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Highly oblique subduction and multiple events of the eclogite

metamorphism: The Sambagawa belt
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Introduction

Subduction zones are the location of
many important processes on Earth, including
recycling of crustal material and volatiles into
the mantle, the creation of new crust that ulti-
mately forms continents, and generation of
some of Earth’s deadliest earthquakes and
chains of volcanoes. At the interface between
the subducting slab and the overlying mantle
wedge, significant heat transfer and physico-
chemical exchange occur. To better under-
stand these processes, it is critically important
to ascertain how crustal and mantle materials
move and interact at these boundaries. Ex-
humed rocks from the subduction interface
provide a primary means of testing models of
subduction and are recognized by distinctive
high—P low-T blueschist-eclogite facies min-
eral assemblages.

Eclogite is a metamorphic rock consisting
of omphacitic clinopyroxene and pyrope-rich
garnet. It is a rare but geologically significant
rock type. It is common in the upper mantle,
especially in regions occupied by subducted
oceanic plates. Eclogite is unusually dense for
a silicate rock (3.4-3.5 g/cm’) which suggests
that very high pressure was involved in the
formation of this rock type. Eclogite is a com-
mon rock type at deeper parts of subducting
slabs and helps to keep the plate tectonic con-
veyor belt in operation by dragging down the
subducting slab but it is rare at the surface. It
is not very common for the rocks once buried
that deep to somehow raise again to the upper
parts of the lithosphere.

The Sambagawa belt

The Sambagawa metamorphic belt is one
of the best studied high—P type metamorphic
belts in the world. The belt extends for about

800 km east-west along the south-west Japan
arc, stretching from Saganoseki Peninsula in
Kyushu to the Kanto Mountains in the north-
east (Fig. 1). It is widely accepted that this belt
represents the deepest part of an accretionary
wedge complex that developed in an ancient
subduction along the eastern margin of the
Eurasian continent (e.g. Isozaki & Itaya, 1990;
Takasu et al., 1994; Wallis, 1998).
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Figure 1. Distribution of eclogites and eclogite
facies metamorphic rocks in the Sambagawa meta-
morphic belt.

Several coarse-grained eclogite-bearing
bodies occur within the albite-biotite and oli-
goclase-biotite zones in the central Shikoku,
i.e. the Higashi-akaishi and Nikubuchi perido-
tite bodies; the Western Iratsu, Quartz Eclogite
(Gongen) masses, Seba eclogitic basic schists
(including Onodani eclogite); the Gazo eclo-
gite; and the Sebadani, Eastern Iratsu and To-
naru metagabbro masses (Banno et al., 1976;
Takasu, 1984; Kunugiza et al., 1986; Takasu,
1989; Aoya, 2001; Enami et al., 2004; Ota et
al., 2004; Miyagi & Takasu, 2005; Miyamoto
et al., 2007; Sakurai & Takasu, 2009; Kabir &
Takasu, 2010a, b) (Fig. 2).
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Figure 2. Geological map and metamorphic zonation of the Besshi district in the Sambagawa metamorphic
belt, central Shikoku, Japan (compiled by Kabir & Takasu, 2010a). SB-Sebadani metagabbro mass; TN-
Tonaru metagabbro mass; WI-Western Iratsu mass: El-Eastern Iratsu mass; HA-Higashi-akaishi peridotite
mass; QE-Quartz eclogite mass; HE-Hornblende eclogite mass; NB-Nikubuchi peridotite mass and GZ-
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Gazo eclogite mass.

These eclogites mainly occur as block-like
bodies with varying size and lithology. Meta-
morphic P-T conditions of the eclogites are
distinct from those of the surrounding Samba-
gawa schists, and they show variable P-T his-
tories (Kunugiza et al., 1986; Takasu, 1989;
Takasu et al., 1994). Other eclogite localities
in the Sambagawa belt have been reported ap-
proximately 80 km to the east in the Kotsu-
Bizan areas in eastern Shikoku (Matsumoto et
al., 2003; Tsuchiya & Hirajima, 2013; Kabir
& Takasu, 2016) (Fig. 1).

