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abstract

To understand the stability of hydrous phases in mafic oceanic crust under deep subduction condi-
tions, high-pressure and high-temperature experiments were conducted on two hydrous basalts using 
a Kawai-type multi-anvil apparatus at 17–26 GPa and 800–1200 °C. In contrast to previous studies on 
hydrous basalt that reported no hydrous phases in this pressure range, we found one or two hydrous 
phases in all run products at or below 1000 °C. Three hydrous phases, including Fe-Ti oxyhydroxide, 
Al-rich phase D and Al-rich phase H, were present at the investigated P-T conditions. At T ≤ 1000 °C, 
Fe-Ti oxyhydroxide is stable at 17 GPa, Al-rich phase D is stable at 18–23 GPa, and Al-rich phase H 
is stable at 25–26 GPa. Our results, in combination with published data on the stability of hydrous 
phases at lower pressures, suggest that a continuous chain of hydrous phases may exist in subducting 
cold oceanic crust (≤1000 °C): lawsonite (0–8 GPa), Fe-Ti oxyhydroxide (8–17 GPa), Al-rich phase D 
(18–23 GPa), and Al-rich phase H (>23 GPa). Therefore, in cold subduction zones, mafic oceanic 
crust, in addition to peridotite, may also carry a substantial amount of water into the mantle transition 
zone and the lower mantle.
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introduction

The distribution of water in the mantle and its effect on mantle 
dynamics are important for understanding the evolution of the 
Earth. It is widely believed that subducting plates transport water 
from the surface into the deep mantle via various hydrous phases 
in the subducting oceanic lithosphere (Hacker 2008; Nishi et al. 
2014; Ohira et al. 2014; Ohtani 2015; Pamato et al. 2015). The 
stability of hydrous phases, under conditions of plate subduction, 
has been studied extensively (e.g., Kawamoto 2006; Melekhova 
et al. 2007; Walter et al. 2015). Experiments in simple systems 
and in multicomponent peridotite-H2O systems demonstrated 
that phase D (MgSi2H2O6) is stable to pressures up to 44 GPa 
and temperatures up to 1800 °C, and this phase is proposed as 
a major water carrier into the lower mantle (Frost and Fei 1998; 
Ohtani et al. 2000; Litasov et al. 2007, 2008; Ballaran et al. 2010; 
Ghosh and Schmidt 2014; Nishi et al. 2014; Pamato et al. 2015; 
Walter et al. 2015). Furthermore, in basalt-H2O systems, early 
experimental investigations did not observe any hydrous phases 
that can be stable above 10 GPa (Okamoto and Maruyama 1999, 
2004; Litasov and Ohtani 2005); thus, the mafic oceanic crust was 
considered unimportant as a water carrier. Recently, Nishihara and 
Matsukage (2016) reported a new hydrous phase, Fe-Ti oxyhy-
droxide, which is stable in hydrous basalt at pressures >10 GPa. 
These authors pointed out that mafic oceanic crust is a potential 
water carrier in the deep mantle. Pamato et al. (2015) also men-

tioned that the relatively high Al contents of oceanic crust could 
expand the stability field of hydrous phases over that observed in 
peridotite systems, implying hydrous recycled oceanic crust could 
be a long-term water reservoir in the deep mantle. In this study, 
we performed high-pressure and high-temperature experiments 
with hydrous basalts at 17–26 GPa and 800–1200 °C. We found 
that three hydrous phases, including Fe-Ti oxyhydroxide, Al-rich 
phase D, (Mg,Fe)(Si1–x,Alx)2H2+2xO6 (x = 0.13–0.40), and Al-rich 
phase H, Mg0.11Fe0.03Si0.2Al0.63HO2, are stable under the experimen-
tal conditions. These results provide the possibility that water can 
be accommodated in these hydrous phases in subducting oceanic 
crusts. Therefore, the subducted oceanic crust may transport more 
water into the lower mantle than previously thought.

eXperiMentaL Methods
Two basaltic starting materials (Table 1), an olivine tholeiite JB-2* (hydrated JB-2) 

and an N-MORB, with 12.0 and 8.3 wt% MgO, respectively, were used in this work. 
The first was prepared from a mixed powder of JB-2—a natural basalt-standard rock 
and collected by the Geological Survey of Japan (Ando et al. 1989)—and brucite, in 
a mass ratio of 89:11. This mixture produced an H2O content of 3.5 wt%. The second 
was a hydrous N-MORB glass (~2.0 wt% H2O), synthesized at 0.4 GPa and 1200 °C 
using a gas-medium apparatus. Each starting material was ground in acetone over 
an hour to improve the chemical homogeneity and then placed in an oven at 110 °C 
to remove moisture. Au–Pt double capsules were used as sample containers. For the 
runs at P ≤ 20 GPa, the starting material in each run was loaded into an inner Au 
capsule (1.3 mm OD, 1.1 mm ID and 1.5 mm length), and the oxygen fugacity was 
controlled at the ~NNO buffer, with a NiO+Ni+Ni(OH)2 powder, which occupied the 
space between this inner Au capsule and an outer Pt capsule (1.6 mm OD, 1.4 mm 
ID and 2.5 mm length). Two thin Pt disks were placed between the buffer and the 
Au capsule to reduce possible reaction between them (see Fig. 1). For the runs at P 
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