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New thermochemical evidence on the stability of dickite vs. kaolinite
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ABSTRACT
The energetics of the Saint Claire dickite sample, a highly pure and low defect material, have
been studied by high-temperature oxide-melt solution calorimetry. Data were corrected for adsorbed
water, the only significant impurity to the ideal formula Al2Si2O5(OH)4. Enthalpies of dickite dissolution into molten lead borate at 702 ∞C and of dickite formation from the oxides and from the
elements at 25 ∞C and 1 bar are 356.3 ± 3.3 kJ/mol, –31.1 ± 4.2 kJ/mol, and –4099.8 ± 4.8 kJ/mol,
respectively. Using entropy data from the literature, the standard Gibbs free energy of dickite formation from the elements at 25 ∞C is –3777.5 ± 4.8 kJ/mol. This value is 7 to 25 kJ/mol more endothermic than literature values obtained for other dickites by calculations, solubility measurements, or
calorimetry. Since the Saint Claire dickite is almost pure, the applied corrections are very small and
these results are likely to be the most reliable of the available data. The Gibbs free energy of formation of the Saint Claire dickite at 25 ∞C and 1 bar is 12 to 25 kJ/mol less negative than data obtained
for kaolinite using the same and different techniques. This trend is unlikely to reverse at higher
temperature and/or pressure in the range of kaolin mineral occurrences. Thus, the new data further
corroborate our earlier findings that dickite is thermodynamically metastable relative to kaolinite.
This is in agreement with results obtained by mineral synthesis and with most of the observations of
kaolinite and dickite occurrences in natural environments. However, further investigations are required to fully explain the transformation of kaolinite to dickite, which appears to occur during
diagenesis.

INTRODUCTION
Kaolinite and dickite are the two most widespread polymorphs of the kaolin group, kaolinite being far more common
than dickite. Kaolinite is generally found in weathering and
other low-temperature environments while dickite was first
identified in hydrothermal systems (Murray 1988; Dixon and
Weed 1989; Singer and Munns 1996). Kaolinite may also have
a diagenetic origin, and both authigenic kaolinite and dickite
are common within sandstone reservoirs and other sedimentary rocks (Bayliss et al. 1965; Murray 1988; Ruiz Cruz and
Real 1993; Beaufort et al. 1998). Clay minerals encountered
within sandstone reservoirs are dominantly kaolinite, dickite,
chlorite, and illite (e.g., Bjorlykke and Aagard 1992). At 2500
to 5000 m of burial depth in sedimentary basins, the following
mineral sequences can be observed: kaolinite Æ dickite, detrital micas Æ kaolinite and/or dickite, and detrital feldspars Æ
dickite (Cassagnabère 1998). Scanning electron microscopy
(SEM), X-ray diffraction (XRD), Fourier transform infrared
microscopy (FTIR), and differential thermal analysis (DTA)
indicate that, within rocks with similar sedimentary facies and
petrologic properties at the first stage of burial, the kaolinite
crystals progressively coarsen, increase in their degree of stack* E-mail: fialips@lanl.gov
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ing order, and appear to be replaced progressively by blocky
dickite with increasing burial depth (Shutov et al. 1970; Beaufort et al. 1998). The kaolinite Æ dickite replacement would
occur in the temperature range 110–165 ∞C (e.g., Ehrenberg et
al. 1993; McAulay et al. 1994; Lanson et al. 1995, 1996; Beaufort et al. 1998). Accurate determination of the timing of the
replacement of kaolinite by dickite is not possible because neither the age of kaolinite nor that of dickite was directly measured. However, the replacement is thought to take more than
10 million years based on available information such as the
timing of the beginning of burial, the range of burial depth,
and the timing of the illitization determined by K/Ar
radiochronology (e.g., Lanson et al. 1996; Beaufort et al. 1998;
Lanson et al. 2002). Based mostly on XRD data, Ruiz Cruz
and Moreno Real (1993) and Lanson et al. (1996) suggested
that the apparent kaolinite-to-dickite transformation proceeds
via intermediates which could be mixed layers or intergrowths
of kaolinite and dickite. Beaufort et al. (1998) meticulously
studied the kaolinite Æ dickite replacement occurring within
the Rotliegend sandstone basin (in the North Sea) by SEM,
XRD, FTIR, and DTA. They proposed that the transformation
proceeds by two distinct paths. The first path would be the formation and accretion of new material from the dissolution of
small kaolinite crystals and/or detrital minerals (mainly feldspars). The second path would be the neoformation of ordered

