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We found a clear b-value variation associated with the rupture of asperities based on investiga-
tions of spatial and temporal distributions of frequency-magnitude relation for earthquakes in the
northeastern (NE) Japan subduction zone. We used the Tohoku-University earthquake catalogue in
the period from January 1, 1981 to October 3, 2001 after correcting artificial magnitude shift and
removing artificial events. Spatial distribution of b-value is compared with the locations of asperities
estimated on the plate boundary east off NE Japan. Estimated b-value decreases with increasing
depth. Anomalously high b-values are observed in two areas off-Iwate and off-Fukushima regions,
and asperities do not intrude into them. Temporal variation of b-value for presently analysed six
asperities shows a remarkable increase in b-value after the rupture of each asperity. Then the b-value
decreases gradually. These observations suggest that b-value reflects the stress change occurring in

the vicinity of the asperities.
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Fig. 1.

Comparison of frequency-magnitude distributions before and after the magnitude correction.

Data used are earthquakes with magnitudes M 20 that occurred in northeastern Japan for the
period of 1981/01/01-2001/10/31 ((a), (b), (e) and (f)) and of 1995/01/01-2001/10/31 ((c), (d), (8)
and (h)), respectively. Upper panels ((a), (c), (e) and (g)) show frequency-magnitude distributions.
Lower panels ((b), (d), (f) and (h)) are histograms of the number of events per magnitude bin. (a)-(d)

are before and (e)(h) are after the correction.
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Fig. 2. Comparison between amplitude mag-

nitude (Mamp) and Tohoku-University mag-
nitude (Mryx). Events that occurred for the
period of 1995/09/14-2000/07/31 are
used. The regression line shown by a gray
line is obtained by applying the least
squares method to the data with Mzux22
shown by circles. Magnitude corrections
were made for earthquakes with Mryx<2
shown by crosses by using the obtained
regression line. See text for the detail.
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Fig. 3. Estimation of the minimum magnitude
of completeness, M. The six frames at the
top show synthetic fits to data for six
different minimum magnitude cutoffs My,
The bottom frame shows the goodness of
fit R as a function of minimum magnitude
cut-off. Numbers correspond to the
examples in the top row. The M, selected
is the magnitude at which 90% of the
observed data are modeled by a straight
line fit.
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Fig. 4. Distributions of b-values in the northeastern Japan subduction zone. b-value is estimated at
each node from the nearest (a) 100, (b) 200, and (c) 300 earthquakes, respectively. Earthquakes
with magnitudes M=2.8 for the period of 1981/01/01-2001/10/31 are used. The separation of

nodes is taken as 0.05°.
triangles show active volcanoes.

b-values are shown by a black and white scale on the bottom. Solid
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and (c) epicenters of earthquakes. Earthquakes with magnitudes M =2.8 for the period of 1981/01/
01-2001/10/31 are used. The separation of nodes is taken as 0.05°.
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Fig. 6. Comparison of frequency-magnitude
distributions in the deep thrust zone (A, C
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zone (B, D and F). (a) Distribution of
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Fig. 7. Distribution of b-values (a) in the northeastern Japan subduction zone and (b) off-Fukushima.
b-values are shown by a color scale at the top. Events with M=2.8 and M =2.5 are used for (a) and
(b), respectively. The separation of nodes is taken as 0.05° and the nearest 300 earthquakes are
used at each node to calculate b-values in (a). The separation is taken as 0.02° and the nearest 200
earthquakes are used in (b). The rectangle in (a) shows the off-Fukushima region in (b). Asperities
estimated on the plate boundary [Yamanaka and Kikuchi (2001); Okada et al. (2001)] are also

shown by black lines.
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Fig. 8. Temporal variation of b-value in the asperity off-Fukushima.
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(a) Epicenter distribution of
earthquakes and asperities estimated on the plate boundary. Asperities are shown by black or
white lines [Okada et al. (2001)]. Stars show main shock hypocenters. Post-seismic slip area
associated with 2001/02/25 earthquake (M5.8) [Suwa et al. (2001)] is shown by a rectangle. (b)
Temporal variation of b-value in the area encircled by a black line in (a) (asperity of 1987/02/06
event). Star denotes the time of the main shock occurrence. The time window to calculate b-value
is shown by horizontal lines. Estimation error of b-value is shown by vertical lines. (c) Histogram
of the number of events per one month. (d) The same as (b) except that the area to calculate
b-value is extended outward by 5 km. (e) Comparison of frequency-magnitude distributions before
(solid triangles; (1) in (b)) and after (open squares; (2) in (b)) the main shock. Calculated b-values
and AAIC are shown in the panel.
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Fig. 9. Temporal variations of b-values in the six asperities east off NE Japan.
(b) Temporal variation of b-value in each asperity. Date and magnitude of the

asperities A-F.
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(a) Locations of the

main shock are shown in each panel. b-values for B, C, D and E are those calculated for the areas
extended outward from the asperities by 5 km. Numerals on the right of each panel are minimum
magnitude, total number of earthquakes, number of earthquakes used for each time window.
Others are the same as Fig. 8(b). See text for the detail.
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