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WEEFHIGERICAMIC/NES< R EZERL, BONRWEREORK E 2D, x=11
DE WA S < ATD4, BIEREEE 5 & IS T T &l ’Wlmi%}i;hé A REVX, AR
FEH O XA LIS DB T &3 aicl ¥, mE ik EEZ%%{EJ_?%;}J%%%%
FTORR, GEAVANELDEEZDLENTE D, mﬁVTg il B 5 B I D H
W (BHRRWE) NEEROBERNS PEREE LD, E7e bR Y » 7L R
DIGTEEREIZZNEVEY, x<320 00 IBETENIEICRVIET 2 h D/ LV 23
WRAET D, ZOWET, ﬁb“@%7u/%&m®@%7m/bi“ﬂb JC D EE
2y FORY OV R IMER EE2 LA ) HECEREET L LR D,

BRAEBETVOKRFMEBY : 2FyTFvay b

A RERRIC X D BN I B E I ST D - 0ic, BT T Lo B &
KAEAT- T, R 2R EREBIL O AT v 7T a vy Naemrd, &P ER OFFHE-75 <
x <75, y=0Z%t LT, RRMERE-160<x<150, 0<y<76L L1, BROED. &K
Mgl x=11 &N T x=+- 756 ONLiE Z XA Lo, OIS, t=120,160 (25 045 +%
#5@%7D/F#Em%éﬂ5%§&ﬁFP(ME¥ﬁﬁﬁ)FN(MEL&%W)@
AR 25, WRIT, t=164 25 U HAMMELEID x = -75 128 1F D18 112 X 5 #E i
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2 BEREHNMEER D EEDOA T v T ay b EFOREN IR KA, WiE Ak
JJ(FP)&LE%@QEEJJ (FN).,

(Fl7 = —X) BELWLHARIZIEDS > TWLS ORI R 2 5 ( t=200, 240), t=298
W2 x=11 ICTIHRE 7 e FOSGERBRAEL, FOMRIZ TERT7 2 —X ) BIE > T D
ﬁ‘ﬁﬁk TR 2D (=320, 360), WiE 70 DAY v T/ OV ZERKICHES 7w b7
==X X, BEIFMICT = — ARERVIRBAKE < R OBEEOB MM RIC X0 FFRIC
FN 3B TRIMEEZ 726 L TS, LAY =AY v 7NV AD T =2— X (2D
WTIE, x=1T1 BT 26K ER T x=80%5 x5 2500, BIEARAEMO 7Y N7 2 —
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R FRHALWMEFRDO VA Y =AY v TN ZANEDT7 = —X)N FN RFICEBWTEA
EADNRE = THHELTHF SN TWEORHINTE D L2 5b (t=360,400), %1%
\Z x=75, t=5411Z Té@ﬁ%¢7:~xﬁpﬂw6w_nbmh ZHEDS > TV L D
RATIZH % %, FP oy TIHEEHE LI L0 IRIESAICEALTWD (¢=560), 7a v k7
=R LAY =T 2 —XE, FFI FN&A*ﬁwT%®ﬁé%%okii X%E@
FH~ERE Ll 20 B2 T IE B R 08 il o e RIE 5 A &2 =9, FP By ICIE &R
7I*fk%i71*fﬂ$@?éoW@%%LT%%&<%E?éxrﬁh@“T\ﬁ
ERTSICEEEE L ThrbEILT S x=75 DEILE 72— A0 FRKREL RS, #1E7 <
— AL EHERT = — XD R KRESMAERIT FP i %b\fctﬂ;lfu\éo AN PR SR N
EILHE S y FRICIER DM TH D, —FH, FNEZoicBnWTiE7ery h 7o —Xk
LA U — %7 = — XN AR 5 11 E&D%%ﬂk%<&é@%@%ﬁﬁ%%ﬁi@
EEAEAT IS KIRE 2 A H T, GRET VT 16 < x < 30 O Rl 24 fE I8k C B 1 il
BIZENOLEHLT XN —=DBHRHENTEY, 7o 72— XDERYEWVIELZEZ T—
BLERNL AV 72—y, Fizpoar b 7=2—XEHnAMLTLEY, AN
JRK CHBIRIEO R KEN/NS S RdEEZE2ohb, EELwd e K7 = — XX FP
Dl kWTF¢7:~Z&H%@yﬁﬁ“®ﬁ%ﬁﬁ®¢éwﬁ@%ﬁ T AT %
W, ZOHRKMIZFN &y X0 b/hSn, — IR KIEE L FN oo B, o
MPER R KV AEERE A Mo TRELS y FMICHEBERET 2 0/MiE b, LAY

