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absTraCT

A new Al-bearing hydrous Mg-silicate that we named as 23 Å phase was synthesized at 
10 GPa and 1000 °C, while also coexisting with diaspore and pyrope in the following system: 
phase A [Mg7Si2O8(OH)6] + Al2O3 + H2O. The chemical composition of this new 23 Å phase is 
Mg11Al2Si4O16(OH)12, and it contains about 12.1 wt% water. Powder X-ray diffraction and electron 
diffraction patterns show that this new 23 Å phase has a hexagonal structure, with a = 5.1972(2), c 
= 22.991(4) Å, and V = 537.8(2) Å3, and the possible space group is P6c2, P63cm, or P63/mcm. The 
calculated density is 2.761 g/cm3 accordingly, which was determined by assuming that the formula 
unit per cell (Z) is 1. This crystal structure is quite unique among mantle minerals in having an ex-
traordinarily long c axis. Several experiments revealed that its stability region is very similar to that 
of phase A. We further confirmed that this new 23 Å phase was stable in the chlorite composition at 
10 GPa and 1000 °C. The present results indicate that this new 23 Å hydrous phase will form in an 
Al-bearing subducting slab, and transport water together with Al into the deep upper mantle or even 
into the upper part of the transition zone.
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iNTroduCTioN

Water plays an important role in the deep mantle, as it in-
fluences the melting temperature (e.g., Inoue 1994), nature of 
seismic discontinuities (e.g., Higo et al. 2001; Chen et al. 2002, 
2011), mineral composition of the mantle (e.g., Kanzaki 1991; 
Ohtani et al. 1995; Frost and Fei 1998), etc. A recently reported 
study has shown that, despite the dry upper mantle (Saal et al. 
2002), the mantle transition zone is indeed hydrous, with a water 
content of about 1.5 wt% in ringwoodite (Pearson et al. 2014). 
Water may be transported into the mantle transition zone or 
deeper by subducted slabs in the form of dense hydrous magne-
sium silicates (DHMS) (Ohtani et al. 2001), as well as nominally 
anhydrous phases, such as pyroxene, olivine, and garnet.

Nowadays the MgO-SiO2-H2O (MSH) system is well defined, 
and it derives several hydrous minerals such as the alphabet 
phases A, B, superhydrous B (C), D (F, G), H (Ringwood and 
Major 1967; Yamamoto and Akimoto 1974; Akaogi and Aki-
moto 1980; Liu 1987; Kanzaki 1991; Gasparik 1993; Kudoh 
et al. 1993; Ohtani et al. 1997; Nishi et al. 2014), 10 Å phase, 
chondrodite, humite (Yamamoto and Akimoto 1977), hydrous 
wadsleyite, and ringwoodite (Inoue et al. 1995, 1998). These 
phases can be formed by the decomposition of antigorite (Irifune 
et al. 1998; Komabayashi et al. 2005; Komabayashi and Omori 
2006) as the cold slab descends, which provides a way for water 
to enter into the deep Earth. Furthermore, in the sediment and 

mid-ocean ridge basalt compositions several hydrous phases like 
phase egg (Eggleton et al. 1978), d-AlOOH (Suzuki et al. 2000), 
topaz-OH (e.g., Wunder et al. 1993), lawsonite (e.g., Pawley 
1994; Okamoto and Maruyama 1999), zoisite (e.g., Schmidt and 
Poli 1994), and phengite (e.g., Domanik and Holloway 1996) 
are also well recognized.

However, few studies have been done to clarify the phase 
relations in the MgO-Al2O3-SiO2-H2O (MASH) system, which 
should also be an important system for the deep Earth. The 
hydrous minerals involving the MASH composition include 
chlorite, MgMgAl-pumpellyite (Fockenberg 1998; Artioli et al. 
1999), later identified as Mg-sursassite (Bromiley and Pawley 
2002; Gottschalk et al. 2000), Mg-chloritoid, and Mg-carpholite 
(Chopin and Schreyer 1983), a recently reported hydrous Al-
bearing pyroxene (HAPY, Gemmi et al. 2011), etc.

Previous studies (e.g., Rauch and Keppler 2002; Litasov et 
al. 2007; Mierdel et al. 2007; Sakurai et al. 2014) have shown 
that Al can be incorporated into the structures of some hydrous 
and anhydrous phases, which, for example, can be expressed as 
2Mg2+ = Al3+ + H+ or Si4+ = Al3+ + H+. The water content increases 
with increasing Al in the structures.

In the present study, we conducted experiments on the Al 
incorporation into phase A, where Mg is 6-coordinated and Si 
is 4-coordinated (Horiuchi et al. 1979). By trying to increase the 
water content through the substitution of Al3+ and H+ for Si4+ and/
or 2Mg2+ in phase A, we encountered a new hydrous phase with 
a significant amount of Al, which has an unknown X-ray powder 
diffraction pattern. We successfully obtained the cell parameters 
and chemical composition of this new phase by means of X-ray 
diffraction (XRD), transmission electron microscopy (TEM), 
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