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INTRODUCTION

Compositional zoning patterns in garnet have been studied
for over thirty years; their complexity and the wealth of detail
they contain have led to numerous explanations for their de-
velopment during garnet growth and their possible subsequent
modification (Atherton and Edmunds 1966; Hollister 1966;
Loomis 1975; Tracy et al. 1976; Trzcienski 1977; Woodsworth
1977; Yardley 1977; Tracy 1982; Spear et al. 1990; Chernoff
and Carlson 1997, 1999). Garnet from low-Ca pelitic schists
metamorphosed to peak temperatures of 450–550 ∞C typically
exhibits zoning in which Mn and Ca decrease from core to rim,
as Mg and Fe increase. These compositional variations reflect
a combination of changing availability of these elements to the
surface of the growing garnet, and changing partitioning of el-
ements among the phases in the rock. Element availability is
controlled by bulk composition and the effects of sequestra-
tion of Mn and Ca in the interiors of crystals during growth;
partitioning is controlled by intensive variables such as tem-
perature and pressure. The simplest explanation for commonly
observed zoning patterns assumes that the matrix is continu-
ously in chemical equilibrium with the garnet surface at a scale
large enough to be representative of the bulk composition of
the rock.
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ABSTRACT

The central portions of garnet porphyroblasts from Harpswell Neck, Maine, exhibit small dis-
crete regions of high Mn content, dispersed in three dimensions. Orientation contrast imaging (OCI)
and quantitative crystallographic orientation measurements from electron backscatter diffraction
(EBSD) patterns show that most garnet porphyroblasts contain no variations in crystallographic
orientation. It is difficult to reconcile these data with a model in which each high-Mn region repre-
sents a discrete garnet nucleus.

An alternative hypothesis invokes a model of garnet growth in which precursor phases rich in Mn
are overgrown, and their Mn is incorporated locally into the garnet structure. Although this model
requires length scales for equilibration of Mn during the early stages of garnet growth that are
shorter than any previously documented, that inference is consistent with the very low temperatures
of garnet nucleation in these rocks, and with compositional evidence for progressively larger scales
of equilibrium as reaction progressed.

Very short length scales for equilibration of Mn, identified in this study for the lowest-grade
portion of the history of the rocks, call into question the common assumption of rock-wide equilib-
rium for Mn during garnet growth at low temperature. The absence of rock-wide equilibrium for Mn
at low grade has potential negative implications for all common interpretive methods based in phase
equilibria, including thermobarometric studies and thermodynamic analysis of the origin and mean-
ing of zoning in low-grade garnet.

Daniel and Spear (1998) and Spear and Daniel (1998) docu-
mented complex zoning patterns within poikiloblastic
spessartine-rich garnet from Harpswell Neck, Maine. In these
garnets, three-dimensional maps of divalent cation distributions
revealed irregularly zoned cores containing isolated regions of
high spessartine content. Daniel and Spear (1998) interpreted
the isolated high-Mn areas to represent early nuclei of separate
crystals that coalesced during growth to form a single garnet
porphyroblast. That interpretation arises from the assumption
that the spessartine content of a region in a garnet crystal can
be used as an index to the crystallization time of that region.
Early formed, separate nuclei cannot directly affect others
nearby, and so, in the simplest case, should bear no crystallo-
graphic relationship to one another. Thus, the multiple-nucle-
ation hypothesis makes the testable prediction that each garnet
porphyroblast should be composed of random crystallographic
domains whose boundaries coincide with low-Mn surfaces.

To test the multiple-nucleation hypothesis for garnet crys-
tallization, samples of the Harpswell Neck rocks were collected
from locality no. 1 of Grover and Lang (1995). The materials
studied by Daniel and Spear (1998) came from the same out-
crop. This locality is an outcrop of the pelitic Jewell formation
at the southernmost point of the Harpswell Neck peninsula, on
its southeast side, and is situated in the garnet zone of Lang
and Dunn (1990). The region was metamorphosed in an iso-
baric Buchan event (Lang and Dunn 1990), although the tem-
peratures reached by these rocks were fairly low: peak


