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BE - WEEISOLE © (IS B IR 1216 B A B B A RS (F100) FHHLI22.21 > i
BEBAZ RARMENEER. R LG - BERBI12L8E LR R IS L B A B RIHE R
Wl - TRIER RS F AR AL R ST 2 » B AR 1205 B TR » A B
Z20-30BEBEEHI40-50 1 B A R bR AR RS SERBAMER LR
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AR HEE SESR - LR SRR SR B E (i LR (E
STTERREREAS » AT DUBR PR — MR RIS Rl R T E R ERAC RS - HTR=
e PR A SR AT SR T VR 4 R P e R R O R S PR AE P S LR SR P S B A o
St - RER SRR EE R e R R R AT S R HISE . P B0 -
BRSRER © ZAEEEREE
sampling) IR wE 5 - DL 2R 45 B B P P e skt
T AR PR A O B AR B LT o R B R AR R
HEENMENEEENS B EN  MBE  2RBEWEN R I B R AR v R
WA EEHRE R AR SR D R RE  AOERER  JERBRER (ray tracing) YT -
WA TR - bR R RN Y ARRERNES Y (RERMEREE) SR
HotE e A R ATE ISR 2 M A 0 AR WOEEERSEIERY - oD R SR SRS 1
PR EE N E R - et ERERE PR E S AR I R
B BB R M (scismic tomography) SR EIRY - SSRGS R R AT G4 - p
SRR R e A - RIHEERERE  ASEERRETE - SETENEEERE
R EEH B E R BT ST ER B EE (ray  PEREEREBE 8N 7 2 DR B ARE W £

o
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TEREHEREERMNFETR AR E » Crosson
(1976) 4R B — #6338 » Pavlis(1980, 1983)7:& 3
g5 | AR - Hawley S (198 1R & H W
B AR R HEEE ¢ AkifILee(1976) - Aki
(1980)iR Bl =#E ¥ & B4 ; Thurber (1983, 1984,
1985, 1986, 1992, 1993) HidRH =8 H R EREL
ZREHN - E-EENEA T H AR BA A
AR AEEE - R - B E s
JEE DL B BT RIS B AR ELE -

{5 F A B B R B 1l R 5 T P B BB YRR Sl k2.
P R TR AR T SR IR - AR BRI T T
I 5 5 S B (shooting  method) ] # i % (bending
method)(Julian and Gubbins, 1977) (Pereyra et. al,,
1980} (Prothero et.al., 1988) - HEEBHMEIER
R RS TR TR (ray equation) B G IR [ ¥
LAY B A JR B (Fermat's  principle) « 75 BT BEHY BE
b SRR S A HR IR A B (approximate) %
EERAY B » #l40Thurber and Ellsworth (1980) -
Horie (1980) - Thurber (1983) - Eberhart—Phjllips
(1986, 1989, 1950, 1993) - Kissling et al. (1988) ~
Um and Thurber (1986)EMoser (1991) -

LATESZ stk B bl i SR A R - S8R
FHRHIFE Yeh and Tsai (1981)FT @iy & ¥ T
& — T B A - (HEL S R B
Z g R E R RS 0 A
B L G E E  E E - '

TE BB PR RS H B H H#8 (Central
Weather Burcau Seismic Network, CWBSN){juiH 5
& RS AR EEEBEENSE FESEEX
RS » EOURELES B = M B R 2 R
Fe o EEREHE TEEFEHCWBSNZ Z R T
I THSE T.4F » 5540 Roecker et.al(1987) » B
(1994) » Rau(1992, 1994) - EEE, - [T £5(1994)
HEPHAEFS (1995)% - HtHRoecker et. al (1987) [
TTSN(Taiwan Telemetered Seismographic Network)
Z1260{E B E R » BE M R R A
A} Rau(1994){# FH Thurber(1983) . S BT & ¥
BB AR BN R EEEN R ERRMEA
Zhao(1990) 7 A i H A o [FUH ¢ {7 9% §5(1994)

