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Abstract

In order to understand aftershock generation, it is important to obtain accurate hypocenter and focal mechanism data 
from large numbers of aftershocks. In this study I investigate the hypocenter distribution, focal mechanisms and stress 
drops related to aftershocks of the 2003 Tokachi-oki earthquake and the 2000 western Tottori earthquake. Aftershocks 
analysed in this study are classifi ed into two groups on the basis of focal mechanism location. On-fault aftershocks occur 
on the fault plane of the main shock, whereas off-fault aftershocks occur away from the fault plane of the main shock. 
On-fault aftershocks did not occur within the co-seismic rupture area of the main shocks, although they cluster about 
the rupture area. On-fault aftershocks of the 2003 Tokachi-oki earthquake occur within areas of post-seismic slip. The 
occurrence of on-fault aftershocks within the area of aseismic slip suggests that these aftershocks represent slip along 
small isolated asperities.

Focal mechanisms of off-fault aftershocks show spatial variations about the fault plane of the main shock. These trends 
refl ect the strain fi eld associated with static displacement on the fault plane. The generation of off-fault aftershocks is 
therefore interpreted to result from static stress change associated with dislocation on the fault plane.
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Fig. 2.1 Seismicity data east of Hokkaido, Japan. (a) Tectonic setting and epicenters of earthquakes of magnitude >7.5. 
Large arrow indicates motion of the Pacifi c plate (DeMets et al., 1994), while small arrow indicates motion of 
the Kuril forearc relative to the North American plate (DeMets, 1992). (b) Background seismicity (gray dots) and 
aftershocks (open circles) of the 2003 Tokachi-oki earthquake. Epicenter locations from the Japan Meteorological 
Agency.
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Table 2.1 Comparison of moment tensor inversion approach adopted by the NIED F-net routine and 

that used in this study.
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Fig. 2.2 Sketch of the arrangement of horizontal grids in the CMT inversion algorithm. Open stars indicate initial
epicenter and fi lled stars represent fi nal optimum centroid epicenter. Filled circles show the candidate
grids searched for centroid epicenter and open circles indicate the temporary centroid epicenter.



68 2005 9

32

2.3 F-net a Hi-net b . Hi-net

Fig. 2.3 (a) Station distribution of the NIED F-net. (b) Station distribution of Hi-net horizontal-component 
borehole tiltmeters.

Magnitude M<4 4<=M<5 5<=M<6 6<=M<7 M>=7

Frequency-band(Hz) 0.02-0.05 0.02-0.05 0.01-0.05 0.01-0.05 0.005-0.02

Window-length (sec) 120 180 240 300 360

Hypocentral distance (km) 50-250 50-400 100-500 100-500 500-

2.3
Table 2.3 Frequency bands, time windows, and hypocentral distances used in the centroid 

moment tensor inversion approach.

Depth
(km)

Thickness
(km)

P-wave
velocity
(km/s)

S-wave
velocity
(km/s)

Density
(kg/m3)

Qp Qs

0 3 5.50 3.14 2300 600 300

3 15 6.00 3.55 2400 600 300

18 15 6.70 3.83 2800 600 300

33 67 7.80 4.46 3200 600 300

100 125 8.00 4.57 3300 600 300

225 100 8.40 4.80 3400 600 300

325 100 8.60 4.91 3500 600 300

425 - 9.30 5.31 3700 600 300

2.2
Table 2.2 Crustal structure described in terms of velocity, density, and seismic attenuation.
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2.4 2003 Mw8.1 CMT

Fig. 2.4 Example of the CMT inversion for the 2003 Tokachi-Oki earthquake (Mw 8.1). The solid and dashed lines represent observed and 
calculated waveforms respectively.
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2.5 Harvard CMT Mw5.5
Harvard CMT JST Mw

Harvard CMT Kagan's Angle Harvard CMT

Fig. 2.5 Moment tensor solutions of earthquakes of magnitude >5.5 compared with Harvard CMT solutions. Moment magnitudes (Mw) 
calculated in this study are shown in the left column and those determined by Harvard CMT analysis are shown in the right column. 
Differences between the two focal mechanism estimates are indicated by the Kagan's angle. Time is origin time of events given in Japan 
Standard Time (JST).
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2.6 a
, 2003 b a X-X'

X-X'
Fig. 2.6 (a) Initial (open circles) and centroid hypocenter (fi lled grey circles) locations. Contours indicate the depth of the upper surface of the 

Pacifi c plate (Earthquake Research Committee, 2003). (b) Vertical cross section along X-X' shown on (a). Bold grey line indicates the 
upper surface of the Pacifi c plate.
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2.7 (a) Kagan

Kagan

2.6 .
Fig. 2.7 (a) Distribution of centroid moment tensor 

solutions. The color of each focal sphere 
indicates the size of the Kagan's angle between 
the focal mechanism of the main shock and 
that of the aftershock. Contours indicate the 
depth of the upper surface of the Pacifi c plate 
(Earthquake Research Committee, 2003).

