ERELDRVERTORMWBD (CLBILNEILERBRL TR EEZSN
3. Tz, BB TBALCHSIIBNDELLERBRLTUVDEZZS5NSD. Tz, REFEERIICEBIT3E, K
EBEAICEMBRMERREIT SV SRHBNEEERRSNE. COBRREIEXNMEREDERBEEERL
TLdEEZSND.

F—O—R I BRANZXL/INF -V BEXAANZILOREZEL. Rt A FrhibE

Keywords: focal mechanism pattern, temporal change of focal mechanisms, 2011 Tohoku-oki earthquake
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Sequence of moderate-to-large deep focus earthquakes around Off Ogasawara Islands on 23th
June 2015
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20156 H23H21F18 (O NEREBEA A HEERE T M 6. 5OFFEMEARFKEL, KEFAFOERRICH
WCIERICEVRE (BEMRE), thEFMGEL 2. SRISheEREEFHRICEARTHD &, 21R18aH S
10 DA CEBDPRS KUSKD /LIRS N, RIABRED X ST LhENERD, BU\BERETHRE
LIlzCERTRIEBEIND. AAETIE, BAZEHICERI N CESREMEERFEHI-netd KO L FEINEER IR
F-netMEEFF TR E AV CGER U TRE U MEEOMEREGIEORFZ RN, SHEOREZRE
Tolz.

FTF, Hi-netDEERESZIRICT1-32 HzDN Y RIRR T 1 LS —ZENNF, SEOEBMST oARO—-2F (AT, #
(T oRO-27) #EBRLIE. Z2ULT, H3RACBSNEEFEIRNI U ARO—-TiREZ ZFRARNEIT D&
THERIXILF—DODAZERED, ZORBREHSHERIRILF—DEBSUEZERELRE. Z00K

R, 218NN S 100EOBICHRBZERE I3 ME1D, NWERBEALSHEERE T DIMEMIDEEL
TLBCERDM oz, [IRTO—TEERASOY (BEWR) TlE, NERBEFEFHTHRELRZ2DHDIM
EBCDVWTRBHINTUEL. IRILF—DhmORBEEZCORHELD, NWIEREETAAHTRELLIDDIM
EJTEE—DUEBETHRELLECENRIEBEIND. Z2CT, aBAICRESINIEF-net THESNIERE R LR
DI VARO—THSENENDOMENSKEAIRIEE R, F-netDMTER(C L DIHIEE— X > ~/M5.47x10"
Nm (Mw6.5) EHEEESNTULBDIDODMMBEEEDCETHERBOHEEERHI L. HEESINZ1DHDOME
ENSEBAIRIBEL(346.242.3 $£10 .6:0.45THD, HWEE—X Y MIENZEN2.5240.13x10" Nm (Mw6.2+
0.1) &£5.8040.22x10" Nm (Mw5.840.1) &Hh oz,

HEE

S[RTO—TLER (BER) ZFIALILE.

F—OU— R DREME. WERCE. KEIARO-7. F2ERN

Keywords: deep focus earthquake, seismic wave propagation, seismogram envelope, Izu-Bonin arc
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