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INTRODUCTION

One of the most important variables in the deformation of
rocks is the mechanical properties of their constituent miner-
als. As such, micas are an important class of minerals because
they are geologically abundant and because relatively small
shear stresses are required for the onset of plastic deformation.
Dislocation glide in the (001) basal planes of crystals is ulti-
mately responsible for the easy plastic deformation of micas,
regardless of the orientation of compressional axes (Borg and
Handin 1966; Etheridge et al. 1973; Bell et al. 1986; Mares
and Kronenberg 1993). The strength of foliated rocks is con-
trolled by the volume fraction of mica present and the
interconnectivity of mica lenses (Shea and Kronenberg 1993;
Wintsch et al. 1995; Borg and Handin 1966); in fact, the strength
of rocks in fault zones may approach that of single phyllosilicate
crystals if there is a strong preferred orientation and contiguity
of mica grains (Wintsch et al. 1995). Because of its impor-
tance, considerable work has been devoted to the mechanical
deformation of biotite crystals. Although dislocation glide is
confined to the basal plane, biotite crystals are highly aniso-
tropic and there are multiple regions within a single unit cell
where glide could occur. Both the octahedral sheet and the
interlayer have been proposed as the region in which the dislo-
cation cores responsible for deformation are present.

Previous work concerning the placement of dislocations in
the biotite structure has generally relied on indirect techniques
and produced contradictory results. Additionally, most of the
work has been performed on samples that were deformed un-
der laboratory conditions and may not accurately reflect natu-
ral processes. Relevant studies include “bend” tests (Mügge
1898; Friedel 1926), analyses of kink banding (Borg and
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ABSTRACT

HTREM images of naturally deformed, mylonitized biotite crystals were examined to deter-
mine where deformation-related defects occur in the structure. Dislocations were found to be asso-
ciated with the plane of oxygen atoms that constitutes the base of the octahedral sheet and the apical
plane of the tetrahedral sheet, rather than in the interlayer as has been generally assumed. Consis-
tent with previous investigations, this region was also confirmed as the position at which stacking
faults occur. The location of these defects was determined by comparing sub-unit-cell scale fringes
in experimental images to simulated images with dislocation cores and stacking faults. Previous
investigations have generally relied on indirect techniques and have yielded ambiguous results.

Handin 1966; Hörz and Ahrens 1970; Etheridge et al. 1973;
Sanchez-Navas and Galindo-Zaldivar 1993; Bell et al. 1986),
partial dislocations (Meike 1989; Christoffersen and
Kronenberg 1993; Bell and Wilson 1981), microcleavages
(Baños et al. 1983), TEM amplitude-contrast experiments
(Meike 1989; Christoffersen and Kronenberg 1993; Bell et al.
1986), stacking faults (Bell and Wilson 1977 and 1981), and
deformation experiments (Kronenberg 1990; Mares and
Kronenberg 1993; Christoffersen and Kronenberg 1993;
Etheridge et al. 1973; Borg and Handin 1966; Noe et al. 1999).
To determine the region where dislocation glide occurs in
mylonitic rocks, naturally deformed biotite crystals were ex-
amined by high-resolution transmission electron microscopy
(HRTEM). Analysis of sub-unit-cell scale lattice fringes around
defects allowed for a direct determination of where disloca-
tion cores were present in the structures.

THE BIOTITE  STRUCTURE

Anions form two different types of planes in the mica struc-
ture. The first type is a pseudo-closest-packed plane of anions
(referred to here as the hydroxyl plane) that forms the apical
plane of anions coordinated to tetrahedral cations, and with an
adjacent hydroxyl plane completes the coordination of the oc-
tahedral sites. Although anions in the hydroxyl plane maintain
a closest-packed geometry, the spacing between them (0.307
to 0.311 nm, in the biotite refinement of Brigatti and Davoli
1990) exceeds that found in many structures with closest-packed
oxygen atoms (e.g., approximately 0.258 nm in the spinel struc-
ture). The second type of anion plane has been referred to as the
“basal plane” of oxygen atoms. Because the term “basal plane”
has been used variably to refer to both this anion plane and the
(001) plane in general, this anion plane will be referred to as the
“basal oxygen plane.” The term “basal plane” will be reserved
for the (001) plane in general. Pseudo-hexagonal rings are formed
by the removal of one third of the oxygen atoms from a plane
that could otherwise be envisioned as closest-packed. Oxygen
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