— W7 2= ABNECLEEA., WHOZ XX — N0 S FN oS8 5 i KE E A
INESL B B,

BHRAEKETNVOBRFTHER : MBEERBICHADZET =2 —X

BB D OHUE R B O R A2 S GIZFE L IMEEEE TR 5, M 312 y=2I2.5
I HBLR S & y=75 120 SR WBLHLS TOWRIE 2R T, BHAIE x= -1000 5 100 %
THMBIZOMT D 41 RICHEL TWD, £7 . BERENOAERTE TO x=-3005
x=5 DFIZIZ, ET7 > F XLV Z2OBENIKIGT 5 7 = — X5 FP - FN i ik 75 O #) 81
Rz25, ZOM, 7o b7 2—XDREIZ 7o F2ULADTRDEFEDOHE KL &I
W, 7ur bV RAD 7 = — R FTHPEAR FN IS5 LT FP s TlEr b BN 0 231
SX DLW, TR LT, x=11 TOEERNSNVAIZED 7 2 — XL FPRSICIZ- &V
ERZ (x=10 - 35), IREPKELRDZOBR25, 67 2 — XX FN RSICIXIEE A
CBNRWR, THEAERT = — X0 F—rnb 9 & FPICB LT, FN 2P
LTHIICR > TV D6 ThA) (K2), AU =AY v TV RHIET 57 =—X
X, x <36 OfFATT7 v b7 2 — XDOHRKMH & LT FN BT ICHBRICA 2 228, FP K
FTEHIF-EV LAY, 7y b T7x2—Xb A ) =7 =2 —XTHBEORHE LT, FP
FAZIE AR Y » TNV AT D OSMU OB A /x/ > 76 TRBITHIRIEZ T 2
DIZH LT FNKAOTITIRIEZHE VO TR BHELRITL L TH DL, x=+-75
TOHEILET ==X, A7 = —XLEKRIC FP ol L<BnTnd, FlE7=2—X
® FP k%) %%%#ﬁ%<ﬁ ZHEU D,

WIZ, y=76 OBPRIZHB T HMEERE L LD, 2L LT x=-76 TOEILT7 2 —X
DOP-SH, erf®A¢7I~X@P S, x=76 TOEIL P SEMAFRETE D,
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x <30 DB EOHINE x=-75DEIEPH 7 =—ADEH>THY ., 30 <x DFFHOYE I
é%P&7m~f®i5f%50:m5®ﬂwﬁfu\W%7uyb7m—fkv4u~
W7 x—XTFEAERZBRODIZH LT, 1%&7:—%“&FA7:~7<‘%)§$@2?“%6*2:
ﬁ%ﬁxo_mg®ﬁﬂﬁf@%%iFP& BOWTHEBL, KEWHIZAREK SHE., x=75
@%msﬁ\xrmmﬁmsﬁ7ika@ofwé WEEDE L7 = — X(E, 02 DE
JEAREREEE S OEAMICEOHEBEROBNFE LTI AL TWDIN, &7 2 —X
HE R = s BRICEILE T 2= X R UCTH Y, EIE 7 = — X L [REE o 5 JE W E
BOREIRE /2> TWNDZ Enbnb,

Madariaga(1983)81% 2 ¥k It i 4T o - M (R £ 2 00 o il & 40 7 il 388 5 B 12 k3 2 B 1 Ak
FONT RN D ERE O REf S i b EEA MR ICE D (GEEETE TOo-2 ORE
wRio) MR BIRIRE 2205 2 & 2R Lic, [, [R5 o o) 390 1l 5% IO R & R K
AR O W REME IS owf%=&bIﬂm%@%ﬁ@%%omﬁ%T%J%%ffwé EN
WMRTEZRT TBKRET V] OHBRBFICENTHEERT = — X6 AW S

MBI L 72D 2 &M BT @oto%@TTﬂgﬁéw%TWJ%ﬁ%%bk%u
WENRTAZ D THNTFOREE ] L LT R TFTROFRN R BB Z &
HERMAT OBADP D b AR T = — A Po2 OFMEEZ R OEBEMMERR 2o TnDZ E
EXFET A, BRI [ RYWHEEAHET L (K 1(d) ) 2BV T, iR 45 S
(x=-61,-29 & x=31) ITBWTH LT EOREA R K] SFLE L ELE B HE R
o TWNDZ NI NDN, £ 2 TIERIFFICAERERE S HHE R L TWDH O THIE
WRBIZ NS Z IO ROMRICIENR D TR 7 = — X IR TR,

