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INTRODUCTION

Chlorine is far less abundant than water in magmas, but it is
a common volatile that affects magmatic and magmatic-hy-
drothermal processes. The efficacy of Cl in these processes is,
in large part, a function of its abundance, and it is generally
considered that magmas attain maximum Cl enrichments dur-
ing the waning stages of melt evolution. Chlorine is seques-
tered from melts through crystallization of Cl-bearing micas,
amphiboles, and apatite, and from alkaline magmas by scapo-
lite and sodalite. However, the modal abundance of these min-
erals is generally too low and/or the Cl content of the minerals
is insufficient (Candela 1986; Speer 1984) for their crystalli-
zation to prevent progressive Cl enrichment during magma
evolution. Aqueous volatile phases, on the other hand, are ex-

tremely effective in removing Cl. In fact, petrologic, experi-
mental, and fluid/melt inclusion investigations have demon-
strated that extremely Cl-enriched melts exsolve directly from
magma (see summary in Roedder 1992; Lowenstern 1994; Cline
and Bodnar 1994). These Cl-rich melts, herein referred to as
hydrous chloride melts, are equivalent to the high-temperature,
magmatic brines addressed previously by Candela and Piccoli
(1995), Cline and Bodnar (1994), Cline and Vanko (1995),
Webster (1997a), and others. Consequently, the solubility of
Cl in magmatic volatile phases and the chemical effects of Cl-
bearing fluids reacting with magma have been closely investi-
gated (e.g., Burnham 1967; Helgeson 1964; Bodnar et al. 1985;
Chou 1987; Shinohara et al. 1989; Shinohara 1994; Metrich and
Rutherford 1992; Carroll and Webster 1994; Chevychelov and
Chevychelova 1997; Webster et al. 1999; Signorelli and Carroll
2000).

The solubility of Cl in silicate melts is not as well con-* E-mail: jdw@amnh.org

Experimental and modeled solubilities of chlorine in aluminosilicate melts, consequences
of magma evolution, and implications for exsolution of hydrous chloride melt at Mt.

Somma-Vesuvius

JAMES D. WEBSTER1,* AND BENEDETTO DE VIVO2

1Department of Earth and Planetary Science, American Museum of Natural History, Central Park West at 79th Street, New York, New York
10024-5192, U.S.A.

2Dipartimento di Geofisica e Vulcanologia, Via Mezzocannone 8, I-80134, Napoli, Italy

ABSTRACT

Solubility experiments were conducted with forty-one aluminosilicate rock compositions to de-
termine how extensively Cl dissolves in hydrous chloride melt- ± vapor-saturated silicate melts
containing low to moderate water contents at 2000 bars. Chlorine solubility in most silicate melts is
dominated by the abundances of Mg ª Ca > Fe > Na > K > network-forming Al > Li ª Rb ª Cs, but
Ti, F, and P also have strong influences. The relationship of composition to Cl solubility is more
complex in peraluminous and peralkaline felsic melts, because network-modifying Al, Na, and K
have a greater influence than their network-forming counterparts. Also, the effects of Ca, Mg, and Al
in mafic melts characterized by high (Ca + Mg + Al)/(Na + K + Li) are much greater than their
effects in silica-enriched melts.

Association coefficients that express the influence of each ion on Cl solubility were determined,
and the solubility data and coefficients were employed to develop a model that predicts Cl solubility
at 2000 bars for water-undersaturated melts ranging from rhyolite to basalt. The coefficients were
also used to investigate the predominant chloride complexes in melt, and the bulk of the solubility
data are consistent with the interaction of Cl with alkaline-earth metals that provide charge balance
for network-forming Al.

The Cl solubility model is applied to Mt. Somma-Vesuvius magmas as they evolved from
phonotephrite to phonolitic compositions, via fractional crystallization, to investigate the role of Cl
in magmatic degassing. The results clearly demonstrate that Cl solubility was dramatically reduced
by subtle changes in melt composition. Decreasing abundances of Ca, Mg, and Fe in the residual
melt induced a dramatic reduction in Cl solubility that occurred simultaneously with gradual in-
creases in the abundance of volatiles in melt due to crystallization of volatile-free minerals. The
increasing abundance of volatiles and concurrent reduction in Cl solubility may have forced the
exsolution of a hydrous chloride melt directly from the Cl-enriched mafic magmas. It is likely that
the exsolution of hydrous chloride melt may occur in other Cl-enriched magmas, because Cl solubil-
ity depends so strongly on melt composition.


