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abSTraCT

Antigorite dehydration experiments were performed under ambient pressure using a non-isothermal 
thermogravimetric analysis. Antigorite, with a grain size of 5−10 μm, was analyzed using heating rates 
of 10, 15, 20, and 25 K/min at temperatures of up to 1260 K. The results show that the progress of the 
dehydration reaction varies with the heating rate, and the dehydration reaction of antigorite occurs 
within a temperature range of 800–1050 K. Several models were used to fit the dehydration results, 
and the double-Gaussian distribution activation energy model (2-DAEM) yielded the best fit to the 
experimental data. The dehydration kinetics of antigorite follow 2-DAEM, and there is a compensation 
effect between the pre-exponential factor and the average activation energy. The activation energy of 
the first step of antigorite dehydration stretches over a wide interval; the second step has a significantly 
higher activation energy, distributed over a narrower interval. We determined that the release rate of 
H2O is 8.0×10–5 and 2.1×10–3 m3

fluidm3
rocks–1 at 893 and 973 K, respectively, which are near the onset 

temperature for the isothermal dehydration reaction. Our results indicate that antigorite dehydration 
is fast enough to induce mechanical instabilities that may trigger seismicity in the lower plane of the 
double seismic zone.
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inTroDuCTion

In subduction zones aqueous fluid released during the dehy-
dration of hydrous minerals leads to metasomatism and partial 
melting in the overlying mantle (e.g., Scambelluri et al. 2001), 
which, in turn, induces magmatism (e.g., Hattori and Guillot 
2003; Peacock and Wang 1999; Ulmer and Trommsdorff 1995) 
and triggers earthquakes (e.g., Peacock 2001; Hacker et al. 
2003; Yamasaki and Seno 2003; Jung et al. 2004; Okazaki and 
Hirth 2016). In particular, earthquakes occurring at intermediate 
depths (50−200 km) in double seismic zones (DSZ; Yamasaki 
and Seno 2003) comprising upper and lower Wadati-Benioff 
planes may be related to dehydration (Peacock 2001; Hacker et 
al. 2003; Ferrand et al. 2017; Incel et al. 2017). The dehydration 
process in subducting oceanic slabs induces several geophysical 
anomalies including low seismic velocity (Peacock 2001; Hacker 
et al. 2003; Yamasaki and Seno 2003; Jung et al. 2004; Ferrand et 
al. 2017) and high conductivity anomalies (Soyer and Unsworth 
2006; Worzewski et al. 2010; Wang et al. 2017).

Recent publications have directly addressed antigorite de-
hydration and its implications for the seismicity of subducting 
mantle (e.g., Ferrand et al. 2017; Gasc et al. 2017). Several ex-
periments have shown that antigorite dehydration is not “seismic” 
(Chernak and Hirth 2010, 2011; Okazaki and Hirth 2016; Gasc 
et al. 2017). Particularly, it was found that, using a ratio of heat-

ing rate to strain rate that is typical for actual subducting slabs 
(100−1000 K), antigorite samples deform aseismically (Chernak 
and Hirth 2011; Gasc et al. 2011, 2017), whereas antigorite-
olivine mixtures undergo seismic events (Ferrand et al. 2017). 
Most likely, a dehydration-driven stress transfer (DDST) triggers 
earthquakes in fresh peridotite at the tip of dehydrating faults 
(Ferrand et al. 2017), as supported by recent field observations 
(Plümper et al. 2016; Scambelluri et al. 2017; Ferrand et al. 
2018). Ferrand et al. (2017) experimentally demonstrated that 
intermediate-depth earthquakes, particularly those of the lower 
Wadati-Benioff planes (LWBP), are triggered by the dehydra-
tion of very limited amounts of antigorite, both for >0 and <0 
volume changes, which means that these earthquakes are not a 
result of aqueous fluid overpressure. Nonetheless, the role of 
released aqueous fluid by antigorite still needs to be investigated.

Serpentine minerals are the most abundant hydrous minerals 
in altered ultramafic rocks (Hyndman and Peacock 2003) and 
contain up to approximately 13 wt% H2O (Schmidt and Poli 
1998). Serpentine has three main varieties: lizardite, chrysotile, 
and antigorite (Ulmer and Trommsdorff 1995). Antigorite is the 
only serpentine mineral stable above temperatures of ~875 K in 
subduction zones (Reynard et al. 2007; Shao et al. 2014). Several 
studies have considered that the limit of the antigorite stability 
field is near an isotherm that fits the lower plane earthquake 
hypocenters (e.g., Peacock 2001; Yamasaki and Seno 2003; Ab-
ers et al. 2013), i.e., between 1 and 5 GPa. Therefore, antigorite 
dehydration has been regarded as a candidate to explain the 
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