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Seismic Structure and Metamorphism of the Plate Boundary Zone

Mitsuhiro TORIUMI® and Junzo KASAHARA "°

Abstract

0 O Recent progress of seismic studies on plate boundary structures gives us impressive features
with sporadic seismic reflectors and splay-type large faults found near and on the subducting
plate boundary, which show the complicated geomorphology derived from the faults and subduct-
ing oceanic island and ridge. Seismic activity within the slab together with overriding sedimen-
tary and metamorphic rocks also strongly suggests fractures due to dehydration reactions. Fur-
ther, the finding of incompatibility among strong seismic reflections and strong seismic activity
and/or the asperity along the plate boundary leads us to imagine that the free fluid occupying
many cracks might control differences between the asperity and the non-asperity of the plate
boundary. In this paper, we briefly review this recent progress in seismic and material sciences

from field research on plate boundary structure and dynamics.

Key words[ plate boundary, plate boundary seismic reflection, non-asperity, asperity, ultra
high-pressure metamorphism, plate boundary metamorphism
gooooboooooog, oobobooooog, ooboboobooobo, ooooobo, boogoog
g, bogood

100000

gooooooooooooooo, oooo
g oguogo
gooooog, cooooobobooboooo
gooooboooo, oobobobobobo
gogoooob, booboooobooboobobo
gbobooboooobooooboobobobo
gog, obooooooooboobobobo
goooobooooooooooobooo, 0o

gboooooooooboboboobooobogoo
booooobooboobobobooooboooboon
gboooooooo, boboboooooooo
oooooooooobob, booooogo
obooooooooboobobooboooog, go
gboooooooboobobobooobooobogon
ooooo, ooboobobobooooogoo
oooooooboooooboooboooboobooboo
O, Ob0D00, 1000000000000 oo
goooogooooobooooogog, 200

‘S 0000000000 0000, D0D0D0DD000O00O0

‘0 0oo0O0000000000D0O000000, D000000, D0000000o0o0oo
P9 Graduate School of Frontier Science, University of Tokyo/JAMSTEC
P8 JAEA, Tono Geoscience Center, University of Shizuoka and Japan Continental Shelf Survey, Co. Ltd



goooboobobooooooobooboobobo

oo, sbopooooooooooooboon, 40

goboboobooboboboboobooooobog
gooooobooooooobooooooog
gooooooo, sooboooboooo,
e0DO00DOOO20000, 7000DDODODOO
0000000000 @Mtremor 0O OO O,
gogooooboooob, bbboobooooba
goboboobooboboboboobooooobog
gooooobooooooobooooooog
gogoobooobuooboboobobooobooa, bg
goboboobooboboboboobooooobog
gooooobooooooobooooooog
ggboboobooobooboobboo
goo, oobooboboboboobooooobog
gooooobooooooobooooooog
ggboboooboobobobobuooboooobg
gooobooob, obboboboobooooobo
gooooooooooobo, booooog
gooooooob, bboboboooboooda
0 0 0O 0O prograde metamorphism 0 0 O O
0000000000 0D00OD00OOOretrograde
metamorphismO0 O 000000000000
goboboooboobobobo, ooboooobo
oo, ooboooooooboobooooog
u, bod, boobobobobooboooooba
goobooobooo, oobboobooooobog
gooooooooooobooooooobooo
gdooooboobooobooboo
gboooobooobbooobboouoboboog
“JOo0ooOooDT oDooboobObOoObbObOoOod
gbooobooobboobboouobobooa
1000km 0000000000000 O0OOO0O
o0, booboooooooooooooog
gogoobooobooboboboob, obooooba
gboooobooobbooobboouobobooo
goooooooooooobooo, boog
gbooboboooouobooobooboboog
0O wedge extrusion modeld 0 0 0 OO O 00O
gooo, obooooooo, oboooog
ggboboooboobobobobuooboooobg

goooog, oobobobobooogoogo
booooobooboobobobooooboooboon
oo
gboooooooooboboboobooobogoo
obooooooooboobobooboooog, go
gboooooooboobobobooobooobogon
gboooooooooboboboobooobogoo
booooobooboobobobooooboooboon
OO0o00o0oobDoOoobooooo, 2004ad 00O
O, oooooooobobobooogoogoo
ubooooooooboobobo, ooboooboo
gboooooooboobobobooobooobogon
gboooooooooboboboobooobogoo
gooooooomoooo, 200300000
gooo

nooooooooooooooo
gbobooooooog

g1o0o0o0o0o0o0o

gooooooooo, ooooboboooo, o
dooooooooooooodd emoon
dodooooooooooobooooooon
0, ooooooooo, ooboobboboooo
doddoooooooooooooboooooo
OMogi, 19790 00 00000DODOOODO0O
ooooooooooooo, D000 kmOd0O
doddoooooooooooooboooooo
dooooooooooo, ooooboooooo
Jooooooooooooobobobboboboo
oo, ooooooooooboooooooo
doodoooooooooooboo, ooooo
Jooooooooooooobobobboboboo
doddoooooooooooooboooooo
00000000od,2001; Yamanaka and Ki-
kuchi, 20040 000 O000OOCOO, 196800
O00O0O0OMwS82000000 20040000
0oo0O000oMw7.70000000000000
gooobooooobooooo1mooa, d
doddoooooooooooooboooooo
dodooooooooooobooooooon
Jooooooooooooobobobboboboo



—

42N

+ 1 868M
b ’ & 1084

(o . 18351

& & 1089 19E0

1 SHEEA
1878
" a1 108
Y Y
1537 &
‘ 1936
ITN —
140E 148E

01000000 ooooooooooooo
ooo0doooooUoooooooooog
JdooDoo0DoDoDmOoooooooooao
0 0 O O 0O Yamanaka and Kikuchi, 2004 O
ooom

Fig. 1 Asperities(shadows)of plate boundary of Off-
Sanriku NE Japan and starting positions
of rupture of plate boundary earthquakes
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Fig. 2 Strong seismic reflection region overlapping aseismic regions along the
plate boundary on the forearc slope of the Japan Trench.
The shadows along the observed line show strong reflections of seismic
waves[] Mochizuki et al., 20051
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Fig. 3 Seismic structure across the Nankai trough, showing splay fault and deep seismic reflector

above the plate boundary(] Park et al., 20031
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Fig. 4 Seismic velocity structure of northern Izu-Ogasawara arc showing heterogeneous crust and
mantle structure. Numbers are Vp km/s[] Suyhiro et al., 19961
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Fig. 6 Temperature-pressure paths of plate boundary metamorphic rocksd] Sanbagawa meta-
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