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Structure and formation mechanism of low-angle grain boundaries in chlorite
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ABSTRACT

The structure and formation mechanisms of low-angle grain boundaries (LAGB) in
chlorite have been investigated using HRTEM to resolve each cation sheet in chlorite. The
LAGB are abundant in two hydrothermally formed ferromagnesian chlorite specimens.
Abundant LAGB, which are almost parallel to (001), divide chlorite grains into packets
many tens of nanometers thick. They are initiated or terminated in a grain, indicating they
are not formed as conjunctions of two grains growing independently. The boundaries con-
sist of the (001) surface of a chlorite layer at one side and terminating chlorite layers at
the other side, so that the grain boundary involves a series of misorientation of several
degrees. Periodic rows of triangular regions surrounded by two (001) chlorite surfaces and
one edge of the terminating layer along the boundary are formed along the LAGB. Distinct
crystalline structure inside these triangles is not observed and brucite-like interlayers are
absent at the (001) surfaces between triangular-shaped regions, indicating local composi-
tional change along the boundaries. To explain the origin of this microstructure, a formation
mechanism of these LAGB is proposed involving termination of the growth of one brucite-
like interlayer on a (001) TOT layer surface during layer-by-layer growth.

INTRODUCTION

Chlorite is a common and important layer silicate
formed under a wide range of conditions. It is found in
low-to-medium grade metamorphic rocks, pegmatites, fis-
sure vein deposits, and in altered igneous rocks as a sec-
ondary mineral that replaces primary ferromagnesian
minerals like biotite (Bailey 1988). Its well-known crystal
structure consists of a TOT (tetrahedral-octahedral-tetra-
hedral) talc-like layer and a brucite-like interlayer. There
has been considerable interest in the chlorite formation
mechanism during metamorphism and alteration. Precip-
itation from solution and direct, solid-state transformation
from original minerals have been suggested. Observations
by many workers suggest that chlorite forms by both
mechanisms, depending on the environment in which
chlorite growth takes place (e.g., Veblen and Ferry 1983;
Olives-Baños and Amouric 1984; Eggleton and Banfield
1985; Ahn and Peacor 1985; Yau et al. 1988; Baronnet
and Kang 1989). High-resolution transmission electron
microscopy (HRTEM) is a powerful method that enables
us to investigate chlorite microstructures, distinguishing
each cation sheet in a chlorite unit cell (Bons and Schry-
vers 1989; Banfield et al. 1994; Banfield and Bailey
1996). This study reports numerous low-angle grain
boundaries (hereafter abbreviated as LAGB) in some
chlorite specimens through HRTEM and discusses their
formation mechanism. The results pertain to the under-
standing of chlorite formation, as well as the stability,
diffusion, and mechanical properties, by revealing the
atomic structure of the grain boundaries in this mineral.

EXPERIMENTAL METHOD

Two chlorite specimens containing abundant LAGB
were studied in detail. One specimen is chlorite from a
hydrothermally altered granite from Gogoshima, Ehime
prefecture, Japan. Chlorite crystals are 1–2 mm in size
and pale green under plane polarized light in petrographic
thin sections. These chlorite crystals obviously replaced
original biotite in granite because biotite is abundant in
less altered granite from the same locality. Peak positions
in the X-ray diffraction pattern indicate ferromagnesian
chlorite with no interstratification of biotite layers (Reyn-
olds 1988). Furthermore, no biotite layers were found in
preliminary TEM observations, suggesting this replace-
ment was not direct (solid-to-solid) transformation from
biotite to chlorite, as reported by many authors (Veblen
and Ferry 1983; Olives-Baños and Amouric 1984; Eggle-
ton and Banfield 1985; Kogure 1996). The second spec-
imen is an aggregate of small ferromagnesian chlorite
flakes (sub-millimeter in size) in a chlorite-quartz-chal-
copyrite vein from Osaruzawa mine, Akita prefecture, Ja-
pan (Shirozu 1963). Chlorite grains were extracted,
ground, and mounted in an epoxy resin, applying pressure
so that the (001) planes of the chlorite fragments were
oriented (Ferrow and Roots 1989). Epoxy-chlorite slabs
were sliced perpendicular to the (001) planes, polished
mechanically, and thinned to electron transparency by ar-
gon ion-milling. Finally, samples were carbon coated be-
fore they were examined by TEM. HRTEM observation
was performed at 200kV using a JEOL JEM-2010 elec-
tron microscope (Cs 5 0.5 mm) with a LaB6 filament.
The point resolution is ;0.2 nm, which allows each cat-


