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Abstract
The structure of antigorite (m = 17) has been studied by density functional theory from 0 to 30 GPa.
The fourth-order Birch-Murnaghan equation of state fit of the thermally corrected LDA results yields
an equilibrium volume (V0 = 2853.13 Å3), bulk modulus (K0 = 64.6 GPa), and its pressure derivative
(K0′ = 6.94) in good agreement with experimental results. Two changes in compression mechanism
occur at 6.1 and 20.5 GPa, individuating three pressure ranges: (1) in the low-pressure range, the antigorite wave flattens and the interlayer thickness decreases rapidly; (2) in the intermediate-pressure
range, in-plane rotations of tetrahedra (ditrigonalization) and then wave-bending become the dominant compression mechanisms; (3) in the extreme-pressure range, the mechanism of wave-bending
becomes prevalent. The first change reveals the origin of softening found experimentally near 6 GPa:
the change in compression mechanism occurs after the minimal mismatch between T- and O-sheets is
achieved and is accompanied by an apparent symmetry breaking: accidental degeneracies of structural
parameters between short and long halfwaves are lifted, including T-sheet thicknesses and Si-O bond
lengths. In the extreme-pressure range, Si-O-Si angles decrease below 122°, which may be the origin
of amorphization found experimentally at similar pressure.
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Introduction
Containing up to 12–13% water and stable to depths of perhaps 150–200 km in very cold subducting slabs, antigorite is the
most hydrated mineral subducted into the mantle. Its dehydration
may be one major cause for mantle wedge hydration and partial
melting processes (Ulmer and Trommsdorff 1995; Tonarini et
al. 2007), as well as for deep focus earthquakes (Peacock 2001;
Dobson et al. 2002; Yamasaki and Seno 2003).
Antigorite is a 1:1 sheet silicate of the serpentine group, with
ideal formula Mg3Si2O5(OH)4. It forms a wavy structure in which
the tetrahedral sheet switches polarity periodically. It is structurally related to lizardite, the flat serpentine polymorph, and
chrysotile, which forms cylindrical tubes (Wicks and O’Hanley
1988). While lizardite and chrysotile forms pseudomorphic
textures after hydrothermal alteration of olivine and pyroxenes,
antigorite is considered the prograde serpentine mineral, stable
up to 600–700 °C and 6–7 GPa (Bose and Ganguly 1995; Ulmer
and Trommsdorff 1995; Wunder and Schreyer 1997). However,
the reasons accounting for the different serpentine stability
fields are not yet understood, and the origin of the structural
corrugation is still matter of debate.
Because of its geological relevance, antigorite has been
investigated under high-pressure conditions in the diamondanvil cell (DAC) by Raman (Auzende et al. 2004; Reynard
and Wunder 2006) and infrared (IR) (Noguchi et al. 2012)
spectroscopy; powder (Irifune et al. 1996; Hilairet et al. 2006a),
and single-crystal (Nestola et al. 2009) X-ray diffraction (XRPD
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and SCXRD, respectively). Most of these studies find changes in
the compression behavior at 6 GPa. However, the origin of this
change in behavior is still unclear because recurrent structural
defects affecting antigorite (e.g. Capitani and Mellini 2005),
and the reduced data set resulting from a DAC experiment—the
reciprocal space is partially hidden by the DAC apparatus—
frustrate structure refinement.
In this work, we overcome the experimental difficulties
by exploiting theoretical methods based on density functional
theory (DFT) to simulate the structural evolution of antigorite m
= 17 under compression. The method has already been successfully employed on antigorite to complement biased experimental
results (Capitani et al. 2009) and for elasticity (Mookherjee and
Capitani 2011). To gain additional insight into the compression mechanism and pressure-induced amorphization, we have
extended the study of antigorite well beyond its presumed thermodynamic stability limit, up to a pressure of ∼30 GPa. Results,
including the predicted equation of state, lattice parameters, and
internal structure parameters, reveal two changes in compression mechanism. Among these are mechanisms not previously
recognized in silicates, such as wave-bending, that are important
for understanding experimentally observed softening anomalies
and the behavior of antigorite in Earth’s interior.

Methods
Static calculations were performed with the planewave pseudopotential
method (Heine 1970) as implemented in the Vienna ab initio simulation package
(VASP) (Kresse and Hafner 1993; Kresse and Furthmüller 1996a, 1996b), using
ultrasoft Vanderbilt-type (Vanderbilt 1990; Kresse et al. 1992) pseudopotentials.
We present results in the local density (LDA) and generalized gradient (GGA)
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