Petrology of Paleozoic high-pressure
metamorphic rocks in southwestern Japan:
petrologic and geochronologic constraints for
Paleozoic subduction tectonics
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Abstract

The regional studies of the Early to Late Paleozoic subduction-related high-pressure
metamorphic rocks in the Inner Zone of southwestern Japan revealed that the two different subduction
events in Late Paleozoic and Early Paleozoic had taken place in the paleo-Pacific margins. Late
Paleozoic subduction is characterized by high-pressure and low-temperature (HPLLT) schist of the
Renge metamorphic belt, which generally occur as tectonic blocks in serpentinite melange beneath the
Oeyama ophiolite nappe. Although the Renge metamorphic belt has been fragmented during
exhumation and nappe emplacement, systematic K-Ar age determination of phengite from blueschist
tectonic blocks within a serpentinite melange suggest a primary coherency of the blueschist- facies
metamorphic sequence. In Chugoku Mountains, typical high-pressure type schists of lawsonite-
blueschist to epidote-blueschist facies occur, and a block of gamet-glaucophane schist, which preserves
relics of the peak eclogite facies assemblage (garnet + omphacite + glaucophane + rutile + quartz) and
earlier-stage amphibolite-facies assemblage, occur together with lawsonite-glaucophane and epidote-
glaucophane schists in a serpentinite melange. The polymetamorphic evolution revealed that ‘eclogite’
might have undergone the pre-Renge amphibolite-facies metamorphism before its subduction, and
then experienced eclogite-facies metamorphism and blueschist-facies overprinting during the Renge
metamorphism. The petrologic and geochronologic features of the Renge blueschist indicate that the
‘cold’ subduction-type (Franciscan-type) metamorphism to reach eclogite-facies and subsequent
quick exhumation took place in the northwestern Pacific margins in Carboniterous time.

On the other hand, Early Paleozoic subduction metamorphism is newly identified from the

Fuko Pass metacumulate in the Oeyama ophiolite. The Fuko Pass metacumulate has been recrystallized



by the high-pressure epidote amphibolite facies metamorphism, and contains the assemblage kyanite +
clinozoisite + paragonite + albite. This mineral assemblage is only realized at a deeper part of a
subduction zone. In addition to the high-pressure metamorphism, granulite facies relics are rarely
found. The Fuko Pass metacumulate is one of such rare allochthonous mafic granulites and may be an
indicator of accretion of thick oceanic plateau, and the high-pressure metamorphism may imply the

beginning of subduction in the paleo-Pacific margin at Early Paleozoic time.

The Renge metamorphic belt and the Oeyama ophiolite in southwestern Japan are Paleozoic
subduction complex and supra-subduction zone ophiolite, respectively, which are the products of
Paleozoic plate convergence in the circum-Pacific orogen. The regional studies of the Early to Late
Paleozoic subduction-related high-pressure metamorphic rocks revealed that the two different
subduction events in Late Paleozoic and Early Paleozoic had taken place insouthwestern Japan.The
Paleozoic ophiolite with subduction-related high-pressure metamorphic rocks in southwestern Japan is
a good example for studying Paleozoic subduction tectonics through a joint geochronologic -
petrologic method. The key results on the Paleozoic high-pressure (subduction-related) metamorphic
rocks, as documented in this thesis, are summarized as follows:

(1) Two different high-pressure metamorphisms are documented from the Renge
metamorphic belt and Fuko Pass, respectively. Typical HPLT metamorphism to produce the
lawsonite-glaucophane schists had taken place in the Renge belt during Late Paleozoic time (ca. 320
Ma). The oldest subduction metamorphism (ca. 430 Ma) is newly identified from the Fuko Pass
metacumulate which may represent exotic block tectonically trapped into the peridotite body of the
Oeyama ophiolite.

