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Simulation of ground motion in the Tonghai Basin during
the 1970 Tonghai M 7.7 earthquake
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Abstract: The 1970 Tonghai M 7.7 earthquake is the strongest and the most intensity earthquake in Yunnan

Province in the last 100 years. The Tonghai Basin experienced an abnormally high intensity ranging from IX to X
degrees, resulting in severe damage. Based on data such as the thickness of the Neogene strata and shallow velocity
structure of the basin, this study establishes a three-dimensional model that includes the 1970 Tonghai seismogenic
fault and the Tonghai Basin. Multiple source models with asperities at different depths on the fault plane and the
three-dimensional spectral element method are used to simulate the seismic ground motion of the Tonghai
earthquake. By comparing the simulated distribution of peak ground velocity (PGV) with intensity and analyzing
the strong motion distribution, as well as the generation of intensity anomaly zones, the reasons behind them are
examined. The study indicates that the hammer-like distribution of the near-fault strong ground motion in Tonghai
earthquake may be caused by the rupture directivity effect, and the mountain on the northeast side of the fault
surface has a significant amplifying effect on the ground motion. The prominent amplification area in the Tonghai

Basin is mainly located in the depressed area corresponding to the intensity anomaly zone of I1X degree in the
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southwest of the basin. The PGV simulated by different source models in this area is significantly higher than that in
other areas of the basin. The intensity anomaly zone simulated by the source model with asperities at depths of
10~ 16 km is significantly larger than that of the observed intensities, while the source models with asperities at
depths of 2~8 km are relatively closer. The main cause of the intensity anomaly zone is the superposition of body
waves and surface waves within the basin. The different depths of the asperities result in significant differences in
the dominant frequency and amplification factor within the basin, with the shallowest asperities model causing
amplification at the deepest part of the basin approximately twice of that of the deeper asperities model.

Key words; 1970 Tonghai earthquake; Tonghai Basin; three-dimensional spectral element method; PGV

distribution ; seismic intensity
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Table 2 Information on the medium stratification of the 3D computational model

I NREE p/(kg/m®)  JEGRIGE Vo/ (m/s)  BYEIEHE Ve/ (m/s) ST Qp AN T Qg
1 1400 480 180 27 18
2 1600 800 310 47 31
3 1940 1750 950 143 95
4 2030 2100 1200 180 120
5 2480 4627 2742 411 274
6 2603 5417 3209 482 321
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7 2692 5885 3462 519 346
8 2737 6093 3571 536 357
9 2689 5868 3453 517 345

10 2659 5717 3373 506 337

11 2670 5772 3402 510 340

12 2755 6174 3613 542 361
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Fig. 6  Seismic source model
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Fig. 7 Three-component PGV distributions for the seismic source model 1 and the seismic source model 2
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Fig. 8 Three-component PGV distribution of the Tonghai Basin for the seismic source model 1 and the seismic source model 2
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