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ABSTRACT

Within the framework of the Adam-Gibbs (configurational entropy) theory of viscosity,
it is shown that for a given composition, the ratio of parameters Be (a temperature inde-
pendent constant) to Sc(Tg) (the configurational entropy at the glass transition) is propor-
tional to the height of the average potential energy barrier to viscous flow (Dm) and the
size of the rearranging domains at the glass transition [z*(Tg)]. The ratio Be/Sc(Tg) is eval-
uated for several silicate and aluminosilicate compositions of variable polymerization. It
is found that the ratio Be/Sc(Tg) shows simple compositional variations that correspond
closely to those that may be expected qualitatively for the height of the potential energy
barrier to viscous flow. Assuming that z*(Tg) is a constant for all compositions, the avail-
able data for Be/Sc(Tg) are parameterized as a function of Dm. The physical basis of this
parameterization will therefore allow extension to more complex systems as additional
data become available. The Ae term in the Adam-Gibbs equation (another temperature
independent constant) shows only minor compositional variation (22.6 6 1), but the vari-
ation that does exist is found to be a linear function of Be/tetrahedron. The proposed
parameterizations of Be/Sc(Tg) and Ae are shown to be sufficient for estimating the glass
transition temperature to within 15–20 K. Calculated glass transition temperatures may be
combined with existing models for viscosities in the range 10–105 Pa·s. Interpolation pro-
vides the whole viscosity curve and thus also an estimate of the departure from Arrhenian
behavior. Although further work is necessary to verify and extend the parameterizations
to compositions of direct geological relevance, this work represents a step toward a fully
generalizable predictive model of silicate melt viscosity based within a physical
framework.

INTRODUCTION

The ability to estimate silicate melt viscosity reliably
is fundamental for understanding and predicting diverse
processes of interest to the geological and applied sci-
ences, such as convection in crustal magma chambers,
melt migration in the mantle, the nature of explosive vol-
canism, or the transport of melts used for glass making,
metallurgy, and waste disposal. The compositional and
temperature ranges of interest to both geological and ap-
plied disciplines are very large, making direct viscosity
measurements of all the compositions of interest impos-
sible. This has led to various attempts at predictive mod-
els that, for compositions of geological interest, have
been reasonably successful at temperatures well above the
glass transition (Bottinga and Weill 1972; Shaw 1972).
However, these empirical models do not take into account
departures from Arrhenian behavior (an important char-
acteristic of silicate melts, e.g., Richet 1984; Richet and
Bottinga 1995) and are thus of little use at temperatures
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close to the glass transition. In contrast to these empirical
approaches, three other approaches (configurational en-
tropy theories, Adam and Gibbs 1965; free-volume the-
ories, Cohen and Grest 1979; and mode coupling theory,
Götze 1991) have attempted to link quantitatively viscous
relaxation time to some structural property of the melt.
Of these three, the Adam-Gibbs (configurational entropy)
theory can account for the non-Arrhenian behavior quan-
titatively as well as several other properties of a wide
range of silicate compositions. (For further details of the
theory and its application to silicate melts the reader is
referred to Richet 1984 and Bottinga and Richet 1996).

In summary, the Adam-Gibbs (A-G) theory (Adam and
Gibbs 1965; Richet 1984) relates viscosity (h) to absolute
temperature (T) and the configurational entropy of the
system at that temperature [Sc(T)] through the relation:

log10 h(T) 5 Ae 1 Be/TSc(T) (1)

where Ae and Be are temperature independent constants
(Richet 1984). The configurational entropy is not, how-
ever, a constant at all temperatures, and it is indeed the


