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INTRODUCTION

The voluminous quantities of granite (sensu lato) associ-
ated with orogenic terrains on the Earth’s continents are domi-
nated by crystalline rocks of intermediate composition that, in
the modal classification of Streckeisen (1976), fall within the
fields of granodiorite to diorite and their more monzonitic
equivalents. The granitic series, broadly defined, can be ap-
proximated chemically by the fractionation of plagioclase
component together with mafic phases to generate melt com-
positions that progressively approach petrogeny’s residua sys-
tem. We have chosen, in the present study, to use the simple
addition of the anorthite component, as 10, 20, 50, and 75 wt%
to the base melt composition HPG8, to simulate the range of
melt compositions responsible for these extensive plutonic ter-
rains.

Since the pioneering works of Saucier (1952) and Sabatier
(1956) in the high viscosity range and Shaw (1963) and
Burnham (1963) in the low viscosity range, experimental work
on the viscosities of granitic melts have concentrated almost
exclusively on natural multicomponent melts or on synthetic

composition melts that were more or less (>95%) confined
compositionally to the haplogranitic system (NaAlSi3O8-
KAlSi3O8-SiO2). The results of the now numerous studies have
been recently summarized and subjected to numerical tech-
niques to derive a model for the viscosity of calcalkaline gra-
nitic melts as a function of temperature and water content (Hess
and Dingwell 1996). The results of that parameterization indi-
cate that variations of a few percent in normative albite, ortho-
clase, quartz, and anorthite, will have negligible effect on the
viscosity of the melt (Hess and Dingwell 1996). This has been
recently confirmed experimentally for the haplogranitic sys-
tem (Hess et al. 2000). However, subsequent systematic exten-
sions of the compositional data base for hydrous granitic melt
viscosities have indicated that the model holds well for com-
positions that are much more peraluminous (up to 5% norma-
tive corumdum) than the initial compositional calibration range
(Dingwell et al. 1998a). However, the model fails badly for
melt compositions that are even moderately peralkaline
(Dingwell et al. 1998b) and for the addition of other compo-
nents such as F, P, and B (Dingwell et al. 1996a). In general,
then, we remain confronted with the task of further testing and/
or calibration of the existing model with successive sets of data
for the important compositional variables in intermediate melt
compositions. We contribute to this task here with the investi-
gation of the influence of the anorthite component. The viscos-
ity-temperature relationship for pure anorthite melt has been
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ABSTRACT

The viscosities of a series of granitic (sensu lato) melts have been determined in the range of 103

to 1012 Pa·s. The anhydrous melt compositions are based on the addition of 10, 20, 50, and 75 wt% of
the anorthite component (CaAl2Si2O8) to a haplogranitic melt (HPG8) whose composition lies near
the 2 kbar water-saturated minimum melt composition in the system NaAlSi3O8-KAlSi3O8-SiO2.
Melts with 10 and 20 wt% normative anorthite were subjected to high-pressure hydration syntheses
using a piston-cylinder apparatus to generate water contents up to 2 wt%. Viscosities were deter-
mined for the anhydrous melts using the concentric cylinder method in the viscosity range of 102 to
105 Pa·s, and for both anhydrous and hydrated melts in the range of 109 to 1012 Pa·s.

The results for the temperature dependence of viscosity in the anhydrous system indicate that the
influence on melt viscosity, caused by the addition of normative anorthite to the haplogranitic melt
composition, is strongly temperature-dependent. Viscosity-temperature relationships of the melts
become much more non-Arrhenian with addition of normative anorthite. The addition of water to
melts with 10 and 20 wt% normative anorthite results in strong nonlinear decreases in viscosity. In
the high viscosity range, the results for hydrous melts with 10% normative anorthite are adequately
reproduced using the calcalkaline melt viscosity model of Hess and Dingwell (1996), whereas those
for hydrous melts with 20 wt% normative anorthite are higher than the model predictions by amounts
that depend on the water content. It appears that, at the higher temperatures anticipated for interme-
diate granitic magmatism, the calcalkaline model can adequately deal with up to 15 wt% normative
anorthite in the melt composition in the range of temperatures relevant for intermediate magmas in
nature.
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