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INTRODUCTION

Low-pressure, high-temperature phyllosilicate transforma-
tion has been of interest to the scientific community for de-
cades. Such interest is due both to its importance in the
geosciences (e.g., pyrometamorphism) and to its technological
implications in ceramic processing and in new materials de-
sign.

The micas are among the most abundant phyllosilicates of
clayey raw materials used in the ceramic industry (Barlow and
Manning 1999). Within this group, it has been reported that
muscovite (Ms) undergoes significant changes upon heating at
T > 350 ∞C (Vassányi and Szabó 1993). First, dehydroxylation
takes place through the gradual loss of OH groups (Gaines and
Vedder 1964). Ms is fully decomposed at T ~ 950 ∞C (Peters
and Iberg 1978) and is transformed into one or a series of phases
including Kfs, Qtz, Mul, Sil, Crn, Spl, and/or Lct (mineral sym-
bols after Kretz 1983) plus a glass (Roy 1949; Sundius and
Byström 1953; Eberhart 1963; Grapes 1986; Brearley and Rubie
1990; Barlow and Manning 1999; Mazzucato et al. 1999). How-
ever, there is little consensus regarding how and at what T these
transformations take place (Barlow and Manning 1999).

Many authors have described the presence of the aluminum
silicate mullite (Mul) in Ms-rich materials following high-T
processes: e.g., in pyrometamorphic rocks (Grapes 1986;
Brearley 1986; Worden et al. 1987; Clark and Peacor 1992)
and in ceramics (Sundius and Byström 1953; Schmücker et al.

1995; Cultrone et al. 2001). Researchers have proposed sev-
eral Ms-out reactions resulting in Mul formation, either alone
or together with a wide range of silicate phases (Schairer and
Bowen 1947; Sundius and Byström 1953; Grapes 1986;
Brearley and Rubie 1990). Sundius and Byström (1953) and
Eberhart (1963) observed that some needle-shaped Mul crys-
tals formed after Ms breakdown were arranged in a hexagonal
pattern. Using X-ray diffraction data of Mul formed after Ms
dehydroxylation, Eberhart (1963) concluded that [001]mul di-
rections were always parallel to Ms octahedral chains, thus
suggesting that Mul formation after Ms was somehow struc-
turally controlled/related. However, Eberhart’s pioneering study
gives no conclusive explanation for this observation.

Transmission electron microscopy (TEM) has been used to
observe high-T Ms texture and phase relations (Brearley 1986;
Worden et al. 1987; Brearley and Rubie 1990; Clark and Peacor
1992), since it offers the highest possible resolution for the
study of layered silicates and their transformations (Baronnet
1997). TEM enables detailed high-magnification studies of
phase transitions and this is particularly relevant in those rare
cases in which reactants and products are preserved, as in
pyrometamorphic rocks (Brearley 1986).

By using TEM, Brearley (1986) and Worden et al. (1987)
were able to observe how a melt and Mul (alone or associated
with Qtz and Kfs) appeared within dehydroxylated Ms crys-
tals. Worden et al. (1987) found that some orientation relation-
ships between the original mica (a phengite) and the reaction
products (i.e., Mul) were similar to those described by Eberhart
(1963). However, no detailed crystallographic studies of the* E-mail: carlosrn@ugr.es
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ABSTRACT

Mullite (Mul) formation after high-T muscovite (Ms) breakdown has been studied in phyllosilicate-
rich bricks. At T ≥ 900 ∞C Ms dehydroxylation is followed by partial melting that triggers the nucle-
ation and growth of Mul acicular crystals. An analytical electron microscopy study reveals that the
Mul is a 3:2-type with a [6](Al1.686Ti0.031Fe0.159Mg0.134)[4](Al2.360Si1.649)O9.82 formula and an O atom va-
cancy of x = 0.18. This is consistent with X-ray diffraction results [i.e., unit-cell parameters: a =
7.553(7), b = 7.694(7), and c = 2.881(1) Å, V = 167.45 Å3]. The initial stage of the process resulting in
Mul growth followed the balanced reaction Ms Æ 0.275Mul + 0.667Melt + 0.244K2O + 0.01Na2O +
0.125H2O, yielding an alkali-poor peraluminous melt. H2O with K (and Na), which are lost along the
(001) planes of dehydroxylated Ms, play a significant role as melting agents. The c-axes of the Mul
crystals are oriented parallel to [010]ms or to the symmetrically equivalent <310>ms zone axis, while
the (120)mul or (210)mul planes are subparallel to (001)ms (TEM results). These systematic orientations
point to epitaxial Mul nucleation and growth on the remaining Ms substrate, which acts as a template
for Mul heterogeneous nucleation. Randomly oriented Mul growth is also observed during the late
stages of the process (i.e., melt cooling). The epitaxial nature of Mul growth after dehydroxylated Ms
melting minimizes the energy requirement for nucleation. In addition, the water released after Ms
breakdown and the multicomponent nature of the melt enable this high-T aluminum silicate to grow at
T ~ 900 ∞C, almost 100 ∞C below the SiO2-Al2O3-K2O ternary system eutectic (after a melt with an
end-member Ms composition).