2.7 (b)

Fig. 2.7 (b) Cross-sections along lines A-A', B-B', and 
C-C' shown in (a). Bold grey line indicates 
the upper surface of the Pacifi c plate.
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2.9 (a) ( ).  

Kagan
30° 1 2

Fig. 2.9 (a) Distribution of inter-plate aftershocks. with 
a Kagan's angle of less than 30°. (1) and 
(2) indicate the main shock and the largest 
aftershock, respectively.

2.9 (b) 1
2

Fig. 2.9 (b) Cross-sections along lines A-A', B-B', and C-C' 
shown in (a). (1) and (2) indicate the main 
shock and largest aftershock, respectively. Bold 
grey line indicates the upper surface of the 
pacifi c plate.
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2.10 (b)
.

Fig. 2.10 (b) Cross-sections along lines A-A', B-B', and 
C-C' shown in (a). Bold grey line indicates the 
upper surface of the Pacifi c plate.

2.10 (a) (
).  

Kagan 30° 10km

Fig. 2.10 (a) Distribution of off-plate boundary aftershocks. 
with a Kagan's angle in excess of 30° and of 
depth >10 km.
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2.11 Kagan
30° 10km

1000m Le Pichon et al. (1984)
DeMets, 1992

Fig. 2.11 Distribution of aftershocks with a Kagan's angle greater than 30° and of depth <10 km. Toothed lines indicate 
thrusts and thin lines indicate fault traces (Le Pichon et al., 1984). Bathymetric contour interval is 1000 m. 
Arrow indicates motion of the Kuril forearc relative to the North American plate (DeMets, 1992).

2.12 Variance reduction(VR) a VR
Variance reduction

5 (b)VR VR

Fig. 2.12 (a) Horizontal variation in Variance Reduction (VR). Open and fi lled stars indicate initial and optimum centroid 
epicenters, respectively. VR contour interval is 5 %. (b) Depth variation of VR. Moment tensor solutions indicate
the optimum solution at each depth. 
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2.13
Yagi (2004)
Honda et al.(2004)

2m
1 2

Fig. 2.13 Co-seismic slips evaluated by Yagi (2004) and 
Honda et al.(2004). Co-seismic slip contour 
interval is 2 m. Location of the main shock and 
resulting inter-plate aftershocks are also plotted. 
(1) and (2) indicate the main shock and largest 
aftershock, respectively.

2.14 1
Miyazaki et al. (2004) 

1
10cm

Fig. 2.14 Distribution of inter-plate aftershocks and post-
seismic slip during the month following the main 
shock. Slip contour data is from Miyazaki et al. 
(2004). Slip contour interval is 10 cm.
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2.15

10 30

Miyazaki 
et al.2004

5 cm
Fig. 2.15 Tempora l  var ia t ion  in  the 

d is t r ibut ion  of in ter-p la te 
aftershocks and post-seismic 
slip. The three panels show 
the distribution of inter-plate 
aftershocks and post-seismic 
slip at 10-day intervals from 
September  26 ,  2003 .  S l ip 
contour interval is 5 cm. Slip 
contour data is from Miyazaki 
et al. (2004).

2.17

10
30

2.15
Fig. 2.17 Temporal  var ia t ion  in  the 

distribution of off-plate boundary 
aftershocks and post-seismic slip 
following the main shock. The 
three panels summarize data at 
10-day intervals from September 
26, 2003. Slip contour interval is 
5 cm. Slip contour data is from 
Miyazaki et al. (2004). 

