JAMSTEC Rep. Res. Dev., Volume 11, September 2010, 1-15

— REAX —

VERAZ AR NOLY §Tn 2 |82
HillE b 7 7 BRSNS RIS

U I T

i S UEMICE LR N7 7T, AR SORATERMES T 358EL, FMF~ZETHITOHET .
FEERE S 23 OE KRR, BB L FEREEIRA T2 & & 512, KFEEORNE TOBIROREHEN DR 4
WML CTWa, i, ZOZD A =X LICHETHIHSIRE SN, BiEid 32— a v TRIESN>DH 5
7277L, ooy Ial—Ya i3Emlz74 ) EViETL— FOIRTRKE LR CTEB LD TH 72, #
2T, b= MEREFH - oW TETMLL, MlBOBEEY AR5 272 32—y a v T, L= Mg
ROFELE Lz, ZORE, SRICIBIRE ZE L7727 VOY4E, M EEIRE & 2 240 KE T, o8
EARE ETFL, Pl CHIR TR MEORS & THE L 7238E 8y — U —ERE U7z, —, EIEOHE
DY T Xy MERTOREEINT X TEOK% DZEALIZ L T, FHbE L I1ZIZE UIELBVAHFHEENLZ L bbro
2. TOZEMS, BilENT 7 TOMBEIREICIE, TL— FORISERT I HZEIL D b, &7 X2 N EROEE
N 28 OGRS 20 )RR EOZEALS L ) LR TH L L TR 5.

F—T—F I HEF L7, 74 E T L — FOIKTIRIR, BT 7

20094F12 A 17H 528 ; 20104E3 8 H =23
1 FRSIATBEE N7 B SEHAE - tERNFR 7 4 - 3 7 AHIE,

UEPES

Lejig <

PRAZATEOE NI TR B FERERE - MERINER 571 - X 7 A5
T236-0001 A7) 1 LAk L 17 SR IX AT N 3173-25
045-778-5888

hyodo@jamstec.go.jp

HVEME © BROTAT BRI 72 B SE R



7L — FIRTTILIRDSEIE b 7 7 ERIEEF LI KT T
Influence of 3D Geometry of PHS on Seismic Cycles

— Original Paper —

Modeling of Nankai earthquake cycles:

Influence of 3D geometry of the Philippine Sea plate on seismic cycles

Mamoru Hyodo"" and Takane Hori*

Great interplate earthquakes have repeatedly occurred in pairs along the Nankai trough. Ruptures started to the east of the Kii
Peninsula and propagated to the west within a few years, and, especially for the last three events, the delay within pairs of earthquakes
gradually increased as the magnitude and recurrence interval of events decreased. Recent numerical simulations of the earthquake
cycles, based on a plane fault model with depth-dependent frictional properties and anomalous structure beneath the Kii Peninsula,
have qualitatively reproduced the characteristics of earthquakes along the Nankai trough. We used a similar numerical simulation to
examine the effect of the 3D geometry of the Philippine Sea (PHS) plate on the earthquake cycles. To the east of the Kii Peninsula,
where the PHS plate is relatively flat, the stress increase rate is similar to that of the plane fault model. In contrast, the stress increase
rate west of the Kii Peninsula is considerably lower; in this region there is marked flexure of the PHS plate. Furthermore, east-west
gaps in the stress increase rates of the 3D plate model greatly increase the delay time (by ~60 years) between simulated Tonankai and
Nankai earthquakes. However, we tested our 3D plate model with minor adjustments of the frictional parameters beneath the Kii
Peninsula (reducing characteristic slip distance by only a few percent) and showed that the earthquake cycles thus simulated were
nearly the same as those of the plane fault model. Therefore, frictional properties at the boundary between Tonankai and Nankai
earthquakes have greater influence on earthquake occurrence patterns than stress changes related to 3D plate geometry.
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Fig. 1. Historical interplate earthquake sequence along the Nankai
trough (some additions to the original figure of Ishibashi, 2002). The
year of occurrence, interval between, and east-west extent of each
earthquake is also shown.
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Tullis, 2001).

