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Magmatic volatiles exert a strong influence on the 

melting/crystallization behavior, phase equilibria, viscosities, 
and densities of silicate melts.  Each of the volatiles H2O, 
CO2, SO2, and Cl exhibits different and varying solubilities in 
silicate liquids as a function of melt composition (X), pressure 
(P), and temperature (T).  How these volatiles partition 
between silicate melts and magmatic volatile phases also 
varies with P, T, and X.  The exsolution of a volatile phase or 
phases in open-system conditions can sequester significant 
quantities of these volatiles from melt, alter the activities of 
the most dominant volatiles in the melt, and influence the 
physical as well as chemical properties of melts.  Most 
experimental constraints on volatile behavior are limited to 
systems containing silicate melts plus only one or two 
volatiles, but experiments are beginning to determine volatile 
behavior in systems containing melt-H2O-SO2-Cl and melt-
H2O-CO2-Cl.  New experimental data for molten rhyodacite 
(Botcharnikov et al., 2004) and phonolite (Webster et al., 
2005) show that the addition of a third volatile can lead to 
dramatic changes in the solubility behaviors of the other 
volatiles.   These new solubility data are applied to processes 
of  exsolution of Cl-enriched volatile phases, differentiation, 
and eruption of Mt. St. Augustine volcano, Alaska, and Mt. 
Somma-Vesuvius, Italy. 
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81 plagioclase-hosted rhyolite melt inclusions in dacites 

erupted from Mount St. Helens in May-October 1980 have 
been analysed  by ion-probe for trace elements and H2O. 
Inclusion H2O varies from to 0.4 to 6.4 wt%. Inclusions from 
May 18th white pumice have higher H2O than those from the 
cryptodome and subsequent eruptions.  Negative correlations 
between H2O, SiO2 and incompatible trace elements, and 
positive correlations between H2O and Sr indicate of 
plagioclase-dominated decompression crystallisation of H2O-
saturated dacite magma. Decrease in MgO and FeO with 
increasing SiO2 show that post-entrapment crystallisation of 
inclusions was minimal. 

Most melt inclusions contain 25-40 ppm Li, weakly 
positive-correlated with H2O. About 15 inclusions, from the 
cryptodome and post-May 18th samples, have high Li (≤100 
ppm) at near-constant H2O (4.0±0.5 wt%, equivalent to 
pH2O=90-140 MPa. The same samples are also characterised 
by Li-rich plagioclase phenocrysts and excesses of (210Pb) 
over (226Ra), but otherwise show no anomalous chemical 
features. Our data suggest sub-volcanic transport of Li (and 
Pb) via a magmatic volatile phase. We propose that Li-bearing 
vapour was released from dacite magma with ~6 wt% 
dissolved H2O (pH2O=240 MPa). This is the magma reservoir 
from which the Plinian pumice was derived. The most H2O-
rich inclusions contain 0.10 wt% Cl, from which we calculate 
that the coexisting aqueous fluid contained ≥1.0 wt% Cl, or 
≥1.6 wt% NaCl equivalent. At 800-900 °C such a fluid will 
condense to low-salinity vapour and brine at ~110 MPa. Cl-
complexed cations such as Li and Pb will become 
concentrated in the dense brine phase; the low salinity vapour 
will tend to escape upwards. Re-equilibration between residual 
brine and magma will enrich the residual rhyolite melt in Li 
(+Pb) and buffer Cl at brine saturation (0.12-0.20 wt% Cl) as 
observed in melt inclusions with ≤4.5 wt% H2O. We propose 
that vapour-brine unmixing at ~110 MPa (~4 km depth) is an 
important process of mass transfer beneath Mount St. Helens 
and other calc-alkaline volcanoes. 