(d) fhamse b MITA B OFE

bivbhid, E7 e v NRBNAGEREE T TBREHFEET V) 2B DR
EEZ BN AKRBENSLAEL DT HEOEM S & ER N ORI W T ~NZ,
Flo, A HREEZHWT, BNEERTIMEREO Y I aL—varaB IR
S, VIalb—ralroOffR, ARBE TR EERDEHE (AR LVR) BNREAE
L, SEWTEHZDWEZa L bOSZIZED LAY =AY v TSV ARFEAT HZ &N
binolo, B0, BRI OBLE b %7 [RAYEHRARNET V) ZHEE L,
RN QMAWiw%A7%&@Tw ELT NENBETERORROZEREE] & T
BRI Sy ORI L L THERA I b ol THEDOREE O SAIEIR
X, BEROEMICERINDEE 7 v NIFEOISHIGICHEEKT S, F=lo, ARET L
THRIET R HEBEL AN CEMMEES A GR L, EE#GORAFy T vay b &
RN FE A3 AT NG FE T & R AN MR G U C BN A (R R o> 1 5 I Bk Bt 0 R s > v TR
HLZ, TOME, AR ANV RCL D7 2 —XE, BEERDICE AR 5 FELIR
IZEFIARTE L TV E FP D ICHIRICBE RS DICx L (EE7 = — X EHEED, LAY —
WAY TNV ACLD 7 =2 —XF, AV v PEEHFICE R D EmMEHRIC L W ET
T FNRDICKEECEHNLD (E7a bR Y v PNV R LD 7 = — X EHHR)
e o Tz, WiEIRELDOMBENC BT DR KNEE O MG, A AR A E
RAICEOHBR BN 27203 —FH, MEBICEIFLE LRI LR ahoT,

PER DB S N 7= MBI O WA 2 GHEE ST Wi gl EORE T 2 ¥ OREE 5y

711



MDDz, SEbNOIRBZRTZL ) RERBRIZHIET 260N AL THHAH 0?2
BRIz ﬁ$f5%ﬁh?;@%£%ﬁﬁkﬁﬁwﬁ4xim%7n/%®x)/7%L<
X7V A7 T = DZERY A XERBETHDLZENHLNCR>7- (K 1(d),
X LD AR XS ICBAEE O EITICB W TIRE 7 v > FOMBBEIX 4o T, W
FENT 22 DHETE SN DR E A OB DD FAKE TH L, ZOZENLEERTHD L
EARRRAREDSAADONRE = AOF 20138 L N2 ERbnrd,

AR To2 OFEEKRBFELFOBEEMBEBER A S Z ENran, T&FET
V] THEHAERET—ELrBX 0N, EREOWMBEICEB W CIIZ KOS KRN = 5 Al fefE
DD, AIEIORMEOR, WOREBENBAET D E TITIEZHO/NMEN W Em TRAe
LTWb, ZORELD, ZHO/NMEIZE DI MME L L2 BITIXFE R A 7208 T4 I
MR IND, REOEWE 7 FRAZALO/NMEBICEDECEIS GO R 2R
Bl XL, KA DISTETIEPET 28 1202 OFEEMMER 2 K425 2N TE 5,

Z D X D 7 JE R &%W@7m/bﬂLLfé%bTm%¢6% ERAETT VT, 5
7 == XD EEA BRI 2 KET2ET VL0 b MR O KRS E B
D FEICEEND Z LT D RITBWT, ﬁ@éMKm§ﬁ®%mﬁXAﬂbw@wz
FtEZ LV BRICHATE LR Y RET L THA I,

Kﬂnfhﬂbﬂi@%7mxh#ﬁﬁ¢%#éﬁ SRR O e T b MR G A
THHIZERETVERY EF7z, T UDICHB~_7ED W%L&@@%é@%%iW%ﬁ
DERDHIELT, B A MMEE, BLORD - - DI ETH DL ARMENH D,
IO W EmE OKMN ED LD I HE {EZ%I%?L@%E@%:%% EDX 7 TRMNFD] Ry
B LT HEBIEET VIZEND O THEEWEETH D, Wi m &2 R0 A7z s)
NHEETT VO 24T\, HEEOEME S O MBI SRR OISR 2 B 7= 72 T2
DERDSITHZENSHOBETH S,
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(2-3) 2 Z 7 NI DB IF R I B9~ 2 W58
AR A E 31PN NS T 20 SN )
sasatani@ares.sci.hokudai.ac.jp
B o#r (b iE R KRB B JE R )

