Bz~ F2F Ry FREFAT T
FALim =

Department of Geosciences

College of Science

National Taiwan University

Master Thesis

Blo B 474 B FH AT IFRIVER DR L A
Receiver Function Imaging of Deep Penetration of the

Eurasian Slab in the Mantle Transition Zone beneath

Taiwan
1P 4p
Yun-Shan Liu

hEREERE £L
Advisor: Shu-Huei Hung, Ph.D.

PERRA L4 ERT

June, 2010



B 31 2 78 K AR 1 AL S ST
nRLEBECHFELE
R B A 2 EESJE TR R AR EARR
Receiver Function Imaging of Deep Penetration of the
Eurasian Slab in the Mantle Transition Zone beneath

Tarwan.

A X442 0gamE (R96224204) £ B L £ KEHH
FEL A mIAEEMH  AERE 99 # 06 B 03
BATHAREEEERBRAIRRL > HFILE

®EE ¢

(4‘5 %ﬁj‘" )
}?ijﬁ

< _—

(&%)

~

RGN
7’%}1%%\




2

FHCLTL A REAES > BERAFERAD T A A AR L S BER
kAR R R SR - AR A R AR R
IWEFERT S V- DA MU TARS LR WL BEAALERD B
FiafEaT S o MR G ACER R F A W IR AT 0 13 BT
Bl EF ERIFIN SR L BN R MR F ST R Mk e Fak
£ 400 22 T AEINE BAed (R4 A ez M Ml B KT A A 0 3 4
REZIRED S L S o

REBFFEIHRFET UE B RAA 410 fr 660 2 2 gt I I eh R gk id
RfrR R72BFRCE I i & 24 olivine cfp %3 Mo 232 55
2L HERY LR ELIERCED B PR L DR NFER - FF
BOERZERF B FIERRE FE WL #® 410 fr 660 2 2 Auiiip 8IFE § 4
SR E @A H BT RS FEBMERT ZRERTER S 410
2ELFREH RN AARTRTIR R o TS BRI RS W ER T A
IR LR B R FRT SRR A REAS DA T T AR
F% 1996 % 2008 A TS BREST ER P Ak RN E
R BEfeadicr A% X e Bhdpde it 33t 410 fo 660 22 gd P oA #EdE S S
Aehi gl Pds B 1995 BRI Tl chil s 4p 4t P e o (B 5] 410 o 660
232G EREME SR ERY ER R AREL a1 P R TE T
BEARA(PFEEIBG G EFRTRERATERR Y FrgmifFEi
fd B BT AN ol F A

FrR2%Tt 28T @AY ER AN IHIHEER 250 22 > F R MY
PHTIOE o A EH e BT ERER AT AN T N 23.5° hinE o
PHEIERET 410 22 A T o R X EATEN T FIMEE RN 5 P

W/“/“/l#?]g]lii/r‘f 5 ﬁ‘#/’*/ﬁ- ,\_,/ %%ﬁ?{’,@%};‘ﬁu‘f‘% Bé’: ’ %iﬁ‘i’ﬁa[l\ %Kg



KFBF AT 410 22 3 BFH HITSIER o b PEFROK T @R BB
e okBEAF AL 22N ey § 410-72 255 F T2 RS
BRH iR, P 225°N ST R B 660 22 e AT RiRaaE
FoGEF FAERRRE 660 2L ok b 3¢ FE AL T EARRT b
WA RN E P E M A Tt A A 2 AT AT S 660 22 7 i

FoER B

Biat: @ e dfics e Pds~410 22 2@ o ~ 660 22 %@ fo ¥ g

A s RBREETE S LA BET AL

il



Abstract

Taiwan is located in the convergent plate boundary zone where the Philippine Sea
plate has obliquely collided on the Asian continental margin. Two subduction zone
systems of opposite polarity are juxtaposed under the central Taiwan: to the northeast
the Philippine Sea plate (PSP) is obliquely underthrusting beneath the Eurasian plate
(EP), and to the south the EP is subducting eastward beneath the PSP. To the further
south of 22°N, it transforms to an ocean-ocean subduction zone where the South China
Sea (SCS) oceanic lithosphere, part of the EP, is subducting eastward along the Manila
trench beneath the PSP. One of the key questions closely related to the dynamic
evolution of the Taiwan subduction-collision zone is whether the subduction of the
aseismic Eurasian lithosphere takes place beneath the central Taiwan. If it does, to what
depth has the subducted slab penetrated? Numerous tectonic models have been
proposed to either support or go against the existence of the Eurasian lithosphere
beneath central Taiwan. Because of the lack of deep earthquakes and high-resolution
tomographic images of deep structure beneath Taiwan, the debate still remains
unresolved.

It has been known that a sequence of phase transformations of olivine, the major
mineral constituent in the upper mantle, primarily cause seismic velocity and density
jumps at depths near 410 and 660 km. A decrease in temperature induced by a
subducted slab would shoal and depress the boundaries of the phase transformations at
the 410- and 660-km seismic discontinuity, respectively; thus increasing the thickness of
the mantle transition zone (MTZ). Likewise, the water would raise and broaden the
phase transition zone near 410 km depth.

