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INTRODUCTION

Feldspar is the single most abundant mineral group in the 
Earth�s crust. The varieties of feldspar account for 60% of the 
Earth�s upper crust. Reactions at feldspar-ß uid interfaces govern 
the composition of surface waters, rates of elemental cycling, and 
maintenance of global CO2 concentrations through geologic time. 
In the past, a variety of factors, such as pH, temperature, satura-
tion state, and compositional variation have been investigated 
in both laboratories and in natural systems to evaluate effects 
on feldspar-ß uid interactions. These studies have contributed to 
a comprehensive understanding of the nature of feldspar-ß uid 
interactions (see Blum and Stillings 1995 for detailed review). 
Even when the feldspar compositions, temperature, pH, and ß uid 
chemistry are all similar, however, feldspar dissolution rates 
have been observed varying by up to three orders of magnitude 
between different laboratories. Despite the vast literature on 
feldspar minerals, the roles of aspects such as (Al,Si) disorder in 
a single feldspar phase, structural, and compositional heteroge-
neities due to different space groups, dislocations, twin planes, 
and exsolution lamellae on feldspar-ß uid interactions are not 
well studied. For example, the extent of (Al,Si) order/disorder 
affects the bulk thermodynamic properties of feldspar (e.g., My-
ers et al. 1998), and thus may have a quantitative impact on its 
interaction with surrounding ß uids. At the atomic scale, domains 
that differ in terms of Al,Si distributions can yield distinctly 
different surface conÞ gurations during feldspar weathering 
due to preferential dissolution of Al (e.g., Jordan et al. 1999). 
Therefore, analysis of (Al,Si) disorder in feldspar and the evalu-
ation of corresponding controls on dissolution can provide more 
accurate understanding of the general mechanisms and kinetics 
of feldspar-ß uid interactions.

As an end-member of the feldspar group, albite (NaAlSi3O8) 

presents an ideal opportunity to explore the phenomena of 
(Al,Si) order/disorder and to evaluate its effect on feldspar-ß uid 
interaction. The structure of albite consists of a framework 
of corner-sharing Si and Al tetrahedra (Fig. 1). In its triclinic 
structure, there are four sets of similar but unique tetrahedral 
sites, conventionally labeled T1o, T1m, T2o, T2m (o = center 
of symmetry, m = mirror plane). The way in which Si and Al 
atoms are distributed in the T-sites leads to the distinction among 
different order-disorder conÞ gurations (Nesse 2000). Albite has 
a fully ordered conÞ guration where the T1o sites contain all the 
Al atoms and T1m, T2o, and T2m sites only contain Si atoms. As 
the fraction of Al atoms in T1o sites decreases from 1, the albite 
crystal lattice can exhibit variations in ordering at different length 
scales (Stewart et al. 1969; Meneghinello et al. 1999). Macro-
scopically, the variations of Al fractions in the non-equivalent 
T-sites are reß ected in changes to lattice geometry (Stewart et 
al. 1969; Vinograd et al. 1999). For example, crystal structure 
analyses of alkali feldspars have shown that the isochemical 
variations in cell parameters and reciprocal lattice angles are 
related to Al/Si distribution among the non-equivalent T-sites 
of the feldspar framework (Stewart et al. 1969). These average 
properties reß ect long-range order of albite (LRO; e.g., Vinograd 
et al. 1999). X-ray and neutron diffraction techniques are sensi-
tive to changes in the average structure and thus are good tools 
to recognize LRO in the crystal structure. In addition, variation 
in local (Al,Si) lattice distributions occurs even when the degree 
of LRO is constant (i.e., the fractions of Al atoms in the non-
equivalent T-sites are Þ xed), except in fully ordered low albite. 
Short-range order (SRO) describes correlation between n-order 
neighboring cation site occupancies. The term �n-order� refers 
here to the pairs of atoms in the lattice that are Þ rst-, second-, 
or even higher-order neighbors. For instance, n = 1 and n = 2 
correspond to the pairs of Þ rst-nearest and second-nearest neigh-
bors, respectively. Short-range information can be obtained from 
nuclear magnetic resonance (NMR) experiments. For example, * E-mail: aluttge@rice.edu
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ABSTRACT

The role of (Al,Si) disorder in the kinetics of albite dissolution is explored through parameterized 
Monte Carlo methods. Two dissolution mechanisms�multilayer leaching and single-layer retreat�
were tested on 48 albite test conÞ gurations. In simulations involving multilayer leaching, dissolution 
rates increased with decreasing long-range order (LRO). We observed a Þ vefold maximum increase in 
dissolution rate tied to (Al,Si) disordering, roughly equivalent to that accompanying a decrease of 1.4 
pH units at pH 1�5. This increase in rate due to disordering in albite is similar to that observed from 
compositional variation in plagioclase feldspars (An47 vs. An0) at low pH. In contrast, (Al,Si) disordering 
had no discernible effect during the simulations involving the single-layer retreat mechanism. These 
results suggest that the effect of (Al,Si) disorder on albite dissolution rate is mechanism-dependent.
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