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Focal depth determination of Shanxi reservoir earthquakes
from sPL phase with single station

Wang Zhenjie® Sun Kan Zhu Xinyun

(Zhejiang Earthquake Agency, Hangzhou 310013, China)

Abstract: It is difficult to determine focal depth via phase onset time fitting method for the re-
gions where only sparse seismic stations are available. we demonstrate that focal depth can be
well constrained with depth phase sPL which is sensitive to focal depth but insensitive to epi-
central distance. With 2014 Shanxi reservoir earthquake swarm as a case study, this paper
determined the focal depths of earthquakes by sPL phase with single station. The result show
that the focal depths derived from sPL phase are well consistent with the results from CAP
method and Hyposat method. The depths of the main shock and six M; >3.0 events are pre-
dominantly around 4—6 km, which is coincident with results of surveying and prospecting of
active fault. Therefore sPL phase can be applied to small earthquakes for sparse network as it is
well observed with small epicentral distances. Robust result of focal depth can be rapidly
obtained by single broadband seismic station with bias of about 1-2 km.
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Fig. 1 Fault structure and distribution of earthquakes and stations in Shanxi reservoir region

Gray region indicates Shanxi reservoir, and its surrounding fault system is depicted by line segments,
open circles denote the swarm epicenters of the year 2014 while plus signs denote the swarm

before the year 2014, seismic stations are indicated by triangles
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Fig. 2 Schematic illustration of sPL ray path (a) and three-component displacement
waveforms recorded at Wanfu station to view sPL phase (b)

Black ray for sPL-Pg pair and gray for other depth phases which appear in farther epicentral distance in Fig. (a)
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Fig. 3 Focal depth determined by sPL and CAP method for the mainshock of the Shanxi reservoir swarm in 2014

(a) sPL phase depth sensitivity test, where gray waveforms represent three-component synthetics at different
focal depths and red ones represent data recorded by Wanfu staion at best fitting; (b) Focal
mechanism (left) and depth (right) determined by CAP method
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Table 1  Focal depths of seven events from Shanxi reservoir seismic swarm
RTEITZ B FERIRE km
5 M,
F-A-H i3 AR R ek SPLAR  ARSERT  CAPZ:
0 2014-10-14 04:14:57 119.94 27.71 4.2 5 4 4
1 2014-09-17 20:47:31 119.95 27.71 3.5 4—5 4 4
2 2014-09-23 17:40:25 119.94 27.71 3.7 4—5 4 4
3 2014-10-15 15:49:27 119.95 27.71 4.0 5—6 5 5
4 2014-10-15 16:37:24 119.96 27.70 4.0 6 5 5
5 2014-10-23 08:35:02 119.93 27.72 3.7 5 4 4
6 2014-10-26 07:03:41 119.97 27.69 3.4 4 4 /
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Fig. 4 Displacement records of six events labeled with one to six in Table 1 at Wanfu station

with vertical (red), radial (blue) and tangential (green) components
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