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Subduction-related fluid occurrence in mantle revealed by
residual pressure and isotopic compositions of fluid inclusion
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An active convergent plate boundary comprises dynamic material circulation system where
materials risen up from descending oceanic plate partly go back to the Earth’s surface. An
evaluation of the material flux in this system is important to assess future view of the planet
Earth. In the mantle wedge, fluids circulate in various forms; i.e., aqueous fluids released from
the descending oceanic lithosphere trigger partial melting of the mantle wedge, and the melt as-
cends through the mantle wedge leading arc volcanism.

Investigations of mantle-derived xenoliths sampled from the active margin of a continent or
an island arc are effective for identifying mantle processes, including partial melting and mate-
rial circulation, in the mantle wedge. For the mantle xenoliths, however, various technical diffi-
culties lie in the estimation of the depth where the xenoliths entrained by host magma. Since in-
ternal pressure (density) of CO: inclusions in a mantle xenolith reflects both conditions of tem-
perature and pressure where the xenolith existed, CO; density in a fluid inclusion was esti-
mated by Micro-Raman spectroscopy to calculate the depth (pressure) of origin applying to the
equation of state of CO. and the equilibration temperature. This newly developed method can
serve as a new depth probe.

Combination of the geobarometry and various micro-analyzing technique reveals the occur-
rence of subduction-related fluid in the mantle wedge with high spatial resolution. Four-
dimensional (latitude, longitude, depth and geologic age) mapping of the fluid migration in the
mantle wedge is theoretically possible to apply my developed techniques to mantle-derived
xenolith, which remains the ancient record of the mantle.

Key words: fluid inclusion, grain-boundary component, mantle xenolith, mantle wedge, geoba-
rometry, Raman spectroscopy, noble gas
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Fig. 1 Schematic cross-section beneath Japan.
When aqueous fluid dehydrated from sub-
ducted oceanic plate reaches a region with
solidus temperature of hydrous peridotite,
partial melting in the mantle wedge occurs
and produces initial magma. If melt segre-
gation occurs, the initial magma is extracted
upwards and leads to subduction-related
volcanism. Part of the melt should remain in
the mantle wedge as melt inclusions or as
grain-boundary components. Both carbona-
ceous fluid derived from the oceanic plate
and aqueous fluid ascending through fore-
arc region also partly remain in the mantle
wedge.
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Fig. 2 A photograph of a 500-micrometer thick sec-
tion of a mantle xenolith from oceanward
slope of the Japan Trench. This xenolith
consists of olivine, orthopyroxene and clino-
pyroxene with lesser amounts of chromian-
spinel, and shows an allotriomorphic-
granular texture. The average diameter of
the mineral particle is about 1 mm. Numer-
ous ellipsoidal vesicles are visible in host ba-
salt.
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Fig.3 A photomicrograph of xenolith thick section
from Far Eastern Russia. Two generation of
fluid inclusion are visible in an orthopyrox-
ene. The one is vermicular melt inclusions
within a plane of the section. The other is in-
dicated by a liquid inclusion, whose shape is
negative crystal.
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Fig. 4 Raman spectrum of CO: in a fluid inclusion
in a mantle xenolith. Delta designates the
Fermi resonance split between the upper
(v.) and lower (v -) bands.
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Fig.5 Plots of Delta vs. density of CO,. Data are
from Kawakami et al. (2003), Yamamoto et
al. (2005) and Yamamoto and Kagi (2006).
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Fig.6 P-T diagram for the system CO . with P-T
data of Oki-Dogo (Yamamoto et al., 2007).
Contours represent density of CO; in g/cm’.
Shaded areas indicate possible geothermal
gradient for each region.
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Fig. 7 A photomicrograph of a fluid inclusion in an
orthopyroxene in a mantle xenolith from
Far Eastern Russia and a Raman spectrum
of the inclusion located almost at the center
in the photomicrograph (Yamamoto, 2001).
Raman band around 3700 cm ' results from
OH stretching mode in a hydrous mineral.
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Fig. 8 Noble gas isotopic compositions of gases ex-
tracted from fluid inclusions by the crushing
method for the Far Eastern Russian mantle-
derived xenoliths (after Yamamoto et al.,
2004). A broken line indicates predicted ra-
diogenic change in noble gas isotopic compo-
sitions of the original mantle source having
an initial isotopic ratio like air. Samples
designated by closed circles have both inclu-
sions of liquid CO. and melt. Whereas open
circles indicate samples having no liquid
CO: inclusion. From the observation, we in-
fer that the Far Eastern Russian mantle is
MORB-like source that was partly infil-
trated by subduction-related melt.
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Fig.9 A normalized trace element pattern for

grain-boundary component in a mantle
xenolith analyzed by LA-ICP-MS accompa-
nied by that of clinopyroxene and whole
rock. Data of the clinopyroxene and the
whole rock are from Yamamoto (2001). Gen-
erally, trace elements tend to occur mostly
in clinopyroxene in mantle xenolith. Trace
element composition of the xenolith is, how-
ever, strongly controlled by the occurrence
of the grain-boundary component.
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