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Abstract

0O O Large earthquakes along the subducting plate boundary occur repeatedly in the area of an
asperity that consists of a strongly coupled zone between two plates. Other areas along the sub-
duction zone are considered to be stable-quasi-stable slip region, which is called a non-asperity,
might release strain energy caused by oceanic plate subduction. The physical states of large as-
perities under the ocean are not well known at present because of the lack of offshore stationary
observation networkd] e.g., geodetic, seismic and electromagnetic networks[l

0O O Strong PP reflections from the subducting plate boundary were found in aseismic zones
along the Japan Trench and in the slow slip region in the Tokai region. These features suggest
the presence of low-Vp/soft materials and/or fluid along the subducting plate boundary. Such re-
gions might cause continuous or intermittent aseismic slow-slips. If we can map areas of strong
PP reflections from observations such as refraction-reflection studies using Ocean Bottom Seis-
mometer’] OBS[O -airgun surveys, we will be able to obtain the distribution of asperities along
the plate boundary.

0 O Assuming that slip acceleration at non-asperity regions might trigger a large earthquake
at adjacent asperities, a sudden change of physical states in a non-asperity region might sug-
gest a high probability of plate-boundary earthquakes. Changes due to slip acceleration might
be detected by continuously monitoring seismic reflection intensity at non-asperity regions. To
perform continuous monitoring, we propose the Accurately Controlled Routinely Operated Signal
System] ACROSS[] with an integrated active monitoring method using continuously transmit-
ting seismic and electromagnetic sinusoidal waves, which are accurately controlled by a GPS
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clock with a sophisticated signal analysis method.

0 O The ACROSS seismic source at Toki city in central Japan has been operated continuously for

more than 2 years. A field experiment in the Tokai region, central Japan, using this transmis-

sion method provided sufficient S/N ratios for the Pg phase traveling 60 km through stacking the

data for one month.

0 O Submarine cable OBS systems near the trenches enable us to continuously monitor seismic

reflection signatures provided by ACROSS systems located on land. The planned submarine

cable OBS in the Tonankaki region might be a good real-time receiver system.

0O O The Exploration of Asperities-Reflectors Systemi] EARSOis proposed for integrating the nec-

essary research components-mapping, monitoring, and real-time continuous monitoring of the

Earth's crust. In this paper, we describe the analytical method and important points in such a

study.

Key wordsl asperity, non-asperity, seismic reflectors, crustal structure, asperity mapping, OBS,

active monitoring, submarine cable
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Fig. 10 Asperitiesd shadows of plate boundary of
Off-Sanriku NE Japan( and initiation of
ruptures of plate boundary earthquaked] Ya-
manaka and Kikuchi, 20041 Contours show
the moment released by each earthquake.
Stars show the rupture initiation point of
each earthquake.
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Fig. 20 The area of strong seismic reflection region along the
plate boundary overlapping with the epicenter distribu-
tion on the forearc slope of the Japan Trenchl Mochizuki
et al., 200501 Aseismic regions are shown by shadowed
areas. The shadowed stripes along the observed line indi-
cate locations of strong reflections of seismic waves.
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Fig. 30 Synthetic seismic profiles simulated for NE observation lines in the off-Sanriku

Kamaishi region] Kasahara et al., 2003all P-wave velocityl i.e., VpUand ratio of
P- to S-wave velocityll i.e., Vp/VsOof the physical properties at the plate bound-
ary reflect PP reflection intensity. The profiles were calculated fromJ A layer
thickness 100 m, VpO 2 km/s, Vp/VsO 1.7 BO layer thicknessd 100 m, VpO 2
km/s, Vp/VsO 3.5[J Cllayer thickness( 400 m, VpO 2 km/s, Vp/VsO 1.7, and] DO
layer thicknessO) 100 m, VpO 4 km/s, Vp/VsO 1.7. VpO 2 km/s can explain the fea-
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Fig. 40 Observation line and locations of chemical
explosions from a control source seismic sur-
vey in the longitudinal direction in central
Japanl] Modified after Iidaka et al., 20031
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Fig. 50 Seismic-record sections along the seismic
exploration line shown in Fig. 4.0 alt Shot
records for J1, andd bOand ¢t shot records
for J51 Iidaka et al., 20031 L1 inJ bOand] c¢O
are estimated using the reflected phase from
the subducting Philippine Sea Plate located
around the NE region of Lake Hamana.
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Horizontal movement (May 27, 2001~ Aug. 6, 2005)

38°'N

Philippine Sed Plate

B N w =l
\?k\? 100 km H&nana'lakéﬂn

134°E

136°E 138°E 140°E

06020000 60 000GPSOO0O0O00O0OODOOOOODOODODOOOOODOODOO
0200100200500 00000000000000000000 http:/cais.gsi.

go.jp/tokai/sabun/index.html O O O [1J

Fig. 60 Slow slip around Lake Hamana observed using the GPS network between May 27,
2001 and August 6, 20050 modified from Japan Geographical Institute home page,
http:/cais.gsi.go.jp/tokai/sabun/index.html[]
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Fig. 70 Schematic diagram of Exploration of Asperities-Reflectors System] EARSC To assess the
generation of large earthquakes, integrated research on a number of subjects is required. The
most important research elements are mapping, active monitoring, and observation system.
International research programs on geosciences might be closely related to the EARS research
program.
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Fig. 811 all Location map of seismic station for the ACROSS experiment from Nov. 2004 to Sept. 2005.

O bOis an enlargement of the ACROSS source and the temporal seismic stations during the pe-
riod 2004-2005. Stars and solid triangles represent the locations of ACROSS sources at Toki city,
Gifu, and twenty-two temporal seismic stations, respectively. Solid squares and grey triangles
denote seismic stations of the Hi-net seismic network developed by NIED and permanent seismic
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ers of the seismic experiment in central Japan in 20010 Iidaka et al., 20030 are represented by
grey circles and thick solid lines, respectively. Small open circles show the epicenters of deep low-
frequency tremor sources. Open circle and diamond show newly built ACROSS source locations

prepared by Nagoya Univ. and by Metrological Research Institute, respectively.
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Fig. 110 P-wave velocity structure model used in this study. The thickness of the
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ary of Philippine Sea Platel] LVL10 and at the upper boundary of the
lower crustl) LVL2[D after Tsuruga et al., 20050 The former reflective
layer was also suggested by lidaka et al.,[] 20030to explain the strong
PP reflection phase in the seismic records.
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