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Abstract

We have investigated the antigorite m = 17 structure [Mg48Si34O85(OH)62] by density functional 
theory (DFT), with the aim to probe the method on such a large and low symmetry (Pm) system. We 
found a satisfactory match with the experiments using both LDA and GGA approximations to exchange-
correlation, although the former performs slightly better here. Predicted cell constants are within 
0.3% for LDA, and 0.5% for GGA, of the experimental values. Average atomic displacements after 
relaxation are within ~0.06 Å. All the fine structural details of antigorite are reproduced: apical Si-O 
bonds shorter than basal Si-O bonds; external Mg-O distances shorter than internal Mg-O distances; 
pronounced tetrahedral ditrigonal distortion. Where palpably biased bond distances were present in 
the experimental data because of disorder, theoretical methods promptly recover the structure into 
more reliable bond geometry. These findings let one envisage the employment of DFT calculations 
as a promising tool for refining or validating complex structures, whenever the experiments suffer of 
limitations due to the poor quality of the material being investigated.

As an additional benefit, we also compare the total energies of two competing models for the m = 
17 antigorite structure, the one refined by Capitani and Mellini (2004) and that proposed by Dódony 
et al. (2002). We found the former more stable, both as published (∆E = 1.1 kJ/mol·atom–1) and after 
full cell relaxation at constant volume (∆E = 0.5 kJ/mol·atom–1).
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Introduction

The serpentine mineral antigorite—Mg3m–3Si2mO5m(OH)4m–6, m 
being the number of silicate tetrahedra along a wave projecting 
down [010]—usually occurs in prograde metamorphic serpen-
tinites, both under regional (e.g., Auzende et al. 2002, 2006; 
Padrón-Navarta et al. 2008) and contact (Mellini et al. 1987) 
regimes. It has also been found in altered oceanic lithosphere 
(Grobéty 2003; Ribeiro da Costa et al. 2008), and hydrother-
mal veins (Viti and Mellini 1996). Antigorite is believed able 
to survive to 200 km depth in subducting oceanic lithosphere 
(Ulmer and Trommsdorff 1995), and several phenomena are 
connected to its breakdown. Embrittlement due to dehydra-
tion of antigorite has been proposed as a cause of intermediate 
earthquakes in double seismic zones (Peacock 2001; Yamasaki 
and Seno 2003). The water released upon antigorite breakdown 
would cause calc-alkaline volcanism at convergent margins 
(Ulmer and Trommsdorff 1995; Kawakatsu and Watada 2007) 
and serpentinization of the forearc mantle wedge (Hyndman 
and Peacock 2003; Bostock et al. 2002). An understanding of 
the role of antigorite in the geologic processes associated with 
these settings, and inferences of its presence by remote methods 
such as seismic imaging, require a detailed understanding of its 
complex structure and its physical properties. 

The structure of natural and synthetic antigorite is difficult to 
determine in the lab. Antigorite specimens, when imaged with 

a transmission electron microscope, appear highly faulted, thus 
preventing or highly complicating any further structural analy-
sis. Even in the most fortunate cases, crystal disorder (mainly 
as b/3 stacking disorder or polysomatic disorder) must be taken 
into account and modeled to achieve reliable structural data 
(Capitani and Mellini 2004, 2006). This is a general problem 
not limited to serpentine, and typical of many poorly crystalline, 
fine-grained materials. Whenever the samples are not ordered at 
a scale suitable for single-crystal structural analysis, one typically 
uses X-ray powder diffraction and/or electron crystallography. 
Unfortunately, these methods also have limitations, since the 
former suffers from an unfavorable ratio of the number of data 
to the number of structural parameters to be determined, and the 
latter from problems related to dynamical scattering.

In part because of these difficulties, two competing and 
mutually exclusive models have been proposed by Capitani 
and Mellini (2004, 2006) and Dódony et al. (2002, 2006). To 
further discriminate between these two models, we now take an 
entirely different approach based on density functional theory. 
We use first-principles calculations to further explore the crystal 
chemistry of these two models and to test their relative energetic 
favorability. A similar approach was taken by Stixrude and Pea-
cor (2002) in an investigation of competing structure models of 
illite-smectite. We further show how density functional theory 
can be used systematically to improve proposed structures based 
on experimental data, an approach that has been used in other 
systems (e.g., Weirich 2003). * E-mail: giancarlo.capitani@unimib.it


