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INTRODUCTION

It is 30 years since the first models for predicting the vis-
cosity (h) of silicate melts as a function of melt composition
and temperature were published (Bottinga and Weill 1972; Shaw
1972). These models are still used regularly to provide esti-
mates of melt viscosity in studies concerning magmatism, vol-
canism, and planetary differentiation. The early models adopted
an Arrhenian temperature dependence:
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where the two adjustable model parameters (a and b) vary with
melt composition. The Arrhenian assumption was fully consis-
tent with the available data; however, the current database of
viscosity measurements covers a substantially wider range of
melt compositions and temperatures (e.g., Richet and Bottinga
1995; Dingwell 1995). The new data require that future vis-
cosity models accommodate strong non-Arrhenian temperature
dependencies (Richet 1984; Hummel and Arndt 1985; Angell
1991; Rossler et al. 1998; Toplis et al. 1997). Recently, several
new models have been published (Prusevich 1988; Persikov
1991; Baker 1996; Hess and Dingwell 1996; Giordano and
Dingwell in press), but they are limited by using an Arrhenian
formulation (e.g., Prusevich 1988; Persikov 1991) or by hav-
ing compositional restrictions (Baker 1996; Hess and Dingwell
1996).

The main challenge to creating new models for viscosity in
natural silicate melts is deciding how to partition the effects of
composition across the parameters in the non-Arrhenian equa-
tion (Hummel and Arndt 1985; Toplis et al. 1997; Russell et al.
2002). We present a numerical analysis of fitting non-Arrhenian
models to viscosity data for a variety of multicomponent sili-

* E-mail: krussell@eos.ubc.ca

High-temperature limits on viscosity of non-Arrhenian silicate melts

J.K. RUSSELL,1,* D. GIORDANO,2 AND D.B. DINGWELL2

1Department of Earth and Ocean Sciences, The University of British Columbia, Vancouver, B.C., V6T 1Z4
2Institut fur Mineralogie, Petrologie und Geochemie, Ludwig Maximilians Universitat Muenchen, Muenchen, Germany D80333

ABSTRACT

The prediction of viscosity in silicate melts, over the range of conditions found in nature, remains
one of the most challenging and elusive goals in Earth Sciences. We present a strategy for fitting
non-Arrhenian models [e.g., Vogel-Tammann-Fulcher (VTF) or Adam-Gibbs (AG)] to viscosity data
that can be employed toward a full multicomponent model for melt viscosity. Our postulate is that
the high-T viscosities of silicate melts converge to a common value. The implications are twofold.
First, the number of composition-dependent parameters is reduced by a third. Second, our optimiza-
tion constrains the experimentally inaccessible, high-T properties of silicate melts. The high-T limits
to melt viscosity are constrained by the VTF and AG models to between 10–4.3±0.74 and 10–3.2±0.66 Pa·s,
respectively, and overlap in the interval 10–3.86 to 10–3.56 Pa·s.

cate melts. Our results strongly support the premise that the
high-temperature limiting behavior of all silicate melts can be
approximated by a single common value of viscosity. This re-
sult greatly simplifies the task of modeling the compositional
dependence of viscosity. Our analysis also provides estimates
on the high-T behavior of silicate melts at conditions that are
inaccessible experimentally.

SYNTHETIC MELTS: AN-AB-DI

The Vogel-Tammann-Fulcher (VTF) equation offers a purely
empirical means of accommodating the non-Arrhenian tem-
perature dependence of viscosity (Richet and Bottinga 1995;
Rossler et al. 1998; Angell 1991; Bottinga et al. 1995):
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It is an effective descriptor of viscosity over the composi-
tional range of most geochemically important melts (i.e., those
showing relatively small departures from Arrhenian behavior)
(Angell et al. 2000). The adjustable parameters A, B, and C
depend on melt composition, but we expect these parameters
to have different degrees and forms of compositional depen-
dence. The parameter A is the value of log h (Pa·s) at infinite
temperature, and C is the temperature (K) at which viscosity
becomes infinite. The parameter B corresponds to the pseudo-
activation energy associated with viscous flow, and is thought
to represent a potential energy barrier obstructing the struc-
tural rearrangement of the melt. The parameters A, B, and C
show strong correlations that are a reflection of: (1) the nonlin-
ear nature of the VTF equation; (2) the distribution and quality
of the experimental data; and (3) (potentially) co-dependence
on composition (e.g., Russell et al. 2002). However, it can be
difficult to isolate the compositional effects because of the
strong numerical correlations.

We began by fitting the VTF equation to experimental data
for 3 melt compositions having significantly different rheolo-