{5 i Thurber(1983),2 5k » LMW EHE 2=

S22 B A Thurber(1983);2 A ik » EFH R ILE
S BB (CWBSNEFAT IR B AN -
Hit - AT B A - RS
RGN USSR L S M R R A
M B RS 2 SRS » 1 A S R
EATHU R E L5347 ~ FERFAET - FHEAEIEHES
Bt ARSI 247 77 1 3 B L SR B R 2 fR e
EEEERES - AR BRER R RN S 8
T = R TR RO A USRS e S
BEE s mt - ST ERE I e R IR
i MRS TR R R o

—HmESE |

B AR B9 = HE BOSUE B AT DAURH R L RO B AR
BERE - EHPERERETAEREENE LT
B = SR ECIEEENEFERAUD  and
Thurber (1986) Fir 3% Ry 1H % th ¥ (pseudo-bending
method) » F3E 7 [ LR BT 6 I AL 6 i TR
FREIHIFEEML - G S S M A B B
BRI -

AR E R AT E TR R A SR
S TR (Thurber, 1983) » HER R EREHETE
LA R B A S O e b - B Ra
PREHREEME - EfEEMEANER
St i A I 8 0 A R T G S 1 A A B e PR
BEHARE  ERE—HRARHEEEERY
B o QARG B AR B T R R -

WEEMCE g EER YRR YR
(simultaneous inversion)2 {% L R AT EIGE AN ¥ 22
RHREEMERZH(data parameter) @ T ERE -
U B B R S R A I R R T 5 R IR B 28 (mode)
parameter) » BURE/IMUIBAE# 3R 65 o 85 81 (B B By
EERYFRE T FRFETT I HER TAF -

r, = t;;bs —¢ ;m'
PR AE T B B W B R R 3 & (partial
derivative)H,M ;| & {5 & (perturbation) -+ [ 28
b (discrete) FRFER AL

r=HAh+MAm (1)
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REDBESMAEBREFL LTRARFOLE
(2) 3 4T, L AT,
WA RGN R @
B IRS B SR E R i A R A
ERFMRIRRZE - BTl F R HE T HE R e TRy s
A SR AR R RE AL -
HF EREMH R R SRS R L TR
A i W RE A 2 8 53 Bt (parameter  separation)E] 75 ik
(Lawson and Hanson, 1974) » [\ IF 27 i 4E
{orthogonal transformation matrix) Uy il #E 7

BETEXEALUARER2 BRYEEH » H

o UlH=0

Bl y=uln=Uf MAm= M, Am
HESERE M TR EHEIE - £EE
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RE Y REE SRR EAR R » T
FEE MR AR A B R oh (B R 5 = e BE B Y 3 HE
IfE-

S 0 T 2 AL o P T {594 O 2 T A6
BRI 7 R (Menke, 1984) R - B SAYM
FR XA RFRAMAKG)

d=Gm 3)
Hotdm, GRS &R 2 - SHAUSYHREREN
(generalized kernel) - 7 FH [l & % /s /5 22 (damped
least-squares)F i AT sRAS £ S EEE 460 28 45 e mm B SR AT
E (resolution) #F R 4> B 55

m=(G"G+&1)'G"d

r={6"G+s1)'G'G
Hore I FIRHERFHREMER - HERFRER
TR R B EE 1R/ R B (eigenvalue) iy
7B E REME - RS AER Ry 7 8
%+ R R A T T (I AL
B EE e (smooth) B AL B HEE -

BRSO A L P R AT R TR R AT
S HEHE E (fidelity) B9 H Fe(trade-of DR 6f © 7EHER{E
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o > FrSsImEREREGSE - BHELER
FEAAERBETYRE (BiTEERNGE—F]

L) SRdeltapi WG BT E - MBI BT L
SERE R AT RS BT AERE » IR R — T e AR
—{Edelta Bl - FEBHBRMEA L - BEATE AT G %

=3 BRRATR R HL O S R R AR R i B (
spread function)(Backus and Gilbert + 1967; Menke,