2.16
2.13

Fig. 2.16 Distribution of off-plate-boundary aftershocks 
and slip of the main shock. The co-seismic slip 
distribution is same as Fig. 2.13.
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2.18 (b) (b) 

(a) X-X'
P T

P T
(c)(b)

(a) Y Y'

Fig. 2.18 (b) (b) Distribution of off-plate-boundary and 
inter-plate aftershocks and the post-seismic 
slip of the main shock. Cross-section along 
line X-X' shown in (a). (c) Enlargement 
of area Y-Y' shown in (b). Bold grey line 
indicates the upper surface of the Pacific 
plate.

2.18 (a)

2.14

Fig. 2.18 (a) D i s t r i b u t i o n  o f  o f f - p l a t e  b o u n d a r y 
aftershocks and inter-plate aftershocks and 
post-seismic slip following the main shock. 
Focal spheres and red circles indicate off-
plate boundary aftershocks and inter-plate 
aftershocks, respectively. Slip contour 
interval is 10 m. Slip contour data is from 
Miyazaki et al. (2004).
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2.19 a
b R R 0.55

Fig. 2.19 Stress fi eld within landward crust estimated from focal mechanism data. (a) Orientations of the principal axes 
of the stress fi eld plotted with lower hemisphere, equal-area projection. (b) Estimated stress ratio. The optimal 
stress ratio is 0.55.

2.20 ΔCFF ΔCFF
(a)Yagi (2004)

(b)Honda et al. (2004)
2 m

Fig. 2.20 ΔCFF of aftershocks within the landward crust. ΔCFF are calculated for a nodal plane (bold line) determined 
from the stress tensor inversion algorithm. (a) ΔCFF calculated using the Yagi model (Yagi, 2004). (b) ΔCFF
calculated using the Honda model (Honda et al., 2004). Slip contour interval is 2 m.
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Fig. 3.1 Seismicity within the focal area of the 2000 Tottori earthquake. Earthquakes occurred after 1950, with magnitudes more than 3 are 
shown by circles. The star indicates the epicenter of the 2000 Tottori earthquake. Active fault locations are after Nakata and Imaizumi 
(2002). 
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Fig. 3.2 Sketch illustrating the correction of a moment tensor 

solution in the EGT method. Gray and black focal spheres 
show original and corrected moment tensor solutions 
respectively. (a) Plane view. (b) Vertical cross-section.
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Fig. 3.3 Velocity structure used for calculation of hypocenter 
relocation.
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3.4 EGT
EGT

1

EGT

2 P
Kagan 2 4

1 2

Variance Reduction VR: 2 2
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Kagan 3.6 VR
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3.4
[Shibutani et al., 2004]

Hi-net

4

Fig. 3.4 Distribution of stations and relocated aftershock 
epicenters. Filled diamonds indicate stationary stations of 
the JMA, Hi-net and Kyoto University. Open diamonds
indicate temporary stations (Shibutani et al., 2004). Gray
dots indicate relocated aftershock epicenters. The star 
indicates the epicenter of the main shock. Data from the
MZKH, NITH, and SGOH stations of the Hi-net are used 
in the moment tensor inversion.

3.5
Fig. 3.5 Distribution of master events for the EGT method.

3.6 Kagan Variance Reduction

10 90 10
68 Kagan

Fig. 3.6 Kagan's angles and variance reductions. Kagan's angles 
are calculated for the master events (regarded as the slave 
events in this test) and represent the angle between the 
original focal mechanisms obtained from P-first motion 
analysis, and the moment tensor solutions calculated by 
the EGT method. The solid line shows the 68 % frequency 
determined at 10% intervals.



51

13° 25°
VR 50

40° VR
50

VR 50
Kagan 3.7 a

VR 50 68
20°
P P , T B

3.7 b B
P T

Kagan 68
20°

EGT

2000
VR 50 Kagan

20°
3.5

785 EGT

468
1.4 3.6 VR 50

3.8

P

S 0.5
VR 50

A
P

P

3.9
P T 3.10
P T

P
T

P
T

Double-Difference Waldhauser and Ellsworth, 
2000 2004

3.7 Kagan P T B (a)Kagan (b) P T B
P T B

Fig. 3.7 (a) Cumulative frequency distribution of Kagan's angle. (b) Cumulative frequency distribution of the difference 
angle for P, T, and B axes.
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Fig. 3.8 An example of moment tensor inversion using the EGT method. (a) Estimated moment tensor solution and distribution of P-wave 
polarities. Open and fi lled circles indicate the dilatational and compressional P-wave fi rst motions, respectively. (b) Observed and 
calculated waveforms recorded at stations MZKH, NITH and SGOH.

