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abstract

Carbonatites are rare igneous carbonate-rich rocks. Most carbonatites contain a large number of 
accessory oxide, sulfide, and silicate minerals. Baddeleyite (ZrO2) and zircon (ZrSiO4) are common 
accessory minerals in carbonatites and because these minerals host high concentrations of U and Th, 
they are often used to determine the ages of formation of the carbonatite. In an experimental study, 
we constrain the stability fields of baddeleyite and zircon in Ca-rich carbonate melts with different 
silica concentrations. Our results show that SiO2-free and low silica carbonate melts crystallize 
baddeleyite, whereas zircon only crystallizes in melts with higher concentration of SiO2. We also 
find that the zirconsilicate baghdadite (Ca3ZrSi2O9) crystallizes in intermediate compositions. Our 
experiments indicate that zircon may not be a primary mineral in a low-silica carbonatite melt and 
care must be taken when interpreting zircon ages from low-silica carbonatite rocks.
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introduction

The genesis of igneous carbonates is still under debate and 
the most popular models involve partial melting of a CO2-rich 
peridotite (Wallace and Green 1988; Sweeney 1994; Harmer 
and Gittins 1998), differentiation of CO2-rich silicate melts 
(Gittins 1988; Gittins and Jago 1998), liquid immiscibility 
(Kjarsgaard and Hamilton 1988; Brooker and Kjarsgaard 2011), 
or a combination of the aforementioned processes.

Carbonatites occur usually in continental cratons related to 
rifting zones (Gittins 1988) and are often associated with silica 
undersaturated and alkaline rocks, e.g., phonolites, ijolites, 
or syenites. Although widespread in these tectonic settings, 
carbonatites are volumetrically small but they can contain eco-
nomically important ore minerals (Mariano 1989). Carbonatites 
are known for their low viscosity (Dobson et al. 1996; Kono et 
al. 2014) and excellent wetting properties (Minarik and Watson 
1995), which makes them effective metasomatic agents in the 
Earth’s mantle (Wallace and Green 1988; Yaxley et al. 1991; 
Klemme et al. 1995).

Le Maitre defined carbonatite as rocks that contain 50% car-
bonate minerals and less than 20 wt% of SiO2 (Le Maitre 2002), 
and this is the basis for the IUGS classification of carbonatites. 
However, it was noted subsequently that with this classification 
many “carbonatite-like” rocks are out of the carbonatite range, 
leading Mitchell (2005) to divide carbonatites into two groups: 
(1) calcite and/or dolomite carbonatites that are primary and 
genetically related to magmas originated in the mantle and (2) 
“carbothermal” residua derived from a wide variety of magmas.

Carbonatites are known to host a large number of unusual 
oxide and silicate accessory minerals, including pyrochlore, 

perovskite, titanite, baddeleyite, or zircon. As both zircon and 
baddeleyite can incorporate large amounts of U and Th, these 
minerals are commonly employed to determine the ages of 
formation of the carbonatites (e.g., Heaman and LeCheminant 
1993; Reischmann et al. 1995).

Baddeleyite is relatively rare in nature, usually present in 
silica-undersaturated rocks, such as carbonatites, kimberlites, 
syenites, anorthosites, and some mafic and ultramafic rocks. 
It is also found in meteorites, lunar basalts, and some martian 
rocks (Heaman and LeCheminant 1993; Klemme and Meyer 
2003; Rodionov et al. 2012). In contrast, zircon is widespread 
and occurs in a large variety of rocks, ranging from undersatu-
rated to oversaturated igneous rocks, but it is most commonly 
found in igneous rocks of intermediate to silica-saturated com-
positions (Hoskin and Schaltegger 2003). Natural carbonatite 
may contain both baddeleyite and zircon as accessory minerals 
(e.g., Tichomirowa et al. 2013; Chakhmouradian et al. 2015). 
However, carbonatite zircons are usually large and well faceted, 
and it has been suggested that many carbonatitic zircons may 
be xenocrysts (Barker 2001).

To investigate the respective stabilities of baddeleyite and 
zircon in carbonatites, we performed experiments in a range of 
different bulk compositions ranging from Ca-rich carbonate and 
silica-free melts to more complex Ca-rich silica-rich carbon-
ate melts. Our aim was to constrain the stability fields of both 
baddeleyite and zircon in a simplified carbonatite system as a 
function of temperature and silica concentration in the melt.

methods
Starting materials

The starting materials consist of haplo-carbonatite mixtures (Table 1). Eight 
different starting materials were prepared with analytical-grade material: CaCO3, 
Na2CO3, SiO2, 4MgCO3Mg(OH)2, and Zr(OH)2CO3, sourced from Merck and Alfa 
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