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INTRODUCTION

Recently, Dudek et al. (2006) presented a comprehensive model 
of formation and transformation of mixed-layer K-S from natural 
hydrothermal and hypergenic settings. That study compiled the 
results of several analytical techniques such as X-ray diffraction 
(XRD), thermal analysis, chemical analysis, and 29Si nuclear 
magnetic resonance (NMR). Fourier transform infrared (FTIR) 
analysis of the same set of samples was presented in Cuadros and 
Dudek (2006). In the light of these studies, smectite kaolinization 
is a solid-state transformation that proceeds through progressive 
removal of tetrahedra from smectite layers and the corresponding 
increase of OH groups in the octahedral sheet. This process leads 
to the development of kaolinite-like patches or domains within 
smectite layers. However, the development of the patches and 
their collapse to ~7 Å (as measured by XRD) do not progress si-
multaneously, because the collapse happens only when the patches 
acquire sufÞ cient size. In a similar way, there is no immediate 
correspondence between layer collapse to ~7 Å and other chemical 
and structural changes that occur during the transformation, such as 
Al for Mg replacement in the octahedral sheet, Si for Al exchange 
in the tetrahedral sheet, and the removal of interlayer cations. It 
also was observed that Fe is either retained in the newly formed 
kaolinite layers or released slowly after they form.

Most of the samples studied by Dudek et al. (2006) were 
from a thick bentonite deposit in Almería, Spain. The underlying 

assumption in that study was that K-S formed from smectite, 
which, in turn, was the product of the transformation of rhyo-
litic glass originally deposited in the area. The above model of 
smectite kaolinization corroborated this assumption. Is it pos-
sible, however, that K-S forms directly from non-phyllosilicate 
phases such as feldspars or volcanic glass, without a smectite 
precursor? The main goal of the present study was to test this 
possibility. For this we performed hydrothermal experiments us-
ing both smectite and volcanic glass as starting materials, which 
were reacted under similar conditions. Glass produced kaolinite 
and/or boehmite, depending on experimental conditions, whereas 
smectite produced K-S. Seemingly, formation of K-S requires 
a smectite precursor.

There are few reports on experimental synthesis of K-S. K-S 
containing 40�90% kaolinite layers was synthesized by Środoń 
(1980) who reacted smectite at 165 °C for four months in AlCl3 
solutions. Poncelet and Brindley (1967) found minor quantities of 
kaolinite after subjecting montmorillonite to solutions containing 
AlCl3 for 7 days at 175 and 220 °C. However, Środoń (1980) 
argued that the product of their experiments was not kaolinite 
but K-S, according to their XRD pattern characteristics after 
glycolation. Tomita et al. (2003) reported K-S forming from 
Na-montmorillonite at 180 and 200 °C in an Al-sulfate solution. 
Kaolinization of volcanic glass in nature is largely conÞ ned to 
a restricted environment related to coal basins (e.g., Bohor and 
Triplehorn 1993). In experimental studies, Al-Si gels, rather than 
volcanic glass, have been used for kaolinite synthesis (e.g., Fi-
alips et al. 2001; Huertas et al. 2004). Fiore et al. (1999) however, 
reported the formation of an acicular mineral, identiÞ ed as hal-
loysite, during low-temperature (~80 °C) alteration of rhyolitic 
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ABSTRACT

A smectite and a rhyolitic obsidian specimen were subjected to hydrothermal alteration for 4 months 
at 150 °C in two solutions having different AlCl3 concentrations. The solids were analyzed by means of 
X-ray diffraction, thermogravimetry, electron microscopy (with microanalysis), and Fourier transform 
infrared spectroscopy. The solutions were chemically analyzed and the ion activities were plotted on 
activity diagrams. They are broadly coherent with the reaction products. The smectite specimen produced 
mixed-layer kaolinite-smectite (K-S), with a higher kaolinite proportion for the solution with higher Al 
content. The glass specimen produced glass + boehmite + kaolinite in the low-Al solution, and kaolinite 
in the high-Al solution. Thus, K-S probably forms only from smectite precursors. The formation of K-S 
follows the same mechanism of stripping of one of the tetrahedral sheets from smectite described for 
natural specimens by Dudek et al. (2006). Comparison of the synthetic and natural K-S indicates great 
similarity, although the arrangement of the kaolinite layers in the synthetic specimens is more ordered 
and some of their kaolinite infrared bands are more intense. The results of Dudek et al. (2006) and this 
study show a wide range of chemical and structural �maturity� of kaolinite in K-S, as kaolinization 
proceeds, that varies depending on the reaction conditions.
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