3.9 EGT

Fig. 3.9 Distribution of moment tensor solutions calculated 
from the moment tensor inversion approach using the 
EGT method.
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3.10 P T a  P b T

Fig. 3.10 Spatial variation in the orientation of P (a) and T (b) axes. The color of the axes indicates axis azimuth and plunge.

3.11 MT a MT MT
b

Fig. 3.11 (a) Distribution of MT-type aftershocks (blue focal spheres). (b) Distribution of aftershocks (blue circles) that 
occurred on the fault plane of the main shock (gray line).
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3.12
a 2000 b 2002

Fig. 3.12  (a) Slip distribution determined by Yagi and Kikuchi (2000) and aftershock location upon the fault 
plane of the main shock. (b) Slip distribution determined by Sagiya et al. (2002) and aftershock 
location upon the fault plane of the main shock.
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Fig. 3.13 Distribution of aftershocks that occurred away from the fault plane of the main shock (a) Distribution

of moment tensor solutions. (b) Distribution of P and T axis. Gray line indicates fault plane of the
main shock. Open circles indicate the location of aftershocks upon the fault plane of the main shock.
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3.14 a
b 2000
0.3m

Fig. 3.14 Cross-sections along the fault plane of the main shock showing off-plane aftershocks. (a) P and T axes on
the east side of the fault plane. (b) P and T axes on the west side. Slip contour interval is 0.3 m (Yagi and 
Kikuchi, 2000).
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P T

P T 1 2
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3.15 (a) (b) a

Fig. 3.15 Estimate of the site of initial rupture of the 2000 western Tottori earthquake. (a) Initial rupture plane and 
aftershocks upon this plane. (b) Enlargement of the square region shown in (a). Red line shows the initial rupture 
fault. Blue and red circles indicate aftershocks upon the fault plane of the main shock fault and upon the initial 
rupture zone respectively. The star indicates the initial rupture point of the earthquake.

3.16

Fig. 3.16 Cross-section along the fault plane of the main shock, showing aftershocks located upon the fault plane of the 
main shock (blue circles) and aftershocks located upon the fault plane of the initial rupture (red circles).
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Fig. 3.17 Percussive seismicity and focal mechanisms (Shibutani et al., 2002). The NIED P fi rst motion solutions (a) and 
F-net moment tensor solutions (b) of the main shock are compared with the focal mechanisms of percussive 
earthquakes.

3.18

2000 P
Fig. 3.18 Distribution of epicenters of percussive seismicity

(Shibutani et al, 2002). Red circles indicate the epicenters
of aftershocks that occurred on the initial rupture of the
fault plane. Red focal spheres are NIED P first motion
solutions.
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2004

Fukuyama 
et al. 2003 3.15

3.1

130°

3.16
1
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1990 Shibutani et 
al., 2002 5

5
Shibutani et al., 2002 2000

P
3.17 1989

1990 2000
P

1989 1990
3.18 1990

3.7

2000

1.4 3.6

Okada et al. (2004) Fukuyama et al. (2003) F-O

Origin time Lat. Lon. Lat. Lon. d(Lat.) d(Lon.)

2000/10/17,

06:46:56
35.2197 133.3879 35.2129 133.3943 -0.0068 0.0064

2000/10/17,

19:20:30
35.3759 133.2922 35.3627 133.2994 -0.0132 0.0072

2000/10/17,

22:10:49
35.3020 133.2922 35.2932 133.2987 -0.0089 0.0064

2000/10/18,

01:54:29
35.1894 133.4213 35.1857 133.4316 -0.0037 0.0103

2000/10/18,

08:05:12
35.3911 133.2963 35.3789 133.3026 -0.0122 0.0063

2000/10/18,

23:39:34
35.2299 133.2933 35.2246 133.2967 -0.0053 0.0035

2000/10/19,

08:03:41
35.3892 133.2664 35.3779 133.2734 -0.0113 0.0070

2000/10/21,

07:40:38
35.3955 133.2968 35.3845 133.3035 -0.0111 0.0067

2000/10/24,

07:43:34
35.2552 133.3767 35.2490 133.3811 -0.0061 0.0044

F-O indicates difference between Fukuyama et al. (2003) and Okada et al. (2004)

3.1 2
Table 3.1 Comparison of the hypocenter catalogues of Okada et al. (2004) and Fukuyama et al.

