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Fig. 1 Typical SAR interferograms used in this study. Sofid small fines show the identified linear surface ruptures. a ALOS-2 image pair is no. 9 in
Table 1.1 ocation of this figure is shown in inset. b AlOS-? image pair is no. 10in Table 1
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Fig. 3 Coherence map of an interferogram, ALOS-2 image pair is no. 9 in Table 1. Dashed lines show the identified linear surface ruptures. The area is
shown in Fig. 7a
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195 ~ 200 fs-cs O A - [} - [ - - OB# | RAUTHIREL
W(16.55) 1.60 fs o [¢] - - A - o [¢] O (<=2 EIAEE N
W(15.5) 0.80 Vs [©] [©] - - - - [¢] - - o8k
W(15.9) 1.30 vfs (¢] O - - - - [¢] - - o8k
W(17) 15 ms [©] O A - [} - [¢] - - o8k
W(18.2) 12 ms (€] ¢} - - - - o [¢] - <)z EASRE N
E(6.55) 143 ms (@] O - - n- - [0} - - [¢)=}
O : B PICBEEFERRTE 5, O B PIC 2-3 kB TZ 5,
AV ODORBEBET D LR TE D
S« w =N
oM oo ! 2 3 4 s ¢ 7 3

(TPeari26m

DL=-100m £
[PFa0126m) b

OL=-3.00m e 1 o
Trasmizom 8 i v ; S

X 2-62 fREWHICBITA2Y 70 I iEX
K DF R, B TRINDGHNRY 7Y v T LE
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X 2-64 WEY > b dbEEmICBT LYY S EAT
IEEl=g Cp vt (B AN ) I/ DY el
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17 16 15 14 13 12 11 10 9 8
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AAAAAA was. 5(;&30) e e 1 W(B.9)TD

.......... - awu5%1 30) — 'ngﬁfsz>7

=

o

Q
- t Q
e

|

X 2-65 t My NEBEHEIIZK TSV T T EAT
K hEM., BSOS NY 7Y v T EPT

NW « NE — SE
Om 1 2 3 4 5 6 7 8 9 10
| | I I ) 1 I 1 1 I I

B, 1 o = o 11 -
T - | |
58 sl - E( 55145)
_d:in’ _-I.,->'-_‘ e 31 ."‘.E.»'"'." “e + 'T.r;‘ p-.:.;. e i : ‘s O-'t\, 41° =
U ‘ = — ' O@j‘%laﬁ%
“s1” s

| | | | | | | | | | |

X 2-66 TME > FHEEmEm YT U RN
MmNy 70 v I ET

O WKy bk

wBHY Y PN ESICBIT2EGEY 7Y v 7RI, EE O 50 em~165 cnE TO
UBHICIE, 2 EEO KRR G EN D, 1 FER KLY T 2, ARG, o, B
BILE G b DT, FFTKIUT T ANZ W, BT RITEW RO L BRADBOE T
FANHELND, ANAIT—HEAOLDOEET, BAabEt skto b oz g,
BEBHNT B OO THENZ S GEND, ZHIZ, REOBAZGLHDT
HO, BEERT, MHEJRIGEWEEZEZONDIN, 7 ZADRARRENHME (%
JRIE) \ZHh_ThRNZ et 2 REEBEM THLEEZ DN D, 2 BEEHIT ALY
Z A, ARG, A, MEIEE S L O T, FICKUT T ABL N, EHICT IR
TVTHITANEGENTNDHZ L L, BADRAENENZ b, LFEHEE & X
SND, KT ZRAFER R DL READEOE T T ANRALLND, BRBRWIZE 21X,
1FEFEHA N T AT (K-Ah) kLK, 2B 2R AT KUK EB 2 BN D,
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RS LD FEREORBEEZ X 2-67, X 2-68 (/"7 , AL Ia—
VaflZRZ5b0IBA T, B TASIEWLOIXKILTT A, BEOL DT, B
BILAN A, HARETH D, 2-67a DEJF 45-50~65-70 TliX, KL H T A H/D
RN, 2-67¢ @ 90-95 TILKIUA T ZADENEL 7D, 2-67e Of& i 55-60 T
LHOKILUT T ADENE L BRAMBRRALND, —H, 2-67f~h £ T N D
REFCIE, KT T ARIFEFITD e BIRICHRL A EBT 5, WX EIc R
S1ELS, FFIZE 2-68j, I, m n Tl BEAICAZLI0IFA2) T H T A (CkLTHE
HLTESIRAB LERD, BT RAEDOLD) ThD, HEAITK A O 13 dE Lk
ThY, WMiEOTHSERICL 28 EIXRZ T S,
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£ v &

h. $8[& N-3, 75-80 cm

2-67 FERBAMBE TR DB b Lo FRUEE (Hky)
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m. BRETEER B

4 2-68 SEIKBAMAEL TH 5 MRISWTEE (P

® +t#Hrev b

TARE > FCiE, BREE 50-100 OIS KILAT T ZAORE LTy BNHETH RS
Nice SWHETIEZ, 77U v F1U4~17 1% < b0, SE FRIZELS 2 2 m R 6h
o Ny FRIZHELND b DOIE, KOWAREORE & EbIT, kLKA E AY
ANTERIREME DN S 5, BRI Im LRI H D3y FORE 2 FEEEBHMBE TR & |
21F 100% DAMETKILAT T AThH o7 (M 2-69) . Zavid, 1FIF Kk L R IZ IR
LTHRLEMAT ZALEZ LN HDOTHD, BIFICA ) TIROBAE~ZKEBD K
g R BB GEN TN D,
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W AR SN -

e. W (155, 0.8) f.x#w (17.0, 1.5)
2-69  EMBBAMEE TH % MO
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2.2.7. NI RS H

2.2.7.1. B®
KUK DRV TE D 72912 . 15 3B O B 72 K LK D RERIS BT 24T - 720

2.2.7.2. HAE

DL ICE TRICOWTHIAZ ML 5,

(1) AFEE

ROMHAREETZ AR LICE Y . FEE AR (BHRKERNSHESERE
1£,1970) 12 XV HERR LT,

(2) mifALER

F IR O AR A2 B A IR L, 50°C T 15 Bz S v %, W &
Eh, E— I —HTHEKREZLANLAKEL, ZOOLBEREFEZITI. I DO,
HPEDA~TH A XY Ui U U LADOWIREIRE 1~2%RE L 705 X o @EMZ %
W 72D £ THWHKOLZHZ MY RS, okt @R OB R E R To oV
TOINVAHAYy 2 - 7 axEHv, 3EMEOERI (60,120, 250mesh) & 170>, 4%
BEMoMELZT 5, 29 L THELNT 120-250mesh(1/8-1/16mm)Hi £ ik} & Lb 5 45 Bl
MERZNZ 5D Z L7 < . B AH] (Nd=1.54) =AW Caadh 2R LT,

(3) 2R AT

AR OE AR 2, kI 7 A - By - LY - 5 - T Do 5 THEIZ
DOWT, 1HEF R OKR %2 BEIELIZ 200 8 £ CHELEAR OB T 5K %2 N
E L7,

(4) HEIL AT

FEEHWTHDL I T A (O) - BT HEA (Opx) + HAE £ (Cpx) - 18t ii 4
P47 (BHD) - fok a5 i £ PO A (GHb) « R B (8X)859(0pq) « 7 2 > 7 kP4 (Cum) -
ywvas(zr) - BERBY - TN MMAPD)EBE T T L, KA b - A2 —E2HNT
MEAE 212 200 A ZGH L CEOBREZH DR TR L, ok, REHI X EEWE
BOLIRNY OITHRE RIS 200 #1272 72V, 2O, —RICESEMEE DD
WEREHI BRI X 2 EIEMOREZITH 2 ENBZOMN ., FRTAKLA T A @S
T EHLIL B0 LLE AR A 3 2 7o O AL BB AR TN S A R EN H 5, S
HICEVRIZ £ B AR R DOEWR T ERICHEL 52 2B ENH LT 4
B D Z3 BT CIXEIR LB ITAT > TV 7R,

(5) kKiLuH 7 AERESy A

ATALEE CUERR LB R I E £ b kLl 7 AEREE | #)11(1976) 12 HEHL L
TH:R¥E (Ha, Hb) . C: H#% (Ca, Cb) . T: ZHEH (Ta., T
b) IR L, FLINOOREBICESZVWEOE, Tt @ AEAAE LT—HFL
RLTe, BRBEAREZRET D720 200 HORFZ2HE LT, ZOWMBTERLT T A
XAV TEOLOBLOER  FRLIFEINIFRLEFELZ L DALY T R
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(branching quench-crack structure :Buttner etal.,1999) OF L F = v 7 Lz, S HITK
W7 ADKBLLABE L 1T - FEE(1995)12 23 = K Fn (hydration) <°A&—/%
—/nA KL —< = (super hydration) DFEEEIZ-DWC & AIREZR R D - 0E EAYIZFEHE L
776

(6) KILUH T 2D EIr R E

BTALERIC X v fH8L & U7z 120-250mesh(1/8-1/16mm)ki £ kBl 2 kh 421 . R EEZS (LY
JEHTRPELEE (R IMS) 2 WKL 7 A0 EIr 2 JE Lz, HEICE L T,
BEZEODDOFAE LT 1IRESZY 50 ML Lo kUl 7 AR E2RIEST DH,
KIWHZ ADERDOERNRAE TIXENUTOMEEE R GAELH D,

B AT I R PEE T KL 7 A L RBIBROJETER G LICREZWET 5
ZEICED BRIEIT LICRD DT IRRIRE L RITROBBIRE LD KIUT T AD
BT HEEFHE L TRODFIETH D,

BRPRRET — X IXERICT—F v —reLTEEdoh, UFICks k5
IR REINTWD, F 35 EALICFE4 (Series 35 L U Sample Name) 2338 Sdu, K
(CHIE# 4 . Material 13528594 . Immersion Oil (X E (2 U 722 O FEE % 7R
T, By aNORIFRIKIEE t »ORIBEOEITFEFLEZHHT20ICHNEZLOTH D,

HIE S 72 R P SR I R A& RIS Total DIHICE & ® H 415, count,min,max,range,

mean,st.dev,skewness L% N E TR OPEME L, Fw/ME, RKRE, fHH, Y
., E¥ERSE, Z L TEETHD, EIEOD histogram O KILHEH 112 EHTE % 0.001
EIHBLTRAL, BFMICZDRITEEZ S OKIUT 7 ADOBEERNPRBEIND, * 1D
N LEOKLTZ 2 ORERRERT,

(7) S8 O g 31 3 0 E

EARWNNT KNG 7 A DRI & RR R 32 R TREFELZIT O 2N, D)
TR E T FITNNET =y 7 THUBERH LR TRES ER>TND, SRIOH
ENX, BITRMEOREZEmD D720 30 s OREEZ BIEL TWDH A, &AM RN
MRV EIZIXENUTIC R 256005, MREWIIR A (Opx) T, #fH -
FEEIE A2(1994), (L FiE2d» (2007) 72 SWCHEU MR OJRFTRERE Lz, &5
WEATER L ER IR 4 & ORfR A . Opx Tl Leake(1968)IZ WV Fox L 7=,

BRI RET — X IXERICT—F v —FreLTEEdoh, UFICk~s k5
WCERENTWVWD, £ 95 EALICE4 (Series 35 K O Sample Name) 2S£ /xS, &
(CHIE# 4. Material (X5 85%4 . Immersion Oil 13 E (2 L 72 B O R % 7R~
T, By aNORFREEE t »OREOBTIFLEEHETI20ICHNEZLDOTH S,

WE S| EMEITX R EIC Total @ HIZE & O b D,
count,min,max,range,mean,st.dev,skewness (%% iV Z VR IT R OB EMEEL, Fe/ME, K
B, #PH, F¥ME, BE¥EFEE, T L TCEETH D, JEITE O histogram O X 1HET 7
WHPTHE%Z 0.001 & EATHERL, MHMICZORITERE L OHEM A OMBN LB S
Nd, * 1O0N LEOHY A ORER KL RS,
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(8) WAMEE B EIRE

AT CIER S M s AR 2 V., BIMESTEIRE 21T o 70, WRE MR OKE
F. SRR E RS KB D LKL T A - BIW) - I - AR - £ Ofh
DRLFNNT ALK ED L OEE LT, Lﬁ>bsz%?&f®%f%ﬁ%LL
ZEEREETHY , LI UIXKILT 7 ARLEILY e ERFE ORL T2 8 IR L T
LDERIMoSTEZ EE, B LTEBE0,

B, BIEHO LD KBRS DL O DL, ﬁ%ﬁ?0>Wﬂﬂ%¥Tﬁ§$§0>¥%ﬁ‘
O THMITEL Th D, MAFZY K LT T ARG S LR 238 Lo,
DIz DERO A FRICHME L W5 E T, LTZ&@@E%ﬁ%fé_
ET, RKIUH T AR OHELAGEEETITAD L) LRLTEY, TOEEELL

IZHEEE T 5,

— I KL H T AIEAFEHTH Y | ﬂ#ﬁ%%TM 5EL1@9& LB
TIFRER 2 EH CTHREE (B D WIEFE) G2 rmTHEICE, 1 ZEKLT T 2 OLFEr
%ﬁ%)&%%bfiwoL#LL@E@T%@@%T%OT%\T@@ﬁ?ﬂé%
H- 8- FREEDNOETERT LDOIINFHIELGIKTHY | —RITHD & HlF L
TV, ZOXHIICETO®EZ RERDZ EICED ., £ OKIUD T ARLIY Dk
BN FHETH 5,

2.2.7.3. KIURSFEREFLED

IHTRE—E A2 £ 2-14 & 2-151TR" 7,

%ﬁﬂ@ IHTRE R E AR 2-16 & 2-30 1T°” T, S HITKIIAT T 2O EIr == 7E K
Fr—BECLbOxER 2-31, £ 2-32, SHICELEYOREITENER R - ERE £
233;7?

BZRBOREE —BIZLEbDOEIIRT, BEEZH2 L. (12), (13D N i
OFEHT KLY T AP D IR N ER/FHTH D, -, KUV T ADEITHE%E
o e, 151 oL AL —7 2ROk (1, 2, 5. 6, 7. 8, 9, 10) I K-Ah
KINKAELL G, K149 DL Z Al — 7 oK (3, 4. 11) 13 AT KUK %
2L BT ENDND, IHIT, 1553 (LI —27 O b 53k (14, 15) (LR #FiE
JOKILKEZZ BNDH, FREBRD L, RECKLKE L Tox T TEahnol,
K-Ah KILKIZ BRI T T AORAEMELS | BHEM EEZ 2 oD, [Al—HEFERE
fme LT, kg e LTHWD Z EIXARETH 208, HEFEFERZ K-Ah OFFIKA: &
LTEETHZIITERn, AT KIIKE R CTIERAETH D, IkE y T
X, AT KIKEIZIRE L T\ e7o) . BRIKER Mg OHEREFENR S LTRIAT 5 2 &
MAREDN E B 2 DB D D, M OFEMRBEMSLHEREBR 5L 72 & 2 Nk U TR Y 72 47 2
792 EMEELY, RZIC, 4%, RIRE Y bOJEEA T THIE S L7 BrfE Rk L
K@ DOxF e Z AT, HEREFEROBRET 21T 2 EITAMRFETHL EEZEZBND,
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# 2-14 KWKV AN (20 1)
| RERARH—BX |

ALEE A E EFBIERHEE ()
No. Hua EEER |, /4 178 < B HHE # =
1/8 | 1/16  1/16
(g) mm mm mm mm
| TBW@E9.05- 6.3 - 059 0121 0079 5YRA4/4
0.55)
2 TBW(S'%O'B‘F" 56 - 0864 0048 0081 5YR4/4
3 TBW(?'%1'°5' 78 - 1269 38 0109 5YR2/3
4 TBW;(%%LE" 84 - 1928 0261 0.196 5YR2/1
5 | TBW(15.508) 33 - 0268 029 0089 7.5YR5/8
_ 7.5YR5/81=
6 | TBW(165519) | 33 0.181 0197 0083 | L LATIVET
7| TBU71S) 73 ~ 0485 056 0.105 5YR4/6
8 | TBE(6.65.1.45) 43 - 0504 0243 0050 5YR5/6
FuW 3-1
9 A 11.6 - 5240 0281 0175 5YR3/3
FuW 3-2
10 A 6.8 1345 0338 0.181 5YR3/3

F X0 RPAOBFIRFAMOEEETY .

(2) 1/8-1/16EBEDRIFHAM L. —MERFRERICERALI==0
EE &UbHTHIDEdE->TLV S,

(3) BIFAHEL. FRFELEIR(BHRERMKERMEHEHEREE. 1970) (285,
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# 2-15 KRG HT Y A b (2D 2)

| REAEH-EX |

mEsRE  SHREEE(

No. Eae it BHER [, 174 [1/8-] < EBAHE s &
>4 s [ 116 1716
® M mm | mm | mm
FuWw 3-2
11 e 956 - |3578| 0380|0199  25YR3/3
FuN—3 ‘
12 b 8.3 - o158 0726 0.779 5YR4/4
13| Ful-38 11300 | - (2380 | 0233|0203 5YR3/3
75
14| FKE % 77 - |2157| 0.416 | 0.245 5YR2/3
15| FKE BE 6.9 - | 2609|0563 | 0.349 5YR2/2
LUT&A

E XN RPOBFRIRFAHOERFTT.

(2) 1/78-1/16BBEORFAM L. —MEBERERICERALEEH
R KUb T TNS,

(3) BEAHE. FRELRE(RAE BRI KERTSEEEREE. 1970)(2&3,
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#* 2-16 77 7 opHrRi R (TBW(18.9,0.5-0.55))

SR 4 . 1.TBW (18.9,0.5-0.55)
2 ik ¥ 8 Rk

K| 82 m%@é

-
w52 | st | sim | B0T| | BE %

145 25 | 20 | 9 1 | 200 [KWel: EREFEFbw>pmB, 1539 HHK-AT TS
B plE, Q25T

EH4: Opq,0px.Cpx,01>BHb,

72511251100 45 | 05 11000|2 & o8- FE, ZFOMth:Po- X LglEH Y,

bw:N 7 LI4=Ib, pm:ER A . sco.ATYT. plE-REA. QzRE., af7ILNES. KEDES chalilth == Po:7 3ub- A=)l
E Y o om

Pyroxene | Amphibole
ol Opg | Cum | Zr Bt | Ap total Kk &

Opx | Cpx | BHb | GHb

18 | 62 @ 32 4 - 84 - - - - 200

90 (310 160| 20 | 00 |420| 00| 00| 00 | OO0 | 100.0

OlLhv50H ., Opx.Cpx:§l 5. E&IER . BHb,GHb: iR & - 18R AEIH . OpaFEBAILY.
Cumhivy +oBA. Zr by, BE2ER . Ap: 7 44+
KILUAHS AR EES 48

Ha|Ho | Ca|Cb | Ta| ™| 't |&&H ®&fte 5 &

52 92| 1 [ 22| 4 |26 3 [200 EEBEEFbwpmE, &/Bgl. scogd
+ ‘0

26.0|460( 05 [11.0] 20 [130] 15 [100.0 KHAEE=3-5um

HRF. ChEE. T-Z2AE. tFRAIE . incl{ -0, devtkiFBL . RLEBHTE
RIUASRBEHERE

CHihace BAZ | DL | mr=mme KA SR e
B =y (mean) @) (mode) (glass type)
1.4963 1.4989 1.4976 2 - H.C —AT
1.5086 1.5158 1.5114 55 1.511 H,T.C —K-Ah
1.5194 1.5293 1.5238 6 - T,Colt —K-Ah

SO B 37 A
L BHE | M % e
(range) T | By | BRI $ 0B 5B
=/ BX (mean) (&)
BIE R

#FAEA : BRKF LETORKBHEN,= v, BREN(B <n,<7).
MER BEAF LETORMNETREN (o <n<B)
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# 2-17 T 7 T oMk R (TBW(18.9,0.65-0.7))
STt 4 . 2.TBW(8.9,0.65-0.7)

2 i ¥ #H R

Nl | 8| B | ww | T0| As

ij:)‘R 4 % ﬂ‘f\% EH— ‘Hﬂ I:lu+ "ﬁl'i: %

99 | 23 | 28 | 37 | 13 | 200 [KWel: ERE#FFowpmE, WD ELK-ANTTS
B pl,
E ¥ : Opg,0px.Cpx>0l,GHb,

49.5(11.5| 1401 185 6.5 110002 K. .55 7E, FDfth:Po- K IUdZEE W,

bw:N 7 94—l pm:

A, sco A7, ol RA. QzBE, af TLAESG . KEWER chal it == Po:7 Iub- W=

E WY o

Pyroxene | Amphibole
ol Opq | Cum | Zr Bt | Ap total i &

Opx | Cpx | BHb | GHb
7 67 33 - 4 89 - - - - 200

Epidote
35335 165| 00 | 20 |445( 00| 0.0 ( 0.0 | 0.0 | 100.0
Olhv3v% . Opx.Cpx:fi 7. BE#1ER . BHb,GHb:i& & - 18 PSR . Opq: EBALL.
CumMEyy bWEIR. Zri hay, BEEER, Ap TN 4+
KIWHASARRES4E
Ha [Hb | Ca| Cb | Ta | To | It [& & &M el & &
38| 94| 9 17| - |37] 5 |200 ERBEEFbwpm,
+ KHEBE=3-5um, &/Fg3t,

190|470| 45| 85| 0.0 | 185 2.5 [100.0 ScoglhE,

HET., PR, T E2FE. FBAIE . inclyIl-Y 3y, devt k&L . REEBTER

KA SZAEHTEAE

JE TR BifE | @8l E o L HS
= =X (mean) (@) glass typ
1.4963 1.5032 1.4996 3 - HCIlt <«AT
1.5088 1.5162 1.5114 59 1.511 HTC <«K-Ah
1.5234 1.5291 1.5263 2 - TC>lt <«K-Ah
SO BRI

R i BIHE | B % e

(range) TiofE | fEay | B EEORE SO
=/ =K (mean) (&)

SBIE St R4

#MARE BRRFLTORXBHRIEN,= v AREENB <n<7).
MER B LTORNEHFEN (a<n<f)
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# 2-18 T 7 T oMk (TBW(18.9,1.05-1.1))
SR 4 . 3. TBW(8.9,1.05-1.1)

E N -
5&;1; F’fm fw ppes %ﬁg) &t w =

131671521 53| 15 | 200 [KWel: EREbw>pm>ItE,

49 pl>Qz - Kf,

E ¥ : Opg,0px.Cpx,BHb>GHb,0l,

65 |335|260|265| 7.5 [1000|2 # FE-alH, ZOHth:Po- KILIZEEY,

bw:N 7 L=k, pmER R, sco AT, plBER. QzRE, af TALNERR. KFWE R chalilth =— Po: 7 5ub -1 =)
E Y o M

Pyroxene | Amphibole
ol Opq | Cum | Zr Bt | Ap total i &

Opx | Cpx | BHb | GHb

1 75 | 24 | 10 6 84 - - - - 200

05375 120| 50 | 3.0 | 420| 00| 00| 00 | 00 | 100.0

Ol:hv3 A . Opx.Cpx:fl A . B8R . BHb,GHb:iR A - 15 ARIE . Opg BB,
CumMEyy bWEIR. Zri hay, BEEER, Ap TN 4+

RILHSAREEH4E

Ha | Hb | Ca | Cb | Ta| Tb | It |&

t| Bftel ® =

25 94 33 17 6 12 13 | 200
+ EEGbwrpm>h B! THEEHAGEED.

