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abstract

Compositional dependence of alkali diffusivities in silicate melts is modeled by explicitly con-
sidering mixed alkali and “pseudo-alkali” effects. The well-known mixed alkali effect describes that 
the presence of light alkalis (Li, Na) retards diffusion of heavy alkalis (K, Rb, Cs) and vice versa, 
which can be attributed to stronger interaction between dissimilar alkalis and reduction of favorable 
sites for the alkali in question. Due to the same reasons, Ca, which has similar ionic radius as Li and 
Na but carries more charge and greater field strength, also impedes the migration of light alkalis. 
In this regard Ca behaves as a “pseudo-alkali,” and I refer to the influence caused by Ca on Li and 
Na diffusion as the “pseudo-alkali effect,” which belongs to the category of mixed cation effects in 
glass literature. Pseudo-alkali effect is expected to exist also between other size-matching divalent 
cations and alkali cations, such as Ba blocking K diffusion. Mixed alkali and pseudo-alkali effects 
are manifested mainly by an increase in the activation energy for diffusion. Sodium diffusivities for 
melt compositions ranging between albite, orthoclase, and anorthite reveal that the amplitude of the 
pseudo-alkali effect is much larger than that of the mixed alkali effect. Furthermore, the activation 
energy increases more rapidly as more Ca substitutes for Na, but the mixed alkali effect approaches 
saturation as K substitutes for sodium. A general model based on mixed alkali effect and pseudo-alkali 
effect, together with a special treatment relating Cs diffusion to melt polymerization, successfully 
characterizes existing experimental data on alkali diffusion in silicate melts. Enthalpies of mixing 
between end-member melts (e.g., Ab-Or melts and Ab-An melts) inferred from the model agree well 
with previous experimental investigations.
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iNtroductioN

Alkali elements (Li, Na, K, Rb, and Cs) have large ionic radii 
(Shannon 1976) and are preferentially partitioned in melt during 
partial melting of mantle or crust. Despite their large size, alkali 
cations (especially Li and Na) migrate rapidly in silicate melts 
(Jambon and Carron 1976; Jambon and Semet 1978; Zhang 
et al. 2010), indicating that alkali diffusion is decoupled from 
structural relaxation of a melt due to their low-field strength 
(Dingwell and Webb 1990; Mungall 2002; Zhang et al. 2010). 
Transport of alkalis is crucial for the evolution of melt composi-
tion (e.g., Bindeman and Davis 1999) and electrical signature 
of melts (Heinemann and Frischat 1993; Gaillard 2004; Ni et 
al. 2011a, 2011b).

Measurements of alkali diffusivity in silicate melts of rock 
or mineral compositions started no later than the 1960s (Sippel 
1963). An experimental database, mostly at ambient pressure, 
has been accumulated for various melt compositions and some 
rules have been drawn out of the experimental results. For ex-
ample, given other conditions (temperature, melt composition, 
etc.) being equal, diffusivity (D) is found to generally decrease 
with increasing ionic radius, i.e., DLi ≈ DNa > DK > DRb > DCs 
(Jambon and Carron 1976; Mungall 2002; Zhang et al. 2010). 

However, the compositional dependence of alkali diffusivity, 
which is less dramatic compared to that for other groups of ele-
ments of greater field strengths but can still be significant, is not 
well understood. An earlier attempt by Mungall (2002) adopted 
two compositional variables, namely M/O (number of network 
modifiers per oxygen) and Al/(Na+K+H). Although a majority of 
experimental data can be reproduced within a factor of four, the 
model does not capture some important features. For example, 
Behrens (1992) demonstrated a systematic slowdown of Na dif-
fusion from albite (An0) melt to An90 melt. However, the model 
presented in Mungall (2002) failed to predict Na diffusivity in 
An90 melt, almost off by five orders of magnitude. Furthermore, 
the two variables M/O and Al/(Na+K+H) imply entirely inter-
changeable roles for Na, K, and H, which is inconsistent with 
the fact that remarkably distinct diffusivities are found between 
albite melt and orthoclase melt for all five alkali elements. In a 
recent review paper, Zhang et al. (2010) also presented a series 
of empirical expressions for alkali diffusivity, which in general 
fit experimental data well. However, some expressions in Zhang 
et al. (2010) are only designed for restricted melt compositions. 
Therefore, a general model that captures common features shared 
by all alkali elements is lacking.

Certain aspects of compositional dependence have already 
been documented extensively in glass literature, such as the 
mixed alkali effect, long recognized for alkali migration in 
oxides glasses. As the alkali in a single alkali glass (denoted * E-mail: huaiwei.ni@uni-bayreuth.de


