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Water Cycling in Subduction Zones and the Mantle
Hikaru IWAMORI”

Abstract

0 O To understand the transportation and the circulation of water in subduction zones and the
mantle, the maximum H2O content of rocks under variable pressure-temperature conditions was
reviewed. The maximum H;O content is also important for assessing the potential storage of
H,0 in the mantle, which shows that the mantle can contain 4.6 to 12.5 times more H5O than
the current ocean mass, assuming a standard geothermal gradient. Although the estimation has
a large degree of uncertainty, the mantle is a significant storage, and plays an important role in
global water circulation, especially due to the unexpectedly high capacities of nominally anhy-
drous minerald] NAMs[l Based on this information, water circulation in subduction zones] es-
pecially in the Japan arcs(Jand the mantle has been discussed with the relevant numerical mod-
eling and geophysical and geological observations. Consequently, the following points have been
clarified {1 10breakdown depths of the major hydrous minerals within and around the subduct-
ing slab depend on the thermal structurd] deeper for colder environments(1] 200when a hot slab,
including a spreading mid-ocean ridge, subducts, both water and heat are supplied to the forearc
region, contributing to the formation of regional metamorphic belts {1 3T0both high-pressure-type
and high-temperature-type metamorphism occur within a limited time in a single forearc do-
main associated with ridge subduction {7 40arc magmatism and regional metamorphism are re-
garded as a series of geological events corresponding to different stages of a temporal change in
the thermal state of a subduction zone {1 50although major dehydration of subducting slabs oc-
curs at depths shallower than 200 km, triggering arc magmatism or regional metamorphism, the
subducting slab and the bottom portion of the overlying mantle wedge above the slab transport
several 100 to several 1000 ppm of HyO with NAMs to the transition zone {1 6[0the influx of H;O
into the transition zone by this mechanism is comparable to or exceeds outgassing by magma-
tism at mid-ocean ridges and hotspots {1 700the influx was suppressed in the past where the po-
tential temperature was high(l hot-dry regimel[] while it will be enhanced in the future as the
Earth coold] cold-wet regimel] resulting in stabilization and prolongation of mantle convection;
and[] 8[0considering the presence of very cold subduction zones such as central Japan, where a
significant amount of water is exceptionally transported to the deep mantle, the present-day
Earth is probably in a transition from a hot-dry regime to a cold-wet regime. In any case, the
maximum Hy0 content in NAMs in the upper mantle controls the influx, which needs to be con-
strained tightly for more accurate estimations of global water circulation.
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Figh10 Phase relation of HO-saturated peridotite and maximum content of H»O in the solid phases] Max] H,OLT],

which is based on a compilation of the stability of hydrous phases in MgO-SiOs-H,0, MgO-Al;03-SiOs-
H>0, and KLB-1 peridotite systems] modified after Iwamori, 2004(] including those of Kawamotol 2004[]
and Komabayashi et al[] 2004[1 Phase assemblages of the H,O-saturated peridotitel] field no. 1 to 270are
shown at the right-hand side of the diagram[The abbreviations of the phases are as follows[]
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Fig. 20 Max[J H,OO along a representative geotherm[] thick solid line[] corresponding to that beneath an oceanic
plate of 60 Ma with a mantle potential temperature of 13000 , is calculated from Fig. 1. The broken line
corresponds to the minimum estimate of Max[] H,OOin the fields of nos. 1 and 26, while the dotted line cor-

responds to the maximum estimate of Max[] H,OO
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Table 10 Maximum contents of HyO of peridotites along the model geotherm shown in Fig. 2.

mass max H,0 max H,O max H,O
0 unitO 0 10*' kg 0 10*' kgO Owt.00O 0 ocean mass[J

ocean 14 14 100 1.0
upper mantle 615 4.2-5.8 0.68-0.95 3.0-4.2
upper mantle"” 615 1.1-2.8 0.18-0.45 0.79-2.0
transition zone 415 5.4 1.3 3.8
lower mantle 2955 0.03-6.2 0.001-0.21 0.02-4.4
whole mantle 3985 9.6-17.5 0.24-0.44 6.9-12.5
whole mantle” 3985 6.5-14.4 0.16-0.36 4.6-10.3

The masses of upper mantle’] Moho to 410 km depth[] transition zone] 410-660 km[] and
lower mantld] 660-2886 km[Jare after Schubert et al/[J 2001[] and the mass of the ocean is
after McGovern and Schubert’] 198901 The ranges of the estimated contents correspond to
the minimum and maximum estimates shown in Fig. 2.

“The H;0 content at the region from 0 to ~ 3 GPa where Max[J H,OO along the model
geotherm exceeds [0 2 wt. [ with the presence of serpentine and chlorite Fig. 20is
ignored in the estimation, because it strongly depends on the near-surface temperature

structure.
H,0 wt.%
0 1 2 3 4 5 6
200 (depth, km) 300

Bosolt—HzO system
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(@]
(@]
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Fig. 30 Maximum content of H,O in the solid phases of a basaltic system] mid-ocean ridge basalt composition[]
as a continuous function of pressure and temperature based on Schmidt and Polil] 1998[] reproduced from
Iwamori] 1998(1
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