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ABSTRACT
Transmission electron microscopy (TEM) has revealed dense, complex twins in synthetic
anorthite crystals formed by annealing CaAl2Si20g glass. The crystals are dominated by
Carlsbad and Carlsbad-albite twins, with small amounts of albite twins. All the composition
planes are parallel to (010). High-resolution TEM images show the twin boundaries to be
coherent. Selected-area electron diffraction (SAED) patterns containing the b*-c* reciprocal plane are useful for distinguishing these twins. Extremely dense Carlsbad twins at
the unit-cell scale indicate that additional energy caused by the Carlsbad twin boundaries
in highly disordered anorthite is lower than that caused by albite twin boundaries. We
propose that for anorthite with an initially disordered structure the total energy induced by
Carlsbad twinning is lower than that caused by albite twinning and higher than that caused
by albite twinning in anorthite with an initially ordered structure.

INTRODUCTION

Twinning is common in feldspars. Twins can form during crystallization, cooling, deformation, or combinations
thereof (Buerger 1945). There are many types of twins in
feldspars and their details vary. Here, we consider Carlsbad, Carlsbad-albite, and albite twins that formed during
crystallization.
Carlsbad and Carlsbad-albite twins are abundant in plagioclase from volcanic and high-temperature
plutonic
rocks and rare in metamorphic rocks, whereas albite twins
commonly occur in triclinic feldspar (Gorai 1951; Wenk
1973, 1977, 1983). Carlsbad and Carlsbad-albite twins
have been called complex twins or C twins by Gorai
(1951), who suggested that the frequency of the C twins
in calcic plagioclase may indicate the crystallization temperature of the feldspar crystals and their initial structural
states (AI-Si order). Theoretical studies have shown that
(010) is a reasonable composition plane for both Carlsbad
and Carlsbad-albite twins, and that the composition plane
does not produce serious lattice misfit between neighboring twin lamellae (Dowty 1980; Wooster 1981).
Figure 1 schematically illustrates these twins in anorthite. Twin lamellae 1 and l' in Figure lA are related by
an albite twin law, that is, a (010) mirror operation. Twin
lamellae 1 and 2 (or l' and 2') are related by a Carlsbad
twin law, that is, a [001] twin axis. Lamellae l' and 2 (or
1 and 2') are related by a Carlsbad-albite twin law, even
though they are not in contact with each other (Fig. 1A);
they are related by both a (010) twin plane and a [001]
twin axis (or, a twin axis normal to [001] and in the (010)
plane). The Carlsbad-albite twin law results from a combination of Carlsbad and albite twin laws and is therefore
called a compound twin (Luo 1985; Smith and Brown
1988).
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Although there are numerous transmission electron microscopy (TEM) and high-resolution transmission electron microscopy (HRTEM) results for albite and pericline
twins (Brown and Macaudiere 1986; Brown and Parson
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FIGURE 1. Diagram schematically illustrating albite (A),
Carlsbad (A), and Carlsbad-albite (A-C) twin laws in anorthite.
The gray (01 0) twin plane shows the albite twin mirror operation.
See text for details.
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