
American Mineralogist, Volume 91, pages 413�424, 2006

0003-004X/06/0203�413$05.00/DOI: 10.2138/am.2006.1933      413

INTRODUCTION

Weathered granites are potentially important starting products 
for the production of �traditional� ceramics (ß oor tiles, sanitar-
ies...) because the main minerals of weathered granites, i.e., 
quartz, feldspars, and phyllosilicates, are indeed the main raw 
materials used to make these ceramics (Kingery et al. 1976). To 
evaluate the feasibility of using weathered granites as starting 
materials in the ceramic industry, we studied the mineralogical, 
chemical, and textural evolution of a weathered granite heat-
treated at 1175 °C and room pressure (1 bar), usual conditions in 
ceramic works. Two main reaction mechanisms were observed: 
(1) partial melting and reactions involving quartz and feldspars 
(Devineau et al. 2005) and (2) the breakdown of muscovite. 
Here, we present and discuss the mineralogical breakdown of 
muscovite for durations of 5 min to 68 h. 

Muscovite being a common accessory mineral in the ceramic 
products, its low-pressure and high-T transformations strongly 
inß uence the Þ ring properties of ceramic products (Sundius and 
Byström 1953; MacKenzie et al. 1987; Barlow and Manning 
1999; Cultrone et al. 2001; Rodriguez-Navarro et al. 2003). Mus-
covite is fully decomposed at T ≈ 980 °C (e.g., Roy 1949), and is 
transformed as the T increases into a wide range of mineralogical 
assemblages including a cubic oxide phase, corundum, mullite, 
leucite, K-feldspars, tridymite, and glass (Roy 1949; Sundius 
and Byström 1953; Brindley and Maroney 1960; Eberhart 1963; 

MacKenzie et al. 1987; Brindley and Lemaître 1987; Barlow and 
Manning 1999; Cultrone et al. 2001; Rodriguez-Navarro et al. 
2003). The cubic oxide phase was variously reported as �spinel,� 
�Al-Si spinel,� or γ-Al2O3, and its structure and chemistry have 
been strongly debated from many standpoints (Roy 1949; Sun-
dius and Byström 1953; Brindley and Maroney 1960; Eberhart 
1963; Brindley and Lemaître 1987). In addition to being relevant 
to technological applications, the mechanisms and kinetics of 
destabilization of muscovite are also of interest to the study of 
natural assemblages formed during pyrometamorphism or the 
ascent of xenoliths in basaltic magmas (Brearley 1986; Worden 
et al. 1987; Grapes 1986).

Previous works cited above usually studied the inß uence 
of T on muscovite decomposition. Paradoxically, only one 
study has been carried out, at least in part, on the kinetics of 
muscovite decomposition (Barlow and Manning 1999). Yet, 
such studies are essential to understand the disequilibrium min-
eralogical assemblages and to determine their transformations 
to reach equilibrium. In previous studies, the decomposition of 
muscovite has been mainly investigated by a single analytical 
method: powder X-ray diffraction (XRD) (Barlow and Manning 
1999), petrographic microscopy (Sundius and Byström 1953), 
or transmission electron microscopy (Eberhart 1963; Rodriguez-
Navarro et al. 2003). 

The present paper proposes to complement previous works 
with an experimental study of product assemblages during the 
early stages of muscovite decomposition. The objectives were to 
determine the inß uence of short heating durations and to further * E-mail: Karine.Devineau@ensg.inpl-nancy.fr
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ABSTRACT

We investigated the thermal decomposition of muscovite in natural granite powders heated to 1175 
°C for durations from 5 min to 68 h, at 1 bar, paying special attention to the early stages of decomposi-
tion. This study shows that muscovite is completely transformed after 5 min. Muscovite pseudomorphs 
consist of glass, mullite, and Al-rich oxides. For short durations (5 and 40 min), the Al-rich phase was 
identiÞ ed by XRD, electron diffraction, and TEM microanalysis as γ-Al2O3 containing 4�8 wt% FeO 
(total Fe), probably a few weight percents of MgO, and possibly up to 10 wt% SiO2. Faint superstructure 
spots and diffuse streaks observed in electron-diffraction patterns suggest vacancy or trace elements 
ordering in the γ-Al2O3 defect spinel structure. γ-Al2O3 displays an unexpected acicular morphology, 
elongated along three directions at 120° in the basal (001)musc planes and parallel to lateral faces of 
the former muscovite. Mullite forms rods elongated in the basal (001)musc planes along a direction at 
90° from one set of γ-Al2O3 needles. The γ-Al2O3 structure appears to be a metastable phase that is 
replaced by corundum for longer durations.
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