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INTRODUCTION

Scanning electron microscopy (SEM) is one of the most
common techniques for investigating solid materials, includ-
ing minerals and rocks. Beside the magnified secondary elec-
tron images, X-ray spectroscopy combined with SEM can
determine the chemical composition at the specific area identi-
fied by the images. However, no crystallographic information
for crystalline materials, which includes most minerals, can be
obtained using such conventional SEM systems. The electron
back-scattering pattern (EBSP) technique was reported origi-
nally by Venables and Harland (1973). This technique is also
called back-scattered Kikuchi diffraction pattern (BKDP)
(Baba-Kishi and Dingley 1989), and it has been useful for ob-
taining crystallographic information from SEM specimens. An
EBSP is a Kikuchi pattern formed by back-scattered electrons
on a phosphor screen distant from the specimen. The incident
electrons are scattered mainly by phonons in the specimen with
a large scattering angle and a small energy loss. These diver-
gent electrons in the specimen are scattered again to form
Kikuchi bands at certain angles. EBSP analyses are especially
useful for investigating micro-textures in polycrystalline ma-
terials, e.g., steel, electrical wires (Dingley and Randle 1992).
In this case, the distribution of grain size and crystal orienta-
tions, which influence various properties of the materials, are
of interest. Other important applications of EBSP include the
identification of crystalline phases (Goehner and Michael 1996),
determination of the epitaxial orientation in thin films (Johnson
et al. 1999), measurement of elastic strains (Troost et al. 1993;
Wilkinson 1996) and determination of crystal symmetry (Baba-
Kishi and Dingley 1989; Baba-Kishi 1991).

Polytypism is common in various hydrous phyllosilicate
minerals. In the case of the mica group, polytypism arises from
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ABSTRACT

Electron back-scattering pattern (EBSP) analysis is shown to be capable of identifying polytypic
groups (subfamilies) of hydrous phyllosilicates in a scanning electron microscope with spatial reso-
lution far better than X-ray diffraction and with easier sample preparation than transmission electron
microscopy. Polytypic groups are distinguished by the intensity distribution in the pattern. However,
identification of individual polytypes in each group is difficult because the Kikuchi bands character-
istic of each polytype are weak. In the case of 1:1 phyllosilicates and one-layer chlorite, the four and
six groups, respectively, can be distinguished by the Kikuchi bands corresponding to reflections with
h π 3n and k = 3n (orthohexagonal cell setting). Practical application for identifying the polytypic
groups distributed in a small crystal of cronstedtite, an iron-bearing trioctahedral 1:1 phyllosilicate,
is described.

stacking and rotation of the 2:1 unit layer; the rotation angle
between adjacent layers is an integer with a multiple of 60∞.
Smith and Yoder (1956) derived six standard polytypes for the
mica group (see, for example, Ďurovič 1992, for the definition
of “standard” and the usage of other terms). These six polytypes
are divided into two groups (subfamilies), A and B, depending
on whether the rotation angle is 2n·60∞ (group A) or (2n + 1)·60∞
(group B) (Ďurovič et al. 1984; Bailey 1988). In group B sub-
families, rotation of (2n + 1)·60∞ produces alternate slant di-
rections for the octahedral sheet between adjacent layers,
whereas the slant direction is the same in group A subfamilies.

Polytypism in 1:1 phyllosilicates and in chlorite is more
complicated because another variable, the geometry of hydro-
gen bonding between the hydroxyl groups in the octahedral
sheet and the basal O atoms in the adjacent tetrahedral sheet,
exists in addition to the rotation of the layers. Bailey (1969)
theoretically derived twelve standard polytypes for trioctahedral
1:1 phyllosilicates. These polytypes are further divided into
four (polytypic) groups, A, B, C, and D (three polytypes in
each), which are distinguished by the geometry of the hydro-
gen bonding and the rotation between adjacent layers. Zvyagin
(1964, 1967) also derived four groups, with 12 trioctahedral
and 36 dioctahedral homogeneous (standard) polytypes for 1:1
phyllosilicates. An order-disorder (OD) interpretation of 1:1
phyllosilicates was made by Dornberger-Schiff and Ďurovič
(1975a, 1975b)—the results were four subfamilies (groups),
12 trioctahedral and 36 dioctahedral maximum degree of order
(MDO, identical with “standard”) polytypes identical with those
of Bailey (1969) and Zvyagin (1964, 1967). Moreover,
Dornberger-Schiff and Ďurovič (1975a, 1975b) also derived 72
“monoctahedral” MDO polytypes in which the three octahe-
dral sites are occupied in an ordered way by three different
cations. Generally, polytypes within each group easily mix to
form disordered stacking sequences. Hence, it is often impor-


