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Wave-field simulation in VII media with irregular free surface

LAN Hai-Qiang'?, LIU Jia'?, BAI Zhi-Ming'
1 State Key Laboratory of Lithospheric Evolution, Institute of Geology and Geophysics, Chinese Academy of Sciences ,
Beijing 100029, China
2 Graduate School of Chinese Academy of Sciences, Beijing 100049 ,China

Abstract Modeling of seismic wave propagation in anisotropic media with irregular topography is
a powerful tool that may help to interpret seismic data acquired by active and passive source
seismology conducted in areas of interest like mountain ranges and basins. The major challenge in
this context is the numerical implementation of the free-surface boundary condition. To
implement the free-surface boundary condition, we use the boundary-conforming grid and
transform a rectangular grid onto a curved grid. We use a stable and explicit second-order finite
difference scheme to discretize the elastic wave equations (in a curvilinear coordinate system) in
heterogeneous anisotropic medium. The f{ree-surface boundary conditions are numerically
implemented by introducing a discretization that uses boundary-modified difference operators for
the mixed derivatives in the governing equations. The accuracy of the proposed method is checked
by comparing the numerical results obtained by the trial algorithm with the analytical solution of

the Lamb’ s problem, for a transversely isotropic medium with a vertical symmetry axis.
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Efficiency tests performed by different numerical experiments illustrate clearly the influence of an

irregular (non-flat) free surface on seismic wave propagation.
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Fig. 2 Waveform comparisons of the vertical component between analytical and numerical solutions at the receivers with

the offsets of 120 and 990 m, respectively, for the homogeneous planar free surface model. Solid and dotted lines are

analytical and numerical solutions,respectively.
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Fig. 3 Seismograms for the homogeneous planar free surface model
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Fig. 5 The grids in the hill topography model. For clarity,

the grids are displayed with a reducing density factor of 3
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Symbols mean the following (qPd) qP wave diffracts to qP wave; (Rd) Rayleigh wave diffracts to Rayleigh wave; (qPR) qP wave scatters
to Rayleigh wave and propagates forward; (qPRb) P wave scatters to Rayleigh wave and propagates backward; (qPqP) qP wave reflectes
to qP wave; (RqPf) Rayleigh wave scatters to qP wave and propagates forward; (RqPb) Rayleigh wave scatters to qP wave and propagates

backward; (RR) Rayleigh wave reflectes to Rayleigh wave.
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Fig. 7 Snapshots of the vertical component of the wavefield at different propagation times for the hill topography model
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Fig. 9 Seismograms for the semi-circular shape depression topography model

(The meanings of the symbols are the same as in Fig. 6)
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a reducing density factor of 5.

PR AE AT 1 o3 52 24% < FAM A 5% b L3R U (A A
b AN PR LR RO [ A il 2 S Al Ui £k O R
HH 5 AR R 8 A O 14 AR A s A DU R i 2 18
SR B U S Bl R C SR AP R IR BB B
FICS R R A S S D0 TR B (0 AT U i A A K
1 L AE A 5 TR M

7 INR5458

AW T Appelo il Petersson B J5 %, SE 3
TRARHLFE T AR5 1) M T b R U 3 15 R
1 i A PR 22 20 R B AR A R AR S 2508

(1) 38 o JEAE T2 190 s B 5 58] il 2 P s B Ab 3T
TS IR b 2 0] R, SR FH A 300 B A8 i 1) 25 43 55 7 B ik
W 5 B v B e 1) S B0 TR A T HO0 A A5 A B
T A Hy H R [ L

(2) B 2= M0 TE 1 1 Hh b 32 A5 400 52 461) 78 4 b 2 B
T3S Ml R 2 T BRI A B 0 MR B 1 A 4.
b R T S RN g e B U - M R AR S 0 B R RN
5 i TR A S i 5 5 S b R IR B A DG 1
RE R 7 A ORI AT S U 2 K S U e A U S
S AR FR A 5 78 4% 1) S M A JoT 1) 3 37 P B e A O ¢ )
qS P = XX B AFAE.

BB AW LA ST Rl B 5T S ek
YA K T R R B O FR F RE B. EE



2080 H Bk ¥ B % R (Chinese J. Geophys. ) 54 %

(a) T=0.8s

(b) 7=1.3s

(c) T=1.8s

(d) 7=2.3s

(e) 7=3.3s

(f) 7=4.3s

<

2000 4000
x/m

6000 0 2000

4000 6000 0 2000 4000 6000

x/m x/m

Bl 12 IEZIE R I BRI R = o A PR IR

Fig. 12 Snapshots of the vertical component of the wavefield for the sinusoidal topography model

0 2000 4000 6000
Distance/m

0 2000 4000 6000
Distance/m

Bl 13 IESXTE MR MR B A i A 088 o 24 () F = 204 (b) g%

Fig. 13 Synthetic seismograms coming from the sinusoidal surface topography model
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