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Abstract: Using seismic waveform data recorded at station Yingkou (YK) of Li-
aoning Telemetry Digital Seismic Network, this paper studied the characteris-
tics of shear-wave splitting before and after the Xiuyan Ms5. 9 (M, 5. 3) earth-
quake on November 29, 1999, with the SAM method (Gao et al). The result
shows that predominant polarization of fast shear-waves at YK is in direction of
ENE-WSW, consistent with the direction of regional principal compressive
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stress and also consistent with the direction of regional tectonic stress field in
North China. The time-delays increased before the Xiuyan earthquake, indica-
ting stress accumulation before the mainshock. Predominant polarization of fast
shear-waves at YK is also related to the spatial distribution of small earthquakes
and correlated to the fault strike. The histogram of monthly average polariza-
tions of fast shear-waves shows that the polarization of fast shear-waves seems
to have changed from two months before the mainshock, but this needs to be
verified with more data.

Key words: Xiuyan earthquake; shear-wave splitting; polarization; time delay
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Fig. 2 Three-component seismic waveforms recorded at station Yingkou

(a) Seismic waveform of an M 2. 0 earthquake on August 19, 1999, with focal depth of 16 km and epicentral
distance of 8. 98 km; (b) Seismic waveform of an M 3. 1 earthquake on September 6, 1999, with focal depth 6
km and epicentral distance 5.13 kmj; (c¢) Seismic waveform of an M 2. 0 earthquake on December 25, 1999,
with focal depth 10 km and epicentral distence 5. 21 km; (d) Seismic waveform of an Mj 2. 4 earthquake on Jan-
uary 7, 2000, with focal depth 12 km and epicentral distance 0. 44 km. Abscissa denotes sample number. Sam-
pling rate is 50 Hz
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Fig.3 Calculated cross-correlation function

(a) Polarization of fast shear-wave is at the azimuth of 85° and time delay is 0. 08 s; (b) Polarization of fast
shear-wave is at 60° and time delay is 0. 04 s; (c) Polarization of fast shear-wave is at 85° and time delay is
0.04 s; (d) Polarization of fast shear-wave is at 55° and time delay is 0. 08 s. (a), (b) ,(c) and (d) correspond
to the four earthquakes (a), (b), (¢) and (d) showed in Figure 2, respectively. On each sub-figure, the top
left plot gives the isolines of cross-correlation with different polarization and time delay, the black circle dot
marks position of the highest cross-correlation function value. Top right shows distribution of the maximum and
the minimum value of cross-correlation function. Lower plot displays the three-component shear-waveform,

with abscissa denoting number of samples
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Fig. 4 Demonstration of horizontal shear-wave polarization
(a), (b), (¢) and (d) correspond to the four earthquakes (a), (b) ,(c) and (d) in Figure 3, respectively. On
each sub-figure the upper plot shows the trail of shear-wave particle motion, the middle is N—S component
shear-waveform, and the lower is E-W component. S; and S; indicate the start position of fast and slow shear-

wave, respectively
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Fig. 5 Check of polarization analysis

(a) Polarization of fast shear-wave is at the azimuth of 70° and time delay is 0. 06 s; (b) Polarization of fast
shear-wave is at 85° and time delay is 0. 04 s; (c) Polarization of fast shear-wave is at 85° and time delay is
0.02 s; (d) Polarization of fast shear-wave is at 60° and time delay is 0. 02 s. (a), (b), (¢) and (d) correspond
to the four earthquakes (a), (b), (¢) and (d) in Figure 4, respectively. On each sub-figure, the upper shows
the shear-wave polarization with time delay effect being eliminated. The middle is fast shear-waveform and the

lower is slow shear-waveform. S; and S: indicate the start position of fast and slow shear-wave, respectively
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Fig. 6 Two earthquake records with peculiar three-component waveform
(a) Seismic waveform of an M 1. 8 quake on September 9, 1999, with focal depth of 7 km and
epicentral distance of 0.9 km; (b) Seismic waveform of an M; 1. 6 quake on October 14, 1999,

with focal depth 9 km and epicentral distance 4. 2 km
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Fig. 7 Calculated cross-correlation function for the two earthquakes with peculiar waveform
(a) Polarization of fast shear-wave is at 55° and time delay is 0. 08 s; (b) Polarization of fast shear-
wave is at 65° and time delay is 0. 06 s. (a) and (b) correspond to the two earthquakes (a)

and (b) in Figure 6, respectively. Other explanations are the same as in Figure 3
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Fig. 8 Horizontal shear-wave polarization of the two peculiar waveforms

(a) and (b) correspond to the two earthquakes (a) and (b) in Figure 6.

Other explanations are the same as in Figure 4
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Fig. 9 Check of polarization analysis of two peculiar waveforms
(a) Polarization of fast shear-wave is 75° and time delay is 0. 04 s; (b) polarization of fast shear-wave
is 60° and time delay is 0. 08 s. (a) and (b) in this figure correspond to the two earthquakes
(a) and (b) in Figure 8 respectively. Other meanings in the figure are same as in Figure 4
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Fig. 10 Variation of 'the time delays recorded at station Yingkou
(a) and (b) plot shows variation of the time delay (At versus ¢), the curve is the result of five-point fitting, and
the oblique line comes from straight line fitting., Ordinate stands for time delay with unit of ms/km. and abscis-
sa represents time in year and month. (c¢) plot shows the time variation of earthquake magnitudes for the
quakes within 60 km from station YK (M-t figure). Earthquake catalog is taken from Earthquake Administra-
tion of Liaoning Province, but the parameters of main shock and the largest aftershock of Xiuyan earthquake se-

quence are determined by China Earthquake Network Center
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Table 2 Average time delays in different time stages for station Yingkou
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Fig. 11 Average time delays in different time stages for station Yingkou
Ms5. 9 marks main shock of the November 29, 1999 Xiuyan earthquake sequence, Ms5. 2 denotes the
largest in January 12 , 2000 aftershock after the Xiuyan main shock. Ms5.2 (M 5. 4) is measured

by China Earthquake Networks Center. The arrowhead shows the time of earthquake
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Fig. 12 Equal-area project rose diagram of fast shear-wave polarization

(a) The analysis result of 131 records in shear-wave window at station YK; (b) The result of 143 records with
additional data without focal depth determination, but with epicentral distance less than 8 km based on the fig-
ure(a). The short bars show fast shear-wave polarizations and the length of bar is proportional to the time de-

lay. The scale below the rose diagram indicates the standard time delay
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degree(®) ., and the abscissa denotes time in year and month
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