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Water solubility in carbonatite melts
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ABSTRACT
Water solubility in Ca-Na-Mg carbonate melt was measured at 900 ∞C from 0.25 to 2.25 kbar
using a modified double-capsule technique and rapid-quench cold-seal vessels. The data can be described by the empirical relationship W = 8.705 P0.635, where W is water solubility in weight percent
and P is pressure in kbar. The relative error in water solubility calculated by this equation is estimated to be about 15%. Already at 1 kbar, water solubility reaches nearly 10 wt%, which is two to
three times the value observed for most silicate melts under similar conditions. The exceptionally
high water solubility in carbonatite magmas together with the preferential partitioning of alkalis into
a coexisting fluid phase may explain the massive aqueous metasomatism (fenitisation) usually observed around intrusive carbonatite bodies.

INTRODUCTION
Carbonatites are rare rocks on the Earth’s surface, but they
are believed to be important agents of mantle metasomatism.
Moreover, some economically important deposits of the rareearth elements and niobium are hosted by carbonatites (Bell
1989). Although there is no doubt that the ultimate source of
carbonatites is in the mantle, a variety of processes may be
involved in their formation and differentiation. Carbonatite magmas may be generated by partial melting of a carbonated mantle,
by liquid immiscibility, or by fractional crystallization of silicate
melts (Bell 1989; Bell et al. 1999, and references therein).
Water is an important agent to be considered in carbonatite
genesis. First, water is able to depress the melting point of
carbonatites to geologically reasonable temperatures (Wyllie
and Tuttle 1960). Second, water may be crucial for the differentiation of carbonatite magmas. Fluid inclusion data suggest
that water saturation was reached during the crystallization of
many intrusive carbonatite bodies (Rankin 1977; Samson et al.
1995; Bühn and Rankin 1999). Although carbonatites exposed
in the field usually consist of calcite and dolomite, with virtually no alkali carbonates, experimental evidence suggests that
the primary carbonatite melts contains significant amounts of
Na and K (e.g., Wallace and Green 1988; Lee and Wyllie 1994,
1998). A plausible explanation for this apparent contradiction
could be a combination of crystal fractionation and alkali partitioning into an evolving aqueous fluid phase, leading to the
formation of calcite or dolomite cumulates surrounded by zones
of alkali metasomatism. Such a model would be consistent with
field observations (Bell 1989; Bell et al. 1999; and references
therein), fluid inclusion data (e.g., Bühn and Rankin 1999),
and results from partitioning experiments (Veksler and Keppler
2000). It has even been suggested recently that the
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natrocarbonatite lavas of Oldoinyo Lengai, Tanzania are actually a condensate from an aqueous vapor phase rather than a
product of normal magmatic fractionation or liquid immiscibility (Nielsen and Veksler 2002).
Despite the importance of water for carbonatite magmatism,
water solubility in carbonatite melts is essentially unknown.
Water solubility might be very high, because Koster van Groos
(1990) observed complete miscibility in the Na2CO3-H2O system above 500 ∞C and 1.5 kbar. Carbonatite melts are highly
reactive and, usually, they cannot be quenched to glasses (Genge
et al. 1995). Therefore, standard methods for measuring water
solubility in silicate melts (Ihinger et al. 1994) cannot be applied. In this paper, I describe measurements of water solubility in carbonatite melts using a modified double-capsule
technique (compare Ryabchikov et al. 1989; Veksler and
Keppler 2000). In principle, this method also could be used to
measure water solubility in other melts that cannot be quenched
to a glass. A melt composition consisting of 40 wt% CaCO3, 40
wt% Na2CO3, and 20 wt% MgCO3 was chosen for the measurements, because Ca and Na, together with Mg are major
constituents of most carbonatite melts. The compositions of
the hydrous fluids coexisting with such a melt were studied by
Veksler and Keppler (2000). Essentially, the fluids consist of
water with some dissolved carbonates.

EXPERIMENTAL METHODS
Experiments were carried out in rapid-quench cold-seal vessels made of
Nimonic 105 super alloy with water as a pressure medium. These vessels operate in a vertical position with the hot spot at the top of the vessel. The sample is
placed on top of a filler rod, which can be moved between the hot spot and a
water-cooled zone by an external magnet. Samples can be quenched to room
temperature within 1–2 s.
Starting material for all experiments was a mixture of 40 wt% CaCO3, 40
wt% Na2CO3, and 20 wt% MgCO3 prepared from high-purity chemicals. Experiments were carried out in several steps:
(1) About 70 mg of the carbonate mixture were sealed into a platinum cap-
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