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Abstract
Dense hydrous magnesium silicates (DHMSs) are considered important water carriers in the deep 

Earth. Due to the significant effect of Fe on the stability of DHMSs, Fe-bearing Phase D (PhD) de-
serves much attention. However, few experiments have been conducted to determine the stability of 
PhD in different bulk compositions. In this study, we provide experimental constraints for the stability 
of PhD in the AlOOH-FeOOH-Mg1.11Si1.89O6H2.22 system between 18 and 25 GPa at 1000–1600 °C, 
corresponding to the P-T conditions of the mantle transition zone and uppermost lower mantle.

Fe3+-bearing PhD was synthesized from the FeOOH-Mg1.11Si1.89O6H2.22 binary system with two dif-
ferent Fe3+ contents. The resultant Al,Fe3+-bearing compositions are close to analog specimens of the 
fully oxidized mid-ocean ridge basalt (MORB) and pyrolite in the AlOOH-FeOOH-Mg1.11Si1.89O6H2.22 
ternary system. The substitution mechanism of Fe is shown to be dependent on pressure, and Fe3+ 
occupies both Mg and Si sites in PhD at pressures below 21 GPa. In contrast, Fe3+ only occupies Si 
site at pressures exceeding 21 GPa. The presence of Fe3+ results in a slight reduction in the thermal 
stability field of PhD in the FeOOH-Mg1.11Si1.89O6H2.22 system in comparison to Mg-bearing, Fe-free 
PhD. In contrast, Al,Fe3+-bearing PhD is more stable than Mg-bearing PhD in both MORB and pyro-
lite compositions. In this regard, Al,Fe3+-bearing PhD could act as a long-term water reservoir during 
subduction processes to the deep mantle.
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Introduction
Water is one of the most important volatiles, and it plays a 

crucial role in the geochemical and geophysical evolution of the 
Earth. Even a small amount of water may significantly change 
the physical and chemical properties of the Earth’s interior. For 
example, the presence of water decreases the melting temperature 
of minerals and changes seismic wave velocities and rheological 
behavior, thereby influencing the thermodynamic processes of 
the mantle (Kavner 2003; Komabayashi and Omori 2006; Xu 
et al. 2020). It has previously been found that a series of dense 
hydrous magnesium silicates (DHMSs), such as Phase A (PhA), 
Phase E (PhE), superhydrous Phase B (SUB), Phase D (PhD), 
and Phase H (PhH), are promising water hosts within the context 
of subduction in the deep Earth (Kawamoto et al. 1996; Ohtani 
et al. 2001a; Litasov and Ohtani 2003; Komabayashi et al. 2005; 
Nishi et al. 2014). The stability of these phases is, therefore, 
key to unraveling water recycling throughout the planet over 
geological timescales.

PhD was identified by Liu (1987) as a new DHMS resulting 
from the breakdown of serpentine under high P-T conditions. 
The ideal chemical formula of PhD is MgSi2H2O6; however, 
PhD exhibits non-stoichiometry with regards to the Mg/Si 
ratio, which varies from 0.55 to 0.71, and the H content, which 
varies from 2 to 3.4 per formula unit (Frost and Fei 1999). PhD 
also exists as a solid solution via Mg→Fe2+, Mg+Si→2Al, and 
Mg+Si→2Fe3+ substitution mechanisms. It has a trigonal sym-
metry (P31m) with SiO6 and MgO6 octahedra alternately stacked 
along the c-axis (Kudoh et al. 1997; Yang et al. 1997). PhD is 
potentially a stable phase in hydrous peridotite among DHMSs 
at the upper part of the lower mantle, allowing it to play a key 
role in the transportation of water, subsequently transforming 
to Phase H (PhH) at 50 GPa (Nishi et al. 2014). Earlier experi-
mental results suggest that additional Al2O3 may increase the 
region of thermal stability of PhD (Ghosh and Schmidt 2014; 
Xu and Inoue 2019a), and Al-rich PhD could remain stable up 
to 2000 °C at 25 GPa (Pamato et al. 2014). However, there is 
no clear consensus in the literature regarding the effect of Fe 
substitution on the stability of PhD Ghosh and Schmidt (2014) 
suggested that the maximum stability limit of PhD is between 
1350 and 1400 °C at 22–24 GPa in both the FeO-MgO-Al2O3-
SiO2-H2O (FMASH) and MSH systems, i.e., 200 °C lower than 
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