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ABSTRACT: We estimated the source rupture processes of two earthquakes that occurred in 2011 (M 6.1) and 2016

(M 6.3) in the northern part of Ibaraki prefecture. Considering that the aftershocks in 24 hours since the occurrences of

each event spread in the same region, in order to complete the kinematic waveform inversion we assumed the same

fault plane. As a result, a large slip area was estimated to be near the rupture starting point with maximum amount of

slip of 0.3 m on the source fault of the earthquake in 2011. As for the source fault of the earthquake in 2016, a large slip

area was observed in a shallow area to the north of the rupture starting point. The maximum amount of slip was 0.3 m.

These two large slip areas did not overlap but adjoined each other. The results indicate that the two M 6 earthquakes

may have occurred on the same fault across several years although the source processes of the two earthquakes were

different.
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Fig. 1 Seismicity as determined by Japan Meteorological Agency (JMA). (a) Epicenter map. The blue/red circles
show the 2011/2016 earthquake and aftershocks in 24 hours since the 2011/2016 earthquake occurred. Myya =
2.0, depth < 20 km. (b) NNW-SSE cross section. (c) ENE-WSW cross section. In (b) and (c), blue and Red
circles are the same ones in the rectangle in (a).
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Fig. 2 Seismicity determined by the double-difference earthquake location algorithm (DD algorithm). (a) Epicenter
map. The blue/red circles show the 2011/2016 earthquakes and the aftershocks in 24 hours since the 2011/2016
earthquakes occurred. Myya = 2.0, depth < 20 km. (b) NNW-SSE cross section. (c) ENE-WSW cross section.
In (b) and (c), the blue and red circles are the same ones in the rectangle in (a). The black line indicates the source
fault assumed in this study.
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Fig. 3  Seismic station map. The blue/green/red

triangles are located at the station of
K-NET/KiK-net/JMA stations that are used in this
study. The blue/pink star indicates the epicenter of
the 2011/2016 earthquake. The blue/pink circles
show the aftershocks in 24 hours since the
2011/2016 earthquake occurred. The seismicity
was determined by the DD algorithm. The CMT
solutions are determined by JMA.
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Table 1 Parameters of the assumed fault. *Values at the center of the northernmost and shallowest sub-fault.
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Table 2 Velocity structure model for calculating
Green’s functions. Vp: P-wave velocity, Vs:
S-wave velocity, p: density, D: depth of the top
end of each layer.

Vp (km/s) Vg (km/s) p (g/cm®) D (km)
2.00 0.60 2.00 0.00
2.40 1.00 2.15 0.01
3.50 2.00 2.35 0.02
4.20 2.40 2.45 0.03
5.00 2.90 2.60 0.07
5.50 3.20 2.65 0.12
5.80 3.40 2.70 7.38
6.40 3.80 2.80 17.69
7.50 4.50 3.20 32.34
5.00 2.90 2.40 63.32
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Fig. 4 Kinematic waveform inversion results of the 2011 earthquake. (a) Slip distribution for the source fault. The
star indicates at the rupture starting point. The arrows designate the directions of slips on the hanging wall
relative to the footwall. (b) Slip distribution on map with seismicity. The gray circles show aftershocks in 24
hours since the 2011 earthquake occurred (Mjya = 2.0). The seismicity was determined by the DD algorithm.
(c) Time change of slip distributions on the source fault. “Time” means the timing since the start of the rupture
of the fault. The isograms are drawn for each 0.1 m. The stars in (a), (b), (c) are located at the rupture starting
point. (d) The moment release history of the 2011 earthquake. (e) Comparison between observation waveforms
(black lines) and synthetic waveforms (red lines). "ud"/"ns"/"ew" means vertical/north-south/east-west
component. The waveforms in (e) start at P-wave arrival. The amplitude scale (cm/s) of each station is described
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6 Moment rate functions and observed waveforms of the 2016 earthquake. (a) Accelerograms observed during

the 2016 earthquake. The red arrows are the time when wave packet with a large amplitude is picked as an
S-wave onset. The numbers on horizontal axis are the elapsed time from Dec. 28, 2016, at 21:35. (b) Station and
slip distribution map. The black star is the rupture starting point. The green star is the epicenter determined
based on the time when the second wave packet is picked as S-wave onset. The red lines indicate the large slip
area of the 2016 earthquake. (c) Moment rate function on each sub-fault. The blue lines indicate the duration

times defined by the assumed time windows.
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