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The occurrence of subduction-related fluid in mantle wedge is responsible for various geo-
logical phenomena in subduction zone. Identification of the fluid will especially constitute a
valuable contribution to the interpretation of geophysical observations regarding subduction -
related events. As a way to identify the fluid, it is effective to analyze fluid within peridotite
xenoliths collected at subduction zone. We frequently observe fluid in the peridotite xenoliths as
tiny fluid inclusions, which are composed of various volatiles. Though water or brine has been
supposed as a dominant fluid composition in mantle wedge, the occurrence of CO: fluid is promi-
nent above all. Density of CO: fluid in shallower mantle wedge is around 1.1 g/em?®, which is far
lower than that of surrounding rocks, resulting in upward flow of the CO; fluid. That is, the CO,
fluid within mantle wedge is an allochthonous component. Further studies on the distribution
and origin of the CO; fluid would clarify circulation system of the fluid in mantle wedge.

Here, we review studies examining geochemical aspects and the origin of the CO, fluid in
peridotite xenoliths. Assuming an oxygen fugacity and temperature, carbon in shallower mantle
wedge should exist as CO; fluid, which is fairly consistent with the observation of the peridotite
xenoliths. Carbon isotopic composition of the CO. fluid suggests the possible occurrence of
subduction-related carbonic fluid in mantle wedge. To make better elucidation of the origin of
the fluid inclusions, it is necessary to combine it with any other isotopic indices such as nitrogen
isotopes. Determination of the origin of the fluid will enhance our understanding on the mecha-
nism of geological events in subduction zone.
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£OTE7 (F21E, Iwamori, 2007; Green et al.,
2010; Kawakatsu and Yoshioka, 2011), K, <~
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1989; Coltorti et al., 2007), F 7z, AL EWOE
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2009; Hidas et al., 2010) . €Wz, ¥~ bl x v
VICKPHET LI L IIHASHTH 525, ool
FEMETLR DR T DHFAEEII OV TOMIETZ L
Vo R OB EMEICE T % R FERIC X
&, VMV VMBS HMET L — MK
TARIEK E ZBILIRFDOREGHAETH 5 LHEZEINT
W% (Kerrick and Connolly, 2001; Thomsen and
Schmidt, 2008a; 2008b; Poli et al., 2009; Tsuno and
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Tw5 (Yamamoto et al., 2002;2007;2011;2012;
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Demény et al., 2010), A TIEZEN 5 DR %
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Fig.1 A photomicrograph of a thick section of a
peridotite xenolith from Ichinomegata, Ja-
pan. A fluid inclusion at the center of the
photograph shows biphase fluid, which is
composed of H,O and CO..
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L TR LR FHMERTE B (ILARIE D,
2012)0 HARMEZ IS AT > 7 Ol Sk s
TH bk FEE ES L T 2RAEEMOREDDH
) (Yamamoto et al., 2002; 2011; 2012; Yamamoto
and Kagi, 2008), <M 5 OMMEE M % & A 7
WMAROIRY (&= 7 Vi) SRR I

(Fig. 2)o BEEHEED SIIMICDERRH N A
LB EN TS (B2, Yamamoto et al., 2004;
Yokochi et al., 2009)s ZD X H 12~ ¥ MIVIZIZAKE
AHZ S B A BRI DAL T 5 2 e WG h b TD
FTHEEMICHEMNIL VOIXTEBRILKETH 5

(Andersen and Neumann, 2001) . €Wz, K (F
7K AFWEE Lz~ vy oy Y ORRIES)
BT 2, REERZALZBEANLAEINLE X
ETRZHN59 D0

Photomicrographs of a thin section of a peri-
dotite xenolith from Far Eastern Russia,
which are taken with (a) scanning electron
image (SEI) and (b) backscattered electron
image (BSE). There are melt inclusions
dominated by nickel sulfide, which are indi-
cated by arrows in (b).
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Fig. 3 A diagram between oxygen fugacity (fO.) and temperature of a reaction
2C0O + 0,=2CO0: (black solid lines) with a bulk fluid density of 1.03 g/cm’
after Bergman and Dubessy (1984). A broken line indicates the graphite
stability buffer at the same bulk fluid density. A grey solid line is a refer-
ence of quartz-fayalite-magnetite (QFM) buffer.
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mW/m® (Yamano and Uyda, 1988; Yamano, 1995;
Ashi et al., 2002; Tanaka et al., 2004) TH 5720,
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A P-T diagram for the behavior of CO. in mantle peridotite. A black

solid line indicates the reaction (phase boundary) as follows: magne-
site + enstatite = forsterite + CO. after Koziol and Newton (1998).
Grey solid lines show modeled geotherms. Numbers labeling the
lines denote the corresponding heat flows in units of mW/m?®, which
are referred from Pollack and Chapman (1977).
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Fig.5 Histograms of ”C for subcontinental lithospheric mantle (SCLM)
xenoliths of (a) peridotite and (b) lherzolite obtained by total decom-
position of diamonds in garnet lherzolites (Deines et al., 1984), min-
eral grains in lherzolites (Liu et al., 1998), whole rocks of spinel lher-
zolites (Nadeau et al., 1990), graphites in garnet lherzolites and
garnet-spinel lherzolites (Pearson et al., 1994), mineral grains or
whole rocks of lherzolites (Porcelli et al., 1992), carbonates in peri-
dotites (Scambelluri et al., 2009), diamonds in harzburgites (Tho-
massot et al., 2007), and diamonds in garnet harzburgites (Viljoen et
al., 1992). We do not use data of diamonds collected from kimberlites
because these might be derived from lower mantle.
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Sano and Marty, 1995; Nishio et al., 1998; Yok-
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Fig.6 A correlation diagram between 6“C and CO.’He of circum Pacific
fumarolic gases (open circles) whose data are after references in
Yamamoto et al. (2001) along with peridotite xenoliths (filled circles)
after Porcelli et al. (1992). Model end-members of M, L, and S, re-
spectively, stand for mid-ocean ridge basalts, limestone, and organic
sediments. Dotted lines indicate mixing lines among the end-

members.
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Fig. 7 Histograms of 6N for SCLM xenoliths of (a) peridotite and (b) lher-
zolite obtained by total heating. Data are from Fischer et al. (2005),
Thomassot et al. (2007), and Yokochi et al. (2009).
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Fig.8 A correlation diagram between 6°C and 6"“N of subduction-related
components of mantle (M), sediment (S), limestone (L), and air (A).
Dotted lines show mixing lines among the components. 6"°C and
0"N of mantle are, respectively, —7.3+2.8 and 6.1+2.9%, which
are estimated from Figs. 5 and 7. ”C of sediment and limestone are
—30+10% (Hoefs, 1980) and 0+ 3% (Schidlowski, 1988), respec-
tively. 6°N of sediment and limestone are 7+ 4%, (Sano et al., 2001)
and 3.0+ 1.9%0 (Sandler and Heaton, 1997; Luo et al., 2012), respec-
tively. C/N moler ratios of sediment and limestone are 3-8 (Stein,
1991) and ~10 (Tanaka et al., 2011), respectively. The C/N ratio of
mantle is ~400 estimated from averaged concentrations of carbon
and nitrogen of SCLM obtained by bulk melting of lherzolites. At-
mospheric §°C, 6'°N, and C/N are — 8%, 0%, and 5% 10°*, respec-

tively.
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