noguchi@ares.sci.hokudai.ac.jp

(a) 2% 03K

VW‘W@ RN CTHRAETHIHEICIE., TOERSICEREARTROHL Z ERHLILTWVD
(Bl 21X, Tto, 1999V), Z OHIEFAEJE DOFEIL, HUBNH CIRED ERICE > TaEA
@%ﬁ#%%#%@r’Wm¢étb&%z%hfwéo:@%zm\ﬁﬁgf%éﬁé
HRICKX2MBEHHIFMOL L EICB T RENEOREZHE T 5BBICERA I LTV (H
BMAZLZES, 20042), T 2 CiE, JdbEfE & Ak THRAE L 8 (M7 ELE) @
AT TAHBIZEDZDA N =ALRERBESMEERICLCHERAFRE L, X7 7 NH#l
BEOMBERARBIZOVWTHRHNT S, ZOHIO AT TNMEIL EMEHLEAET DI &N
HMOLNTWD, METOREE, Ll OMEIISNE T FHICIRT W& m 4 . im0 HE T
mﬁﬁhﬁ’ﬁ#of%kﬁéﬁgﬁ%ﬁbfwé_&ﬁb#oko:Mﬁ%\xifm
HMEOMEBER AT, —EHMERO LS THOMOEEEEZLNS,

(b)% D RR
(ZHRHT L7z 8 HIER D& %k%@fﬁ XAm% K LICHEOHHRZ ST, LTS
BWTIH, CINOLOHMELZ 3O V=TT 5, H17V—71F, —EMEHO T
ﬁf%\éib Down-dip extension ® A 7 = XAﬁﬁF%TTéL“DO)Hﬁ “C&)Z) %2 T—
. _HEMEmO L@ THA L. Down-dip compression O A=A LEH T HHET
3?) 5. 37 N—71%, Hili7: Down-dip extension X° Down-dip compression O A 7 =
ALETIER WAL EDO R G CTRAELTZKHIETH D,

#1 MITICHWEZ 8 2D AT T INHIE

7 n—F FIHIH = wa HEE— A b
1981/01/23 H /@& & 130km 2.2x1019Nm
W17 A—7 |1987/01/14 H &Lk 119km 1.3x1019Nm
1993/01/15 Il ¥ 107km 2.6x102°Nm
2001/12/02 4 F B FE 6 118km 5.2x1018Nm
¥ 2 7 L—7 | 2003/05/26 B I 72km 3.5x1019Nm
1958/11/06 = kb1~ 70-80km(F&F)* | 4.4x102'Nm
37— | 1978/12/06 [E4KiE 118km(ISC) 4.0x1020Nm
1994/10/04 k.38 3 )7 28km(ISC) 3.0x102'Nm

*: Fukao and Furumoto (1979) 15
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1993 Jan15
1987/ Jan/14

1981/Jan/23

40°

2003May/26 0 100 200 300

X1 fEHTICHWTZ8 2OAT THNHIEDER (k) & AW =X LfE

) FE1I7—7F

Suzuki and Kasahara (1996)3(3, 1981 4 H & /il & 1987 £ H @& (LR A 7 7 N HIEE D
AKEBERBOBREYAS —A Xy MEICK > THRE L, 70, 1993 FHI B i Hi 5= 12 %t
L Cik, @Bl s % v 5 5% (homogeneous station method) TAE & REOER %
7 L7, Okada et al. (2004)9 (% homogeneous station method (Z X ¥ | 2001 44 T I&
%%% DABERBORBEZRE LT, ZNUHO/RREZM 2 12737, ZhHOREIL,

ESEY e Lﬂfﬁbfb\é_ki)\b#éo ZhiE, ZEHEHMERO THTHRAET L AT 7T A
%®%Eﬁ*¥?%é*&%fbf“é M777X@ﬂ%@%gﬁi\mbmﬂ%m2

v CEHEE O T TORM/NEOIFEEIRANICH 505, Mw7.6 O 1993 4 HIIE R O
%i—éﬁﬂﬁ T, FE2ALAKFEICIERL, BFEEESICEL TS, Zhid, —EM#EmD
FlEE THOMbMELZEZTRNDEZATL2ZEEWRL TS, ITHIEEH K Z H W
eI A N = a RRERE 7 ) — BBGEIC X D 1993 I v LR o Wi kg £ 7 VI,
RN FICELPOHIEE LI 2R L TWb (Takeo et al., 19935, Morikawa and
Sasatani, 20040), £7-, 7 A~V T ¢ I (300~800km?) %, REEMH M (40x60km?)
X0 blTanic/hawn,
2) H2 7 —7

