
American Mineralogist, Volume 88, pages 27–36, 2003

0003-004X/03/0001–27$05.00      27

INTRODUCTION

Antigorite, the high-temperature phase of the serpentine
mineral group, is found in uppermost prehnite-pumpellyite to
amphibolite facies regional- and contact-metamorphic terranes
(Frost 1975; Trommsdorff and Evans 1972; Trommsdorff and
Connolly 1996). So far, the 3-D structure of antigorite has not
been refined. Pauling (1930) postulated that the octahedral and
tetrahedral layers in magnesian 1:1 sheet silicates may be bent
to compensate for the dimensional misfit between the two lay-
ers. Based on X-ray investigations, Selfridge (1936) and Gruner
(1937) established antigorite as a mineral of its own, which is
different from chrysotile, but they were not able to find a unit
cell compatible with the diffraction data. Aruja (1944) discov-
ered the modulation of the structure along the a-axis and as-
sumed a chain-like structure for antigorite. Onsager (1952)
proposed for the first time a corrugated sheet structure for
antigorite. Zussmann (1954) attempted to distinguish between
a “rectified wave” and an “alternating (corrugated) wave” model
for antigorite using optical transforms but this idea was not
successful. The currently accepted structure model was derived
from extensive theoretical considerations on possible wave
geometries and a 2-D X-ray refinement (Kunze 1956, 1958,
1961). The main feature of the structure is a wave-like corru-
gation of the octahedral layer with tetrahedral layers attached
at the convex side, flipping at each inversion point to the other
side of the octahedral layer (alternating wave model). The cor-
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ABSTRACT

The structure of the members of the antigorite polysomatic series is based on corrugated octahe-
dral layers with tetrahedral layers attached at the convex side. The half-waves in the basic antigorite
structure are characterized by constant medium aperture angles of 20.3∞ that are independent of the
wavelength. Higher-order antigorite structures based on half-waves with aperture angles that are a
multiple of 20.3∞ are possible. Antigorite aggregates found in ophicarbonates from different locali-
ties in the Alps, replacing chlorite (chl) and tremolite (tr), show a systematic orientation relationship
characterized by an angle of 20.3∞ or multiples thereof between the basal planes of adjacent grains.
This angular relationship is explained by the presence of a wave with an aperture angle >20.3∞
connecting the neighboring grains. The first antigorite crystals with twice the basic aperture angle
and with a wavelength of 10.0 nm were found in oceanic serpentinites from Hess Deep (Pacific
Ocean). The average experimental amplitude of 0.7 ± 0.05 nm is close to the calculated amplitude of
0.732 nm for a second class antigorite with the observed wavelength. Antigorite that nucleates and/
or replaces type-II chlorites in the studied samples shows a doubling of the c-axis length. The con-
trast in HRTEM images is compatible with a two-layer structure based on unit-cell twinning, the
antigorite thereby inheriting the orientation of the octahedral layers of the primary chlorite.

rugation confirmed the bending of the layers postulated by
Pauling (1930). HRTEM imaging and contrast simulations con-
firmed most of the basic features of Kunze’s structure model
and the predictions of possible irregularities he made (Brindley
et al. 1958; Yada 1979; Spinnler 1985; Mellini et al. 1987; Wu
and Li 1989; Otten 1993). The contrast seen in HRTEM im-
ages of antigorite is very sensitive to the orientation of the
antigorite crystal (Spinnler 1985). Slightly misoriented (010)
images could easily be misinterpreted as the contrast from a
rectified wave, the structure model proposed by Zussmann
(1954).

In his 1961 paper, Kunze presented not only a 2-D refine-
ment and an extensive geometrical analysis of the structure,
but also models for possible higher-order superstructures and
different polytypes. The following paper gives a short review
of Kunze’s derivation of the antigorite geometry. This deriva-
tion is then used to discuss TEM observations of antigorite
microtextures revealing the first occurrence of higher-order
antigorite and the possible origin of two-layer antigorite.

EXPERIMENTAL METHODS AND SAMPLE DESCRIPTION

The samples for the TEM observations were prepared from
petrographic thin sections. Ion-thinned and carbon-coated discs
were analyzed in a Philips 420 ST microscope, operated at
120kV, and a Philips CM20 microscope, operated at 200 kV.

The samples were taken from two ophicarbonate occur-
rences along the Swiss-Italian border and from a serpentinite
occurrence in the Pacific Ocean. The ophicarbonates from the
St. Denis and Châtillon quarries (Aosta Valley, NW Italy) be-