In order to decipher the long-term debate on the depth extent of slab penetration
beneath Taiwan, we conduct a receiver function analysis to map the lateral variation of
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topography on the 410- and 660-km discontinuities and further investigate the cold
temperature and enriched water linked to the distribution of the subducted EP and SCS
slab in the MTZ. The data are obtained from teleseismic P wave coda recorded by the
broadband stations across Taiwan and adjacent offshore islands during 1996-2008. A
common conversion point (CCP) stacking technique is employed to enhance the signals
of Pds, a P-to-S conversion at the depth d. The differential (P410s-P) and (P660s-P)
travel time residuals provide a means to delineate the phase boundaries associated with
the 410- and 660-km discontinuities.

Overall the MTZ beneath Taiwan region is thicker than the global average of 250
km, so as the temperature is lower. In the south of Taiwan, the eastwardly-subducted EP
is found to extend northward to 23.5°N, where the slab penetrates at least to 410 km
depth but does not reach the base of the upper mantle. In the south of 22°N, the stacked
receiver functions to the east of 121°E reveal the earlier P410s arrivals with broad and
multi-peak pulses, whereas the P660s phase to the west of 121°E clearly arrives
relatively late. While the water retained atop the 410-km discontinuity could result in
the much elevated and broadening phase transition zone, analogous to those observed in
the receiver functions, the subducted SCS slab may have carried hydrous minerals to
great depths and released water into the overlying mantle wedge through the breakdown
of these minerals. In addition, the remnants of cold subducted materials accumulated at
the bottom of the MTZ may lower the temperature which causes the depressed 660-km

discontinuity beneath the Taiwan and Taiwan Strait region.

Keywords: receiver function; Pds conversion; 410-km discontinuity; 660-km
discontinuity; mantle transition zone; South China Sea oceanic lithosphere; Eurasian

plate; Philippine Sea plate
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oon LHF HSWEFRS 2 ERA BT LR Rehhmes [ He5 o TR R
P ARAP R ATiE ~ i RETR o
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2.1.1 ¥ iR T B R %1
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- BRI BREF L AFHUFR o A AL - TR FRIPN AL
TP EATF 2410 22 660 22 A e p Ry g0 ERBFN > H
PHRZE CLER TR PRI E FRERERT EX T AR AP R E 2 4p
RERYDER - - BRFPRNFEFEREFRIREFEFD > H kB fEL
olivine ¥ ¢hg » € & o-4p olivine 1p % & P-Ap*7F HT R4 o] g S 4P D
FRRN TP EAAREESRS PR A REPEF FEFEEL (Wood,
1995 ) ; “f Pz vk o B BRI € i$ 2 olivine-wadsleyite 4p % % % A& #{ 4c (Bina
and Helfffrich, 1994 ) > e 2 kFH P T FF TR E S TR LR EF TR R R
( Smyth and Frost, 2002 ) » &k & 410-22 22 o BAE R P RE | Bk
LR E MAITHR S o ApF B 0 SRR Ay 4% EARE 2t B R
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BT Rk o ringwoodite % i % & perovskite SUER X KA PR < 0 B2
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2-4) 17 o AFEHESRE CERE RREDEFIRT o R EFHIER KT R S
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A B iR s I MGE s R R D E BRI R R FHS T 2 e

BA o BlY R4 E65GPa FR K200 22 g X BRG R 7 KECR A R AR
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Wb MR R 550°C 0 FERFRETIERAPEERM FR Y X, 0 5K
TP TrT AT IR BERT e A W B FAE 660C ~ B4 iE 5.5GPa 0 X, 2k
SEWAT kBTN D E BERT FER P R R R R O PT
B i e E AR R TIEAREFI Xy TR T AR RF R D RHF € AR
150 222 P2 2R @2 #ERF ~» (RN ME o4 CD o Hod BB R
BB KB AT 2 AT TR L R B ARG L § P-T W
MU X3 BB KT FoRPEIRFE FROETHI 4 phase E 0 £ H
Piv g G kARl S LiF e d T 7oK B 4 € i = H T HEF (electrical
conductivity ) = - FEEIF RIS B OTIEEE o T iF LR e S FHP 3k E iy
T P 2T ERFRATHEERTOTIELEFT > FRAET R TEE R 4o
pPA~? WA~ 2 2/ ¥R (Izu-Bonin) - se . (Tongaslab) & %3 > H
TEFEpEOY L TE 2 (Pacificbasin) % # 5 % (Kelbertetal., 2009 ) » iz 4
MEESFREFNEE T RSTERFRESRE R R R PERERT
T B R MR o

BB R Y AR RO E S PR R U R R R A L R

FEREP S RAERER I HERDT o d R E R Bl R

BOERBREAERTE  GAEINERAEA0- 22 2 0 RS ERL R
B AEE PIILIE 0 FI A B e B E h S FEREHEL G e LT W
- BRI £ TEHT # (metastable peridotite ) /i & (B 2-5) ( lidaka and
Suetsugu, 1992; Green et al., 1992; Kirby et al., 1996; Schmeling et al., 1999 ) » = 5F

AR kg R R 0 dox TEEHL kLY Central Izu-Bonin ~ Central

Kuriles ~ Sea of Okhotsk = Marianas % 7 HF/F&E 400 22 b BB 7
PO R BE TR OET e MBS R R FY o 4odBF (pyroxene)

745 % (gamet) > BE TR € AIRA 410 fr 660 2 T T RS T & 4 4p s (]

2-2) 0 FEA AR R A DR A P ERAER AT B DA



Simmins and Gurrola (2000) F= 5 & 4c ' & T ¥ W B & F iR jo S Bl s I 660-
DRFERMITHNIR G B RN e A0 3% 5 PF garnet 4p % = perovskite =

fherig A e o
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Peridotite + H20

164 = 450km

1d |:| hydrous minerals stable - <00km

0\,5&
o

1 [ dyperidatite /
.
B ..