-1084) BB {H 34 & (derivative  weight sum)(Too-

mey and Foulger,1989) -
L
RS S(p)= le(P=4)R§q
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HepqBEElfi#i(node) « LERT2HEY - vk
HE{E 35 By (weighting function) -~ REERLF MR -
HUMEEE DWS(a,)=NTL jao,(x)s
i JE

Higx a0, B, N3 FISER - #E - EEAE -
HESE - M - HERREE—{E T (normal-
ization factor) - {f75 i S A DU BHE BU ST BE A 8
WE - MRFEEERES (SEEAERERE
EHREER0) - AR A Ry 2/ E AT
TR B AT (BRATEE R RN
ORI R RBERIEEBUER K - AR
RIS R B R A BB AL B R 2R TR
HARAR RS, - PSS B (smear) - BUHE
{E#EDWS 2 DS A T A S o B A
BENTENAR  BEEERSRATRIER
BRBEAA  ETERS - ACHRAEER
AEANREERET  BRAYBEAERSDWS
B fory 2 e R S 38 5 AR (RMES; root mean square) RS »
533U A DL A L 2 B SRR YR 2 SR I L -
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(=) BHRE
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Fig 1. The epicenter, depth distribution and magnitude distribution of 3-D inversion data.
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Fig 4. 3-D velocity model inversion flow.
L RRERTRE KRR » 1995 -
Table 1. 1-D velocity model, 1995,

Vp dVp Vs dVs
thick depth |(km/sec}|(km/sec)i(km/sec)|(kmfsec)

2 0- 2( 348 | -0.013 | 196 | -0.017

2 2- 4| 448 |-0.013 1 2.62 | 0.006

5 4- 9] 525 [ 0.020 3.03 0.014

4 9- 13| 5.83 0.014 3,35 0.003

4 13- 17| 6.21 0.003 3,61 0.000

2 17- 25| 6.41 0.004 371 0.001

5 25- 30| 6.83 0.012 3.95 0.007

5 30- 35fF 7.29 | 0.007 | 4.21 | -0.008

15 [35- 50| 7.77 | 0.015 4,49 | -0.008

20 50- 70| 8.05 0.001 4.68 0.000

20 |7¢. 90| B.16 0.00. 4.72 | 0.002

20 90-110 | 8.34 | 0.002 | 4.79 | -0.007

30 110-140 1 8.35 | 0.020 | 4.80 [ 0.004

30 140-170f 8.20 | -0.013 | 4./4 | -0.009

30 170-200 [ 8.40 | -0.003 | 4.86 | -0.001

40 200-240 | 8.51 0.003 4,92 0.008
half 240- 8.70 | 0.000 5.49 | 0.000
space
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Fig 5. Station correction was produced by 1-D velocity inversion.
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Fig 6. 3-D velocity model inversion flow.
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Fig 7. The grid points distribute for 3-D velocity model.
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Fig 8. The difference of epicenters from located by 1-I velocity model to located by 3-D velocity model.)
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Fig 9. The theoretical travel time calculated by 1-D and 3-D velocity model wave and seismogram(upper: western

station, lower: eastern station).
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Fig 10, The averaged 1-D velocity model from 3-D velocity model in three subarea, area A: western Taiwan, area

B: north-ecastern Taiwan, area C: south-eastern Taiwan.
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#® 2 ZHMERNARSTHERCHETSE > SHRAR - EHAR » BE © Hit

ERHE - CHE ° REFHRMIE -

Table 2. 3-D velocity model average into three subarea A, B and C, area A indicate western

Taiwan, area B indicate north-eastern Taiwan and area C indicate south-eastern Taiwan.

