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Abstract

The solubility of H2O-CO2 fluids in a synthetic analogue of a phono-tephritic lava composition 
from Alban Hills (Central Italy) was experimentally determined from 50 to 500 MPa, at 1200 and 1250 
°C. Contents of H2O and CO2in experimental glasses were determined by bulk-analytical methods and 
FTIR spectroscopy. For the quantification of volatile concentrations by IR spectroscopy, we calibrated 
the absorption coefficients of water-related and carbon-related bands for phono-tephritic compositions. 
The determined absorption coefficients are 0.62 ± 0.06 L/(mol·cm) for the band at ~4500 cm–1 (OH 
groups) and 1.02 ± 0.03 L/(mol·cm) for the band at ~5200 cm–1 (H2O molecules). The coefficient for 
the fundamental OH-stretching vibration at 3550 cm–1 is 63.9 ± 5.4 L/(mol·cm). CO2 is bound in the 
phono-tephritic glass as CO3

2– exclusively; its concentration was quantified by the peak height of the 
doublet near the 1500 cm–1 band with the calibrated absorption coefficient of 308 ± 110 L/(mol·cm). 
Quench crystals were observed in glasses with water contents exceeding 6 wt% even when using a 
rapid-quench device, limiting the application of IR spectroscopy for water-rich glasses.

H2O solubility in the ultrapotassic melts (7.52 wt% K2O) as a function of pressure is similar to 
the solubility in basaltic melts up to 400 MPa (~8 wt%) but is higher at 500 MPa (up to 10.71 wt%). 
At 500 MPa and 1200 °C, the CO2 capacity of the phono-tephritic melt is about 0.82 wt%. The high 
CO2 capacity is probably related to the high K2O content of the melt. At both 200 and 500 MPa, the 
H2O solubility shows a non linear dependence on Xf

H2O in the whole Xf
H2O range. The variation of CO2 

solubility with Xf
CO2 displays a pronounced convex shape especially at 500 MPa, implying that dis-

solved H2O promotes the solubility of CO2.
Our experimental data on CO2 solubility indicate that the interaction between phono-tephritic magma 

and carbonate rocks occurring in the Alban Hills magmatic system may result in partial dissolution 
of CO2 from limestone into the magma. However, although the CO2 solubility in phono-tephritic 
melts is relatively high compared to that in silicic to basaltic melts, the capacity for assimilation of 
limestone without degassing is nevertheless limited to <1 wt% at the P-T conditions of the magma 
chamber below Alban Hills. 
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Introduction

Vesiculation initiated by exsolution of CO2-H2O-bearing flu-
ids from magmatic melts is an important driving force of volcanic 
eruptions, and thus considerable effort has been devoted to in-
vestigating the magma saturation with respect to C-O-H-bearing 
fluids. For this reason, several authors have investigated the H2O 
and CO2 solubilities in silicate melts (e.g., Blank and Brooker 
1994 and references therein; Mysen and Cody 2004; Di Matteo 
et al. 2004; King and Holloway 2002) as well as the partitioning 
of H2O and CO2 between silicate melts and H2O-CO2 fluids (e.g., 
Eggler and Kadik 1979; Blank et al. 1993; Holloway and Blank 
1994; Dixon et al. 1995; Jakobsson 1997; Tamic et al. 2001; 
King et al. 2002; Behrens et al. 2004a; Botcharnikov et al. 2005a, 
2006), in a range of melt compositions, temperatures, and pres-

sures relevant to natural conditions. However, up to now there 
are no studies on solubilities of C-O-H-bearing fluids in potassic 
and ultrapotassic magmas, although many dangerous explosive 
volcanoes belong to the potassic and ultrapotassic alkaline series 
(e.g., Vesuvius, Phlegrean Fields, Alban Hills in Italy).

An important example of ultrapotassic volcanism is the Alban 
Hills Volcanic District located in a densely urbanized area very 
close to the city of Rome (only 10 km to the southeast). The 
volcanic history of the Alban Hills District was volumetrically 
dominated by explosive eruptive activity (Fornaseri et al. 1963). 
However, the composition of Alban Hills pyroclastic flow de-
posits ranging from tephrite to tephri-phonolite and K-foidite 
(Trigila et al. 1995) is clearly an anomaly not only within the 
other Quaternary potassic volcanoes of Central Italy but also 
at the planetary scale. The liquid line of descent of Alban Hills 
magmas, indeed, is quite unique. Alban Hills products, even the 
most differentiated, are mostly K-foiditic in composition show-* E-mail: H.Behrens@mineralogie.uni-hannover.de


