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Preliminary analyses for modeling of stress accumulation processes in the
Japanese islands

E BX'-ZFERA'

lkuo Cho' and Yasuto Kuwahara'

V&S - HEERFSEE o # — (AIST, Geological Survey of Japan, Active Fault and Earthquake Research Center, ikuo-chou@aist.go.jp)

Abstract: We have numerically evaluated effects of the three factors for the stress accumulations in the
Japanese Islands: (i) steady-state subductions of the Pacific and the Philippine Sea plates, (ii) collision of
the Izu peninsula, and (iii) westward migration of the Japan trench, to construct a model for the stress
accumulation processes in the Japanese Islands. For this purpose we examined four preliminary models
obtained by combinations of these three factors. The examination revealed that the pattern of the
observed stress field does not fit with the calculated one for a model of either the factors (i) and (ii) or the
factor (iii) only, while the pattern of the calculated stress field is consistent with the observed one except
for the Kinki triangle in a case of a model with both factors of (ii) and (iii). The pattern of the calculated
stress field fit well with the observed one including the Kinki triangle for a model with all factors of (i),
(i1), and (iii). It is noted, however, that we need refinements of the models, especially the one representing
the factor (iii), as well as further examinations of the theoretical backgrounds for the modeling of each
factor.
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1. [FC®IC

Fex ik, MEBREOYWEET VIS HARYIE
WO HERAETHEZHIE L, 20O ORKEHET —
Z L LT, HBOISIPIREDFAI A ST L 2 T
5. WENET HIRE COMBIS I & @EE, A
HPHCHEBEAET L Z LIXTERVOT, Ronk
BT — 2 L WIS 155 % BIR AT 2 72 D Ofal & 7
DETNEZNUCEHET 22 &7 b, L LEBLEE
RTCIE IR ATRE 72 E B 72 B 7 /L SN S 3L T
AN

WK, 7 — FDOLHIAFIESTEZONDH
BRIG NI L — MERBOME (FRMEIX 100 4
F—H—) THHEIND =, NEME (FRERE
131000 A —4—) ZFAEZE D 2D OIS T) D
EHEICIIFH LRV EBZ LN TE . Lo LR
> DOWFSE 7 V—7""ClL, Matsu’ura and Sato (1989) |Z
LB EETT L (MS1989 /L) DIREEIED & L,
TE w72 b A aA B NN EME O FRMEEZ B 2 5
F— & —CTHIRIS ) DFERRICF 53 5 vl ietE & fa i
LC&72 (eg, Sato and Matsu’ura, 1988, 1991, 1992,
1993; Matsu’ura and Sato, 1989; 1&jk « #A7H, 1991,
1998; HA7H, 1998; MM - A4, 1999; KH - FATH,
2002; Takada and Matsu’ura, 2004; Hashimoto and
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Matsu’ura, 2004, 2006; Hashima et al., 2008; Hashimoto
et al., 2008). Ik, L — FEROEFH
IR AT dislocation B 7 /L THRBLTEX, oS
L— FERANREIH L WA AR BIE, FL— hOER
A 722 L FRA IR WM 72 IR TR IS B I 5
5. 2k, ZL— MEABEmRL T DE DI,
T— FNUEOMIEMNT PLDORKREEIN—ET
HoTh, ZOHENT L— FERITIH > TZEH
WAL L, OB BEE O %51 & Z 5 NE
SR (dislocation Y —R) L70A 2 ENREFETH D,
SN TS (B 2E, K-, 2002). (BA
T, EEILHRAHETGIEFES).

H ARSI E2R DG B L CiX, Hashimoto and
Matsu’ura (2006) (HM2006) (34 &EN D7 L — k
DR ETRIIATL DT M vEET AL, FIEH
WECISHERZ N Lz, 7277 L2 DR S RIT%
FTLLBMNT— & &= L2 o7 (AL D Fig.
6). & Z°CHM2006 L5 E%¢ (partial collision) &
WO MBS E BB AL, HAL B AR EHES 2 HE
L.

