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Abstract

The dense hydrous-magnesium silicate phase D, which has the ideal formula MgSi2H2O6, may be 
an important link in a chain of hydrous phases that carry H2O in the ultramafic portions of subducting 
lithosphere, into the Earth’s lower mantle. We have synthesized a new Al-rich form of phase D, con-
taining up to 50 wt% Al2O3, using a multi-anvil device at ~1300 °C and 25 GPa. The phase, with the 
formula Mg0.2Fe0.15Al1.8H1.8SiO6, was initially produced in a bulk composition designed to synthesize 
Al- and Fe-rich magnesium silicate perovskite with a composition similar to that produced in experi-
ments on mid-ocean ridge basalt bulk compositions at lower mantle conditions. Further experiments 
using a starting mixture based on the composition of this Al-rich phase resulted in the synthesis of 
60–70 µm long single crystals at similar conditions. The recovered crystals were slightly richer in 
H2O (Mg0.2Fe0.12Al1.5Si0.92H3.1O6) and their unit-cell parameters were similar to those of MgSi2H2O6 
phase D. A refinement of the crystal structure was carried out in the P31m space group and revealed 
a more disordered cation distribution than magnesium silicate phase D. All cation-oxygen distances 
are similar, suggesting a high degree of Si/Al disorder. Although the stability field of this new variant 
of phase D is yet to be determined, this phase may be an important host for H2O within portions of 
subducted oceanic crust in the lower mantle. 
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Introduction

The depth and extent to which H2O can be transported into 
the Earth’s mantle at convergent plate boundaries depends largely 
on the stability of hydrous-bearing phases at the pressures and 
temperatures encompassed by subducting oceanic lithosphere. 
Several hydrous phases have been synthesized in high-pressure 
and -temperature experiments that could be stable in subduction 
zones at depths compatible with the Earth’s transition zone and 
lower mantle. Ringwood and Major (1967) recognized the first 
of these dense hydrous magnesium silicates (DHMS) in experi-
ments performed in the MgO-SiO-H2O system and denoted these 
phases as A, B, and C. Phases termed D (Liu 1986, 1987), E, F 
(Kanzaki 1991), and G (Ohtani et al. 1997) were subsequently 
reported, however the final two, F and G, appear to be similar if 
not identical to phase D. Phase D, which has the ideal formula 
MgSi2H2O6 (Mg-phase D), varies significantly in stoichiometry 
depending on synthesis conditions (Frost and Fei 1998) and is 
the highest pressure DHMS yet reported with a stability field 
extending from 20 to 44 GPa (Shieh et al. 1998). Phase D, along 
with most other DHMS phases, has also been synthesized within 
complex peridotitic bulk compositions, where it has been found 
to contain up to 7 wt% Al2O3 and 5 wt% FeO (Frost 1999; Litasov 
et al. 2008). Phase D is also the only DHMS structure reported to 
date that contains Si exclusively in octahedral coordination. 

Here we report the synthesis and structure of a super-alu-
minous phase D (Al-phase D) containing up to 50 wt% Al2O3, 
which was initially produced from a bulk composition designed 
to synthesize magnesium silicate perovskite with a composition 
similar to that found in basaltic bulk compositions at lower 

mantle conditions (Hirose and Fei 2002). This new variant of 
phase D may be an important host for H2O within portions of 
subducted oceanic crust in the lower mantle.

Experimental methods

Sample synthesis and characterization
The starting composition for single-crystal synthesis was determined from 

an initial experiment performed to synthesize Al- and Fe-rich magnesium silicate 
perovskite. A ground mixture of oxides and hydroxides [13.6% Al2O3, 21.6% 
Fe2O3, 33% SiO2, 31.8% Mg(OH)2 wt%] was welded into a 1 mm diameter, 1.8 
mm long platinum capsule, which was placed at the center of a 7 mm edge length 
Cr2O3-doped MgO octahedral multi-anvil pressure assembly. A W97Re3-W75Re25 
thermocouple was inserted horizontally through the wall of the LaCrO3 furnace at 
its midpoint to monitor the temperature. The octahedron was compressed in a 1200 
tonne multi-anvil using 3 mm edge length WC cubes to ~25 GPa and then heated to 
1300 °C for 30 min. The run products, (run number S4253), comprised perovskite 
with the formula Mg0.63Fe0.37Al0.37Si0.63O3 coexisting with quenched crystallized 
melt and small (<10 µm) crystals of an Al-rich hydrous phase. (EMPA) analysis of 
these crystals gave the following composition in wt%: 5.1(1) MgO, 49.1(8) Al2O3, 
6.1(1) FeO, and 32.1(2) SiO2, from which the formula Mg0.24Fe0.14Al1.83H1.6SiO6, 
was calculated estimating the H content from the deficit in analysis totals and 
considering all Fe as Fe3+. For this analysis, conditions of 15 nA and 15 kV were 
employed with standards of andradite for Si, enstatite for Mg, spinel for Al and Fe 
metal. A second starting composition based on this Al-rich phase was fabricated 
from oxides and hydroxides (50.3 AlOOH, 6.7 Al2O3, 6.3 Fe2O3, 31.8 SiO2, 5.1 MgO 
wt%). This second composition was run in an identical procedure as described for 
the first experiment. The recovered sample was sliced in half using a razor blade. 
Single crystals were removed from one half, while the other was embedded in 
epoxy resin and polished for EMPA. The chemical analysis resulted in the following 
oxide wt%: 4.5(2) MgO, 43.1(8) Al2O3, 5.0(3) FeO, and 31.3(3) SiO2 from which 
the formula Mg0.20Fe0.11Al1.50Si0.92 H3.1O6 was calculated. This run (number S4430) 
produced single crystals with edge lengths up to 60–70 µm.

X-ray single-crystal diffraction
A single crystal was selected for X-ray diffraction from run S4430 on the basis 

of its sharp optical extinction and sharp diffraction profile. Typical half-widths of 
the reflections were between 0.080 and 0.130° in ω. Intensity data were collected at * E-mail: tiziana.boffa-ballaran@uni-bayreuth.de


