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Abstract
The dehydration of serpentine mineral antigorite, Mg2.8Si2O5(OH)3.6, is regarded as the key step in 

metamorphic transformation of ultramafic hydrated rocks in subduction zones, which affects seismicity 
and feeds volcanic activity. The abundance of alkali-chloride brines derived from deep subduction/upper 
mantle sources implies the possibility of a large control of the H2O activity by the dissolved salts. The 
present study examines the effect of alkali chlorides, lowering the H2O activity in fluid, on antigorite sta-
bility at high pressure. The decomposition of natural antigorite (Ural) in the presence of a halite-saturated 
NaCl-H2O fluid was studied up to 3 GPa and 700 °C by in situ X‑ray diffraction combined with resistively 
heated diamond-anvil cell. Reference experiments were also performed on salt-free sample. At 1.5–3 GPa 
in the presence of halite‑saturated fluid (XNaCl ≈ 0.15), antigorite decomposes to an intermediate product as-
semblage of talc+forsterite at about 550 °C, which is ≈150 °C lower compared to salt-free H2O-unsaturated 
system. Such a low-temperature shift supports the previous models of a broadened P-T area of serpentinite 
dehydration in the subducting slab. In addition, the present experiments reveal active dissolution of the 
product Mg silicates, first of all forsterite, in the NaCl‑H2O fluid at 600–700 °C/1.5–3 GPa. This implies 
that dehydrated serpentinites are a potential source of fluids enriched in MgO and SiO2, which play an 
important role in deep metasomatic processes.
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Introduction
The serpentine group minerals, phyllosilicates with the ideal 

formula Mg3Si2O5(OH)4, are major constituents of hydrated 
ultramafic rocks of the oceanic lithosphere. Their crystal struc-
ture, based on 1:1 tetrahedral-octahedral layers, varies from 
wave-shaped modulated layers in antigorite (Zussman 1954; 
Mellini et al. 1987) to flat layers in lizardite (Mellini 1982) 
and to rolled layers in chrysotile (Wicks and Whittaker 1975). 
Among these varieties, antigorite (Atg) is stable at high pres-
sure (HP) and high temperature (HT), which makes it the main 
participant of the HP-HT metamorphic reactions in serpentinites. 
In particular, Atg dehydration is regarded as the key reaction in 
the transformation of serpentinites in subduction zones since it 
serves as the source of a large amount of water for melting in the 
mantle wedge and arc volcanism (Schmidt and Poli 1998). This 
justifies a great interest in the HP-HT stability of antigorite (e.g., 
reviews of Ulmer and Trommsdorff 1999 and Reynard 2013).

According to experiments (Ulmer and Trommsdorff 1995, 
1999; Wunder and Schreyer 1997; Bromiley and Pawley 2003; 
Perrillat et al. 2005; Padrón-Navarta et al. 2010; Maurice et al. 
2020), the antigorite decomposition to the anhydrous assemblage 
“forsterite (Fo) + enstatite (En)” occurs between 600–700 °C at 

1–4 GPa. Within this T range, the appearance of the intermediate 
assemblages “forsterite + talc-like phase” or “chlorite + olivine + 
orthopyroxene” are identified in in situ and quench experiments 
(Perrillat et al. 2005; Maurice et al. 2020). Among the main fac-
tors that thermally stabilize Atg are the elevated Al content in 
the mineral and high-H2O activity provided by the presence of 
excess water (Bromiley and Pawley 2003; Perrillat et al. 2005; 
Padrón-Navarta et al. 2010).

The H2O activity (aH2O), a major factor regulating dehydration 
reactions, seems to be critical for serpentine stability in meta-
morphic processes. An indicative example is given by Perrillat 
et al. (2005), who report the decrease of the antigorite dehydra-
tion temperature by 50–100 °C at H2O-unsaturated conditions 
and pressures relevant to subduction zones. This effect can be 
more dramatic upon the further decrease of the aH2O in the pres-
ence of alkali chlorides due to the strong non-ideality of saline 
aqueous fluids at high pressure (Aranovich and Newton 1996, 
1997; Mantegazzi et al. 2013). For example, the temperature of 
“brucite Mg(OH)2 – periclase MgO” equilibrium is lowered by 
about 200 °C due to the presence of a halite-saturated aqueous 
fluid at 1.5–2 GPa (Aranovich and Newton 1996). Our recent 
experiments on chrysotile show an ≈170 °C low-temperature 
shift of the dehydration reaction temperature at halite-saturated 
conditions, compared to the H2O-saturated, salt-free system, at 
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