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Many intense earthquake swarms have been reported in the Hakone caldera. The relation between the occurrence of earth-
quake swarms and crustal fluid has been discussed in the previous studies: it is considered that hydrothermal activity from deep
underground causes the earthquake swarms. We performed the shear wave splitting analysis for the seismograms recorded at the
station located just above the focal area of earthquake swarm occurred at Hakone Volcano to depict crack distribution and discuss
the relation between the crack structure and the occurrence of earthquake swarm.

We used the seismograms of the earthquakes recorded at the station KZR located just above the focal area of earthquake
swarms occurred in 2001 and 2009 for the period between April 1995 and June 2010. We used the events where incident angles
less than 35 degrees to avoid the effect of S-P conversion wave. We selected also the seismograms with clear S wave first motion.
We applied the method that computes the cross-correlation with rotating the coordinate axes (e.g., Shih and Meyer, 1990) with
steps of 5 degrees and shifting the time of one component waveform by steps of 5 ms for the two horizontal component wave-
forms with low-pass filtered at 10 Hz. We adopted the rotated axis and the lag time as the direction of faster split shear waves
polarization (PHI) and the time lag between the two split shear waves (DT), respectively, when the cross-correlation coefficient
attains the maximum value. We quantified the error of the solution on the basis of the reliability estimation for the correlation
coefficient with Fisher’s z-transformation. We determined the 95 % confidence interval of z and transformed back to define the
confidence interval of correlation coefficient. We omitted the events which confidence interval is wider than 20 ms (about 1/4 of
wavelength) from the result as unreliable data.

We divide the events used for the analysis into the following two groups: 1) the events of earthquake swarms occurred in 2001
and 2009 (Group-I), and 2) the other events (Group-II). The numbers of events used are 51 for Group-I and 115 for Group-II. The
averages and the standard errors of PHI and DT are 140+/-2 degrees and 86+/-2 ms for Group-I and 125+/-2 degrees and 55+/-2
ms for Group-II. The angle of PHI is measured clockwise from the north. The values of PHI and DT for Groups-I and II are
significantly different. The difference of PHI reflects the difference of anisotropy in the paths. The depths of events are shallower
than 2.5 km for Group-I and 30 km for Group-II. The result of Group-I suggests that the orientation of cracks is parallel to the
orientation of focal alignment of earthquake swarm in 2009. Moreover, the cracks with relatively higher density are distributed
in the focal areas of earthquake swarm when the earthquake swarms occurred. The facts suggest that the observed crack structure
is related to the occurrence of earthquake swarm. The result of Group-II suggests that cracks whose orientation is different from
that in the focal area of earthquake swarm are widely distributed around the station KZR. The value of DT for Group-I is higher
than that for Group-II. The result suggests that the density of cracks in the focal area of earthquake swarm become relatively
higher only during the period of earthquake swarm if the paths from the event of Group-II pass through the crack structure in the
focal area of earthquake swarm.

In conclusion, we found that the cracks oriented in the different direction from that of widely-distributed cracks are distributed
in the focal area of earthquake swarm and its density may become higher during the period of earthquake swarm. It is presumed
that the crustal fluid selectively inject into the crack structure in the shallow region and causes the earthquake swarms at the
Hakone Volcano.
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