—7J5, Niitsuma (1996) X OV&EHE (2004ab, 2006)
X, RIS OIS N — T LT R AR E TSN E
FZm U TWA. 1515 B A N e 7k & iE



£ - FIREA

ERSERDLEFOICHEL TWARERL LT,
BAEOPEE A A (Niitsuma, 1996) & AU M3 AL A A
(FfE, 2004ab, 2006) (ZIEAMEENERSILTND &
FiET D (BLF, BAMEEERGHEMES). 20
FE, kDB ZBY BHEMRT L — b DOILHARIT
RIS DOERICHEE LR NWEBZTVWE LI TH
BH.

EH UL AGA TR 3 B30 ST B ARSI B O H Y5
NOEBE T 254, IGHBEROL 5 1250
BER 7778 —LEZLND T L— MR OEZE
BN HEBMICERYAEns Z Licid BH). L
7o N o TEF LA T HGIUL, KEHETL— R &
T4 VT L— NOEFEWIRIE AR E, P
FFOEE LN D 2 ODISHGR T 7 7 X — & iF
MicExrbDEE25D. —J, HARUFEEESR S5
IZHARMBIEOVEE L WS H—D S G ER 7 7 7
H—H iM% Z LS D. RTINS 3 &
HO7 7 7 ¥ —lAHEDETHELNDZBOD 4 Fl
HOETNWIZHONT, 1 KRS A —/LTHAR
SIS DI ITERHEE (LUF, IS I EE) 2 BB aEAm L,
BT — % OFEMEE T 5. AFEO B I,
INDAFEEOET MIZ K D8 T — % OFBLED
L& T 77 XA —OEEMEEZRTL, BAIIESDIGT
WIER D ERET VA ML T 5 12 O S B 2 12
5L ThHB.

DIF, ETAMETEH T DI6715 OFR M ZE R~
Q&), 3FEEORNBIEKR T 7 7 X — 22OV T
T2 QBH). WIZINLDISIBBR T 7 7 % —%
MAGbETHEOND 4FEEOET LV (£T /L1~
V) [T 2MmehERE2mET 5 @~78). 7
VL IHEENEINE T ILAARFF R E B AWEE G
WEGREBKME LD TH D, EFILIIARE
BFHAZOWTIEL, HM2006 2k~ T H ARSI E DRSS
HWEZFRT D, ZOBRIIE R LA R R 53 CTEl
WF—2 [ TELAREMEEZEZ X T, ETNART
A =B RFMAOLDOICEES L. —J7, HARUE
EHEEF I OWTIIEELOMBIRY ZET
ZAUCEES R E O BUERHEFIIL 2. 22T
BIFGETIT TIEREAT & W D LiEAT T T2 BT 5
T BT ML ERET S, TV, IV IXH
RKUFEDOWEEIMD 7 7 7 X — i HEbDREIZET
Lo T WA, %2, LLEOETFT AL RIZ K
DSWT 3D NG T 7 7 # — O EEM 2%
5 (8 Hf).

2. AR TEEBT 2BRIEDIENZEDOEHH

2 X a~c IRt L DI, HIEBFRT —Z Ot
TEONDIEFEA D =ALZE DI T DOT — X
1%, BED BARSNENEEEHMEGZICHDZ EE2RL
TWa., ¥ hEoxz 4 7L LTE, BERA =
AL (A a, c), 1EEE (R & bHiZ, KEr
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WX HAE A AR (AR L A ~ AL yigEE v s)  Caf
Wi 23 sl U, Vard B AR G| — & i 4 i B LA e
~JUMALE) CHEET TR S T . o7 LUnE
=1 (Huzita, 1962) (55 1 [MZH) & METH 5 HE
MTIEHEEN S Abnsd. FHILB AL R HA
ORGSO 7 ¢ v W~ 7 F E L g & 590
WA AVIRL D, AFZETIE ERRo X 5 72 A
BOISNBEORBICER L, SHEOISHBERETT
JAZEES S BERER R L T 5. T b bl
SRR R O M AEYE & U CEMEMIC B B AR R T
JERGO MK E, PERTH AR, VTR S A
Wilg D3 SICEETHMEINIERTDH. 72770
A vEE PR ESC S, SN R ERSCEE S BB £ T
ICEHRZ EhiT 5.

3. ICHBEOHEREETIVIET -0 T7 794 —

AHFGE TSN G DK 2 ET b T 572912,
(i) 7L — NOEFEHIRILA AR, (i) FEIED
22, (iil) A AUHEOWE L W) 3FEEO 7 7 7 % —
BEZ, ThHEMHLEDETCELND 4EEHOT
TN (F1E) 2T 5. LTz 2 42— @)
~ (iii) (ZRH7 DSR2 R & .

