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INTRODUCTION

This paper reviews some current applications of porphyroblast
microstructures, some difficulties with interpreting them, and
some possible directions for future studies. Porphyroblast mi-
crostructures have attracted the attention and imagination of ge-
ologists for more than a century, and have enjoyed a resurgence
in popularity over the last two decades. Although commonly
complex, they are of broad interest as a tool for evaluating de-
formation and metamorphic processes, and for unravelling his-
tories of deformed metamorphic rocks. Apart from their research
value, porphyroblasts are useful teaching devices because they
are relatively easy to observe and describe. The question of how
most porphyroblast microstructures develop is linked to funda-
mental questions and controversies concerning structural and
metamorphic processes. Thus, porphyroblasts can be used as
learning models for processes, at various scales, that may be
difficult to visualize. The issue of how to interpret these micro-
structures has strongly polarized structural geologists over the
last two decades, and an example of how controversial the topic
has become is illustrated by the full-length discussion and reply
papers of Passchier et al. (1992) and Bell et al. (1992). Regard-
less of the controversy, renewed popularity has led to the refine-
ment of some classical techniques of microstructural analysis,
and the development of several new ones.

ABSTRACT

Many recent papers show how porphyroblast microstructures play an important role in a wide
range of structural and metamorphic studies. This paper reviews ten current applications of these
microstructures: (1) porphyroblast growth-timing criteria; (2) tracking progressive foliation develop-
ment relative to changing metamorphic conditions; (3) timing of pluton emplacement relative to
deformation and metamorphism; (4) finite longitudinal strain determinations; (5) kinematics and
porphyroblast rotation; (6) use of linear fabrics preserved in porphyroblasts; (7) porphyroblasts and
folding mechanisms; (8) inclusion-trail orientations and orogenic processes; (9) inferring shear-strain
rates from porphyroblast growth rates; and (10) in-situ age determinations. Although there is still no
concensus on the interpretation of some porphyroblast microstructures, a bright future lies ahead as
traditional and newly developed techniques of microstructural analysis are combined with modern
chemical and microprobe techniques to provide an increased understanding of the relationships be-
tween deformation and metamorphism in a wide range of metamorphic settings.

APPLICATIONS  OF PORPHYROBLAST
MICROSTRUCTURES

Porphyroblast growth-timing criteria

The timing of porphyroblast growth relative to the devel-
opment of surrounding foliations is a fundamental requirement
for most applications of porphyroblast microstructures: are the
porphyroblasts pre-, syn-, or post-kinematic? Such relative tim-
ing allows the growth of different porphyroblastic minerals to
be ordered chronologically, leading to inferrence of a time se-
quence of metamorphic assemblages. This information is very
useful for understanding pressure-temperature-deformation-
time (P-T-D-t) paths experienced by metamorphic rocks, and
thus for inferring the temporal and spatial relationships be-
tween deformation and metamorphism—a topic discussed in
the next section.

Zwart (1960, 1962) attempted to categorize relative timing
relationships between porphyroblast growth and the develop-
ment of matrix foliations (Fig. 1). Although this work was semi-
nal in its time, Vernon (1978) emphasized that many of the
criteria were ambiguous, and that microstructures must be in-
terpreted carefully to avoid ambiguity and misleading infer-
ences. In a landmark study, Bell and Rubenach (1983) proposed
a six-stage model for crenulation-cleavage development (Fig.
2), and argued that inclusion-trail geometries in different
porphyroblasts reflect the timing of porphyroblast growth rela-
tive to the stage of cleavage development. Bell and Rubenach
(1983) suggested that many inclusion-trail complexities could
be resolved within this framework, and that the ambiguities
noted by Vernon (1978) could generally be resolved by exam-
ining multiple thin sections cut in different orientations. The
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