" EMERO EETHRAE L, Down-dip compression fE& A9 5 2003 45 I R I E
DREBEHAZK 3T, KEOSHEWME TRDL &, TORMOMBEILN 70 EThH D,
L, WEESIZIESRE CH o2 & E R L T 5, Double-Difference 1412 X % if#l
IRRIEREMRIC LD L ARITMWBET L —FOEREISMEL, REBEEZOMBR L~
Y RVOREFITHER - TS GEE - fll, 20047), B 7V — U BGETHE SN Z
DHBEOWEET VT, BIEN T HROCLEGIEHELTND, £, ZOMEOT AR
T4 B R EE L Y bR D NS (FREF - L, 20049)
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The 1981 Restern Bidaka Barthquake
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2 WIIN—TDOATTHNMEORE DM, LA 1981 FH & EEHE, LA 1978
FEHEILIRME, A 1993 8l HiE (LA E. Suzuki and Kasahara, 1996%)
T4 2 2001 428 IR H#E (Okada et al., 20049),

Depth [km]
141" 30'E 50 6‘0 7]0 80 90

141" 45'E

s‘@gﬁ'

3 52 7L —7 2003 HEE IR HIE O
BN (KB - fh, 2004 9)

. ’ N=1985
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3) HE3 I/ N—T

LICART LT, ZOTNV—TOHMED X 1 = X LiE 1L, B/ Down-dip extension
< Down-dip compression TlI7e\y, L22H, Mw A 8LLEOKRMETH D, Ll F&
RRVS, B3N OHEIL, LEEDITLNRGTTREAELTEY, L2507 L

IR e FORBFEREREICHEEZALTWD,

Katsumata et al. (1995) 9 (%, At iE 505 O B A 721 % 72 homogeneous station
method %2 1994 ki E 7 LR O AR L RIEOBRIRIRE 217 o 1=, 4 1%
KE %E‘é?ﬁ)% 26 H%EF'EﬁU\Ij‘J CRALTEREBEOSMEZRT, b, WEEENIZ T2 40K

WEMEAZAT DT ERELRHRAMBEREZ 20600 (M 12K, PEAD S KO ER
TN HRD LN AROTESE, 28km (ISC) ., 23km (JMA), 30km (USGS). 25km

(Katsumata et al., 19959) L&\, LML, EEET VI bHfiEshictr baAg
RE S X, Wb %W 56km (Kikuchi and Kanamori, 199510) . 68km (Dziewonski et
al., 19951D), 60km (Sasatani, 199712), 67km (Morikawa and Sasatani, 200013), Z ®
RS OZERIT RENK 26km O EY K VIEWHRICIER L2 L 2R LTV 5,
BRATE TOWET L — FOWE B 30km THLHOT, ZOMEIL, AT 7T HHEIHIH
WK 40km I EE L7 RHIE LB X oD, ZOFEBOCOERBMES —HEMERZAT D
DEIMIIARHATH LN, “HMERO LE2DENIEE -T2H 2 7V — 7 OHE &1
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(2-4) Earthquake Source Studies Related to Strong Ground Motion Estimates

James Mori (HUHR K52 B5 SEMFZEAT)
mori@eqh.dpri.kyoto-u.ac.jp

(a) 2EH DM

In our research efforts we are trying to understand the source characteristics of
large earthquakes, as related to the levels of strong ground motions. We study the
seismograms of large earthquakes recorded at near-field and far-field distances to
observe the details of the rupture process. From these results we have been able to
estimate parameters, such as the slip weakening distance and rupture velocity,
which are important for understanding the physical mechanisms of the fault slip
during large earthquakes.

In the first study, we continue our efforts to measure the slip-weakening
distance from near-field strong motion records of the 1999 Chi-Chi, Taiwan (Mw7.6).
These are probably the best recorded examples of slip from a large earthquake and
provide the good opportunity to try to resolve the slip-weakening distance. As an
improvement over last years work, we used a forward modeling technique that
includes the effects of local structure and the rupture propagation. The results for
four stations that recorded earthquake seem to show a scaling of slip weakening
distance with the total amount of fault slip.

In the second study we investigated the distribution of asperities for large
subduction zone earthquakes. Using teleseismic data, we studied a sequence of M7
and M8 earthquakes near the New Britain trench in Papua New Guinea, that
appeared to re-rupture some of the same parts of the subduction interface. Our
results indicate that asperities do not seem to be persistent features that are the
same in repeaing earthquakes. Instead we think that the asperity distribution can
change from earthquake to earthquake.

In the third study we use Hi-Net with an array analysis to measure the rupture
velocity of the July 17, 2006 earthquake (Mw 7.7) off the coast of West Java. The
high-density array in Japan can be used in a back-projection analysis to image the
rupture propagation. Our results show an irregular rupture pattern that has an

average velocity of about 1 km/sec.

