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TEMPORAL EVOLUTION OF THE SHEAR-WAVE
SPLITTING AND THE GEO-ELECTRICAL ANISOTROPY
IN TIANZHU—GULANG EARTHQUAKE
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(1. The Key Lab of Submarine Geosciences, SOA,Zhejiang Hangzhou 310012,China;
2. Seismological Bureau of Jiangsu Province,Jiangsu Nanjing 210014,China)

Abstract; Adopting the same method used in the study on Yongdeng earthquake!'l, the temporal
evolution characteristics of shear-wave splitting and the geo-electrical anisotropy of crust media
during the preparation and occurrence of Tianzhu— Gulang Ms5. 4 earthquake on June first,
1996 are studied. The results show that before the earthquake both the geo-electrical axis of p,,
and the polarization of fast S-wave rotated from northwest to northeast until occurrence of the
earthquake,its source mechanism solution indicats that the P axis direction is in N 50°E. So the
three directions are generally the same. On the other hand, the geo—electrical station is coinci-
dently on the seismogenic fault, the variations of apparent resistivity of various frequencies are
all evident while the variation of g,, component is greater than g,, component contrary to that of
Yongdeng earthquake. But due to scarce of collected seismic data the accumulation process of
stress is not demonstrated by the time delay between the two split S waves. The other reason
for the analyzed result of timne delay maybe is the influence of stress adjustment after Yongdeng
earthquake on the stress preparation of Tianzhu— Gulang earthquake (the distance between two
events is about 120 km ).
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0 Introduction

In the previous paper 'V

we have studied the characteristics of anisotropy evolution of seismic wave
and geo-electrical precursors during the preparation of Yongdeng Ms5. 8 earthquake on July 22,1995,
using S wave splitting method and magnetic telluric approach together. The result shows,in general,
that the directional variation of fast S-wave polarization was in agreement with the principal axis( p,, )of
geo-electricity during the earthquake preparation. Moreover, they were identical to the directional evolu-
tion of the maximum stress field during Yongdeng earthquake. Before Yongdeng earthquake the direc-
tion of maximum stress was in northeast and gradually changed to northwest with stress accumulation
(P axis was in N15°W),

As a new discovery, it is necessary to study various earthquake cases to confirm the consistent vari-
ations of the two different anisotropy precursors, their relations with stress evolution and the reliability
of the adopted research method. Fortunately, in the small area another earthquake with enough magni-
tude, Tianzhu— Gulang M;5. 4 event occurred on June 1, 1996, and the P axis was in N50°E contrary
to that of Yongdeng earthquake. So it is significant to study this event and compare it with the result of

Yongdeng earthquake. On the other hand, as we known, the two earthquakes mentioned above are the
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only two cases that during its preparation there are distributed small magnitude earthquakes, seismogra-
phy stations satisfying the observation condition of split S wave and continuous observation stations of

geo-electrical magnetic field at the same time.

1 The characteristics of split S waves of Tianzhu—Gulang earthquake

The epicenter of Tianzhu— Gulang earthquake is located at 37°18'N, 102°45'E. In the research we
collect eight small seismic events since November of 1995 satistying the window condition of S wave
splitting. All of the three components records are from Langsuo seismography station in Sino— France
cooperation program. The epicenter distance of the earthquake is about 98 km. The catalogue of the eight
small seismic events and their parameters are listed in table 1. The parameters are estimated by assu-
ming the focal depth is 5 km, because there is no focal depth information in formal earthquake catalogue.
In present paper the rotated correlation approach’ and the maximum eigenvalue method!*? are used

together to estimate the parameters of split S waves.

Table 1 Parameters of small seismic events from Langsuo station before Tianzhu— Gulang earthquake

E . Epicenter Magnitude Distance Incident of Travel time of Travel time of
vent ime
Lat(N) Long(E) / ML /km S wave/’ P wave/s S wave/s
A4 1995-11-07 16:03 37°18’ 103°06' 2.7 61.29 40. 48 10. 57 18.18
BS5 1996-04-03 07:40 37°34' 102°43' 3.1 111. 69 40,57 19.18 32.98
Cé6 1996-04-17 02.52 37°37' 102°45' 1.1 111. 49 40. 58 19.15 32.92
D7 1996-05-11 06 .05 37°37' 102°45' 1.4 111. 49 40. 58 19.15 32.92
E9 1996-06-01 21:29 37°16' 102°46' 3.3 95. 35 40.56 16. 38 28.17
F10 1996-06-01 21 .54 37°16’ 102°45' 1.9 97.51 40. 57 16. 89 29. 05
G11 1996-06-01 22.:03 37°14' 102°40' 2.2 105. 47 40. 57 18. 24 31.36
H1z 1991-06-01 22,32 37°18' 102°45' 2.9 98. 20 40. 57 17,03 29. 27

The resultant velocity trace of fast and slow S waves of event BS is plotted in figure 1:figure 1(a) is
the trace in fast and slow polarization coordinates;figure 1(b) is the trace after the time delay being cor-

rected. The calculated split parameters are listed in table 2.
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Fig.1 Calculated velocity trace of split S waves of event B5.

