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ABSTRACT

The Gibbs free energy (DG ) of the reaction kaolinite ↔ dickite was generated from0
(1)

solubility measurements of natural kaolinite and dickite performed in acid solutions at
temperatures ranging from 150 to 300 8C under vapor-saturated conditions. The DG0

(1)

values increase from 20.620 6 0.150 to 20.218 6 0.210 kcal/mol with increasing tem-
perature from 150 to 300 8C. Regression of these data yields a value of 20.90 6 0.10
kcal/mol for DG at 25 8C. The standard Gibbs free energy of formation (DG ) of dickite0 0

(1) f,298

deduced from DG and the DG of kaolinite (Zotov et al., in preparation) is 2908.36 6o 0
(1) f,298

0.40 kcal/mol. The results obtained in this study indicate that kaolinite is metastable rel-
ative to dickite at temperatures to at least 350 8C. It follows that the timing of observed
kaolinite to dickite transformations in diagenetic and many hydrothermal systems is con-
trolled by the kinetics of this reaction rather than thermodynamic equilibria.

INTRODUCTION

Kaolinite and dickite are the two most widespread
polytypes (1Tc and 2M1, respectively) of the kaolin group
of clay minerals (Bailey 1980). Kaolinite generally forms
at low temperature (,150 8C) during weathering and dia-
genetic processes in soils and sedimentary rocks or dur-
ing epithermal processes. By contrast, dickite occurs in
hydrothermally altered rocks formed at higher tempera-
ture (150–250 8C) and in sedimentary rocks altered under
medium- to high-grade diagenetic conditions. Transfor-
mation of kaolinite to dickite is observed in sedimentary
basins with increasing burial depth reflecting increasing
temperature and pressure (Dunoyer de Segonzac 1970;
Shutov et al. 1970; Ehrenberg et al. 1993). Consequently,
several authors have suggested that the relative occur-
rence of these minerals can be used for paleothermome-
tric reconstructions (Kossovskaya and Shutov 1963; An-
ovitz et al. 1991; Ehrenberg et al. 1993). Based both on
the transformation of kaolinite to dickite with increasing
depth of burial and on available data on the Gibbs free
energy of these minerals at 25 8C (Naumov et al. 1974;
Robie et al. 1979; Haas et al. 1981; Robinson et al. 1982),
it is generally believed that kaolinite is more stable than
dickite at ambient temperature, whereas dickite is more
stable at temperatures higher than 150–200 8C. However,
available entropy and heat capacity data for these min-
erals (King and Weller 1961) imply that the DS0 of the
reaction kaolinite ↔ dickite is negative, which is consis-
tent with the fact that the double-layer structure of dickite
is more ordered than the one-layer structure of kaolinite.
Hence, unlike geological observations, available ther-
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modynamic data suggest that dickite is unstable relative
to kaolinite at all temperatures.

The present study was initiated to resolve the conflict
between available thermodynamic data and geological
observations. Toward this goal, kaolinite and dickite sol-
ubility were measured at pH from ;1 to 2.5 and temper-
atures from 150 to 300 8C. Taking account of these re-
sults, thermodynamic parameters for the kaolinite ↔
dickite reaction were generated over the temperature
range 25–300 8C. These parameters were used to generate
an internally consistent set of thermodynamic data for
dickite and kaolinite. These results should lead to an im-
proved description of phase relations among aluminosil-
icate minerals in sedimentary basins and hydrothermal
systems.

MATERIALS AND METHODS

Kaolinite and dickite

Pure highly crystalline hydrothermal kaolinite and
dickite were used in this study. The two kaolinites inves-
tigated are from Glukhovetskoe (Ukraine) and Decaze-
ville (France); these samples have been described in de-
tail by Zotov et al. (in preparation) and Devidal et al.
(1996), respectively. Both are well crystallized (Hinkley
indices are equal to 1.30 and 1.39, respectively) and con-
tain less than 1 wt% impurities. The Decazeville kaolinite
was treated initially by the De Endredy (1963) method to
remove Fe impurities; experiments were performed using
the 5 to 10 mm size fraction. Two size fractions (,0.25
and .0.8 mm) were separated from the Glukhovetskoe
kaolinite by multiple water column sedimentation. The
dickite used in this study was collected from the Baley
hydrothermal gold deposit (Russia), where it is found as


