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Calculation of the Focal Depth of M >4, 0 Earthquakes in Minxian,
Gansu, Based on sPn Seismic Phases

WEI Ya-ling, CAI Yi-chuan, SU Jin-rong
( Earthquake Administration of Sichuan Province ,Chengdu, Sichuan 610041, China)

Abstract: Earthquake focal depth is an important parameter for research on seismology, the struc-
tural study of earthquakes, seismic hazard assessment, and earthquake event recognition. As a
basic seismic parameter of time and space, earthquake focal depth affecting the size of the earth-
quake disaster and is one of the most difficult parameters to measure accurately because its deter-
mination is related to source process fault structures and stress fields. Stations layouts are sparse
in our country; therefore, the velocity model generally used to determine earthquake focal depth.
The China Earthquake Networks Center detected a magnitude 6. 6 earthquake in Dingxi City,
Gansu Province, on July 22, 2013, at 7:45 Beijing time in the border area between Minxian and
Zhangxian with a focal depth of approximately 20km. The epicenter was approximately 15 km
from Minxian, 45 km from Zhangxian, 120 km from Dingxi City, and 170 km from Lanzhou Cit-
y. As of July 30, 2013, 1066 aftershocks were recorded, nine of which were greater than magni-
tude 3. 0.

According to the analysis, the seismic phases of three M>>4. 0 earthquakes occurred in Gansu
Minxian in July 2013. The Sichan digital seismograph network recorded relatively clear sPn seis-
mic phases of more than 250 km in the area near the epicenter. In this study, sPn and Pn seismic
phase methods were used to calculate the seismic depth. The focal depths of the three Minxian
earthquakes were recalculated to obtain a more accurate earthquake focal depth. The earthquake
focal depth is an important focal shock parameter. Because the method of using more than one
pair of sPn and Pn seismic phases to calculate the seismic depth was adopted in this study, the
main error source is the seismic phase and the Earth’s crust model error; therefore, identification

of sPn and Pn is crucial. By recalculating the focal depth of the three Minxian M >4, 0 earth-
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quakes, it is concluded that focal depth of the M 6. 6 principal earthquake was 15. 4 km, the focal
depth of the M 5. 6 aftershock was 9. 6 km, and the focal depth of the M 4. 1 aftershock was 9. 2

km. The focal depth of the two aftershocks is obvious shallow; these results show that the rup-

ture process of the M 6. 6 principal earthquake was from deep to shallow regions. An accurate fo-

cal depth was obtained by deep seismic phases to provide basic data for earthquake prediction and

earthquake hazard analysis.

Key words: sPn seismic phases; characteristics of seismic phases; focal depth; epicentral dis-

tance; travel-time difference
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Fig. 1 The sPn propagation path in the crust
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Fig. 2 The sPn seismic phases recorded by stations in Sichuan province for the Minxian M6. 6 earthquake and

its some strong aftershocks
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Table 1 The focal depths of Minxian M6. 6 earthquake and its some strong aftershockw
based on the sPn seismic phases recorded by some stations in Sichuan province
/(%) Tpn Tipa Ton—Tea/s h/km
SC/SUSI 4.4 07:47:04. 30 07:47:09. 89 5.59 15.4
SC/MDS 4.56 07:47:06.58 07:47.12.12 5.54 15.3
SC/AYU 4.57 07:47:07.12 07:47:12.74 5.62 15.5
Ms. 6 SC/FXGU 4. 64 07:47.07. 88 07:47:13.27 5.49 15.1
' CQ/ROC 5.25 07:47:.16. 00 07:47.21. 44 5.44 15.0
SC/GXA 6.19 07:47:28. 40 07:47:34.12 5.72 15.8
SC/MGU 6.27 07:47:30.55 07:47:36.16 5.69 15.7
5.57 15.4
SC/MEK 2.63 09:13:26.92 09:13:30. 44 3.52 9.7
QH/BAM 3.17 09:13:29. 46 09:13:33.06 3.6 9.9
SC/YTI 2.73 09:13:30. 27 09:13:33.65 3.38 9.3
M5. 6 SC/YZP 3.02 09:13:33.62 09:13:37.13 3.51 9.7
SC/XCO 3.07 09:13:34.61 09:13:38.02 3.41 9.4
SC/X]J1 3.29 09:13:37.79 09:13:41. 22 3.43 9.5
3.48 9.6
SC/WCH 2.43 23:27:14. 36 23:27:17. 64 3.28 9.1
Mt 1 QH/BAM 3.17 23:27:17.99 23:27.21.31 3.32 9.2
' SC/RTA 3.24 23:27:18.95 23:27:22.32 3.37 9.3
3.32 9.2
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