1251 470]1165| 85| 30 | 6.0 | 6.5 |100.0

HET., PR, T E2FE. FBAIE . inclyIl-Y 3y, devt k&L . REEBTER
KIWASREHTEBIE

B R B & A OE e
T ; TR ES g ] KIFZ AR HE
= (range)s FiiE EH& (mode) (glass type)
B2 BX (mean) (&)
1.4961 1.5007 1.4981 47 1.498-1.499 HCT>IT <«AT
1.5030 1.5147 1.5089 13 - CTHIt ——E&BK-Ah
1.5247 1.5262 1.5255 2 - Tt
144 O JE 37 28 7E
B ¥ 3 i B [T Rl E -
(range) TiofE | fEay | B EEORE SO
=0 N (mean) (&)
I 7E xR 5

#MARE BRRFLTORXBHRIEN,= v AREENB <n<7).
MER B LTORNEHFEN (a<n<f)
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# 2-19 77 7R E (TBW(18.9,1.9-1.95))

ST 4: 4. TBW(8.9,1.9-1.95)
& Y M R

K| 8 | E wp [ED | o

w5 | it | | B | e | BF LI

5 37 69 40 49 200 'klllgl . ﬁﬁﬁbw':.pmgilo SCO.g'é‘to
B4 :pl, Qz0EEL,

E 4 : Opa,BHb,0px.GHb,Cpx, Zriil &,
25 18.5]3451 200 245)|1000/:% g5, T Ot K IUg ZEE Y - Po,

bw:A' 7' =), pmEER . sco: AT, pfRE. QzRE., af TMINEER. KEDES chal it == Po:7 30k - A0 =)L
T B

Pyroxene | Amphibole
ol Opg | Cum | Zr Bt | Ap total i &

Opx | Cpx | BHb | GHb

- | 43|10 5 12|84 ]| - | 0+ | - - 200

00 |215 50 (255 6.0 |420( 00| tr | 0.0 | 0.0 | 100.0

Olhv3u% . Opx.Cpx:$1A . B&HER . BHb,GHb:iZ & - 1B ARIE . Opq FEBHILY.
Cum:hiv' bBA. Zrd LAy, BE2ER, Ap: T 44

KILFTSAREES R
Ha |Hb | Ca| Cb| Ta| Tb | It |& 5 &t & &
101791 41 12 6 231 29 | 200 + ERBbw=pm>ItE, 1t (Lsco.gl,
B/HEL,
50 1395(205] 60 | 3.0 |11.5]|145]100.0
HEF. C:HREE . TE2AE. B FBRIE ., incl{/I— 30, devt:5E L. REBHTE
NIUASRABIFEBE
B E R = Al . -
(range) Egﬂ:% ‘ﬂgllf*%[ B ERHE MIUAZAREE
2/ B2k (mean) (&) (mode) (glass type)
1.4960 1.4997 1.4981 47 1.498 HCTIt <«AT
1.5047 1.5257 1.5153 5 - TCht
SR DRI RIE
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=/ BX (mean) (@)
BIE X R4

#HABER BREFLTORKEREN,= . BEREN(B <n<Y).
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KBS R BT BIE
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Bh Py (mean) @) (mode) (glass type)
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1.5094 1.5174 1.5120 60 1.511 HT>C —K-Ah
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LY D R E B E
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Ha [Hbo | Ca| Cb | Ta | Tb | It |& & E&fta " &
48 | 78 6 8 2 57 1 200
+ ERE®EFbwpmE!
240(390| 30| 40| 1.0 |285]| 0.5 |100.0
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B =2z A N -
(range) EEE ﬂﬂlﬁgﬁ BT ERIEE KINHZAREE
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1.4949 1.5036 1.4986 4 - H,C —ATIEZH
1.5089 1.5155 15116 60 1.511 HT>C —K-Ah
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YD EIFERE
BEirE#E [EirE A E =
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Opx Cpx | BHb GHb
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Ol:hYFvHA . Opx.Cpx:4H . E#1EH . BHb,GHb:iG & - 18 AFYA . Opa &AL,
Cum:bivy b BAA. Zri lay, BERER, Ap T a4+
KILH S AR EE 4
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a0 | 79| 8 | 8| 1 |5af 1 |20 B EHH Fowpm, KI5 4
+ Mo
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KIUA SRR BIE

B 4 SR ;i @ o5E R
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1.5232 1.5328 1.5276 3 - T.Colt —K-Ah
S D JB 17 3R FE
e 7 32 6 B [BirE B oE =
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E LY oW
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301340 165| 30 | 05 |430] 00| 00| 00 | 0.0 | 1000
OlLhy5vA . Opx.Cpx:#474 . HE##ER . BHb,GHb:iE & - 182 AEIA . OpaFEBBIMLY.
Cum:hzuy b B3R, Zry LAy, Be2ER. Ap T 44+
NIWASAKRESSE
Ha [Ho | Ca | Cb | Ta| Tb | It |& 5t &ftal i &
41 90 ] 10| 7 2 | 48| 2 | 200 EEE#EEbwrpmE!,
+ KFMBE=5um,
205|450 50 | 35| 1.0 | 24.0| 1.0 |100.0 Scog&EL .
HEE. ChREE, T 27 E. T BFEE ., incl{yIL—3y, devt: 2 FE L. REBITE
KIUASARBITERE
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(range) Egﬁ_— ‘IIHK%[ BirEREE KIWHSAREE
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1.4968 1.5058 1.5011 4 - H,C —ATIEM
1.5096 1.5172 1.5115 60 1.511 HT>C —K-Ah
1.5210 1.5327 1.5269 3 - T.C>lt —K-Ah
S D IEIRERTE
[ BirE B E o
(range) e | Ed | ETERAER DS
(mode)
=70 =N (mean) (f&)
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HAER BRF LTORKETREN= v BREB <n,<7).
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SATEE A 9. Fuw3-1 95-100
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Eﬁ\
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BirEEHE 3 il - e
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o R EE
[T SR E0 BirE B E o
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Cum:bzuy b B/, Zr by, BEEER . ApTn 44k
KILWAS AR EES 4B
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ScoglZ{,
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RIWASRBIFRBE
B = | @ _
tnge) BAZ | DL | mr=mme KILHS R
B =y (mean) @) (mode) (glass type)
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bw:\N 7 W=, pm:ER A, sco.AT7. plfl KRG, QzBHE, af TN EA .. KEAESR chalhlth'=—Po: 75Uk A1 =1L
E WY A m
P Amphibol
Ol yroxene mpnibote Opq | Cum | Zr Bt Ap total g &
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KWL SABEEAE
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(range) BIE | B | EfERsmE KSR
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D EHTEAE
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BT R BHE | A = e
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HER BRRELTORNEREN (a<n<B)
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9&EH R(65%)
TBW 14961 | 15007 | 1.4981 | 47 [1.498-1.490[H.CT>It  |kragarnrcs.
3 15030 | 1.5147 | 15089 | 13 — U lcTHIt | Edt:0pq Opx,CoxBHb,GHbO!
(89, 1.051.1) | 15047 | 15262 | 1.5255 | 2 - =40 :PI-Qz KT
9=H VR(2.5%)
KEEAE.
, [TBW 14960 | 1.4997 | 14981 | 47 1498 |HCTIt [REERSE o bcoen
(8.9,1.9-1.95) | 15047 | 15257 | 15153 | 5 B il
gl&H :VA(96%)
TBW 1.4955 | 1.4995 | 1.4975 2 — H.C JKF0BE5um~ Kk F1gaFn
5 15094 | 15174 | 15120 | 60 1511 [HT>C  |®i#h:opa.opxCpeol
(15.5,0.8) 15264 | 15331 | 15201 | 3 — |t |mmmp
gIEH A(88.5%)
TBW 14949 | 15036 | 1.4986 | 4 - |HeC KA 5um~ kA0
6 |16 55 19 15089 | 15156 | 15116 | 60 1511 |HT>C  |®it#: Opa,OpxCrx-Cpx>0l,GHb
(16.55, 1.9) 1.5310 | 1.5348 | 1.5329 2 - T.C>lt B4 : Pl
9= A VA(91.5%)
14949 | 15053 | 14995 | 3 - |He KA 5um~ ARga0
7 |8 (17, 1.5) 15090 | 1.5155 | 1.5115 | 60 1511 [HT>C  |ms# Opa.OpxCpx-OlBHD
1.5232 | 1.5328 | 1.5276 3 - T,C>It B Pl
9= H A(B6%)
TBE 14968 | 1.5058 | 1.5011 | 4 - |He KFOR B sum~ g
8 15096 | 15172 | 15115 | 60 1511 |HT>C  |®i#h:Opa.OpxCpx=0l,BHb>GHb
(6.65, 1.45) 15210 | 15327 | 15269 | 3 - |tcst  |mmmp
9EH C(26%)
FUW 3-1 14963 | 14900 | 14975 | 4 - |HTC KEMNS an KRR
9 15073 | 1.5160 | 15107 | 53  [1.510-1.511[H>T,C  |E8i#: Opa-Opx.Cum Cpx GHo>BHb 2r
95-100 15195 | 1.5243 [ 15220 | 3 - Ite #H: Qz K1 PPD-0z
1.4960 | 1.4992 | 1.4973 8 1497 |HC g:'glf;(g-f"@mﬁ
FUW 3-2 15019 | 1.5070 | 15044 | 2 — it A
10115.20 15085 | 1.5163 | 1.5111 | 48 1510 [HT>C  |maig opdopecum GHbBHD.Cx
15185 | 15224 | 15204 | 2 N e
1) B E §i BEFESEOBRIFERAEBEE M EEANETRTT S, EANM SLLTRERICHEich, 242

) BT R T E:
: AIEAREL-BEEFE,

3) MEMBMBEH

) BIERBE:
5) KIUH S AREE:

6)

® &

FIN—TEHEENDEDIF. TN —TIEIZRTT D, RKMBOBEEIFTHRERT,
B—7IW—7ICBT HEALLIIEEDOFHBITEME. TRIZFKKMEOE.

EAM LR TRAEEZHHL. BRAACIVIHREIRTRTT S,
(ex. 1.500 : 1.4995=nd<1.5005 )
FN(1976)IZHEHL , REEH: RFE C:-HME T 2AERIIH T, EHMIZTT.
WFhIZEBSENEOZ I TRAE, SEPERAI(I<LOERFBEELLTERTRT S,

D RIWFSRER . K- EKHMOBEEZERMISRT, -, TOHBEEORHHICOVTET.

KIMHASRAEHIE., VA(290%),A(=250%),C(=10%),R(Z5%),VR(Z 1%),VVR(< 1%),N(0%)D
TERBE(Z ST 5, JKFN(Ehydration. #B7kF0(Esuper-hydrationD &,
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#* 2-32 KWW T AOREHFRAEMR—FKEK (€D 2)

1) 2) 3) 4) 5)
| 3 oB % BITEEE | mirm |8 2 | BHEE | awrsz T
el E s | Bk | TOE | @ | BEE 3.3 N
gl&# :VR(2.5%)
FUW 3.2 1.4963 | 1.5004 | 1.4978 23 1.498 |H.C I ESum, KA B,
11 1.5083 | 1.5156 | 1.5108 17 1.510 H>C,T.It Fi#: Opg,Cum,Opx,GHb,Cpx,BHb>Zr
55-60 1.5195 | 1.5267 | 1.5232 10 - CT.It B84 Qz K PI>b-Qz
glEH :N(0%)
FuN-3 KiligliEgHEh T
12 - - — 0 - — BHEH: Opq>GHb,Opx,BHb,Cum Bt=Zr
35-40 864 Qz Kf Pl
glEH :VR(<0.5%)
FuN-3 JKFIEAF0 (sco.gllLA~BR)
13 1.4971 | 1.5202 | 1.5104 4 - ItH,C E44: Opg>Opx,Cpx,GHb,Cum
70-75 EE8L4: Pl Qz KF
gl&H :A(55.5%)
1.4989 | 1.5134 | 1.5058 3 - It JKFNEAF (sco.gllEFBA)
14 |[FKE % 1.5236 | 1.5338 | 1.5276 7 — CH,T =4 Opg,Opx,Cpx>Ap
1.5484 | 1.5634 | 1.5532 50 [1.551-1.553|It,T EREL P
gl&EH :A(62.5%)
1.5023 | 1.5067 | 1.5045 2 - It AKFE8F0 (sco.gl £ FBH)
15 |FKE 2% 1.5237 | 1.5305 | 1.5274 12 — HCT EiEH: Opg,Opx,Cpx>Ap
1.5483 | 1.5629 | 1.5536 46  [1.553-1.554|It, T L3R
LTF&B

1) B i £ & B

) BITEFEHE:
s AIEHREL- B,

3) A E M@ KEH

4 B ERMEIE:
5) KILAHS ARG :

) H &

AR EOEREAEEE NS EMIETRNT D, EANM SLETRRZICHEEN., BI2D

TIN—FEHEENDEDIF. T —TZEIZRTT 5. RAKNHOREEIZETHRESTT .
B—7 L= BT 2&HELIHEDFHRBITEME, TRIEFKMEBOE,

EART S LD TRIBEZFLEL. BERAICKYDPBEEILTRTT 5.

(ex. 1.500 : 1.4995=nd<1.5005 )

FIN97B)ICEERL , REFH: RFER C:- B T:- 2 AER (AT, EEMIZRT,
WFHIZLRILVEOZE It TRANE, BHRBEICHEDOEFBFEELTERTT D,

s RILASRER., K- EKNOEEEZEMMISRY . T, TORMEFOHHICOVTRET.

KILHSZEE . VA(Z90%).A(Z50%),C(=10%),R(Z5%),VR(Z1%),VVR(< 1%),N(0%) D
TERREIZ ¥ T 5. AKFIXhydration, #7KFIEsuper-hydrationD &,
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#* 2-33 EEMOIEITRAER R —FTE

1) 2) 3) 4) 5) 6)]
e w B EGE mipx| @ (0 w2 BHE . S )
el BB A T Ra |FHE| E2 |Esn| 86 BNORR  gan| W F
1698 | 1.703 | 1.701 | 0.001 | 28 1702 |[FOUHFA b~ )=
14 [FKE Z& 1.705 | 1.709 | 1.707 | 0.001 | 27 1707 |IMIS=Yu 6941 N
1714 | 1.716 [ 1715 | — 5 - MMIS= BARET
1699 [ 1.704 [ 1.702 | 0.001 | 29 [1.702-1.703|)\1)5— v ~FOHA b
15 |FKE 2% 1.705 | 1.710 | 1.708 | 0.001 | 30 1.708 |IN1—= 6641
1.713 | 1.713 | 1.713 | — 1 N A A B
LUT£B8
NVEFEGE - BRCLOBREAEEFORRAL, MIAEINETCTERRT 5.

2) B EFHE -
3) Al E @ % % -
4) B EHHME -

5) ¥ o HE -

6)

w *

FOBRITIN—THREGEDEHGENDEDIE. FIN—TZEIZRFTT B,

B—SN—FIZ BT BEAULEEEOBEEI EOTHYBINEE, N AEIMETET.

e RELI-EEE,

EXN S LD TRIBEZHAL. BEREAICIYDRAESRMETTRTRT S,

(ex. 1.500 : 1.4995=nd<1.5005 )

IR - AH(1972)ICEML . MABR XTIV REEAL, TAVHF AL, nA13—=22, JzANA 18—,
A—54k, ZzASSACDEREEIZHIET S, ARAEHRILLTLUE, AZ T AN EIZHEET 5.
Zﬁrgﬁgmwwh FUTIGLAR, FoTLw, STIRSAb, A9+ 4k, 7/ —HA+O6FEHEIC

D AERRETHBRFEERT AR, HAERILy . AR, REAEN ZHRET D,

(RDMEIFEN o= =P, RREHEN,: fE=n,=y)
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R oo Eon e
TBW M o
1 - Rk PQr
) (89,050.55) “ : Yok namen ro. xuyERs
it AP T )
k) i) L
R P
SR
o TEW " 58 St et
(8.9,0,65-0.7) : R PO, AgERS
T
k) 3 LIEEEET “RENET TR "RT
B sugam oz
..
5 TEW " lna uﬂ;qu?:!tmsmxﬁuu:m
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A e
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- F
o TEW i TED St ot
(8.9, 16-1.95) . Som auEn. xumEnm ro
. e T ()
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o TEW i e,
(16.55, 19) - mu nll!i‘ R
. e e an EaTal ()
| | | | - Jellagh& W-VAD 55%)
N P
T8 " WS Gpa O CrsO- B
7 : m o
(17,1.5) ] 5w e
N de gl b Th Ha=Ca CosTa ke (+)
| | N KR AR
» SRR 1
TBE = SR .
¥ (565, 145) . o
T T T : R T AT )
I I s car,
Semw e
3 Fuw 3-1 N W Opu)Onxc:uanxanmir
) g5-100 T SR DRI, R
R i ThnCa s o)
| ‘ S ilagh& I - RO 5%)
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! 3540 SEN ERuncmns
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‘ | | | N e g WWRISO 5%)
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S#60 #120-4250 BAEH v Hi Oth O CpxGHbCum Bt Cca Ta 2 8 | E|3 8 g & | %% =
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2.28. 7Av YT ILD XCT &

2.2.8.1. BiE

AREETERLZ b U FHAIZHENT, WrEaEErmRInza@i b o FH
MT2EA7 ey %07 7 2% L, WEmEEOFEMRME LM 2729
IZX #CT AT o7, X #CT HBELIX, AEtORFE Fmnd X #a RS L,
BT — X & AT L CRBINE O X BRIRIAR I D /3 A 2 B L L2 b O T, X #j
WIARI D3 CTh D Z Lnh, BEENAFHORE CAIGibENDs, AMEHD CT
EEIX, WBEREE CEX A TMA 5 OIIKH ) - FERER CHRE NS ATRE 2 & 5 ikt
ENTWs, LEMO CT EEE T2 L, R/ASMIES X BOFEIR )% TIXSH
L0, R Z B CHL AR CHBITE 2 BB TWS, BB T57 — 41X
CT EEMIEND X MORIXOFEEDZER 54 T D, CT EOHALIX HU (Houns
field Unit: "> A7 4 —L Rx=v k) THDH, —&lZ, K% 0, ZZXK%-1000 &
ZHNLT, X BRI A LB Td 5, CT HxEG LT 2B, HES
N7 CT EDOALE OFiH % 256 BEFRICHHEIL CTOlE 7L — A — L CREER RS
5, EEOHMIZ, V1 RUBWW) &7 0> FYL-UL(WL) & LTRET D,
V4 RUEWW) 13, #8355 CT HOET, vy FYL~L(WL) 3RRT 5
CT EOHFRIETH 5, FHAICEHBEEDANIEEH L 25,

2.2.8.2. AEEE

Tay Yo TNE 2 GV TIRAEEZER L O L, FiEEEs R S
RN L FHIRT 2017 4FE 12 A 7 Hv D 8 HAZHNT TIT - 72, TEHIES X OVHT (I BE
F OB EZ BRI L 72, BUBHBRSIRILZ X 2-T1 2264 2-78 12”7,

271 7w ¥ Y v TEREURR
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2-72 7w 7Y 7Y v TERECIR - BB

B4
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-

2-73 7 0w 7YY v TERECIR - BN BE
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275 7w 77U v FERBCRM - v REE
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i

X 2-76 71y 7 ¥ 27 ) o FEBCRM ¢ VEHIEE &

g

X 2-77 7 a vy 7Y% o ZEBURNL - FERIRE
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218 7y 77 o ZERBCIRIL « TEARIEE
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2.2.8.3. X#& CT #&¥&¥

IN 2 P RN I ER BR A E SE AT A JEAE AR (RITE) AT A OEHRHO X # CT A% ¥
VEMBHLT, BEO X B CT s L, EHLEHEAT 4 IV AT A
Zit# o [Aquilion] 1% 0.5mm BFED 2 T A AW ARG N TEx 5, K 2-79
WCHIEMEEORRT 27T, BRI CE £ 2-34 IZ73 3, Aguilion THUSG L7
7 — 41X DICOM ATz 27 AAR— bk L, X # CT fig#r>Y 7 b OsiriX TLIEEZIT -
7=,

2719 7 a7 BT Y T X BRCT Rk, BEEORMIZH > CTHEEMl (H) 12725,
e CERRET, AN RIS,
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F 2-34X i CT e &Mt
(ST29-26-1)
7T —FZEHE (X-Ray CT) No. 1
R | 2 # 12 A 19 |
XHRCT RSt
BIE (kV) 120  #EHt(mA) : 150 AXpUHES) 1.0 FEREREEEK FC70,26,09
EATAAE(mm) : 0.5 FEBRATARAE(mm) : 0.5 FEHEKMFEmMm) : 0.5 AFyrE—F ~YH v
Core BoX No.| ID No. | Study No. YT NVEE  (m) DICOM file | #&%k | #¥H
FKW 1897 2989 = ~ = FKW 917 12 / 19
memo AR5 ZAH 12 /19
series No.2:FC70 No.3:FC26 No.4:FC09 kA 12 / 19
Core BoX No.| ID  No. | Study No. Yo NVEE  (m) DICOM file Btk Eive- A
FKE 1898 2990 = o~ = FKE 917 12 /19
memo AREER ZAB |12 /19
series No.2:FC70 No.3:FC26 No.4:FC09 i qang=) 12 / 19
Core BoX No.| ID No. | Study No. YT NVEE () DICOM file ﬂlﬁ%/ﬁ%
o /
memo ZAH A
i B /
Core BoX No.| 1D No. | Study No. YT NERE  (m) DICOM file | #r#— 2 H
= P
memo Z AH A
i B Vi
Core BoXNo.| ID No. | StudyNo. |  H>FNAEE (m) DICOM file | B \—EH
s /
memo Z AH A
kA P
e