TJ7549— (i) TL— FOEBNLIEAAHS

1 Hi Tl R, 7L — b DOEFHIRIEIRIA I
RIS HEBICEE LRV EEZ N TE =N
MS1989 &7 /L DI RLIK, & B 72 L AI9A B DY
NERBIZHGT D E 0 ) EFILAIALTHHNFIR
END X oTz. EWILIIARLT GBI T
DL, 7 L— N OEF IR IIA I D dislocation
EFINTEHINDZ LT L — FERANEM LT
WD ED2ODKMENMIEL D, WIZE 2T,
EB BN SET R T UERS T ERE L2,
IR 22005405 H 7 L— FERDE# L T
HZEIZEHHATH 20D, @wmAETL— FOEFN
72Uk A I % dislocation E 7L (372 > B MS1989
ET)) TRETEHEZNEIMEVWHIZ LT %
ITHDH. T TZZTIHZEOBLEND MS1989 £
TIVERI LoD, EEWRIEHRARIIG I ER-EIC
FHELRWETEEZTLEOENERATS.
FIFEINEERAZRTCHEZZVW. RKO@EYD,
MS1989 &7 /LT 7 L — MiEE) & ik & RO %
AT 72 b dislocation & L TCHRTETILTH B.
Z #UlE Savage and Prescott (1978) <> Savage (1983)
DWbPHNRNy 7 A v TETNVIZEBITLEZ &
FE, 7 L— FEOBEE B OV R LIZE/-IIC
KT L7 WRAER 72— L — D OILAA By (E
W) &N T HEELR IO END.
Savage (1983) (X7E# k53 03 HIZE R D ZTE It 1 D
B2 BTN ENEEZ TEERKS %
ML U7z, Zhicst LER Ay & AL 2 O X E



HASIG OIS )RR 2 T 7 LT 2 72D O Tt

W5 L U TR 2 72 D75 MS1989 &7 /L T
5. FBMOISEHEREY, U — MERICER RS
DV — A & ELE LT dislocation P (2 H S TR
B ZET 52 L T T 5.

3B E, M b B o MS1989 £ T L D
dislocation {2 ZEAl 22 Akt AL (PR AR A BT SEAT 72 557
WMRIZMNHIMEEIEET D) THD (Mt ENLE
T (a) ERES). MEXEMITFRIMO®EY gL T
BLEHICIFFRLRE S TRMmE &5 (EEIC
(X FR 1 D B CRIENIERIFR & 72 % O ¢ HE Mo
ENLINFIS I R & L 72 B4, 2 2 ClIAHE % Hifif
THEDICTHRZER L TWD). $EENET L (a)
TEH R & D R O ) ERE & 7 5 BRI,
R PRI ST D ERML, E
HEA D B RSy e BN S & U CREIRINE O s
NEBEHETHLITEW. Z0HE/ER T Eko
MSI1989 ET VDAL —HTHZ LIl d.

BBIXTEIL, 7L — bOEFHIRILAGA I T
BICHERICHEG LW E W) BRSNS D 5
2 HENDHAEMNDET IV THD (Mt BT T IV
(b) EPESS). R TIE PRI T M OEN N E
528, EMEANIFE CHATTHEL 280 k4 L n
VIRMNEEINTNWD., HHENET IV (a) DS
&[RRI BRI O E Rl oy & AL AR SR L L CE
WIS NERBE T L, 2 OEAIIE R S
PDIEZITOTHLIND, IGNERIIALNNC0 LS.
AR 008 Y Savage (1983) I H A A X HAEMI D&
NEREIZEFEG Lipnw e R L2, BEICEDOEE
RN ER A0, 20X 5 ITEREKRSIE
dislocation TI&72 < ¥t ZENLET /L (b)) TRILZH
RIFEe b nwekEZ N5,

