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abStract

Applications of electron backscatter diffraction (EBSD) to obtain crystallographic information of 
minerals in petrographic thin sections in mineralogy and petrology are increasing. However, platy 
phyllosilicates that mostly appear with their silicate layers terminated by the surface in the thin sections 
generally do not show sharp EBSD patterns in spite of gentle mechanical polishing. TEM examination 
indicated that this is due to crystal bending of phyllosilicates from the surface to a few micrometers in 
depth, caused by the polishing process. Ion beam etching commonly used to prepare TEM specimens 
was found to be applicable to remove the surface region with crystal bending. As a result, clear and 
sharp EBSD patterns were acquired from the phyllosilicates (micas, chlorite, etc.) in petrographic thin 
sections, by which their crystal orientations and polytypes were unambiguously determined.
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IntroductIon

Electron backscatter diffraction (EBSD) is a technique to 
obtain crystallographic information from specimens in a scanning 
electron microscope (SEM), without elaborate sample prepara-
tions like those required for transmission electron microscopy 
(TEM) (Venables and Harland 1973). The EBSD pattern is a 
Kikuchi pattern formed by backscattered electrons. The pat-
tern is projected on a wide phosphor screen close to the speci-
men surface, and generally digitized and stored on a personal 
computer. By analyzing the EBSD patterns, mineral phase and 
crystal orientation can be instantly determined (Prior et al. 1999). 
Identification of polymorphs by SEM is an important applica-
tion of EBSD because chemical analysis via X-ray spectroscopy 
cannot discriminate polymorphs. Besides, “crystal orientation 
maps” for texture analyses of polycrystalline materials like steel 
or rocks, determined from orientations of individual crystals, are 
obtainable only by using EBSD (e.g., Dingley and Randle 1992; 
Humphreys 2001).

Phyllosilicates are natural layered materials. One of the 
distinctive characteristics of phyllosilicates is the existence of 
structural varieties called “polytypes”: polymorphs formed by 
variable mutual positions or rotations between adjacent layers 
(Smith and Yoder 1956; Bailey 1969). Adoption of a certain poly-
type depends on P-T conditions (Walker 1993) and/or chemical 
compositions (Levinson 1953; Kogure et al. 2002; Kogure and 
Bunno 2004) of phyllosilicates. Hence, determination of poly-
types in phyllosilicates using EBSD is valuable for mineralogy, 
petrology, and other geosciences. Kogure (2002), Kogure and 
Bunno (2004), and Kogure et al. (2002, 2005) demonstrated that 

polytypes in phyllosilicates (serpentine, mica, chlorite, and kaolin 
group minerals) are distinguishable by their EBSD patterns. 
However, the patterns must be clear and sharp to discriminate the 
polytypes, and the EBSD patterns were acquired from the (001) 
cleaved surfaces in these works, except for cronstedtite (Kogure 
et al. 2002). To advance such investigation for phyllosilicates, 
it is desirable to analyze phyllosilicates in petrographic thin 
sections where platy phyllosilicate grains generally appear with 
their silicate layers terminated by the polished surface. EBSD 
patterns are known to be generated in the vicinity of the crystal 
surface (Harland et al. 1981) and if one wishes to obtain sharp 
EBSD patterns from petrographic thin sections their surfaces 
must be finished with a gentle polishing process, for instance 
polishing with colloidal silica instead of hard abrasives like 
diamond or alumina particles (Prior et al. 1999). The surface 
regions of minerals damaged by prior mechanical grinding 
(mostly by introduction of mosaicity by the hard abrasive) are 
removed by polishing with colloidal silica, which has the effects 
of both mechanical polishing and chemical etching. However, our 
preliminary experiments had shown that sharp EBSD patterns 
could not be obtained from most phyllosilicates in petrographic 
thin sections, even by polishing with colloidal silica (Valcke et 
al. 2006). The present work investigates the origin of this failure 
and presents a solution to acquire EBSD patterns that are sharp 
enough to determine the polytypes of phyllosilicates.

experImentaL methodS
The surface of petrographic thin sections was prepared by the following pro-

cedure. After gluing rock samples to glass slides, the samples were ground with 
coarse abrasive down to about 30 mm thick (the thickness was determined by a 
Michel-Levy birefringence chart). Then the surface was ground and polished using 
no. 3000, no. 6000 grit abrasives, and diamond paste (3 mm, 1 mm) in order. For 
EBSD analysis, the surface was further polished with colloidal silica suspension * E-mail: sinoue@eps.s.u-tokyo.ac.jp