— AN HORHARBR TR JEAT B

D-FOV: 361.3 (LL)

i -

458.0 mm
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2.2.8.4. fRITHR
HRBER O vy 7% 7o X # CT #ifg o MPR (multi-planar reconstruction :
LW AR RCS) 2 2-80 ISR, PElIEERE O X % CT Eifp 4 X 2-81 12777,

20171219 1331
120kV/ 150
1.0s/0.7mm
HP87.0

X 2-80 Bl 7 2 v 77D X # CT MPR Hiff, &EBEOA FICHRE FIMNRINT
Wb, H FEEM, R X CT RERICMMBITICERZ L DA Z27RT,
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20171219 1324
0 /

120

20171219 1324.08.424

1.0s/0.7mm
HP87.0

quilion ONE

281 PEMI 7 v 79 Ad X # CTMPR e, &GO FICHREFmNrInT
W5, H FEEMEI, R X CT H\EAIMETICERL E &AM ERT,
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FHEH 2 LTV ORBICEI D L 72®ig 2 ) < D2vRd, RIEER O X R CT @
B 2-82 12, PHUEER O X # CT Eifgz X 2-83 (2~ , MWigH b ILWEz kA
THE RS O R FEITIT R E ZRE WA DLV,

2-82 WMlT 7Y D X B CT EE
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2-83 Ml 7 v 7 BT d X B CT Hifg
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Ay FCOMERRE 25, CT W 2 M LR 2K 2-84 L [X 2-85 (27K

2-84 Ty 7D X f CT BB R
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N

154

G}

85 M7y 7 Fd X #CT

2-

X
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229 WELSFOE LD

L F AR A TR O LKL, @R N O FUEHIK L T A D3 b 2 A
RNWZ ENRETH D, KIWT T ZADEITHRE W5 & Ko OED K-Ah kLK
%L G I, FOMIZ AT KUK % 2% < G il ek & FER IR o k(LK & & Teilkh & 1
SIS Tz, BIERAL IR O KUK IT IR LK & L CoRtiZ T& 2env o7z, K-Ah X
R IZ 2RI T 7 ADIRAEDEL BHED EEX DD, [F—HERRFMm & L
T, A ELTHWD Z LIXARETH 208, HERENE K-Ah OFFIRE & L TH %
THZEIETERY, AT KIUWKE LB TR TH D, TR ML U F Tk, AT K
WIKEITIRE L T2z, BKERME OHREEMRE LTRHET 2 2 ENEEN L
B2 HNDN, MOFARPEMCHERIEREE 70 & 2K L TRE Il &2 17 5 2 & 03
PE LV, KBS, 4%, @RE Y N ORI CHE S - BTik Rk LK g O Xt
ATV, HEREEROBRT 21T Z LA R FETHL EEZDLND,

Wrigm AR SN emIE N Lo F B maffo 7T ey 7 oIV ERERL, X
Hr CT AT I CWTJE 8L O E ORRET 2 T o 7o, b Lo TREM CHEE S 7= )@ 1
HWERMAND, TOT 0y 7 NEA~DIERE Z 3T BRSSO N, £, WiEiTes
RFELOHE O X CT IR K2 BEESMAHERBE O NI, 2D OFHRE A2
EHL, 78y 7 NEECOMED 3 Rt ERBMBITIISHOMBETH D,
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2.3. KEDSEXHE

1)

2)

3)

4)

5)

6)

7

8)

9)

10)

11)

KHEIZBTLZ2F LT LT IIRT,

Fujiwara S, Yarai H., Kobayashi T., Morishita Y., Nakano T., Basara Miyahara B., Nakai H.,
Miura Y., Ueshiba H., Kakiage Y., Une H. (2016)Small-displacement linear surface ruptures
of the 2016 Kumamoto earthquake sequence detected by ALOS-2 SAR interferometry. Earth,
Planets and Space 68:160

PSR - MR - AR - RAETEI - 11T 2 (1994): R IULIN O A T K W HERR A &
SRR T HERR O 5 eds K OME H RS IR o0 #E 5E  HET 235,100 (4) , 279-291.

E L@ (2017) FEAHE S ORI oA ME R I miF -2 et Ko H Y H5E
BT 2 sE m&HE, 126pp
http://www.mlit.go.jp/report/press/toshi08 hh 000034.html

E LT (2016) Ak 2 8 AFREARMERICET 21 720V bH 25 T8 SAR I2X 5
EEOBHIZHSNT
http.//www.gS|.go.Jp/BOUSAI/H27—kumamoto—earthquake—index.html#3, 2018/3/12 He 8

AR MBI - /MR HEE - B0 E (2016) FEk 28 4F (2016 ) REAMHIERIZE Lo T
HI L=t R EBWTE, B AHEREKER S 2016 kS MIS34-P49

ReJR HEfd - 0k K - H & - A8 BE - ak KRE - a1l - M| =y
IR 7 - AR FEORES - &M ERES- 27 [F2 8K FEgl - i K& - |l £
B FZs - 58 2 - mE SR - EN kﬂjj-mg Fr - Bl K- /A O05D -
HH OEE -, E A (2016) 2016 FREARMIGE (T O MR HIER MG D540 & 2 D%
#, Hxﬂ%ﬁ%ﬂ%ﬁAmmEk , MIS34-05

Leake, B.E.(1968):Optical properties and composition in the orthopyoxene
series.Mineral.Mag.36,745-747.

Lin A., Chen P., Satsukawa T., Sado K., Takahashi N., Hirata S.(2017) Millennium
Recurrence Interval of Morphogenic Earthquakes on the Seismogenic Fault Zone That
Triggered the 2016 Mw 7.1 Kumamoto Earthquake, Southwest Japan, Bulletin of the
Seismological Society of America, Vol. 107, No. 6, pp. 2687-2702

%ﬂ%ﬁﬁ BIRE « BN KRZEEAIUMNKRE (2017) FRk 2 SEFEREARMEZ K E 2
Ry 22 VR I T 28 AF AR T, 270pp, MR A O JE e A,
https.//www.l|sh|n.qo.|p/database/pr0|ect report/kumamoto _sogochousa-h28/ 2018/3/12 fi

o

FH SR B (2002) IEWETEREMT VX v~ v O, HRRE RS, 60p, DVD2
/e

MR HERE - BRSBTS - = K#H (2016) TS AR ZMH L7#/- e i HiER
BTk, BARTENIESS 2016 EKERIT RS #HE TRE
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http://www.mlit.go.jp/report/press/toshi08_hh_000034.html
https://www.jishin.go.jp/database/project_report/kumamoto_sogochousa-h28/

12)

13)

14)

15)

16)

17)

18)

19)

MR - BRANEDE - =K - B s - RO (2017a) LC-INSAR fEATIC L5 T
i &4 2 Rk 28 FEREARHTE O MU MR 0R, H ARTE I 222 2017 Rk F 221 K
DTS

AMEOHER - =T KWl - AR ESE - 0 K (2017b) SFRk 28 4 (2016 4F) REAHUE
IZBWTH 72 72 T SAR fEATIC L » TR S 7o HizR 280K, IJpGU-AGU Joint Meeting
2017 SSS12-11

Shirahama Y., Yoshimi M., Awata Y., Maruyama T., Azuma T., Miyashita Y., Mori H.,
Imanishi K., Takeda N., Ochi T., Otsubo M., Asahina D., Miyakawa A. (2016)
Characteristics of the surface rupturesassociated with the 2016 Kumamoto earthquake
sequence, central Kyushu, Japan. Earth, Planets and Space 68:191

oz - IR - R B - BBJR R - AR KEE - Bk HEZE - SE Bt -
BE FE MR OHEE - BB NEIE - B A2 - B W M (RFET) REA R T
2RI 5 2016 FREAMEN D N L o FRAE, TERIEIFIL

W E=— BB B FR O - L 8BS - B B (2017) 2016 FREA M
ERICHBR L 2 ZRFEOMFBHEMEROIEEER  RWMATF 0B IO THICBIT S
AHEE AR (F#) HAHESSE 124 B KSGEHEE R, p253.

(L 375 - 8 R (1995): K 1L 4 A2 @ hydration & super hydration- H KD KT 7 7125
WT-74vvary - hNIv Il =a—RALX—F 85 41-46.

(% - AR - S B A - AR SE - I B - A AR - e i - Fn L AERE (2007)
Fo Ot B Abd o S A KW HEREY & BN ST D EIKE DB T OFEN S O
B R R e AWt — Rohic X 57 7 o —F #E 2458, 113,340-352.

B JEVE(1976): KB & HE TR o K LK B IZ > C, MV 4EzE.82 (8) ,479-515.
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3. PR3 i RGBT B 2 R BT (= £ 2 5N R D B il

TR TE B 0 72 T g SRR I B8V T, B T L & D T TR s b HiER F T o W E K
OB 2 2D FIEN D D, RETIL, HRHEWE % F o 72 PR N H#E o =
BN K IR B OB T — # &2 v, 20 L) 2R E G i 7o BUE AT FIE O A A 5T L
o HEARBYIZIEL, 2016 FFREAME 2 ZLEWNI OB TG Y A T OHED > 6 2 HEL
I, 1) FMEACRIRET VOME, i) B)IFHEY I 2L —a o dEE, i) &
& ORME IR (FIREHE M OMENEZEEDOHLE DY) | ZRTHICOWTHE Lz,

FEOBEAMEOBRFHIHT- > TE, U TORNELE G T,

a) FRPELEIE T L OBEICB T, MERAEUEOT Y L BE LR % £

L. BV RROREE S S 2 b —a U R L iR LT,
b) FEJE OEAMEMEAT L. HAEMMESHERE, ERARNEEEZ AT A -2 L LT, 3Rk
9 — A% L7z,

ARFETIE, MBHRWE 2 M > 7T W E 2 4 7 OMEO T 25, 2010 4 Darfield H1
BAEIT 1) BMLERE T L OB, i) 2EOKMEMATIC oW THRE L, 2016 4k
AHEAT 2R G 1) B FHOMIE S I 2 b —va v 0%, i) R ORMEMITIC o
THELE., FHEORMEHOMIEE%E 31107,

£ 3-1 XEHIE & MHEFHEE OXIG

_ 2010 4E 2016 4E
P Darfield #:% e R
i) R LEIRT T L O O (BETEHFZES R)
i) B ERIRREE S S 2 L — 3 a O FENE | (H28 R BB R) O
i) 228 OEAE R O O

JLBIO : BETR2)
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3.1 BHELERRETILOBEE

AHiTiE, 2010 4 Darfied HE % SR ICKMHALBIRE T VOBELEITH, TORE, M
BREBUEOTRY L EEL-RMNEZER L., BI1FROMES I 2L —v 3 ViR E
g5,

3.1.1. 2010 £ Darfield #t BEDHE

2010 4= Darfield #1EE (LLF&, [Darfield #1755 & FES) (ZBLHIEEZ] O 2010 45 9 A
4H4M35% (UTC: 201049 H 3 H 16 354)) ([C=a—Y—F v R 2 O
THDHIITAARNT Yy —FTOWEERKAOKMIZNET DX —T 4 — /L RKITTRAELE
HETHL (HH - fth, 2012) . 31Il=a—V—F v R, BLXOERMITO
hr i BR 2 R 9, MBI GCMT Ik % & Mp=3.64 x10® Nm (M,,=7.0) ThH 5,
%% % TIZ GCMT IZ X % 2016 ‘EREAMIEATE X My = 4.51 x 10" Nm (M,,=7.0) T,
Darfield HifE OB ITREAR B ARTE L 0 & T/~ X\, Darfield 158 o HiZ& HiFE T & 13
Quigley et al. (2012)IZ & % &, HIFRIZHR KK 5 m 2L O LR T AL O LN H HPE 12K 30
km 2> CTHA, IZIEHEAAEM O Central segment & East Segment, b vEANIZJE 4
% West Segment 7572 % (X 3.2) , 32 T ITFE BN E Eo AT, BT
MoOA 7%y hRELRT, 3.3 I Ix R BN E OB BN E R, K 3.2 &K
3.3 £V Central segment D HMTEmMBED R E REMPBNLTND Z ERDND,

3.4 1C Darfield #15E DB A 7 = X LR % 773, XIH O GN1 1% GeoNet D FJJ &) i |
GN2 |% GeoNet DJRIkE— AL R TV Y LfE, USGS Tk b A RE—RA 2 hT v
Y VAR % 359, GeoNet & — & % Jl U 7= GNS Science Tt — rg o & [ o Wi g & o
A mEHEEEE W2 USGS Ick b be A RE—XA Y N T U Y VRIZHIRICE N
7= Gleendale W@ D ZEN I KEIET 2 W EM OGO 2 ThHh %, Gledhill et al.
(2010)<CHLHH + filL (2012)12 K B & W OFENT OEVNE, FEFTICER L28lT —
DFEWIRKF LTS D TH D, USGS DOifMTIZ, mEHMHME T — & & BITfiftr 217> T
WA T2 HEIEE 2R 20T 5 L9 iR THhoH, —7F . GNS Science DFiFEHTIL.
BRI AL DT — 2 Z MICWIEBIREDOWI 7 = — XD RE2ET V7252 LI
HH LT Cd 5, Wi OMATHER D, Darfield #5135 g EBIRAHL CTAL R —
B PEAE M OW g m Tl g ' o A OEBN 21TV, EOKRITEFEAER O Gleendale W)=
WHREEN RO BT 26N 5,
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' RMTM,, 7.1 (8 km) < S ’!@
& CMTM, 7.0 (10 km) - ‘77/¢1

Xl 3.1 Darfield 1O ERALE (Quigleyetal., 2012) ., £ (AKX) F==2—Y—F K
oMK, A (BE) (X AKFOER B THlE L2 0= RATHT O X,

T72°5E T72°10E T72°15E 172°20E
0 25 "5 10km X ! '
L 1 1 1 1 1 1 1 J
East segment
U
A 3 16 12 1612
D] N S Greendale 025 3 -6"0_—0 15 |
‘Bl 10\ D 5‘@ Central segment D 3430 o3
o m, D sauie e D% D
el UNg3 e 3 a1 ~ = 4,4__6;3-—0.2 055 025
0.5 3.2 2.85 Sludd 6 dl6. 52 By
C 1 Wtz 12 W@.{Fﬁ*lﬁﬁ 03
051005055 0% 025 02 Vo) = 45085

Rolles‘

3.2 Darfield #17E D £ HIEW B ONLE & 4 7+ v b & (Quigley et al., 2012) , #HRRIE
ﬂﬁi%ﬂﬁ Wilg OALE ., R ORI O EMOBEZAEMTho4 72y MR THlOKEI
EFHMOA Ty b EERT,
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o o Individual |
£ | I8, L Max
T_‘: 4 s 1, Ha Min
%
2
A o0 :
2
—_~ ] o a
E ;
S0 *
®
>
B -2
6 1max=5.3 m :
T 4 [ fﬁ
] avg=2.5 4
D 5 29 T,z i
. ' [
0 ¥ s’ k 3
0 5 10 15 20 25
Distance east (km)
C West Central East

Figure 3. Displacement plots showing (A)
dextral, (B) vertical (positive values are south-
side-up, negative are south-side-down), and
(C) net displacements including maximum
and average values. Open symbols—west/
central segments; filled gray symbols—
eastern segment. Several individual dextral
displacement markers were measured per
site (e.g., fence, road, and ditch). Depending
on feature orientation, continuity, and origi-
nal straightness, measured displacements
were classified as minimum (min), maximum
(max), and best estimates. Displacement on
east segment shown with filled gray circles
and red line. Error bars define 2¢ limits.

3.3 Darfiled #iE  # & M ZR I8 O 207 & 504 (Quigley et al., 2012) . A XIIELT 4Lk
4rv BEUZ BT, CRIZR Yy bAY v T 2T,

34



3.4 Darfield HIEE DR A 7 = X Lfif (MLH -, 2012) , GN1 X GeoNet O fJEhfiE, GN2
X GeoNet DJEIE— AL FT v YL, USGSiZtE Y hua A RE—RA L MT U VLR,
BOEAIIERZ RS,
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312 FH 28 EEBEICLHEFHENETIV (BFHEERETIL) &
BHhEMETIL

YRk 28 4FFEE 3 (R ML T, 2017) TI L Rk 27 AR E S 2 (R ) 1T, 2016)
OFATE - il (2016) THEFE S 7= FRE LRI E 7 L GEEV =TT V) (2 2 Tik, [H27
EEEAET V) EIES) 2TV E LT, WE A OB SO FE MR - A
HIZ 7+ 7 —RFET Y 7 TRITERICE VL BE M Tbhis (Z 2T, ®RICEK
DB S N R EBIRE T V2 TH28 BT T L) LIESR) , & 51T, H28 i
BT T L 2B BB FEOME S S 2 L — g UNER S, iR B R o248
Ny R BFE TE 5 X9 2B )FENET L (22 CTlk, TH28 B 1FET L]
ERESR) BAEDLINTWD, LLTFIZ, H28 IEE AT T L & H28 &) )2 1E 7 L O
R,

3.1.2.1. FR 28 FEBEICKSEHEMETIL(H28 BENIEMETIL)

H28 FEB) P H)E 7 /L iX, H27 IEZ T T V2T v & LT, WiEE Lo E
2015 10 o ESEIRIGEE GEE) oFIBEm 2 BRI ELERETT Lok
ER TNt D Th D, 557z H28 EB)V FHET /L OWiEE 7T L OHIREE % X
35, WiEET VAR 36 IR, BEANATA—F &K 321277,

Wr & M 13 Quigley et al. (2012) D Hh5& Hi 5= Wy J& A7 {5 O & A & & BHIC . B PH A& 17 O Wr
JE 1% Heyes (2010) D EJRA 3=V a U TRE L7ZIZIEHEOMER oM EmE, b
PEARNLZ S il U 7= 8 o I A BB 45 A <0 Atzori et al. (2012) % %% (2 Ak B AL o Wi 1 A
RESNTWD, WIEEHNIZIZ3IEOT A F A RERESH, T AT 4Dk
MRS TR ROT AU T ¢ (ASP1) 28 3km, B DT ALY T ¢ (ASP2) 725 4 km,
FRIOT AU 7 ¢ (ASP3) 7% 2.7km, XD H(X ASP1 & ASP2 % 2.5m, ASP3 (%
20m TH D, HRBEBUIIHRE SN TR,
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-43°30'

—43°40"

—
171°50' 172°00' 172°10' 172°20' 172°30' 172°40'

X 3.5 H28EHFHIET L OMBREK, HRERIL Quigley et al. (2012) D HiF Hit 75 ¥ Jig {7 &
BRSO B 7 AOHBIET AN T ¢ OMFBLR REANIAEER MG R £ T,

« Str. = 307°

Str. =85° —
NW SE W E
° i i i A< Surface
2 ! ‘ !
E I E 1
g_ < : < ASP3 EASPl ASPD . :
& 7 e £ il
‘L lL_______!:i_'_'_JI ; i g I
. > | & o
10km i 16km 6km i al
i J
i i
:_ ______ A A ___:v
33.5km
L J L J
West Segment(c3ii Central Segment, East Segment(Zxiis

X 3.6 H28EBNF“MET NVOWIREET VK, REDOEFRIZT AU 7 ¢ JREFNTHEERH
MRS EFET,



7% 3-2 H28 EENVFEMET ILVOEF /T A —X

INTA—4H —a v ASP1 ASP2 ASP3
H 28:BENFRIE TIL) LBic (Fhgr) (3R AN (@& ) EASP
MBERAD #@®E) | 43.5989 43.5992 -
BrEEAE S #E) ° 172.0709 172.0721 -
EM 6 ° 85 85 307 -
ERA 6 ° 82 82 65 -
TRYH A 180 180 180 -
FiREE H, | kn 3 2 27 n
E& Lo, | kn 16 6 5 -
5 W, | kn 9 10 5 .
| Scap km 2 144 60 25 229
TRYE D, | m 25 25 2.0 .
WEE—A2 M oasp Nm 1.17E+19 4.86E+18 1.62E+18 1.82E+19
IR EERE v, km /s 2.4 2.4 2.4 -
FAXEAL Tow | s 2.4 2.4 12 -
ERAH
FTARUYRE Sm oothed Sm oothed Sm oothed
FrEIBE % B ) Ram p Ram p Ram p B
B R 3B S B - s 7.0 11.6 9.8 -




3.1.2.2. FR 28 FEBEICKIBNERNETIL(H28 BN AEMETIL)

Wk 28 FEFE R TIE, H28 EEI M ET VA BB ICE) IFHME Y I 21— 3
UREMBENTWS, BIIFREES I 2 b—3 g d, B & H R HE RS o
BN OB Z BRI, RITSERRIC K VI ZM T 2 =X OREN M Thbh T
%o 723, H28EB)FRYE T /L CALTE AN E i S 7 Wi m i oV ik, B Rk
o lalb—va CIEEREEROWER &R U, BERE R K 9 72 E A K
EL, BETLEOFHRKEEZRKEL WD (KM 3.7) .

