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Abstract

Spatial and temporal variations in seismic anisotropy in the crust are investigated using
earthquakes in the crust and at the upper boundary of the subducting Philippine Sea plate in the
Tokai region, central Japan. We use waveform data from December 1986 to August 1999 recorded
by the micro-earthquake observation network of the Research Center for Seismology and Volcanol-
ogy, Nagoya University. The method of SiLvEr and Cuan (1991) is applied to evaluate splitting
parameters, a leading shear-wave polarized direction and a delay between two polarized waves. A
total of 362 high-quality waveform data within the incident angle of 35° are analyzed in this study.
The leading shear-wave polarized directions are approximately E-W, in spite of differences of focal
depths. This direction is consistent with the direction of regional horizontal maximum compressive
stress in the Tokai region reported before. The time delay increases in proportion to the focal depth.
These results indicate that the regional compressive stress controls anisotropy not only in the upper
crust but also in the lower crust. Assuming the uniform distribution of anisotropy, the degree of
anisotropy is estimated to be 05% in the lower crust. An increase in time delays between
two-polarized waves is found before and after the Aichi-ken Tobu earthquake (M=5.7) in 1997 at the
station STN. This variation is statistically significant with the confidence level of 99.999% and is not
an apparent change due to a variation in hypocenter distribution. No temporal variation of splitting
parameters is found at the station INU. These results can be explained by a change of the
volumetric and areal strain in the most-upper part of the crust due to the postseismic slip of the
Aichi-ken Tobu earthquake.
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Fig. 1. Distribution of seismic stations (triangles) and
epicenters (circles) used in this study. Data from
two stations, STN and INU, were mainly used.
Shaded areas of AA’ and BB’ indicate the position
of the cross-section displayed in Fig.2. Line
indicates the plate boundary. Star indicates the
epicenter of the Aichi-ken Tobu earthquake with
the biggest magnitude (M=5.7) in this analysis.
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Fig. 2. The cross-sections of hypocenter distribution from December 1986 to August 1999 in the AA’ and the BB’
directions shown in Fig. 1. Gray points indicate all hypocenters observed in the analyzed period. Black circles

indicate the hypocenters analyzed in this study.
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Fig. 3 (A).

An example of shear wave splitting analysis.

The earthquake recorded at the station INU in March 31,

1993, and the focal depth is 424km. (a) Waveforms in the up-down, north-south, and east west component. (b) A
particle motion of S wave at the range of gray area in (a). (c) Black area indicates the region with 95% confidence
level. (d) Waveforms in the leading and following shear-wave polarized direction.
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Fig. 3 (B).
and the focal depth is 14.6 km.
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An example of shear wave splitting analysis. The earthquake recorded at the station STN in July 3, 1987,
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Fig. 3 (C).
and the focal depth is 22.0 km.
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An example of shear wave splitting analysis. The earthquake recorded at the station STN in Sep 8, 1997,
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Fig. 6 (a). The temporal variation in normalized time

delays per unit path length at the station STN.
Upper figure shows the normalized time delays of
the crustal earthquakes. Lower figure shows the
normalized time delays of earthquakes in the upper
part of subducting Philippine Sea plate. Solid
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indicate the 95% confidence level of each data.
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5.7).
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Table 1.

Temporal variation and the significance in normalized time delay before and after 1997 at the station STN.

Crustal earthquake Earthquake of subducting plate
before after before after
Data number 17 20 55 34
Average(ms/km) 0.0014 0.0028 0.0012 0.0018
Standard Deviation(ms/km)  0.0005 0.001 0.0006 0.001
Significance(%) 99.9994 99.7

before the Aichi-ken Tobu earthquake

shallow
earthquakes

deep
earthquakes
= (.05s
Fig. 1. The equal-area polar projections of
shear-wave splitting both shallow and deep

earthquakes before and after the Aichi-ken Tobu
earthquake. Directions of lines indicate leading
shear-wave polarized directions, and the lengths of
lines indicate the time delay. The circles indicate
the incident angle of 35° and 20°, respectively.

STN T 10X 107 ORZREEDOHMMAR S h, Bl INU
TRELZLRBEEAER NG, -7z (Fig 11D, Th
5IFAE TRE ALz STN TEZERRZ O BRIZ LS
AU, INU TRIEHRZOELBE U s e E WS
SR EIER TN TS 5. O LS EEEREOHEM
BIEEOMEEEE L, 75 v 7 EEEZBINS 5 A
<. 75y 7 MENEEINT 2 & BRERMZE T %
FOHIBHRO B R kA 2 3 v 7 BB LAFLERRE
OEEINAHRE U S EaHEEAE L oNB, TOTLIBE
PRI IRBRI S N STER T Y v 7 4 v 7 O BERR
EOZALEBBTE S, Lichi-> TARE THRls N
B OREZ(LOFIRE L TEMERTHIZER D £ X
FA Ry 7 BIEREORIIC L BT 5 vV EEDE
M»BEZ N5, 1997 5 3 AL O R A0 ki
DWTIE, HIER 2EMICES>TRT Y v 74 V7 DF|
R OZLAEEE L T W B D), HIE D% 2 I
HMERIOHEIGESWT WS OIE, AP THEET L

after the Aichi-ken Tobu earthquake
N

Normarized time delay [ms/km]

¢ normalized time delay M 5.7
® moving average ]

0
1986 1990 1994 1998
Time [year]
Fig. & The average of time delays using
earthquakes, excluding events from northwest

direction, before and after the Aichi-ken Tobu
earthquake at the station STN for the earthquake
in the crust. Thin line indicates the average of time
delays. Gray area indicates the standard deviation.
Thick line indicates five points moving average of
time delays. The temporal variation of time delays
before and after the Aichi-ken Tobu earthquake is
statistically significant.
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Fig.10. M-T diagram of earthquakes in the Tokai region. The Aichi-ken Tobu earthquake occurs on March 16, 1997,
in the Tokai region. Upper figure and lower one show a diagram for the earthquakes shallower than 25km deeper

than 25 km, respectively.
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Fig. 11. This figure shows the crustal strain change at the 5km due to the postseismic slip of the Aichi-ken Tobu
earthquake. Upper and lower figures show the areal dilatation and volumetric dilatation, respectively. Plus indicates
the extensive strain change, and minus indicates the compressive strain change. The order of strain change is shown

by 1078
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