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Solubility of manganotantalite and manganocolumbite in pegmatitic melts
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Abstract
Solubility experiments of MnNb2O6 and MnTa2O6 were conducted in two nominally dry to watersaturated pegmatitic melts with different amounts of Li, F, P, and B at 700 to 1000 °C and 200 MPa to
determine the maximum concentrations of Nb and Ta in pegmatitic melts. The Li2O, F, B2O3, and P2O5
contents in the melts were 1.16, 2.99, 1.78, and 1.55 wt% for melt composition PEG1 and 1.68, 5.46,
2.75, and 2.75 wt% for melt composition PEG2 and the resulting Al/(Na+K+Li) ratio for both melts
is 0.92. The experimental data show that the solubility product of manganocolumbite increases by a
factor of three upon increasing the water concentration from 0 to 4 wt%. Considering that pegmatitic
melts at pressures above 50 to 100 MPa are hydrous (>4 wt% H2O), the increase in solubility by this
magnitude, over the stated range of water concentration, is not significant for pegmatites. The data also
point out that the solubility of MnNb2O6 and MnTa2O6 is strongly temperature dependent, increasing
by a factor of 50 for manganocolumbite and 15–20 for manganotantalite from 700 to 1000 °C under
water-saturated conditions. The solubility also increases with increasing content of fluxing elements
like Li, F, B, and P. In the pegmatite melt containing the highest amount of fluxing elements, the
maximum concentrations of Ta and Nb are higher by nearly one order of magnitude when compared
to a subaluminous rhyolitic melt.
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Introduction
Niobium (Nb) and especially tantalum (Ta) are both key metals in high-technology industrial processes. Most of the world’s
tantalum is mined from rare-element pegmatites containing
minerals from the columbite-tantalite group [(Mn,Fe)(Nb,Ta)2O6]
or wodginite (MnSnTa2O8) (Fetherston 2004). Important parameters that still need to be constrained to understand Ta and Nb
mineralization are the solubility of Ta and Nb oxides and their
temperature of crystallization. Considering that columbitetantalite is the most abundant group of Ta-Nb minerals, Linnen
and Keppler (1997) and Linnen (1998) conducted high-pressure
experiments in the temperature range 750–1035 °C to determine
the solubility of the end-members manganotantalite (MnTa2O6)
and manganocolumbite (MnNb2O6) in silicate melts. The results
are extremely useful to constrain the possible amounts of Nb and
Ta, which can be incorporated in Fe-free silicate melts. Linnen
and Keppler (1997) demonstrated that peraluminous melts at
600 °C can contain up to 100 and 1400 ppm Nb and Ta, respectively. They showed that the solubility products of MnTa2O6 and
MnNb2O6 are nearly identical in hydrous peralkaline melts, but
that the solubility products of MnNb2O6 are smaller than those
of MnTa2O6 in water-saturated metaluminous and peraluminous
melts. Experiments on natural columbite-tantalite minerals in
granitic melts were conducted by Borodulin et al. (2006). Their
observations confirm the results from Linnen and Keppler (1997)
in terms of the dependence of the solubility products on melt
composition, temperature, and pressure. Keppler (1993) and
Linnen (1998) also explored the individual effects of F and Li
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on the solubility of manganotantalite and manganocolumbite
in a haplogranitic melt. To our knowledge, the solubility of
columbite-tantalite has not been investigated in pegmatitic
liquids that often contain high amounts of elements such as F,
Li, B, and P, except for one abstract from Linnen (2006) who
reports a KspMnTa value of 7.7 × 10–3 mol2/kg2 for a melt with 4.4
wt% F, 2.25 wt% B2O3, 1.0 wt% Li2O, and 1.7 wt% P2O5 at
800 °C and 200 MPa. Furthermore, pegmatitic melts are stable
at very low temperatures and there are no solubility data below
750 °C. Considering that columbite-tantalite crystallize mainly
from such volatile and fluxing element-rich systems, this study
was conducted to provide experimental data on the influence of
water and temperature on the solubility of manganocolumbite and
manganotantalite in pegmatitic melts containing high amounts
of Li, F, P, and B.

Experimental methods
Starting material
The solubility experiments have been conducted following the method described in detail by Linnen and Keppler (1997). Synthetic manganocolumbite or
manganotantalite were equilibrated with a synthetic pegmatitic melt at different
temperatures. Mn-Nb and Mn-Ta end-members were selected because significant
Mn3+ occurs only at very high fO2 (Kohn et al. 1990) and thus fO2 does not need to
be carefully controlled. The oxygen fugacity in the used high-pressure autoclaves
are about NNO (Ni-NiO) for cold-seal pressure vessels and MQF+4 (magnetite,
quartz, fayalite) for internally heated pressure vessels (Berndt et al. 2005).
Crystals of MnNb2O6 and MnTa2O6 were synthesized hydrothermally by sealing 500 mg of a stoichiometric oxide mixture plus 50 mg of 5% HF solution in a
noble metal capsule (length 40 mm, i.d. 4 mm, o.d. 4.4 mm). Synthesis conditions
for MnNb2O6 were: 800 °C, 2 kbar, 10 days. The crystals are 5–100 µm in size and
internally homogeneous (Fig. 1, top).
The experiments at such conditions were not successful for synthesizing large