- 350km

104 - A00ks
— ]
o -
i /
2
- 250k
[« "
7
- 200km
6 W
e
Lk L 160km
4 P
a4 = 100km
amphibole
2-
- S0k upper mantle
& lower mantle

—r—T — Ty
0 100 200 300 400 500 600 700 800 900 100071100 1200 1300 1400 1500

T(°C)

@] 2-4 Maruyama and Okamoto (2007) 1335 £ % & § % ( Kawamoto et al., 1996,
1997; Bose and Ganguly, 1995; Ulmer and Trommsdorf, 1995 ) % % “745 3§
Sl # f 7k kst (peridotitetH,O) ¥ 2 OB R R EE T G &
TP AR T LB R fru & REA WG T okIeR FokFHI AR SRR TS
R RER cBY 2 EA B EHAESP-TY R A-BY RPARL
BoEdi X  ERERE ¥ IEG B REEZIEMAELY > C-DR N L
B # 92~ R R R R o Xy AR T REI AT
T B MR R 550°C 0 B4 i 6.5GPa FR 200 2 2 B X Lok
FAF ZFEREAIL50 22 g B PUE 660 C o § R FEHE EHR
gl LE TR RS SSGPa R R F 3 Xo & F g R 4o C D
WA BT fﬁ’};/»\fif‘uii”ﬁ WeAF TGRS TFERE Xy a R

PR BT E Xy ST ARG A VAR T FIIFEST 240 2 2 R i o
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(a) YOUNGER, SLOWER, HOTTER, SLAB

0 1800
1500
200
=) 1200 i
m °
3 o0 B
x 0 3
g .-
o
600 300
| 0
0 200 400 600 800 1000
(b) DISTANCE (KM)
OLDER, FASTER, COLDER, SLAB
1800
1500
5 aw
k 00 &
3 g
= 600 im
o
300
0

0 200 400 600
DISTANCE (KM)

Bl 2-5 Kirbyetal. (1996) it 57 I d & 6023 B el 7 BMER T #
HERF PR R o Bl (a) B (b) 4 W& T Y 4F B Aleutian
slab) % 4 4cfx . (Tongaslab) *£i2 % PueaE R B }i.%ﬂb'“r:f% FE -
LI HEAT R 410-22 23 e A2 R OTHFR AR o R
B 5 ik FF 6 FHOR 98 0 R R R HAe R () e Y
W FF KR T A B AR BT T AR L L S T
AR E (29 RR) §ATHEAMIT AR FREN - F 2 ¥
FE L iE R PR BAc B (b) Pk Aot s TR BITRE K 2 2 A SR HL
B AL X FapRr REFEFEE Ha DR AAT R

TER LA (2 FAR) -
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2.2 Pds $&3k4p

RS FBAFTERNT - BBl S AT LR TR R e R
a4 BEauE R €A 2 vh o d 3 AT Rk chfe g (impedance) A2
B B RAE § A F TR E BT 4 T dp sk R o 13357
7w (Snell'slaw) § 3+ RAEE- BERF R 6 Fo € AT HERF
BT ALITH2 RSP o PR EEART AP T BAITIHE RS PR
20k A B g ST R R sten SV (B 2-6)

Pds #dldpenE P ik L GEIFRAR d SR 478F 5 S ket o bl - 4
e o P diiend RIS P Flpts R4 WRHEEI G ER 5 P
Ao A RO LEL i LIFRAYT ERSRIE A 6 R TFR o
gk p R-BARFTHY P2 Pds k@R i 000 X Rl 20 R
B EL ) > VA% A F e P pdr S RILER S weh- BT IH0E R
PPH OPds A P RPOAFATT R d et o FRART O FF LA L

7R iR AR

Ps «

V1<V

medium1 V1 Discontinuity

medium 2 Vs

W2-6 P kA7 @R AL F it A LR P kBT @ K5 e
W@ S AFAe T F SEdst POk hB g R SR 4T84 S Gk

A2 chid AT L B BEpera Ps 376 o
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2.2.1 Pds d FFLfHBERER

d 3B RFH Y P~P410s 2 P660s il ifEe fT4p i > P410s-P 4= P660s-P
A A AW R A S R 410 fo 660 22 2 G BIE T P E PSR D
FRF o BETRADFEF L RS FRRET ISR E PR LS TR 2

CRAPER L F BB R B R H B d 2L B LB 4o 0 (P660s-P)-(P410-P)

LS EH e Pl R R LR R T I AP LW TS
BB R D PSRRI 2 APETERER T R G AR o

Flrd i d P A2 Bk A30A & - KRR GUELT AL G AR
BokT g A4 ekl o BT BREFES?2 A2 E (Snell’'slaw) > &
¢ G- M R A A A 2% (ray parameter ) fNiE 2T > WA * R MIT A (ray
theory ) = & fx S T B 7SR A A B Az B g 4% > L R EipF
e ¥ g B LA RIEDE - AR TR RIERA L RS
Blc k@R AT FiE- FRGAPEDERTBEG > 40 410 fr 660 22
WiT o B A A g S e 2 (8 EAR RBERI 5 > -5 B o0 P410s v P660s
A PEARR o TV R SRS OERE B o % Bjcd By gkt Pds
- R A A FA L S X PR MO R Ripid 2 R AL o
wen- B AR 22 e FF B 2P Pds A A LEE LR 6F

