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Abstract
Epidote is a major hydrous mineral in subducted mafic oceanic crust. Understanding its stability 

in the subduction zone environment is important for evaluating its role as a conveyor of water into the 
deep Earth. Here we report experimental results on epidote by simulating the high-pressure-temperature 
(P-T) conditions of the plate subduction environment. We used a diamond-anvil cell with an external 
resistance heating system, combined with in situ X‑ray diffraction (XRD) and Raman spectroscopy 
techniques. Experiments at ambient pressure and high temperatures indicate that epidote starts to 
decompose at 1223 K and breaks down completely at 1373 K. In situ XRD analyses show no phase 
transition at temperatures up to 1272 K and pressures up to 14.0 GPa. Raman spectra indicate that 
epidote is stable at 1272 K and 14.0 GPa, but the energies of two Si‑O bonds (ν2,ν5) and one M-O 
bond (ν3) increase with increasing temperature. The cation H+ moves for a distance when the P-T is 
increased to 13.0 GPa and 1123 K. Based on the thermal structure of subducted slabs in typical hot and 
cold subduction zones, we infer that epidote can convey water downward into the mantle transition 
zone through subducted mafic oceanic crust.
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Introduction
Deep earth water plays an important role in the exchange 

of energy and materials, melting of minerals and rocks, as 
well as a concentration of ore fluids and nutrients during crust-
mantle interaction. Many physical properties of minerals and 
rocks in the deep Earth, such as the melting temperature, phase 
transformation, rheological behavior, electric conductivity, and 
atomic diffusion, are closely linked with the presence of water 
(Karato et al. 1986; Inoue 1994; Litasov et al. 2003; Bercovici 
and Karato 2003; Yoshino et al. 2006; Nishi et al. 2014). As 
the main component of deep earth fluids, water is also pivotal 
in the activation and transportation of various endogenous ore 
materials from their source region to the ore-forming locations 
(Li et al. 2013, 2015; Guo et al. 2013; Shen et al. 2020; Li and 
Santosh 2014, 2017). Research on earthquake mechanisms also 
shows that an earthquake swarm, regardless of the location at 
the interior or margin of a plate, is related to water-dominated 
fluids (Kurz et al. 2004). Water, therefore, is a key factor in the 
deep earth processes that control various tectonic-magmatic-
metallogenic-earthquake events.

It is now commonly recognized that water in the deep earth 
reservoirs can be continuously replenished through the sub-
duction of oceanic lithosphere to the subcontinental mantle in 
convergent plate margins (e.g., Thompson and Connolly 1992; 
Poli and Schmidt 2002; Litasov et al. 2003; Nishi et al. 2014; 

Pamato et al. 2015; Walter et al. 2015; Liu et al. 2019). Most 
of the information and models so far relied mainly on seismic 
tomography data which suggest that oceanic lithosphere can 
subduct deep into the lower mantle and even accumulate at the 
core-mantle boundary (Maruyama et al. 2007; Fukao et al. 2009; 
Li et al. 2014 and references therein). During the subduction of 
ocean plates, hydrated magnesium-rich silicate minerals play a 
key role in carrying water to the deep Earth. Earlier studies indi-
cate that the highest-pressure hydrous magnesium-rich silicates 
(phase D, MgSi2H2O6) decompose into nominally anhydrous 
minerals and water at about 44 GPa and at least at 1223.15 K. 
(Shieh et al.1998; Frost and Fei 1998), indicating that no water 
can infiltrate into the lower mantle at depth >1250 km. Recent ex-
perimental studies show that another hydrous silicate MgSiH2O4, 
named phase H, formed from phase D, is stable at about 48 GPa 
(Nishi et al. 2014). Since structural stability plays a decisive role 
as water carrier for hydrous minerals, studies of these minerals 
in the oceanic plate with regard to their structural states, as well 
as the temperature and pressure of dehydration process, are im-
portant in gaining insights into the deep earth water reservoirs, 
water replenishing mechanism, the origins of mantle plume, 
diamondiferous kimberlite, and lamproite, and various metallic 
deposits, as well as the mechanism of earthquakes.

Epidote is a common hydrous mineral in altered oceanic 
basaltic rocks and is a potentially important carrier of H2O in 
subducted oceanic crust (Qin et al. 2016). Previous experimental 
investigations on the structural stability of epidote were carried 
out mostly in hydrothermal systems (e.g., Fyfe 1960; Liou 1973; 


