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Abstract In recent years, structure-preserving algorithms effective for treating problems of high-
precision and long-time tracing have emerged as one attractive topic of the numerical simulation of
seismic waves. In this paper, a new kind of time-space structure-preserving algorithm, which
combines the spectral element method (SEM) in spatial discretization with a new three-stage
third-order symplectical algorithm (NTSTO) in temporal discretization, is designed to simulate
seismic wave propagation. The comparisons of numerical experiments show that the NTSTO-
SEM algorithm is much superior to the other methods in terms of efficiency, long-time tracing
ability, stability, and low storage requirement. Finally, the numerical experiments of a
multilayered model with irregular topography are given to illustrate the effectiveness of NTSTO-
SEM for handling complex geometry and complex media. These appealing features of the
multisymplectic algorithm would make it effective to model the large-scale and long-time seismic
wave propagation.
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Fig. 7 Snapshots of elastic wavefields in the
homogeneous model at time 16 s (16000 time steps)

generated by non-symplectic RK3-SEM
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Table 2 The model parameters of the three layers

W (kg/m®)  HPPCHE (m/s) B (m/s)

A1 2800. 00 3300. 00 1700. 00
A 11 5100. 00 4820. 00 2361. 00
i 2400. 00 2950. 00 1500. 00
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Fig. 10  Snapshots of horizontal component for multilayered model with irregular topography at time 1.2 s generated
by the Leapfrog-SEM algorithm (a) and the NTSTO-SEM algorithm (b)
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Fig. 11 Snapshots of horizontal component for multilayered model with irregular topography at time 0. 8 s generated
by the NTSTO-SEM algorithm and the explosion source is located at free surface point (3120 m, 6050 m)
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by the NTSTO-SEM algorithm and the explosion source is located at {ree surface point (3120 m, 6050 m)
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Fig. 14 Synthetic Seismograms of horizontal (a) and vertical (b) displacement

components along free surface computed by the NTSTO-SEM method
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