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Paleozoic Subduction-related Metamorphism in Japan:
New Insights and Perspectives

Tatsuki TSUJIMORI*

Abstract

The Japanese islands were formed during a long-sustained active Pacific-type orogen result-
ing from subduction, oceanward-accretion, and landward-erosion, which began in the early-
Paleozoic. The earlier stage of the accretion of oceanic and continental materials took place be-
tween 500-300 Ma, reflecting the convergence of two or more paleo-Pacific plates and the stable,
non-subducted Middle and Late Proterozoic continental lithosphere. In Japanese Paleozoic geo-
tectonic units, two different high-pressure metamorphic rocks with the Pacific-type protoliths are
associated with serpentinite bodies of Early Paleozoic Oeyama ophiolite: blueschist-facies pelitic
and mafic schists with phengite K-Ar ages of 350-280 Ma (Renge) and high-pressure epidote-
amphibolite-facies amphibolite and pelitic schist with 480-400 Ma hornblende and phengite
K-Ar age (Kitomyo-Fuko Pass). The Early Paleozoic Kitomyo-Fuko Pass high-pressure meta-
morphic rocks provide a petrotectonic constraint on the earliest subduction event in the Japa-
nese orogen. The presence of Middle to Late Paleozoic Renge lawsonite-blueschist and glauco-
phane-eclogite provides evidence of a cold geotherm in the paleo-subduction zone. Metamorphic
and geochronologic data provide important constraints on tectonic development during the earli-
est stages of orogenic growth associated with the subduction of the paleo-Pacific oceanic plates.
The lack of Paleozoic batholith belt and fore-arc sediments coeval with either Renge or Kitomyo-
Fuko Pass metamorphism and the presence of blueschist-facies metamorphosed fore-arc ophioli-
titic materials (fragments of the Oeyama ophiolite) in the Renge metamorphic rocks suggest
that a significant landward subduction erosion has occurred since early-Paleozoic time; the erod-
ed material must have been recycled back into the mantle during subduction of the paleo-pacific
plate. Thus, the early history of subduction-related orogenesis—after the dramatic tectonic con-
version from a passive to active convergent margin—in the Japanese islands is comparable to
the modern island arc system occurring worldwide. To further our understanding of the continu-
ous paleo-subduction record in the Japanese Paleozoic geotectonic units, a more detailed and
comprehensive approach to geology, petrology, and geochronology of high-pressure metamorphic
rocks and associated rocks is required than that documented in previous studies.

Key words : Japanese Orogen, Paleozoic high-pressure metamorphic rocks, Renge metamorphic

rocks, Kitomyo-Fuko Pass metamorphic rocks
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Fig.1 Generalized tectonic map of eastern Asia. The
map is modified after Tsujimori and Liou (2005)
and Ernst et al. (2007).
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Table 1 Subdivisions of Japanese Paleozoic HP metamorphic rocks.

Subdivision Representative localities
(Age) References
Renge Hida Mountains (Hida-Gaien belt): Itoigawa-Omi, Hakuba-Hoppou, Gamata,

(ca. 350-280 Ma)

Naradani, and Ise areas
Banno (1958), Miyashiro and Banno (1958), Seki (1959), Shibata and
Nozawa (1968), Shibata and Ito (1978), Matsumoto (1980), Nakamizu et
al. (1989), Sugimura et al. (1996), Tsujimori et al. (2000a), Tsujimori et
al. (2001), Tsujimori (2002), Miyashita (2003), Kunugiza et al. (2004),
Tsujimori et al. (2006a), Tsujimori and Matsumoto (2006)

Chugoku Mountains: Oya, Wakasa (Shitani Formation), Osayama (Osayama
serpentinite mélange), and Toyogatake areas
Hashimoto and Igi (1970), Uemura et al. (1979), Nishimura et al. (1983),
Watanabe et al. (1987), Shibata and Nishimura (1989), Yamaguchi (1990),
Tsujimori (1998), Tsujimori and Itaya (1999), Tsujimori and Liou (2005,
2007)

Kyushu: Wakamiya-Sasaguri, and Kiyama areas
Shibata and Nishimura (1989), Kabashima et al. (1995)

Shikoku (Kurosegawa belt): Ino and Engyoji areas
Nakajima and Maruyama (1978), Maruyama et al. (1980), Ueda et al. (1980)

Jouetsu Mountains: Tanigawa-dake area
Hayama et al. (1969), Yokoyama (1992), Shimizu et al. (2000)