Fa () 13X, F3MOMHEMET NV (a), (b)
DEFRIDT DA A= ThD. XHNL EEBMEITITi
RIBALN RN & 2R, M EAET L (a) 1X
dislocation &7 /L3 72> H MS1989 5 /LD A A —
CTHY, (b) IXEFHIIRILIRIAIRTIG ST EFEI
HLZBRWETEEZFITESSUEROHRDA A —
ThD. EFILAIARFT G TIL, Mo EALET L ()
DLGHEICT V— MERARFEKO L H IZHE LT
XN RIS IR R 6N D Z 2k b.
PERDFDIEHE L 72 DI EMLET L (b) DA,
T — FERANEH L TWENE I MICED LT
FEERICIX RIS ERIT R b e,

AT & DBFFE 7 — 1%, EHILRA R L 55 %
FTIETHBME LT LIFLIET L — FERNER T
X720 (FU— MERNEHR L TWD) v ) B
FEERY EIFTE7e (eg., R, 1998; KAV,
1998; ek« AT/, 1999 ; KM« FATH, 2002). fEMIT,
FL— MERNT—T7 L TIE BRI OE Y X
NV DT RIINZERIRNC A LT 5 DT, BRI H
AT X0 HFRII A Ui a8+ 5. Lz
ZTCHRRH L7\ DlE, B ARIAS A G RIITE
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%57 73 dislocation CTF X315 & W 9 FARH 225 E D
HHENWHIZ L THD., ZHNTRFTEEZEER
AT IIAERT BN ET L (a) TEEINDENWHIZET
HY, ERBAIOHSHZERD 0 TIXRWNWE WS Z & T
D, ZOREDZLBENRZ N E TITIEE A Vi
ENTETCWARNWZ LICEHEENRLETHS D (8
i) .

27048— (i) FEXBEDER

AT & OFGE 7 N— 1%, FE¥ERNTORN
ZHEWRLDLEDIL, FEEBOBEEETIEIT L —
r DILIIABDIEE > TNWD —FTEDOEPFHTILT
L— FEFHNILAAIAALTWD H D & L CHEZEH
OE#BETT M LT (e.g., Vo0, 1991; #37H,
1998; Takada and Matsu’ura, 2004; HM2006) (i 4
(ii). HEETIN () EMES). ZOXHITHRHLD
dislocation <& 7 /LI X » Titdk S 5 &5 L A I
FHHIZBWTIE, FFEFERHOEE LW D IG5
W77 7B =1L T L— FDOEFEIRBRIARE NS T 7
A —DOHFIZHBIMICEVIAEND Z T/ b.
CHUTIEHEILFARFGROFREFT 2 D.

—J, 7 L— NOEFIRRABDIG I EEIFH -
LgneEn ) ERICIK 935S B4 (1) ORIz
PET IV (b)), 7 L— FDEFIERARLSND 7 7
7 X — (PO I OHAREEOELE) 28D
ISHERE LM T 2221 5DT, FFUOmEES
BRNCET LT HAMENEL D, ZOHRAEDKD
BRI ET WML HIEIL, BT L— FoihAi
AADIEE > TWD—FZ DR T BT AN
T TIEOLNDNENT 2D X5 REFHHRIEAIALE 5.
252 ETHhD (AKX Gi). EHEET L (b) &MES).
FX (Gi)-(a), (b) OWWTHOLAED, BEIEMEN
FEAT CUIA L O 23 72 22 A b DS M 25 T & I
NEBDOY —AL LTHBTIITHAH. 5T
X, AWFZE CILE 2SR AT BT 2 3 Z AL D
DM BRI LI L > TR EET VLT D EV D
N N

ZOBLRTHE, EHEETNL () & (b), HIZIEfE
ZETIL (D) OWTHNOHES, MR
WAER SN DI N BICKRE 2R T2 E MRS
H., ZTIZTEEETIL (D) XEFILHIALE
dislocation TF 9 Z & IZZAti 22 ekt BALE T L (a)
DRy I A TETILTHDH. LoTC, HEET
b (b) TIELY —AREZEE OB R AHTIZR 5T
52 EEEETNE EEETL (b) (XD
T () Tl cELEEZLND. EEET L (D)
IS EERD % ) — AL T HDT (b) L TEE
a A MRSz 53, F7- dislocation Y — AT &
HIEHE T e 7 I L k0 ERATE IO TT
077 ABBOTFMEELS ZENTED. AT
EEET L (b) ZEIRWTIE ) Z@EHT52
LLr95.