Multiple metamorphic events

In the previous research, I have clarified
the high—P metamorphism (including eclogite
facies metamorphism) in the Sambagawa met-
amorphic belt, Besshi district, central Shikoku,
Japan. I have distinguished four metamorphic
events from the Sambagawa eclogites (Fig. 3).

These are the precursor metamorphic event
(amphibolite facies), the first high-pressure
metamorphic event (eclogite facies) and the
second high-pressure metamorphic event
(eclogite facies) and the third high-pressure
metamorphic event (epidote-amphibolite faci-
es) (Kabir & Takasu, 2010a, 2016).

Eclogite metamorphism in the Besshi and
Kotsu-Bizan areas in the Sambagawa belt are
divided into two types based on the metamor-
phic geothermal gradient, one is high—T type
of metamorphic temperature over 600 °C at 20
kbar; and the other is low—T type of the meta-
morphic temperature below 600 °C at 20 kbar
(Kabir & Takasu, 2016) (Fig. 3).

The high-T type eclogites include the Ono-
dani eclogite, the Tonaru eclogitic metagab-
bro, the Quartz Eclogite (Gongen) masses and
the Western Iratsu mass (Fig. 3).
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Figure 3. Summary of metamorphic P—
T conditions for the eclogites in the
Sambagawa metamorphic belt. 1, jade-
ite—garnet glaucophane schists, Bizan
area (Kabir & Takasu, 2016); 2, law-
sonite-bearing eclogite, Kotsu area
(Tsuchiya & Hirajima, 2013); 3, Ono-
dani eclogite (Kabir & Takasu, 2010a);
4, Tonaru eclogite (Miyagi & Takasu,
2005); 5, jadeite-bearing kyanite eclo-

AMP SRAN gite, Eastern Iratsu (Endo & Tsuboi,
GS 2013); 6, Quartz eclogite (Miyamoto et
al., 2007) and 7, Western Iratsu (Endo

etal.,2012).

The Onodani eclogites in the Seba eclo-
gitic basic schists preserve two-fold eclogite
facies metamorphism (Kabir & Takasu,
2010a), and the second eclogite facies meta-
morphic conditions are 630-680 °C and 20-22
kbar (Aoya, 2001; Kabir & Takasu, 2010a).
The Tonaru mass represents the peak meta-
morphic conditions of 700-730 °C and > 15
kbar (Miyagi & Takasu, 2005). The quartz-
rich kyanite eclogites in the Quartz Eclogite
mass record the peak P—T conditions of 23-24
kbar and 675-740 °C (Miyamoto et al., 2007).
The Western Iratsu mass represents eclogite
facies and preserves pressure peak at low—T
condition followed by a thermal peak at 620 °
C and 16 kbar (Endo et al., 2012) (Fig. 3).

In contrast, the other eclogites in the Sam-
bagawa metamorphic belt experienced rela-
tively low—T eclogite facies metamorphic con-
ditions. The first eclogite facies metamor-
phism of the Onodani eclogites represents the

peak metamorphic conditions of 530-590 °C
and 19-21 kbar (Kabir & Takasu, 2010a) (Fig.
3). The Western Iratsu mass represents eclo-
gite facies pressure peak at a lower tempera-
ture (510-560 °C and 18 kbar) followed by a
thermal peak at higher—7 conditions (Endo ef
al., 2012). The jadeite-bearing kyanite eclogite
of the Eastern Iratsu mass are estimated to be
24-25 kbar and 570-610 °C (Endo & Tsuboi,
2013). Glaucophane eclogite and lawsonite-
bearing glaucophane eclogite in the Kotsu area
represents their peak metamorphic conditions
are estimated to be c. 600 °C and 20 kbar
(Matsumoto et al,, 2003; Tsuchiya &
Hirajima, 2013). Kabir & Takasu (2016) have
recently reported the occurrence of Jadeite-
bearing eclogites from the Bizan area, To-
kushima Prefecture and the eclogite experi-
enced low—T7 eclogite facies metamorphism,
the peak metamorphic conditions of 580—600 °
C and 18-20 kbar.