TR TR OB PR ) B L0 %
BT A0, VOVELT, $RDEEEV-V (V>
Vo) DX IZHGIt=0T AT v 7HIHNE e 56%%
A, ZOLE, 3 NOLMFEVHL MR L TR L,
@R EMAGbEIUL

T:Em+AM(%)+BM(%)&ﬂ{*%)*% @

L b, 22T, IRDHAPVTI RS 72T RD | EX
(=w) LBE, fHLD-O 7L — NERE O %
FTRTI B L TH A, (4) ROAILEIEHBEETRE
DEALA r JFIBTAHDT, FREA 2 25T XILIZEES
THRBEBWICHEFET 2 2 L 0%hh b, 2072, LAV
SWVIIETRYXIEZ ) BEKTEIRECRD, mH
BIRDERILGL B b, HIZ, LIKEVWELZLOT
ARD) TIFEEPSETET, I_DICHLTTL—F %20
J720, $RBBCIE® o) LcT R 2RI LS
EEZA. T, TROUMEITL, XDLEGRBE, =
rot (A—B) In (VV.) &EAiE5h. HE-T, A—B>0
b, TR EEEABINN L 22 A BRI L R
sifl), A—B<07% 5, XU EEMINI LEEE AN
THZE GEESL) 12hb. TOXHIZA B, BXY
LS, RO AERETRT A/8F A7 12h>TWh, &b,
@) 1L, WHORTLEHESD, ., A BlZ, WE
5 BRI T) o & BIBRIEPA & Pt F 2 A Rh e )
o= P EFOT ro=pooy, A=aocy, B=boyx®
EIIEEND. 22T, ue a bk, TRENVLTE
IR LT 5 & EOEEREL, 30 M I
B3 % BEEAREZEAL, N0 1Sx T B EEEAR B L LA
e, IS EWRE EOMEIKTF T 2T A5 &
o TWh., Lz oT, BEIZEAITA, BlETD Iz
P72 ) FEARE LI LT L 5 2 &2k 5.
L Lah s, RIfFECTHT2 7L — MEFIERA %
HODRIE (22 HER) 25, BEEISRERT 2P
o) U, ) SRS 2 e ) 2 b
INeFEZ, TRYIGERT 28802t ZE L W
borTs FLAR4HBW) . 2F 0, KT
A, BEZIE LOMNEDRIMAFT L2EREALT. ZD
BT, PR ORA L3RI T L — MEKREERE LY
BT, TIPSR D) FABIS 2O DS HEE T A
IV RIE S BB /LS.

—EDIEB SR, @), QrMALGhLELI LIZX
D, TRYBLOEZERE, FOMPOEREE L TOHED
BORL WESA2N) ZETMETEL IR, E



M. Hyodo and T. Hori

PERIIZD T O X ) ICHRCE S, BESRE (c.+A 7))
[ZHARTHIZE < EARILT) () P HReEE, (2
RTED, TR0 HEVIZEREHEEV AR TIFF IR S
¢, IBIZEBLTVLIREEIC AR S, ZoBaE, QR
D, TROBLOERRIIM ) ILEINAS, BEEHEEICE
T5FTIHBEePICAEL L, BT s L g
SRR L L, Vuk D@l T P5EL, T
BENEZRET L) I XY)DPEAELGDL. 20L&
OUhEy, TR OFEAEIE S T AR E LS.
COBZILIIER L ) # L, TR BREOIR T A
QRDE2HIHE - TR UL, TS5 IThES N
THED L) ZEETR) 25| &k F. ZLTINY
BENDEIE S, I0T) & BREME O BRI 5 &
RDIEPET B, ZO L EEEAMR 20, @GR DELH
& oT, BVIBEMIIRCHREDORENIEL L. h
12 & o TEREIREE ([C R TIR I 25 T IR e 9 D IR RE
BEBETL. 2HLT, HOTR)BRLOBE/EIFEL,

WEPRRYEEINDL I LITh 5.

