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Peristerite exsolution in metamorphic plagioclase from the Lepontine Alps: An analytical
and transmission electron microscope study
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ABSTRACT

Transmission and analytical electron microscopy were used to examine relationships
between microstructures and compositions in greenschist- and amphibolite-facies meta-
morphic plagioclase (albite and oligoclase) from the Lepontine Alps (Switzerland and
Italy). Two kinds of exsolution microstructures related to the peristerite miscibility gap
(;An1–25) were observed: lamellae, in bulk compositions ranging from a few mole percent
anorthite to ;An10–15, and tweeds, in bulk compositions from almost pure albite to ;An15–18.
Lamellae are typically 15 to 35 nm thick. Individual lamellae in crystallographically ho-
mogeneous or tweedy areas commonly have highly irregular spacings or end at dislocations
or subgrain boundaries, suggesting formation by heterogeneous nucleation. Tweeds are
characteristically diffuse, and probably formed by spinodal decomposition. Many tweeds
have one exsolution direction that is consistently sharper or coarser than the other. Tweeds
and lamellae may be intergrown in patches with irregular, curving boundaries, some of
which define narrow stripes several micrometers long. Exsolution directions in these
tweeds are approximately parallel and perpendicular to the lamellae. The perpendicular
direction is usually less diffuse or more regular than the parallel direction, and may con-
tinue between widely spaced individuals in patches of lamellae. Tweeds in these inter-
growths appear to be slightly more sodic than adjacent areas with lamellae.

Except near fractures and in areas with high dislocation densities, differences in micro-
structures within a single grain almost invariably reflect differences in composition. Mi-
crostructural variability within single grains, and among different grains from the same
hand sample, was so large that it was impossible to identify systematic relationships be-
tween microstructures and metamorphic grade.

INTRODUCTION

The plagioclase feldspars form a complete high-tem-
perature solid solution between albite (NaAlSi3O8) and
anorthite (CaAl2Si2O8). At lower temperatures, there are
three generally recognized miscibility gaps (e.g., Carpen-
ter 1994; Smith and Brown 1988), of which the peristerite
gap (;1–25 mol% anorthite) is the most sodic. It is in-
terpreted as a conditional solvus and spinodal, occurring
because of the much greater reduction in free energy re-
sulting from Al,Si-ordering in pure albite than in slightly
more calcic compositions (Carpenter 1981; Brown 1989;
Carpenter 1994).

Numerous field observations of albite and oligoclase
coexisting in apparent equilibrium are in general agree-
ment about the highly asymmetric shape of the peristerite
gap (e.g., Crawford 1966; Maruyama et al. 1982; Grapes
and Otsuki 1983; Ashworth and Evirgen 1985). The sodic
limb is almost pure albite, whereas the calcic limb slopes
from the crest (probably ;An10, and close to the

* Present address: Department of Geology, Arizona State Uni-
versity, P.O. Box 871404, Tempe, Arizona 85287-1404, U.S.A.
E-mail: djanney@asu.edu

greenschist-amphibolite facies transition in moderate-
pressure regional metamorphism) to ;An25.

Optical, X-ray diffraction (XRD), and transmission
electron microscopy (TEM) studies of peristerites have
shown two distinct types of exsolution microstructures
occurring in different bulk compositions. Exsolved per-
isterites between ;An1 and ;An16–17 have parallel lamel-
lae, typically several tens to hundreds of nanometers
thick, which commonly have sharp boundaries (e.g., Fleet
and Ribbe 1965; Lorimer et al. 1974; McLaren 1974; Ol-
sen 1974; Olsen 1975; Brown 1989; Baschek and Eber-
hard 1995). Single-crystal XRD patterns characteristically
show two reciprocal lattices, with lattice angles corre-
sponding to albite and oligoclase (;An17–30) (e.g., Laves
1954; Brown 1960; Baschek and Eberhard 1995). Ion mi-
croprobe measurements confirm that the lamellae are al-
bite and oligoclase (Miúra and Rucklidge 1979).

In contrast, XRD and electron diffraction studies of
peristerites from ;An16 to ;An25 show only one crystal
lattice (Laves 1954; Brown 1960; Fleet and Ribbe 1965;
Korekawa et al. 1970). TEM studies show fine micro-
structures with two intersecting directions (Korekawa et
al. 1970; McLaren 1974; Nord et al. 1978).


