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Neither antigorite nor its dehydration is “metastable”
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At confining pressures up to 6 GPa (200 km depth), antigorite 
is the most abundant hydrous phase in the mantle between 300 and 
700 °C (Wunder and Schreyer 1997). Therefore, the dehydration 
of antigorite has been studied for decades as it is considered as the 
most probable trigger of earthquakes in the mantle of subducting 
slabs (10 to 40 km below the subduction interface; e.g., Peacock 
2001; Hacker et al. 2003; Abers et al. 2013).

Liu et al. (2019) studied the kinetics of antigorite dehydration 
at 1 atm using non-isothermal thermogravimetric analysis, which 
allows determination of activation energy variations as the reaction 
progresses (e.g., Trittschack et al. 2014; Wang et al. 2015). The 
results show that the dehydration consists of two dehydroxylation 
steps (Fig. 1), which is consistent with high-pressure experiments 
(Chollet et al. 2011). First, a 
slow dehydroxylation process 
breaks low-energy OH bonds; 
then, high-energy OH bonds 
are quickly broken, leading to 
complete antigorite breakdown. 
Similar experiments on chryso-
tile (Trittschack et al. 2014) and 
lizardite (Zhou et al. 2017) have 
also indicated multi-step reaction 
scenarios.

Liu et al. (2019) confirm the 
fast antigorite breakdown—a 
key factor in understanding 
dehydration-induced seismicity.  
Sudden stress transfers are likely 
to occur in the vicinity of de-
hydrating serpentinized faults, 
as recently demonstrated using 
laboratory analogs (Ferrand et 
al. 2017). The latter study, along 
with seismological observa-
tions (Bloch et al. 2018; Cai 
et al. 2018; Kita and Ferrand 
2018) indicate that the lower 
Wadati-Benioff plane of the 
double-seismic structure does not 
correspond to the dehydration 
limit of antigorite, but instead 
to the hydration limit of the 
oceanic mantle (Fig. 2). Fur-
thermore, dehydration-induced 
earthquakes have been demon-
strated experimentally for both 

>0 and <0 volume changes, which suggests that the earthquakes 
are triggered by dehydration itself while the resulted fluids are 
only a secondary factor.

Under subduction conditions, antigorite dehydration is not 
“seismic” (Chernak and Hirth 2010, 2011; Gasc et al. 2011; Oka-
zaki and Hirth 2016). When a ratio of heating rate to strain rate 
typical for real slabs (100–10 000 K) is applied, antigorite-olivine 
mixtures undergo seismic events (Ferrand et al. 2017). Most likely, 
a dehydration-driven stress transfer triggers the earthquakes in fresh 
peridotite at the tip of dehydrating faults [Dehydration-Driven 
Stress Transfer (DDST) model; Ferrand et al. 2017], whereas 
ductile deformation is dominant in serpentinites, as supported by 
experiments (Chernak and Hirth 2011; Gasc et al. 2011) and field 

American Mineralogist, Volume 104, pages 788–790, 2019

0003-004X/19/0006–788$05.00/DOI: http://dx.doi.org/10.2138/am-2019-6957      788 

* E-mail: ferrand@eri.u-tokyo.ac.jp

brucite
silica

antigorite

lizardite

chrysotile

a

c

b

1 nm

1 nm

OH
A

pp
ar

en
t a

ct
iv

at
io

n 
en

er
gy

 (k
J·

m
ol

-1
)

lizardite
grain size = 0.4–63 μm
lizardite
grain size = 0.4–2000 μm
crystal size = 0.04–1 μm

                                         Trittschack & Grobéty (2012)

Reaction progress (%)
chrysotile

–85 nm
                             Trittschack et al. (2014)

400 -

300 -

200 -

100 -
0                 25                50                75              100

- - - - -

- - - - -

disordering

breakdown2 3

talc-like
formation

1

2

31

antigorite
grain size = 5–10 μm

            Liu et al. (2019)

1 nmhigh-energy bonds
                fast step  3
low-energy bonds
                slow step  1

Figure 1. The dehydroxylation mechanism of serpentine minerals. Chrysotile, lizardite, and antigorite 
have different structures, which control their stability limits and dehydration kinetics. Arrows indicate the 
expected limits of existence of talc-like phases. (Color online.)
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