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ABSTRACT

High-quality single crystals of Al-bearing stishovite and Al-rich phase Dwere analyzed using X-ray
diffraction, high-temperature Raman, and FTIR spectroscopy. The samples were synthesized in the
MgO-SiO2-Al2O3-H2O system at 25 GPa, 1350–1600 °C. The results demonstrate that Al-bearing
SiO2 glass formed by the amorphization of stishovite under high-temperature conditions can incorpo-
rate water in the form of hydroxyl groups, with a concentration of at least several hundred ppm H2O by
weight. Al3� prefers to enter the crystal structure of phase D by substituting for Si4� in the M2 site.
Since Al3� can be charge-balanced by H�, the Al-rich phase D may have a higher water storage capac-
ity than pure Mg-phase D. Raman and infrared spectral features of Al-rich phase D at ambient temper-
ature can still be observed up to 350 °C. This indicates that, compared to pure Mg-phase D, Al-rich
phase D maintains stability at higher temperatures. Al-rich silicate glass formed by the amorphization
of phase D under high-temperature conditions can also retain water in the form of hydroxyl groups. In
the deep mantle, Al-rich silicate glasses and Al-bearing SiO2 glasses may serve as potential reservoirs
of water (hydrogen) in high-temperature regions beyond the ideal stability fields of dense hydrous
magnesium silicates and high-pressure SiO2 phases.
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INTRODUCTION

Water (hydrogen) significantly influences the evolution and
dynamics of the Earth’s interior (e.g., Kohlstedt 2006; Ohtani
2015; Williams and Hemley 2001). Numerous experimental
studies have shown that certain constituent minerals in the deep
mantle possess a considerable water storage capacity. For
instance, wadsleyite and ringwoodite in themantle transition zone
can accommodate a large amount of water (up to 2–3 wt% H2O)
in their crystal structures (e.g., Demouchy et al. 2005; Inoue et al.
1995; Smyth et al. 1997). In addition, natural ringwoodite with
1.4 wt% H2O was found as an inclusion in a diamond, revealing
that the mantle transition zone, at least locally, is wet (Pearson
et al. 2014). According to previous investigations on ocean-island
basalt (OIB), the source rocks that originated in the lower mantle
are commonly water-rich (Dixon et al. 2002; Saal et al. 2002;
Pamato et al. 2015). This implies that a suitable host of water also
exists in the lower mantle.

Stishovite can be a significant constituent mineral in the
subducting oceanic crust, accommodating a substantial amount
of water (e.g., Pawley et al. 1993; Chung andKagi 2002; Bolfan-
Casanova et al. 2009; Spektor et al. 2011, 2016; Lin et al. 2020).
Various evidence from studies on the mineralogy and composi-
tion of the lower mantle supports the existence of this material in
the lower mantle (e.g., Stachel et al. 2005; Kaminsky 2012;
Litvin et al. 2014; Chen et al. 2020; Deschamps 2024). Although

stishovite may contain weight percent levels of H2O under cer-
tain conditions (e.g., Nisr et al. 2017; Lin et al. 2022),
recent time-resolved measurements at constant temperatures have
shown that the dissolution of water in stishovite is a metastable
phenomenon. Therefore, in crustal materials subducting into
the lower mantle, stishovite is unlikely to retain >1 wt% of H2O
as a stable phase (Takaichi et al. 2024). FTIR investigations of
stishovite samples synthesized at 20–28 GPa and 1200–2100 °C
(Litasov et al. 2007; Ishii et al. 2022; Purevjav et al. 2024) indi-
cated that the incorporation of Al3� into stishovite may enhance
its water storage capacity. The maximum water contents of
Al-bearing samples can be about 3000wt. ppmH2O (Litasov et al.
2007). By contrast, the water content of Al-free stishovite samples
is below 521 wt. ppm H2O (Purevjav et al. 2024).

High-pressure and high-temperature experiments have
shown that dense hydrousmagnesium silicates (DHMS), such as
phase A, phase E, superhydrous phase B, phase D, and phase H,
can be significant water carriers in subducting slabs (e.g., Frost
and Fei 1998; Ohtani et al. 2004; Ohtani 2005; Tsuchiya and
Umemoto 2019; Zhang et al. 2019). Among these DHMS, phase
D (Liu 1986, 1987; Yang et al. 1997) is stable in the mantle tran-
sition zone and at least the shallow parts of the lower mantle
(e.g., Shieh et al. 1998; Shinmei et al. 2008; Ghosh and Schmidt
2014; Nishi et al. 2014). At 24 GPa, the maximum thermal sta-
bility of phase D is between 1375 and 1400 °C in theMgO-SiO2-
H2O system, but 1600 °C in the MgO-Al2O3-SiO2-H2O system.
At higher temperatures, phase D is expected to melt, producing a
magnesian-rich hydrous melt at the topmost lower mantle
(Ghosh and Schmidt, 2014). Pamato et al. (2015) indicated that
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