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AMORPHOUS MATERIALS: PROPERTIES, STRUCTURE, AND DURABILITY
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Abstract
The solubility and solution behavior of F and Cl in peralkaline aluminosilicate compositions in the
systems Na2O-Al2O3-SiO2 and K2O-Al2O3-SiO2 have been determined for glasses quenched from melts
equilibrated at 1400 and 1600 °C in the 1.0–2.5 GPa pressure range. With Al/(Al+Si) increasing from
0 to 0.33 in sodium aluminosilicate melts, F solubility (saturation concentration) increases from 3.3 to
7.4 mol%, whereas Cl solubility decreases from 5.7 to 2.5 mol%. There is no difference in F solubility
in sodium or potassium aluminosilicate melts. However, the Cl solubility in potassic aluminosilicate
melts is 40–60% lower than in sodic melts with the same Al/(Al+Si) and Na or K mole fraction.
Fluorine depolymerizes the silicate melt structure and forms Si-F, Al-F, and Na-F complexes, the
proportion of which depends on the melt Al/(Al+Si) ratio. Dissolution of Cl results in a small degree
of depolymerization of Al-free silicate melt, whereas Cl has a polymerizing effect in aluminosilicate
melts. In both cases, formation of Na-Cl complexes appears to be the driving solution mechanism.
The differences in F and Cl solution mechanisms result in contrasting depolymerizing effects that
become more pronounced with increasing degree of magmatic differentiation. Through such modifications of melt structure, F and Cl have significant effects on magma properties such as viscosity,
compressibility, and element partitioning.
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Introduction
Because of their effects on magma properties, F and Cl are
of particular interest for assessing the dynamics of volcanic
systems. They can be used as geochemical tracers that allow
us to reconstruct the eruptive dynamics of volcanic edifices,
as shown for instance by the study of Villemant and Boudon
(1998) focused on Mt Pelée (Martinique, French West Indies)
or by the study of Balcone-Boissard et al. (2011) focused on
the 79 AD eruption of Vesuvius (Italy). Therefore, knowledge
of the solubility and bonding of F and Cl in silicate melts and
associated effects on melt structure is of prime importance for
geochemical and volcanological problems.
Fluorine and chlorine concentration in magmatic liquids
(≤1 wt%) is low compared to H2O in magmas, yet the halogens can play a significant role during magmatic processes.
Dissolved F lowers silicate melt viscosity (Dingwell 1987, 1989;
Dingwell et al. 1993; Dingwell and Hess 1998; Giordano et al.
2004) and crystallization temperatures (Wyllie and Tuttle 1961;
van Groos and Wyllie 1968; Luth 1988a; Filiberto et al. 2012)
in a manner resembling H2O. Our understanding of the effect of
Cl on melt properties is considerably less comprehensive. A few
studies exist on the effect of Cl on melt physical properties (e.g.,
Dingwell and Hess 1998; Zimova and Webb 2006, 2007) and
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its effect on liquidus temperatures (Filiberto and Treiman 2009).
Chlorine dissolved in peralkaline melt can increase viscosity, but
it reduces the liquidus temperature.
The type of fluoride complexes formed in melts determines
how F affects silicate melt structure. Results from Raman, infrared, and 19F nuclear magnetic resonance (NMR) spectroscopy
suggest that F could form Si-F bonds when dissolved in SiO2
melts (Dumas et al. 1982; Duncan et al. 1986). However, as
the concentration of Al and alkalis or alkaline earth elements
increases, F can also form Al-F bonds as well as alkali or alkaline
earth fluoride complexes (Mysen and Virgo 1985a, 1985b; Foley
et al. 1986; Luth 1988b). Recent data from 19F and 29Si magic
angle spinning (MAS) NMR spectroscopy for Na-aluminosilicate
quenched melts (glasses) have suggested that Na-F and Al-F
complexing (with variable Al coordination and variable Si/Al
ratio in the F-bearing complexes) is more important than complexes with Si-F bonding (Kohn et al. 1991; Schaller et al. 1992;
Stebbins and Zeng 2000; Zeng and Stebbins 2000; Stebbins et
al. 2000; Mysen et al. 2004).
For Cl-bearing melts, both viscosity measurements (Dingwell
and Hess 1998; Zimova and Webb 2006, 2007; Baasner et al.
2013) and structural data from 35Cl MAS NMR spectroscopy
(Stebbins and Du 2002; Sandland et al. 2004; Evans et al. 2008)
indicate that Cl preferentially bonds with network modifiers
(alkalis and/or alkaline earths). Such solution mechanisms
imply that Cl causes silicate melt polymerization and, consistently, dissolution of Cl in peralkaline melts increases their
viscosity. However, dissolved Cl produces the opposite effect
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