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Abstract

We investigated the rupture process of 2001 August 14 earthquake (M;6.2) that occurred at the
eastern tip of a seismic gap off the Pacific coast of Aomori, northern Honshu, Japan. An average slip
of 11cm on a fault size of 25X35km? (My=6.4) was estimated as the coseismic slip by inverting
waveform data recorded by the K-Net. A detailed analysis of daily site positions of GPS stations
from GEONET allowed us to find post-seismic horizontal displacements of several millimeters with
a decaying-time constant of 2.2 months. The post-seismic deformation was explained by an afterslip
that took place mainly on the northern periphery of the northern asperity of the 1968 Tokachi-oki
earthquake (My 8.2). The seismic moment of the afterslip is estimated to be about three times greater
(Mw 6.7) than that of the coseismic slip. We infer that the afterslip has increased the earthquake-
generating stress in the northern asperity that has been considered a seismic gap since the
occurrence of the 1994 Sanriku-haruka-oki earthquake (M, 7.6). This slow event was not accompa-
nied by any salient seismic activity.
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Fig. 1. Location map of the K-Net stations (solid squares) and fault model (solid circles) used for waveform inversion.
Open circles in the upper plan view show the epicenters of earthquakes determined by Japan Meteorological Agency
for the period 2001.8.14-2001.9.13. Open circles in the lower cross-section show the hypocenters of aftershocks. The
rupture starting point is represented by the star. The focal mechanism diagram shows the fault plane solution of the
2001 earthquake as determined by the Harvard group (Harvard CMT database).
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Table 1. Structures used for waveform inversion.

Vp Vs 0 Qp Qs Thickness
km/s km/s 10°%kg/m® km
2.00 1.20 210 200 100 1
5.00 2.90 2.40 300 150 2
5.90 3.40 2.70 600 300 9
6.40 3.70 2.80 600 300 13
7.10 410 3.20 1000 500 ]

t=0-3 (s) — updip

@\

t=3-6 (s) — updip

0 3 6 9 12151821 24 27
SLIP (cm)

Fig. 2. Snapshots of the rupture taken every 3 sec.
Contours show isolines of slip.
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Fig. 3. The slip distribution of the 2001 earthquake in comparison with the northern asperity of the 1968 Tokachi-oki
earthquake determined by Nagai et al. (2001). Contours show the isolines of slip every 3cm.
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Fig. 4. Fit of observed displacements (solid lines) with the synthetics (dotted lines) resulting from waveform inversion.
The numeral for each trace indicates the observed maximum amplitude in centimeters.
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Fig. 5. Coseismic horizontal displacements predicted
from the fault parameters of the 2001 earthquake.
The open arrow indicates the slip vector of the
hanging wall relative to the foot wall of the fault.
Triangles show the distribution of GPS stations
used in this study.
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Fig. 7. Three-component daily coordinates at Station 940024 (Mutsu). The solid curves show the theoretical curves
fitted to observed data. The vertical dotted lines indicate the time the main-shock occurred (2001.08. 14).
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Fig. 8. Residuals of observed minus theoretical values shown in Fig. 7 for Station 940024. The vertical dotted lines

indicate the time the main-shock occurred (2001.08.14).
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Fig. 9. Residuals of EW components for six stations located in the Shimokita and Sanpati-Kamikita areas. Horizontal
lines indicate the amounts of steps determined by the fitting of the theoretical curves to observed data.
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Fig. 13. Comparison of the observed (solid arrows) and calculated (open arrows) post-seismic displacements for fault
models 1 to 4. The slip vector indicates the displacement of the hanging wall relative to the foot wall side of the
fault. Numerals in parentheses show the slip amount in centimeters. The numbers following h=denote the depths
of fault tops. The rectangles indicate the faults assumed for explaining observed post-seismic deformation.
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Table 2. Inverted fault parameters.

Model Depth to Fault Dip Angle Rake  Slip Amount S.D. of Residuals AIC Relative Motion
Top (km)* (deg)* (deg) (cm) (mm) Direction#
1 41 20 65+5 30+2 0.39 133 N124E
2 53 20 79+5 26+2 0.47 146 N110E
3 41 20 97+5 332 0.36 127 NI91E
4 53 20 1064 32+2 0.37 130 N81E
5 29 20 50+5 54+4 04 135 N140E
*Fixed parameters
#Direction of Hanging wall projected on the surface
Table 3. Inverted fault parameters. Rake is fixed.
Model Depth to Fault Dip Angle Rake  Slip Amount S.D. of Residuals AIC Relative Motion
Top (km)* (deg)* (deg)* (cm) (mm) Direction#
1 41 20 73 31+2 04 133 N116E
2 53 20 73 26+2 0.46 144 N116E
3 41 20 73 322 04 134 N116E
4 53 20 73 2542 0.46 144 N116E
5 29 20 73 5244 0.45 143 N116E

*Fixed parameters

#Direction of Hanging wall projected on the surface

Table 4. Inverted fault parameters for each subfault.

Subfault Depth to Subfault Dip Angle

Rake  Slip Amount Relative Motion

Top (km)* (deg)* (deg)* (cm) Direction#
1 41 20 65 7x+3 N124E
2 53 20 79 4+2 N110E
3 41 20 97 1243 NS1E
4 53 20 106 10+3 N81E

S.D. of Residuals=0.37mm; AIC=131

*Fixed parameters; #Direction of Hanging wall projected on the surface
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Fig. 15. Seismic activity in and around the source area of the 14 August 2001 earthquake. Upper for the period 1997/
10/01-2002/09/30 and lower 2001/8/14-2001/12/31. Earthquakes shallower than a depth of 30 km are excluded in the
west of 141.5°E. Two north-south extending zones are defined so that Zone A includes Faults 1 and 3 and Zone B

includes Faults 2 and 4.
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Fig. 16. Temporal variation of seismic activity in zones A and B.
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