AT CIE 23 ET LV OEN N RMNE Y R 2 L—v a U EE SN T D, KK
ALZ preferred model (Z 4Lz [H28 #) /)€ T L) LIES) & L CEEINTZE
FHIRT A—Z O ORI T &, R (SE) | BRA T~ 59k (D)
OWrfEm EosyAi) 2K 3.8 12 L, 5 btz H28 B 1S E T L O WifE i o3 X
0B BREERRG] R RIEEE O 0 2 X 3.9 1IZRT, H28 B ) AT T LTIk, H28
EENVFEHET LVOT AXY 7 4 IZxT 5 ASPL, 2, 3 OKMEIEOFEE TR0 &iX%
NZE34m, 32m, 28 m T, HZ8EEFHET LOT XY ELD /) 1.3~14 1%
KEW, 72, TAXRI T o LUAMZ BT RODBA O, O TH R E m &I
LT RORHDLZENEFEMNTH S, X 3.10 (T S 7 i3k R o 207 &
oA (ZAEL WAL, SLE) & H28 B )2 0E 7 VT K D MR HUE T g o 28 (7 &
AT (RO FER) Lo ERT, H28 B ) ZMET VIS XL DENM S AITEN S
BN E B OIS E 72> TV D,
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-43°30'

—43°40"

171°50' 172°00' 172°10' 172°20' 172°30' 172°40'

3.7 H28 B /1MET VO MFE R, JRFRIE Quigley et al. (2012) D i1 3% Hi ZE W7 & i & %
MAER ST D, BT OOERIIT AXY 7 4 OMFEE ., SREANTIHERMG S 2 LT,
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Stress drop (Masp23) [MPa)

along dip (km)

o
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3.8 preferred model (H28 By JJ#HIET /L) & L CIEEINTZTFHNT A —FDF)
M&th, EroIaFIC, ISR TR, RE-E (SE) | BRI <0 5LER (D) OWiE
[ S0 W T3 N



Slip (ave=1.65) Mw=7.10 (sp23) [m]

0

s 10 )
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o 20 1
0
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3.9 preferred model (H28 EyJ#HyE7T /L) . L BIAFIC, Wrigm Lo+ ~0 & i
B WS RREE O AT & T,
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T
Masp18 (Mw=7.11)
Masp19 (Mw=7.10)
- Masp21 (Mw=7.11)
Masp22 ! )
Masp23 (Mw=7.10)

A Observed West Segment
B Observed Central Segment
@ Observed East Segment

Fault Displacement (m)
w IS
T T

~
T

0 10 30
along strike (km)

3.10 Quigley et al. (2012)iZ X v B &+ 7= M3 HUE Wi g O 287 &5 A (= A ED, U],

SLED) CEhDEMMES R 2 L — v a VIC K D HEHENE OB B (ER) O,

B SFRE S S 2L — v a VIS ETADOREEZRL, 2D b, KOO FER (Masp23)
23 preferred model (H28 EY /1 #HET /L) & LTHEREINTZET L TH D,
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3.1.2.3. H28 BB METILE H28 B HEMETILDLLER

(1) BIHTT Lok

Z 2T, 3.1.21 TR L7z H28 @B HHYE T L & 3.1.2.2 Tux L7z H28 #) )1
EFETNVOHBEZAT I,

H28 FEB) 2 E T L

7 Je8 T D 5% AT TSR 1 3 M R W AL B A 250, (I E R O W E R & LT —
MM RO 2 mO M+ 2WEm 2 E L TW5, BiEm Lo~ I7 220 7 4
DHIZH 2N TS,

H28 & /) FHIE T /L

H28 E&)FHYE 7 /L& Ml b U 72 13 30 & W o i o W fe i D A 2 RE LT
L. WiEHE EOTRIET AN T 7 T, ERUAMCLTRUNRH S,
o7 AT 4B EORBHEENE ZOHRMI LT X RNH 5 Z L BN EATH
Lo ZhUE, HBHEB)PHET L TEE I TV T XD ThbH, /o, T A
AU T IR OT Y B H28 EEFMET L LY B 1.3~14 fEREL o T
Do

WHETNADOERBNEFR 33I2FELDDH,

# 3-3 H28 E#HAYET L E H28 B IR ET L O EREN

H28 iE#) 5 H28 & /) 5/ TR |EODOL

=5 5 )L (3%2)

T Ji 1t oD $& AT T2 IR it} S —
ASP1 .

(v k) 2.5 3.4 (3%1) 1.36

TANXYT 4D ASP2

j‘(Am)D = (st ) 2.5 3.2 (3%1) 1.28
ASP3 .

() 2.0 2.8 (3x1) 1.40
HY

TANY T 4 AL (FFliz7 A7 4B B

YN ) O W e E & 2 o A
2T XN H D)

(X1) HEEBNOELE TR ETH D,
(%2) T BoOiT H28 #HEEFHET VIR T 5 H28EN N FHET VDL TH D,
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(2) IO

Z 2T, H28 EHFHET L & H28 B S FHE T VIS K D W JE D o HEE B R
ik R GREE, 2A0) &7,

H28 JE B =1 E 7 VIZ L D i B FEA 574 1% Hisada and Bielak (2003)1Z & % 3% #0f%

SENHAWLRTWS, M TG T L1E Guidotti et al. (2011)2 & &L TW\W5, H
Wi ST T LA E 3-4, X 311 1ToR L., efffiS cdm s L, 8 Fm
W I 2 —vary THOLNTEHTHEEET LLRLETH D,

X 3.12 & [X 3.13 (2 H28 HEEHFEWNET VIC L DHMER & B E O, X
3.14 XX 3.151C H28 B 1T T VIC K D B IETE & BLHRE O g & R 3, g
*fge & L7850 HORC, DFHS, GDLC, DSLC., ROLC, TPLC. LINC, RHSC ®
8T, BHAOEEIZX 35 LXK 3.7 T/RLEBY THD, HEIZE 2L LD
WY & K AENL % &L BT CIT o 7o, BN EE B 0, 800 ek B8 Se g
Boore et al. (2002) D F{EIZ £ 0 B4 I & it L 7= BRI FERedk 2 iy L CEE P
EROIBIZ, TOEREFEBICEAM 2L EOoa— 27 o V&2 —% i Uiz, BEE
ML T 4 V2 —FORERIEEZRE Y Lizb O Th D, A ROHE B ILE RSk
O THLIHEEBRIZICEH 2L Eoa— 27 ¢ VX —%fi L, S RENMN KT
TANE—FOREWRIEEZHE Y L-bOTHDH, HENREXOA Lo EITRKMEE
R UL BRI Of EOBEIZKAEN &5 RT, KAENEITEENICEEO%
HEB Sy DY LSV DOSEBE L LT,

L AT, BIHINEEREE 2 HES L TELND BB DREER < KAZE
PMEZFMT D Z LT LW, 22 TIEBEEO SR & FF Al S v 7z KA A R &
@K@%ﬁﬁoﬂmmm(mﬂﬂiﬁﬁﬁﬂ O FREBH AL GPS BLHILS O KA
MEZHELTEY, T b %K 3.16 2T, 2096, RRH CHEEO LRt 5
L L7 8 S osEBNSIZHOWT, Zhao et al. (2011)7 B 5 A B> T2 K A BN B & AR
Rt D ZERL I > 5 5Pl U 72 K A BT B O e 2 (X 3.17 (2773, TPLC @ NS i y=°,
DFHS @ EW Jf53 @ K 912 —EB O BRI AL CTRAZEN m2REE R < FHl T& TV it
Bt b DA, KES OB AT Zhao et al. (2011) & B2 [FFLEE D &k A ZENL B3 3T ©
XTS5, K 313X 3.15 AN O LL#EIZIE, Zhao et al. (2011)i12 X % KAZE
MED L ~L & i TRd,

B 3.12 @ H28 EHE)FHIE T /L OB IE OIS W T, WiEifF o GDLC O
EW il TR SN RIEO K& e v A, Al cvhmsE caETnd, £
7=, W@ i #Al o> ROLC, TPLC, LINC, RHSC (Z4ki@ L T NS k% TEWm\iD%
PRIE DK & WRHEAO 72 L 2 3B S CTHR Y . 24 Forward Directivity 2 F 12
é%@&%i%ﬂéo:@i5@%@%ﬁﬂwxméﬁﬁ%?%wmﬁﬁT%Tw
%o X 3.13 D H28 B FHIE T /L DAL T O i T L, i@ ir % o GDLC X° ROLC
D EW 5453 TR E 2K AZBAL B S 4, Z AV i o 1% fﬁﬁfﬂ@mﬁﬁﬁ’
SIETDHHLDOEZEZ LN, AR TIEZ O X 5 K& Rk AENITH S I
NERA & T s TN D,

B4 3.14 ® H28 &) /3 FHE 7 /L OB O HEIC I WO, Wi i Sl ROLC,
TPLC. LINC, RHSC @ NS 4> T, & RIEE O & KES BN L _BAZE T K E W,
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L2xL. X 3.15 @ H28 &) /1M E 7 VO AL TE O g Tld, H28 iE#) =€ T /v
TH ST/l TH - 72 GDLC @ EW AR4Y D K A ZE N B 1381 & & R,
ROLC @ EW B 3B E LV 8 1.5 fFRE WA KAZBMNER SN TND Z &R
D, ZOZEnn, EEVENET AV E AW TEI SN KAEMNEEZ BT 57
DITIE, H29 B 17 E T L oW ER LOT X0 5MITAHBRBRTCHL LEZ BN
%o —J5C. WrJE i AR O BLHI A D NS Ry O fie ROEE A BLANT LR TIEFIT KR E <
o TRBY, SHBIZZOHEBAERFTL TS MLERDH D,

KAENL BT DWT, BlllE & H28 EE) FHIET VIC K DE. XU H28 &) )%
HIET VIR DEE DA X 3.18 ([Z/” 7, H28 FHEB)FHIE T /T K D AKAEN
BITBIN &I R TREIZE/ NG T 2 25, H28 B J) FHE T VI X DK AZENL
BIX H28 EE)FHIET ALV HBLIEOFIIET &V, Z OKAZEN & O FHRM:DE
VWIEL WET VOWEHEEROT XD OFENREEL TNWDHLEEZ LD,

EZAT, WBmEEHOT X0 T 2 BRI O KAEMEIZOWT, A
B - BHE (2017)TiX. 2016 HFAE A HIEE A B INF 1 VG JRURT 28 CBLI X 4 7= BRI KT JE i 0%
DIRAEN 2 e KA HHES) (Fl 21X, A5 H (2016)) 1%, HEIEAE LU O 2T
FBOFT X IxinT 2 E B E S 4 ik (Long-period Motion Generation Area,
LMGA) #48E L2 fe b BIRE T VORI L 52 MEE > I 2 L — 3 VU THEL
REE L TW5D, Z DM, FIERORE DS HET - il (2017), & £ -t (2017), H 9 - fth (2017),
ATE - (2017)TH SN THRY | BB HE & O 30 Ik 5 BIRWE T 65 D K AZ
NOMANEBREINS>OH D,

ORI MR AENEZ T, H28 By )FHET VTR OB EH O T Y
ZER LT, HZBHEBVPHET VAN BT 5 Z LN TEE, EEFHET L THHE
SN KAEMELFBTED ZENHfFTE S,
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# 3-4 M TFHEE=TT L (Guidotti et al., 2011)
(u X pVe D R H)

0

1000 2000 3000 4000 35000 6000 7000

Vp(m/s), Vs(m/s)

3.11 #h FHEEE S/ (Guidotti et al., 2011)

3-17

Depth Thickness Vy A p 0 i
(m) (m) (mis) | (mls) | (kg/m®) (N/m?)
1 0 - 300 300 600 300 1700 70 1.53x10°
2 300 — 750 450 1870 1000 2000 100 2.00x10°
3 750 - 1500 750 2800 1500 2300 100 5.18 xX10°
4 1500 — 5000 3500 5000 2890 2700 200 2.26 X 10%°
5 5000 — 20000 15000 6000 3465 2700 250 3.24x10%
0
1000 —Vs
2000
E
= 3000
g
=
4000
5000
6000




3.12

BRERT. BIEOLE EOBIEITRAME (cm/s) 2R L,

(em/s)

Vel

Vel.(cm/s)
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Figure 6 Comparison between the horizontal permanent displacements and the GPS data.
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Syn.(cm)[H28 dynamic model]
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JEHE EDIEFHEOT R BEAHET 5 -0, MBS Tl < 2R Bl
HIfE (B 21X, INSAR 7 — 4% %) L DOHBANELEEZ HILD,
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3.15. FLHLEE

ARHiCix, Darfield HUEBIZSOWT, B A#EIT (2017)TH 7z H28 B /)51
TTFNESHZICWREIETOT D (LMGA) &% E LIz bERETT L (H29 iE
FERET VD) ZMEFE L, H2 EEPHET L LIC K D KAEN &L, H28 B /)
ZET N LD ARAENEEZBRFER &, 70, BNEICHT2H3ME S\ E
L7y, EFHFMIZoOWTIZREORMATE I N,

Wi, ETFHBOBR SN kAEBMNMEOHFREZIES -OIC, H29 EE)ZHE
TV 1 &I, MIEMBEWEO LT HEOZEN EFHFT D L 5T 0 AITHET UK
5 E SR EERE TV (H29 EEFRET L 2) ZMEL, 70 A0Z{KITkt
T ORI R A E M L7, Fl SR AEMEIT, TR AICHET RS 2 G %A
EEFERVWEAT, WEEFBN A CTHEERZEVA RO, BIREORB OO
TR T NG EZ B IRBRNEEZLOND, 2O b, KAEMNEDF
WX TRV ATEETHD EE2 5,

W OW TR, H29 EEI T T /L 1, 2 & b IT, BN e~ Ctd R EEA &
RHLZENDD, TNERETE DAREMED — DB GHFEREZ /NS T5 20
FF oD, ARETIE, H2O E#BHFHET L L 2L HICT ARV T 1 & LMGA T
B OMBERTEHE A E L THD0, By IFIE Y I 2 L —v 3 2 K DR
FEHE I THREOF BTN LV ERNIIZHE R TELS . 20X 5 R EE k35
LRI A LETE 200 LRy, SRITBMECTEDRICLD2EEORF b &
ELEZIDND,

% 7-. Darfield #1E T3 KK 5 m L O iR B8 O Z A B Sz, L
L., 20X 972 K& 2860 &3 B S v 7= s X BB A0 & il TV 5 7
B, HERBHFE SO KAEMENGIIWER EOZ DL > R KRERT R EE RS
DL, WiEE EOREEEO T BEMET H-0IICE, A RITHESR
B2 TR e < EMAO R BIME (B 2 0E, InNSAR T — 4 %) LOWEAMNELEZ L
N5,
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32. BIHEMBIESSAL—Sa VvDER

321 EH

AKFmT =l MTBWT, Fx i 2016 4 Mw 7.0 FEARHIE OB ) FRIIE S I =
L—va v aiiole, ZOMEIT 2 >OWEE 7 A b BAAWEOILE & A m )l
Wi, 2fE L7, 2hbD2o0%v 7 Ay MIRLLIEEAEERMTNEL DL, £
DI OWE > AT NI KMZIRE oo TWD, < OBE R TV XA H)
Wrkg BICA Cle o T, ARBFFEIEAN BT E OEICE R %2 4 T, Bk s icirEt
T A N EAET 5, Asano and lwata (2017) (2 K 2 EE LA RK TR0 BT ILNE)
Y S 2L —Ta VOB T Y L LTHWSR S, Asano and lwata (2017) 0 &
BT VIR 2EMEBRAEZ L O5 DO HEEIE CHER SN THDTRED,
KGO EB) P R0 S5AE T VAT BB IS xS U CEY g 235° & SRR A
65° & bOHML I N —HKOWEET VICTHEI NS, B ) FENRBET T L OW
JEDKE SITE S 43km TIE 188 km & &,

F—AT v TILEEBFETROETALOT R SMNDE H 2 bivd 4 BTG )%
TOWETHD, ZOBKDZD, IR T 23R 3 % 7-% Andrews (1980) D
kxR, i, BATEERO B X T, OISR TIX, B FEAMEY I 2 b
— g VIR THEENTE TR AR EOEEFHT VI —KT5FE T, #
EIND, TOFHE T, ET— AL MIEBZENET AL OMEICHEIND,
Of 8T 18 OB I LMREEE T LB RDO TRt THESNLS, T4bb, ¥ Ialb
— N SN R MR GHE LA OB L THIRMRE (WEZEAL) MBI
MEIND LI, IWNETOFRE A THE ETORERT D BREE, 58 BE,
BEOT XD ARHL DY I 2L —2a (I LTEFSN, KBEENARDOND,

) FRIMBEET VX, kE (SL) FORNOWEERHIN > 72 & H)0 1.5 km X
BAOETIET (0205 -1MPa) & K& Z2ERAT <0 ERE (087225 15m) #H2KL9
IR A =2 SN D DT, MERFICIRE = R L — RIS & LT <. ERET
2

B )FHIREES S 2 L —3 g O OICHEE SN TR E OB ) FIE B TILES)
FHET AN OIS TOK 70 % & 705, FHIR I TIX 2.4 MPa, £ L T
RRIGTIEE T X 16.2 MPa Th 5, HENVFHIA =T a U bBlEHIN 5T
AITEEHF CAREIZRD KO HZ D, Ao~ M 220°, 230°, & KU 240°
EENENHOET L 14, 15 8 KO 16 (LW MR B L T OB AN I LT
NRANETNVTHLIN, MIBBIO T v 7 4 71 L TETERNF RIS > 72 8IS
DNBIZKFELTRERD, EOTTANRRANTHINOWREILEDBEIT — 2137
A4y NTREFRTHLI20IEKFET D, Bl xIE, BLA 93048 (FEFA) (2361 5 H
RENVEMEZ T 4y bTHRABMET VLT RY M 2400 HDFET /L 16 Th D, B
STWEAENIZBE LTI, 70/ 220°% H0F T /L 14 BN X B<—H L
TW5, KFEIEZ, —2OETATTXRTOBNE 7 v FIHLDICE, RYE
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TRIHAT R FRCEREH T, 2L 0@ N FEOEE T ANRME L 2D T L BRI
LTV, B ~OT XY AOMPILTEEL Y bBITFERCTHEETCHD Z LBy
MmoT,

MRWEONREZFTMT H72DIC, ET /N 14 (MERMELZ D) ERIL/ANT A —
S % b OBAERTE £ 7 VR S v Ts, IR IETE LI TE 0 ] 0 48 N7 R B Sl R
B OEN I EBIHR THE ISR D, Thid, RELRKALZN &5 & 23 HZ W
BOMPLELTELD 7V 7] RO DTHD, T HOBRIE., WIEMHKED
MIFITES 2D & S MFmITAEL DA (offset) 2L o> TEICHEEZ SN D RS
WSV A BT D

KR Z KD < D720, A ITBH SN TcW BN O TGy LBl sz
TN PE R E O 2[RI K 0SSN AABMITRNT EAR—FEoTnDH Z &
RSN, Lo L, BB O BT EOR—BDEW®DH 53 224t 2720
2. WELICE WY S 2 b —va r B VWSSO RAMEN RSN S,
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3.2.1. il

2016 4F Mw7.0 AEAH1EE (X, Shirahama et al. (2016) THE SN TW5D X oo, L
JEZZ > THK 34 km OHILERME L £ UTe, T OHEORERIL, B KB 2 BN I8 5T
\Z & % K-NET. KiK-net, F-net (Okada et al., 2004; Aoi et al., 2011) & L OKLRITEE
B 2 ~ b U — 7 (Nishimae, 2004) D FEJFUT 5B S CRigk S 7z,

T EFEET BB RN S A EATREY . 2 OEIZEIRO BT
ﬁfﬁmﬁ%@%"ﬁﬁ%i<ﬁmﬂéhtﬁﬁ(Dlo&bvié»Kaaﬁ_~otié
D HIC, HERAICHE Y WELE IR L EN S OB &2 HE T 5 7212, Shirahama
BN K o THEAT I BRI R A A3 A )1 BT g 45 00 BUER & B 2R KB iy o
s BN EERH L, SO ORET. ZOMEN B ESAWE & AR )
D 2-oOWERZMEEL, ME)IEETH 2mIZET OMBEEMZ SR LD
EE. ORIB LT,

Asano and lwata (2016) T#&E S LTV 5 K H 12, BAERAWE & A )1 e 2% LT
FhZEn2o0% 7 AL b %%Oﬁ%@ﬁi%ﬂwﬁﬁ%maﬁ% R=Varnb, K
EOMET B ZANE OS> TV O WiE i OBV D A X — K
L. %zhﬁ%%ﬁﬁﬂﬂluﬂz _%@%’rot

Z< OBEERTVIIAMABNKEICAET, BRABREO RV b E 2 Exiic
RKERT R EH O,

Asano and Iwata (2017)1Z. 5 OO FHEWIEET /LIC X > TR EN D RMTFEIT LY
@%@%ﬁﬁg%?W%ﬁﬁbf4yﬂ~yaV%ﬁV\ﬁ%®%@®@ﬁ?%%ﬁ
ETNEEENR L, 3.34 [FEFENFHERA A= g THWS L B ESAM
J& & AT )W g o & ﬁ%7w®$ﬁl B L OEEEN B S 2~ 3, X 3.35 (X Asano
and lwata (2017)DEF LM BEIR A o N —V a LIk > TELNIZRE TN Hfi%
B, TORTREND LT, FRETNARNTA 7 « ZU v 75 HEAWE CHEl
TLNR, ERICHE2DLLT MBEIIEEITEMTNA NI A7 - 2 v T2 TR
SBHEREWMET X0 A0 &2 G L0 B Tkl L 72, ¥ 3.36 1% Asano and lwata
(2017)DEBNFHIEIR A > N —Ta I L > TELNEZT R AICEL CoOEMES %
RLTWD, MMEEEIL, RER TR ATHREL, & ICEBETREEMERN
KEW,

Asano and Iwata (2017)DIEZFHIET WIS T D 454 (K 3.35) (X2 OH
EOB N FIBEE TV ARBIEL-00ME L LTHWLND, B /)i s
Sal—varolEboEAOTa ST AOBRRICEIY, Ky y FClE. Bx
VAT TR xS U CFEE A m 23.6° & SEEIME AN 65°% b 2 Bk S 4u 7= F ifm 7
JE (X 33NEHET 5, BIFHBEETT L OWEKE IIEE S 43km, (1§ 18.8 km
LT 5,

TeroFERT— 1T, AENEEOMBHEL ZOMEBICL VSR SN
EREGEHMESHEZFMT 52 L TH D,
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3.22. BHEHNBWEETIL

AT vy = FTHLITER 235° L HEA 65°, K S 43 km & iE 18.8 km i fE %
b O W g O Bk S 7B ) FRIE T T L A AT 5. Andrews (1976)12 K o
THEZONIEETOT XY g9LEE)S, B ) FRIEY I 2 L —3 3 VO DR
KETNELTHWOND, —IRICHE T T /LA E T EE OB S (FERA) (2t
L ThHEzb6n5,

(1) W51 T e
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¥ 3.38 G/ THEDIEF, AT v 710 AT v 7 6 OIATHIE, /£ Lo
BIZA Y T NVOEBNFIE T IS TR 05, £ TR S 2T R0 5
i % 79, 47 E1% Andrews (1980) D ik # H W CRHAE S NI BE T, 4 FikEh )%
BEY S 2 b —va VAV L R DB SN RKIG BT,