P kg o F hfrde kB BB SE P ORI LB R
w

=i

LI e Pds 4o P A A PF AL 3 - st R AR U A AP L s AR
& > ¥ (Pds-P)obs-(Pds-P)ip> d s AR A A L E343h 7 @ o FRAPH - B R
B 2 e FR ARG o
KA BRERFHRERY > BRI A HI 2 kA2 HF T ELR
SEWE R 2B E R FER R B A F e eE R 2 Clapeyron slope shig ;
R RD FEFF L EAPRIR I AL BIRFR FIR DS kA 2R
-2

PR E YRR S MM R B E B v AT TR

ﬁ\ﬁ
s
Jt
o
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d e ficendr iy ) R B2 e @ R RER HETp R T R A4
FIELT 7 FE AN > FIP AAT L R ORUE ~ a9 o

Bk 410- &2 660- 22 % @ o x> Ed BAET P RBEER L R
g I ERPEEEFI T RFBS TR A o Pl AP A R
A ehd A L 5 7 A F G IR AP GIFR D% dhyodhss F1 Y IFR AT
B4 ent b B 12T %38 Clapeyron slope (B3R A foif R 2 B engde b > v &

#2325 ER 2N Alyofr AT ¢ ( Bina and Helffrich, 1994 ) :

dz dP
Rt

dh,, = AT, - — 2.2.1
410 410 dP dT)410 ( )
dz dP
dh., =AT,.  -—— (— 222
660 660 dP (dT)660 ( )

Bk HEARY FERET S ATITN - FHRE X272 PEREF AT

’ff’ AT 660 > H# (2.2.1) fr' (2.2.2) R T KE AT A
dP | dT dT
AT = ATé60 = Azuo = Z t?ldh“o Qd_P)660 _dh410 Y(d_P)MO é (2.2.3)

2P A dP=1/pg (p 5 %R g SEA 4eid B) LIERERA B & dP/MAT B

Clapeyron slope » FEff 7 A 2 Ap R 477 U B E o b 30 BB 4 SRR D%

i

—_
P

dz/dP #:3i7— % #ic® 0.03km MPa' > 3 * Bina and Helffrich (1994) %= 5 %
% > 410- 2 660-2-2 7 i# § 5 0 Clapeyron slope B &2 5.k bud & b 5

(dP/dT)410=3.0 MPa K" 4= (dP/dT)sso=-2.1 MPa K" » ot {5 5 £ BB R F B R
B ehflice B bk REF 2 (22.1) ~(222) v 223) R ¥ T R 2@

RGBS RERT IR E -
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2.3 xS ¥k (Receiver Function)

Felod el - BAST TR 2 2 T ok RER B ) S i
A e f Bac ST o F AR fRAGRI R T e RS Ao o B R
FAEEARADEEAL - BRAAT  SRHARFEH RPN E AL L/
AR AR 0 Bt B BB BB A RRINABEEOUELLS 0 2 4 A PR L
PRk b WUER RG> T ok RLARS RIR L iR Y P EE R

L= F B (convolution) {5 s

G(t) = S(t)* E(t)* I(¢) (2.3.1)

S@)~E@®) v I() » =& & ZRPFF ¥ (Source time function ) ~ jt {7 45 b 3k 3%

B AL Pl frRES B -+ (23.1) SEIHF S 0 RITAE Rk S = X%

2 E‘J_ .
RN 5

G(w) = S(0)E(0)](w) (2.3.2)

® & EHF 0 G~ S)~ E(®) v l(w) » 55 G@)~ S~ E@) f= I(1) #34

F RS S fic o

ﬁlﬁ'{ﬁji %& .

_Gu(0) _ S(0)E(0)(0) E (o)
G0 S(@E,(0)(w) E,(0)

H(o) (2.3.3)

9 Hw) 53158 Gu) fo Gyo) B4 S 58 Bk L@y )5 % %
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BRBHREAL FAAPAR AL v frdd P s EE IS endidc
FIFAEFET oA g T e R AR e E 3 v RAR S 0T W2
BdY BB S(o) wRE [ PBF 75 jodiic Ho) &5 0 Rk s
FRBR A S EE ARG E o 1% 23 Pds R ﬁvzwir‘j&? RIReSE XLl 3
v OARH 58

* < Z_ 2 Kikuchi and Kanamori (1982) & pF i (R ifidnen™ 38 5 A A# 8
# | 3 (Ligorria and Ammon, 1999 ) > 4= (8] 2-7) #777 > § L2 § L2 » £ H
Fow a8 Pk 25603 4p B (cross-correlation ) fh#ick < BEPF 0 [T 4§ PR AT
E S A=l )J‘*{/( S P AR P LI PFL 0 375 BT S Boeds b pE
FhEfrdk < Brpig o ddedsi B k- B F (spike) 37 5 A24od o
IS T AR L B e #7308k (Gaussian filter ) 17 2 R BEREEE B - B R
BTG EBIMELR S NG R o P gk (S A Rt St L8
AR P R GBS (TR IR G T e A B B2 18 0 MBLRIE P
RARIEHE L Hede b T T e RABLT v BRI APM - T
Blad BT - BIREFOIIPFEZ Rty o 5k BB A ViR - 2 2 mnddke? - %
P e g Ap 0 T i@ * B T > % (least-squares method ) 3t E # - & RNiEARAT R
FEIAERET SRS LE v RAEFOSSERB e E B2 B aORE
A0 EFIFACL 0.00] LAREER S e RAAGZ F e LZE 7 L3

