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ABSTRACT

Selected-area electron diffraction (SAED) combined with experimental and computed
high-resolution transmission electron microscopy (HRTEM) images were used to investi-
gate polytypism, stacking disorder, mixed layering, and vacancies in chlorites from sub-
greenschist facies outcrops of the Taveyanne Sandstone from the Helvetic nappes,
Switzerland. SAED patterns reveal increased ordering of the stacking sequences in chlorite
with increasing metamorphic grade. However, semi-randomness and rotational faults occur
even if the SAED photographs imply a regular ordered stacking sequence. In diagenetic
(T 5 210–250 8C, P 5 2.1–2.2 kbar) and anchizonal-grade outcrops (T 5 270–300 8C, P
, 5 kbar) the polytypes Ibb and IIbb of chlorite were found, whereas in epizonal-grade
samples (T 5 300–360 8C, P , 5 kbar) the exclusive polytype is IIbb. Based on SAED
and HRTEM images, a polytypic evaluation in one epizonal sample indicate that the mono-
clinic polytype IIbb-2 (55%) occurs as frequently as the triclinic polytype IIbb-4 (45%).
Our samples suggest that by far the most important influence on polytypism and stacking
disorder is temperature.

Vacancy clusters occur in the octahedral cation positions within the talc-like layers and
brucite-like sheets. The M1 and M2 positions in the talc-like layers are affected more by
the cation deficiencies than the M3 and M4 positions in the brucite-like sheets. We suggest
that octahedral vacancies are a substantial feature in natural chlorites in rocks of the Tav-
eyanne Sandstone.

INTRODUCTION

Chlorite is one of the most abundant sheet silicates in
diagenetic and low-grade metamorphic rocks. The ideal
structure of trioctahedral chlorite is characterized by a
regular alternation of brucite-like (B) sheets and talc-like
(T) layers. There are several arrangements of B-sheets
and T-layers that produce the many one-layer polytypes
of chlorite. Bailey and Brown (1962) showed that chlo-
rites theoretically can be divided into 12 unique one-layer
polytypes and 6 semi-random structural polytypes. Fur-
thermore, many chlorite crystals contain stacking se-
quence disorder that cannot be explained simply by po-
lytypism. These defects are due to random rotations and
mixed layering defects (e.g., Veblen 1983; Bons and
Schryvers 1989). A few studies have examined chlorite
structures as a function of metamorphic grade in sub-
greenschist metamorphic terrains (e.g., Hayes 1970; Cur-
tis et al. 1985; Whittle 1986; Walker 1989; de Caritat et
al. 1993; Walker 1993), but most studies are based on X-
ray diffraction techniques that are useful for identifying
the polytype of perfect crystals. However, in the case of
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disordered crystals, they only yield information on the
average structure of the crystal (Bailey 1988). Most chlo-
rite specimens contain structural disorder that can be best
studied by high-resolution transmission electron micros-
copy (HRTEM) and selected-area electron diffraction
(SAED) techniques (e.g., Veblen 1983; Spinnler et al.
1984; Bons and Schryvers 1989), but computer simula-
tions are necessary for the correct interpretation of
HRTEM images and SAED patterns.

In this study, we used HRTEM in combination with
computer simulations and SAED to (1) determine the po-
lytype and the extent of stacking disorder as a function
of metamorphic grade in subgreenschist facies areas; (2)
study the transformation of intercalated phases into chlo-
rite; and (3) investigate the presence of point defects
within the chlorite structure that might have an influence
on its non-stoichiometric behavior. This study takes ad-
vantage of the well-known metamorphic conditions
(Coombs et al. 1976; Kisch 1980; Bussy and Epard 1982,
1984; Burkhard 1988; Dietrich and Casey 1989; Schmidt
et al. 1997) of the area where the investigated chlorite-
bearing specimens were collected. Recent studies have
given a detailed description of the chemical composition
of chlorite and the interlayered phases from the same rock
chips as used here, derived by electron microprobe ana-