To clearly demonstrate the evolution of split S wave with development of the earthquake, Figure 2
gives the temporal variation of the time delay and polarization of fast S wave.
The time delay did not increase before the earthquake as shown in figure 2(a). According to table

2, the time delay of most events but the first one are small and increase little after the main shock. There
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are maybe two reasons:the first,the number of collected smal] events is too litt]e and time is too short;

»the earthquake is influenced by the stress adjustment of the Preceding Yongdeng earthquake.
but just before the occurrence of

the second

main shock it had returned to northeast again (Fig, 2(b)). In contrary, the polarization of fast S wave
was in northwest before and during Yongdeng earthquake and turned to northeast after main shock, In
both cases the polarizations of fast S wave are in agreement with the corresponding directions of P axis of
focal mechanism solution. The p axis of Yongdeng earthquake is ip N15°W, while the P axis of Tianzhy—

Table 2 Calculated Parameters of split S waves for 8 seismic events

distance Time delay Time delay/distance Polarization of
Event Time
/km /s /[ms » km~—1] fast S wave
1995-11-07 16.03 61. 29 4.49 N41°E
Bs 1996-04-03 07.40 111.69 0.25 2. 24 NSO°E
(@] 1996-04-17 02.52 111, 49 0.15 1.35 N72°w
D7 1996-05- 11 06.05 111. 49 0.175 1.57 N55°w
E9 1996-06-p7 21.29 95. 35 0.15 1.57 N32°E
Flo 1996-05-01 21.541 97. 51 0. 05 0.51 NS8°E
Gl11 1996-06-01 22.03 105. 47 0.325 3.08 N63°E
Hiz 1996-06-01 22.32 98. 20 0. 20 2.04 N25°E
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Fig. 2 Tempora] evolution of S wave splitting of Tianzhu—Gulang earthquake.

2 The MT calculated results of Tianzhu—GuIang earthquake

Because the focus of Tianzhu*Gulang earthquake and songshan geo-electrical magnetic station are
ocated on the same fault and the distance between the focus and the station is only 71 km, therefore the
nomalous variations of observed telluric field and apparent resistivity are strongly controlled by the
rike of seismogenic faulr, Figure 3 shows the variation of aPparent resistivity of various frequencies be-
re and after the earthquake (53 It is €asy to see that the anomaloys variation of apparent resistivity of
- 1s much more evident than that of Pz sin all of frequency which js contrary to Yongdeng earthquake

d reflects the control effect of geologica] Structure on the intensity and the anisotropic characteristics
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Fig.3 Temporal variation of apparent resistivity in various periods
of Tianzhu— Gulang earthquake process.

The directional variations of principal axis ( p,, ) with frequency in several periods are given in fi-
gure 4. The start time of calculation is from January 1, 1996.

Before the earthquake the principal axis of o,, varied from northeast to northwest, then turned to
northeast again until earthquake occurred, after the earthquake its direction was recovered but still in
northeast. Such directional variations are almost the same for different frequencies in Yongdeng earth-
quake process. For demonstrating the temporal evolution of geo-electrical principal axis, directional vari-
ation of p,, at period 200 s is given in figure 5,including Yongdeng earthquake as well.

It shows that the principal axis of geo-electricity ( p,, ) changed from northwest to northeast in
Tianzhu— Gulang earthquake process,which is identical to the P axis of focal mechanism solution(N50°
E). The comparison of temporal evolutions of gec-electrical principal axis ( p., ) and polarization of fast
S wave show that the results from two different methods are almost the same, although the variation

value in geo-electricity is smaller but more obvious.

3 Conclusions

(1) The calculated results in present paper further confirms the dynamic variations of the polariza-
tion of fast S wave and the direction of one of the geo-electrical principal axes indeed reflect the variation
of stress field, during earthquake they are roughly in agreement with P axis of focus mechanism solu-
tion. It also indicates that the dynamic anisotropy theories about seismic wave and geo-electricity based

on EDA model® " are correct, EDA model or APE theory™* maybe are the bases in future study of the
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ly varied at all frequencies. While in Yongdeng earthquake
only at special frequency the variation of apparent resistivi-

ty was obvious. Second, the variation of p,, that identical

axis ( p,, ) in period 200 s of
the earthquakes.

with P axis is smaller than that of p,, that parallel to fault, reflecting the control of fault is stronger than

stress field. While in Yongdeng earthquake the variation of p,, was greater than that of p,, ,completely

controlled by stress, because there is no direct relation between fault and station.

(3) Since the time interval between the two earthquakes is only 11 months,spatial distance is about

120 km and the collected data of Tianzhu— Gulang earthquake is few, so the calculated parameters of

split S waves especially the time delay are not very satisfying.

(4) According to the calculated results of the two earthquakes, it seems that one of the geo-electri-

cal principal axes matching P axis of earthquake is better than the polarization of fast S wave, which

maybe is due to the fact that the perpendicularity between fast and slow waves is not as good as that of

- g
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geo-electrical two principal axes. Another advantage of MT method is that its frequency features for dif-
ferent frequencies can reflect precursory variation with depth. From geo-electricity point of view the
analysis of the two earthquakes further confirms that the dynamic variation of EDA cracks induced by
stress extensively exist in the crust in some ranges.

This study was carried out at the Lanzhou Institute of Seismology (LIS) of CSB, supported by
the National Natural Science Foundation of China (40074010). We are indebted to our colleagues in
LIS, especially to Prof. RONG Dai-lu and Prof. ZHAQO He-yun for their help.
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