Kitakami Mountains: Motai, Yagagami, Matsugadaira, and Nedamo areas
Kouno and Ueda (1965), Shibata et al. (1972), Maekawa (1981, 1988),
Uchino and Kawamura (2006) , Kawamura et al. (2007), Uchino et al. (2008)

Kitomyo-Fuko Pass
(ca. 480-400 Ma)

Hida Mountains (Hida-Gaien belt) : Ise area
Shibata et al. (1980)

Chugoku Mountains: Fuko Pass, and Wakasa (Shitani Formation) areas
Kurokawa (1975), Kuroda et al. (1976), Nishimura and Shibata (1989),
Tsujimori et al. (2000b), Tsujimori and Ishiwatari (2002), Tsujimori and
Liou (2004b)

Kyushu: Wakamiya-Sasaguri area
Nishimura and Shibata (1989)

Shikoku (Kurosegawa belt): Kitomyo area
Maruyama and Ueda (1975)
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Fig.2 Inferred P-T conditions (black arrows) of the
Paleozoic HP metamorphic rocks. Type I—blue-
schist to eclogite-facies metamorphic rocks of
the Renge metamorphic rocks, Type II—epidote-
amphibolite- to amphibolite-facies metamor-
phic rocks of the Renge metamorphic rocks,
K-F—epidote-amphibolite-facies rocks of the
Kitomyo-Fuko Pass metamorphic rocks, F—peak
metamorphic condition of the Fuko Pass metacu-
mulate, f—granulite-facies relic in the Fuko Pass
metacumulate. For comparisons, the inferred
P-T paths of the highest grade rocks of the San-
bagawa metamorphic belt (Ota et al., 2004) and
Guatemalan lawsonite eclogite (Tsujimori et al.,
2006b) are also shown (gray arrows) for compar-
ison. Hatched areas represent the calculated P-T
conditions for the oceanic crust beneath present-
day NE Japan ('cold’) and SW Japan ('warm')
subduction zones (Peacock and Wang, 1999) ; the
solid and dashed lines show the top and bottom
of the oceanic crust. The metamorphic facies and
their abbreviations are after Maruyama et al.
(1996) and Okamoto and Maruyama (1998).
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Meta-basaltic rocks
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Fig.4 Compositional trend of clinopyroxene from Renge
metamorphic rocks. Abbreviations of end-mem-
bers: jd—jadeite, ae—aegirine, di—diopside, hd—
hedenbergite.
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Narita et al., 1999), E£7 (1998) (& [ 1L #h
BV BEIEE R E OMENO BRI O TFIRIC
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Meta-basaltic rocks

Meta-pelitic rocks
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Fig.5 Compositional trend of garnet from Renge metamorphic rocks. Garnets are zoned with spessartine-rich cores; Mg/
(Mg+Fe) atomic ratio increases continuously toward the rim. Abbreviations of end-members: alm—almandine,

grs—grossular, sps—spessartine.

RoOBEFEELTOHEMATHS (B2 13, Nishi-
mura et al., 2000) . =D —7, K-Ar ZRAERHE
3, BILREOREE B Ar 2 \vwW) 20D KE
RN H o 720 B E — 2 A¥550 ~ 600TC (2
ET D L) REROYE, ENLLSHELT
YV x A o KAr FERUL, SEBRETH 350T
BEDRELRLIA IV ZIIHYT 5, OF
D, ERREY =2 OFERERS v, £72, KAr
EACIE L, Ar RN A KA E L & v
KHEFRIZHEDNWTE DY, FORYMIT AP Ar 5
W& o TOMGEDSHEETSH 5o “0Ar/Ar #: 0 B RE
MBI X BB ICBNT, FRETI 73
YO RS TTA Vs LD,

Ar FARIIME 2 R 2 A b B 525, 5k
L7z Ch o074 v ra s 2 g8k
FTELETON) T -3 v EELILI3TER
Vo R-Ar RAERE O KT 2 MET 5 72912
&, Ar 7217 Tlid7% {, He X Ne &\ o 727y
H AR ZHE L, ENZTREISLEVD
PRI 2 LB H D T2, EMEOR LD
MGEIZE, #ET2 720 Y%A bERSTFHA
FE253EEL, Rb-Sr 207 A4 V7 ARERNE %
KADFEDLD L. SRAN-Fiphgoxr 7o
Vx4 MHOPREERETIE, 7=V v e
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