£ - FIREA

J7H4— (i) BRBEOREE

40X Gil) 1L, BAREENEET R E2RL
TWa. RIKORENTIZT L — MERE EBIOET
DKM THDH LT 5. AWHFZETIX, HARUEEDE
RGBT D THARMEOVERE) Lix, $hiEkr
HMCTRDLDEZDEIITKRIEEST L — FREN T L —
NEERDOIIR 2 e L2 £ IS EIT 5 8%
EEZD. ZoOWEERIZL > T L— FERTH
0 FAET D AREMEILH DAY, ABFIE CIIRME O H
Wik o =0lz, KEET L — holfEEE N Z D %
FhEM L — N OEE) & BB L35 (W ES)
ETFILEFES).

4. EERALAAEFEFEDEHREEZEEL-TE
T (BEERARAAFTEHR)  ETILI

TE I AIA I T G D BAR)ZRBL L LT, MS1989
ETIVERAWTERRIGIHE 2§35 €7 L
ZETINIETS. BETNALIE T2 2— (1) IZHE
KIZENEET L (a) (EFIXMSI989 5 V) %, 77
7 H— (i) IZEEETIV () Z@EAL, 777 ¥ —
(iii) IZEELARVETLER-STVD (B1#£). 1
Hi Tl 72 38 0 ARE CTILE H L AIA B % 550 TR
T A BB TEXLEEZEZ TETLANT A—
K HA RO L OICEFE L, HM2006 & [FIAED
MFNEZE & 5. LR CIEARRSE TRz BRFg 7]
T A =R EIRRD,

B REE % O 22 1T Fukahata and Matsu’ura (2006)
\Z X DES OIS E O RmEEZH D, 0
B Ga fiE o FF 5 121X AR #k 1T ¥ (Thomson-Haskel
propagator matrix) D FFR OB U S EE AL E %
BT D7 0T RANRHNLRTWD. 5 LLRI
DOIFFETHN LN TE =T R CORIRITHIFHE 2 —
RIZIX Z OBMEALEDORMENE 415 (Fukahata
and Matsu’ura, 2005). FiEREIEE LT, H2ERD
KRB D

H AR OWRE TR AT A 7 7 O %, 120°E
— 165°E, 14°N — 57°N O#iH TET LT D (GBS
X)) . &S 40 km DURITREMEREIRE LCTH Y (258),
Z OREIE ORI | RE R BRI B 1T D sE kR AR AR
DISEFHICEE L 72 (Sato and Matsu’ura, 1988;
Fukahata and Matsu’ura, 2006). 2 CTA T 7 DR
ISR S 40km £ TET VLT HZ LicLz (BES5X).
BARMZIE, #EEOTH (Smith and Sandwell, 1997)
L =R A (Engdahl and Villasenor, 2002) % %%\
LoD, BFEDOT L — b EEREEOET IV (3 )
T g B NSO,

7L — b O fH % E 8) o 512 1L DeMets et
al. (2010) ® 7" L— b JEHE T /L MORVEL % iV 7=,
ZORE, 7 L— MEROBREIZOWTIL Bird (2003)
DFL— MEREFTLPBNR 2B E L L. <A
rsuaZ— ML, EEFRESRESTWRNI EE
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BR L CAMETITEEES, 74V iESL—
r (PS), =—F7FL—Fhk (EU), &7 AV BT
L— bk (NA), K¥EFETL—F (PC) D7 L— R
ROBPp -7 (FS5K). FEN-BOMTFIRESICE
WTIRE A RBT 572012, - L (1998)
EHEL L THOMICIEAR AR R E 2o &9 5H
SR A Dl

iR 7 L — M MERET LB LT L— NEDOFE
*TEE) A MS1989 €7 /L2 3 % 7212, HM2006
R T X M IEAH X E (Lambert
conformal conic projection) T xyz-Cartesian [H.f %
RICEH LT, =D, A% (36°N, 136°E),
FEUERERR  (Standard parallels) % 30°N 35 L OV40°N &
L7z, 7'b— MNEOHEREE S h L% 3 RITHIIC
A irte 27 71CH T 5B, HM2006 & [FIERIC
7 L — ME O REE O HE 2 RO X 5 12 X
7 MIVOB RS AT LT