PR M BB E R pE FRBARE RS Y adk o
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G;bs ® G;bs ( ﬂ )
}

| +G-ck
1 10

vobs ~vtho __ tho
GR i GR] = GRZ

G obs rho Comparison
L m
L I L I L I ' l _I_l
0

Time (s)

e
@ hh:ﬁ&

gh)

B 27 3B dfe oot R iiAe e f A REE 0 RS 4 Pk

o B (cross-correlation ) i #cE & 37 4 T S B A 4o PE B R B e b

-nn\

LB e o frATds B 2% - BRI L AR S o ¥ S Tk
WF R B S BT L R R R B - B R o de Rk 14 e 4 T
B A BB RLGUBAE E EE Bk e A R Rk B LR

-\\

Bl s RLE S ih B deh e 4 RAE B E e R
a 7}5 B o 153 J}’E-'i{\:lvﬁﬁ:—’: - Iﬁpf\fiy,’—gﬁiljgﬁg g o Aot B f%.ff s Bt 8
S0 PR R RS A0 S5 elje S - £ FI#EP Ligorria and

Ammon (1999) f'] BRI A AFT- AR TR RS A .
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$2E AT
AR iR R EY R AT § e A TR R Ressb i i
He e 2P L7 Iak P EF T 97K = 54+ &% BATS ( Broadband Array
in Taiwan for Seismology ) ~ ®» & % % /& ( Central Weather Bureau) =% 4+ 2 4
CWBBN, £ 52 igpjzk > 2% p & NIED ( National Research Institute for Earth
Science and Disaster Prevention ) s EAF LB % Fnet 27 & B i ATnzf § Wk d
AT RN TE L JoRRE P rE R 2 Bl (R 3-1) BRTRERD
PFIfoBEdp e Bl 24995 £ M T3 A 97 USGS #fledrehashy R > K W
B 1996 & B RREERM KT 2008 £ F i BRI 55 P RALFEA

3 30°-85° e B (W] 3-2)0 T 6 M4 B AR T PE B S e AU TR e

}’\:o

116° 117° 118° 119° 120° 121° 122° 123° 124° 125°

B13-1 482 i mB TRk A T B 45 7“1 ¥ |k & 5 BATS - CWB

Z p & NIED e F-net LRl e B 32 § fo/8 B § 7 ¥ 0 2 Biplzb o



Total 2755 events

[ — PR

i nn 200 300 400 500 600 700

Bl3-2 #EZEELFE-BY 5 1996-2008 # ¥ 3 BHRH < 55 R4S
3 0300-85° R REA O B H iRt B P A PE T BF
o0& 2755 Lo A HL REEIGE RATRET LFS =k 30°-

100° 2 Lehi B L0 BAT » ARE A %] B BAT o
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7o A

d 3 P R R R ISR E LT SV ko FIEELE T
Ffd (FREEARKT S el BFHALT foe A 2 9 il 5l Ao
(radial ) fe# # (transverse) = w o P& 3L NI pF Y M Ap A~ E P L nF|pF
AR R g A oA P AL > FltsT P AFIFLIER 0 F)
F e 5}”“%@.% Frdg MR F 30 A it o U £E S e PO g F
(spectrum ) - 45 F| A & A APHEH L # Fo ] 0 f1% F gk (band-pass filter) ¥
THEF A 0.05-0.3Hz AR IE 4 fj-&{i%ﬁﬂ 3.3-20 Fyz B emuEh 4

B EE MR &ﬁ;,}@f F1 ﬁ'&#b/im%%&u‘lg\-f’fﬁﬁﬁﬁmﬁ?IFIE"IJ;}»{_;«I(“_},,&O

FARBAE P AT 3 Hht RIFEREHES P LD 80-20 4

NSR ( Noise to Signal Ratio ) » #*:% 31 55

\/ ZS (t, 80+iAt)—(]1viS,.(zo—80+iAt))

= (3.1.1)

NSR = M
max{| S(t, —3+iAt) Y}

S@) ¥ RAPFFAEZ > &g At FREBFIEP- B 3.11) 34¢ £330 538
P it# 80-20 /£ N BRengezu L X @ > A* WA 5423 P w5 15 3 5%

M BLY g S JRIGE » AL R Y DT TSRO BFIE A=0.05 £ 5
PN fe M &5 5 1200 = 120 © NSR et B 4% ] %ﬂ‘»}%%%;{%ﬁiﬁi 3 U
¥ NSR (& ]t 0.3 ehs BFREFAY o WM plak R Beshd 2 R
Wi F o3 0 4o (B 3-3) 71 R % IEX 41° Ol E Dl adi o g
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fI* NSR et EPEfa e 872 GR R o FpFs L8285 NSR /] >
03 chF 4L H Pk 2 (6 endfc ok iz 1B 0 F]Ut @ * NSR BT 24~ &iE
FTALLS > e PR - BT R P2 fS et B EL 2 4F 0 P R e

