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INTRODUCTION

Small entropy difference between the reactant and the prod-
uct phase explains the large overstepping of the equilibrium
temperature observed for polymorphic phase transformations
and the metastable persistence of the low-temperature poly-
morph within the stability field of the high-temperature one
(e.g., Walther and Wood 1984). Transformations involving Al-
silicate polymorphs constitute natural examples of reactions
for which a large overstepping of the equilibrium boundary is
to be expected. Sillimanite-producing reactions exhibit an ad-
ditional complexity in the appearance of two distinct morpholo-
gies: fibrous (“fibrolite”) and coarse-grained sillimanite. The
sluggish reaction rates and the poorly known factors that con-
trol sillimanite size and shape are probably the main reasons
why a wealth of reaction microstructures are found in natural
samples, and why the location in P-T space of the And-Sil equi-
librium is still debated. Although there is a general consensus
toward the experimental determinations of Holdaway (1971),

alternative phase boundaries at higher temperature have been
proposed (discussion in Pattison 1992).

In nature, andalusite together with fibrolite or coarse-grained
sillimanite are commonly observed over a large distance be-
yond the first appearance of the high-temperature polymorph,
corresponding to a large range of inferred temperatures. This
is particularly evident in contact aureoles, characterized by fast
heating rates and by the short duration of the metamorphic
event. For example, in the Mt. Raleigh pendant (British Co-
lumbia), the assemblage andalusite-sillimanite can be observed
over 3 km from the first appearance of fibrolite toward the con-
tact. This distance corresponds to a maximum estimated over-
stepping of the equilibrium boundary of ~60 ∞C (Kerrick and
Woodsworth 1989).

Two reaction mechanisms for the andalusite-sillimanite
transformation can be distinguished: a crystallographically
controlled, solid-state reaction (Harker 1939; Rosenfeld 1969;
Vernon 1987; Kerrick and Speer 1988; Kerrick and Woodsworth
1989) and an indirect process of dissolution-crystallization,
commonly involving a fluid phase and other minerals (e.g.,
Glen 1979). Based on optical observations, Vernon (1987) pro-
posed the following crystallographic relationships for the solid-* E-mail: bernardo.cesare@unipd.it
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ABSTRACT

At Mazarrón, SE Spain, dacitic lavas of the Neogene Volcanic Province contain numerous
xenocrysts and xenoliths with abundant andalusite that displays variable degrees of transformation
to both fibrolite and coarse sillimanite. At the onset of replacement, andalusite dissolves along grain
boundaries and (110) cleavage planes, probably assisted by fluids or melts. At the same time, fibrolite
crystallizes together with plagioclase, cordierite, and graphite in newly formed embayments or in
the adjacent matrix. With increasing reaction progress, fibrolite needles coalesce into coarser silli-
manite prisms, and direct topotactic replacement of andalusite is observed.

The mutual crystallographic orientation of andalusite and sillimanite obtained from TEM inves-
tigation deviates slightly from the topotactic relationship proposed in the literature (cAnd || cSil, aAnd ||
bSil, bAnd || aSil). The two lattices are rotated by ~2.5∞ around aAnd (= bSil). With this misorientation, the
structurally equivalent {032}And and {302}Sil planes, which exhibit the smallest misfit between the
two lattices, become parallel. Macroscopic interfaces with such orientations are rare. Microscopi-
cally, however, decomposition of faces into {032}And || {302}Sil and {110} facets are common. The
mutual crystallographic orientation of the reactant and the product phases is, therefore, controlled
by lattice misfit minimization. The prismatic shape of the final coarse sillimanite crystals, however,
is controlled by kinetic factors. The reaction seems to proceed fastest parallel to the octahedral Al
chains resulting in the development of crystals elongated along the c axis. The high activation en-
ergy and the large overstepping of the equilibrium temperature required for the transformation are
probably responsible for the large differences in reaction progress observed in the samples from
Mazarrón.