(2003). Origin time of events is given in Japan Standard Time.
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4.3

4.1 Hi-
net

Fig. 4.1 Aftershocks and station distribution. Diamonds represent 
those stations that supplied data used in the spectral 
inversion method. 

4.2 S S

Fig. 4.2 S-wave velocity and density structure used for calculation 
of stress drop.
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Double-Difference tomography Zhang and Thurber, 2003

4.10 a b
MPa P

Vp 6km/s
1MPa

Vp 5.5km/s

2004
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Fig. 4.3 Residuals, powers of frequency dependence γ, and 
constant attenuation factors, Q const.  Residuals are 
normalized by the maximum residual (yellow star).
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4.4
Fig. 4.4 Site amplifi cation factors at stations MZKH, NITH, and SGOH.

4.5

Fig. 4.5 Spectral inversion and waveforms. Figures in the left-hand column show observed (black lines), corrected 
(red lines), and synthetic (blue lines) spectrum. Figures in the right-hand column show observed seismogram 
data. Red lines show the horizontal components used in the spectral inversion method.
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4.6

Fig. 4.6 Frequency distribution of the attenuation factor at each station. Gray dots show aftershock epicenters.

4.7 a 0.1MPa, 1MPa, 10MPa 3
b

Fig. 4.7 (a) Scaling relationship between corner frequency and seismic moment. Dashed lines show constant Brune 
stress drop at 0.1, 1, and 10 MPa. Solid line shows the trend derived from the expression at top right. (b) Scaling 
relationship between stress drop and seismic moment.
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4.11

2002
1か

4.8 a . b
N30°W a

Fig. 4.8 (a) Distribution and magnitude of recorded stress drops. (b) Cross-section along the fault plane of the main shock.

4.9
Fig. 4.9 Comparison between depth to hypocenter and magnitude 

of stress drop.



68 2005 9

66

4.10 P P 2004 a 4 km
6 km 10km b N30°W

Fig. 4.10 Distribution and magnitude of stress drop compared with P-wave velocity profi le. (a) Horizontal cross-sections at 4km, 6km, and 
10km depth. (b) Cross-section along the fault plane of the main shock. P-wave velocity data is from Okada et al. (2004).
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1995; Nadeau and MacEvilly, 1999

4.11 a Hi-net 2 b
a

Fig. 4.11 Spatial and temporal variation in aftershock magnitude. (a) Distribution of aftershock epicenters determined from the NIED Hi-net. (b) 
Temporal variation in aftershock magnitude along the fault plane of the main shock.
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5.1
a

2003
(Yagi, 2004)

Miyazaki et al. (2004)
b

2000
2000

0.6m
Fig. 5.1 Asperity of the main shock and aftershocks located 

upon the fault plane of the main shock. (a) Example 
of an interplate earthquake: the 2003 Tokachi-oki 
earthquake. Slip contour interval for the main shock is 
2 m (Yagi. 2004). (b) Example of an earthquake within 
the shallow crust: the 2000 Tottori earthquake. Slip 
contour interval for the main shock is 0.6 m (Yagi and 
Kikuchi, 2000). 

5.2
Fig. 5.2 Sketch of aftershocks that occurred on the fault plane 

of the main shock. Red circles show the small asperity 
surrounded the area of aseismic slip. Dashed circle 
indicates the large asperity of the main shock. Gray arrows 
indicate post-seismic slip vectors.



68 2005 9

70
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Shinohara et al.,
2004

1998

Uchida et al. 2004
7

3 Double-difference

5-2 5-2

4

5.4 b

3

5.3 P T a
2003 b 2000

Fig. 5.3 P and T axes of aftershocks that occurred away from the fault plane of the main shock. Gray line indicates the fault plane of the main 
shock. Gray arrows represent slip vectors on the fault plane. Black circles indicate hypocenters located upon the fault plane of the main 
shock. (a) Example of an interplate earthquake: the 2003 Tokachi-oki earthquake. (b) Example of an earthquake within the shallow 
crust: the 2000 Tottori earthquake.
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5.4 . a
b

Fig. 5.4 (a) Fault model. (b) Strain fi eld resulting from a dislocation event. Red and blue lines 
indicate principal axes of contraction and extension, respectively.

