
American Mineralogist, Volume 94, pages 1–16, 2009

0003-004X/09/0001–001$05.00/DOI: 10.2138/am.2009.2892        1 

Amorphous mAteriAls: properties, structure, And durAbility† 

The viscosity of hydrous NaAlSi3O8 and granitic melts: Configurational ent opy models

AlAn G. WhittinGton,1,* m. Ali bouhifd,2 And pAscAl richet3

1Department of Geological Sciences, 101 Geology Building, University of Missouri-Columbia, Columbia, Missouri 65211, U.S.A.
2Department of Earth Sciences, Oxford University, Parks Road, Oxford OX1 3PR, U.K.

3Physique des Minéraux et des Magmas, IPGP, 4 place Jussieu, 75252 Paris Cedex 05, France

AbstrAct

We used configurational entropy theory to model the viscosity (η) of hydrous melts of NaAlSi3O8, 
haplogranite (SiO2-KAlSi3O8-NaAlSi3O8), and complex (natural) granite composition from available 
measurements and recently published configurational heat-capacity data. The equation log η = Ae + 
Be/TSconf(T), where Sconf is configurational entropy, reproduces viscosity data for individual samples 
as well as or better than the empirical three-parameter TVF equation (defined below), and has the 
advantage of being based on thermodynamic theory. The variables Ae, Be, and Sconf(Tg), where Tg is 
glass transition temperature, were parameterized as a function of water content for compilations of 
viscosity data for hydrous NaAlSi3O8, haplogranite, and peraluminous granite melts. With the simplest 
assumption of ideal mixing between silicate and water components, configurational entropy models 
with between 4 and 10 fitting parameters reproduce experimentally determined η-T-XH2O relation-
ships significantly better than previous literature models based on empirical equations. Our preferred 
configurational entropy models have root-mean-square deviations of 0.26 log units for NaAlSi3O8 (n 
= 77), 0.16 log units for haplogranite (n = 55), and 0.28 log units for peraluminous granites (n = 79). 
The best statistical fits to the data sometimes require thermodynamically unlikely variations in Ae, Be, 
and Sconf(Tg) as a function of water content, however, such that further calorimetry data are needed to 
extract accurate thermodynamic information from viscosity data sets for hydrous melts. 
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introduction

The viscosity of silicate melts exerts a profound control over 
the rates and styles of many igneous processes, and it is perhaps 
the most dramatically variable property of silicate melts, poten-
tially spanning many orders of magnitude in a single geological 
environment. Previous models for viscosity have been mostly 
empirical in nature. Early efforts were based on the assumption 
of an Arrhenian viscosity-temperature relation (Bottinga and 
Weill 1972; Shaw 1972; Persikov et al. 1990), which is a reason-
able first approximation for the super-liquidus temperatures at 
which most of the measurements were made. The last decade or 
so has seen a rapid increase in the amount of low-temperature 
data collected above the glass-transition range, allowing the 
construction of models that incorporate non-Arrhenian behavior. 
For the most part, these models also have been empirical fits 
to the data, based on parameterization of the Tammann-Vogel-
Fulcher (TVF) equation:

log η = A + B/(T – T0) (1)

where A, B, and T0 are adjustable parameters. Several recent 
models have been based upon this approach (Giordano and Din-
gwell 2003; Giordano et al. 2006), or more complex empirical 
models (Hui and Zhang 2007). 

An alternative approach uses configurational entropy theory 
(Adam and Gibbs 1965; Richet 1984), which also allows for non-
Arrhenian behavior but is based in thermodynamics rather than 
empirical expedience. Previous work in applying this theory to 
hydrous melts was hampered by the lack of heat-capacity data 
for hydrous melts (e.g., Baker 1996; Davis 1999). However, 
heat-capacity and viscosity data collected in the glass-transition 
range is now available for four suites of hydrous silicate melts, 
for water contents up to 5 wt%, including NaAlSi3O8 (albitic 
melt) and leucogranite (Bouhifd et al. 2006). 

Melts of hydrous albitic composition are of interest for 
several reasons. First, they serve as analogues for granitic and 
pegmatitic systems. Whereas the precise viscosity-temperature 
relations for analogue and complex multi-component granitic 
melts differ slightly (Whittington et al. 2004), it remains essential 
to understand simple systems. Second, more data on the phase 
relations, volatile solubility, and other properties of these melts 
are available than for any other system because of their use as 
analogue systems (e.g., Burnham and Davis 1974; Clemens and 
Navrotsky 1987; Paillat et al. 1992; Behrens et al. 2001). Third, 
albitic melts have formed the primary basis for models of water 
dissolution in aluminosilicate melts (e.g., Kohn et al. 1989; Zeng 
et al. 2000; Oglesby et al. 2002; Xue and Kanzaki 2006). 
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