(b) ZEH5 DRk
1) Estimates of Slip Weakening Distance from Near-Field Records
We continued our work on estimating the slip-weakening distance from
strong-motion records that were recorded very close to faults with large displacement.

Last year we used the method of Mikumo et al. (2003)? to make direct measurements
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on near-field velocity and displacement records from the 1999 Chi-Chi, Taiwan
earthquake. This year we extended the analysis by developing a forwarding modeling
technique that includes the effects of local structure and the rupture velocity.

We set up a grid of points on the fault near the station where the data we are
modeling were recorded. We calculate theoretical Green functions for each grid point
and then sum them with an appropriate rupture velocity to model the data. In the
modeling we test different values for the slip weakening distance. Figure 1 shows the
configuration of the grid and the calculated waveform for various values of the
slip-weakening distance. Comparison with the data on the right shows that a slip

weakening distance of about 2.5 meters fits the data the best.

Displacement
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Figure 1  Model waveforms calculated for various values of the slip-weakening
distance. The grid of points shown on the map in the upper right was
used to include the effects of local structure and rupture propagation.

Recorded data are shown on the bottom right.

We tested various values of the slip-weakening distance by comparing the fit of
the calculated waveform with the data. For station TCUO068 the best fit was obtained
for a value of 2.5 meters (Figure 2). We applied this method to 4 stations that were
located very close to the fault and had large displacements. For the two stations that
had a fault slip of about 3 meters, we obtained slip-weakening distances of less than
1 meter. For the other two stations where there were large slips of over 6 meters, we
obtained slip-weakening distances of 2 to 3 meters. These results indicate that there

is a scaling of the slip-weakening distance with the total amount of slip.
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Figure 2 RMS fit of the calculated waveform to the data at station
TCUO068, as function of the slip-weakening distance. The

minimum is for a slip-weakening distance of 2.5 meters.

2) Asperity Distribution for the Large Earthquakes along the New Britain Trench,
Papua New Guinea
An important aspect in modeling strong ground motions is the location and size
of the asperities, or areas of large slip on the fault plane. These features are
regions of high stress drop and the radiation from these areas dominate the strong
ground motions produced by large earthquakes. One key issue has been whether or
not asperities are persistent when the same fault slips in repeated earthquakes.
Observations by Igarashi et al. (2003)2 and Yamanaka and Kikuchi (2004)® in the
Tohoku area indicate that the asperities are persistent features that rupture, even if
the overall size of the earthquake on the fault is different. We study a sequence of
large earthquakes along the New Britain trench in Papua New Guinea where M7
and M8 earthquakes have apparently ruptured the same area of the subduction

interface. The table below lists the earthquakes that were studied
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Table 1 Large events studied in the New Britain region of Papua New Guinea

Date Origin time
Event Lat. Long. Depth Mag.
(UTC) (hh:mm:ss)
July 14, 1971 1971.07. 14 06:11.28 -5.52° 153.86° 43 km M., 8.0
July 26, 1971 1971. 07. 26 01:23:21 -4.93° 153.18° 43 km M, 8.1
Aug. 16, 1995 1995. 08. 16 10:27:28 -5.80° 154.18° 37 km Mw 7.6
Nov. 16, 2000B | 2000. 11. 16 07:42:16 -5.23° 153.10° 30 km Mw 7.3
Nov. 17, 2000 2000. 11. 17 21:01:56 -5.49° 151.78° 37 km Mw 7.4

For all of these earthquakes, teleseismic P-wave data were used to carry out
waveform inversions to determine the slip distributions. To calculate the slip
distributions, a grid of subfaults was set up in the source area and teleseismic Green
functions were calculated using a program based on Langston and Helmberger
(1975)%9. Generally 10 to 15 stations were used for each earthquake. For the MS8
events in 1971, the available data are paper WWSSN records which are often
off-scale for even the P wave. To analyze these two earthquakes, we digitized
P-diffracted waves at distances of 90 to 120 degrees and used these data for our
inversions. P-diffracted waves represent low-passed versions of the direct P waves
and can be used if an appropriate correction is made for the attenuation. In this
study, we found that a value for t* of 2.0 was able to model the data. For the
P-diffracted analyses, we did not use the absolute amplitudes, and constrained the
moment from an independent estimate.