%Iz, 7 — MMEREZ#Q S km X 5 km O
A RXTHTAE L, & FORRICAEREZRE L,
BHLPEJE PN O TE RO 2R TR A R LT

%6 (a)~(e) 1%, &7 L — FDOILIHIALD H
AN DS NEBIC R ETHELFM LR TH
5. ZINHOXIXHM2006 IZiZRrESnTELT, Z
CEAREBREORIED - DI L E 2 T
THHLDTH LN, EFILAIAHRFETIZEBNTHE
7' U— MR HARYNE OIS EREC G 2 5 A AT
THEODORMET —Z L L THEELEZONS.
FX (a) ZH25E, KVEETL— hORAIATeHTS
T b b IbEE HERIC B W CIERERL OIS 3505
RENTWD Z ENRDIND. FIihAHAHDOMFIZ
ST DARINLIRE TR R OIS N &0, mifl
JFC B 72 B ALHEE PG 5B & R 28 T+ n s
DISTBIT I TWA Z EnHS0n 5. [FIK (b) ~(e)
WZDWT HIR U T AIA ARG O NEEERIZ 131 B g
B DRSS RR S, A5 iy, Al 5 i
BTN NG E RN R bN5. AR
B O IEWBALS J1351%, 7L —hOXRUTF 4 T
DEBIZLILZZEEHLONILERESD 7 V—T
DOIF TR (e.g., VEE - R, 1991; A - #27H,
1999; Hashima et al. 2008) & [AEETH 5.

BT, TRTOS L — FOLIBIABRD B S
BHELIEERETHD. HEAEEL TS AR
HOERERRLOND. ZORE — 2 OERICITFE
YEOBMENFGTDHEEZLNDN, FEED
BROKIL L L TORAALREE 0 &7 2 IO
REICEHIBRECEEEND D, T Z TIREMIC
P A S 9~ T MORVEL 24 » Tk A %
HCHELEEZA, GFECEEEU O BAHROE
MEdh 2 B OB TN O Z — U R S 4, BN
WRBROFERI GO B8KX). LR -TID
WY = DRI FE IR EEE IO 7 4V &
VHET L— N ORI EBE L CND EERD.



HASIG OIS )RR 2 T 7 LT 2 72D O Tt

AR TRE 2SI 0 & L2 &0, i 1EHE
@ﬁmﬁ’ﬁﬁfé WPFIZLTY, Zofot
BCIXIZE ARG RRIC DY, ERER DG
%%kﬁé.?@b%$ﬂn?@HMN%@%%k
BANRTETNANT A= ERHOLDIZET LR,
HIZT L— NOEFILAIAHREET ML LIZIET T
FBFEDIE Y (FH2M) ZHBLTER0EWVIFE
EEVAY CXSY gl

FOMIE, H7HTHALM GRHRE) OihAIAR
HWEZ 5% LS A0METHD. Tk
Frih B P 2 ZE AR S E 72 D1, HM2006 (2
31T % partial collision D AIZK ST 5. 59 4T
REINDAEFIL, partial collision ZEH A9 5 Z & T
HM2006 & FIRRICHIE A R Z EMEGIZTEDL 2 & &
AL TWA. L2 L partial collision 23 A L T4 7
BUMEEIATIEREBOSEOEETHD. ForldibH
IAFRE DIRIR 2 2L X720, Kk =855
WAEIRTT-0 EkEx i fT85RR 2 L7228, TR A AR
DIEWTE OS2 T NOBICEN S5 2 L ITNE#
Toh o7z, partial collision ZEHA L T, AAFFEIC K
LHERETIE, BTV THAINEEW OGS % FH
BT20138 L% Ths.

