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abstract

Hydrothermal experiments were conducted at ca. 1 to 7000 bars and 700 to 1250 sC in 121 rhyolitic 
to basaltic systems to determine Cl solubility in silicate melts, i.e., the maximum Cl concentration in 
melts that are saturated in a hydrosaline liquid with or without an aqueous or aqueous-carbonic vapor. 
7KH�&O�FRQFHQWUDWLRQ�RI�PHOWV�LQFUHDVHV�ZLWK�WKH�&O�FRQWHQWV�RI�WKH�ÀXLG�XQOHVV�WKH�PHOW�FRH[LVWV�ZLWK�
YDSRU�SOXV�K\GURVDOLQH�OLTXLG�DW�¿[HG�SUHVVXUH�DQG�WHPSHUDWXUH��WKLV�SKDVH�DVVHPEODJH�EXIIHUV�WKH�
&O�FRQWHQW�RI�HDFK�SKDVH�ZLWK�LQFUHDVLQJ�&O�LQ�WKH�V\VWHP��7KH�&O�FRQWHQW�RI�ÀXLG�V��VDWXUDWHG�PHOWV�
is independent of the CO2 concentration of the saline liquid t vapor with up to 21 wt% CO2 in the 
ÀXLG�V���7KH�H[SHULPHQWV�VKRZ�WKDW�&O�GLVVROXWLRQ�LQ�DOXPLQRVLOLFDWH�PHOWV�LQFUHDVHV�ZLWK�WHPSHUDWXUH�
DQG�SUHVVXUH��&KORULQH�VROXELOLW\�LV�DOVR�D�IXQFWLRQ�RI�PHOW�FRPSRVLWLRQ��LW�LQFUHDVHV�ZLWK�WKH�PRODU�
�>$O1/2+Ca1/2+Mg1/2�1D@�6L��RI�WKH�PHOW�

7KHVH�H[SHULPHQWDO�GDWD�KDYH�EHHQ�LQWHJUDWHG�ZLWK�UHVXOWV�LQYROYLQJ����RWKHU�H[SHULPHQWV��:HEVWHU�
DQG�'H�9LYR�������WR�GHYHORS�D�EURDGO\�H[SDQGHG�PRGHO�WKDW�VXSSRUWV�FDOFXODWLRQ�RI�&O�VROXELOLW\�
in 163 aluminosilicate melts. This empirical model applies to Cl dissolution in melts of most silicate 
magmas at depths as great as 25 km. It determines the exsolution of hydrosaline liquid, with or without 
D�FRH[LVWLQJ�YDSRU��DV�PDJPDV�DVFHQG�IURP�GHSWK��FRRO��FU\VWDOOL]H��DQG�GLIIHUHQWLDWH�IURP�PD¿F�WR�
felsic compositions. In combination with H2O solubility models, our model supports determination 
of H2O-Cl solubility relations for most aluminosilicate magmas and is useful for barometric estima-
tions based on silicate melt inclusions containing low CO2 and moderate to high-Cl concentrations.

7KH�PRGHO�LV�DSSOLHG�WR�WKH�SKDVH�UHODWLRQV�RI�ÀXLGV�LQ�YRODWLOH�HQULFKHG�PDJPDV�RI�$XJXVWLQH�
volcano, Alaska. The Cl and H2O concentrations of melt inclusions from 14, basaltic to dacitic eruptive 
units are compared with modeled solubilities of Cl and H2O in Augustine melts. The majority of these 
HUXSWLRQV�LQYROYHG�PDJPDV�WKDW�¿UVW�H[VROYHG�DTXHRXV�WR�DTXHRXV�FDUERQLF�YDSRUV�ZKHQ�WKH�PHOWV�ZHUH�
GDFLWLF�LQ�FRPSRVLWLRQ��L�H���EHIRUH�WKH�UHVLGXDO�PHOWV�LQ�WKHVH�PDJPDV�KDG�HYROYHG�WR�IHOVLF�FRPSRVL-
WLRQV��DQG�ZHOO�SULRU�WR�WKH�HUXSWLRQV��+\GURVDOLQH�OLTXLG�ZLWK�RU�ZLWKRXW�D�YDSRU�SKDVH�H[VROYHG�IURP�
other, more-felsic fractions of Augustine melts at low, near-surface pressures of several tens of bars.
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introDuction

Chlorine is one of the five primary volatile components 
�H�J���+2O, CO2��6��&O��DQG�)��WKDW�GLVVROYHV�LQ�PDJPDV��&DUUROO�
DQG�:HEVWHU��������VRPH�PDJPDWLF�IOXLGV�DQG�YROFDQLF�JDVHV�
are strongly enriched in Cl. The presence of the chloride ligand 
controls the dissolution of numerous ore metals in fluids of 
mineralizing magmas, and in particular, the HCl component in 

magmatic gases is key to processes of hydrothermal metasoma-
tism and metal transport occurring in and around plutons and 
overlying volcanic edifices.

The impact of Cl in these magmatic and mineralizing pro-
cesses varies with its concentration in natural melts and is also a 
function of how Cl partitions between melts, fluids, and minerals 
GXULQJ�PDJPD�GLIIHUHQWLDWLRQ� �0HWULFK� DQG�5XWKHUIRUG�������
6KLQRKDUD�������������6LJQRUHOOL�DQG�&DUUROO�������������&DU-
UROO�������:HEVWHU�DQG�0DQGHYLOOH��������$QDO\VHV�RI�VLOLFDWH�
PHOW�LQFOXVLRQV��0,��LQGLFDWH�WKDW�PD[LPXP�&O�FRQFHQWUDWLRQV�
approach 0.9 wt% for subduction-related, mafic to felsic arc mag-
PDV������ZW��IRU�HYROYHG�FRQWLQHQWDO�UK\ROLWH�IRUPLQJ�PDJPDV��
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