3-52



Free 'S(J?ﬁ%at'c slip profiles from (Asano and Iwata ﬁ?,} -erth
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(2) B AR T 0 O — R Ay 722 R
R EES R

3-53



(3) HESEE) I RIREEE T L
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323. BHAT—REDLE

AR O X 51, 1T~V M 22004 b OET /L M4 IFBHl SN =B A7 4
FFH72DDRANETNEZZ NN, BHISHTZHERZ 7 0> T 512134
FLERZMET AT, R 3.44 O TEFR I TV D W fisir 7k

i—ﬁbfw&wk_éﬂ%éo%%w14tﬁb@%mﬁﬂifw&%%oﬁf
RO AP HET V15 (T30 £ 230°) RET 16 (T30 £ 240°) [T < oM
DOHHRT—ET D2 HEH A2 AET L0, BiEEMIT—H LRy, Zhil, ol
T—=HWZT7 4y FSHETEWVNZEGFELT, 2RO 3DDET N (BT /1415 H 5
WME16) D1IONELLBEWVWETALELTROLND, RIATIE, 2 b 3250FT
BB T — & LDBIZHWGR S, IZLHIT %n%SO@%Twéioféﬁ
éhk%%%ﬁﬁﬁw?~&kmﬁén\%n#%@&%&o%ﬂ%%%ﬁﬁw?~
ZLbigsihb, HEBOE DI, 344 TEZREINTWDS KO e
BB AN BB S I, ER bMOBREN BRI NS,

@

KMMHO1
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. /’/vgmmooe
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>
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o
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L]

B 3.44 HURBILW OO OBRIGILE (FH) & M S -WEE 7 LR
¥ KRR o BHEO RSO OB IXEEEE Th D, IR O A
OB AL BT & Bl S D, E%ﬁiﬁﬁM(i@k%bEﬁ%)kH%&
Wrig (LD /hSWRHE) OFEEEOKEO K ZRT,

(1) WrlEZqr

Wi Ix, HRIEIC L DWET X0, T7hbb, BHREH TOEZE (X7
v h) L ELTERIND, RUFFETHO DL BLAINEZ 071 Shirahama et al. (2016)
Lo T, 5, HiEL ’ioféﬁj‘zéhﬁ::%%x NI & % A bk
T, MEEMEZET 27201, REORBRAELZEOBIZBEHHEZI T2, Z O
EILEWE TH 34 km qﬁofi&i@%ﬁ&ﬁ% U 72, M ZR Ak AT g oo B & B 43
DG T O AL Bl =, W 250 D e K O Be 2213 )BT Tl KT 2m & 725 T
W72,
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3.45, 3.46, T LT 3.471%, £F/V 14 (T £ 220°) ., €57/ 15 (F
Y 230°) . ET V16 (TR0 A 240°) DA D ALTCEE AN & A E )T IC B
BRI BN E D AR, 2D OX T, WrEMmIT AR A (93048, 93051,
KMMH16,35 & OY 93011) THLHI S AL 7= I HiFR Eh oo 2 [BIfE5r K 0 15 5 a7z R AZE AL
LEEZBLLHE L —RZBEEEINL T2y FEINTWD, 2 b OKAENMIT
Wrg 2267 Cld 72 < | EEICITRKOMBER ICREONDI b D THDHZ LIZHEET D
VEPRDD, L, ZRHEHBEOTIES THLIND, ZNOLDRMKEMIE, i
T K78 D i Z a8 D 4> (dislocation, B WVWEVY) 2R LTWA DT, FHED KBS
DIRMEERELTVEDOTHA I,

RANC, Fx X 345 TrRrEN LB S NT-WiE AN (MFHETOTRY) B
& OV g A 5 48 C D AR KB 2 FHA 9 % o T g T 5 08 C D K KB AL 1T MR R T &
HF AL D i OB\ E O (dislocation) 2 i R T 5 & B 2 D & HEHHTE T O KAENL
RSB EM LV /S, AR L bl E IRy &< MHEEROTRMME O
WiBIZBWTIZZE I RDTh A, MR EENE (2 2 CIXHEBERTEOLE
TIEARWY) TR, KAZBNIIHEERBIE DT X0 D5y (EorOWEZEN) O RKEE 72
WEZRA L, TO L WEEMIT (T0) IKAMBIHEMOBLSLZHETHD
ZERHIFEND, 2O BIFFITE IS E S RFRICEIR 93048 X°
93051 TOHEZENL TIEAL Y ML= 720y, BLHIAS 93048 (23617 2 T E A /0 1EFEE 12 @ <
2miZET D, Lol BrEZEosifl GHID) Stz mE Ry IIWE o Z ok T
FIZIEE R THDE, 2RO OBHIIHE L ITMNPICR R THY S LR DL L
L35, BLA 93051 X° KMMH16 O %A 121, KAZEMITBR S =0 SIZIXFE T
RIELR->TEBY, BTy Ial—YaryOETERLNS,

ET V14 (K 3.45) 226 OGS iz BrE 280 & B & O g i AT (BT )
Ay (RAR) 1okt L CIEERIC R WA, |ELS (R TR v, RERLA
B S AV ZENLIEA L m O EEWIE AN A TRl L TV D & 2 A T AP o Hius < E 1
FIEEaIlsTnD, Al (h—%) OFKRI Wi EAEAM (E#) 1 Shirahama
et al.(2016) DHEE SN AF B AN (AL Uf) L RELZ2-oTWD, Bl
NT-W BN DOIEW BRI THE SN TWARWR, ARENEZEA (FH) 134mml
Wi ORI > THR 05m EHEE L TWD, ARk S -t R0 A o#MEIx
B E —H LTV,
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5 Futagawa Fault Displacement (Model14)
—+— Estimated total slip(Shirahama et al,2016)
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25| * Obsered (vertical)
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—— Normal{Synthetic)
A 33048 (parallel, HW)
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£ 0 HAE S BT 2R AL & o LR,

Futagawa Fault Displacement (Model15)

T T
—e— Estimated total slip(Shirahama et al,2016)
* Observed (lateral)
2.5 * Observed (vertical)
Total(Synthetic)
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o H —— Vertical(Synthetic)
—— Normal(Synthetic)
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Model14, Model15, Model16 (Freq= 0-0.1 Hz)
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Model14, Model15, Model16 (Freq= 0-0.1 Hz)
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Model14, Model15, Model16 (Freq= 0-0.1 Hz)
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3.24. BE x HERWE
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Model14 and Model17 (Freq= 0-0.1 Hz)
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Model14 and Model17 (Freq= 0-0.1 Hz)

0.05/93011 ] = 0936+
= E
£ 5-02
2 3 -04
2 g
O o6k
0 10 20 30 40

Velocity (m/s)

Displacement (m)
oL s e
=

5 0.08| ——Observed Eos
[ — €
E 006 Model14 S0
| ——Model17 g
801
a2
o 0
0 10 20 30 40 0 10 20 30 40
Time (s) Time (s)

4 361 MEMEEET L (74 14) LWFEBEET L (ET7/V17) ITL-> TAE
ik S A7 3 BRSy B ROE B S K OV ER B & I e A5 O AR MBI X 93011 (R PTRR
FHTES) T OB S & O gk,

Model14 and Model17 (Freq= 0-0.1 Hz)

EW
= "% KMMHo1 £ o0s|
2 = 0.06f
E o0z g 0.04 KMMHO1
-‘E & 002}
s 0 g 0
2 2002
0.02 8 sl
0
0.03 —
_ g0
2 o2} p=
£ g 01
> 001F c.E>
g o Boosh
= 001 &
. &,
0
& 0.01F —Observed E
£ 0005 | ——Model14 z
> 1S
= 0 @
g 8
3000 3
-0.01F a
0 10 20 30 40 50 0 10 20 30 40 50
Time (s) Time (s)

¥ 3.62 HIRMEET L (£T/V14) LWEEMETT L (ET V17 ITL-TE
Bl S AV 3 sy DA R EE - SN R E &oam FREEELR R KMMHOL (FEdk) T o#LHIED
B L O E,

3-70



Model14 and Model17 (Freq= 0-0.1 Hz)
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Bk S MMV 2B O L IR B ORI IER DM 2 IE LT E Lz, LR ICHE
LIENTG A= AZT L ORNFERT, £lo. R 3TITRFNTr—A—HE T,

O A I PE DI DU T O RERS

EENVRE A 20%IC[EE L, BIREOEAWRIMED Y EEZ K 3-8 Ofis L, A
W D iE 2 T 3% case01~case03 & L7234

QLRI OV T OMER

ZE BN AR B A BEATE SCHk (Ml 7745 (2013), #H 5 (2011))72 6, 20%., 40% & L7-5&
(case01, case04),

58 L O e 78

R A 284K S H 72 Y6 (case01, case05),

* 37 M r—2A—H

| A W I O g EEaNfeE | W EEA
BAIE BB (%) (deg)
case01 GO0+G0 X 0.990 G0x0.010
case02 | GO+GO0 X 0.999 G0 X 0.001 20 25
case03 | GO+GO0 X 0.900 G0 X 0.100
EZ:gg G0+G0 X 0.990 G0 X 0.010 28 20

1.058 x 10

2 / 1\
1 AN

0.00 0.50 1.00 1.50 2.00
H A BTEIHE (X 10010(N/mA2))

— EIFE40%
— TN FE20%

3.67 ERAX
(B« & A WrRIPE ) 1.058 X 10 By D 28 B4R 5L 20%, 40%)

# 3-8 [CHUBWME —E A2 /Rrd, RH O AWM XS A BRIPEOE %2 ) 5 B
DOFEYE & LT, &7z Ml \ 21X FERRIE Rk (Drucker-Prager B o (R ILHE) 2 B8 L 7=,
£ 39 ([THUEIERUE R AR, g, A EITVE 5 (1985), HulE 5243 (2011, 2013),
SR BEITRE LT,

Wi mik, SEAK 28 AR - W@ AL FEl FiEORFFEEREELSEBICa A b
HRETET ML LT, £ 3-10 ICW B oM %2 R,

W
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# 3-8 HuUBMpMEE —E

E BE | qroom | CABWIEGD
() (Kg/m) (x10%° N/m”)
0~ 200 2,400 0.310 1.058
200~600 2,500 0.204 1823
600~2000 2,650 0.244 2714
2000~3000 2,700 0.248 2.940

£ 3-9 WA - HUEIEROE RRIE

KA JEE B2
(X 10° N/m?) (deg)
1.0 35

# 3-10 Wi OB a A » FEE)

PR LR AL . e W) JEE $2 A
(X 10° N/m?) W B (X 10° N/m?) (deg)
7.0 0.33 1.0 15

(4) LR RAE
3.68 |Z Wang et al.(2003)IZ L 23V &4 7T, KHE Lo SHROEELS FEM

O FREAEE ST 5, Wang et al.(2003)i2 X A E S FHE S o fEI K &
[ DZENL(X,Y,z Z57) % ] LBESR ~BREIZENL & L TRE LTz, 3.69 |2 7= BN
Fe L 2% x J5 i ORI 2N 53 A & s,

, e T

08 06 04 02

Along D (km)

cemuwano

(BB LB TS B AU BIEE
([2]Asano & lwata 2016))

(FEMERESERD)

3.68 1 £ (Wang et al.(2003)1Z L % #E F)
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(EEmE A

&z )
e\
\%&@é

e

(yz {8 E(x & 131)) (xz 18I E(y £ 181)) (yz {8 E(x E431))

(Em)

4 3.69 LSS (x J5 17 5 ) A2 A 4 A X))

3.3.1.2. BITHREFELD

B4 3.70~[¥ 3.72124 47— A D X FIAZEA K OWEPEE T D 3 ot EfE M % R T,

X 3.70 BL O 3.71 26, iE5 OB E AR OE W L OEEREE
ERELIZBEOERA~OBERFEWVITIRA O,

AR IE DR E DA A B ORIAEE O 0 2 F O RIE & H R ER 2R IC#E
THZERD D, AL, ZHEKRTERSMEZFFO XS RMIMEEZRE L TWDH3,
R R EOE VT D & 0D, BIPED ST Y X208 KFHREFICK T 5 %5 513K
VW, MR TILH DD RE O FEIZ SOV TIIREMOR EIZ L 0 ENHTL %,

Arlal, 22RO BPEITE)D X T T oW T, B AKTRIPEDE O E VI L OEBIMR K
EEFELBEOBE~OBEERBEVNR RO RN T2, FEMRIERE DI TINEAE
MENOEAND 7o X 1T, THURZERAEIZT & AICERE Lo 22K TI
EEEAHTEOMIME TORD HNE L TWDEIDEEX D, MUEDONT Y X525 2 D5
WZiE, A MRMEEZE L2 MM 72 B CAHHBE 2 Z 58 L 7otk (RIPE) DO R% E 2 B T
HZRENHY ., PIZIER—Y T =X EOBMBERT — X 2 FH Lo T
FOEBOHTFIZONTORGTEBAL— IV OIERPREEE 2 5,



(BMHEH) (BMHEH) (BMHEH)

case01(G0+ (GO+G0 x 0.010)) case02(G0+ (G0+GO x 0.001)) case03(G0+ (GO+GO x 0.100))

370 x FIAZENLIS JTOVBIETE A 3 YRoT X (E A I OIEOD Her)
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(BMEH)
case01(ZEN%E120%)

(BBME»)
case04(ZEN%E40%)

371 x WML L OMBMETE 2 3 YRt 5 fiE i X (L B AR £ D LEiR)
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(ZBIE=EH) (BBEEH)

0
-02
-04
-08
-08
-1
-12
-14
-16
-18
-2

case01(EREEEMA35 ) case05(PIERERRA30" )

0,

3.72 X FIAENF JOVAM:TE 20 3 Yk oo S (X (PN 3 R 82 A 0D BLiR)
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3.3.2. BT IEEZ 1 FDRE 2(2010 £ Darfield H#158)

AFEETIE, XEICHBETMEOBRFIES LT,

(OFFHEALERET LOREEIC L 5, EIREE O 2 8) /55

QBN /1FMEY S 2 L —3 g T X A ME D KAE AR E

Q) fE-CHE =, MR D IEMRIE & B 8 L 7= K8 O F AT

ERELTWD, T 2 TR 28 1 - Wid 20 aF il FIE O R FEREEN D
2010 4 Darfield HIEAZ X R L LB N PMES I 2L —2 a VORREEANT —#
FERICE 2 DMEIZEN) & U, RIBOBAEMHT 2 Fhi L=,

3.3.2.1. BWETIL
(1) FiRAT SoF 2 REIG
T ZTiE. X 3.73 @ Point5 J&10 & M GRITIENTE TV 2 B L T2,

e Point 5~ Point 4:8c,
g",‘[‘} ,Z:R: 2.5m g ?'3‘“
 <tm S: 1.5m ,'Y"‘ ‘

X 3.73 M 5(2012) L0 7'V — 2 F — VI E O FH A #S (BB &
Point5 Hi i D BLHI B H (T BY)
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(2) fEtr €7 v
2T, WiEmE AR, LA RICET b LTz, W 374 ST E T L &
7?“?—0

3.74 fR¥rET v

(3) Wy fiE

#3101 [CHUEMMEE B A2 R T, £ 311 OB I FEMEY I 2L —va VE
MERFICERE LB & 72 D0 AT TIIAEROEAWRIMEITR 3-11 O A Wi 2
I BRI 20T T v X AR E L, 0. MBI IXIERIE R
(Drucker-Prager B O BRI HE) 2 B & L7z, & 3-12 |2 MR IEMUB Rk 2 o= 9~ (RROE B 1%
Mg T 543 (2013) 2 & B 1T E L T2),

#F 3-11 My

%‘E{“s T J@/ul%ﬁlﬂmzeo
(Kg/m) (x107 N/m")
1,600 0.1667 8.571

* 3-12 WrEfE - HOERIERUE R

KA JEE 72 Ay
(X 10° N/m?) (deg)
1.0 35
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(4) B At
FKJE OWrE AL BER AT TRIET DHEARMOBREITH Tz - TE, Pk 28 F 1 -
W & ZE (L APl FIE ORI H R WS HE 2 S B I F ORI TRE L,

@ENVFET I 2 b —va v EELEBEOWREEOENT — ¥ & it

OBSIF I ab—a rOWER LORKAT v T OEMT —F2EANTTE L,
Wang et al.(2003) % fff > TEANL & FH5H . FEM BERNCE O ENL 2 i3 5,

B NFvIab—varickaWEm EoEMT —% L (b)) THItH L 72 FEM 8
WO, AL E OB T — & & WiEEMEBEMRT OB &ML L TRET
%

KARFEEDOREOWEENMEBAEMIT TlX, BIIFT Iab—va VICRORKEE
MaEAr Ty b LIEBENMBTZERL TW\Wbd, £07d, EFl Wang et
al.(2003) &M~ 7B A 7y FELTEHBETHL B FE VI b —v a2
L DBRMEMDA T N EFIERBEOEMN A OBRENATREEEZ D, |
FLFNRIC L A% & LT,

XEHR I OW K OZMITBE) 17 I 2 b—r a COFRSR, KR LN D%
fi7. % Wang et al.(2003)IZ THBE L7=ENL & L TW D72, WrfE m K & K o /A2
%®%&ﬁ?ﬁﬁ %, ARFHETIE, EHOEMIMIGIRZ MR Lo E £
W7 T JEE S s Bl RIS 2T A L 5 B OB E A LT,

B 3.75 (2, Wi s OV i 3% 8 O RGN AT M 2 797, SRR, Wi
ﬁki@fﬁ THRAIENL 2 R E LT, Wi IR E T MMl AT, &) FmiE s
2 b= a Y ORERN B FEM I FH R AL E A~ LERET S, i OB AL T
Wrig L Lo R WES S 2L —a v nb B LA ZE AT, Wang et
al.(2003) 7> & 3R 2 Kt e 1t 70> & W & i sef i~ D QL AT 72 D K9 Rk E L 7z (B if
A D ZERLNZ 6t 3 2 W i okt i A ZE A 22 1%, 0.99 £i%),
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Eff R 58 12 fir

BB

B3 R e IR B e

X 3.75 WrlE i & OV (2 5% E O il 221 4 46 X

(5) fi#AT A — A
VT Jeg T AR 0D ZE 2T %t 3 2 W i ek A ZE AL 2228 099 5 & D Z b T 2Tl
WrlE i & W o i DL Z2NT A —Z L LT, LTFD 27— 2 %EH LT,

#* 3-13 @Rt r—2A—%

br— A4, 2
case01 Wiy Je e & W7 e k) g O 8L 7 0.99 3%
case02 Wiy Je e & W7 e k) g oD 2837 7 0.50 3%

3.3.2.2. EITEREELD

B 3.76 I — ADENAIK & BIEELSAA X E =T,

LB DT I TIE, BEFREAE D FE ) SR O K/ & &3, 3 i (I
Brdds o L) OmEE I K & < 25 mEr7,

AREETEET HRERMDZ2BRFITE T, WE B EITREERE T VO
ERE P EMWEE S I 2L —2 3 T, BMREEHET L) RETICE D EE
L. REOBEMHT CIIWEITRREMELE LTEX, TOEBICLVELOEN, &
EOIRBEZ MR T 5, SRIOMITICE W T, Il loxt L TR EERET L
DREEE (stepl). BNV SIHRMREES R =2 L —3 g > DO FEfi(step2) 2 31T T, B f1HMEES
ab—va URERE R E L TREOEE T (step3) D —# ik 4L D fEHT 2 FE it L
K g OWHEFEIROFAIZONWTHRB LTz, SEIOMHTCIX, BERFHGEORELZIT.
HFHEIZS < OWEBEHEIROFKAELHR LN, EHE L 0BAEL B E 2 72 8RR & 0
DHRECHOWTITHRBEL 25,
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(E I smE)

(BBHEH)
case01(Z{11%=0.99(F)

peckind =,
- (EfrmmE)
0001
000005
00000
000085
0.0008
000075
0.0007
000065
0.0006
000055
0.0005
000045
0.0004
000025
00008
000025
0.0002 3
000015 v t
0.0001 2

(BIEEH)
case02(Z {1/ Z=0.50(F)

3.76

BRLGIATIFS J OVBYEE 53 A X
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3.3.3. HANERXICE D 3 REMEH

KB OMMIIRITEM PR E AR B 7m0, KRETERIBEICHE L 7= 5l iR b7 i o 5 A
BEECTHD, AETIE, BPNBBEMIC L > T U5 B8 2 M CRAT 5
ECOBEANEE R T S 7m0, B LR R & k4 & L 72 3135 % 75 (dybecs)
I &% 3 WL & £ L 7=,

3.3.3.1. BITHRETILEEREER

WA RIS T, Wi AN S IR ERORFIZIT O 72O DZ < OFEERM
ZINTHEY ., EHEB 1999 X o TITh AL 7o B3 4L 7 g 0 118 B F2 55 2 fif At ot 5
ET D, TOFERTIZ, WEEELY BERE T2 MM 5 LT, Bl YERD OB 1
WEAER L, BRI TSRO ThoW B AN Z A L7ZBICEn D REERORK
HEITH-oTWD,

FBRCHEH SN2 EFE O JBE 100mm O S EEVERD O MR S 1%, b4 & 2630
Kg/m®, 1@iE% & 1630 Kg/m3, [kt 063 TH5H, ERTHMP Sh- LK 3.77
T, £, M 378 ICERMBR LV RELEROERDOERFE =T,

3m

B 377 WL D LR ER ORI E

0 50cm

D =50mm D =300mm

X 3.78 HKEELWKROEREOK T (FEiHEOEE 100mm O EER 7 —X)
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3.3.3.2. BITETIL

5 (1999) D EERR 2 25 (2, N CIE 2.5m, BATE 6.0m, +/E/E 0.4m &+
EFLVEER L, BAE FRO SNy X0 V3 E LT - TERE O ORMRIEE T L &2 1E
B U7z, BEH#E ORI FITEE 20mm, 25mm, 30mm O 3K L L, FRIE X4y DR
RN ELL DIV ES G272, RvF U 7HETIR, LvEBELTE2D
CEBRELE W%, B0 PREW 21T TRV, RENICZ OMRE T L O
BRELIE 065 & 7e o7z, RTET V&K 3.79 1, FEBR LM &RMEO i %E2 R 3-14 (1
eI

