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ABStrAct

We have conducted a series of experiments to evaluate the intrinsic effects of dissolved chlorine on 
Fe3+/8Fe and magnetite solubility in hydrous chloride-rich rhyodaciticliquids. The addition of Cl to the 
melt appears to have two prominent effects on iron in the melt: (1) dissolved Cl appears to perturb the 
magnetite-melt equilibrium, such that greater FeOtotal contents are required to support magnetite satu-
ration in Cl-bearing melts than in Cl-free melts of equivalent bulk compositions; and (2) a systematic 
and progressive decrease of the measured Fe3+/8Fe as fO2 is increased. These two intimately related 
effects each have important implications for redox processes occurring in Cl-enriched arc magmas.
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IntroductIon

Iron is by far the most abundant multivalent element pres-
ent in terrestrial magmas (Wilke 2005) and therefore exerts a 
proportionally large influence on the overall redox behavior 
of natural silicate melts. Much analytical and experimental 
effort has been exerted to illuminate the relationships between 
the molar ratio of FeO1.5/FeO and intensive parameters such as 
bulk melt composition, pressure, and temperature (Sack et al. 
1980; Killinc et al. 1983; Kress and Carmichael 1991; Tange-
man et al. 2001; Ottonello et al. 2001; Jayasuriya et al. 2004; 
Moretti 2005; Borisov and McCammon 2010). Previous efforts 
have also been extended to account for the effects of dissolved 
volatile constituents on Fe redox behavior. Specifically, the 
intrinsic effects of dissolved water on the equilibrium ratio of 
ferric and ferrous iron have been the subject of several studies 
as well as the source of much debate and controversy (Moore et 
al. 1995; Baker and Rutherford 1996; Gaillard et al. 2001; Wilke 
et al. 2002). Though a considerable quantity of work has been 
directed toward understanding dissolved water’s effects on the 
redox systematics of Fe, the potential effects of other volatile 
elements that fill anionic structural roles have only been inves-
tigated to a limited extent. After dissolved hydroxyl, chlorine is 
the second-most abundant anionic volatile component in evolved, 
subduction-related silicate magmas (Wallace 2005). Given the 
propensity for Cl to form ionic bonds with divalent cations in 
silicate melts (Carroll and Webster 1994; Webster and De Vivo 
2002; Zimova and Webb 2006; Filiberto and Treiman 2009; 
Filiberto et al. 2014; Webb et al. 2014; Webster et al. 2015), it 
is reasonable to hypothesize that dissolved chlorine may exert a 
significant influence on redox behavior of iron. Such an effect 
would have important implications for the stability fields of Fe-
bearing minerals in equilibrium with chlorinated melts, as well 
as understanding the relationship between the measured, formal 
valence of iron and magmatic fO2. The latter point is of consider-
able importance, as the formation of Fe-Cl species in the melt 
(i.e., the formation of a FeCl2 melt component analogous to the 

oxide component FeO) requires that the relative concentration 
of Fe2+ in the melt is not exclusively determined by magmatic 
fO2, but is instead a function of both fO2 and the Cl content (i.e., 
fCl2) of the melt.

This initial hypothesis is supported by the data and conclu-
sions drawn from several previous studies on Cl solubility. The 
pioneering work of Webster and DeVivo (2002) established a 
quantitative link between the concentration of divalent cations 
such as Mg, Fe, and Ca and melt Cl-dissolution capacity. Sev-
eral studies on the effects of Cl on the viscosity of silicate melts 
observed that the addition of Cl to some Fe-bearing melts results 
in an increase in the viscosity of these liquids, suggesting that 
dissolved Cl bonds with Fe2+ in the melt and disrupts its network-
modifying structural role (Dingwell and Hess 1998; Zimova 
and Webb 2006; Webb et al. 2014). Additionally, a recent X-ray 
absorption near edge structure (XANES) study conducted by 
Evans et al. (2008) identified dissolved Cl bonded to divalent 
cations in the form of Mg-Cl and Ca-Cl species in haplobasaltic 
glasses. Although the melts of this study did not contain Fe, the 
authors concluded that divalent Ca and Mg form Cl complexes 
with a short-range structure similar to that of crystalline MgCl2 
and CaCl2. Given the strong similarities between the ionic radius 
and field strength of Fe2+ and Mg2+, it seems probable that Fe-Cl 
complexes also exist as species in silicate melts. In this work 
we present a series of experiments designed to investigate the 
potential relationship between Fe and Cl in a hydrous rhyodacitic 
liquid. While this work in no way represents a comprehensive 
study of the effects of Cl on Fe in melts, the experiments pre-
sented do provide some new and unique insight into potential 
Fe-Cl interactions in felsic melts.

experImentAl deSIgn And rAtIonAle
Two sets of experiments were conducted, each with a different purpose. The 

first set of experiments was designed to investigate the effect of dissolved Cl on 
magnetite solubility in hydrous chlorinated rhyodacitic melts at controlled fO2. 
Iron was added to the starting charges as a single chip of magnetite or a mixture 
of glass and magnetite powder that was located at one end of the capsule. These 
experiments were purposefully configured in this manner, so that the melt from 
only one end of the experimental charge would be in direct contact with magnetite. 
This set of experiments will be referred to as the MagLiq series.
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