
American Mineralogist, Volume 90, pages 173�180, 2005

0003-004X/05/0001�173$05.00/DOI:10.2138/am.2005.1615      173

INTRODUCTION

Mica minerals constitute the most abundant ferromagnesian 
phase encountered in magmatic, metamorphic, and hydrothermal 
ore deposits. They belong to a family of minerals known as phyl-
losilicates, which are composed of sheets of silicate tetrahedra. 
Micas are generally known for their thermal stability, high resis-
tance, uniform dielectric constant/capacitance stability, and low 
power loss, and consequently are used extensively in electronic 
devices. They have been recently utilized for polymer/layered 
silicate nanocomposites (Ray and Okamoto 2003) and substrates 
for epitaxial growths of sexiphenyl thin Þ lms (e.g., Plank et al. 
2003). In geology, cation releases in natural micas are commonly 
studied to investigate hydrothermal alteration and weathering 
processes (e.g., Kapoor et al. 1981; Taylor et al. 2000). Mica 
is also a phase used for isotope age dating (e.g., Copeland and 
Harrison 1990) and alpha-decay recoil track analysis (e.g., Hash-
emi-Nezhad and Durrani 1981; Glasmacher et al. 2003).

Dehydroxylation in clay minerals has been the subject of 
many investigations. The present study was inspired by the ques-
tion: what happens at the atomic level during dehydroxylation 
in 2:1 layer silicates? Although different mechanisms for the 
dehydroxylation process have been proposed (MacKenzie et al. 
1985; Guggenheim et al. 1987; Drits et al. 1995; Fitzgerald et al. 
1996; Muller et al. 2000; Wang et al. 2002), the issue is still under 
debate. We wished to investigate in detail the spectral changes 
related to different vibrational bands (e.g., these of O-H, K-O, 
Si-O, Al-O vibrations) and to compare IR data from OH� species 
with those obtained through other analytical methods, especially 

those from thermogravimetric measurements, for the purpose of 
gaining a better understanding of the dehydroxylation process.

The present study was also motivated by our recent obser-
vation of incorporated carbon species in partially dehydroxyl-
ated pyrophyllite (Wang et al. 2003), and we wished to further 
investigate this issue. The incorporation of CO2 into minerals 
and glasses has previously been reported as part of studies of 
CO2 solubility in melts (e.g., Mysen 1976; Fine and Stolper 
1985; Taylor 1990; Brooker et al. 1999, 2001; Béarat et al. 
2002; Morizet et al. 2002). CO2 contents and their molecular 
speciation in minerals can offer information on the formation 
condition and geological history of the rocks in which they occur. 
An understanding of the solubility and stability mechanisms of 
CO2 in silicate melts is of signiÞ cance and interest in geology 
because of the important role CO2 plays in the petrogenesis of 
a wide range of igneous rocks. The incorporation of CO2 into 
pyrophyllite [Al2Si4O10(OH)2] during dehydroxylation has been 
reported recently (Wang et al. 2003), along with an intermediate 
phase. The observations in our previous study on pyrophyllite 
have led to several important fundamental questions: do other 
phyllosilicate clays show similar behaviors at high temperatures? 
Is the incorporation of CO2 associated with the dehydroxylation 
process? If yes, how or to what extent are they related? Although 
the physics behind the CO2 incorporation in melts or glasses may 
be different from that in heated clays, a better understanding of 
the process may provide additional insights for other researchers. 
For instance, it may offer useful information on sequestration 
of anthropogenic gases in natural (mineral) sinks and during 
production of Þ red clay materials, and also to those workers 
who observed carbon dioxide released during thermal analysis * E-mail: mz10001@esc.cam.ac.uk
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ABSTRACT

Dehydroxylation and incorporation of CO2 in mica (sericite-2M1) during high-temperature annealing 
has been investigated in detail using infrared (IR) spectroscopy. The dehydroxylation is characterized 
by a dramatic change of the OH� ion spectrum and the appearance or development of different extra 
species (CO2, CO3

2�, and OH�). A signiÞ cant decrease in the K-O bond strength and a complex distortion 
of the silicon-oxygen tetrahedra were also observed. The general similarities between the spectra of 
the untreated and dehydroxylated sericite show that the layered framework is somewhat preserved in 
sericite dehydroxylate. The results suggest that the incorporation of CO2 into the structures of the heated 
materials is associated with or enhanced by the dehydroxylation process, although the two processes 
have different reaction mechanisms. The CO2 contents in heat-treated sericite show a correlation with 
the loss rate of hydroxyl. A weak O-H stretching absorption band near 3480 cm�1 developed during 
dehydroxylation and it disappeared above 1100 °C. The results suggest that the developed additional 
O-H stretching signals and the thermally induced CO2 do not structurally stabilize each other, as upon 
further heating the two different types of components vanished at different temperatures.


