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Chemistry and mineralogy of earth’s mantle

Formation of SiH4 and H2O by the dissolution of quartz in H2
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abstraCt
Species dissolved in H2
2–H2 system. Raman and infrared (IR)
spectra were measured at high pressure and room temperature after heating experiments were conducted at two pressure and temperature conditions: 2.0 GPa, 1700 K and 3.0 GPa, 1500 K. With the
dissolution of quartz, a SiH vibration mode assignable to SiH4 was detected from Raman spectra of
–1
from the IR spectra at
correspond to that of ice VII, and those observed at 1.4 and 1.1 GPa correspond to that of ice VI. These
2 components and H2
formation of H2
4
2–H2
that a part of H2 is oxidized to form H2
2 components of mantle minerals dissolve in H2
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introduCtion
melting temperatures, chemical compositions, and physical
properties of coexisting silicate minerals. Consequently, fluids
in the mantle play an important role in elemental transportation,
melt formation, and mantle dynamics. Stability and phase relations of silicate minerals depend on the Mg/Si ratio of silicate
silicate composition dissolving in H2

melt structure (Yamada et al. 2011).
H2 in addition to H2
2/H2
on the surrounding oxidation state. In general, the crust and the

the shallow depth contain little H2. The mantle is reduced progressively with depth. Then the oxidation state becomes close
to the iron–wustite buffer at depths greater than >200 km (e.g.,

2
3-H2
from enstatite+forsterite+fluid to enstatite+fluid (e.g., Zhang and

al. 2004). Such a change of Mg/Si ratio is regarded as induced by
a change of the dissolution species of silicate components in H2
fluid. The dissolution of silica in H2
silica species observed in H2
H4
4 and H Si2 7 below 3 GPa (e.g., Anderson and Burnham
-

groups was reported from an investigation of the hydrous silicate
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et al. 2012). Thermodynamical calculations demonstrated that
a molar fraction of H2 is expected to increase concomitantly
with increasing depth and approached about 10–20% in such

demonstrated experimentally that the molar fraction of H2
Results of these studies show that H2 is a major component of
fluids in the reduced mantle.
The existence of H2 is predicted even in the shallow mantle
because the oxygen fugacity does not vary with depth only, but
amount of H2 is producible by serpentinization in the shallow
mantle (Sleep et al. 2004). In addition, H2 is estimated as a major
component in the atmosphere of the early Earth (e.g., Hashimoto
of H2 can be dissolved in the magma ocean (Hirschmann et al.
2012). In the pressure and temperature conditions of the shallow
part of the early mantle, immiscibility between H2
2 fluid

