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INTRODUCTION

Mineral reactivity during retrograde metamorphism can be
modified dramatically by changes in rheologic and diffusional
properties that result from exsolution. To understand these con-
nections in magnetite (~Fe3O4), we conducted a detailed mi-
crostructural characterization of two samples previously
analyzed for their oxygen isotope distribution patterns (Valley
and Graham 1991, 1993) and hardness (Sitzman 1996).

The explanation for intragranular oxygen isotopic homoge-
neity in LP204-1 and heterogeneity in 90LP9, as revealed by
ion microprobe analyses (Valley and Graham 1991, 1993; Val-
ley et al. 1998), was unclear. The differing 18O/16O distribution
patterns must result from different retrograde isotopic exchange
histories that probably reflect different diffusion pathways in-
volving microstructural defects. Thus, to understand oxygen
isotope distribution patterns it is necessary to examine the con-
nections between retrograde metamorphism and development
of microstructures.

In this paper, we report the results of microstructural char-
acterizations of 90LP9 and LP204-1, and of an additional
sample, 94AK3, all from the same outcrop. Our results suggest
that subtle compositional differences among the three magne-
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ABSTRACT

The microstructures of magnetite crystals in three samples from a single outcrop of granulite-
facies marble were characterized by transmission electron microscopy (TEM) to determine how
exsolution history can affect physical properties and mineral reactivity during retrograde metamor-
phism. The microstructure of sample 90LP9 consists of dislocations, dislocation arrays (with dislo-
cation spacings of 100 to 500 nm), and linear channels filled with layer silicates. Acid etching and
ion milling of polished 90LP9 magnetite grains show dislocation arrays clustered near grain bound-
aries with rheologically hard magnetite, diopside, and monticellite, but rarely near grain boundaries
with softer calcite. Sample LP204-1 magnetite grains contain coherent {100} Al-Mn-Fe-spinel pre-
cipitates (~40 nm diameter, ~1–3 nm thick, ~104 platelets/µm3) and very few dislocations. Larger,
more widely spaced spinel precipitates are present in a third sample, 94AK3. Extremely low disloca-
tion densities in powders of LP204-1 and intermediate dislocation densities in powders of 94AK3,
compared with extremely high dislocation densities in powders of 90LP9, are related to strong dis-
location pinning effects by precipitates. The different exsolution behavior of the three magnetite
samples is attributed to small, but important, differences in Al content. Because dislocations can
provide fast pathways for exchange that enhance diffusion, especially in very slowly cooled rocks,
these microstructural results may explain previously reported subgrain-scale oxygen isotopic het-
erogeneity in 90LP9 magnetite compared with relative isotopic homogeneity in LP204-1 magnetite.

tites resulted in differing degrees of unmixing during cooling,
which led to very different rheologic responses to deforma-
tion, and thus to very different microstructural characteristics.
This, in turn, promoted differing modes of retrogression and
oxygen isotope exchange.

EXPERIMENTAL  METHODS

Samples

This study involved magnetite crystals from a
polymetamorphosed, granulite-facies marble [samples 90LP9
and LP204-1 of Valley and Graham (1991, 1993), and 94AK3].
All samples are marble, collected at the Weston Mine within
100 m of the contact with the Marcy Anorthosite massif,
Adirondack Mountains, New York (Valley and O’Neil 1984,
Valley et al. 1990). The mineralogy of 90LP9 and LP204-1 are
similar: 90LP9 contains 58 mode % calcite, 22% magnetite,
16% diopside, and 4% monticellite (Valley and Graham 1993)
and LP204-1 contains 75% calcite, 6% magnetite, 6% diop-
side, and 12% monticellite (Valley and Graham 1991). Most
monticellites are completely altered to secondary minerals (Val-
ley and Graham 1993). Magnetite crystals in these rocks range
in size up to maximum diameters of ~1 mm in LP204–1 and ~5
mm in 90LP9. The Mg, Al, and Mn contents determined by
electron microprobe analysis are 0.79, 0.35, 3.38 wt% (90LP9,
average of ten electron microprobe analyses), 0.60, 0.82, and
2.71 wt% (LP204-1, n = 6), and 0.56, 1.04, and 2.03 wt%
(94AK3, n = 3), respectively.*E-mail: Jill@geology.wisc.edu


