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I NTRODUCTION

Recognition of distinctive patterns in the occurrence of min-
erals in rocks has a long and distinguished history in the devel-
opment of petrology. The foundation of modern metamorphic
petrology specifically can in large part be traced to the natural
grouping of minerals in metamorphosed mafic igneous rocks
discovered independently in pioneering studies by Goldschmidt
and Eskola. These patterns, in turn, led to the concept of meta-
morphic facies. Almost eighty years ago Eskola (1922) had
already identified the diagnostic mineral occurrences of the
pyroxene hornfels, sanidinite, greenschist, amphibolite, and
eclogite facies and anticipated those of the blueschist facies.
Furthermore, he deduced that each occurrence represented equili-
bration within a characteristic region of P-T space and assigned
each facies to its correct relative position on a P-T diagram. The
notion of facies later led naturally to the concept of a petroge-
netic grid (Bowen 1940) and to the active fields of mineral
thermometry and mineral barometry.

The patterns of mineral occurrence observed by Goldschmidt
and Eskola, of course, are hardly the only ones recognized in
metamorphic rocks. This paper points out additional patterns
in the occurrence of (1) trace minerals in contact and regional

metamorphic terrains, (2) retrograde minerals in contact aure-
oles, and (3) pseudomorphs in prograde and retrograde meta-
morphic rocks. These patterns are common in metamorphic
terrains worldwide. Each pattern suggests new opportunities
for investigating the process of metamorphism. It is certain that
many other patterns of mineral occurrence in metamorphic
rocks remain to be discovered, and that the recognition of such
patterns will continue to play a fundamental role in advancing
our understanding of chemical and physical phenomena in
Earth’s crust.

TRACE MINERALS  IN PROGRADE METAMORPHIC
ROCKS

Casually defined, trace minerals are both relatively small
(typically several 10s of mm in diameter or less) and occur in
small abundance (typically 10–4 to 10–6 % by volume). Because
of their small size and abundance, trace minerals are usually
invisible or unidentifiable with optical microscopy. If they have
a distinctive mean atomic number, however, trace minerals can
be readily located with back-scattered electron (BSE) imaging
and identified with energy-dispersive X-ray spectrometry
(EDS). Table 1, although not a complete catalog, lists some of
the more common trace minerals I have encountered imaging
thin sections of contact and regional metamorphic rocks over
the last decade with BSEs. Even this partial list demonstrates
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ABSTRACT

Patterns in the occurrence of minerals in metamorphic rocks suggest additional opportunities for
investigating chemical and physical processes during metamorphism. Three such patterns are re-
viewed. First, trace minerals in metamorphic rocks commonly occur with regular distributions indi-
cating their participation in prograde reactions that can be mapped as isograds. Examples include the
distribution of allanite and monazite in pelitic rocks and of zircon and baddeleyite in siliceous
dolomites. Recognition of these isograds points to the potential for developing a chronology of
specific chemical reactions during metamorphism and for defining the P-T conditions of those reac-
tions. Second, the mineralogical products of retrograde metamorphism in many cases occur in distinc-
tive associations that are consistent with partial mineral-fluid equilibrium. Examples include the
distribution of retrograde calcite, quartz, and tremolite in siliceous limestones and of retrograde
tremolite, dolomite, brucite, and serpentine in siliceous dolomites from contact aureoles. Among
other things, application of partial equilibrium to retrograde metamorphic rocks leads to constraints
on the amount and direction of fluid flow in contact aureoles as they cool. Third, pseudomorphs are
typically absent from prograde metamorphic rocks but are common in retrograde metamorphic rocks.
The distribution may be explained by the effect of “force of crystallization.” The pattern of occur-
rence of pseudomorphs thus suggests novel phenomena during metamorphism that develop from an
interplay between chemical and mechanical processes.
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