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Abstract
Magnesiohornblende dehydration was studied using both high-temperature thermogravimetric 

analysis and high-pressure differential thermal analysis (HP-DTA). The high-temperature thermogravi-
metric analysis results revealed that magnesiohornblende dehydration at high temperatures could be 
divided into three steps: 848–1058, 1058–1243, and 1243–1473 K, and each step followed an n-order 
reaction (Fn). The dehydration process is characterized by an oxidation-dehydrogenation mechanism, 
and the dehydration of the last step can be explained as the direct decomposition of the hydroxyl groups 
connected to the magnesium ions. The HP-DTA of magnesiohornblende dehydration under pressures 
of 0.5, 1.0, 2.0, and 3.0 GPa revealed the occurrence of two endothermic peaks, indicating that the 
dehydration occurs in two steps at high temperature and pressure. Our experimental results reveal 
that during subduction, the fluid released during the dehydration of magnesiohornblende may trigger 
earthquakes and cause high electrical conductivity anomalies in the subduction zones.
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Introduction
As one of the most complex and active zones in the Earth’s 

interior, subducted slabs carry water into the deep parts of the 
Earth, where it can form different types of hydrous minerals at 
different depths (Tatsumi and Kogiso 2003). The dehydration 
of hydrous minerals influences many geological processes 
and the geodynamics of the Earth, such as partial melting and 
earthquakes (Marschall and Foster 2018). The dehydration of 
hydrous minerals in subduction zones is of great significance to 
understanding the physical and chemical properties of minerals 
and rocks, such as high electrical conductivity anomalies and 
seismic wave velocity anomalies (Dai et al. 2020; Hu et al. 
2018; Ji et al. 2013, 2015; Jung et al. 2014; Kim and Jung 2019; 
Wang et al. 2012).

Amphibole is an important double-chain silicate mineral 
(AB2C5T8O22W2) in the oceanic crust, subducting slab, and meta-
morphic and igneous rocks (Hawthorne and Oberti 2007). The 
mineralogical model of the continental crust indicates that the 
amphibole content of rocks can reach 35–40% (by volume) 
within 15–30 km of the surface (Christensen and Mooney 1995). 
As one of the important reservoirs of fluids and volatiles, the 
amphibole content of amphibole-eclogite facies and amphibolite 
facies can reach 50–60% in subduction zones (Poli and Schmidt 
1995). Amphibole undergoes a series of metamorphic dehydra-
tion reactions during subduction, which affects the oxidation of 
the iron in the amphibole and the release of fluids into the lower 
crust and mantle.

The thermal decomposition of amphibole group minerals has 

been previously studied, and some progress (Kusiorowski et al. 
2012, 2015; Li et al. 2022) has been made. As one of the common 
minerals with a complex structure, Fe-dominant amphibole has 
mainly been used for technological applications such as insula-
tion from heat and fire (Addison et al. 1962a, 1962b; Addison 
and Sharp 1962; Addison and White 1968; Ernst and Wai 1970; 
Hodgson et al. 1965). Accordingly, the oxidation-dehydrogenation 
mechanism of crocidolite at high temperatures, structural changes, 
and the influences of the Fe2+ and Mg2+ contents have been widely 
studied (Phillips et al. 1988, 1991; Ungaretti 1980). Recent stud-
ies on the stability of amphibole have focused on riebeckite 
in sodic amphibole, which is a typical high-pressure mineral 
(Della Ventura et al. 2017, 2018; Oberti et al. 2016, 2018). The 
oxidation-dehydrogenation reaction of iron-bearing amphibole 
can occur as follows:

2Fe2+ + 2W(OH)– → 2Fe3+ + 2WO2– + exH2

where W is the W(hydroxyl)-site anions in the formulas AB2C5 

T8O22W2, exH2 means the external H2. This reaction reveals the 
oxidation of ferrous iron is coupled with a loss of protons from 
the W(hydroxyl)-site simultaneously to balance the charge 
in the local region and produce external H2. In the oxidation-
dehydrogenation of iron-bearing amphibole, dehydrogenation 
often occurs within a few hours (Hu et al. 2018; Manthilake et 
al. 2021; Ungaretti 1980). Fourier transform infrared (FTIR) 
spectroscopy and Raman spectroscopy studies have suggested 
that the oxidation dehydrogenation reaction is reversible within 
a definite but broad range of temperatures for iron-bearing 
amphibole (Della Ventura et al. 2018; Mihailova et al. 2021). 
Compared with Fe-bearing amphibole, the dehydration tempera-
ture of Mg-rich amphibole is thought to be 200–600 K higher, 
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