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Abstract

target of the deep seismic exploration, which contains rich

The medium parameter of the Earth is an important

information of the structure and evolution of the Earth. Full
waveform inversion technique is restricted in the application to
the crust and mantle imaging due to the time-consuming
computation. The body wave tomography based on the arrival
time of P-wave and S-wave plays a key role in imaging fine
velocity structure of the crust and mantle. This paper mainly

introduces three typical seismic body wave traveltime
tomography methods, which are traveltime tomography method
based on ray theory, first-arrival traveltime tomography
method based on eikonal equation numerical solver and finite
frequency tomography method. The first one requires a small
calculation amount and is efficient; the second one has the
advantage in the first arrival traveltime imaging, while is more
time-consuming; the last one which is based on the wave
equation theory, has higher resolution than the method based
on ray theory, while is more time-consuming and less efficient.
Keywords body wave; traveltime tomography; ray theory;

eikonal equation; finite frequency
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AR T A b3k ) B U N FH b 2 2 AT RS B R
BRI ER IR P 58, £ T = H 2T R R, E 2
AR B AR E Sl T B RS IR i R 25, 7E3 1L TR0
F3E LG 3l M AT Ak Bl ) 2 E IR A TR 2 E
FERR (Van der Hilst et al. , 1997; F ¥R 85, 2000;
4R, 2001; FHEWE, 2002; B CE. 2003; Montelli
etal. , 2004; FiZE, 2006; 24, 2006; Zhao et al. ,
2007; FHA%, 2007, 2009; Nolet, 2008; VLM%, 2008;
R4, 2009; Zhao et al. s 2009, 2012; Rawlinson et
al., 2010; #PLFEZE, 2011; Liang et al. , 2012).

BB TR NLE AR AT & Jre o 3 2ok B4R A 75 gy R ek
SR T R RASTAL S B b R Y v b R P ) AL R I L E 2
R T ISZ (Komatitsch et al. s 2004). BU{E SR fift 4 3% 7 7%
SRASADU R I (9 (L4 RE RS SR LT I e 8 v 1) il R 4K
I8 B T HFR 2T UG 7 V5 3R AT W BE 5 20 R 14 3K
NEBLEA (5 B (Tromp et al. , 2008). P I 528 7] LA F B
TR S BT B AT L R S A A Y U
TG B X IE MR ENT AR T 2 A AR 2 —. (2 BT
B SR fifp 75 B s SR I T AR I UG T T B R AR K X B AT
R E A S TSR A AR R 2SR KB S 8 2 v
THE AN A5 B PRI  JCHR = e D0 B A7 AR BRI R
B ORERURE SO BE D BU LA 1 MR S, 45
55 A B (A1 PR T S TS SR 2 R R i — 3 A B
G (Pratt, 1999; RARIE, 2014 (X FRERRE L, i
TAHE GRS, B TSR ARXE 52 BLHE TRE 40 R A% 50
AT T RO S . R I » i 52 90 5 B 2 BT AR AT 88
I T oA 7 48 o 32 23 R 00 14 5 P B

HRAEBIFTE A B /AN b2 2 AT R 7T 23y 42 3K 2 BT
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W 4B 80 2KV J7 1) b U AR e /N 2 (ER T
PEAETRBE T 1) 1 i 22 % W AR PR Chs B A S k) 2 3 ) %
A ORI BCER. AHRE T MR 1K 9B 5 £ 4 10

U5 E 3 1R PR 1) 3t 52 A U 0 2 1) S Wl A X L A 3
FHF 3R R D B Rk A 22 R 250 (R I 5

T [ A MR Y BB T FRAT T E AR AR B R S — A 5
A LEH IR A B r A 475 1 b 52 8 il 2 3 R (Dahlen and
Tromp, 1998; Cerveny, 2001; Nolet, 2008; B & 3 4%,
2003). TR BE L ER AR A oS 0K B2 1 25K K5 AL
ORI R, L HH 3 52 A R A IR ) 125 2 LA S e it
EHTBAR T . R SR I B AR A A M 1
T HBER A 1 32 B RE WY A S R I B T A% R A
(Cerveny, 2001; &%, 2004; Xu et al., 2006, 2010,
20145 4 RAF, 2013). BET AL 1L IR AT R 0
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VO E I AL B I 22 3 BB A B . 125 R A X
AN GHHRRICR R R AR E IR BT USRI B R TT T (Zhao et
al. , 1992, 1994; T &WEEE, 1999; Nolet, 2008). F| it =
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X B (Zhao et al. , 1994). WAL AERIARAFRI(1990) 3515
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AFEYE. B IR FAE (1996) AR A5 7 ey S A 8% 3 R 5
3G 2 i e 0 PR A Rl g R AR, JE S B
g 7 B SIS, FHA S (2007) SO T 22 F8 0T 7B X =4k P )i
S W BE A FIANS L3 A, R T HER A A A R34
HFE LA B AR SR VIR, BRI kA4S
U Bl A it B 5 DDA OC R AR R AR TR AT AT b 77, T 22 7
Wt 5 TR B TR A E T A Sk A 5 k. T
HbL7E A (18R 1) A 38 50 P 2 S OIS TR A 2 TE b 58 A Y 38
SR NSRRI P 30 72 ) o 5000 s N TS B3 X Hh o
PP S L 5 AL AT 249 SR, TR AR 1) S0 2 32 B S 0. %
TETC BRI Hb X 14 30 S50 s N AR i i 5 O 4
AT 3% b S0 5 K %o 2 R 2 T AL AG A5 A %) e 174 [ A, Y
E W (2009) 5 F b 7e A T 4 15 20 DA R IE B 15 20 19 1A%
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WSO R B EH L (%, 2013).

