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ABSTRACT

Water is a critical component of the Earth and significantly affects key properties of the
deep Earth. Hydrogrossular, a hydrous phase of garnet, is considered a potential water carrier in
the mantle. This study employs first-principles methods to calculate the crystal structure and elastic
properties of hydrogrossular garnets with different water contents at pressures up to 100 GPa. The
results indicate that the density of hydrogrossular decreases linearly with increasing water content.
The presence of water significantly reduces the elastic modulus and seismic velocity of hydrogros-
sular. The velocities of hydrogrossular phases with different water contents are lower than those of
the Preliminary Reference EarthModel (PREM) at all depths in the mantle where low-velocity zones
(LVZs) are present, suggesting that they may play a key role in the formation of LVZs in the mantle.
Therefore, combining the newly proposed mantle uniform and the high content and low wave veloc-
ity of hydrogrossular, we propose that hydrogrossular might play a more important role in causing
mantle LVZs than previously thought. The results provide new insight into the structure of the
mantle.
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INTRODUCTION

Water is a critical component of the Earth and has been
proven to strongly affect several key properties of the deep Earth
(Wang et al. 2006, 2020, 2022; Shen et al. 2020; Zhang et al.
2023; Chen et al. 2023b), such as the melting temperature,
rheological and elastic properties, electrical conductivity, and
atomic diffusivity. Hydrous minerals are key reservoirs of water
within the Earth (Hu et al. 2021; Hirschmann and Kohlstedt
2012; Hirschmann 2006; Inoue 2000; Nishi et al. 2014). In addi-
tion to hydrous minerals, water can also be stored in nominally
anhydrous minerals (NAMs) as OH defects, such as in ringwoo-
dite, garnet, and quartz, potentially serving as a major water
reservoir in the mantle (Bell and Rossman 1992). It is widely
accepted that water enters the Earth’s interior via the subduction
of both hydrous minerals and NAMs, with trace amounts
of mantle minerals acting as significant water reservoirs
(Thompson 1992; Williams and Hemley 2001; Nishi et al.
2014; Lin et al. 2020; Fei and Katsura 2021).

According to pyrolite and piclogite mineralogical models,
garnets are stable in the Earth’s interior from the crust to the
top of the lower mantle and are important minerals in the Earth’s

interior, with modal contents ranging from∼15–40% (Anderson
and Bass 1984; Ringwood 1991; Wood et al. 2013). Notably, as
NAMs, garnet can incorporate substantial amounts of hydrogen
into its structure and form a hydrous phase, namely, hydrogros-
sular Ca3Al2(SiO4)3–x(O4H4)x (0≤ x≤ 3), through hydrogarnet
substitution; this substitution accounts for a complete solid
solution series, where the fully hydrated end-member [especially
katoite, Ca3Al2(O4H4)3] contains 28.8 wt% water. Natural
hydrogrossular has been found in various places, including
hibschite (water content< 14.4 wt%) (Lager et al. 1987) and
katoite (Passaglia and Rinaldi 1984; Sacerdoti and Passaglia
1985; Armbruster and Lager 1989). Therefore, hydrogrossular
is considered an important water carrier in the mantle. The prop-
erties of hydrogrossular under high pressure and high tempera-
ture are important for understanding the composition, structure,
and water cycle of the deep Earth and have been intensively
studied. Energy-dispersive X-ray diffraction of katoite up to
42 GPa in a diamond-anvil cell revealed a low adiabatic bulk
modulus of 66 GPa, attributed to the high compressibility of the
O4H4 tetrahedra (Olijnyk et al. 1991). Spectroscopy indicates
that the elasticity of a 50% katoite component remains stable up
to 25 GPa at low temperatures, suggesting stability throughout
the upper mantle (Knittle et al. 1992). The single-crystal
elasticity of a hydrous garnet, hibschite (Ca3A12(SiO4)1.72
(H4O4)1.28), which was measured via Brillouin spectroscopic
techniques, has an adiabatic bulk modulus, Ks = 99.8 GPa,
and a shear modulus, G = 64.3 GPa, which is 40% lower than
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