TR EEER T ey 7 E LTET ML, FERTRE STV D HRK 500mm O W g
TN, BEREMELE UClNS 12 FOANT D2 & THRICEVEWVWE B X T2,

3.79 Wi SEER O fRATE T L

#* 3-14  FERUZSEER L ARAT SR AT O PR

AR | T T L
I 1 % FE (Kg/m®) 1630 1550
R (Kg/m®) 2630 2520
i P b 0.63 0.55
JEEHE A (deg) 33~37 35
K 17 (N/m?) 0 0

B, NI CIXERIEEE A FEH T 5720, RAREHRPIRE LR 12T
FEBRE N /NS D EEZDOND, 2T, BHAYEEEZHWS Z L TRBEOSE
TR AT, EEAN Y EEERIEIK O 5 (1993)IC X o TERE S 0 DEM fEHTICE A Sh, BRE
FIAT TR DESRFE— A FOER &M 5T 2 2 L RNHK S,

A, BORRES & L COMBERMIL, ERABGERLELEET DL LD ICHE
EITHIRETH DD, RRFTCIINEEEA D DR BEEAH AR L, AT —
Z L LTHEEN Y EEGEZ 01ICL-b0 L, L0 EWmERERSEOND, RV
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FEBLRE03 & LT 2 r — A DT 24T o 1o, 208 0 BEBEEEAREVIEFE, ©—7
SRIENRE <720 BEERIIS BT RRARIZ/RDS EEZ6N5,

3.3.3.3. BRITHER

fEMT 2 T L7 2 77— A%, HUBSRELDSMCBE L Ciddt@ Th v | 530 B 0.1
Dl —A% Casel. LOMBEDOE W 03 D7 — A% Case2 & L, EELROHIN T D
W E AT S, M 3.80 L 38LICK T —ADRBLELRDOETFERT, FNAE
AU, 250mm A% 1T T L TR W e R O 28 IRIK . WiE A& 7 O 2L AR . ST
HEOER G Hi %R/ L TWND, Wi — A THIBE LOESICEFREREOL A LA Z
ICRERNTABENRBDOND, K7 —ATKE BT ARV, BERITRED XY

N Case2 DEFNBRKREWZ & 2R L=,

BB 2 260mm BB 25 7250mm
p
BB 2 260mm B B 25 41250mm

’!‘f/u

B 25 R160mm B 2 {1250mm

3.80 ET7 /N EMORBLROERF

3-90

REEKR
(250mm*&F)

¥ B2 f1500mm

Displacement(m) X

EZSOOe—O]
I

£0.125

o

0,125
E»2‘5008-01
Displacement(m) Z
1.000e-01

E?-o.os
-1.000e-01

¥ B 2 1500mm

¥ B Z42500mm

(FR23 0 BE#R 0.1 77— R)



REELZKER
(250mm*&F)

BB 2 260mm B B2 250mm B B 2 2500mm

Displacement(m) X
2.500e-01

f£0.125

2o

£.0.125

E—25006—01

Displacement(m) Z

1.000e-01
] N, E
£0.05
g E o

005
E»l 000601

B B ZE A160mm BT B 25 4:1250mm B B 25 2500mm

¥ B ZE4160mm B 8 25 41 250mm W7 B ZE£2500mm

X 381 EFT/NTHEORBELROBET (BRA D EE 0.3 7 —X)

PRI SEER TR SN 7o KRB OM N2 B8R % | R FEE D O B 2 511G
BOMRENREL TS, £Z2C, WEEMICL 2 EAME OMER & RKEERORE
EHERT D20, —EMROK TS CEMEZFEM L, ZoAE 0 6w AW O3 Z 0510
ZEHRE Ulo, #&FRIRRIE 45mm & L, & B O 2 ¥+ % & T 225mm SL{E D
P CEBIEM Z M L COT AR ERE Lz, B, BAADIC LD WK1 038 1
MEBEBHLTH, OFTAFHRICE T 25 HEEF IV IEE TR R EEND DN
HREEITo T,

] 7 — A O de R AW O D KSR o0 AT O b 2 (X 3.82~ X 3.87, $niE. 1 77
MmOtk X 3.88 &K 3.89 (T/R"T, AKFEHESMOLLKTIX, D 12 %S &L EHE
DI RBEABOT HEFHE L, 250mm & OB A ER TR L, £72. ZEIC
DN TITFEBRAE T X 0 BB ZE AL 40mm & 60mm D SREIZ BT 5 RBIIED 2 7~ F I
DMEFEIIRINTEY, ZhEBERATKR L,
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YoiRS

=

0.000e+00 2565

&ﬁ-% Eﬁ‘[40mm %kﬁ&%ﬁ'U\fﬁ ‘ ‘?em | ‘715‘5‘.5‘ | ‘ﬁ)em

382 HHIND 12 S5 X OFE DR KW A MO 2537 (Casel %7 40mm)

VoiRS

=
3

0.000e+00 2.5e-5 Se-5 7.5e-5 1.000e-04
N | 1Ll

3.83 TN 2RSS B LUOREORKEABOT A04 (Case2 ZA{7 40mm)

l L
E l
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VoiR

—

RIE

1.000e-04

&ﬁg g‘fﬁ&)mm %kﬁ&ﬁﬁ'ufﬁmooemo 2505 J \S\SM‘ ,7‘5‘9;5‘ | IH

3.84 THND IR REB LOEEORAREAWOTA554 (Casel AL 60mm)

YVoiR &S

RE

1.000e-04

MEZMOOMM  BAEAMOTH  e——————

385 THHND IREIBIOVOREBEORKEALMOT A4 (Case2 Z A7 60mm)
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0.000e+00 0.0025 0.008 0.0075 1.000e-02
LLL LLULLLLL

BB ZEI500mm BRKEAROT A

3.86 THHND IREIBIORBORKEALMOT A4 (Casel Z A7 500mm)

YVoiR &S

—

*®

i

0.000e+00 0.0025 0.005 0.0075 1.000e-02
N} Ll ‘ (W}

BB ZEI500mm SRKE AV H
387 THHND IREIBIOVORBEORKEALMOT A4 (Case2 Z 7 500mm)
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BT /2 ZE{i140mm

W B Z5 5260mm
0.000e+00 2.5e-5 1.000e-04

%iﬁh&ﬁufﬂ H?T\S\iuuﬁs\e\’smﬂ

3.88 LHHNORERKTEAMOTHOIEE ZA (Casel Z{L 40mm & 60mm IKf)

B B 25 s240mm

B 25 5260mm

0.000e+00 2.5e-5 1.000e-04

Haii‘u'/uliﬁ'u_d:ﬂ Wumwium‘mwﬂ
389 LHINORERKRKEAWOTHOGEE /A (Case2 L 40mm & 60mm )

3-95



B R ABOT 2O A 2 7~ X 3.82~[X] 3.87 (22T, i D KOG ik
FERAEMDOANZERT DD THY, ZOHFIZONWTIEBELRLRVIER L
Hfg<hizv, FAMOTHORE BEEIIES LV RETIAL . & 2RO NMIIIL
FoTWDZERSND, WEZNL 40mm K & 60mm FEDEKELERD 247 v F L OE
NEDLEPL | ITERITERERORBEREZ D DRER L TWDL I LA TE
%o Flz, XM 3.88 L[X 3.89 7 b H AW XIS F NIV L THIRIZIAN 5 T
WD ENERTE D,

3.3.3.4. FLHhLER

BPFhTid, FREMOBVEVCLZEAMERENEEE TELIBRICBWVT,
HENOHIFRE TOEMICIS L T3WICHIZIAN Y 28D EBREMEN LM 5T
W5, BERE O LR BRSO MAT R EIC BV T h IR B FE o o R E AR AN 1
TU, MEET 2B TRIOICEHNDS U —F L8 AW, UIREIC PEAWH 2 & Ok
FTHAEMITEAE CTRAET D 2RAREABTICL DMWMEN R LN D Z E PRI
TW5, BUVEWENOAETTWDHEBEO EHTROND 26 0OFRE LRI,
FKEHBAARO Y — 7 RE LREMREICEAKRT I EBE 2 OND, o, 2KN2EA
WD WTIEZAA LA X =l THEUDMEENMITEI D ET HaEE LR
BIRT D 2 & Ae B8, BUEMRAT#E R D T Ic H 3 < 2 1L (2008) DAFZE CTHEH S T
B, ZOX D RFEMET, MRREICL Y EMEMKICAELS EEX LR, Bl
OB ERERNS CHBITIHERL LTRENTWVD,

BEE ORI B A2 G & LT T o e ARE Tk, ERFERICA OGN ZD L5 7%
HAR 2SR 2 B R I B C X DA RERIZ R VA, RFTHI R AT O e DS T DN B
bAREERNECDFEARA DL Z EN TR TN S,
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3.4.

FEDSEXM

KEDOZEILE—F 2 L FITRT

3.4.1. BEILLBRETILOEE

1)

2)

3)

4)

5)

6)

7

8)

9)

10)

11)

12)

MG - ME Bk - TEIRER, (2012), =2 —Y—TF 2 F, MW7l ¥ —7 4 —)L
MR fE - 7o MR MR T, TR g AF 78, 36, 31-44.

Global CMT Catalog Search, http://www.globalcmt.org/CMTsearch.html, (2016 4 3 H
9 H s

Quigley M, Van Dissen R, Litchfield N, Villamor P, Duffy B, Barrell D, Furlong K, Stahl
T, Bilderback E, Noble D, (2012), Surface rupture during the 2010 Mw 7.1 Darfield
(Canterbury) earthquake: Implications for fault rupture dynamics and seismic-hazard
analysis, Geology, 40, 55-58.

Gledhill K, Ristau J, Reyners M, Fry B, Holden C, (2010), The Dafield (Canterbury)
Earthquake of September 2010: Preliminary Seismological Report, Bulletin of The New
Zealand Society for Earthquake Engineering, 43, 215-221.

S-S BIT, (2017), VRl 28 4 R T 7 ek S B et RS LR (W7 22 (Al
FIEOME) F¥ WEE

R JJH T, (2016), FERk 27 4R EEIR - ) ik S B0 S RF LR (Wi 28 (2 R A
FILEOME) FH WEH

WATCHEIL « ABZERER « @ik fh, (2016), MEEEIGEERICHE-S < 2010 4E Darfield 1
B MW7) DR PRI E 7 L OREEE, A ARHUE 2T K2, S15-PO7.

Heyes G P, (2010),
http://earthquake.usgs.gov/earthquakes/eqinthenews/2010/us2010atbj/finite_fault.php,
(2016 4F 2 A 26 H )

Atzori S, Tolomei C, Antonioli A, Merryman Boncori J P, Bannister S, Trasatti E,
Pasquali P, Salvi S, (2012), The 2010-2011 Canterbury, New Zealand, seismic sequence:
Multiple source analysis from InNSAR data and modeling, J. Geophys. Res., 117, B08305,
doi:10.1029/2012)B009178

Hisada Y, Bielak J (2003), A Theoretical Method for Computing Near-Fault Ground
Motions in Layered Half-Spaces Considering Static Offset Due to Surface Faulting, with

a Physical Interpretation of Fling Step and Rupture Directivity, Bull Seismol Soc Am, 93,
1154-1168.

Guidotti R, Stupazzini M, Smerzini C, Paolucci R, Ramieri P, (2011), Numerical Study on
the Role of Basin Geometry and Kinematic Seismic Source in 3D Ground Motion
Simulation of the 22 February 2011 M,, 6.2 Christchurch Earthquake, Seism. Res. Lett.,
82, 767-782.

Boore D M, Stephens C D, Joyner W B, (2002), Comments on Baseline Correction of
Digital Strong-Motion Data:Examples from the 1999 Hector Mine, California,
Earthquake, Bull Seismol Soc Am, 92, 1543-1560.
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E'I-II

4.1. TERBHVBEEL /N — FBTIZDONT

file R am I W g 25~ — RFENT (PFDHA) 1 ERFMxf %23 =Wk (principal fault) 2>
Wrkg (distributed fault) 2> CH#H T 23 MR R 5, EWEOLE. EWEEMDN H
LN D E R Z DHER v(D = Dy) TR TEEND,

v(D 2 Do) = aP(sr # 0lm) [, P (D 2 Do|%,m) fo(r)ar (4-1)

ZIZIT,a: v/ =Fa—FK m OHEBEOHFERMBOWE, fr(r): WIBMEDIXSD
X, PGr#0m) : v~ 7 =F =2— F m O HE THE RN BN BT 5 6E,
wnzmﬁmyiﬁgiwxﬂmﬁﬁé%%Emw)ﬁ&6ﬁ00%@za%#ﬁ%%
FThob, EWE ETOME x THERHENEE | CESELLEZEIHVGRS,

FWELD r FEEENTHRICB T ORIMEOSE. BIMEEN d P DA &
dy B2 HREE v(d2dy) FKRKTESND,

v(d = dy) = aP(sr # 0|m) fr P(d # 0|r,m)P(d = dy|r,m,d # 0) fr(r)dr (4-2)

ZZTPA#0rm): ¥~/ =F=2—F m OMEBICLHEIMBEEN d 75 0 A TH
DRI E MR, P(d=dolr,md #0) : BIWTEZEN d b DHME dy 2z DR &
EThD,

Z 2 TiE(4-2) Ko crllrE A R A P OICRFETT 9.

42 BiBEMT—2DEE

(4-1) K0(4-2) ROF XN EHEEL ST D72 0121, T E TITHA L HE O i
BWE AW AN T — X 2 EWE, RIEEICXK S L CERTOMNERDL D, [k
25 FEWE AN Y — Rl FEORS (B M) R 22, 8 R 8
F) 1. TYERR 26 4R B - Jfi s e Bh Skt SR 22 it B (W Jeg 28 6 K OV Jeg i olr £ Hi =
B OFAM FEOMRG) FH) . AL 27 R 7 ias 05 Kk R E L at s (Mg &L
FEAMFIE OME) FE) . TR 28 4B - B SR RS Skt IR S e (W) 22 AL AT
FEORF) FE) CHTTCEN - A TRAEALZHEZ ERtg s LTI nlE, o
Wik &Ko L TR AT > T&E 7o, FEFEEIXZE CTITHEE L C & - Bl E A iR
W% 2016 EREAMHIEE (Shirahama et al., 2016) (& X A MrE 2T —% (X 4-1) %
MW THRET 21T > 72, 2016 FREARHELIE, EN TIIWE AT — Z IZ KRBT &
589 7RI TIE 2R WY, 2016 AFREARHIEEICREI L C. #5K - f1(2017) | REJR - ft1(2017)
RSCER R B IEBR R E LK FIE ATV K52 (201712 & 0 Kk 2 7o BRI X 2 iR A1
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WMNEEEE - AR X, FEMZe IR BRI AN TR I N TN D (K 4-2, 4-3 /)
S BT, MR - M(2017) IC K O BUN W AN A O REEDO H D h L — ANEE I
TW5, 2D DOFEHRN S 2016 FFAEAHIEE O i M B K8 5 L W8 2807 — & O FIE
BE1T o7,

X 4-3 IZCERH AW ZEBAFE R« B ST R TFE N UM K5 (2017)12 L 5 BB RS R o 22
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TR R AT 2 ST & 2 AT AR TR SN D BIRII W A bR S h
TW5, 2O DORXRSESEICREECEWNE - GINEICEE LR EZK 4-4 1277,

Displacement Data
@ Principal Fault \ \

] - Splay, Branch
A Distributed Fault \ \
¥ - Other \

Legend \ @/y

1 0 1 2 3 4km

4-1 Shirahama et al. (2016) (= X 5 Wb J@ ZE A 43 Afi

4-2



Legend

Y Shirahama et al. (2016)
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4.3. BIMTREE G BE R X D #RET

Boncio et al. (2017) TILilrfE 2 W\ CWIE AL 0403 DM@ A TR FARA T 1: 2
&2 D IERFRME S MR S LT D, 1999 4E Chi-Chi HE CH FMII COMENRZ N E D
WENDH D (Fl Z21F Kelson, 2001) . Z D7z g% 28 4F B8 I - ) it i S5 B 58 6 38 4 &
U (W AR IR O R ) T TIRL w28 7 BE B R R 2T 8 T I R |
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a _ 0.55¢ ~0-00042r (4-3)
MD

22T, d FRIkEZEAN (m)  MDIZEWIE DR KZEN (m) | r IZEWENS DR
#E (m) Td 5, Youngsetal. (2003) X°m /)2 - f (2013) & Fkk, mwvw—k &AL (2
T RN—krFAN) TORERELRD, SMIERIIT o ~nAi e Lic,

ZHIZ 2016 AFREAMED T — X M A TRDTZ 90 /S—t X A VO Wi 2L
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ZZTAD ZEWREOFEHENM (m) T, ROXNHRD 2D (Wells and Coppersmith,

1994) .

log(AD) = —6.32 + 0.90Mw (4-9)
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fE L. 2016 FREAHUE CORIWIBAM Z BN L THHE LN WERICKERE VIR D
Nipmoiz, ¥, HBHEO~ 7 =F 2 — FL 2 PV 23, Petersen et al. (2011) T
RKOLNTWAHY T =F a— e EWEEMN (2 WEHK) CrIEE 2 O R RS
Et Ll LU 6, EWE CIIWEmESn o hRiCmro THMMT 2600, 0.3
fHETE—2 L7 g R gficm - TORWA T oA "3 720, 2 WL
(Z bi-linear 72 ERI O BEEIE TOMFT b LETH D,

2016 4F D REAHFE TIXEHA O FHA A OTE FHIZ £ 2 K72 LW g - BT g D ET — ¥
RHMANERHEINT, SBBETIHEICOVTCE, ZhE T EZE - ExmELE
TR OEBPMREIND, LOLARNL, TOXD RMBEOREHELESD LT —
Xt MIZBIMTE ZMBEHOEMO ATREMHIZ OV TIERME TH S, LN ->T, B
FT =2 DEGRET MMED TRIZE DT — X O, BENERSCHMEER T —
a2 EDT I —F b LT, SRR EL TR - WRZEDDLONEE
LUy,
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5. EEROMBERM/ N \Y— FETICERINEDEMH
5.1. 2016 FREAMEBZXNRE LIz/\TF—FERE

2016 fEREARHEDOIREIE 7 A » M 2013 FEICRE S - (HUE A BIF 22 HE A5,
2013) IHFEhE /AL M IR AL E DY THoT-, T 2 TITHER AR O E W 2
FERAEHONTE y PRERSTEDO AN — FERE &2 FE L7,

5.1.1. J-SHIS ETJ

2014 45 /L (http://www.j-shis.bosai.go.jp/) Tix. A HJIIKE I FEEr—2 L L
THoRIEME 17050 4F, R — A & LTk 8100 £ & L CAHliL TW 5, Zi
SOFEMEERANTYE vy FRAEMSGTE O EWE ECo PFDHA # % L7, ZZTO
ARETIE., WkD PFDHA TIZART v Y BT A ZHNTND DT LT, FFEKE
ETNADBEZRD ANTWD GARRD, P A2 ] 5-1 (27, FFlAE R % X
5-2 725X 5-5 1ZR T, FRRMIBE AN R V) — A TIR i s & b AR R R &
AT, ZHICHK L, FRMAE2Y 8100 FDHx K — ATl MHEJIKE THREINT
W72 2m DT JE LIk L C R BLIRI G 20000 F23 7 BT,
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5.1.1. Ev FRAEM KD PFDHA

AEIOE y b S IIRIBE & B2 MR ERDR O O A7 &P CEM L
oo 278, PFDHA & EIlTfE 4 x5 & L= df i & 70 5, Elbr)E BEE o PFDHA %
A IEHE X T D O IXIEWTE R O Youngs et al. (2003) | RE T ALETE R O Petersen
etal. (2011) . ENZR D& E - fil1(2013) & [3Fpk 25 4 FE W JE 286 3 — REEAl 7%
OREF (0 Of) R e e s, 8l R 867 | . TR 26 FERF )
it 7% S B S e SR Z Ry (W) 286 K OV Jeg Aol £ M SR 8 O 57T FiE DM E) F3E |
Mk 27 B 1 ) M ek S B St SR E sty (W@ 2 NLsf i Fik o mat) F¥) . [F
i 28 ARy i e SR St SR A R RE R (W AL RN FIE OME) FHE] ISR
TE 5, BERICED2ENZMETT 572012, Petersen et al. (2011) B L OERE - fih
(2013) & LCRINTE D Y — FERE AL L=, &8 - il (2013) 12 L DRk
Koo 6| BlRTEEM AT — FEHHREXNEZ RKRFEETH LI D OITE 2 725
HLiT o7z, Z Z TlE. Petersenetal.(2011) Z AL L7z PFDHA # U —/L KU A K/r
— X @R - h(2013) ZEA L L7 PFDHA ZEWNAZ7 — 2 & L CRFEICH W 72 Mkt
#(4-2) RiTih- THBAT D,

IV — I RUA Ror—R - NI —A L HIT J-SHIS O K7 — A LRk, 8100
Fx T, Psr#0m)IZ oW T, &2 - h(2013) TIELLToORXZE Hni,

e—32.03+4.90MW

(5-1)

1+e—32.03+4.90Mw

Petersen et al. (2011) TiXxLL Fo X% H W\ 7=,

e—12.51+2.053MW

(5-2)

1+e—12.51+2.053Mw

P(d # O|r,m)(X. )2 - M1(2013) CTiXLL FOX%E -,

eZ

1+e?
z = —3.839 + (—3.866 + 0.350Mw)In(r + 0.200) (5-3)

Petersen et al. (2011) TIZLL F O X% HW\ 7o,

11538 In(r)+4.2342 ( 5-4 )

P(d = dy|r,m,d # 0) LRI fE A BERE = 0 ((4-6) =°(4-8) ) & MD & L
IZAD 2R D (4-7) K(4-9) REMAGDETRDTZ, (4-6) ROEAITHT >
~ A%, (4-8) ROGE IR BOER A6 &2 o, AR T oo gl 2807 B B
X ((4-3) ) Z2AVEHREGOY Yy NRERSOFEBRERZX 5-6 12779, Ak
FAERKNOMAEGDOEE R 5-11TR-T,
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# 51 v LIHAHE PFDHA FFAG IV - ik —

il T i 2. L e

Hi R BRIIEEES T B | R HBR =3t
B 5-6 T EM (5-1) (5-3) (4-6) - (4-7)
fa B 5-6 JREHR (5-2) (5-4) (4-8) - (4-9)
B 5-6 HHEH (5-1) (5-3) (4-3) - (4-7)
B 5-6 AR (5-1) (5-3) (4-6) - (4-7)
Ak B 5-6 JRALR (5-2) (5-4) (4-8) - (4-9)
B 5-6 AR (5-1) (5-3) (4-3) - (4-7)

X 56 #4225 L, Wb ERIEIZITWEF LSO 508 @ W EBR R EZ T,
fEE RS DS Wi AN R (ER) L2 BEVWEARD L, HEMR - BER TR
SNHENOEN cm A— X —OWIEENMN D m A — & —OWrfg 2L F T ki) &
WEBIRMERZ R L, ImA—F =275 & 1 A —F —nb 2 4 — X —FREEAF i il
FERWDOPTHOICK LT, V=V T A N7 —% Tl 10cm 4 — % —OWifgE L0 b
m A —F—OWEEMEIZH LT 24— —BREBREZENEVT D, —F, BiEg
NMENNS WD ecm A —F —fEl 2 A5 L, U—IL RUA KT —FOF I EWE R iR
FhERLTWD, TARHEO AW EZEM R RN () & FARZREN 2577,

BT 8 AL %kt 5 & L 7- PFDHA TliE, EWEIZEWIE ERMICEMENKE 72
27—V RIA RT =2 OFMATIEWEEMENRKE 25 L FEBilMHEERSED
T5, — 5. BRNT—ZZF0E Lzl ClrI s iy K & 72 i@ 280 & F CHE R M
MR LIZ WRE RN E Sz,
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vy MHAEMSOWBANMIT, BRSO EREM AT ORE AN 2B L7 b O 2R
R I L 0D 5 L WA o 2 e K
— O W 2L F T & WA
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5.1.2. TME-EWE F L—R & DOBERRO

Petersenetal. (2011) T/RI N TW 5 EWE-TEWTE h L — 2 L O, & L<IEAR

eIzt (fo(r) ) D& IT 7= (K 5-7) , 3 5-2 |C Petersen et al. (2011).

