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Letter

O NMR evidence of free ionic clusters Mn+ CO2–
3 in silicate glasses: Precursors for
carbonate-silicate liquids immiscibility
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Abstract
Carbon dioxide is a ubiquitous component of low-silica melts such as kimberlites or melilitites. It is
currently assumed that CO2 molecules dissolving in low-silica melts as carbonate groups (CO2–
3 ) induce
a strong polymerization of the silicate network; however, the exact molecular configuration of this dissolution mechanism is still debated.
Using 17O MAS NMR spectroscopy, we have investigated the carbonate molecular environment in
a series of synthesized low-silica (31–41 wt% SiO2), CO2-bearing (from 2.9 to 13.2 wt% CO2) silicate
glasses analogous to melilitites and kimberlites. With the selective {13C}-, {27Al}-, and {29Si}-17O J HMQC
NMR method, we show that CO2 dissolved in the studied low-silica glasses is totally disconnected from
n+
the silicate network, forming free ionic clusters (FIC) Mn+ CO2–
3 with M , a charge compensating cation.
The Mn+ CO2–
FIC
are
considered
as
precursors
to
immiscibility
in
between carbonate and silicate
3
liquids. Observed in all studied compositions, we suggest that this immiscibility can be produced from
moderately to strongly depolymerized silicate melt compositions.
Keywords: 17O NMR spectroscopy, CO2 dissolution mechanism, free ionic clusters, silicate glasses,
immiscibility

Introduction
Providing constraints on the CO2 dissolution mechanisms in
depolymerized silicate melts contributes to our knowledge of kimberlite (Brooker et al. 2011; Russell et al. 2012), melilitite (Keller
et al. 2006), and carbonatite genesis (Mitchell 2005), which are
CO2-enriched magmas. Carbonate–silicate liquid immiscibility is
thought to be one possible genetic mechanism for these peculiar
magmatic systems (Brooker and Kjarsgaard 2011; Guzmics et al.
2015); however, the exact modalities of this mechanism remain
poorly constrained.
Early work on CO2 dissolution in silicate melt (Mysen et al.
1976; Eggler 1978; Mysen and Virgo 1980) suggested that CO2
plays the role of polymerizing agent of the silicate network structure
according to the following reaction:

CO fluid
+ 2Q n melt ↔ CO32- melt + 2Q n+1 melt .
2

(1)

In this reaction, a CO2 molecule scavenges available oxygen from
a Q n (a SiO4 tetrahedron unit with n bridging oxygen) unit to form
a CO2–
3 group charge compensated by a network-modifying cation
(e.g., Ca2+). Raman spectroscopic studies (Mysen et al. 2011;
Mysen 2012; Moussallam et al. 2016) suggested that Equation 1
proceeds to the right upon CO2 dissolution inducing a change in
the proportion of the different oxygen species [i.e., non-bridging
oxygen (NBO) and bridging oxygen (BO)]. However, the exact
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molecular configuration of the CO2–
3 groups has not been identified. Several dissolution mechanisms have been invoked for CO2
molecules in silicate melts. It has been suggested that CO2 can
form network carbonates (T-CO2–
3 -T with T = Si or Al) and NBOCO2–
3 where a CO2 molecule connects to an available NBO of a
tetrahedron (Brooker et al. 2001). An additional CO2-dissolution
mechanism has been proposed on the basis of molecular dynamic
simulations (Xue and Kanzaki 2013; Vuilleumier et al. 2015) and
also inferred from Raman spectroscopic studies (Mysen et al.
2011; Mysen 2012; Moussallam et al. 2016). In this mechanism
the CO2–
3 molecular groups are be present in the silicate network as
n+
free ionic clusters (FIC) Mn+ CO2–
3 where M is a charge balancing
cation (i.e., alkali or alkaline-earth). Each type of CO2-dissolution
mechanism is a strong function of the glass chemical composition
(Brooker et al. 2001). For a given chemical composition, the melt
physical, and chemical properties will be strongly affected by the
type of CO2-dissolution mechanism.
In the present work, we show direct proof of the Mn+ CO2–
3 FIC
existence in low-silica depolymerized melts. Based on 17O MAS
NMR spectroscopy, we demonstrate that CO2–
3 molecular groups
in low-silica melt are disconnected from the silicate network.
Such a dissolution mechanism represents the precursor of the immiscibility process between a silicate melt and a carbonate melt.

Experimental methods
Several Fe-free glass compositions were investigated via 17O NMR spectroscopy. The studied compositions are depolymerized with SiO2 content ranging from
30 to 40 wt% (Table 1) and a non-bridging oxygen concentration per tetrahedron
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