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ABSTRACT
The cluster variation method (CVM) for determining the thermodynamics of both shortrange and long-range order in this study was extended to complex aluminosilicate minerals.
Using recently developed algorithms for the maximization of cluster entropies, it is possible
to construct high-order cluster variation approximations for Ising lattices of complex topology. This study gives the essentials of developing CVM models for the Al, Si nets of
nepheline, leucite, feldspar, and cordierite. The robustness of the method is demonstrated
by its ability to reproduce quantitatively recently published results of Monte Carlo simulations of Al, Si ordering in the Ising model with feldspar topology. The future prospects
for the application of CVM to aluminosilicates are discussed.

INTRODUCTION
Many aluminosilicates exhibit Al, Si ordering that in
many cases is observed macroscopically as regular alternation of average occupancies of the tetrahedral sites and
subsequently as changes of lattice geometry. These macroscopically observed effects are known as long-range
ordering (LRO). However, the phenomenon of ordering
is more complex than can be inferred from X-ray diffraction and other methods sensitive to changes of the
average structure. Recent investigations of aluminosilicates using 29Si NMR spectroscopy have provided an insight into local properties of the Al, Si distributions. For
example, the 29Si NMR studies of synthetic cordierites
and anorthites (Putnis et al. 1985, 1987; Phillips et al.
1992) have shown that significant variations in Al, Si distribution can occur even when the degree of LRO remains
fixed. These variations are seen primarily as changes in
the proportion of Al-O-Al, Si-O-Si, and Al-O-Si linkages
in aluminosilicates, the phenomenon known as shortrange ordering (SRO).
The equilibrium thermodynamic effects of Al, Si orderdisorder in albite and plagioclase feldspars have been described using Landau models (Salje et al. 1985; Carpenter
1992; Holland and Powell 1992) in which variations in
the thermodynamic properties of a mineral are related to
a change in a macroscopic LRO parameter (Qod). However, certain important characteristics of Al, Si order/disorder are beyond the scope of such an approach. In general, aluminosilicates can exhibit various degrees of SRO
and LRO depending on composition and thermodynamic
history of the samples. When LRO cannot develop due
to compositional or kinetic constraints, the thermodynamic properties of a mineral may change as function of the
degree of SRO. Therefore, interpretation of such experi* E-mail: putnis@nwz.uni-muenster.de
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mental information requires modeling of Al, Si distributions as functions of the two order parameters.
When we introduce SRO into consideration, we must
change our thermodynamic methodology from Landau
models to Ising models. The main assumption of the Ising
model is that the system of interacting particles adjust to
an ordering force by changing its LRO and SRO parameters together. In the present study, we will assume that
the ordering force is related to the energy difference (J1)
between the nearest-neighbor Al-O-Al, Si-O-Si, and SiO-Al pairs:
J1 5 VAlAl 1 VSiSi 2 2VSiAl

(1)

As discussed recently by Dove et al. (1996), J1 is the
most important factor in the stabilization of ordering in
aluminosilicates; however, a more correct analysis would
require introducing a set of ordering constants Jn (n 5 1,
2, 3. . .) for pairs of first, second, and third neighbors. We
will limit our analysis here to the assumption J1 5 J, Jn
5 0 (n $ 2).
The Al, Si distributions in various aluminosilicates
have been modeled using Monte Carlo (MC) methods
(Herrero 1991, 1993; Herrero and Sanz 1991; Thayaparam et al. 1994, 1996; Myers et al. 1998). However, the
MC method can describe only the equilibrium (Boltzmann) distribution in which the LRO and SRO parameters have a certain functional relationship to each other
and to the temperature and J. To describe non-equilibrium
states of order, which are rather common in aluminosilicates, a method is needed that is capable of treating the
LRO and SRO parameters as independent variables. We
will consider an analytical approach to this problem based
on the cluster variation method (CVM).
In recent decades, the CVM has been widely used for
the description of atomic ordering in alloys (Inden and
Pitsch 1991; de Fontaine 1979, 1994, and references
therein). There have been relatively few studies applying
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