R

28 AR R ) fi i S B SR IR R R R (W AR AR AT A ORREY) ) IS K D AR RS R

BRT,

/ \ Rupture trace == == == 1 Mapped fault, inferred
Mapped fault, accurately located sesesseseseee Mapped fault, concealed
=mmm == =  Mapped fault, approximately located l Accuracy observation

5-7 Petersen etal. (2011)1Z & % EWiE-TEWTE K L — R & OB O FEAGAE X

# 5-2 WIS ~ L — X & ORERRFEAT — %, /2 : Petersen et al. (2011) i R 28 4R
JFE TR T % 5 B et SR R RE 2 (W JE AR (LAl FIE O MEY) F) 1T X
Mapping Accuracy u (m) o’ (m) o (m) Earthquake p(m) o (m) o (m)
All 30.64 43.14 52.92 1995 Kobe 0.73 22 22
Accurate 18.47 19.54 26.89 2014 Nagano -163 97 190
Approximate 25.15 35.80 43.82 2016 Kumamoto -1 98 98
Concealed 39.35  52.39  65.52
Inferred 45.12 56.99  72.69
o=+Jut+ao'* (5-5)

Z 2 CuldiE W RE & R MR E & 0O FEME, o IXIEWE & R ERE & o
EOERERFZE, olX(5-5)c &k %, Petersenetal. (2011) Tix, FEEEICIT u=0L LT
9 5 72012(5-5) R b/ELNL 02N TND, REDOE > b TR
JE TR ST EREE N AR E ST\ 5, fiE-> T, Petersenetal. (2011) D54

I Mapping Accuracy % Approximate O ;45 OIE#ERZ % AV 72, Kige o5

B T

B 28 AR JE R 0 i Rk SR B S 0 IR S R (W AR TR ORFHFE ) COFEME
R EHW, WEEMEEEEEUT. BB IZ(4-4)0, EWTEIX(4-10)XE v,

Z(5-1) L 2 FWrfg HE =R, (5-3):i2 & 2 A& H B =R 2 v,
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Petersen et al. (2011) DOGH O EWrfEZEALIE, LT ORE H W,
§<0.0036Mw+0.2804 DBEAIFLUTOREEHT 5,

In(D) = 1.7969Mw + 8.5206 — 10.2855 (5-6)

}l—( > 0.0036Mw + 0.2804 DL A XL FTOXEEH T 5,

In(D) = 1.7658Mw — 7.8962 (5-7)

DIXEMWIEEN (cm) 273, Z O, (4-10)XUC K 2 EIBEZEA, (5-2)RiZ &
L EWrE HE R (5-4 )RS X 2 aEIRE B REZ Wi, ERE-TGWE b L —x &0
BB > 43 A 1 Petersen et al. (2011) & [RREICIER DA 2 0E L, ~ABI O\ T %247
W, BHERRIE 120 E T E LT,

#* 5-3 5-8 DFFEHTIC I 7o 25 FlAf ple N —

EWrEHEER | EWEANL | BIWE R Y=Y va 534 B %

(5-2) (5-6) (5-4) (4-10) X EE A Sy AR

# 5-4 5-9 DM 7= & Fl RS A — B

TWrE S | EWEZENL | BIWTE R Rl W7 i 2oL 53 AT BE %k

(5-1) (4-11) (5-3) (4-4) it HE B o3 A7

5-8 |~ Mapping Accuracy % 7 & L 7= Petersen et al. (2011)(Z X % 5FAlifb 5 % 1~ 4,
5-9 (Z Mapping Accuracy % & & L7z [ ik 28 4 J5 1 ) Bt i S5 B St IR Rt &
(V7 g 2567 B AT B O MR F) F3E) 18 X 2 Wk 2867 BEEE R = 2 VO 7RI RS & R
7, Mapping Accuracy D o3 K X SRR 28 45 B JR 1 ) fti % S B S b IR 5t (T
Je& ZE AR T 5 DR E) ) T ORHERE R 0 0708 & 0 g JE L I A < 50 4T 0.25%
DWTEZEALA 5em K0 & K& 72— H34340 LTV %, Mapping Accuracy O #Fifi LA A+
B O EE 2 D L P IIM E EmM A E LEHETH D & TS
Nz, ZogEWESAEEICH-S< Mapping Accuracy 1% [ ik 28 45 5 1 7 Jifi 5%
LR R RIRE TG (WREEMEFEORE) FE) THOWEELIY B REL, &
VIR AT 52 LN TRIND, IERTE A0 OMERE L EICOomBEIC LS
EOOXOEROFMNEE TH L LEbD (F 55) .
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# 5-5 Petersen etal. (2011) (2 & % WrJ& oA O HENE T I 2 15 Wr g -l 5% o R= Iy g T8 o> R

One-Sided Standard

Two-Sided Standard

Complexity Mean (m) Deviation (m) Deviation On Fault (m)
Simple, concealed 36.58 49.96 61.92
Simple, inferred 31.49 38.29 49.57
Complex, concealed 90.31 73.12 116.2
Complex, inferred 83.23 81.30 116.35

— 07, IGWrE T & 7 B L Petersen et al. (2011)? J5 5 30cm F2 & o Wi Jg 250 & R
T, AFEEIIBTHRMEHE R TIIB L E 20em BREIZ/R > TV D, ZHIEFEAHV TS
FWr B AN B E A F U~ 7 =F 2 — R ThE, 4Bl o # £ Tl Petersen
etal. 2011)IC K2R KRE WV, ZODEWEEFEOWEEM EITEVWRELTND

EEZLND,
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5.2. FEHBLUVSERDFE

ek D PFDHA IZREHK A E T VA A G DYy MRS O E#rfE ETo PFDHA
OFER A BB OE S LTV D WEAM & 2m (23 LT, H3LHEE 20000 42315 5
N,

vy hFRE MR ORI A Y — RE2#EA LR, EREISTD T Ealic
ENENRELSRDT =NV RIA FT =X OFMATIEBEEMENKE b L FEBIH
MR LR T 5, —FH, BENT —F & F L& LZa i CrI bR & 22 g 2 & & CT4F
IR D LIS WEERB S bz,

T/, By FREHSITEEICB VT, Petersen et al. (2011) (2 X D EWrE-TERIE FL— &
& DBERRRIAM 24T o 72, FEAMHUSTEEIXR g 7 A > F OBERATITICALE L TR D | MR
WO THSTEWE ALY b, KV IEA < HZRHE W g W g 2 M 28 HHELL TV 5,
RE A HUE T D M St 12 563 < Mapping Accuracy Z @45 &, X W IEWEP £ T EWE
EAENHET DY — U R3O BTz, Petersen et al. (2011) 12 K 2 Wi g o5 An N M 72 or — A
ERALESGE, ARFERBEL EOIRN Y N FPREIND -0, WilEoAhii e 2 5kl - 41
FHaAte Z Lk, EWrEIEOFMICEZE EBbhb,

AR %EME L7z By b ESL O SR im Wi AN T 28 U C, BEFMFE TS TWD
Wi 28N BRI N2 1T U & L 7o N o R & RS RIS 5 2 2 B OV TR &
1Tole, ETEMHT L TV R WO AS ORI K DN, £k 4 72 His T O FEAMRS R o
T A U C R R L 72 AW STV D0 E D MRFEE D T BN
b5,
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6. RS D& RIUNE

6.1. BAMBRE 2017 FEMFEXRS

2017410 H 25 H2 6 27 HIZWW T T LERERHE o Z —C TR SN, R
AHGE & ZIITPE D KA % W AT 2 KRR R b 2 < BEI LT

A

Tz, PAET D REKm L 2R 6-11ZR L, 6-1 B LU 6-2 ICEHERawm L& LT -
fit, BELO LM - i, OFILOERZRT,
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convergent and strike-slip systems
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Z A R~V Spatial and Temporal Variations in Slip Partitioning During Oblique
Convergence Experiments

H B AGU Fall Meeting, Abstract, T31A-0613
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Rupture Models for Seismic Hazard Assessment of Nuclear

Installations (BestPSHANI2)

PE MG 3 & ORERGRIFNIZBE 3 2 METOLL FTORNEFIZ DUV T, BestPSHANI2
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(1) FE R EEH
YR 3045 H 20 A~24 HowWwFns 1 H

(2) ¥ F Dk
RAL—RFKIZLD,

7-2



(3) FER DO
B4 @ Study on the evaluation method for fault displacement: Deterministic evaluation
approach based three step considerations (part2).
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Appendix 1

Appendix-1_1 Surface Rupture Simulations and Physics-based Ground Motion Simulations



Report of NRA project “Surface Rupture Simulations and Physics-based Ground Motion
Simulations”

Summary

In this project we have performed the dynamic rupture simulations of the 2016 Mw 7.0 Kumamoto
(Japan) earthquake. This earthquake ruptured two segments, the northern part of the Hinagu fault
and the Futagawa fault. These two segments have different dip and strike angles, making the fault
system geometrically complex. Since most of the significant slip occurred on the Futagawa fault,
this study focus on the Futagawa fault assuming a simplified fault segment. The final kinematic slip
model from Asano and Iwata (2017) is used as target slip for the dynamic rupture simulation.
Though Asano and Iwata (2017)’s kinematic model is composed by five planar faults with different
strike and dip angles, the target kinematic slip distribution model is accommodated on a simplified
model with average strike and dip angle, respectively 235° and 65° corresponding to the Futagawa
fault. The fault dimensions for the dynamic rupture model have a length of 43km and a width of
18.8km.

The first step is the estimation of the nominal stress drop distribution given the slip distribution of
the kinematic slip model. For this purpose, we have used the method of Andrews (1980) to calculate
static stress drop. Then, by trial and error procedure this stress drop is adjusted until slip distribution
calculated by the dynamic rupture simulations be consistent with the target kinematic slip. With this
procedure, the seismic moment is constrained with the one from the kinematic model. A total of 18
dynamic rupture models has been developed, in which beside the stress drop adjustment, the critical
slip distance, strength excess and rake angle on the fault have been varied for each simulation, so
that simulated surface rupture (fault displacement) as well as near source ground motion (velocity
and displacement) be consistent with observations.

The dynamic rupture models assume that the first 1.5km along dip of the shallow layer (SL) zone
operate during rupture with enhanced energy absorption mechanism, as such it is parameterized
with negative stress drop (0 to -1MPa) and large critical slip distance ranging from 0.8 to 1.5m.

The final dynamic stress drop estimated for dynamic rupture simulation is about 70% of the stress
drop (static) from kinematic model with an average stress drop of 2.4MPa and maximum of
16.2MPa. Because rake angle derived from kinematic inversion appears heterogeneous at the
shallow zone, models 14, 15 and 16, respectively with initial rake angle 220°, 230° and 240°) are the
best models for the very near fault stations and fault displacement, but it depends on the location of
the station along strike for ground motion fitting. The decision on which model is the best, depend
on which observed data are the target to fit. For example, the best model that fits ground motion
displacement at station 93048 (Nishihara) is model 16 with rake angle 240°. In terms of observed
fault displacement, model 14 with rake angle 220° is better consistent with observation. This study
suggests that in order to fit all observations with only one model, a dynamic rupture model with
heterogeneous initial rake angle would be necessary, particularly at the SL zone. We also found that
rake angle effect on ground motion is more notable at very near fault than far distance.

In order to evaluate the effect of surface rupturing, a buried model (i.e. no surface rupture) with the
same parameterization of model 14 (with surface rupture) has been developed. Ground motion
displacement and velocity differences between surface rupture and buried rupture are considerable
difference at the very near-source stations. This is because of the “fling” effects resulted from
surface rupturing causing large permanent displacement. These phenomena generate long period
velocity pulse caused mainly by the offset of the ground surface when fault rupture extends to the
earth surface.

To end with this study, we have realized that vertical component of observed fault displacement and
permanent displacement derived by double integration from observed acceleration ground motion
have apparent inconsistency between them. This needs further evaluation of the observations. But
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also further investigation with physics-based simulations is recommended to provide meaningful
explanation of that apparent inconsistency between observations.
1. Introduction

The 2016 Mw 7.0 Kumamoto, Japan, earthquake ruptured the earth surface along 34 km of the main
fault, as reported by Shirahama et al. (2016). Strong ground motion of this event has been recorded
by near-source stations from K-NET, KiK-net, and F-net operated by NIED (Okada et al., 2004,
Aoi et al., 2011), and by stations from the JMA seismic intensity observation network (Nishimae,
2004). This includes very near source ground motion stations, making this earthquake one of the
best recorded earthquake with modern instrumentation located very near to the source. Field
investigation carried out by Shirahama et al. (2016) on the day of the mainshock to map coseismic
ruptures and measure their displacements indicates that surface ruptures appeared along the eastern
part of the Futagawa fault zone and the northernmost part of the Hinagu fault zone, suggesting that
this earthquake ruptured these two fault systems with fault displacement up to around 2.0m at
Futagawa fault. As reported by Asano and Iwata (2016) from their first kinematic source inversion
model with two segments respectively for Hinagu and Futagawa fault, rupture of the mainshock
started from the deep portion of a northwest-dipping fault plane along the northern part of the
Hinagu fault, then continued to transfer to the Futagawa fault. Most of the significant slip occurred
on the Futagawa fault, and the shallow portion of the Hinagu fault also had a relatively large slip.
Asano and Iwata (2017) refined their first kinematic source model (Asano and Iwata, 2016) adding
more geometrical complexity to the source fault model represented by five planar fault segments,
each with different strike and dip angles. Figure 1 shows a top view of the fault model for Hinagu
and Futagawa faults, including ground stations used for the kinematic source inversion. Figure 2
shows the final kinematic slip distribution obtained by Asano and Iwata (2017). As seen in this
figure, right-lateral strike-slip dominates the Hinagu fault, nevertheless Futagawa fault ruptured in a
more complex fashion that includes right-lateral strike-slip as well as significant normal slip
components. Figure 3 shows this complexity in terms of rake angle obtained by the kinematic
source inversion of Asano and lwata (2017), it can be seen that Futagawa fault ruptured with
heterogeneous rake angle,,particularly at the shallow Qz\gne@ .
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Figure 1. Map of the Kumamoto region with top view showing the segmented fault model used by
Asano and lwata (2017) for kinematic source inversion of the 2016 Kumamoto earthquake. The
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map includes the ground motion stations (black triangles) used for the simulations. Yellow star
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Figure 2. Slip distribution obtained from kinematic source inversion of Asano and Iwata (2017)
with Mw7.04
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Figure 3. Rake angle distribution obtained by kinematic source inversion model of Asano and
Iwata (2017)

The kinematic slip model from Asano and Iwata (2017) shown in figure 2 is used as target to
develop a dynamic rupture model of this earthquake. Due to limitations of our numerical code for
dynamic rupture simulations, in this project we develop a simplified planar fault (Figure 4), with
average strike and dip angle, respectively 235° and 65° corresponding to the Futagawa. The fault
dimensions for the dynamic rupture model have a length of 43km and a width of 18.8km.
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Figure 4. Top view of the simplified fault model (red line) for dynamic rupture simulation. Black
line is the kinematic fault Asano and Iwata (2017) as shown in Figure 1.

Our main goal is to evaluate the surface rupture of Futagawa fault and near-source ground motion
caused by this earthquake.

2. Dynamic rupture model

In this project, we develop a simplified dynamic rupture model in a planar fault (Figure 4) with
strike 235° and dip angle 65° and fault dimensions 43km length and 18.8km width. Slip weakening
friction in the form given by Andrews (1976) is used as constitutive model for dynamic rupture
simulation. The 1D velocity model corresponding to the very near/fault station 93048 (Nishihara) is
used.

The parameterization of the stress drop parameters is based on the kinematic slip model of Asano
and lwata (2017). The target kinematic slip model at the seismogenic zone is used as constraint for
the final slip derived from dynamic rupture calculations.

2.1 Stress drop estimation

The first step of the dynamic rupture calculation is to estimate the stress drop constrained with the
targeted kinematic slip model. The calculation and evaluation of stress-change distribution on the
fault implied by kinematic models have been used by several authors (e.g., Bouchon 1997, Ide and
Takeo, 1997, Day et al., 1998, Dalguer et al., 2002, Mikumo et al., 2003, Tinti et al., 2005). In this
project the initial stress drop distribution is computed given the distribution of static slip from the
kinematic model from Asano and Iwata (2017). For this purpose we use the approach from
Andrews (1980) and expanded by Ripperger and Mai (2004). This method follows the concept of a
static stiffness function that involves a 2D-Fourier Transform of the slip on the fault. The general
procedure to calculate final stress drop for dynamic rupture simulations is shown in Figure 5 and
described as follow:

1. Smoothing of target kinematic slip: As seen in the top left of figure 5, the kinematic slip model
directly derived from the source inversion possesses sharp components that introduce abrupt
discontinuities on the slip distribution (see also Figure 6). In order to remove these sharp
components, the kinematic slip is low pass filtered using the moving average technique with a
window of 2km radius. This corresponds to about 4km wavelength that results in about 1Hz
resolution for wave propagation. The bottom left of Figure 5 shows the smoothed slip distribution
and figure 6 shows slip profiles along strike at different depths compared with original kinematic
slip model.

2. Static stress drop calculation: The smoothed kinematic slip distribution is used as input to
calculate the static stress drop. For that purpose, the method of Andrews (1980) is used. The top
right of Figure 5 shows the calculated static stress drop distribution.

3. Imposing zero stress drop at borders of fault: As seen the static stress drop distribution (top right
of Figure 5), the borders of the fault are dominated by very high stress drop. They result from the
singularities originated during calculation due to the strong discontinuities of slip at the borders, as
such they are artificially generated and need to be removed. Then, zero stress drop on a width of
1km has been imposed at the left, right and bottom borders of the fault. The top border that
corresponds to the free-surface is treated in a different manner as explained in the next step.

4. Negative stress drop at free-surface: The rupture at the shallow layer (SL) may operates in a
distinctive manner from the rest of the fault. This is due to the formation of incompetent fault gouge,
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cracking (e.g. Marone, 1998; Marone and Scholz, 1988), presence of thick surface deposits of
sediments, fissured rocks and other forms of brittle rock damage that have evolved over many
earthquake cycles. The main feature of this SL zone is that during rupture operates with an
enhanced energy absorption mechanism. In order to mimic this mechanism during frictional
behaviour, a mechanism of fault strength hardening imposing negative stress drop is adopted (e.qg.,
Dalguer et al., 2008, Pitarka, et al., 2009). For the case study in this project, we define the first 1.5
km along dip from the free-surface as the SL zone.

5. Imposing positive stress drop on region around hypocenter: As seen the static stress drop
distribution (top right of Figure 5) in a radius of about 8km around the hypocenter, the stress drop in
this region is zero or negative. Under this condition, rupture initiation and propagation is impossible
because of lack of energy needed for rupture propagation. Therefore, the minimum possible positive
stress drop is imposed in this region for successful rupture propagation.

6. Smoothing stress drop distribution: After all the adjustment done in steps 3, 4 and 5, the stress
drop distribution is smoothed with moving average to remove abrupt discontinuities due to the
adjustments.

7. Calculation of slip: Dynamic rupture simulation is performed to calculate slip distribution

8. Adjust stress drop distribution: The stress drop estimated in step 6 is adjusted multiplying with a
factor =(target kinematic slip from step 1) /(slip from dynamic calculation of step 7).

Repeat 4 to 8 until slip calculated from dynamic simulation is consistent with the target kinematic
slip model (trial and error procedure)

Slip kinematic model (ave=1.81) Mw=7.04

Stress drop without modifications

Along dip (km)
o

20 30 40

Smoothed Slip kinematic model (ave=1.82) Modified stress drop

Along dip (km)

0 10 20 30 40 0 10 20 30 40
Along strike (km) Along strike (km)

Figure 5. Sequence of stress drop estimation following steps 1 to 6. Top left image is the original
kinematic slip distribution. Bottom left image shows smoothed slip distribution. Top right image
shows stress drop calculated using Andrews (1980) technique. Bottom right image shows adjusted
final stress drop used for dynamic rupture simulation.
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Figure 6. Slip profiles along strike at different depths comparing the original kinematic slip model
(black line) with the smoothed kinematic slip model done in this project (red line).