Depth Vp (km/sec) Vs (km/fsec) Vp/Vs

{km) A B C A B C A B C
0- 21349 | 3.61 | 3.50 | 1.96 | 204 | 1.97 | 1.78 | 1.77 | 1.78
2- 41430 | 4.66 | 4.44 | 2,49 | 273 | 2.58 | 1.74 | 1.71 | 1.73
4- 91505 545|525 289 | 3.16 | 3.04 | 1.75 | 1.73 | 1.73
9. 13570 | 576 | 6.05 ] 3.29 | 3.39 ] 3.47 | 1.74 | 1.70 | 1.75
13- 17] 6.00 | 6.15 | 6.36 | 3.49 | 3.58 | 3.66 | 1.72 | 1.72 | 1.74
17- 251 6.31 | 6.26 | 6,66 | 3.63 | 3.59 | 385 ] 1.74 | 1.75 | 1.73
25- 30)] 6.80 | 6.71 | 7.14 | 391 | 3.89 | 4.12 } 1.74 } 1.73° | 1.74
30- 35| 7.30 | 7.11 ) 7.43 ) 4.21 L 401 | 427 ) 174 173 | 1,74
35- 501779 | 150 | 771 | 4.50 | 4.32 1 441 } 1.74 | 1.74 | 1.75
50- 70 B.18 | 8.01 | 7.96 | 4.79 | 4.67 { 4.63 § 1.71 | 1.72 | 1.72
70- 90| 8.24 | 8.27 | 8.10 1 475 | 477 { 463 1 1.74 | 1.74 | 1.75
00-110 | 8.32 | 8.41 | 823 1479 | 485 | 474 | 1.74 | 1.73 | 1.74
110-140 ) 8.36 | 8.47 | 829 | 4.82 | 497 | 473 | .73 1 1.70 | 1.75
140-170 ] 8.19 | 8.31 | 8.12 | 4.73 | 4.84 | 468 | .73 ] 1.72 | 1.73
170-200 | 8.40 | B.39 | 840 | 4.86 | 485 | 4.84 | 1.73 | 1.73 | 1.73
200- 8.51 | 8.51 | 8.51 | 4.92 | 492 | 4.92 § 1.73 | 1.73 | 1.73

AT0ABDEIEHES c BRES 2D ) BRE
BRHE LR s e B SRR -
(F) CHEEBEFEIR

W= R IR — R BT - B
2N B E 140 H—R B3EE R (S HFFIE 1L
—[E17) HopE 1145 P s (Vp) ~ SHEHEE
(VB P I SIS B L (Vp/Vs) L M B REH AR &
(DWS;derivative weight sum) » FiE|12— 17 &4 P
PR (V) EE S i EE(Vs) » B HTVp ~ VsEEVp/Vs
USRSy B a2 ERR - BAEPRR
GERERRTFREREERER (REERER
REME) <HEABECHE » BEHHHER99
EHER e (R -

HEAWBEER AR - A BEINEH =
T EACHEEEME - ENEREERE? - 408
H A B B T EME RS %2 B (B B, {E fE 54 4t
EEVp/VsZ Y HEE » EnHERERERE
gk SEEESRE - MARSHEESAEEE
WECEFBANBEESHEESSEHE CGEER
Az HIEE ) 2 S LB A S AR U 0 B

TR ST b - 2R B R REFRHRERIL
B - HESABRANRSE  BEBEELERE
WS HRELREE - LR e s - HRK
i RS - RREME - KEALERE - KR
2 B PR b 23. S BE R R 120, 0B RIRER, - B
EEINEr A SRR M E KRNI - R ERES
HRAE - EIERITARBRERUE HE2BSAER
S - I M PR R R B LR
HEE#HE SO EEEREE SRR AR
il Ry A R ERT R AR RIHE - ERERL
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Depth=2km
Vp = 4.45 km/sec Vs = 2.58 km/sec
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B 11 SRS AT 0 BSE P (VD) « SIEEEE(Vs) « P S R IR (Vp/ V) S RE TR
F{DWS;derivative weight sum) » FEE2NVHE -
Fig 11. The 3-D velocity structure in 2 km depth, Vp: P wave velocity, Vs: 8§ wave velocity, Vp/Vs: Vp and Vs

ratio, DWS: derivative weight sum.
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Fig 12. The 3-D velocity structure in 4 and 9 km depth, Vp: P wave velocity, Vs: S wave velocity.
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Depth =13 km
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Depth =17 km
Vp = 6.38 km/sec
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Fig 13. The 3-D velocity structure in 13 and 17 km depth, Vp: P wave velocity, Vs: S wave velocity,
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Fig 14. The 3-D velocity structure in 25 and 30 km depth, Vp: P wave velocity, Vs: S wave velocity.
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Depth =35 km

