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INTRODUCTION

The antigorite polysomatic series (Spinnler 1985; Ferraris et al. 
1986) has been investigated over the past 60 years by X-ray dif-
fraction (e.g., Aruja 1945; Kunze 1956, 1958, 1960, 1961; Capitani 
and Mellini 2004, 2006) and transmission electron microscopy 
(e.g., Zussman et al. 1957; Yada 1979; Spinnler 1985; Uehara and 
Shirozu 1985; Mellini et al. 1987; Wu et al. 1989; Otten 1993; 
Viti and Mellini 1996; Uehara 1998; Dódony et al. 2002; Grobéty 
2003; Dódony and Buseck 2004; Capitani and Mellini 2005). Re-
cently, the modulated crystal structures of two different antigorite 
polysomes, the m = 17 (Capitani and Mellini 2004) and the m = 
16 (Capitani and Mellini 2006) were determined by single-crystal 
X-ray diffraction (SCXRD), using area detectors for intensity data 
acquisition and direct methods for the structure solution. These 
two polysomes differ in the numbers of [010] tetrahedral strips 
(17 vs. 16) and [010] octahedral strips (16 vs. 15) along the [100] 
modulation wave. They also differ in space group symmetries and 
in cell contents, but reveal very similar Þ rst neighbors interactions, 
that match the lizardite bonding geometry.

SCXRD structure determinations conÞ rmed the electron dif-
fraction data of Uehara and Shirozu (1985), who Þ rst suggested 
the existence of two basic antigorite modiÞ cations, i.e. �odd� 
antigorites, with m = 2n + 1 (m being the number of tetrahedra 
along a wavelength in [010] projections), and �even� antigorites, 
with m = 2n. Alternating 6-reversals (6-membered tetrahedral 
rings with four tetrahedra pointing along +c and two along �c) 
and 8-reversals (8-membered tetrahedral rings with four tetra-

hedra pointing along +c and four along �c) occur in both the 
antigorite modiÞ cations. �Odd� antigorites have m tetrahedra 
and m � 1 octahedra along a wavelength (which coincides with 
the a translation) and Pm space group. Conversely, b/2 shifts 
every second 8-reversal cause the structure to be C-centered in 
�even� antigorites, which occur as C2/m space group. For C-
centered lattices, m tetrahedra and m � 1 octahedra occur within 
a wave, but two waves (2m tetrahedra and 2m � 2 octahedra) 
occur along a.

By means of high-resolution transmission electron micros-
copy, we investigate additional ordered antigorite polysomes, to 
show that those structural topologies occur also in polysomes 
with m other than 17 and 16. We also demonstrate full consis-
tency between X-ray data, electron diffraction data, and HRTEM 
results for the m = 16 polysome.

SAMPLES AND EXPERIMENTAL TECHNIQUES

TEM mounts for [001] observations were prepared starting from the batch of 
crystals separated by Peretti (1988) and already used for single-crystal analyses by 
Capitani and Mellini (2004, 2006). TEM mounts for [010] observations were se-
lected on petrographic thin sections of the hand specimen used by Peretti (1988). In 
both cases, electron transparency was achieved by standard ion milling techniques. 
Most of the TEM mounts are from the Mg159 sample and some from Mg63c; both 
samples are from the Val Malenco serpentinite body, but the latter formed at a lower 
metamorphic grade (Trommsdorff and Evans 1972; Mellini et al. 1987).

TEM investigations were performed at the University of Siena with a JEM2010 
equipped with Fuji image plates. Before image processing and measurements, 
HR images and SAED patterns were corrected for projector lens distortion, 
following Capitani et al. (2005). Some SAED patterns along the [001] direction 
were acquired at Bari University with a JEM2010 equipped with a Gatan MSC 
794 CCD detector (1k × 1k, 14 bit depth).

The program CRISP (v. 2.1a) by Calidris (www.calidris-em.com) was used to * E-mail: g.capitani@geomin.uniba.it
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ABSTRACT

Single-crystal structure determinations of the m = 17 and m = 16 antigorite polysomes conÞ rmed 
the existence of two basic antigorite structures, i.e., �odd� antigorites, with m = 2n + 1 (m being the 
number of tetrahedra in a wavelength visible in the [010] projections), and �even� antigorites, with m 
= 2n. Both structures contain �8-reversals� and �6-reversals.� The �8-reversals� consist of 8-member 
rings of tetrahedra, where four tetrahedra point in one direction and four in the opposite direction, 
whereas �6-reversals� involve four tetrahedra and two tetrahedra, respectively. �Odd� antigorites have 
m tetrahedra and m − 1 octahedra along a wavelength (which coincides with the a translation) and 
Pm space group. Conversely, b/2 shifts every second 8-reversal cause the structure to be C-centered 
in �even� antigorites (C2/m space group). In the latter case, m tetrahedra and m − 1 octahedra occur 
within a wave, but two waves occur within an a periodicity. 

Transmission electron microscopy (TEM) of antigorite polysomes with m ranging from 15 to 18 is 
successfully interpreted on the base of previous X-ray data. In particular, [001] selected area electron 
diffraction (SAED) patterns show primitive or C-centered cells, for m = 2n or 2n + 1, respectively. In 
addition, [001] high-resolution (HR) images show 8-reversals aligned or offset by b/2 (i.e., stacking 
based on a primitive or C-centered lattice). 
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