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Sublattice disorder and Fe-Mg substitution in brucite: Implications
for the subduction-zone water cycle
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ABSTRACT

The vibrational properties of hydroxyl groups in pure and Fe-bearing brucite have been investigated
under high-pressure and -temperature conditions relevant to subduction zones. Using externally heated
diamond-anvil cell techniques combined with in situ Raman spectroscopy, we observed that the
hydroxyl stretching modes in pure brucite change from blueshift to redshift at ∼600 K and 1.2 GPa.
This indicates a sublattice proton order-disorder transition associated with decreasing interlayer spacing
in brucite. Moreover, the Fe-Mg substitution in brucite leads to a secondary hydroxyl stretching band at
3644.6 cm−1 forMg0.9Fe0.1(OH)2, while the primary Raman band is changed to 3636.7 cm−1. This new
Raman mode persists with increasing temperature at atmospheric pressure but disappears at about
3.0 GPa. The decomposition temperature of this Fe-bearing brucite sample is about 130 K lower
compared to pure brucite under high oxygen fugacity conditions. These results suggest that the
sublattice transition and Fe-Mg substitution may influence the stability of brucite, providing insight
into the deep-water cycle at shallow subduction zones.
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INTRODUCTION

Water is the essential constituent for planetary habitability
and profoundly influences the global evolution of the Earth
(Xu 2024). The migration and circulation of water between
the Earth’s surface and interior actively occur at plate bound-
aries, including subduction zones and mid-ocean ridges.
Through subducting slabs,∼6.7 × 1011 kg of H2O, largely stored
in the lattice of hydrous minerals, enters the deep mantle, with
one third potentially reaching the lower mantle and even the
core-mantle boundary (Ohtani 2015; Poli and Schmidt 1995;
Zheng et al. 2016). These hydrous minerals primarily originate
from hydrothermal alteration reactions ofmafic-ultramafic rocks
on the ocean floors (e.g., serpentinization). In principle, the two
major hydrous minerals that form during serpentinization are
serpentine [(Mg,Fe)3Si2O5(OH)4] and brucite [(Mg,Fe)(OH)2],
and the proportion of brucite can reach as high as 40 mol%
in fully serpentinized peridotites, making it the second most
abundant hydrous mineral after serpentine (Malvoisin 2015).
During the serpentinization process, ferrous ions in olivine are
temperature-controlled and preferentially enter the brucite lattice
through isovalent Fe-Mg substitution at relatively low tempera-
tures (e.g., 200–300 °C), resulting in the formation of Fe-bearing
brucite with iron content as high as 20 mol% (Klein et al. 2014;
Templeton and Ellison 2020). According to seafloor drilling, up
to 15.6 wt% of brucite may be present in the unweathered ser-
pentinites (Klein et al. 2020). In other words, brucite contains
about 20% of the total H2O in serpentinized peridotites. In addi-
tion to mid-ocean ridge regions, olivine serpentinization and

brucite formation can also occur in shallow subduction zones
(Deschamps et al. 2013; Zhang et al. 2023). For instance, the
presence of brucite was reported in serpentinites sampled from
forearc mud volcanoes in Mariana and from the Erro-Tobbio
ophiolitic peridotite (Peters et al. 2020). Those field observa-
tions indicate that brucite is one of the major water carriers in
shallow subduction zones. Thus far, the nature and stability of
serpentine have attracted considerable attention, but that of
brucite is not well constrained at high-pressure and -temperature
(P-T) conditions relevant to subduction zones.

Brucite formation and dehydration profoundly influence
the behavior of subducting plates and deep-water cycles, consid-
ering that brucite is one of the major hydrous minerals in sub-
ducting slabs and a significant component of hydrated mantle
wedges. At ambient conditions, the crystal structure of brucite
is trigonal (space group: P3m1), where magnesium octahedra
form parallel layers while hydrogen ions (protons) reside
between these layers (Zigan and Rothbauer 1967). In particular,
these hydrogen ions are bonded to the oxygen atoms at the apices
of the magnesium octahedra, forming hydroxyl groups. More-
over, the hydrogen atoms have been proposed to be located at
a threefold axis position at atmospheric pressure, but they
may occupy a threefold split site under high pressure (Catti et al.
1995; Fukui et al. 2003; Parise et al. 1994). The phase stability
and vibrational properties of pure brucite [Mg(OH)2] have been
extensively investigated in previous studies under either high P
or high T conditions. For instance, the layered structure of bru-
cite results in a distinct compression behavior between the a- and
c-axes (Duffy et al. 1995b; Fei and Mao 1993; Ma et al. 2013;
Redfern andWood 1992). Below 10 GPa, the c/a ratio decreases
from 1.516 to 1.433 with increasing P, as the a- and c-axes are
parallel and perpendicular to the MgO6 octahedral layers,
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