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INTRODUCTION

Viscosity of hydrous silicate melts is essential in modeling
the dynamics of magma transport and volcanic eruptions. Nu-
merous experimental measurements of viscosity, as well as vis-
cosity models, have been published. For general melt
compositions, the classic models of either Bottinga and Weill
(1972) or Shaw (1972) are still used, not because they are reli-
able, but because of the extreme difficulty in calibrating some-
thing better (Lange 1994). For specific melt compositions, more
advanced models and relations have been developed (e.g.,
Richet 1984; Richet et al. 1986, 1996; Hess and Dingwell 1996;
Scaillet et al. 1996; Schulze et al. 1996; Dingwell et al. 1998a,
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1998b, 2000; Holtz et al. 1999; Hess et al. 2001; Romano et al.
2001; Whittington et al. 2000, 2001). For example, Hess and
Dingwell (1996) presented a much-improved viscosity model
for hydrous granitic melts, covering a large range of tempera-
tures and water contents.

Although much progress has been made, the accuracy of
calculated melt viscosity from viscosity models is not enough
for the purpose of modeling magma dynamics or various com-
ponent processes in volcanic eruptions. Even the models for
specific melt compositions still need further improvement. For
example, the viscosity model of Hess and Dingwell (1996) has
a 2s uncertainty of 0.92 in terms of logh, meaning that viscos-
ity only can be calculated to within a factor of 8. Such an un-
certainty is too large for modeling magmatic processes like
bubble growth. Liu and Zhang (2000) acquired experimental

ABSTRACT

Viscosity of hydrous silicate melts is a critical property for understanding magma transport, bubble
growth, volcanic eruption, and magma fragmentation. We report new inferred viscosity for hydrous
rhyolitic melt in the viscosity range of 109 to 1015 Pa·s based on the kinetics of hydrous species
reactions in the melt upon cooling (i.e., based on the equivalence between the glass-transition tem-
perature and the apparent equilibrium temperature), as well as data from bubble-growth experi-
ments. By combining viscosity data of rhyolitic melts containing from 6 ppm to about 8.0 wt% total
H2O (both our own data and literature data), we propose the following relation for the dependence of
viscosity on total H2O content at a given temperature and pressure:
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where h is viscosity and 1/h is fluidity, h1 is the viscosity of the dry melt, x is the mole fraction of
total dissolved H2O, n and h2 are two fitting parameters, and h2 can be interpreted to be the viscosity
of the hypothetical melt consisting of pure H2O. The above simple equation appears to work well in
modeling viscosity of hydrous rhyolitic melts. Using the above functional form and a weighted
nonlinear regression, experimental data covering 570 to 1920 K and 0.0006 to 8.2 wt% total H2O are
used to obtain the following non-Arrhenian model for the viscosity of Mono Crater rhyolitic melts:

logh = –log{exp(18.5611 – 49584/T) + exp[1.47517 – (1795.5/T)1.9448]x1 + (1812.2/T)2}

where T is in K, and x is the mole fraction of total dissolved H2O on a single oxygen basis. The 2s
uncertainty in the above 6-parameter formula is 0.36 in terms of logh (for experimental data with
errors smaller than 1 log unit), much less than uncertainties in all previous models for hydrous
rhyolitic melt. We hence recommend its use for predicting the viscosity of high-SiO2 and calc-alka-
line rhyolitic melts.

Our model shows that a minute H2O content can still affect the melt viscosity significantly, espe-
cially at low temperatures (i.e., high viscosity). For example, at 973 K, the viscosity of rhyolitic melt
increases by 1.2 orders of magnitude from a melt with 0.1 wt% total H2O to a melt with less than 100
ppm total H2O. Because a nominally “dry” melt may still contain some H2O, such as several hundred
ppm, it is critical for experimentalists to report its total H2O content for viscosity measurements.
Some inconsistency in literature viscosity data might be attributable to small variations in H2O con-
tent in the samples.