Vp = 7.69 km/sec Vs = 4,43 km/sec
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Fig 15. The 3-D velocity structure in 35 and 50 km depth, Vp: P wave velocity, Vs: § wave velocity.
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Depth =70 km

Vp = 8.20 km/sec Vs = 4.72 km/sec
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Fig 16. The 3-D velocity structure in 70 and 90 km'depth, Vp: P wave velocity, Vs: S wave velocity.
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Depth=110 km

Vp = 8,36 km/sec Vs = 4.83 km/sec
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Fig 17. The 3-D velocity structure in 110 and 140 km depth, Vp: P wave velocity, Vs: § wave velocity.
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Fig 18. Present the profile position for cross section AA” - BB and CcC s
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Profile A Longitude = 121.0E
Vp =7.84 km/sec
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Fig 19. The 3-D velocity structure in cross section , Vp: P wave velocity, Vs: 8 wave velocity, Vp/Vs: Vp and Vs

ratio, DWS; derivative weight sum.
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Fig 20. The 3-D velocity structure in cross section BE’, north latitude 121.3, 121.6 and 121.7 degree, Vp: P wave

velocity, Vs: S wave velocity.
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Fig 21. The 3-D velocity structure in cross section BB’ , north latitude 121.8, 122,0 and 122.2 degree, Vp: P wave

velocity, Vs: S wave velocity.
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Fig 22, The 3-D velocity structure in cross section CC’, east longitude 23.5, 23.2 and 23.0 degree, Vp: P wave

velocity, Vs: S wave velocity.
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Fig 23, The 3-D velocity structure in cross section CC’, east longitude 22.8, 22.2 and 22.0 degree, Vp: P wave

velocity, Vs: S wave velocity.
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Fig 24, The bouguer gravity anomaly in Taiwan. (Yeh and Yen, 1992).
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Fig 25. The root mean sguate (a, b) and the different of seismic parameter {c, d, e, ) were located by 3-D and 1-D

velocity model.
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STUDY ON THE EARTHQUAKE LOCATION OF 3-D VELOCITY STRUCTURE
IN THE TAIWAN AREA

Tzay-Chyn Shing and Yen-Ling Chen

Seismology Center, Center Weather Bureau

ABSTRACT

The inversion of local earthquake data (LED) for three-dimensional velocity structure requires the
simultaneous selution of the coupled hypocenter-model problem. The investigations of kinematic in the
Taiwan area included seismicity,velocity structure, and fault plane solution. We imaged the carthquake
distribution jointly with the 3D velocity structure by investing 29364 P and 16468 S arrival times from
999 selected events using the method developed by Thurber {1983). In northern Taiwan, a high velocity
zone corresponding to the subducted Philippine sea plate is identified from 121.6°E to 122.2°E
longitude, The imaged zone extends northward with a dip of 50° -60° to 180 km in depth. The
seismicity located at the upper part of the subducted high velocity plate where the velocity gradient
valyge is iarge. In southern Taiwan, under the Central Range, an inclines high velocity zone can be seen
at depths of 40 - 120 km with a dip of 40° - 50° toward the east. Along the Central Range, at 121.0°E
longitude, thereare an ¢longated low velocity zone at depth 25 - 35 km, a low velocity zone at depth 4 -
35 km under the Ilan Plain of northern Taiwan (north of 24°N latidude) at the west end of Okinawa
Trough, Ava a low velocity zone at depth 4 - 17 km of the west by south of Taiwan at the north end of
Manila Trench. |
Key words: 3-D velocity structure.
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