5.5
Fig. 5.5 Sketch of the aftershocks that occurred away from the fault plane of the main shock. 

Black line represents the main fault. Black arrows indicate dislocation along the main 
fault. Red circles with arrows represent aftershocks and the stress orientation applied 
to them.
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A.1 EGT

P P VR Variance Reduction %

Fig. A.1 Estimated moment tensor solutions and distributions of P wave polarities. Moment tensor solutions were calculated by the moment 
tensor inversion approach with the EGT method. Open and solid circles indicate the dilatational and compressional P-wave first 
motions recorded at each station. VR means variance reduction in moment tensor derived using the inversion approach.
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A.2 EGT
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Fig. A.2 Estimated moment tensor solutions and distributions of P wave polarities. Moment tensor solutions were calculated by the moment 
tensor inversion approach with the EGT method. Open and solid circles indicate the dilatational and compressional P-wave first 
motions recorded at each station. VR means variance reduction in moment tensor derived using the inversion approach. 
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A.3 EGT
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Fig. A.3 Estimated moment tensor solutions and distributions of P wave polarities. Moment tensor solutions were calculated by the moment 
tensor inversion approach with the EGT method. Open and solid circles indicate the dilatational and compressional P-wave first 
motions recorded at each station. VR means variance reduction in moment tensor derived using the inversion approach.



68 2005 9

80

A.4 EGT
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Fig. A.4 Estimated moment tensor solutions and distributions of P wave polarities. Moment tensor solutions were calculated by the moment 
tensor inversion approach with the EGT method. Open and solid circles indicate the dilatational and compressional P-wave first 
motions recorded at each station. VR means variance reduction in moment tensor derived using the inversion approach.
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A.5 EGT
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Fig. A.5 Estimated moment tensor solutions and distributions of P wave polarities. Moment tensor solutions were calculated by the moment 
tensor inversion approach with the EGT method. Open and solid circles indicate the dilatational and compressional P-wave first 
motions recorded at each station. VR means variance reduction in moment tensor derived using the inversion approach. 
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A.6 EGT

P P VR Variance Reduction %

Fig. A.6 Estimated moment tensor solutions and distributions of P wave polarities. Moment tensor solutions were calculated by the moment 
tensor inversion approach with the EGT method. Open and solid circles indicate the dilatational and compressional P-wave first 
motions recorded at each station. VR means variance reduction in moment tensor derived using the inversion approach. 
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A.7 EGT
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Fig. A.7 Estimated moment tensor solutions and distributions of P wave polarities. Moment tensor solutions were calculated by the moment 
tensor inversion approach with the EGT method. Open and solid circles indicate the dilatational and compressional P-wave first 
motions recorded at each station. VR means variance reduction in moment tensor derived using the inversion approach.
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A.8 EGT

P P VR Variance Reduction %

Fig. A.8 Estimated moment tensor solutions and distributions of P wave polarities. Moment tensor solutions were calculated by the moment 
tensor inversion approach with the EGT method. Open and solid circles indicate the dilatational and compressional P-wave first 
motions recorded at each station. VR means variance reduction in moment tensor derived using the inversion approach. 
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A.9 EGT
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Fig. A.9 Estimated moment tensor solutions and distributions of P wave polarities. Moment tensor solutions were calculated by the moment 
tensor inversion approach with the EGT method. Open and solid circles indicate the dilatational and compressional P-wave first 
motions recorded at each station. VR means variance reduction in moment tensor derived using the inversion approach. 
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A.10 EGT
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Fig. A.10 Estimated moment tensor solutions and distributions of P wave polarities. Moment tensor solutions were calculated by the moment 
tensor inversion approach with the EGT method. Open and solid circles indicate the dilatational and compressional P-wave first 
motions recorded at each station. VR means variance reduction in moment tensor derived using the inversion approach.
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A.11 EGT

P P VR Variance 
Reduction %

Fig. A.11 Estimated moment tensor solutions and distributions of P wave polarities. Moment tensor solutions were calculated by the moment 
tensor inversion approach with the EGT method. Open and solid circles indicate the dilatational and compressional P-wave first 
motions recorded at each station. VR means variance reduction in moment tensor derived using the inversion approach.
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A.12 EGT
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Fig. A.12 Estimated moment tensor solutions and distributions of P wave polarities. Moment tensor solutions were calculated by the moment 
tensor inversion approach with the EGT method. Open and solid circles indicate the dilatational and compressional P-wave first 
motions recorded at each station. VR means variance reduction in moment tensor derived using the inversion approach.
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