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ABSTRACT

An important prerequisite for interpreting microstructures in plutonic and metamorphic rocks is
understanding crystallization processes. This study uses crystal size distribution (CSD) and grain
shape parameters to investigate mineral-reaction-controlled crystal growth and melt solidification in
migmatites of the Bayerische Wald (Variscan Orogeny, Germany). Partially molten rocks were stud-
ied because they allow the simultaneous investigation of crystallization of a melt and the growth of
solid products of a metamorphic reaction. CSD and shape factors were obtained for three different
minerals: (1) cordierite in a diatexite, where the melt remained in the system; (2) K-feldspar in a
segregated K-feldspar + quartz leucosome; and (3) plagioclase from a segregated plagioclase + quartz
leucosome. Cordierite crystals exhibit a nearly linear CSD pattern and subeuhedral crystal shapes.
K-feldspar grains display an approximately linear CSD except for a marked increase at large crystal
size classes. K-feldspar grains are characterized by strongly lobate grain boundaries. The CSD of
plagioclase crystals is nearly linear, with a slight decrease at small crystal size classes. Plagioclase
shape factors also indicate lobate grain boundaries, however, with lower values than K-feldspar.
Cordierite CSD and shape data are consistent with interface-controlled crystallization. The CSD
indicates that nucleation and growth is the rate limiting step during the cordierite-producing reac-
tion, in contrast to porphyroblast growth in solid rocks where mass transfer is typically rate limiting.
CSD combined with information on the duration of crystallization yields growth rates of 10–17 to
10–18 m/s. The plagioclase data are consistent with magmatic crystallization and are well-described
by the communicating neighbor theory. The K-feldspar data also indicate magmatic crystallization.
The “overproduction” of large grains of K-feldspar reflects the interplay between nucleation and
growth rates at the initial stage of crystallization. Because of different environments between solid
and anatectic rocks, the CSD may help to decipher metamorphic from anatectic migmatites.
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INTRODUCTION

The interpretation of magmatic, as well as metamorphic
rocks, is commonly based on microstructural observations. In
contrast to the typically quantitative treatment of chemical data,
microstructures have for the most part been described only
qualitatively. The characterization of microstructures in rocks
includes inclusion relationships, crystal shapes, and most con-
spicuously, crystal size distributions (CSD). In magmatic as
well as metamorphic rocks, CSD values have great potential
for revealing information about the nucleation and growth his-
tory of rock-forming minerals and hence textural evolution (e.g.,
Winkler 1947, 1949; Dowty 1980; Rubie and Thompson 1985;
Marsh 1988; Cashman and Marsh 1988; Cashman and Ferry
1988; Denison and Carlson 1997; Marsh 1998; Higgins 1998;
Daniel and Spear 1999; Higgins 1999).

Previous studies have dealt mainly with two end-member
cases: crystallization in volcanic rocks (e.g., Cashman 1990;
Marsh 1998), or coarsening processes in metamorphic rocks
(e.g., Covey-Crump and Rutter 1989). There are only two well-
documented studies from plutonic rocks (Higgins 1998, 1999).
In volcanic rocks, grain coarsening does not occur because the
individual grains are independent and, consequently, the CSD
is purely the result of nucleation and growth. In monomineralic
rocks undergoing only solid-state processes, grain coarsening
that is driven by the minimization of surface energy controls
the CSD (e.g., Buntebarth and Voll 1981; Kretz 1994). The ki-
netics of coarsening driven by surface energies are, however,
not well understood (e.g., Olgaard and Evans 1988; Miyake
1998; Faul 1999). In plutonic rocks and migmatites, coarsen-
ing as well as nucleation and growth influence the final CSD.
In melt-present systems, the process of coarsening can have
two components: (1) consumption of pre-existing small crys-
tals and, (2) suppression of nucleation in the vicinity of larger
grains. One theoretical description of the effect of textural coars-
ening is given by the communicating neighbor theory (CNT;
DeHoff 1981), which results in different CSD patterns as com-