WS D o S IPE o Bois @] 19871 X e Sk o

| Y AN AN —
NN TN

/H—V’\/‘M_A/V_ \/—*x‘___/—

J\ — N T R -~
S 7__\_/‘\__7_‘1/_,_/—\,____-/'-"\5____7 T -—

42 1

VAN SAnebuluniy
J MW A

gcarc (deg)

0 20 40 60 80
time (s)
B33 FAAFLED it Ifco B 2003 £ 3 7 15 p (160.2°W/23.2°N) &
FRe P ATIFER S 0§ 0 P410s o P660s I|pFip ¥t P A A W

N5 41 fo T04) 0 &% 3 0 oo B0 B UL enip $ 7] P o
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S g TR
Flod v iy “f RRfeR BHE R Tﬁ/ﬁ%ﬁ?’?"@ e sp ik R g S AL

Boo LR REF AL RA A G N2 BT 0 FIAT S P
( geometrical spreading ) ~ ¥+ 3 2E32 78 /i B eicst ((scattering ) fr2B3B 2 %
(attenuation ) EIR % > = B EiRbHcd » L4t HEAT 225 T
Rz B F R RAPFE A2 B 80 S P A pig > 450
2R P ARERZLREZPEEH ) T F R (transmission coefficient ) -

2L FERAE - Bk B RBER T P410s fo P660s skt 4p (B 3-3)° ¥
PR ER RSB E e e e BB R T TR

NIRRT B Sl e

4.1 R 73 &

BR P ARET AN AR @RS S APFEG AR HER
(incident angle ) - Tt 4 %#ic (ray parameter) - # Ip i S S B iR FINE R
L FER o 2 PR apHIIPFL § 3 0 moveout PFL 0 M PFE &% i o b
R EMoY TR AP AR B A F o~ 542 24 B (backazimuth) ¢
Pk erd 2 el AP TIpF 0 T (Pds-P) 4L ¢ X T[T 12 5

o RS AL A AR A2 A e ER AN - T
Bl ot cndp e S fic? AN HIIF RG220 FR P RIPF S

~

EAEES T E - Bjr B R SR b gy o s "$ ARG E el -

AT fp e B 1 1S kT S i o
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4.1.1 i 2 Fi£i3 & (Heterogeneity correction )

PR R g A Rle RAFSE  B- BRIEERTR A 2R e
PROEFIS ERHT LA R a RAAAAFF ERF RN o F AR

6‘

TR R AR R ‘FE BRiE (TR S Bl Ae chds (F 0 A G L e

ln

i R ARG LA OR TG TR AT A SRR Y o #
BEINT G BREN NIRGEAL o Tt A PR > F BRIRY R

I SIS il e ;:‘npu}ﬁ‘fé BEFBEZE :]‘%5'—\ heterogeneity correction ©

(@)
1.5 ' 15 '
gcarc = 30 - 60 gcarc = 60 - 90
1.0 A evtnumber=414 - 1.0 | evt number = 146 B
w)
© 0000000°9%° 5 ::CGCOOOOODU S0,
S 0.5 C 00 Oou | 0.5 o © Sod-
kel > ) o0, o
7 O - 000 p0c000%
o P00, 00
0.0 9050° - 0.0 -
ELDB
-0.5 -05
(b)
1.5 ' 1.5 '
gcarc = 30 - 60 gecarc = 60 - 90
__ 1.0 A evtnumber =414 - 1.0 | evt number = 146 B
w
S o5 05 | .
o
- 6 ~e0000000009C00g . 0000000000000
0.0 - I'u“’o“o'mo Q“;:C)ﬁ i vl 0.0 - OOOUOO(JOOD( I~
05,09 0
ELDB @ 0g0
-0.5 : : -05 : :
0 150 300 0 150 300
azimuth (deg) azimuth (deg)

Bld-1 AL &4 M-F CWB =uplzt ELDB 3 &) (a) 1345 (4.1.1)
Rz oo B AHCA (P410s-P) shZ TR IFE B i B
Fieang 4@ 5 (b) RIE (412) e (411 ML @ - RagE
30°-60° i BxF 414 £ o vt A A#HE 10° 2 A MPNFE- BA
A8 5 B 60°-90° BII* 146 ¥ BT HEANE o
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de Kool et al. (2006) 2 & **3km A& ? f* = aéfaig g2 (3-Dray
tracing ) 3+ & M Ap A0 [ B HOAhTIpE AT R H B enfe A3t B A
5P o s B kAP 5 APE (P410s — P) o (P660s —P) A= i B 407 - i

BEHAIT L (R4-1)

At,, = (P410s—P),, — (P410s—P),, 4.1.1)

Aty = (P660s — P),, —(P660s— P),, (4.1.2)

y)

L
e

VEOARLLE Ay, e My, 5 dF 2L EDTIEEL gk o
ML FIR RS (¢ FRREEFRPERT) ok fpRpFgot chif £ B (R 2
SN NRTEZ M R B A Y AT T8 R I 81 i
AAPFLLZERPFE L BB, RIFRLIET b o 85 - plakisdr D] a7
BlosBcl 38 ammh A pFL L EA XS R FE 30°-60° fr 60°-90° ¢ £ FH ¢
A pE A A B R F R G 4 (backazimuth) o & 10° RN B A4 pE

