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On-going Regional Metamorphism beneath the Japanese Islands

Shigenori MARUYAMA P [0 Soichi OMORI P and Yasuyuki IWASEFD

Abstract

0 O Recent advances in seismic studies have revealed that earthquakes have a close link with
chemical processes, i.e. metamorphic dehydration. From this point of view, we provide a new
scheme for observation of on-going regional metamorphism in a subduction zone.

0O O Combining the phase diagrams of MORB + water and peridotite + water with the thermal
structure of the descending Pacific oceanic plate in NE Japan and in the Philippine Se& PHSO
plate in SW Japan, we can draw the distribution of metamorphic facies of regional meta-
morphism. However, the most uncertain parameter is thermal structure, even though it has
been calculated numerically, because of the difficulty of evaluating frictional heating, heat
transportation by dehydrated fluids and mantle convection in the hanging wall. To overcome
this problem, we have carried out different approach from seismic observations in estimating
the thermal structure of a subduction zone, by applying the dehydration-induced earthquake
hypothesis. This hypothesis involves the assumptions as follows: 10 any dehydration in the
subducted slab induces earthquakes, 20 peridotite of the subducting plate is more or less
hydrated, as well as the oceanic crust, and 30 the dehydration reactions proceed in near
equilibrium condition.

0 O Direct seismic determination of the depths of the blueschist or epidote-amphibolite facies
to eclogite transformation, decomposition of serpentined antigorite] and the stability limit of
clinochlore enable us to establish fixed points for the slab temperature. The seismogenic zone
0 1500 to 3500 O the depth limit of non-volcanic tremor seismicity, and the slab melting in SW
Japanl] 800-9000 O were also used to fix temperatures at given depths. Three profiles in NE-
Japan and two profiles in SW-Japan were examined, and their P-T paths along the Wadati-
Benioff zone were estimated to be anti-clockwise in all cases. The P-T paths are consistent
with those of metamorphic facies series from well-studied on-land regional metamorphic belts.
The P-T path of the subducting slab in NE-Japan is colder than that of the eastern-Shikoku
section in SW-Japan, except for the Kii-peninsula section which has an almost similar P-T
path to that in NE-Japan.

O O Comparison between the on-going metamorphism beneath the Japanese islands and the
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on-land regional metamorphic belts in the Sanbagawa and Kokchetav shows that the P-T
conditions of these two metamorphic belts are located between that of NE-Japan and of the
eastern-Shikoku profile.

O OA numerical model for wedge-mantle convection shows that the direction of the small
corner flow of the wedge mantle causes a back current along the subducting slab. The area of
the corner flow is wider in a shallow subduction zone corresponding to that in eastern
Shikoku, and is narrower in a steeper subduction zone represented by NE-Japan. Since the
exhumed metamorphic belts have intermediate P-T conditions between those in NE Japan and
eastern Shikoku, We suggest that a change in the mode of wedge-corner flow from steep to
shallow subduction plays some role in the exhumation of a metamorphic belt. Such a change
in Cretaceous time from 120 Ma to 80 Ma may have promoted the exhumation of the
Sanbagawa belt.

Key wordsO subduction zone, intraslab eathquake, regional metamorphism, dehydraion-
induced earthquake hypothesis, northeastern Japan, southwestern Japan
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Fig. 10 Schematic diagram of the method of this study.
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Fig. 110 Subduction P-T paths of on-going metamorphism at the uppermost oceanic

crust, regional metamorphic rocks, and numerical simulations for the
uppermost subducted crust.

NEJ : NE-Japan, SWJO DI profile D in SW-Japan, SWJO E[I profile E in SW-
Japan, SMB : Iratsu-eclogite in Sambagawa belt Ota et al., 2004, KCH :
Kokchetav Ultrahigh-pressure metamorphic beltl] Maruyama et al., 2002;
Masago, 2003; Omori and Masago, 2004 in this issuel, H93: numerical
estimate for NE-Japan by Hacker et al., 2003, P99 : numerical estimate for
SW-Japan by Peacock and Wang[ 1999[1
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