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ABSTRACT
Proterozoic migmatites in the Black Hills, South Dakota, were examined to determine if partitioning of trace elements hosted by rock-forming minerals between melanosomes and leucosomes
preserves residue-melt equilibrium that was presumably established during partial melting of pelitic
lithologies. Granitic leucosomes in the Black Hills, as is often the case elsewhere, have positive Eu
anomalies, are highly enriched in Sr and Ba, and are depleted in Rb and Cs relative to granites
derived by partial melting of metapelites. Distributions of these trace elements between melanosomes and leucosomes cannot be simulated using mineral-melt distribution coefficients. A metamorphic reaction-progress method is used to demonstrate that the distributions approach mineral-mineral
equilibrium rather than mineral-melt equilibrium. Application of published diffusion data for the
relevant elements in feldspars shows that solid-state equilibrium is unlikely to have been established
during subsolidus cooling. Instead, it is suggested that partial melts maintained chemical equilibrium
with melanosomes during crystallization that lead to the migmatites.

INTRODUCTION
Migmatites are of interest to petrologists because many are
thought to represent source regions for granitic melts. Careful
analyses of migmatites potentially can yield important information about melt-forming reactions, melt-extraction processes, and
scales of chemical equilibrium in granite source regions. This
study was undertaken to evaluate whether distributions of trace
elements controlled by rock-forming minerals in melanosomes
and leucosomes of migmatites can be used as an analogue for
equilibrium between residue and melt in granite source regions.
Residue-melt equilibrium is a fundamental assumption in trace
element models for granite petrogenesis (Hanson 1978). Previous studies of peraluminous migmatites have demonstrated that
high field-strength elements, such as Zr, Th, and trivalent rareearth elements (REE), may not reach equilibrium concentrations
in partial melts because their concentrations are controlled by
accessory minerals that may be refractory or remain as inclusions in residual major minerals during melting (Bea 1996;
Johannes et al. 1995; Nabelek and Glascock 1995; Sawyer 1991;
Watt and Harley 1993; Watt et al. 1996). Observations of depletions in high field-strength elements have led to inferences of
rapid melt extraction or rapid cooling of granite source regions
(e.g., Sawyer 1991; Watt et al. 1996).
In contrast to high field-strength elements, in many cases
the behavior of Eu2+, Rb, Cs, Sr, and Ba in migmatites is different. Although in some leucosomes Sr and Ba occur in relatively low concentrations and REE patterns have negative Eu
anomalies, in many other leucosomes these elements are highly
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enriched in comparison to spatially related leucogranites (e.g.,
Brown and D’Lemos 1991; Power 1993). Such enrichments in
the divalent cations previously have been attributed to processes
such as fractional crystallization of feldspars in leucosomes or
preferential melting of feldspar-containing layers (Cuney and
Barbey 1982; Sawyer 1987; Johannes et al. 1995). However,
Fourcade et al. (1992) argued that trace element distributions
between melanosomes and leucosomes in St. Malo, France,
migmatites approach mineral-mineral equilibrium rather than
residue-melt equilibrium. They ascribed this to reequilibration
of trace elements among melanosome and leucosome minerals by diffusion during cooling of the migmatite terrane. Using published diffusion rates of trace elements in relevant
minerals, Fourcade et al. (1992) inferred the cooling rate of
the St. Malo migmatite terrane. In contrast, Bea et al. (1994)
assumed that the distribution of alkali, alkali earth, transition
metals, and some other non-high field-strength elements between melanosome minerals and leucosomes in Peña Negra,
Spain, migmatites represents mineral-melt equilibrium. One
result of this assumption is that many of their inferred mineral/
melt distribution coefficients are drastically different from those
predicted by experimental studies and observed in rhyolite systems (cf. Icenhower and London 1995, 1996; Mahood and
Hildreth 1983; Nash and Crecraft 1985). This raises the question of whether the distribution coefficients of Bea et al. (1994)
in fact reflect frozen residue-melt equilibrium rather than
mineral-mineral equilibrium.
The purpose of this paper is to evaluate the distributions of
period-four transition metals, Eu, Rb, Cs, Sr, and Ba in Black
Hills, South Dakota, migmatites because these elements are
critical to petrogenetic models for magma-forming processes
in the crust. The commonly made assumption that trace ele1256