AZBATHE TPFBINGS EEFLF

Flepg pFE A @ o P /ﬁt'f‘—” S Az

*‘m}

ik R34 W % Lietal (2008) fo Grand (2002) #74 % ch >k = Mk B #

Ao FEFTL FREP R 147 2T P R R R R L R R 2 R B
3] Kim et al. (2005) B~ 5 - ik & o3 B # * Tseng and Chen (2004) & & H-
A0 T P L AP TR Y - B RHCL o B BRERAGg R

e R LR R PERH BB EPERF 0 £ 411 NTELE L RT3 350

DR LR AR O AR R R T S T BT B T e s ik
S35 2 WP ER 0B E R RS SR AR Sl - 1
(4.12) 40tk (411) SR L S RIHT S 450620 2 B Rl

Bilogd o B BT ENBI R 4965 p2 WAETERN > S0 &R
FNHR R L A g S R
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4.1.2 A s %83 (Moveout correction)

Ly RERTFE RRERS RAFENLR 0 7 F e MR SdclE o T

e

T -

|

AT RIS TIR - L0 BT B AP gL B RS Y g4 g
B BEEFL ARSI AT Raip AN L R o R R mE
AFA DR E > FILAMPET g hd PFLRY 400 7 AP 0 Bjodiil
P E FIE R A B R 1 BB E G A ARpE R AL e o A ALY SR
b ARARRYE > FIM AT S Bl ie LB FAR S EKSE T > T Moveout
correction °

BAE T - BREARFEE pay=0.0573 s/rad (o3 > R L FE 60° > Bk
R 33 a2 R NiRRERRSET P ABEL F BIFRSEE AR
iR T BRSO L S HEAET P410s fr P660s 3L T

Tl AR S S gT AP e R L T 1 DD g
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4.2 X k-5 fpde

PRSI E BT 2 G R AR AL DR AP T TS
B oo L iRl A BB B 0 # % X e 8 (Common Conversion
Point, CCP) &y 4r = j2 » BaliT KT = 8 foif & P i #53% % 38 i je S ol 4o Ao
ko BE P R TR BE o dopt - KR - R A S A AR £
Forrgd e d ARA G 0 F LA T kU] Gy de B AR B E o AR Y
T Ak T 2 e dA S 50x50 T 22 enge o o sfiolp e g G R AL

R CER U ST ST

¥

R RO R S AL 150x150 % 2 2 enge R
42) FipFFR S A 10 2L 3Pl g e B B ik oS £ fpdede &
(B 4-3) -

BA RFARC  BERE - BRI BEAFEFG o SRR
A feBIRER 1935 % - 4 b eh— M B H0A] (Tseng and Chen, 2004 ) » 3+ 3
A d ke P AEEFE 2o s S R ¥ feiddk d DR s
wmAPE o B BFRERAREI DA 8 TF L FIFR MR Tk
AfRTE R PREEY EEA o RABRRINE AL o

AL REEL RS B AR MR AR LA N SRS e
( N-th root stacking ) 7= 3% (Muirhead, 1968 ) » § £ Fix k& - BpFF g4
I et SRS HER N X343 Ridy FTRipheTiE2 S 1 k1
3o AT ER N=2 Fidptefifedfd N odopt - ko AR FREHR
PRGN E A A AL HARIFEFZ BT LR T3 208 b E
BRI S (SB35 B UG R RF S 07 AFR T R

B R VU Il 5 A 0 2R e s AR R R U] L LR

-

Moo FAe b p e AR A T RS g BLYF 0 0 L f BURIEAR T A 0 B8 1

L & et g, -
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i ® O“? = Qﬂ _ o P410s conversion point |
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02 ¥ g e d H22°N g 1 200N 2 B ffedidict 41 f % 8 35 )
Feh - B B EER NF S opdp > HEA A REHEDFR C XA 330 22
R de (B] 6-3) * SAE A 3 o ¥ A 120.5°E K ddg o didic? MR o AR
o K et S 40 1011020 0 35 41 F) AT ek AR 4R MR bRH > B Sl i 35-45
F2 B AR5 B o 02 s410p ~ P660s fr S660p & s+2 47843055 » Tibi and
Wiens (2005) & 4 "2 ¥ B F] 410-22 2 F 5 %F 3 2-10 22 hE R
%15 Meijdeetal (2003) FF#id P hijcddicenig % 3 ¢ 37 3 410-2 2
PEFHAPRERE 2035 22 o ol E RARLEIFRELIE R ERR
P b o d VB H e BHR M BRI RERLE X FIR
g RN FoRFHY FER Rk A T BER Y (Maruyama and
Okamoto, 2007 ) » & 410 = 2 14t e i g R 8 5 4e o ig S P I8DFh 4 7% 7
S EREBFRRE B AP R s RAPRE FEART RS PR
d3TAR R AR R R 4 0 ® P410s EHEAP I EAPES P RRE o gy
JE & " 1% (Bina and Helfffrich, 1994 ) fr 7 -k b4~ 34 59 i€ 410-2 2 7 18 4 6 4p %
R RHB A R ZRFHIF RS TR R S PP ERAF S (Smyth and Frost,
2002 )

KR 6-3 7 lEiFA 21.8°N i #le d04 il s @ik » ¥ 5 ag R
120.5°E-122°E 2. B = ¥ 330 =0 2 R & I - B (%P B en w PR b3l 5L o B
BB S-la LR P G 2] 6 TR T B e SOBCUELPE > T B IR 26 A