22. 7V — MEERHIEIR

IR L2912, FL— MERTHEATLHEY
A7 NVEREY I 2L —3 3 Y TR 720121, %
L3557V — MNERH A REORE ICHETILT 24
5.

AWFgE & F U < mEilE -7 738% B $ - 72Hori et al.
(2004) , Hori (2006) , Kodairaetal. (2006) Tid, f#E#H0°
DA FHEWE 2 ¥ ERBROHEE V) (28I
L, 5N O30 12X 25121t (Okada,1992) %
FAWTBH O TR INERBE LTERL TS, ZL
T, REIKAFE LTBEHONT 2 5 OG5 A% 52 572012,
Z Ol L7 L — MR OSSR A RE L Tw
% (Fig.2). ZZToO7 L — MEFHKIE, #RToH
RPORBERGEIE - A7 THMEORERIZH L Dn Tk
EENT-HDTHD (Babaetal, 2002 ). 73, Babaetal

480

[km]

10
15
20
25
30
35
40
45
50
55

Depth

480

Fig. 2. Configurations of the Philippine Sea plate used to calculate static shear stress changes. Upper panel: 3D fault model based on that of Baba et al.
(2002). Lower panel: Plane fault model with a dip angle of 10°; colors correspond to the vertical projection of the 3D plate configuration onto the dipping

fault plane.
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Fig. 3. Discretization for the calculation of slip-response functions for the 3D fault model. Upper panel: Contours are isodepth lines (interval 5km) for
the upper surface of the subducting Philippine Sea plate (Baba et al., 2002). Lower panel: Division of the plate interface into sub-faults. Each square
defined by four blue points (2.7km X 2.7km cell) corresponds to a vertical projection of one sub-fault onto the Earth's surface. Each sub-fault is
approximated by three triangles for calculation of angular dislocations. The slip-response functions are represented by the stress changes on sub-faults,
which are the combined effect of three angular dislocations within one sub-fault. These stress changes are estimated at the locations marked by red
Crosses.
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Fig. 4. Distribution of relative plate velocity (V) based on the slip deficit distribution by Heki and Miyazaki (2001). Velocity is assumed to decrease
perpendicular to the direction of subduction of the plate (N 55°W). Contours indicate depth (km) to the upper surface of the descending plate.
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Fig. 5. Distributions of frictional parameters (modified from case 2B of Hori, 2006). Upper panel: Characteristic slip distance (L). Crosses indicate
where stress and strength shown in Fig. 9 and 11. Lower panel: Distribution of A-B. Contours indicate depth (km) to the upper surface of the descending
plate.
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Fig. 6. Simulation Case 1: Simulated seismic cycles for the plane fault model. Arrows annotated with times indicate time intervals between earthquakes. Coseismic slip (slip velocity > 1cm/s) is indicated by
dotted contours and aseismic slip (cumulative slip at slip velocity > 6.5cm/yr over a period of 0.001 year after the beginning of coseismic slip) by the color scale. Moment magnitudes estimated from coseismic
slip are also shown by red characters. Black stars indicate rupture initiation points of simulated earthquakes.
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Fig. 7. Simulation Case 2: See caption of Fig. 6.
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Fig. 8. Simulation Case 3: See caption of Fig. 6.
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Fig. 9. Temporal changes of stress for Case 1 (dotted lines) and Case 3 (solid lines). The time origin is set to the occurrence time of the largest event in
both cases. Left panel: Near the hypocenter of Tonankai earthquakes (black cross in Fig. 5). Right panel: In the Kii channel (red cross in Fig. 5).
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Fig. 10. Slip velocities immediately before the Tonankai earthquake for Case 1 (left panel) and Case 3 (right panel). Crosses denote where stress changes

shown in Fig. 9.
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