- =
— —

5. BABEOHREZEEL-ETI (BXEE
mEFSHR) : EFILIO

HAMHEEER G0 BRHRBLE LT, ROF
IECRHl T 2ET VEETIVIL ET 5. RBE®IL
FHirF (77 72— (1) [T L MR E T T
vo(b) &L, SHEBCIEFEG LRV ET S, £,
TL— hEEESEuOEEREEL, 610 KR
éhéiﬁ&ﬁ“am(ﬁﬁNmE)@ﬁ&ﬁm@
) X EME ) &2 R &/ 7235612 H ARSI Bk
@zwménéﬁﬁ%,ﬁﬁb%IﬁﬁﬁW%@M
ZHANLRR O OIR 1 E BT 22T, B
0,0, 1%, BEHMCHARWESEANImET 5 X 91
Rz A%y, 7045 Niitsuma (1996) @ Minimum
circle’ [Z% a9 AALEICAE LTV A,

ﬁﬁ%#tbf,k$#ﬁv—b&t%fv~b
X B ARUEHEOVEEST (B9 0,0,) LISMITIH09IC
BEShTWb EEX, B 0@@LEL(HI@E

) TS 7V —ET 5. ThbH 00,50 b
PEARNC RGP N IR 2N 5 S AET 5. Z DR,
AR DI EE X, N20°E AN p dh, $hiE
THMIZ q fil, N70°W S ENZ r il & > 72 7y i AR

FaHNT, WA THEZBH% (Johnson (1987) @
X (227). T7bb,
Gpp = — 2= (2(8 — 6,) + (sin26, — sin26,)},
G = — 2= 2(0; — 0,) — (sin26; — sin26,)},

P
= z(cosZ@1 — c0s208,).

(1)

Op
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mﬁ“om W5 2 TR ) E (FERE 2 1E & 3
%), 0, 0,1XFNENMT A0, A0, L plhl D7
?ﬁ?%é.$ﬁfﬁﬁﬁ@®f q A BT
DISTNTTRTO L7225,

5511 BUZEHRAEREZ RS, BARY S N E
DG LD 2 ENnND . K TEEAER R 0,0,
CEAZL, HRBENE S BIZON THREDIRIZIEN 5
X E—ThD. VM B AR MEh S B
M &R0, WALBARTIIREIL TR &> TnD.

JERMEIR 2 AL S & CIER T AUI AL B A TH K
TEMAHHR TELLEZLNDIDOT, KEETL—
N AIAT FICERTHE 2T AF A MY &L
T, RICHSY 07,07, DACE (5 10 X)) (2 EHMETR A &
WCHERHELZFIT L. ok, T Z DERE
PR CAbEE 2 WP EME I35 2 & 28 2 Tl o A1
0, FREE CIFICIERE L), AR CERT
LRI ARORE TN 2 FHT 57207251320, 1%
Lo tMAIZTOLTZENTED.

fEFE LT, PARIE Y HAL B AR T b fi K T i i
T SR E D Z EREREINT (FB12K). L
2L BARY S CHilig oL 725 2 Liid L b
Dﬁ&<,ﬁ%ﬁ$®ﬁ?h@ﬁiﬁﬁéh@ﬂo
7.

FEO X ) IR ORE N EICHI LT
WAHDHEBATIE ARV, F 2 CEERFMNR AR E LT
Ao mis DMEOR L EE L i3 5. R
BN IIRAZEZ W TREEZHET S G E S
). 372bb,

- -
— —

1+v

[ 6pp=—2-{2v(8, +6;) -
! Oy = _1{2(91 -

Lc’rpr = {(1 + v)(cos28; — cos26,) + (1 —v)In

IITVIERT VU HTH S.

MR L LT, R Q) ZHCTES 0,0, X000,
EIEMERE L OUSHEEZFELTH, X (1) off
&L U O D S IR T LU & 22 B LA T
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Table 1. Models forming the stress fields.
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Table 2. Structure model of the crust-mantle system.

Thickness [km] Vp [km/s] Vs [km/s] Density [kg/m®] Viscosity [Pas]
40 5.575 3.65 3.0x%x10° o
— 7.07 4.20 3.3x10° 50x 10"

3R TL— MERETVOERICHA LT — 4.
Table 3. Data used to construct the plate-geometry model.
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Fig. 1. Map showing Japanese islands and trenches. FM. Fossa magna, ISTL: Itoigawa-Shizuoka tectonic line, TTL: Tanakura
tectonic line, KT: Kinki triangle. The Lambert conformal conic projection is used with a reference point of (36°N,
136°E) and the standard parallels of 30°N and 40°N. Hereafter this projection is used in this study.
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Fig. 2. Observed data indicating the current stress field of Japanese islands. (a) World Stress Map database
release 2008 (Heidbach et al. 2010). Lines represent the orientations of maximum horizontal

