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ABSTRACT

We studied mixed-layer illite-smectite (I/S) (,1 or 0.5 mm size fractions) in 28 diage-
netic bentonite samples, Pliocene to Ordovician in age, from different locations in North
America and Europe to investigate the smectite-to-illite transformation mechanism. XRD-
measured illite contents ranged from 3 to 100%, and layer ordering varied continuously
from R 5 0 to R $ 3. XRD polytype analysis showed that with progressive illitization, I/S
changes from a predominantly cis-vacant to a trans-vacant structure, although considerable
scatter is present in the data. There is no evolution of illite in the I/S from 1Md to 1M
polytypes with progressive illitization. Microprobe chemical analysis and combustion anal-
ysis for N showed that NH comprised 9–22% of the total fixed cation content. We1
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calculated an interlayer charge for the illite end-member of 1.5 per O20(OH4). Sample
morphology was studied by atomic force microscopy, which showed a constant aspect
ratio and particle diameter over the whole I/S series. Particle thickness increased with
percent illite. Oxygen isotope compositions of the I/S clays did not display any systematic
trends. Our results suggest that illitization of bentonite I/S proceeds via a solid-state mech-
anism, with local lattice rearrangements that permit structural (octahedral cis/trans occu-
pancy) and chemical changes in 2:1 layers and cause interlayer coalescence.

INTRODUCTION

The mechanism of the transformation of smectite into
illite is key to understanding the thermodynamic relation-
ship among the minerals in the transformation sequence
(smectite, I/S of different compositions, and illite) and the
detailed kinetics (not only the overall kinetics) of the pro-
cess. Many studies have shown that two main mecha-
nisms operate during the transformation: solid-state trans-
formation (SST ) and; dissolution followed by
precipitation (DP). The first mechanism (Shutov et al.
1969; Dunoyer de Segonzac 1970; Hower et al. 1976)
involves illitization in the solid state, with the gradual
replacement of smectite by illite on a layer-by-layer basis.
In this process, which typically also involves fluids that
can act as catalysts and transport media, the replacement
of smectite by illite occurs in close topotactic contact.
The second mechanism involves complete dissolution of
smectite followed by precipitation of I/S or illite. This
process allows major changes in structure and texture to
occur as illitization proceeds so that the structural mem-
ory of the precursor mineral is lost. Two main versions
of the DP mechanism have been described, including: (1)
progressive dissolution of smectite in a reaction front on
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a very small scale with in situ precipitation of the new
phase (Ahn and Peacor 1986); and (2) initial dissolution
of smectite followed by progressive coarsening of illite
governed by an Ostwald ripening process (Eberl and Śro-
doń 1988; Eberl et al. 1990).

Many authors have reported evidence supporting one
or the other reaction mechanism. In many cases the SST
mechanism was proposed for materials with low perme-
ability such as bentonite (Altaner et al. 1984; Środoń et
al. 1986; Inoue et al. 1990; Elliott et al. 1991), shale and
bentonite (Bell 1986), and mudstone (Lindgreen and Han-
sen 1991; Lindgreen et al. 1991). Support for this mech-
anism was found by the mentioned authors in older K-Ar
ages for more illitic I/S; chemical composition of samples
showing preservation of illite layers formed in the earlier
steps of the transformation or progressive changes in the
I/S composition; I/S interlayer ordering suggesting a
gradual transformation; and absence of morphological
and crystallographic changes during illitization. Con-
versely, the DP mechanism has been proposed for envi-
ronments of higher permeability, such as hydrothermal
systems (Inoue 1986; Yau et al. 1987; Inoue et al. 1988;
Kitagawa et al. 1994; Inoue and Kitagawa 1994). These
authors found support for this mechanism mainly in the
morphological changes undergone by the clay particles
during illitization and also in the spatial relationships be-
tween smectitic and illitic particles in undisturbed clay
separates. Robert et al. (1991) proposed that higher tem-


