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Ab-initio synthesis and TEM confirmation of antigorite in the system MgO-SiO2-H2O
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ABSTRACT
For the first time, chemically pure, nearly single-phase antigorite, Mg48Si34O85 (OH)62,
was synthesized directly without using seeds. Starting material was a stoichiometric mixture of previously synthesized talc and brucite. Synthesis conditions were 50 kbar, 500 8C,
and 120 h. TEM studies show that the dominant wavelength for the structural modulation
of antigorite is about 4.5 nm, which corresponds to m 5 17 in the general antigorite
formula M3m 2 1T2mO5m (OH)4m 2 6 and thus to the structure of most natural antigorites. Selected-area electron diffraction patterns of single crystals exhibit the hk0 reciprocal net
diagnostic of antigorite.

INTRODUCTION
Antigorite is one of the three common varieties of serpentine, namely the flat-layered lizardite, the rolled-layered chrysotile, and the modulated-layered antigorite
(Wicks and O’Hanley 1988). Its structure consists mainly
of positional modulations of the curved 1:1 silicate layer
along the a axis. Although the structural continuity of
both the tetrahedral and octahedral sheets is maintained,
the modulation is due to the periodic reversal of the layer
polarity (and of silicate tetrahedra) making half-waves.
The modulation wavelengths may range from 3.3 to 10
nm (Zussman et al. 1957; Kunze 1961; Uehara and Shirozu 1985; Mellini and Zussman 1986; Mellini et al.
1987). The modulations are commensurate to one-half the
lizardite lattice distance along a because an integral number of silicate tetrahedra form the half-wave. At locations
where such reversals occur the structure may be seen as
a narrow module of talc otherwise separating larger domains of ideal serpentine structure, making antigorite a
modular structure also (Spinnler 1985; Ferraris et al.
1986). For these structural reasons, the chemical composition of antigorite deviates more or less from that of
ideal serpentine, Mg3Si2O5 (OH)4, toward that of talc,
Mg3 Si4 O10 (OH)2 , for the shortest modulation wavelengths.
Transmission electron microscopy (TEM) studies of
natural antigorite deal mostly with modulation microstructures including dislocations and twinning, polytypism,
defects, and textural relationships with other members of
the serpentine group (Spinnler 1985; Otten 1993; Mellini
et al. 1987). Modulation contrasts are best seen when
looking along [010] or along the normal to the average
layer plane.
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Antigorite is a very difficult phase to synthesize because of its sluggish nucleation rate. After many unsuccessful and questionable attempts reported in the literature (Jasmund and Sylla 1972; Ishi and Saito 1973),
Johannes (1975) was first to synthese antigorite in appreciable amounts, but only after very long experiments (56
d) at 15 kbar and 580 8C. Starting material was an oxide
mixture or a mixture of talc and forsterite seeded with
1% natural Fe,Al-containing antigorite. This material was
later used by Evans et al. (1976) for their equilibrium
experiments. Wunder and Schreyer (1997), using gels
seeded with natural antigorite as starting materials, did
not observe any clear formation of antigorite after experiment durations of up to three weeks at the same P-T
conditions used by Johannes (1975).
Here we report a simple method for the synthesis of
pure antigorite within the system MgO-SiO2-H2O (MSH)
from previously synthesized talc and brucite and present
TEM evidence that the product really represents
antigorite.

EXPERIMENTAL

METHODS

The high-pressure experiments were performed in a
piston-cylinder apparatus as constructed after Boyd and
England (1960). The type of pressure cells as well as the
relative positions of the mantled chromel-alumel thermocouple and the gold tube (8 mm in length) containing
the sample within the pressure cell are the same as depicted by Massonne and Schreyer (1986, their Fig. 2,
pressure cell type II). In each experiment the gold tube
was filled with about 10 mg of the crystalline starting
material, plus 20 wt% distilled water.
Starting materials for the formation of pure MSH antigorite were mixtures of brucite and talc, both synthesized as pure MSH phases. Conditions of synthesis for

760

