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Abstract Seismic wave propagation in the anisotropic media with one quasi-P wave (qP) and two
quasi-S waves (qS1 and ¢qS2). Studying of the propagation properties, such as phase velocity,
group velocity and polarization, provides effective support for seismic forward modeling and
inverse problems in anisotropic media. To describe the orthorhombic anisotropic media with more
general symmetry than transverse isotropic (TI) media usually requires 9 independent parameters, which
makes the calculation of propagation properties very complicated. The two quasi-S waves with

similar velocities are coupled, causing the singularities in slowness calculation. As a result, the
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reflection and transmission (R/T) coefficients are unstable in the neighborhood of singularities

(saddle points and cross points on slowness surface), which makes the wavefield amplitude

calculation inaccurate. In this paper we propose a method to obtain the second-order R/T

coefficients generated by incident qP wave in orthorhombic media by using coupled ray theory and

high-order iterative solution of phase velocity and polarization vector in anisotropic media.

Compared with the first-order results, the proposed method improves the accuracy of qP wave R/

T coefficients, and obtains accurate qP-qS converted wave R/ T coefficients which is not available

in the first-order coupling approximation method. Furthermore, our method is applicable to

strong anisotropic media.
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Fig.1 Slowness on three symmetric surfaces for orthorhombic model parameterized by (17)
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Fig. 4 P wave reflection coefficient and qP wave transmission coefficient corresponding to incident P wave for model A
(a) Exact P wave reflection coefficient; (b) Difference between second-order approximate and exact P wave reflection coefficient; (c)
Difference between first-order approximate and exact P wave reflection coefficient; (d) (e) (f) are similar to (a) (b) (¢) for qP wave

transmission coefficients,
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Fig.5 S wave reflection coefficients and qS wave transmission coefficients corresponding
to incident P wave for model A
(a) Exact S1 component of S wave reflection coefficient; (b) Exact qS1 wave transmission coefficient; (¢) Exact S2 component of S wave
reflection coefficient; (d) Exact qS2 wave transmission coefficient; (e) (f) (g) (h) are difference between second-order approximate and

exact coefficients corresponding to (a)(b) (c) (d).
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The exact (solid line) and 2nd-order (dashed line) qS(S) wave R/T coefficients for model A when

(a) the incidence is fixed as 45°, (b) the azimuth is fixed as 45°
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Fig. 7 P wave reflection coefficient and qP wave transmission coefficient corresponding to incident P
wave for model B. Others are similar to Fig. 4, but for model B
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Fig. 9 The exact (solid line) and 2nd-order (dashed line) qS (S) wave R/T coefficients for model B

when (a) the incidence is fixed as 45°,

O°) 5 2 Y 2 1] S M T 2 6 B 1 T 24 18 — A 0] 7ok

Wi B 24 2% 1) S P AR R R B 45 00 BR il 2 5 S A R 7

AAFI 3T Z e ln) R/ T REGHEATIHA R
KRS C B AS oP P Fr ey B JE y TTI A T,

S8y 5 N

vp =5, us=3.5, p=2.65 g+ cm °,

e'=¢"=0.10, y' =9 =0.20,8' =6"=0.15,8"=0.0.

24)

[Fi) BN 375 SR 90 T A 1) )2 0 58 0E 32 45 ) S PR I, 2

%/ (Tsvankin, 1997)

vp=3kmes ', vs=2.0km+s', p=2.65 g+ cm

=0.25, y'=0.28, 8'=—0.1,
¢=0.45, y»=0.15, §°=0.2, §°=—0. 15.
(25)
SE ST T R T R R 3 00
sin(10°)  — cos(10°) 0O
R, = 0 0 — 1] s
cos(107) sin(107) 0
sin(45°) 0 — cos(45%) 20
R, = 0 1 0 ]
cos(45°) 0 sin(45%)

i 1 XF LI 10 H P i R/ T REH B ol
— W AL R A 25 L P, SR B Rl YR
JEAY BN 58 45 1] S PRI — B LA oP 3 R/T &
OO Ji2 15 55 4% 1) S M I DUAR LE AT RO 3. i T
B C R 2 B 4% 1) Sk FE R B A 5 H— B i
i AR B RS B s AT 5 s {ELS S AR ORI T
FB I KA XTI 22 AT SR IR BN I 25 00 1 1026, T 5
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Fig. 10 qP wave R/T coefficients corresponding to incident qP wave for model C

Others are similar to Fig. 4, just for model C
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Fig. 11 ¢S wave R/T coefficients corresponding to incident qP wave for model C.

Others are similar to Fig. 5, just for model C
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Fig. 12 The exact (solid line) and 2nd-order (dashed line) qS waves R/T coefficients
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2 pip pib;
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ops " ops  ops
T = Ay = 8An — 1A PPy — QA+ A pl o+ OAw — 940 pi 4]
1
+ (8A66 - 4A55 * 4A44 + 4A12 - 2A13 * 2A23 )Pll)i 28 + (12A56 * 6A34 + 6A14)/)1P2 Pi
+ (6A16 - 3A%'> + SAQr) )pipz - 5A15 p} +A35 p; - (2A1,1 + 2A'7,1 + 4Ar)( )Plpj
_(6A,16 +3A23 +3A];)p%pg +(12AIG _12A 6A56)p]p pg +(4A +2A36>p7p%’
lebpw = (4A;; —4A; — 2A5 )PT ps — (8A,s + 4A,; )Plf)g + (4A; + 2A4 )Plpi
2
+ (6A; — 3As + 3AL )P1 Ps + (12A4 — 12A45 — 6A4 )Plpg ps + (9A,, — 9A,, )ngi
+ (12A46 - 6A35 + 6A25)P1PZ Pa + (4A‘77 - 4A?3 - 8A44 )P3 b3 — (A14 + 2A56 )P}
+ (4A, — 2A; + 2A45) po Pi + A34Pg (3A, + 3A, + 6A5 )P1 P7 5A,, Pé
- (4A46 + 2A25 TL 2A15 )P?PZ + (8A66 - A55 - 4A44 + 4Alz - 2A13 * 2A23 )Pfi)zi)s ’
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3
+ (4A66 - 2A55 * 2A44 + 2A12 - A13 * Azs)i)? i)g + (12A56 - 6A34 + 6A14 )/)f b2 D3
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(Cili)% = (6As — 3A +3A, )P?Pz + (6A5 — 6A46) Py ;D§ + (3A1 +6A5 >PTP3
1
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dp,
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+ (ZAM - A13 - 2A55 + A23 )Pl f)i - 4A26 P; — (6A/16 + SAzs)Pg b3 — A35 f); s
= (2A, +4A,s — 3A; )pf P2+ (BAy —4A5 — 2A.0) py P; — 3As P Pi

+ (4A44 * ZAIS - 4A55 + 2A23 )])1])2])3 * (2A46 +A25 )P; - (2A36 + 4A45 )Pi Ps
+ (A 2450 pl + (2As +4A) b ps + 3A4 P .
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+ (5A,; +5A.5 — 5A ) pi po + (4A, — 4A, — 4A) prp ps + (A — Ays + A pipl
+ (4A,, — 12A55 — 8A L, +4A,) pl psps + 6AL P ps s

- (2A66 + 2A33 - 2A13 - 2A23 - As; - A44 +A11 +A22 )Pf]bz]bi + (3A44 + SAGG )Pz)

4 (Ays + Ay — 3A4 — 2A5) pl o + (2A,, + 2A55 + 2A5; + 2A5 — 4A, — 4A,) P P
+ (4A4 +4A;; —12A5 — 8Au) py py ps + (5A; +5A1 — 5A4) pi b,
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