22°N maeni=® > 3 P 32 125 36-40 Fi2 FF L DR — Bt 5 a

~

Bo R EHE T - BRGDHIS PR L AT @5 R R RIT 410
A8 ok 1205°E 5 R Lo EHAGESOEY AER 410 22 Ak
PIF BT TRA B G b el U B 9 5 S| e BT AR A 9 & 330
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S B MIT o 3hE P410s A ApenTISRIpE > BRI AR 2 L 0 RIRE T 0 410 2
LARA SRR G R o2 h o R 120°E-121E 2 B DR B FA
410 = 2 T4k Rt AR § 33 A 1)) 4 - Tonegawa et al. (2008) A~ 47 p ~ /5
A& (Japantrench) T = b WiERF TS B oo AT B R P X T EFH
R EL G 810 DA Hid BT R EERAFAT S aE s R IR
oo FI T L5 SIS TR ZoRFHIF AT 2RI ERRIET #3
Pkt e ok 410-7 @ P RERET P25 330 22 H 3 (N GNF
B DN ACERFHPN IR PA10s G EAESE 0 i 2 A o At TR o A A
MR R w R F e X R, o £ e MBI KAL) RRA
L HL L B M 330 22 AR e AR E G uE BlE IR
foofdt¥- Fend R 22N "8 a? MABFEFBEwRT ARG HR T,
M h R A E AR R R R GER R g P WA B E AT ELE R A
AALERIEBERAFRL TP B FEIEY S B BlaapE R L 9 h
late Oligocene I early Miocene 2. & > ¥ 25 Ma %= + (Hayes and Lewis, 1985) ;
DAL A BRERALERD BER A FERLT > AR R AR L
Eh e B g F g enii (Hayes and Lewis, 1985) » & ¥ R% £ 7 B'Z2
GELAPIROYH T F X T ERE A s ol de v P AERY > AN BLE S RE
LR R A, 0 3 IS kAR e WA Y o it Fukao etal. (2004) ~ Utada
etal. (2009) {r Shimizu etal. (2010) ¥ 7 = B T (L Fps > FREEF BT 2
410-2 22 @ F o HTHTHFFAE R T IRI\EFOFIFFF AR I REA L
AEREEART ESF M E (B 6-4) Flot o AT 7 e s i TR AR
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log10(oap/o1p)
400 km

500 km

600 km

B 6-4 Utadaetal (2009) 2 it (Fukao etal.,2004) #= 3 = T ¥ F b HiERT T
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6.2 660-22 7w

£ 660-22 2 G BORESBR F = <9 Aadge % 22°N (B 5-4a) 0
fall Wi ? Wiasa XL B AL -FERAP A EERT EREFBELT S O
Bog & 6.1 7 D] 410-22 2 F 5 At aid PR3 ) - J8 (R 6-5)
g AR 21.5°N-22.5°N e e 2] a d02 ~ d03 fr d04 e & #icf v
PARANS Fl SR 120°E-121.5°E %2 B 660-2 2 2 @ 6 IR AT
oo FIMHEHE R e P KA E L TE A, maET] 660 22 AR e NER o
H Tk POz R B 6551 2L IFERAVRTI G TR IIE AR R
FAELRFT ORI EE N Ol (B6-2) LU FFRRE D wehila kg
BERs Y RAL Bk AT R 30 BERaT At ¥ d 3 660 22
FARFIRTFNRRE F L B H P PR 660 2 LT A 2 Ap R hTh 4 4p
PSR LR OH SRR IE TP AL 2 IR DTS o T
TR AR MR R A > AR E IR B B BB RN T s R A D
HAy 32 - B4 3 125°E MK i R oo R FER T A L onE 4 SRS
BABEATERI THE B EEF AT 2 660-22 2R F R 07 PR E R
£ ABFRF ET IR ¥R % (Fukao et al.,, 2004; Utada et al., 2009; Shimizu et
al., 2010) » F]p i g FERY KBS B A 410-22 2 @ 5 f@i*“ =%
PR e d N FHS A 660-22 FEF R A FoRkAAETS 660-22 2R
VER AR Z BT A 660 T ITHERFAAB AL ERRK OB RS AT
P W IR % o BEIX 23RiE AT 8] B RN B ERIETA 4 2 o AR
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PR Pl N Sl £ o
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6.3 7 i 5 L E
B S el 4 (8 o “f T 41 52 70 #5473 P410s - P660s 4 4R

o A R 50-60 i BFeni B RBELED - BE e 4o (B 5-1a) 0 101 Hi
F)d o FREFEFEY ZFR P ELNRAFER S & 500-600 2 2 i e
Gao etal. (2002) ] * e S BB 2L 3 M et B F 5 PF oo« AIMPAER
PRR S H 570 22 EB R - B B & Aietal. (2003) B E_f S pE AR
BRI e aEo 2 1 8 Z AR T SS fo SeS Pz w v FR- B w
Jen gL (precursor ) ARfER A FAgE L AP AP B FHEE S y 4P R D
520 >2 2@ o & AH KIMA 4 F 5 (underside reflection ) %% % ( Flanagan
and Shearer, 1998; Revenaugh and Sipkin, 1994; Deuss and Woodhouse, 2001 ) » F]4p
B3> SHERIRAER 4 B A 4 o P520s @A IRIGR 5 & % - Lawrence and
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