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Positioning of seismic sources combined with forward and inversion of
spherical wave in double-layer horizontal media

ZHANG Xiang-dong, WANG Shuai, JIA Bao-xin

(College of Civil Engineering and Transportation, Liaoning Technical University, Fuxin 123000, China)
Abstract: The positioning method of geometric average in double-layer horizontal media is unable to determine the horizontal
coordinates of seismic sources directly. When it is extended to multilayer medium, the positioning parameters containing depth are
difficult to be determined and corrected, and it is difficult to determine the layer where the sources are located. Using the travel
time equation by which the depth and horizontal coordinates are separated and the square root is removed, the time when the
earthquake happens is obtained through inversion and corrected reasonably. According to the forward modeling method for wave
front of spherical wave in double-layer horizontal media, nonlinear equations containing space coordinates of the sources are got,
and the depth and horizontal coordinates are yielded by solving the nonlinear equations. The calculated results of positioning under
a variety of conditions show that the larger values of positioning error of depth and horizontal coordinates derived by the
positioning model combined with forward and inversion are all not greater than those by the geometric average method, and the
new positioning method is more suitable than the geometric average method for positioning of deep seismic sources. The
sensitivity analysis of parameters shows that the origin time of earthquakes is not sensitive to the positioning parameters, and
the sensitivity of the focal position error to wave velocity and wave velocity ratio is between the geometric average method and
classical linear method. But the proposed model cannot improve the defect of the geometric average method. When the ratio of
horizontal to vertical distance between stations and sources is large, the positioning accuracy is poor. There is also no advantages
when the ratio of distances from the interface of sources and stations is too large or too small. So stations in the area where
earthquakes are easily prone to happen are suggested to be arranged and the classic linear positioning methods are employed. There
is no need to determine or correct the positioning parameters containing depth for the positioning model combined with forward
and inversion. It is easy to eliminate or identify which layer the seismic sources are located in. Accordingly, the proposed model is
more suitable than the geometric average method for positioning of seismic sources in multilayer horizontal media.
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Table 1 Calculated and corrected values of #, under different 4,

when v,o/vi=2

hy/m Vol vy to VI SRS FUAABIE(E/s
500 2 0.208945 0.180929
1000 2 0.366400 0.337298
1500 2 0.495565 0.485566
2000 2 0.618480 0.628807
2500 2 0.736090 0.768423
3000 2 0.871521 0.905216
4000 2 1.208896 1.172254
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1000 8.000000 1.964074 1.999591
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Table 3 Positioning conditions and parameters of stations

Guk xABbm oy AkEm R W SR
1 200 4000 HEL L 1.480890
2 1640 2560  HE& L L 1.281039
3 3080 1120 HE&L L 1.352158
4 1000 1200 HE&bLL 1.061414
5 2400 2600 HELL 1.380468
6 3800 4000 HELL 1.810243
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Fig. 13 Comparison of positioning errors among three methods

under different horizontal and vertical distance ratios
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Fig. 14 Comparison of positioning errors among three methods

under different depths
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Table 4 Positioning conditions and parameters of stations
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Table 5 Seismic test results of different methods
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