
American Mineralogist, Volume 88, pages 1033–1045, 2003

0003-004X/03/0007–1033$05.00      1033

INTRODUCTION

In dioctahedral 2:1 phyllosilicates, isomorphous substitu-
tion of Al3+ by Fe3+ and Mg2+ in the octahedral sheet and Si4+ by
Al3+ in the tetrahedral sheet occurs in nature, giving a great
diversity of 2:1 phyllosilicates (e.g., micas, smectites, illites,
beidellites, montmorillonites, phengites, nontronites, etc.).
Determination of the distribution of cations within the sheets
is a complex problem, especially in the octahedral sheet, to
which we refer in this paper. This type of study can be useful to
understand natural processes, such as the smectite to illite trans-
formation, dehydroxylation processes, and to analyze how cat-
ion distribution affects lattice stability. Also, the industrial and
environmental applications of clays due to their valuable cata-
lytic and adsorptive properties (e.g., as a barrier in nuclear waste
and pollutant disposal repositories) make it of great interest to
establish a firm theoretical understanding of their structure and
behavior.

Cation distribution in aluminosilicates has been one of the
important aspects of mineral behavior for a long time. Spec-
troscopic IR and NMR methods are especially useful for cat-
ion distribution analysis since they probe local environments
and can detect short-range cation relationships. From IR stud-
ies of celadonites Besson et al. (1987) showed that octahedral
cation distribution is not random and Al3+ and Fe3+ tend to seg-
regate from each other. Drits et al. (1997) studied the isomor-
phous cation distribution in celadonites, glauconites, and
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ABSTRACT

The ordering of Al3+, Fe3+, and Mg2+ cations along the octahedral sheet in dioctahedral 2:1
phyllosilicates was studied theoretically. The distribution of Fe3+/Mg2+ was studied in the octahedral
sheet and is compared with the Al3+/Fe3+ and Al3+/Mg2+ distributions. The cation exchange interac-
tion parameters Jn, as first, second, third, and fourth nearest neighbors were calculated by means of
empirical interatomic potentials. Several compositions with different interlayer cations, and tetrahe-
dral charge close to ferric smectites, illites, and nontronites were studied. From these Jn values, a
trend to form FeMg pairs was observed in the Fe/Mg system. Monte Carlo (MC) simulations based
on the previously calculated cation exchange potentials Jn of these systems showed ordering phase
transitions in the distribution of the octahedral cations, with different ordering patterns in each case.
The two-species model was extended to a three-species ordering MC simulation model. A new pro-
cedure to study the ordering of three species is presented in this paper. We present for the first time
a theoretical study of the ordering of three octahedral cations Al3+, Fe3+, and Mg2+ in clays, describing
compositions more realistic for dioctahedral clay minerals, by means of Monte Carlo simulations
based only on atomistic models. Short-range ordering of Fe was found in compositions of smectites
and illites reproducing experimental cation distribution patterns.

Fe-illites by IR, Mössbauer, and EXAFS spectroscopies to-
gether with statistical analysis, and found a certain short-range
ordering. In some synthetic smectites, Grauby et al. (1991)
found that Al3+ and Fe3+ tend to mix rather than to segregate,
Mg2+ and Fe3+ segregate within the same layer, and Mg2+ and
Al3+ segregate creating dioctahedral and trioctahedral layers.
Using 27Al NMR to study montmorillonite, Morris et al. (1990)
found that Fe was either segregated from Al in the octahedral
sheet or present in a phase different from smectite. Schroeder
(1993) found by means of 27Al NMR that Fe mixes with Al in
shale illite-smectite (I-S) samples with low Fe content but Fe
segregates from Al in Fe-rich specimens. Muller et al. (1997)
studied octahedral cation distribution of the Camp-Bertaux
montmorillonite using XRD, EXAFS, and FTIR, and observed
that Mg and Fe form clusters that segregate from Al. There-
fore, these different results make it difficult to extract a defini-
tive conclusion from all these experimental studies.

Atomistic calculations with interatomic empirical potentials
can reproduce the structure and properties of aluminosilicates,
particularly phyllosilicates (Sainz-Díaz et al. 2001a, 2001b;
Collins and Catlow 1992), and they are used to determine or-
dering energies (Bosenick et al. 2000, 2001; Thayaparam et al.
1996; Palin et al. 2001). Monte Carlo (MC) simulations are a
powerful tool for the study of cation distribution and ordering
in minerals, especially aluminosilicates (Dove and Heine 1996;
Dove et al. 1996; Warren et al. 2001). Previous studies of octa-
hedral cation distribution (Al, Fe, and Mg) in a series of illite-
smectite (I-S) mixed-layer samples using FTIR and 27Al MAS


