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Abstract

We systematically investigated H2O solubility in majorite as a function of temperature from 
1670–2270 K under a pressure of 20 GPa using multi-anvil techniques. The H2O solubility in majorite 
decreases with increasing temperature. In addition, the H2O content is relatively independent of the 
concentrations of Al2O3 and SiO2 in majorite. Majorite can store more H2O than bridgmanite in the 
lower mantle. Therefore, when a slab sinks into the lower mantle, hydrous melt could be produced not 
only by the phase transformation from ringwoodite to bridgmanite + ferropericlase near 660 km depth 
but also by the majorite to bridgmanite transformation over a wide range of depths from 660 km up 
to ~800 km, at which majorite dissolves completely in bridgmanite.
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Introduction

The mantle transition zone is a potential H2O reservoir in the 
Earth’s interior (e.g., Fei et al. 2017; Hirschmann 2006; Pearson 
et al. 2014) because the H2O solubility of its dominant miner-
als, wadsleyite and ringwoodite, reaches 1~2 wt% (Demouchy 
et al. 2005; Druzhbin et al. 2021; Fei and Katsura 2020a, 2021; 
Kohlstedt et al. 1996; Litasov et al. 2011; Purevjav et al. 2014, 
2016). The H2O solubility refers to the H2O content of a mineral 
equilibrated with hydrous melt (Hirschmann et al. 2005). These 
values are distinctly higher than those of other major mantle 
minerals such as olivine, pyroxene, bridgmanite, and ferroperi-
clase (Fei and Katsura 2020b; Férot and Bolfan-Casanova 2012; 
Fu et al. 2019; Guo et al. 2020; Kohlstedt et al. 1996; Litasov 
2010; Liu et al. 2021; Purevjav et al. 2024; Smyth et al. 2006; 
Withers and Hirschmann 2008). Therefore, hydrous melts are 
expected to be formed by a back transformation at 410 km depth 
from wadsleyite to olivine and a forward transformation at 
660 km depth from ringwoodite to bridgmanite + ferropericlase. 
The presence of hydrous melt may affect mantle dynamics sig-
nificantly (Revenaugh and Sipkin 1994; Schmandt et al. 2014; 
Vinnik and Farra 2007).

Majorite, which contributes up to ~40 vol% of the transition 
zone, persists in the lower mantle down to ~800 km depth until 
the dissolution of majorite in bridgmanite is completed (Ishii 
et al. 2018, 2019; Ringwood 1991; Stixrude and Lithgow-
Bertelloni 2007). As majorite may contain higher amounts of 
H2O than bridgmanite (Fu et al. 2019; Katayama et al. 2003; Liu 
et al. 2021), a hydrous melt may be produced by the majorite-
bridgmanite transformation (Panero et al. 2020).

Nevertheless, the H2O solubility of majorite is poorly con-
strained, while the H2O solubility of wadsleyite and ringwoodite 
has been studied extensively. Katayama et al. (2003) reported 
an H2O solubility of about 1200 wt. ppm in majorite, but their 
temperature range was limited (1670–1770 K). Accordingly, the 
temperature dependence is unknown despite the fact that the H2O 
solubility in minerals is strongly correlated to temperature (e.g., 
Demouchy et al. 2005; Fei and Katsura 2020a, 2021; Litasov et 
al. 2011). Moreover, even though the composition of majorite 
can vary significantly in the Earth’s mantle (Frost 2008), the 
compositional dependence of H2O solubility is also unknown. 
Therefore, a systematic study of the effects of temperature and 
composition on H2O solubility in majorite is required to assess 
hydrous melting at the top of the lower mantle.

In this study, we determined the temperature and composi-
tional dependences of H2O solubility in majorite at temperatures 
of 1670 to 2270 K and a pressure of 20 GPa using a multi-anvil 
press. Our results suggest that majorite can store 900~3000 wt. 
ppm H2O in the deep mantle and may play an important role in 
the dehydration melting at the topmost lower mantle.

Materials and methods

Starting materials
Four compositionally different starting materials, hereafter referred to 

as starting materials A, B, C, and D, were prepared from SiO2, FeO, Al2O3, 
Mg(OH)2, and Ca(OH)2 powders (Table 1). The SiO2 and Al2O3 powders were 
heated at 1270 K for 2 h in an ambient-pressure furnace, whereas the Mg(OH)2 
and Ca(OH)2 powders were heated at 400 K in a vacuum oven prior to use. The 
five powders were weighed and then well mixed by grinding in an agate mortar. 
Starting material A had a bulk composition close to pyrolite-minus-olivine 
(Irifunea and Ringwood 1987) plus H2O. Starting material B had a lower Al2O3 
content because the Al2O3 component tends to be incorporated in majorite rather 
than melt. Starting materials C and D had higher MgO and CaO contents and 
lower SiO2 contents to suppress the formation of stishovite in the run products. 
The bulk H2O contents were all 12 wt%. All the mixed powders were stored in 
a vacuum oven at 400 K before use.
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