Figure 3 shows the results of the slip inversions for all the earthquakes. The
colored outlines show the rupture area for each event and the shaded areas are the
asperities. Asperities are defined as areas that have slip with values over half of the
maximum slip, similar to Yamanaka and Kikuchi, 2003. The rupture areas of these
large earthquakes are generally consistent with normal scaling relations of source
areas. The outlined rupture areas have large areas of overlap in the region and we
interpret this to mean that the same portion of the subduction interface has slipped
in subsequent earthquakes. On important feature of our results is that the areas of

large slip (asperities) do not appear to overlap.
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Figure 3 Distribution of asperities for five large earthquakes along the

New Britain Trench.

Assuming that these events represent re-rupture of the same portion of the
subduction zone, this means that the areas of large slip are not persistent features
that always occur when a particular section of the fault has a large earthquake.
This conclusion is quite different from the idea that is often put forward that
asperities are characteristic features that occur in the same place in repeated
earthquakes. There is some question about whether the closely located asperities
for the July 26, 1971 and the November 16, 2000 B overlap. However, even if there
is some spatial overlap, the sizes of the asperities are quite different and it seems
difficult to interpret them as representing the same physical structure.

Figure 4 shows a cartoon that contrasts a model that has characteristic
asperities with a model that that has asperities in different places for repeated
earthquakes. In the characteristic asperity model, the large slip always occurs in
the same region and surrounding areas slip mostly aseismically. In the model
with uncharacteristic asperities, the asperities fill the fault area as repeated

earthquakes occur over time.
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Figure 4 Cartoon showing difference between models that have
characteristic asperities, and varying asperities for repeated

earthquake on the same fault.

3) Rupture Velocity Estimate for the July 17, 2006 West Java Earthquake

For understanding the dynamics of slip during large earthquake, the rupture
velocity 1s an important parameter. Usually the rupture speed of earthquake is
observed to have values of about 0.6 to 0.8 times the shear-wave velocity. However,
there are a few cases of super-shear ruptures that exceed the shear wave velocity.
There are also some examples of slow rupture velocities, such as for tsunami
earthquakes. In this study we use an array analysis of Hi-Net data to estimate the
rupture speed of the July 17, 2006 earthquake (Mw7.7) that occurred off the south
coast of Java. This was a tsunami earthquake that had relatively low levels of
high-frequency radiation, but produced very destructive water waves that killed over
600 people along the Java coast.

We used short-period vertical components of the Hi-Net array in Japan, operated
by the National Institute for Earth Science and Disaster Prevention. Of the total 743
available stations, we chose data from 717 locations that had generally similar
waveforms, in order to eliminate stations that had strong site responses or
instrumental problems. The array is located at distances of 52 to 70 degrees from the
earthquake and clearly records the direct P wave. Data were high-passed filter at 0.2
Hz and aligned on the first arrival using waveform cross correlations. For the
back-projection calculation (Ishii et al., 2005)5, we chose a grid of 240 points in the
source area and estimated which grid points were the sources of seismic radiation for
sequential time windows of the P wave

Figure 5 shows for each time window, the resulting locations of the waveform

stacks that had the highest amplitude and therefore inferred be the source of the P
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wave radiation. The differences in the stack amplitudes across the grid are quite small
and vary by only a few percent or less, and for this reason, the stack amplitudes have
been normalized in each time window in order to be able to show more clearly the
locations of the maxima. The results clearly show the southeastward movement of the

rupture. The average speed of the rupture for the whole earthquake is about 1 km/s.
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- * - *
10 0 [+ !-'.
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10 10 10 .h
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x '_'j‘“ % " 100 km

Stack Amplitude

Figure 5 Each time window shows the region of maximum correlation which

corresponds to the location of the radiated energy.

Figure 6 plots the positions and times of the maximum stack amplitude for each
time window, to show the propagation of the rupture. For the first 30 s we do not see
much movement of the source of seismic radiation. Starting from about 30 seconds
after the initiation there is a fairly continuous rupture propagation to the southeast at
a speed of 1.3 to 1.4 km/s for a distance of about 100 km along strike. Then there
appears to be a small pause, followed by a jump of the rupture to a location about 150
to 200 km from the epicenter. Overall the rupture does not have an smooth propagation,
but an irregular pattern with jumps at faster rupture speeds..

The results suggest that even though the average rupture speeds of some previous
tsunami earthquakes have been inferred to be slow, this may be due to the effect of

delayed multiple events. This would mean that it is not necessary to provide special
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physical mechanisms to explain unusually slow rupture speeds for tsunami
earthquakes. Instead, tsunami earthquakes may be explained as having a complicated
pattern with irregular propagation at normal rupture speed. Since the water
propagation is much slower than the rupture speed, there is very little difference in
the generation of the tsunami between a continuous slow rupture and a delayed

multiple rupture.
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Figure 6 This figure shows the time and location for the maximum correlation
in each time window, which corresponds to the source of the radiated
waves. The different lines are for different length time windows.
There is a irregular rupture propagation with an average value of

about 1 km/sec.