S ISR R PR TO MR s AR Y . H R 5 AL Rk s 2
T A o b R IR I S L SEBR L R AR I
SEA RGN, bR P R IR R L bR A T AL 7 3 ik
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AR AL Ty 5T 0 P ARV AR AR 2R T Bai 45
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(Dahlen et al. , 2000; Hung et al. , 2000). Zhao Z£(2000)
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FOEEA WF UG AL T 48 i )L A R IR A
[RI#F5E (Maarten et al. » 2005; van der Hilst ez al. , 2005;
Li and van der Hilst, 2010; 7384, 2011).
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2006, 2010) 3% P& (E (Thurber 1983; Zhao et al. , 1992;
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15 S EGA B AR IR Sk (Langan er al. . 19855
Virieux and Farra, 1991; #¥54E, 2004) F125 i = (Julian
and Gubbins, 1977; Thurber and Ellsworth, 1980; Um and
Thurber, 1987; Pereyra, 1992; Xu et al., 2006, 2010,
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LRPEAR N GE W AR 2 3% 07 1 R & T A A8 8 [ DR T 11
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Zhao 5§ (1992) 3R FI 45 i 2 R AT IE S S OB BR. 455
725 @il 5 (Um and Thurber, 1987) il — 43 ¥ (Bisection
method) 73 I S48 1E 35 76 2 IR A BT 4 B8 A 5L I | 1) %43
N OB ZUGERUB IER J5 1k Xu 45 (2014) 01207 150
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/]

BI1 X =4 g R POAR TS i i S A (e =R
ERUE AN P RDHBENM (Xu et al. » 2014)
Fig. 1 Velocity distribution of an arbitrary point

(e. g. P point) obtained by an interpolation
way to the three-dimensional velocity grid
nodes(Xu et al. , 2014)

AR AR T T I B R A D RERS 35 4 iR A 4%
B ERACR.

TERCE R rh R RN AR IR S8 S MU S B S
S AERRAAR 2R HOE M T AR IE AN

=1+ (5) e+ (50) st (5) an
AT, + Z (;",Tk AV, +E, . 2

o, T 228 ¢ G rsE U 0 I 1 s Ty 2 AH
PRI BIEE N 50 .25 - hy - Ty 8RR § IRFE IS
BE P RURTRBE AR R ] 5 Vi J2 55 & AN AS 5 A i i
B A FRom — DS Ey R0 8l 7000 R 2 19 = B
T KR IR 2 RO E i S E R 2 22,9008 4. B E
R 2E U - RS B ZR v IR R Oy R4 B B MR R

Gx=b , (3)
Ho, 2RO G ARZE I X 52 IR S B 2 5 i
AT S O B TR 2 R A S T [ L) S . 1153
FF X S R 2 B 2 45, >R Engdahl Fl Lee(1976) 1745
25 I ER AR R R AT TR

JTT: (rsinicosa) /V (4a)
%

Jd L. .

%: — (rsinisingsing) /V (4b)
EZ*(COSZ’)/V. (4c¢)
dh

B 5 TR o B 2 B i K0 3 5 R A Thurber
98BI 7 1% 508

aT — aV( m 9Am Jlm ) I
aV, o 2 IV, AS, s (5)

L, AS, T m ERE .
P R AT AL FF) B R PRV R AT S 4B B 0 B B R
2, 5R )5 18 0 B E I X S 808 e 5 B0 ST ST O FR AL R



2014,29(3) XKLL % . HORR IR E I R AT UL I 58458 (www. progeophys. cn) 1093

A B A B

Depth(km)
—_
=)
S

150

200

o Wl

-10% gy +6% — 42°

Depth(km)
—
=
S

150

o

200 +10% E -6%

El 2 HAZRICH B AR R B E 45 R (Zhao ez al. o 2007)
()P U 5 (b) S HHE s (O AR L.
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Fig. 5 2D cross-sections through the 3D paraxial Frechet kernel K for a teleseismic
P wave at an epicentral distance A=60°. (Hung et al. , 2000)

(a) Ray-plane cross-sections; the solid line show the variation of K with depth on a line through the turning point;

(b) Longitudinal cross-sections at $=30°and $=45°.

