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INTRODUCTION

Carbon dioxide is the second most abundant volatile in
magmatic systems after water. Carbon dioxide emissions from
active volcanoes are a major source of greenhouse gases in
the atmosphere over geologic time. More than 40 mol% of
the volatiles emitted in active volcanic areas may be carbon
dioxide (Symonds et al. 1994). Even small amounts of dis-
solved CO2 shift the fluid saturation limit of hydrous mag-
mas to higher pressures and thus to greater depths (Holloway
1976; Dixon and Stolper 1995; Papale 1999). Therefore, CO2

is believed to be the driving force for bubble formation in
ascending magmas and may play an important role in explo-
sive eruptions (Papale and Polacci 1999). Degassing of vola-
tile-bearing, ascending magmas is controlled by the volatile
solubilities as function of P and T and by the mobility of
these components in the melt. Therefore, data on CO2 mobil-
ity and the CO2 diffusion mechanisms in silicate liquids are
of fundamental importance for understanding these processes.
In contrast to H2O diffusion in silicate melts, there is little
experimental work on CO2 diffusion.

Infrared spectroscopy (Fine and Stolper 1985; Stolper et
al. 1987; Brooker et al. 1999, 2001), Raman spectroscopy
(Mysen and Virgo 1980), and NMR spectroscopy (Kohn et
al. 1991) of CO2-bearing silicate glasses have shown that CO2

is dissolved as CO2 molecules, distorted CO3
2– groups linked

to the silicate network, and CO3
2– groups linked to non-bridg-

ing oxygen atoms and network-modifying cations. The CO2

species concentrations depend strongly on bulk composition
of the glass, the corresponding structure of the glass, and on
the network-modifying cations (Fine and Stolper 1985; Blank

and Brooker 1994; Brooker et al. 1999, 2001). In highly po-
lymerized rhyolitic glasses, CO2 is incorporated as molecular
CO2. In depolymerized basaltic glasses and SiO2-undersaturated
olivine leucitite glass, CO2 is incorporated as CO3

2–. Thus, it is
somehow enigmatic that in H2O-free melts, the diffusion of
bulk CO2 (molecular CO2 and CO3

2–) was measured to be inde-
pendent of melt composition (Watson et al. 1982; Watson 1991,
1994). On the other hand, dissolved H2O was observed to have
a pronounced accelerating effect on CO2 diffusion in rhyolitic
melts (Watson 1994).

To get a more comprehensive view on CO2 diffusion in
silicate melts, we have performed diffusion couple experi-
ments at 1523 K and at 0.5 GPa with NaAlSi3O8 (Ab) +
Na2O and Ab + H2O melts in an internally heated Ar pres-
sure vessel with a rapid quench device. Infrared (IR)
microspectroscopy was used to analyze the CO2 diffusion pro-
files in the quenched glass samples.

EXPERIMENTAL AND ANALYTICAL METHODS

Synthesis and characterization of the starting materials

A 100 g batch of melt with Ab-composition was synthe-
sized by fusion of a stoichiometric mixture of SiO2, Al2O3,
and Na2CO3 in a high-temperature furnace at 1873 K. The Pt-
crucible containing the melt was quenched rapidly in water
to form a glass. The resulting glass block was crushed in a
steel mortar and sieved to a grain size of <500 mm. 10 g batches
of this glass powder mixed with Na2CO3 were used to synthe-
size a series of peralkaline glasses with nominally 1, 2, 3, 4, 5,
and 7 wt% Na2O excess.

The composition of the glasses was analyzed by an elec-
tron microprobe (Cameca Camebax MB, 15 kV acceleration
voltage, 18 nA beam current, and 2–5 s counting time for* E-mail: M.Sierralta@mineralogie.uni-hannover.de
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ABSTRACT

The bulk diffusivity of dissolved carbon dioxide (CO2 and CO3
2–) in NaAlSi3O8 + nNa2O (n = 0–

6.87 wt%) and in NaAlSi3O8 + nH2O (n = 0–2 wt%) melts was investigated at 1523 K and 0.5 GPa
using the diffusion couple technique. CO2 contents of the starting glass pairs varied between 0 and
0.2 wt%. Symmetrical concentration-distance profiles of bulk CO2 were determined by infrared
spectroscopy. An error function was fitted to the profiles to obtain apparent chemical diffusion
coefficients of bulk CO2. In the investigated compositional range, the diffusivity of bulk CO2

increases exponentially with Na2O and H2O content and thus exponentially with the ratio of non-
bridging oxygen atoms per tetrahedral cations (NBO/ T). The bulk CO2 diffusivity increases from
logDCO2

 = –11.38 (DCO2
 in m2/s) in NaAlSi3O8 melt to logDCO2

 = –10.92 in NaAlSi3O8 melts con-
taining 6.87 wt% Na2O excess, and to logDCO2

 = –10.91 in NaAlSi3O8 melts containing 2 wt%
H2O. These data imply that either: (1) the diffusivities of the CO2 species (molecular CO2 and
CO3

2–) are very similar, or (2) the speciation of CO2 in the quenched glasses is very different from
the speciation in the melt.