compressional stresses. Line length is proportional to quality A-C (Heidbach et al. 2010). (b)
Smoothed stress map of (a) (Heidbach ef al. 2010).
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Fig. 2. continued. (c) Analysis results of a stress inversion using focal mechanisms (10 km depth). The lower
hemisphere representation of focal mechanism is used to indicate the stress field. Fig. 3 in Terakawa
and Matsu’ura (2010) is shown as is. (d) Distribution of active faults (AIST, 2010).
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Fig. 3. Models representing the accumulations of dislocation or displacement that accompanies with repetition of
carthquakes. Top, the MS1989 model. Middle, Absolute displacement model (a) the MS1989 model,
represented by absolute displacements. Bottom, Absolute displacement model (b) a model constructed based
on a view point that the steady subductions do not contribute to the accumulations of the crustal stresses.

342



HASIG OIS )RR 2 T 7 LT 2 72D O Tt

(i) Steady-state subduction

Absolute displacement model (a) Absolute displacement model (b
J J

(ii) Collision of the Izu peninsula

Collision model (a)
Colliding zone Other areas
=

- 7

Collision model (b)

=
_ 7
Collision model (b)

(iii) Westward migration of the Japan trench

Translational motion model
West East

NA 7‘ PC

FAM. FBEOET MACEMNT 2 B ARSI OIS HGOIER 7 7 7 % —. FRIFLAAT (4) /
WHAEND (F£) 7L— N OrEWmZ &R .

Fig. 4. Factors for the formation of the stress field in the Japanese Islands. Each figure represents the vertical
sections of subducting (right) and subducted (left) plates.
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Fig. 5. Model geometries of the upper surfaces of the subducting plates around Japan. Isodepth contours are drawn at 10 km

intervals. PS: Philippine Sea plate, EU: Eurasia plate, NA: North America plate, PC: Pacific plate. Dotted line at the center
of Japan represents the boundary between the North America plate and the Eurasia plate. Arrows represent the relative
velocities of adjacent plates. Parts (a)-(e), which are separated by thin dashed lines, correspond to the parts of the

subducting plates shown in Figs. 6 (a)-(e), respectively.
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Fig. 6. The calculation results of theoretical stress rates. (a) Influences of the Pacific plate subducting beneath the North American plate
in the east of the central Hokkaido (dashed line). The horizontal section at 10 km depth obtained using the MS1989 model is
shown. The lower hemisphere representation of focal mechanism is used. The type of the stress field (the normal-, strike-, and
reverse-fault types) is identified following the standard of Frohlich and Apperson (1992).
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Fig. 6. continued. (b) Influences of the Pacific plate subducting beneath the North America plate in the west
of the central Hokkaido (dashed line).
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Fig. 6. continued. (c) Influences of the Pacific plate subducting beneath the Philippine
Sea plate (dashed line).
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Fig. 6. continued. (d) Influences of the Philippine Sea plate subducting beneath the North
America plate (dashed line).
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Fig. 6. continued. (e) Influences of the Philippine Sea plate subducting beneath the Eurasia plate (dashed line).
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Fig. 7. The same as in Fig. 6 except for including the effects of all plates (Model I)).
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Fig. 8. Comparison between the closeup of Fig. 7 (left) and the one same as in Fig. 7 except for
assuming virtual subduction of Izu peninsula (right). Solid bars represent the direction of
the maximum compression axis of the calculation points around the Izu peninsula.
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Fig. 9. The same as in Fig. 7 except for decreasing the relative velocity of the subducting plate off Tohoku
(represented by gray region) by 15 % (Model I).
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Fig. 10. Geometry of the model representing the pressure by the westward
migration of the Japan trench.
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Fig. 11. Stress rates for the pressure source O,0, (Equation (1)) (Model II).
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Fig. 12. Stress rates for the pressure source O’,0’, (Equation (1)) (Model II).
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Fig. 13. Stress rates produced by the collision of Izu peninsula (factor (ii)). The calculation is based on the collision
model (b’). The dashed line indicates the region of back slip.
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Fig. 14. The same as in Fig. 13 except for placing a pressure source with P 1.5kPa/y in Equation (1)
along line O’,0’, (Model III).
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Fig. 15. Stress rates by Model IV, a model obtained by superposing the factor (iii) on Model I
(Fig. 9).
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