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ABSTRACT

This paper demonstrates that the six standard polytypes of chlorite, whose definitions
are based on the orientation of the interlayer sheet and the position of the interlayer sheet
on the 2:1 layer, can be discriminated by atomic-resolution images recorded down [010],
using a transmission electron microscope with a ;2 Å point resolution and digital image
processing. Several specimens were investigated to reveal their local stacking structures.
A Ibb chlorite is highly twinned and twin boundaries consist of a IIb1Ia stacking sequence
at the interlayer sheet. An interstratified chlorite/biotite formed by hydrothermal alteration
from biotite in granite consists of a mixture of several chlorite polytypic sequences, in-
cluding Iab, Ibb, IIab, and IIbb. These polytypic details of chlorite and other sheet silicates
provide important insights into mineral stability, origin, and reaction mechanisms.

FIGURE 1. The crystal structure of chlorite (IIbb) and corresponding simulated images down (a) [100] and (b) [010]. Simulation
parameters are: defocus 5 240 nm (Scherzer focus); specimen thickness 5 2 nm; and the composition assumed at all octahedral
sites is Mg0.5Fe0.5.

INTRODUCTION

Chlorite is a common and important layer silicate
formed under a wide range of conditions. Its crystal struc-
ture consists of a T-O-T (tetrahedral-octahedral-tetrahe-
dral) or 2:1 layer and a brucite-like interlayer (Fig. 1).
Brown and Bailey (1962) theoretically derived 12 differ-
ent 1-layer polytypes that arise due to the structural re-
lation between the T-O-T layer and brucite-like interlayer.
They also showed that these 12 polytypes can be classi-
fied into six ideal groups if they have semi-random stack-
ing (the position of the repeating 2:1 layer on the inter-
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layer adopts a random mixture of three equivalent
positions related to each other by b/3 shifts). Because
most natural chlorites contain semi-random stacking, as-
signment to one of these six groups (Iaa, Ibb, IIaa, IIbb,
Iba, and IIab; Bailey 1988a) is common. I and II indicate
whether the slant direction of the octahedra in the brucite-
like interlayer and that in the T-O-T layer is the same (I)
or opposed (II), and ‘‘a’’ and ‘‘b’’ indicate the way in
which interlayer sites project onto the cation and hydrox-
yl sites in the T-O-T layers above and below (Fig. 2;
Bailey 1988b). The most common polytype in nature is
IIbb. Its abundance is attributed to the b-type interactions
minimizing repulsion between the tetrahedral and inter-


