
The effect of phosphorus on manganocolumbite and mangaotantalite solubility in 
peralkaline to peraluminous granitic melts

Yong Tang1,2, Hui ZHang1,*, and Bing Rao2

1Key Laboratory of High-Temperature and High-Pressure Study of the Earth’s Interior, Institute of Geochemistry, Chinese Academy of Sciences, 
Guiyang 550081, China

2State Key Laboratory of Ore Deposit Geochemistry, Institute of Geochemistry, Chinese Academy of Sciences, Guiyang 550081, China 

aBsTRacT

Solubility experiments of Mn-columbite (MnNb2O6) and Mn-tantalite (MnTa2O6) were conducted 
under water-saturated conditions in synthetic haplogranitic melts containing different amounts of 
phosphorus at 800 °C and 100 MPa. All experiments were carried out in cold-seal rapid quenching 
pressure vessels (RQV) with water as a pressure medium. Experimental results show that: (1) the 
solubilities of MnNb2O6 and MnTa2O6 in peralkaline melts are higher than those in peraluminous melts; 
(2) phosphorus has strong influence on the solubilities of MnTa2O6 and MnNb2O6 in peralkaline melts, 
KSp

Nb and KSp
Ta decrease from 104.89 × 10–4 mol2/kg2 and 107.62 × 10–4 mol2/kg2 for melts without P2O5

to 16.11 × 10–4 mol2/kg2 and 7.96 × 10–4 mol2/kg2 for melts containing ~4.00 wt% P2O5, respectively;
(3) phosphorus has less influence on the solubilities of MnTa2O6 and MnNb2O6 in peraluminous melt,
KSp

Nb decrease from 4.50 × 10–4 mol2/kg2 for melts without P2O5 to 0.73 × 10–4 mol2/kg2, and KSp
Ta from

3.57 × 10–4 mol2/kg2 to 0.14 × 10–4 mol2/kg2 for melts contaning ~5.00 wt% P2O5. Taking the structural 
role of phosphorus into account, P decreases the solubility of Mn-columbite and Mn-tantalite via
competing for network modifiers.
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inTRoducTion

Niobium (Nb) and Tantalum (Ta) almost always occur 
together in nature. Both of them are key metals in high technol-
ogy industries. Nb is a ductile metal with a high melting point 
and relatively low density properties, so it is usually used to 
manufacture high-strength low-alloy steels. Ta is often applied to 
electronics industry due to its unique ability to store and release 
energy. The columbite-tantalite group (Fe,Mn)(Ta,Nb)2O6 is one 
of the most economically important Nb-Ta-containing minerals. 
These minerals are generally concentrated in rare-metal peralu-
minous granites and pegmatites, which are typically enriched in 
fluxing elements such as H2O, Li, F, P, and B. The solubility of 
Nb-Ta-containing minerals in parental melts is considered to be 
a fundamental parameter to control the potential formation of 
Ta-Nb ore deposits. For these reasons, knowledge of the effect 
of fluxing elements on the solubility of the Nb-Ta-containing 
mineral group in silicate melts is crucial in understanding the 
formation of Nb-Ta deposits. Data on the effects of H2O on the 
solubility of Mn(Ta,Nb)2O6 have been published by Linnen 
(2005) and indicated that for melts containing more than approxi-
mately 1 wt% H2O, the water does not affect these minerals solu-
bility. Linnen (1998) showed that the solubilities of columbite 
and tantalite increase with Li content in water-saturated granitic 
melt. Keppler (1993) reported that the solubilities of columbite 
and tantalite increases with increasing F content in the melt, but 
the later experiments suggest that F has only weak or no effect 
on the solubility of tantalite and columbite (Van Lichtervelde et 
al. 2010; Fiege et al. 2011; Aseri et al. 2015).

In addition to H2O, Li, and F, P is also the key element involv-
ing Nb and Ta mineralization. Many Nb-Ta deposits are P-rich 
character, such as the beryl-columbite-phosphate pegmatite and 
rare metal granite (e.g., Nanping No. 31 Nb-Ta deposits, China, 
Rao et al. 2014; Yichun 414 Nb-Ta deposits, China, Yin et al. 
1995; Beauvoir granite, France, Raimbault et al. 1995). Bartels 
et al. (2010) observed an increase of the solubility of columbite 
and tantalite with increasing amounts of fluxing elements includ-
ing Li, F, B, and P. Although these experiments were useful in 
interpreting the general effect of increasing amounts of fluxing 
elements, they were not suited for determination of individual 
effect of P. Wolf and London (1993) suggested that phosphorus 
may increase the solubilities of columbite and tantalite, whereas 
Aseri et al. (2015) concluded that P can apparently decrease 
the solubilities of columbite and tantalite by competition for 
network-modifier cations. To resolve the conflicting results about 
the effect of P on columbite and tantalite, a series of experiments 
were completed with various melt compositions, ranging from 
peralkaline to peraluminous.

ExpERimEnTal mETHods

Starting glass
The starting glasses were synthesized from reagent-grade oxides and carbonates 

(high-purity SiO2, Al2O3, Na2CO3, K2CO3). Phosphorus was added in the form of 
[NH4]H2PO4. The powders were mixed and ground in agate mortars. Mixtures were 
melted in platinum crucibles at 1500 °C using an electric furnace with molybdenum 
silicide heating elements, and fusion time was limited to 1 h to minimize alkali 
loss. The platinum crucibles were then removed quickly and placed in a water tank 
for fast quenching. To generate homogeneous glasses, this process of grinding, 
fusing, and rapid quenching, was repeated two to three times for each starting 
compositions. A chip of starting glass was mounted in epoxy, and homogeneity of 
this glass was checked by WDS X-ray maps of K, Na, Al, P, and Si using electron 
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