2.2 General characteristic of dynamic rupture models

A total of 19 dynamic rupture models has been developed. As mentioned earlier, slip weakening
friction in the form given by Andrews (1976) is used in this study. This friction model requires, in
addition to the stress drop, the strength excess (SE) and critical slip distance (Dc). The stress drop is
estimated from slip of kinematic model, and then adjusted by trial and errors (as described in the
previous section) until slip be consistent with the target kinematic slip. SE and Dc are also
estimated by trial and errors. In all the dynamic models SE at the SL zone decreases linearly from
the top of the seismogenic zone to the free-surface from a maximum of 6MPa to 1MPa. At the
seismogenic zone SE varies from 1MPa to 6MPa. In the region around the hypocentre, SE has the
lowest values to promote rupture propagation. The Critical slip distance tested in all the models
varies from 0.2m-0.4m at the seismogenic zone, and from 0.8m-1.5m at the SL zone. Another
important parameter varied in the dynamic rupture models are the initial rake angle imposed to the
initial stress. Models have been tested on the range of 180° to 240°. We found that the rake angle for
this earthquake plays an important role to fit very near source ground motion and fault displacement.
In the final models, surface rupture is allowed mainly at the segment corresponding to Futagawa
fault. Even though Hinagu segment does not produce significant fault rupture, due to the lower
stress drop distribution at the seismogenic zone, we preferred to inhibit surface rupture on this
segment to minimize its effect on the Futagawa fault. We do it because Hinagu fault has not
appropriately modelled in term of strike and dip angle, and also we did not consider a more realistic
separation between Futagawa and Hinagu fault segments, so the jumping of fault rupture from
Hinagu fault to the Futagawa fault is not modelled.



2.3 Preferred dynamic rupture models

Overall, fitting the kinematic slip model was not a major issue to define best model. The main issue
was to fit observed fault displacement and near source ground motion simultaneously. We found
that the definition of the preferred dynamic rupture model depends highly on the initial rake angle
assumed and on which observable want to fit. This is because initial rake angle distribution is
uniform in the dynamic rupture models. But as shown from kinematic source inversion of Asano
and Iwata (2017), rake angle is heterogeneous, particularly at the SL (see Figure 3). Therefore,
heterogeneous rake angle distribution is needed to better fit most observables.

Since our main target in this project was to model surface rupture (fault displacement) consistent
with observed fault displacement at Futagawa fault, we found that our best model for this purpose is
Model 14 with initial rake angle of 220°. Figure 7 shows images of the frictional parameterization
for this model.

Dynamic Input Parameters (Model14)
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Figure 7. Frictional parameters of preferred model (Model 14 with rake angle on initial stress =
220°). Top shows nominal stress drop distribution; middle is strength excess and bottom critical slip
distance distribution.

The general characteristic of our preferred model 14 is:

-The stress drop is about 70% of the initial model calculated from kinematic model.
-Average stress drop is 2.4MPa and maximum 16.2MPa.

-SE is maximum 5MPa and minimum 2MPa.

-Dcis 0.2m.



-Nucleation initiates in an overstressed area (2MPa) of 3.0km radius. Then propagates
spontaneously in an area of 8km radius where stress drop is imposed to be 0.8MPa. As seen in
Figure 7, SE and Dc are also following lower values in this region to allow propagation.

-At the SL zone of 1.5km along dip, stress drop is -1MPa, SE varies linearly from 5MPa at the top
of the seismogenic zone to 2Mpa at the free-surface. In the same way, Dc varies from 0.2m to 0.8m.
-Surface rupture is allowed to occur at Futagawa fault segment only.

Figure 8 shows the dynamic rupture solution of the preferred model, represented by the final slip,
peak slip velocity, rupture time and rupture speed. It is important to mention that the peak slip
velocity presented in this figure is the direct result from computation, that is, it was not filtered. So,
this values are essentially to show patterns of peak slip velocity. To use these values require
additional low pass filtering below the maximum frequency range resolvable by the dynamic model
that we estimate is 1Hz at the shallow zone and 4 Hz at the seismogenic zone.

As shown in Figure 8, it is remarkable to see that rupture propagation going into the Futagawa
segment is difficult with discontinuities in rupture time and rupture speed. Even though we did not
model appropriately the junction between Futagawa and Hinagu fault, the calculated stress
heterogeneity naturally produces complexity on the rupture jumping from Hinagu to Futagawa
segment. Contribution of Hinagu fault to slip and peak slip velocity is mainly at the shallow zone,
and at the deep area (around hypocentre region), slip and peak slip rate are minimum.

Final Slip (ave=1.89, Mw=7.06, Model14)
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Figure 8. Dynamic rupture solution of preferred model 14, represented by final slip distribution
(top left), peak slip velocity (top right), rupture time (bottom left) and rupture speed (bottom right).

Figure 9 shows comparison of final slip and rupture time calculated by the preferred model with the
target kinematic slip model (smoothed one). The slip distribution at the seismogenic zone is very
well consistent to the one from the kinematic model. Main differences are at the shallow zone that
contain free-surface. Rupture time in the kinematic model is uniform as it is imposed during
inversion. On the other hand, in the dynamic model rupture time is spontaneous, reflecting the
effect of stress change heterogeneity during rupture.

Figure 10 shows additional comparison of final slip with slip profiles along strike at different depths
along dip. As mentioned before, major differences between kinematic source inversion and dynamic
models are at the shallow zone and free-surface. The kinematic inversion model actually does not
consider free-surface in the inversion, therefore comparison at the free-surface is trivial. It is also
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notable the differences at the hypocenter region

(12km profile) where dynamic rupture model

imposed positive stress drop to allow rupture propagation in the Hinagu fault.
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Figure 9. Comparison final slip and rupture time obtained from dynamic model 14 (top) with the

ones from the kinematic source model (bottom)
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Figure 10. Comparison of final slip profiles along strike at different distance along dip (named
depths in the figure) obtained from dynamic model 14 (red line) with the ones from the kinematic
source model (black line)

3. Comparison with observed data

As mentioned before, the model 14 with initial rake angle of 220° is considered as best model to fit
observed fault displacement, but not necessarily it is the best model that fit the observed ground
motion, in particular the very near fault stations as defined in the map of Figure 11. Models 15 and
16 with the same frictional stress parameterization as model 14 (see Figure 7) but with rake angle
respectively 230° and 240° generate ground motion consistent with some stations, but not with fault
displacement. Therefore, depending which observed data want to fit, one of these three models (14,
15 or 16) can equally be considered as good models. In this section these three models are used to
compare with observed data. First the fault displacement generated by the three models are
compared with observed data, and then ground motion velocity and displacement. For the ground
motion comparison, the very near fault stations as defined in Figure 11 are first compared and then
the other stations.
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Figure 11. Map of station location (blue circle) for ground motion comparison and fault trace on
surface of simplified fault model (solid red line). Stations inside the red dashed rectangle are near
fault. Stations inside the rounded red line are considered very near to the fault. Rectangles with
black dashed line represent projection of the actual faults of Futagawa (bigger rectangle) and
Hinagu (smaller rectangle)

3.1 Fault displacement

Fault displacement is defined as the fault slip at surface rupture, that is, the offset at the free-surface.
The observed fault displacement used in this study is from Shirahama et al. (2016) who carried out
a field investigation on the day of the mainshock to map coseismic ruptures and to measure the fault
displacements generated by this earthquake. They found that the earthquake ruptured the earth
surface along 34 km of the main fault. The surface rupturing appeared along the eastern part of the
Futagawa fault zone and the northernmost part of the Hinagu fault zone, with largest offset of fault
displacement of about 2m at Futagawa fault.
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Figures 12, 13 and 14, respectively for models Model14 (rake angle 220°), Model15 (rake angle
230°) and Model16 (rake angle 240°), show comparison of fault displacement with observation at
the Futagawa fault. In these figures, the permanent displacement obtained by double integration
from observed acceleration ground motion at the very near fault stations (93048, 93051, KMMH16
and 93011) are also plotted as reference projected to the fault trace. Notice that these permanent
displacements are not considered as fault displacement, they are actually caused by the final ground
deformation. But since they are very close to the fault, these final displacements could provide a
rough idea of the amplitude of one side fault displacement (half slip) because they carried
component of the one side fault surface rupture (dislocation).

First we evaluate the observed fault displacement (slip at surface rupture) and the permanent
displacement at the very near fault shown in Figure 12. Considering that the permanent
displacement at the very near fault stations contents ground deformation and one side dislocation of
surface rupture, permanent displacement in dipping fault maybe lower than the fault displacement,
at least in a fault rupture with full release of the elastic deformation surrounding the fault. And in a
purely symmetric vertical fault (not the case in the earthquake study here) the permanent
displacement may provide roughly a measurement of a half the slip (half fault displacement) of
surface rupture, then it is expected that the fault displacement (slip) be roughly double the
permanent ground displacement. This general expectation is not fully satisfied, in particular for the
vertical component at the stations 93048 and 93011. Vertical component at station 93048 is very
high reaching 2.0m and larger than the fault parallel component. But observed (measurement)
vertical components of fault displacement is nearly zero at this area of the fault. These observations
are certainly inconsistency to expectation that need further investigation. In the case of stations
93051 and KMMH16, the permanent displacements are around the same amplitude as the observed
fault displacement, this is feasible as demonstrated later by the results of the simulations.

The comparison with observation of simulated fault displacement from Model 14 (Figure 12) is
very good for the parallel (lateral) component (red line), but not for the vertical component (green
line), because there is a large area of observed displacement nearly zero where simulated ones
predict vertical fault displacement around 1.0m. The total fault displacement (black line) is larger
than the estimated total fault displacement of Shirahama et al. (2016) (orange line). Observed
normal component of fault displacement has not been reported, but simulated ones (blue line)
predict around 0.5m along the ruptures area of Futagawa fault. The total extension of simulated
surface rupture of Futagawa fault is consistent with the observed one.
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Figure 12. Fault displacement (total, parallel, normal and vertical components) obtained from
Model 14 with rake angle 220° compared with observed fault displacement reported by Shirahama
et al. (2016) at the Futagawa fault. As a reference, the permanent displacement obtained from
double integration of observed acceleration ground motion at the very near fault station (93048,
93051, KMMH16 and 93011) projected to the trace of the fault are also shown.

The comparison with observation of simulated fault displacement from Model 15 (Figure 13) and
model 16 (Figure 14) are not good. Model 15 predicts almost same amplitudes for parallel and
vertical components, and Model 16 predicts vertical components larger than the horizontal
component. Model 16 also predicts the largest total fault displacement.
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Figure 13. Fault displacement (total, parallel, normal and vertical components) obtained from
Model 15 with rake angle 230° compared with observed ones as described in Figure 12.
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. Futagawa Fault Displacement (Model16)
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Figure 14. Fault displacement (total, parallel, normal and vertical components) obtained from
Model 16 with rake angle 240° compared with observed ones as described in Figure 12

3.2 Velocity and displacement ground motion

Simulated velocity and displacement ground motion of the three models (Model14, Model15 and
Model16) are compared with observations at all the stations shown in Figure 11. Ground motions
are low pass filtered with frequency cut of 0.1Hz. In this section the comparisons at the very-near
fault stations at hanging wall side (93048, KMMH16) and foot wall side (93011) and two stations at
far distance KMMHO01 and KMMHO02 are shown. Comparisons at all stations are shown in
Appendix A.

Very near to the fault

In the comparisons at station 93048 (Figure 15), the long period velocity pulse caused mainly by the
offset of the ground surface when fault rupture extends to the earth surface, known as “fling” effect,
is well reproduced by the three models. In terms of amplitude of permanent displacement, model 16
better fits observed ones of the north-south (NS) and vertical (UD) components. But east-west (EW)
component is better fit with Model 14.

In station KMMHG6 (Figure 16), model 15 better fit the displacement of the three components, but
velocity pulse is not well reproduced.

For station 93011 located at the footwall, the velocity pulse caused by the “fling” effect is also well
reproduced by the three models for NS and UD components and better fitting is given by Model 14.
The component EW is not well modelled by neither of the three models.

In summary, there is not a single best model that fit well all the stations. Due to the heterogeneity of
rake angle estimated by the kinematic source inversion (Figure 3), each model fits well the stations
depending of its location. Model 16 better fit the station 93048, Model 15 better fits station
KMMH6 and Model 14 better fits station 93011. In order to fit all the station with a single model,
these results suggest that a model with heterogeneous distribution would be necessary.
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Figure 15. Three components of velocity and displacement ground motion from models Model 14
(220°) Model 15 (230°) and Model 16 (240°) compared with observed records at Station 93048
(Nishihara) located at the hanging wall side very-near to the fault
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Figure 16. Three components of velocity and displacement ground motion from models Model 14
(220°) Model 15 (230°) and Model 16 (240°) compared with observed records at Station KMMH16
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Figure 17. Three components of velocity and displacement ground motion from models Model 14
(220°) Model 15 (230°) and Model 16 (240°) compared with observed records at Station 93011
located at the foot wall side very-near to the fault.

Far distance stations

Figure 18 (station KMMHO01) and Figure 19 (station KMMHO02) show ground motion comparisons
at the far distance stations. Overall, ground motion in velocity and displacement at these stations are
consistent with observation for the three models. The differences between the three models are not
significant, suggesting that the rake angle effect at far distance is minor.
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Figure 18. Three components of velocity and displacement ground motion from models Model 14
(220° Model 15 (230°) and Model 16 (240°) compared with observed records at Station KMMHO01
located at far distance.
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Figure 19. Three components of velocity and displacement ground motion from models Model 14
(220°) Model 15 (230°) and Model 16 (240°) compared with observed records at Station KMMH02
located at far distance.

4. Buried vs surface rupturing

In order to evaluate the effect of surface rupturing on permanent displacement and ground motion,
we have developed a dynamic rupture model that does not break the free-surface (Modell7) with
the same frictional stress parameterization (Figure 7) as the preferred model Model14. The Model17
(named now buried rupture model) does not break the SL zone (1.5km width along dip) and
Modell4 (named now surface rupturing model) breaks the free-surface.

4.1 Permanent displacement (ground deformation)

Figures 20, 21 and 22 show respectively the fault parallel, vertical and fault normal component
distribution of permanent displacement for surface rupture and buried rupture. HW and FW, on the
figures, are respectively the hanging wall and foot wall sides. The fault parallel and vertical
component predict larger permanent displacement at the HW side. On the other hand, the normal
component (Figure 22) shows larger values at the FW side. For the three components, larger values
are for the surface rupture model as expected. The largest values for surface rupture model are at the
trace of the fault, and the largest values for the buried rupture are at some distance from the trace of
the fault.
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Figure 20. Fault parallel component of permanent displacement from surface rupture model14 (left)
and buried rupture model17 (right). Black star represents epicenter, HW is the hanging wall side
and FW is the footwall side.

Vertical permanent displacement

20 Surface rupture (Model14) [m] 20 Buried rupture (Model17)
E
= 10 10
g
5 0 0
c
5 -10 -10
(1v]
[T
-20 -20
-20 0 20 40 60 -20 20 40

Fault parallel (km) Fault parallel (km)

Figure 21. Vertical component of permanent displacement from surface rupture model14 (left) and
buried rupture modell7 (right). Black star represents epicenter, HW is the hanging wall side and
FW is the footwall side.
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Figure 22. Fault trace normal component of permanent displacement from surface rupture model14
(left) and buried rupture modell7 (right). Black star represents epicenter, HW is the hanging wall
side and FW is the footwall side.

The patterns of permanent displacement described above can also be visualized at the cross sections
perpendicular to the fault in figures 23, 24 and 25, respectively for sections crossing stations 93048,
KMMH16 and 93011. In these figures, the fault displacement (final slip) with red line is shown, as
well as the observed final displacement for each station (black triangle). Following the evaluation in
in section 3.1 of the observed fault displacement and permanent displacement very near the fault
(Figure 12), the simulated results shown in Figure 23, 24 and 25 demonstrate that the horizontal and
vertical component of maximum permanent displacement very near to the fault can be lower, equal
or slightly higher than the fault displacement, but not very higher as seen in the vertical component
of the observation discussed in Figure 12. As mentioned before, these observations need further
evaluation. Coming back to the simulated results, it is remarkable to notice that the maximum
normal component of permanent displacement can be twice larger than the fault displacement as
seen in Figure 24.
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Profile permanent displacement perpendicular to fault at station 93048
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Figure 23. Cross section perpendicular to the fault crossing station 93048 of the three components
of permanent displacement. Red line is the fault displacement (slip at surface rupture) and black
triangle is the observed permanent displacement at station 93048. HW is the hanging wall side and
FW is the footwall side.
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Figure 24. Cross section perpendicular to the fault crossing station KMMH16 of the three
components of permanent displacement. Red line is the fault displacement (slip at surface rupture)
and black triangle is the observed permanent displacement at station KMMH16. HW is the hanging
wall side and FW is the footwall side.

18



Profile permanent displacement perpendicular to fault at station 93011
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Figure 25. Cross section perpendicular to the fault crossing station 93011 of the three components
of permanent displacement. Red line is the fault displacement (slip at surface rupture) and black
triangle is the observed permanent displacement at station 93011. HW is the hanging wall side and
FW is the footwall side.

4.2 Ground motion

Simulated velocity and displacement ground motion generated by the surface rupture model (Model
14) and buried rupture model (Model 17) are compared between them and with observations at all
the stations shown in Figure 11. Ground motions are low pass filtered with frequency cut of 0.1Hz.
In this section the comparisons at the very-near fault stations at hanging wall side (93048,
KMMH16) and foot wall side (93011) and two stations at far distance KMMHO01 and KMMHO02 are
shown. Comparisons with at all stations are shown in Appendix B.

Overall, the comparisons at stations very near to the fault (Figures 26, 27, 28) show considerable
difference between surface rupture and buried rupture at the three components of velocity and
displacement. Nevertheless, at far distance stations (Figure 29 and 30), the differences are minor.
These results suggest that the surface rupture effect on ground motion very near to the fault is
stronger. The dynamic signature to reach permanent displacement due to surface rupture (fling
effect) is remarkable seen in the velocity ground motion in the form of pulse. The differences
between surface rupture and buried models suggest that the surface rupture effect at far distance are
minor.
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Figure 26. Three components of velocity and displacement ground motion from surface rupture
model (Model 14) and buried rupture model (Model 17) compared with observed records at Station
93048 (Nishihara) located at the hanging wall side very-near to the fault
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Figure 27. Three components of velocity and displacement ground motion from surface rupture
model (Model 14) and buried rupture model (Model 17) compared with observed records at Station
KMMH16 located at the hanging wall side very-near to the fault.
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Model14 and Model17 (Freq= 0-0.1 Hz)

Velocity (m/s)
Displacement (m)

Velacity (m/s)

Displacement (m)

m
o
w

+ 0-08| ——Observed
£ 006 —Model14

o
o

Displacement (m)
o

2004 —Modell7
Q
2 0.02
[}
> g 0
o] 10 20 30 40 0 10 20 30 40
Time (s) Time (s)

Figure 28. T Three components of velocity and displacement ground motion from surface rupture
model (Model 14) and buried rupture model (Model 17) compared with observed records at Station
93011 located at the foot wall side very-near to the fault.
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Figure 29. Three components of velocity and displacement ground motion from surface rupture
model (Model 14) and buried rupture model (Model 17) compared with observed records at Station
KMMHOL1 located at far distance.

21



Model14 and Model17 (Freq= 0-0.1 Hz)

EW

01 KMMH02

o
=
o

Velocity (m/s)
Displacement (m)

Velocity (m/s)

| ——Observed
I ——Model14
—— Modell

m/s)
=3

o ©
S o
& =

Velocity (m/s

o] 10 20 30 40 50 0 10 20 30 40 50
Time (s) Time (s)

Figure 30. Three components of velocity and displacement ground motion from surface rupture
model (Model 14) and buried rupture model (Model 17) compared with observed records at Station
KMMHO2 located at far distance.

5. Conclusions

A total of 18 simplified dynamic rupture models have been developed for the 2016 Kumamoto
earthquake. The kinematic slip model from source inversion has been used as constrain to derive
stress drop distribution for dynamic rupture calculation. Then stress drop is adjusted by trial and
error until the final slip derived from dynamic simulations be consistent with the one from
kinematic model. The other frictional parameters, strength excess and critical slip distance, are also
estimated by trial and errors to also fit fault displacement and near source ground motion. The
preferred models focus mainly in reproducing surface rupture (fault displacement) at Futagawa fault.
The final dynamic model has stress drop (dynamic) about 70% of the stress drop (static) derived
from kinematic model. Average stress drop is 2.4MPa and maximum 16.2MPa. Because rake angle
shown from kinematic inversion is heterogeneous at the shallow zone. Models with initial rake
angle (220° 230° 240°) are the best models for the very near fault stations. The definition of a
single best model is trivial because it depends to which observable want to fit. For example, the best
model that fit station 93048 (Nishihara) is model 16 with rake angle 240°, for station KMMHS6 the
best model is Model 15 (rake angle 230°) and for station 93011 the best model is Model 14 (rake
angle 220°). In terms of observed fault displacement, model 14 with rake angle 220° is better
consistent with observation. Since the target of this project is to simulate fault displacement, the
preferred model for this project is model 14 that has initial stress with rake angle 220°. In order to
fit all observable with a single model, our results suggest that a model with heterogeneous
distribution of rake angle would be necessary.

The rake angle effect as well as the surface rupture effect on ground motion are significant at the
very near fault. These effects are minor at far distance.

Finally, following expectations and supported by the simulations, the observed (measured) vertical
component of fault displacement seems not consistent with the permanent component of permanent
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displacement very near to the fault calculated from observed ground motion acceleration by double
integration. This apparent inconsistency needs further evaluation of the observations. But also
further investigation with physics-based simulation is also recommended to provide meaningful
explanation of that apparent inconsistency between observations.
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Appendix A. Three components of velocity and displacement ground motion from models Model
14 (220°) Model 15 (230°) and Model 16 (240°) compared with observed records at all stations
shown in the map of figure 11.
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Appendix B. Three components of velocity and displacement ground motion from surface rupture
model (Model 14) and buried rupture model (Model 17) compared with observed records at all

stations shown in the map of figure 11.
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Model14 and Model17 (Freq= 0-0.1 Hz)
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Figure B4. Station 93011
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Model14 and Model17 (Freq= 0-0.1 Hz)
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Figure B5. Station KMMHO04

Far distance stations
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Model14 and Model17 (Freq= 0-0.1 Hz)
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Model14 and Model17 (Freq= 0-0.1 Hz)
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Figure B11. Station KMMHO01

Model14 and Model17 (Freq= 0-0.1 Hz)
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Figure B12. Station KMMHO02
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Figure B14. Station KMMO009
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Model14 and Model17 (Freq= 0-0.1 Hz)
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Model14 and Model17 (Freq= 0-0.1 Hz)
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