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Abstract

High-resolution transmission electron microscopy
(HRTEM) reveals a wide variety of deviations from
perfect crystalline periodicity within many mineral
groups. Among the defects, the linear and planar ones
are particularly abundant in synthetic and natural
phyllosilicates which show a quasi-one-dimensional
structural organization. Directly related to the layer-
by-layer or spiral growth stage, various dislocations
and stacking faults are observed. They may explain,
for example, the complex polytypic behaviour of
micas and chlorite. In the same manner, specific
deformation defects are easily visible. They character-
ize different degrees of deformation in phyllosilicates
related to the tectonic history of their host rocks.
Furthermore, HRTEM reveals that intercalations of
different structural units may also occur in sheet sili-
cates, accompanying their growth and deformation
mechanisms. In this case, more or less important
chemical changes are involved in addition to the
structural changes, with all the consequences this may
induce concerning the meaning and development of
such ‘mixed minerals’,

1. Introduction

It is their tri-periodic organization and their remark-
able repeating geometry which characterize most
crystal structures. However, crystals very often con-
tain deviations from perfect periodicity. These defects
are very interesting because they may give informa-
tion on the origins and geological histories of
minerals.

The impact of high-resolution transmission elec-
tron microscopy (HRTEM) on structural mineralogy
is particularly impressive, but the most valuable capa-
bility of HRTEM concerns the study of defects (peri-
odic or not) in minerals. Indeed, it generally permits
the direct imaging of local regions of anomalous and
defective structures (for example, superstructures and
polytypes, stacking-fault nature and distribution,
intimate structures of dislocation cores, microtwins,
antiphases, non-stoichiometric microstructure re-
lationships, etc.). In this respect, HRTEM is a very
interesting method for completing X-ray diffraction
studies on the structure of minerals.
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Table 1. Mica synthesis conditions and origins of the
natural phyllosilicates studied

(I) Synthetic specimens

Ph.: synthetic phengite. T=773K; P o=10"Pa; 1=168h; K,CO;+
MgO + y-Al,0, +Si0,
Ms. 1 synthetic muscovite. T=893K; Pyo=10"Pa; r=143h;

stoichiometric mixture: K,S0, + synthetic kaolinite [Al,Si,05(OH),]

Ms. 2 synthetic muscovite. T=775K; Py,o=10°Pa;, 1=148h;
stoichiometric mixture: KCI+ y-Al,0, +Si0,
Ma.: synthetic margarite. T=723K; Pyo=2x% 10 Pa; ¢=240 h;

stoichiometric mixture: CaSQO,4.2H,0 + y-Al,0, + SiO,

(IT) Natural specimens

Ch. 1: metamorphic chlorite from Piedmont (Italy)
Ch. 2: natural chlorite from a fine-grained phyllite of ‘Piedmont belt’, Coast
Range, Venezuela

Ch. 3: detrital-(metamorphic)-chlorite from black shales of the Eboinda
region, Ivory Coast

B.: metamorphic biolite from gneisses of Bormes, Maures Massif, Var,
France

To illustrate this, we discuss here a few of the more
common or more interesting types of defects induced
by growth and deformation phenomena in phyllosili-
cate minerals which are particularly rich in structural
heterogeneities as already observed using HRTEM
(Amouric & Baronnet, 1983; Amouric, Baronnet &
Finck, 1978). These defects mainly consist of linear
and planar defects with or without chemical perturba-
tions (intercalations) in the structures concerned.

2. Experimental and specimens

Experimental HRTEM images of synthetic and
natural phyllosilicates were recorded. Synthetic mus-
covites, margarite and phengite were produced from
a stoichiometric mixture of the mica components
through spontaneous nucleation of the mica under
hydrothermal conditions (see Table 1). The origins
of the natural specimens studied (chlorites and bio-
tites) are very different and are also specified in Table
1. Because HRTEM requires a minimum specimen
thickness (<150 A) parallel to the electron beam,
phyllosilicate slices were. prepared by means of ultra-
microtoming and ion-thinning techniques following
the procedures detailed elsewhere by Amouric &
Parron (1985).

A conventional JEM 100C electron microscope,
equipped with an objective lens pole piece with a
spherical coefficient C,=1:7 mm, was used in this
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