(2) The Renge metamorphic belt has been fragmented during exhumation and nappe
emplacement, and the Renge HP/LT schists often occurs in a serpentinite beneath the peridotite body of
the Oeyama ophiolite. Systematic determination of K-Ar phengite ages for the blueschist tectonic block
within a serpentinite melange verified a primary coherency of blueschist facies metamorphic sequence.
Phengite K-Ar ages yield 289-327 Ma and concentrate around 320 Ma regardless of protolith and
metamorphic grade, suggesting quick exhumation of the schists at about 320 million years ago.

(3) The most deeply subducted example of the Renge metamorphic belt is an eclogitic
garnet-glaucophane schist occurring as tectonic block of a serpentinite melange in central Chugoku
Mountains. The eclogitic garnet-glaucophane schist preserves relics of peak eclogite facies assemblage
(garnet + omphacite + glaucophane + rutile + quartz) and earlier stage amphibolite facies assemblage
(hornblende + garnet + plagioclase + ilmenite), and overprinted the blueschist facies metamorphism
prior to peak metamorphism. Thermobarometry of the garnet and omphacite of the peak eclogite stage
yields minimum pressure of 1.3GPa at about 550 °C.

(4) The Na-Ca pyroxene + quartz assemblage occurs with lawsonite-glaucophane schists in
Chugoku Mountains. The metabasalt containing the Na-Ca pyroxene + lawsonite + chlorite assemblage
is intercalated among lawsonite-glaucophane schist. The chemographical analysis based on
Schreinemakers’ rule revealed that the stability field of Na-Ca pyroxene + lawsonite + chlorite
assemblage is located within the lawsonite-glaucophane stability field, suggesting the typical HPLT
assemblage. It is inferred that the metamorphic facies series of the Late Paleozoic metamorphism
passed higher pressure field than the Na-Ca pyroxene + pumpellyite + chlorite field which had been



found in the Sambagawa/Mikabu metamorphic belt.

(5) The protolith of the Renge metamorphic rocks are predominantly sedimentary rocks with
subordinate basaltic volcanic rocks and tuff, and minor limestone. No graywacke is associated among
the protoliths. However, some ophiolitic materials derived from the Oeyama ophiolite also experienced
the blueschist facies metamorphism together with the Renge schists. Blueschist-facies
metamorphosed/metasomatized ophiolite fragments and various metasomatized ophiolite fragments
suggest that a part of the Oeyama ophiolite (representing supra-subduction zone wedge mantle) has
been tectonically eroded by subducting oceanic lithosphere, and has experienced a HPAT
metamorphism and metasomatism in a deep part of the subduction zone with the Renge blueschist
(subducted oceanic sediments).

(6) Early Paleozoic subduction is newly identified from the Fuko Pass metacumulate in the
Ocyama ophiolite. The Fuko Pass metacumulate is recrystallized by the high-pressure epidote
amphibolite facies metamorphism. The estimated P-T condition (P = 1.1-1.7 GPa, T = 550-650 °C)
from the kyanite + clinozoisite + paragonite + albite assemblage and paragonite-muscovite
immiscibility is only realized at a deeper part of a subduction zone. The breakdown of the
kyanite + clinozoisite assemblage into margarite + plagioclase (An,,,;) assemblage indicates a
decompression P-T path.

(7) The Fuko Pass metacumulate bears as much as 66 wt. % normative anorthite and 28 wt. %
normative olivine. Its FeO*/MgO is as high as 2.4, and its protolith may be highly fractionated troctolite
or anorthosite. The granulite facies relics including aluminous clinopyroxene (up to 8.5 wt.% ALO,),
spinel (replaced by corundum-magnetite symplectite) and plagioclase (replaced by clinozoisite-zoisite)
are rarely preserved. The presence of granulite-facies relics predating the high-pressure metamorphism
suggest that the Fuko Pass metacumulate has been a lower part of unusually thick oceanic crust (15-30
km) or lower crystalline portion beneath island arc setting before its subduction.
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