(c) Fam7z b IS % OME

We measure the slip-weakening distance from near-field strong motion records of
the 1999 Chi-Chi, Taiwan (Mw7.6) earthquake. With a forward modeling technique
that includes the effects of local structure and the rupture propagation., the estimated
slip weakening distance is scaled the total amount of fault slip.

We also investigate the distribution of asperities for large subduction zone
earthquakes near the New Britain trench in Papua New Guinea. Our results indicate
that asperities do not seem to be persistent features that are the same in repeating
earthquakes. We also found the slow rupture propagation during 2006 Java
earthquake.

The latter results, such as variation of asperity position and rupture velocity,
indicate the complexity for constructing source models for scenario earthquake.

Detailed earthquake source analysis should be done continuously for future events.
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(2-5) Determining the Location of the Fault Plane for the Nankai Subduction Zone
Earthquakes

Bogdan Enescu (HUEB K7 Bh K WF5E7T)
benescu@eqh.dpri.kyoto-u.ac.jp
James Mori  (FU#[ K FB5 KEBFFEFT)
mori@eqh.dpri.kyoto-u.ac.jp

(a) B DOEK

We estimate the location of the thrust plane for large earthquakes in the Nankai

subduction zone by using high quality locations of small earthquakes.

(b) 7% DR

We assume that the small earthquakes in the depth range of 10 to 40 km are
occurring close to the plate interface (or within the subducted oceanic crust a few
kilometers below). We are studying the region near the Kii Peninsula (Figure 1), where
seismic experiments have already produced a good starting velocity model. We have

collected waveform data from 450 earthquakes, as shown in the Figure 1, for 70
stations.

L |

£ 20 % - ]
= d ° o]
S -40 - ﬂ%w 338 = g
2 -60 | - >
z T T T T
0 50 100 150 200 250
Distance (km)

1348 135 1352 1354 1356 135.8 136 136.2 1364 1366

Figure 1 Earthquakes (M >1.8) in the region of the Kii Peninsula that are being
relocated with cross correlation of waveforms: epicentral map (a) and

cross-section (b). The velocity model obtained from seismic experiments (Ito et

al., 20060) is shown in the cross section.
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Cross section of the earthquakes, as shown in Figure 1(b), shows the general
configuration of the subducting Philippine Sea plate. However, with improvements in
the locations, we should be able to determine with much better resolution the depth
position of the plate interface. In order to recalculate the hypocenters which have been
determined by JMA and NIED, we are using waveform cross correlations to obtain
consistent arrival times from the data. This method can give good determinations of
the arrival time, especially when site effects may systematically influence the shape of
the high-frequency waveforms. Figure 2 shows an example of seismograms recorded at
Hi-Net station KTDH for 40 earthquakes. Although the events have different locations,
note that there is a good similarity between the shapes of the waveforms so that a cross

correlation analysis will give consistent arrival times for all the earthquakes.

KTDH
Event '
ul

-0.5 0 0.5 1.0 1.5 2.0

Time (sec)

Figure 2 Example of P wave records at KTDH station. Note the

similarity of the waveforms.
We are using the arrival time data derived from the cross-correlation procedure

in three-dimensional velocity inversions to obtain an improved velocity structure

and better locations for the earthquakes.
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(c) #am7z b IS % OE

We compared the thrust plane boundary in the Nankai subduction zone obtained
by the reflection survey result with the relocated hypocenters of small earthquakes.
Small events seems to occur not on the plate boundary from the reflection survey
result but in the crust in the subducting slab. We need to monitor the distribution of
small event hypocenters toward to the occurrence of the next anticipated Nankai
subduction earthquakes.

We used Hi-net data operated by the National Institute of Earthquake Disaster
(NIED).

(d) 51 H ik
1) Ito,K., I. Hirose, Y. Umeda, T. Shibutani and T. Ueno: Crust and Upper Mantle
Structure With Reference to Seismic Activity in the Kinki District, Japan From

Seismic Surveys, Fall Meeting, American Geophys. Union, San Fransisco, 2006.
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(2-6) V4 H A O HERE 4h HiA% 1% & 3R R B AT Al
JUHE T LN R 52K 2 B A R BR 5L 0T 52 B )

kawase@arch.kyushu-u.ac.jp

(a) 5 DK

[P B AR OHERE 2 Hikg i & SRR B AT ) MFJERREE Tk, A L FRk 15 42 O ifF 98 % 5%
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