
American Mineralogist, Volume 99, pages 2378–2388, 2014

0003-004X/14/1112–2378$05.00/DOI: http://dx.doi.org/10.2138/am-2014-4841      2378 

* E-mail: duanxianzhe@126.com

A model for calculating the viscosity of natural iron-bearing silicate melts over a wide 
range of temperatures, pressures, oxygen fugacites, and compositions

Xianzhe Duan1,2,*

1School of Nuclear Resource Engineering, University of South China, Hengyang, Hunan 421001, China
2State Key Laboratory of Lithospheric Evolution, Institute of Geology and Geophysics, Chinese Academy of Sciences, Beijing 100029, China

abstract

A new general model that takes into account the pressure and redox state effect is presented to 
calculate melt viscosities of natural Fe-bearing melts. This new model is applicable to melts that span 
a wide range of temperatures (from 733 to 1873 K), pressures (0.001–15 kbar), H2O content (from 0 
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calculated to be ±0.23 log units of viscosity, which is within or close to experimental uncertainty. The 
transport properties, including glass transition temperature and melt fragility, can also be calculated 
from this model. A spreadsheet to calculate the viscosity is provided in an Electronic Supplement.
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introDuction

The viscosity of silicate melts is one of the most important 
physical properties governing magmatic processes such as the 
generation, migration, degassing, crystallization, and eruption of 
magmas (e.g., Shaw 1972; Hui and Zhang 2007; Giordano et al. 
2008). It is well known that the main parameters that control the 
viscosity of melts are temperature and melt composition (includ-
ing water) (e.g., Shaw 1963, 1972; Kushiro 1976, 1978b, 1986; 
Persikov 1991; Baker 1996; Schulze et al. 1996; Stevenson et al. 
1996; Richet et al. 1996; Stevenson et al. 1998; Zhang 1999; Whit-
tington et al. 2000, 2001; Romano et al. 2003; Zhang et al. 2003; 
Dingwell et al.1996, 2000, 2004; Hui and Zhang 2007; Ardia et 
al. 2008; Hui et al. 2009; Giordano and Dingwell 2003a, 2003b; 
Giordano et al. 2006, 2008; Vetere et al. 2007, 2008; Misiti et al. 
2006, 2011; Bartels et al. 2012; Chevrel et al. 2013). In general, 
the melt viscosity has non-Arrhenius temperature dependence and 
can be significantly reduced by H2O, which is the most abundant 
fluid in the upper mantle and crust. In addition to temperature 
and composition effects, the pressure and redox state (i.e., iron 
oxidation state or oxygen fugacity) may have important effects 
(Mysen et al. 1980; Liebske et al. 2003; Mysen and Richet 2005; 
Ardia et al. 2008; Hui et al. 2009; Bartels et al. 2012). For instance, 
Mysen et al. (1980) suggested that it was necessary to consider 
the pressure effect during the magma ascent from upper mantle to 
Earth surface, and Liebske et al. (2003) reported that the viscosities 
of dry andesitic melts could decrease by about 1.6 log units with 
increasing Fe2+/Fetot from 0.42 to 0.79. In addition, oxygen fugacity 
controlling the iron oxidation state has been widely recognized 
to play an important role in the structure of melt, thereby signifi-
cantly affecting melt viscosity (Cukierman and Uhlmann 1974; 
Liebske et al. 2003; Mysen and Richet 2005; Vetere et al. 2008). 
Due to the importance of viscosity in geological processes, many 
experiments on the viscosity of melts have been performed over 
the past half century (e.g., Shaw 1963; Kushiro 1986; Persikov 

1991; Toplis et al. 1994; Stevenson et al. 1995; Richet et al. 1996; 
Giordano and Dingwell 2003b; Liebske et al. 2003, 2005; Vetere 
et al. 2007, 2008; Chevrel et al. 2013). However, these data are 
far from sufficient for geological applications over a wide T-P-X 
range of Earth’s deep interior due to the inconsistencies within and 
between the published data sets, particularly at the high-T-P range 
where the data are scattered due to the difficulty in experimental 
technique (Avramov 2007; Ardia et al. 2008; Hui et al. 2009). 
Therefore, many researchers have devoted extensive efforts to the 
modeling of viscosity in melts to interpolate between data points or 
extrapolate beyond the data range (e.g., Shaw 1972; Baker 1996; 
Richet et al. 1996; Schulze et al. 1996; Scaillet et al. 1996; Hess 
and Dingwell 1996; Zhang et al. 2003; Misiti et al. 2006, 2011; 
Vetere et al. 2006, 2007, 2008; Avramov 2007; Hui and Zhang 
2007; Giordano and Dingwell 2003a, 2003b; Giordano et al. 
2006, 2008; Ardia et al. 2008; Hui et al. 2009) (see the Electronic 
Supplement1 for detail).

In this study, I provide a model in which pressure effect and iron 
oxidation state effect on viscosity have been taken into account. 
First, the available data are reviewed. Then the framework of the 
model is presented. This model is compared with the experimental 
data with the previous models, where evaluation of the model 
accuracy was performed by the root-mean-square-error (abbrevi-
ated as RMSE, hereafter) between the measured and calculated 
viscosity data, which is defined as follows:

 (1)
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exp are the i th calculated and measured viscosity data 
in Pa·s, respectively; n is the number of the data. As can be seen 
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