MR EAGHRES RS I R BEAT B IE e 44 (Zhao et al. , 1992). FRPEARAE (200D FIHILRE P
FHE 5 FLSLEHGT BB SR A2 TR AR R B b A I 5 20 0o 75 e D S 5 M DX A7 A - i BRLED JEE
PO P AN S B LA BATAR AT LABEAI . Zhao S8 AR 4y el MU AE A [ F) (32 2 1) AL RS o (9 FE 25 AN ] (ELART i i 2%
BT R IARIZE P S PR R A b AR BGA A0 Moho  #RENIA RS Z . T AR AE (2009) F FH R P i 5] B
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Yt P S5 R TR T I 2O e IS A AE B
IR T NS4 S V. BRI 2 b 325 it g g FH 3 T BT 36 i
(Zhao et al. , 1995) . E[1E# (Kayal and Zhao, 1998) . IA4&JE
W.(Zhao et al. » 1996) 35— ZR F1 A ity 1 A il 43 X 3 26
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A IR E) 32555 0 TR SR T AR 2 HE SR, 18] 2 il i
AR T AR B B AR ACER AN H AR =4 P i .S 3%
T KRR R AR (Zhao et al. , 2007). & P45 F %
3 | F AR A . 6 B A AR A I 15 3 L9
U Rl N R AR AR . £1 68 = M R TG Al SR = Mk
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SERENEMWH BN 1O A A PEARIE 2 12 B A
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2 JETRERDTREER W) R RIR i1k
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i BR 22 B A ARAS A 26 B I S T B 25 H R
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3 = 423 1) vh (Vidale, 1990). Hole(1992) F A
FR224> 7 1 3% (Vidale, 1988, 1990) , 4 45 2 I 37 1 456 15 7
Th o S 1) B S B A o O 3 3 S AR O 1 R A5 bt e o
. Bk 155 (1992) FI ] Hole(1992) 198 35k i Pg W 1%
FFHSE] T AL X bR = 4RSS R L 45 R R
T AR M X A B A% b TR 3 R A SRR TR .
FAZAE WA S T T Bk Rl i S S 2= ik
AERHE B AR AR B Wb i RS E R, B =2
o AE VR 2 338 B 455 44 1 B3 . Rawlinson 45 (2004, 2006) |
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AL T

H AL G 1 BR 22 5 7 AR AR e M In) L, B ARAS AN
—E & 46 % i /0 E B3 (Vidale 1988, 1990; Qin et al. »
1992), Sethian (1996, 1999) 42 H T —Flr 3 T W K% i A B
LM BB RO HfE 0t vk (FMIMD. FMML A1 XL 2% 43
s K Ao Joy B R vy AR SR R Y A 9 i A R A P I8 T
FHYEHE PP B2 AR PR AE AT B K e /N iR A B 50 78 HE 19 T 58
(Sethian and Popovici, 1999). iZJ7 1 W& 46 55 T -8/
R E] 3155 5 e S RT3 R A 1) OCN®) 3 3] O(N -
logND o NS08 DX Il A 4 s BB 7 TR R AR A 4
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BF17. Rawlinson 4 (2004, 2006) % FMM L i 2 #5322 #T
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W) ZE W AL I HAR S 1 45 O I R P B A5 3 T Iz N
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2013).
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HRTY B A RS Bl 2 AT I T A A A AR A T RUX
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Fig. 3 (a) The principle of the narrow-band method;
(b) Example of how the narrow band evolves from

a source point. (Rawlinson and Sambridge, 2004).
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(a) Incident wavetront (b) Reflected wavefront
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Fig. 4 The second-order FMM scheme for a reflected phase in a single layer(Rawlinson et al. , 2004)

(a)Incident wave front; (b) reflected wave front; (¢)source-receiver ray paths.
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Fig. 7 Finite-frequency tomography reveals a variety of plumes in the mantle (Montelli e al. , 2004)

FREHHEAE 30°~90° [ # UL HYEAH (4 P, PcP. PP, S, ScS. SS
45 , 3k SRR AHE SR 0L R A E M USRI 5T v TR A, Rt
Bl AL T 9 A2 8 R A A PRI B 2 T AR 22 h )
F) 77 (Dahlen et al. , 20005 Hung et al. , 2000; 5K X5,
2011).

& 5 45 H T AERE R IR A 60° Fsth . ) FE = 2455 el S L),

1) Fréechet R U 4G BRARZE BT A8 07 2:43 8 (L 58 P
W) iR ) 167 18 (Hung ez al. , 2000). | T4 RIS HY
R RLTCARAG A FE B W TET AR 1 Vel (&1 5) 5 R I i B
N PR AE & & — & Ef B ( Banana-Doughnut) P i
(Marquering et al. , 1999).

SEBRGERHAL B B AT BRIISG T AR X G 28 07 5 e 8



1098 HBRY =P www. progeophys. cn

2014,29(3)

AT by S U R O BE 7 W Y 5 B (Hung et al. , 2000).
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