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abSTracT

We determined the stability and chemical composition of Al-bearing superhydrous phase B at 
20–24 GPa and 1400–2000 °C to discuss the mechanism of water transport in the mantle transition 
zone and uppermost lower mantle at temperatures close to the mantle geotherm. Superhydrous phase B 
contained significant amounts of Al2O3, from 14 to 32 wt%, and Al-bearing superhydrous phase B 
remained stable, even at 2000 °C and pressures of approximately 20–24 GPa. Moreover, two types 
of superhydrous phase B with different chemical compositions coexisted at 20–24 GPa and 1600 °C. 
The Al2O3 and H2O contents increased, and the MgO and SiO2 contents decreased as the pressure and 
temperature increased up to 1600 °C. Above 1600 °C, the MgO and Al2O3 contents increased, and the 
SiO2 and H2O contents decreased as the temperature increased. We found two substitution mechanisms: 
(1) 2Mg2+ + Si4+ ⇄ 2Al3+ + 2H+ + oMg (Mg site vacancy) (2Mg2+ = Al3+ + H+ + oMg):(Si4+ = Al3+ + H+) = 
1:1, (2) Si4+ + 16H+ ⇆ 4Mg2+ + 4Al3+. The maximum H2O content of Al-bearing superhydrous phase B 
is 11.1(3) wt%, which is ~1.9 times larger than that of the Mg-end-member. The crystal structures of 
the two coexisting superhydrous phase B values are expected to be slightly different from each other. 
The present results indicate that Al-bearing superhydrous phase B can be stable in a subducted slab 
with a high Al content compared to pyrolite (e.g, chlorite) at temperatures typical of the mantle tran-
sition zone and the lower mantle. Thus, water can be transported to the lower mantle by Al-bearing 
superhydrous phase B in the subducting slab, even at the typical mantle geotherm. 
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inTroducTion

Water strongly affects several key properties of the deep 
mantle, such as melting temperature, rheological properties, 
and electrical conductivity, etc. (e.g., Inoue 1994; Karato et al. 
1986; Yoshino et al. 2006). Water is transported into the Earth’s 
deep interior by hydrous minerals in cold subducted slabs. 
Recently, hydrous ringwoodite containing ~1.5 wt% water was 
discovered as an inclusion in an ultra-deep diamond (Pearson 
et al. 2014). This observation implies that, at least locally, the 
mantle transition zone contains water. The stability of hydrous 
phases has been studied in peridotite, basalt, and sediment (e.g., 
Litasov and Ohtani 2003; Schmidt and Poli 1998; Ono 1998). 
The important hydrous phases in hydrous peridotite with in-
creasing pressure include serpentine [Mg3Si2O5(OH)4], phase A 
[Mg7Si2O8(OH)6], phase E (Mg2.3Si1.3H2.4O6), superhydrous 
phase B [Mg10Si3O14(OH)4], phase D [MgSi2O4(OH)2], and 
phase H [MgSiO2(OH)2]. These phases are called dense hydrous 

magnesium silicates (DHMSs).
Superhydrous phase B has a composition of Mg10Si3O14(OH)4 

and contains 5.8 wt% H2O. The stability of superhydrous phase B 
was studied in the MgO-SiO2-H2O system (Gasparik 1993; 
Irifune et al. 1998; Ohtani et al. 2001, 2003, 2004; Litasov and 
Ohtani 2003). Gasparik (1993) observed superhydrous phase B 
coexisting with stishovite at 16–24 GPa and 800–1400 °C. In 
hydrous peridotite, superhydrous phase B is stable with phase D 
above 20 GPa and up to 1100 °C (Kawamoto 2004; Litasov et al. 
2008). Ohtani et al. (2003) determined the decomposition bound-
ary of superhydrous phase B and located it at approximately 
28 GPa and 1200 °C. The stability field of superhydrous phase B 
suggests that it is an important phase in the mantle transition zone 
and the uppermost lower mantle at the same temperature as a 
subducted slab. All Mg-Si end-members of DHMSs, including 
superhydrous phase B, breakdown at temperatures below the 
typical mantle geotherm.

Recent studies suggest that incorporation of Al increases 
the high-temperature stability of these hydrous minerals. Al-
bearing phase D breaks down at ~1600 °C and 24 GPa, which 
is approximately 200 °C higher than that of Mg-end-member 
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