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INTRODUCTION

Pyrophyllite and talc are unique 2:1 phyllosilicate minerals 
because there is a neutral layer charge, which requires a vacant 
interlayer region. Their stacking sequences may be complicated 
owing to the absence of interlayer cations that interlock adjacent 
2:1 layers. Zvyagin et al. (1969) suggested from electron-
diffraction analyses that lateral displacement between the two 
tetrahedral sheets across the interlayer of pyrophyllite and talc 
can be almost ±ai/3 (i = 1, 2, or 3) where ±ai are the vectors 
connecting the centers of adjacent hexagonal rings in a tetrahedral 
sheet. They deÞ ned the displacement with the symbol �τ�, 
which is referred to as �interlayer displacement� in the present 
study. The origin of interlayer displacement results from the 
minimization of repulsive forces between the two tetrahedral 
sheets across the interlayer (Zvyagin et al. 1969). Ďurovič and 
Weiss (1983) showed that pyrophyllite can potentially adopt 30 
non-congruent (22 non-equivalent) MDO (Maximum Degree 
of Order, named also �standard,� �regular,� etc. by other 
researchers) polytypes by the choice of layer orientation, the 
direction of interlayer displacement, and the position of the 
octahedral vacancy.

Two ordered polytypes were reported in pyrophyllite. Gruner 
(1934) and Hendricks (1938) proposed a monoclinic unit cell 
with two-layer periodicity. Zvyagin et al. (1969) reported that 
natural pyrophyllite is two-layer monoclinic and synthetic 
pyrophyllite adopts a one-layer triclinic cell. Using their sym-
bolism, the stacking sequence of the monoclinic polytype was 
reported as σ3τ5σ3τ1σ3, while that of the triclinic polytype was 
reported as σ2τ4σ2. Brindley and Wardle (1970) measured powder 
X-ray diffraction (XRD) patterns of many natural pyrophyllite 
specimens that can be indexed by one-layer triclinic (pyrophyllite-
1A, originally -1Tc) and two-layer monoclinic (pyrophyllite-2M) 
cells. Eberl (1979) performed synthetic experiments and reported 
that 1A forms at higher temperatures than 2M.

The crystal structure of pyrophyllite-1A was precisely deter-
mined by Wardle and Brindley (1972) from powder XRD and 
later by Lee and Guggenheim (1981) using a single crystal. The 
stacking sequence determined for pyrophyllite-1A agrees with 
that proposed by Zvyagin et al. (1969). The intralayer shift, or 
lateral displacement between the lower and upper tetrahedral 
sheets in a 2:1 layer with a shift of a/3, is along [ 1�1�0]. The in-
terlayer displacement is close to but deviates by about 3° from         
[ 1�10], which is about 7% shorter than a/3 (Lee and Guggenheim 
1981) and results in the α angle of about 91.2°.
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ABSTRACT

Stacking structures in pyrophyllite, Al2Si4O10(OH)2, were investigated mainly by using high-reso-
lution transmission electron microscopy (HRTEM). The specimens examined were large lath-shaped 
crystals (Berosovska, Urals, Russia) and massive aggregates of Þ ne platy crystals (Nohwa, southwest 
Korea). Both specimens showed powder X-ray diffraction (XRD) patterns similar to those reported 
previously as the 2M polytype. The common stacking sequence in the two specimens is not monoclinic 
with two-layer periodicity as previously reported, but a uniform orientation of the 2:1 layers and near 
complete disorder of two alternative directions of interlayer displacement, i.e., lateral displacement 
between the two tetrahedral sheets across an interlayer region. The directions of interlayer displace-
ment are about ±2π/3 from that of the intralayer shift (lateral displacement between the two tetrahedral 
sheets within a 2:1 layer). Simulation of powder XRD patterns by this stacking model closely ap-
proximates the experimental pattern. Elongation of the lath-shaped Berosovska crystals corresponds 
to the direction of the intralayer shift, as seen in illite-1M.

2:1 layers with different orientations, and interlayer displacement almost parallel to the intralayer 
shift, were occasionally observed as stacking faults. Such disorder occurs more frequently in the mas-
sive Nohwa specimen than in the Berosovska specimen. Sub-micrometer domains of the 2M stacking 
sequence with regular alternation of the two directions of interlayer displacement were found in the 
Nohwa specimen.
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