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On December 14, 2004, an M 6.1 earthquake occurred in the northwestern part of Hokkaido,
Japan. We installed nine temporal seismic stations around the source area immediately after the

occurrence and had continued the observation for about two months after the main shock. We

determined 823 hypocenters of aftershocks and one dimensional P-wave velocity structure model
from the travel time data. It is found that aftershocks are clearly distributed on an eastward dipping
plane with a dip angle of about 25 degrees. This plane agrees well with one of the nodal planes of the
focal mechanism determined by P-wave first motions in this study. Next, we investigated a position
of the main shock relative to the aftershock distribution. The station correction values for permanent
stations were determined from the data during the period of the temporary observation. Estimated
main shock hypocenter was confirmed to be situated on the aftershock plane. Finally, we estimated
three-dimensional P-wave velocity structure based on the temporary travel time data. Relocated
aftershocks using the three dimensional velocity structure were mainly distributed along the bound-
ary between the high and low velocity zones.
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Fig. 1.

Location map showing seismic activity of earthquakes greater than M 2.0 in northern part of

Hokkaido determined by Japan Meteorological Agency (JMA) from January 1, 1991 to December
14, 2004 (date of the main shock). A solid star indicates the epicenter of main shock determined by
JMA. The inset map shows the study area and epicenters of earthquakes with M 5.0 or greater.
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Fig. 2.

(a) Permanent seismic stations used in this study.

Open squares, triangles and circles are

stations of Hokkaido University, JMA and Hi-net (National Research Institute for Earth Science and

Disaster Prevention), respectively.

(b) Temporary seismic stations (solid squares).

Open squares

and circles indicate permanent stations. A solid star is the epicenter of the main shock determined

by JMA.
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Table 1. Station corrections used in the calcu-
lation of hypocenters. The 4th column
shows the operation period.

P wave(sec) | S wave(sec) Operation
TOI -0.027 -0.472 Permanent
ORWH -0.081 —0.558 Permanent
OREH 0.113 -0.127 Permanent
SMZ 0.044 -0.374 Dec. 15 — Feb. 9
SKI 0.088 -0.100 Dec. 15 — Mar. 6
0SC 0.053 -0.387 Dec.15 — Feb. 15
HOS 0.087 -0.227 Dec.15 — Feb. 10
TMO 0.080 -0.208 Dec.15 — Feb. 15
OTD 0.113 -0.127 Dec. 14 — Feb. 15
HNG 0.012 -0.575 Dec. 16 — Feb. 15
HTM 0.101 -0.170 Dec. 22 — Jan. 12
SKB 0.043 -0.167 Dec. 22 — Jan. 13
0 1 2 8
04—t
E
=
S s
&
10

------------ inverted one dimensional model (stratified)
model used in this study (slope)

............ model routinely used by ISV
- Moriya (1986)
. Tamura et al. (2003)

Fig. 3. One dimendional (1-D) P-wave velocity
structure model inverted from the initial
model by Crosson’s method (1976). We use
the smoothed inverted model for hypo-
center determination. Also shown are the
models estimated by Moriya (1986) and
Tamura et al. (2003), and that routinely
used by ISV (Institute of Seismology and
Volcanology, Hokkaido University).
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Table 2. Diagonal elements of the resolution

matrix.
Layer Moriya ISV
1 0.927 0.924
2 0.952 0.928
3 0.990 0.989
4 0.971 0.969
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Fig. 4. (a)

Aftershock distribution with lo error bars determined by using the 1-D smoothed P-wave
velocity structure (Fig. 3) from December 15, 2004 to February 9, 2005. Gray squares indicate
seismic stations used for the location. A solid star is the main shock determined by this study.
Solid lines indicate active faults; @ Rikibiru and @ Hirotomi active fault. A dashed line is an
anticline axis [lkeda et al. (2002)]. A focal mechanism of the main shock determined from P wave
polarities is also shown.

(b) Comparison between hypocenters determined by the final 1-D velocity structure model (open
circles) and ISV velocity model (the tip of the bar connected to a open circle). Hypocenters of
events with a magnitude greater than 2 are plotted.

(c) Comparison between hypocenters determined from two datasets (December 22, 2004—January
12, 2005); the first dataset includes two stations (HTM and SKB) and the second dataset does not
include the two stations. Hypocenters for the first dataset are shown by open circles, and those for
the second dataset are shown by the tip of the bar connected to an open circle. Hypocenters of
events with a magnitude greater than 2 are plotted.



216 —WIEZ < ATHER - ILORE « SRS - 5251 - mn % - IiARIEE
(a) (c)

44°12 44°12
=
44°06' 44°06 =
~
44°00' 44°00
141°30°  141°36' 141742 141°48' 0 5 10 15 141°30'°  141°36' 141742 141°48' 0 5 10 15
km 0 km
5 |
g Wt
10 M>20
15 15
(b)
" @ depth
N
—%
|
a1
44°06 \/(’(\ \§ X AQ{
/U
(N
" 5km
" <
44°00 - K ]
m . 5km B h 5km
/\ 0 5| % % ———
141°30°  141°36' 141°42°  141°48' "0 5 10 15
0 \\ km 0 °
5
: =,
=~ 10 // M>25
15

Fig. 5. (a) Relocated hypocenter distribution determined by using only permanent stations with the
station correction. A solid star is the main shock.
(b) Comparison between hypocenters with station correction (open circles) and ISV hypocenters
without station correction (tip of the bar connected to an open circle). These hypocenters are
shown for events with M > 2.5.
(¢c) Comparison between hypocenters determined by using temporary stations (open circles) and
permanent stations with station correction (tip of the bar connected to an open circle). An open
star is the main shock corrected based on the shift of two aftershocks near the main shock (see (d)).
(d) The same as (c), but only for the main shock and three aftershocks, A dashed star indicates the
main shock corrected by the shift of two aftershocks (small open circles).
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Table 3. Station corrections for the permanent

stations.
P wave(sec) | S wave(sec)

TOI -0.027 -0.472
ORWH —0.081 -0.558
OREH 0.113 -0.127
HOCH 0.211 -0.165
HOSH 0.236 0.266
HONH —-0.300 -0.188
YGST 0.402 0.763
TUR 0.375 0.827
SSBT —0.295 -0.903
NUMH -0.192 -0.627
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Fig. 6. Results of checkerboard resolution test for three dimensional (3-D) P wave velocity structure.
We assigned £5% velocity perturbations side by side to every grid nodes in each layer. The
results of the test are shown for depths of 1 km, 3 km, 5 km, and 7 km. Open circles are grid points
used in 3-D inversion. Gray squares are used stations. A red star is the main shock.
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Fig. 7. Three dimensional P wave velocity structure obtained by 3-D inversion. (a) Results for
depths of 1 km, 3km, and 5km. The reference P-wave velocity profile is shown in Fig. 3. (b)
Vertical sections along the lines (A-B, C-D) shown in (a). Aftershocks are shown by solid circles.
(¢c) Bouguer gravity anomaly map in the study area. Gray squares are temporary seismic stations.
A red star is the main shock epicenter.
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