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Abstract

The transportation and circulation of water in the Earth is global from the surface of the
Earth to the lower mantle and the core. Water is trapped in hydrous minerals in subducting
slabs, and is transported into the deep mantle. One of the most important water reservoirs is
the mantle transition zone. Measurements of the diffusion of hydrogen in high-pressure miner-
als together with seismic and electrical conductivity measurements indicate that water is con-
centrated locally in the mantle transition zone beneath the subduction zone. The contrast in wa-
ter solubility between upper mantle and transition zone minerals suggests that there is
dehydration melting, and dense hydrous magma might exist in a stable state at the base of the
upper mantle, which is consistent with seismic observations suggesting a low-velocity region at

this depth.
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Fig. 1 High-pressure apparatus used for studying the Earth's interior. (a) Diamond anvil
apparatus, (b) Multi-anvil (Kawai-type) apparatus.
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Fig. 2 Transportation and circulation of materials in the
Earth's interior. Water also circulates in solid earth from
the surface to the bottom of the mantle, and even into
the core (Ohtani, 2005).
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Fig. 3 The stability relations of hydrous minerals. The shaded area in the diagram

shows the stability fields of hydrous minerals. Water can be transported into the
mantle transition zone and lower mantle by slabs with cold temperature profiles.
Dehydration melting occurs in high-temperature plumes ascending in the mantle
transition zone due to a decrease of melting temperature with the addition of de-
hydrated water at the base of the upper mantle (Ohtani et al., 2004).
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Fig. 4 A model of water concentration at the base of
the mantle transition zone. A large contrast
in water solubility between ringwoodite and
Mg-perovskite + magnesiowustite causes
dehydration at the base of the transition
zone. Water (hydrogen) is locally concen-
trated in the slab at the base of the mantle
transition zone because the hydrogen diffu-
sion is sluggish compared to the rate of slab
subduction.
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Fig.5 The electrical conductivity anomaly, which cannot be accounted for both by the
temperature dependencies of the seismic wave velocity and electrical conductivity
anomalies can be explained by local concentration of water (hydrogen). Water might
be locally concentrated in the mantle transition zone (e.g., Koyama et al., 2006).
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Fig. 6 (a) A contrast between the density of hydrous magma and that of the standard mantle model

(PREM) (Sakamaki et al., 2006) . The hydrous magma containing water up to 5.4 wt.% is grav-
itationally stable. (b) A gravitationally stable hydrous magma may exist at the lowermost part
of the upper mantle (the image was designed by J. Nemoto).
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