Thus, there are two types of the eclogite
facies metamorphism in the Sambagawa meta-
morphic belt, i.e. low—T type eclogite facies
metamorphism and subsequent high—7" type
eclogite facies metamorphism. Beside two
types eclogite facies metamorphism; the Sam-
bagawa metamorphic rocks suffered precursor
metamorphism and the Sambagawa metamor-
phism together with the surrounding schists.

Discussion: highly oblique subduction of
Izanagi plate

The precursor metamorphic events of high
—T metamorphic conditions have been pro-
duced by the heat from the wedge mantle/hot
hanging wall at the inception of subduction.
Subduction of cold oceanic plate disturbed the
initial thermal conditions of the continental
plate and resulted in a cooling of the hanging
wall (Peacock, 1996).

The low—T type eclogite facies metamor-
phism was caused by subduction of the ocean-
ic plate probably soon after the onset of sub-
duction, due to highly oblique subduction of
Izanagi plate (Engebretson et al., 1985; Wallis
et al., 2009; Kabir & Takasu, 2010a). The later
warm subduction event is associated with a
change in plate motion (normal subduction)
and the arrival of spreading ridge to the sub-
duction zone (Aoya et al., 2009; Endo et al.,
2012).

These lithologies of above-mentioned ec-
logites originated from oceanic protoliths such
as basaltic volcaniclastic rocks, pelitic sedi-
ments (shales) and siliceous sediments
(cherts). All of these lithotypes are constitu-
ents of accretionary complexes. The eclogite
facies metamorphism was caused by subduc-
tion of the oceanic plate, with the metamor-
phism occurring beneath an accretionary prism
at a depth of more than 70 km.

Wallis et al. (2009) reported a Lu-Hf gar-
net-omphacite isochron age of 89 + 0.6 Ma
from the Sebadani eclogitic basic schists. The
eclogite body was juxtaposed with the Samba-
gawa schists at glaucophane stability condi-
tions during the third HP metamorphic event.

The peak metamorphic age of the non-
eclogitic Sambagawa schists has been estimat-
ed at 100-90 Ma (**Ar/’Ar amphibole,
phengite, and whole rock ages) (Takasu &
Dallmeyer, 1990; Dallmeyer et al., 1995). If
the 89 Ma age for the peak eclogitic metamor-
phism 1is reliable, it is similar to or slightly
younger than the peak metamorphic age of the
Sambagawa non-eclogitic schists. This implies
a very short time interval between the two ec-
logite facies metamorphic events. Exhumation
following an initial period of nearly isothermal
decompression may support high exhumation
rates in the order of 2.5 cm yr ' (Wallis et al.,
2009).

The protoliths of the Sambagawa schists
have been subducted as the Izanagi plate
passed beneath the eastern margin of Eurasia.
Between 135 and 85 Ma, the Izanagi plate was
subducted towards the north-northwest and
north with a high migration rate of more than
20 cm yr ' (Engebretson ef al., 1985; Maruya-
ma & Seno, 1986) (Fig. 4).
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Figure 4. Velocity vectors of the relative motions
of the Farallon, Izanagi, Kula and Pacific plates
with respect to the Eurasian plate after Maruyama
& Seno (1986).



This rapid migration of the oceanic plate
probably caused intense tectono-metamorphic
activity. According to reconstructions of plate
motions, highly oblique subduction (>60° from
the normal subduction) of the Izanagi plate

occurred 115-100 Ma (Wallis et al., 2009)
(Fig. 5). This resulted in oscillatory move-
ments of eclogite bodies between the oceanic
plate and its hanging wall, leading to the plu-
ral/dual eclogite metamorphic event.
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Figure 5. Motion history of plates in western Pacific realm with respect to a point with present location
33.8 °N 133.3 °E within the Sanbagawa belt in central Shikoku constructed using the poles of Engebretson

et al. (1985) (after Wallis et al., 2009).
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