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Estimation of stress tensor using aftershocks of 15
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Abstract

We estimated stress tensor in the focal area of M 5.0 earthquake that occurred on 15 September,
1998, in Sendai city, NE Japan. Many aftershock focal mechanism solutions, which cannot be
determined by P wave polarity data alone, were obtained by moment tensor inversion using
empirical Green’s tensor derivatives. The result of stress tensor inversion based on these mecha-
nism solutions shows that the maximum principal axis of the stress tensor is perpendicular to the
strike of Nagamachi-Rifu fault and is consistent with the P axis of the main shock. We found a
tendency that events with relatively large mis-fit of slip direction are located around the area with
a large slip by the main shock rupture. Stress tensor inversions for 16 subdivided areas show that
stress ratio R=(01 —a2)/(01 —03) approaches to zero in areas where the slip caused by the main shock
rupture is small and aftershock activity is high. These facts suggest local stress field perturbations
caused by the slip of the main shock.
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Fig. 1. Map showing locations of observation
stations and focal mechanism of 1998 M5.0
earthquake. Squares and a diamond show seismic
stations of Tohoku University and Japan
Meteorological  Agency, respectively. Focal
mechanism solution for the M50 main shock is
shown at its hypocenter location on the lower focal
hemisphere by equal area projection. Solid lines
show active faults around Sendai city.
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Fig. 2. An example of the results of moment tensor inversion using empirical Green’s tensor derivatives. Thick and
thin lines are observed and the synthetic waveforms, respectively. Focal mechanism solution obtained by this
analysis is shown at the bottom. Open circles, solid circles, and crosses show compressional, dilatational, and

indistinct P wave first motions, respectively.
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Fig. 3. Comparison of obtained moment tensor solutions and observed P wave first motions. Numerals at the bottom
of each solutions show residuals normalized by observed values in the moment tensor inversions. Twenty-seven

events are randomly selected for every 0.1s of residuals.
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Fig. 4. Focal mechanisms solutions obtained for all events used in the analysis. (a) Focal mechanisms of events
plotted at their hypocenter locations. (b), (c) and (d) Directions of P, B and T axes of the obtained focal mechanisms.
Dashed lines indicate the fault strike direction of the main shock.
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Fig. 5. Result of stress tensor inversions using focal mechanisms of all the events. (a), (b), and (c); Directions of
principal axes of stress field. (d) Stress ratio R versus misfit in the stress tensor inversion. (e) Rose diagram of slip
directions for all events. The shading of circles indicates the confidence limit of the result of the tensor inversions.
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Fig. 6. Hypocenter distribution of aftershocks (circles) used for stress tensor inversion and slip distribution (contours)
of the main shock [after Okada et al (2000)]. The shading of circles shows the difference in angle between the slip
direction of each event and the average stress field obtained. Top left; Map view. Slip distribution of the main

shock after Okada et al (2000) is shown by contours.

A star indicates the initial point of the rupture of the main

shock. Top right and bottom are cross-sections along A-B and C-D on map view, respectively.
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Fig. 7. Spatial variation of stress field on the fault plane of main shock. (a); Slip distribution (contours) after Okada et
al (2000) and the location of grid points (stars). (b) (c) and (d); Directions of principal axes and stress ratio R at each
grid point. The shading of circles denotes the value of stress ratio R.
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