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Melt viscosities in the system Na-Fe-Si-O-F-Cl: Contrasting effects of
F and Cl in alkaline melts
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ABSTRACT

The shear viscosities of melts in the system Na-Fe-Si-O-F-Cl were determined over a
wide range of temperatures (400–1200 8C) at 1 atm pressure in air. The compositions are
based on the addition of Fe2O3, FeCl3, and FeF3 to a base melt composition corresponding
to sodium disilicate (Na2Si2O5). Viscosities were determined using concentric cylinder and
micropenetration methods and measurements span the range of 100.5 to 1011 Pa·s. The
chemical compositions of these melts were analyzed after the viscometry determinations.
The iron is fully oxidized under the conditions of the viscometry. Although F and es-
pecially Cl are volatile elements in silicate melts, levels of Cl and F up to over 3 and 4
wt%, respectively, were stabilized in these melts, assisted presumably by the presence of
Fe31. Although some volatilization occurred during the original synthesis of these samples,
none occurred during viscometry. The anionic substitutions Cl2O21 and F2O21 have very
different influences on the viscosity. The F2O21 substitution causes a drastic decrease in
viscosity over the entire investigated range whereas the Cl2O21 substitution causes a much
smaller decrease in viscosity in the high viscosity range and a slight increase in viscosity
in the low viscosity range. As a consequence, minor to major element abundance of Cl in
strongly peralkaline undersaturated volcanic rocks are not likely to significantly influence
melt viscosity.

INTRODUCTION

The large number of elements present as cations in the
silicate melts involved in igneous processes stands in
stark contrast to the dominant anion being a single ele-
ment: O. Nevertheless, despite the relatively limited sub-
stitutions permitted among the anions, significant devia-
tions from the approximation of a silicate melt as an
oxide melt occur in nature as demonstrated by the sig-
nificant levels of F in topaz rhyolites (i.e., .1 wt% F;
Burt et al. 1982) and Cl in pantellerites (e.g., .1 wt%
Cl; Lowenstern 1994).

A wealth of data exists on the influence of cationic
substitutions, and mixing on the viscosity of silicate melts
was extensively investigated by the systematic addition
of relatively non-volatile oxide components (see review
by Richet and Bottinga 1995). The relatively limited sol-
ubility of anionic substitutions in geologically relevant
melts makes experimental investigations into the influ-
ence of anionic substitutions on melt viscosity difficult.
High quality data, most easily obtained at low pressures,
are few in number because of the high volatility of many
anionic components.

The influence of F on the properties of silicate melts
was relatively extensively investigated (see reviews by
Dingwell et al. 1985; Dingwell 1988; Lange 1994). In
contrast, the influence of Cl on melt viscosity is poorly
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constrained and there are no high precision, low pressure
studies on chemically well-constrained samples in these
relatively volatile melt systems, which are composition-
ally unstable at high temperatures and 1 bar. A recent
investigation of the geochemistry of ‘‘paralavas’’ (melt
created naturally by a fusion of sedimentary rock, Cosca
et al. 1989) from White Island demonstrated very high
chlorine levels (up to 1.7 wt%) in Fe-rich melts co-erupt-
ed with peralkaline lavas (Wood and Browne 1996). The
assumption that the presence of Fe could enhance the
stability of Cl in high temperature (based on the com-
positions reported by Wood and Browne 1996), led us to
design the present study to compare directly the influenc-
es of F and Cl on the viscosity of a silicate melt.

EXPERIMENTAL METHODS

The compositions are based on the addition of Fe2O3,
FeCl3, and FeF3 to Na2Si2O5. Na2Si2O5 was initially syn-
thesized by fusion of a mixture of Na2CO3 and SiO2 pow-
ders at 1200 8C in a thin-walled platinum crucible in air
for several hours. During fusion the melt was stirred at
10 rpm using a Pt80Rh20 spindle. The glassy product of
this fusion was ground in an agate mortar. Next, this glass
powder was mixed with powders of Fe2O3, FeCl3(6H2O),
and FeF3, and then re-fused in viscometry crucibles (see
below) at the temperatures corresponding to the highest
temperature viscosity data presented here. The samples


