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Incorporation mechanisms of Ta and Nb in zircon and implications for pegmatitic systems
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abstract

To investigate the processes that control Ta incorporation in zircon, two types of synthesis experi-
ments were performed: (1) crystallization of zircon from an Li-Mo flux at 1 atm, and (2) crystallization 
of zircon (with or without coexisting tantalite) from a highly fluxed pegmatitic melt at 200 MPa and 
nearly water-saturated conditions. The first type of experiment is used to identify the influence of 
various doping elements (Hf, P, Al, and Mn) on Ta incorporation in zircon. These experiments reveal 
that P hinders the incorporation of Ta, whereas Al enhances Ta incorporation via charge balancing, and 
that Ta can be incorporated in the absence of any other doping element via the creation of vacancies in 
the zircon structure. Hafnium does not affect significantly Ta incorporation. Manganese and lithium 
do not enter the structure of zircon, except in the presence of P. Experiments with Nb show that the 
concentration of this element in zircon is nearly one order of magnitude lower than Ta (for similar Ta 
and Nb concentrations in the flux).

The second type of experiments show how Ta is incorporated in zircon in natural granite and 
pegmatite systems. In those systems, P and Al have elevated concentrations, and P is preferentially 
incorporated in zircon via Al substitution to maintain charge balance. Below a P/Ta atomic ratio of ~10 
in the melt, Ta competes with P for Al, and P is involved in a coupled substitution with Mn for charge 
balancing. Concentrations up to 3.7 wt% Ta2O5 (0.03 apfu calculated to four atoms of oxygen) were 
measured in these zircon samples. The partition coefficients of Ta between melt and zircon are around 
1 at 800–900 °C at conditions close to tantalite saturation. These results show that zircon incorporates 
significant amounts of Ta from the melt in P-poor peraluminous granites with a P/Ta atomic ratio lower 
than ∼10, which may ultimately affect the precipitation of Ta minerals. Such interactions between 
cations both in melts and in mineral structures are important to constrain in order to understand rare-
metal enrichment in granitic systems.

Keywords: Zircon, tantalum, pegmatitic systems, crystallization experiments

introduction

Although the rare earth element and U-Pb geochemistry of 
igneous zircon has been extensively studied, both in natural rocks 
(Hoskin et al. 2000; Hoskin and Ireland 2000; Wang et al. 2000; 
Belousova et al. 2002; Thomas et al. 2002) and experimentally 
(Watson 1980; Watson et al. 1997; Hanchar et al. 2001), the 
incorporation of other trace elements, and in particular rare 
metals, in zircon is poorly known (e.g., Belousova et al. 2002; 
Thomas et al. 2002). Zircon is a common accessory mineral of 
granitic and pegmatitic rocks and it is commonly associated with 
Nb-Ta minerals in these rocks (Fontan et al. 1980; Wang et al. 
1996; Zhang et al. 2004). Zircon can host significant amounts of 
high-field strength elements (HFSE) other than Zr and Hf, such 
as Nb, Ta or Ti, and the uptake of Nb-Ta by zircon crystallizing 
from granitic melts may influence the precipitation of Nb-Ta ore 
minerals and their paragenesis. Van Lichtervelde et al. (2009) 
showed that considerable amounts of Ta can be incorporated in 

zircon, and that zircon geochemistry can be used to characterize 
various crystallization events, from magmatic to hydrothermal. 
Consequently, constraining the factors that control the incorpora-
tion of Ta and Nb in zircon is important for understanding the 
formation of Nb-Ta ore deposits. Titanium in zircon is a good 
indicator of crystallization temperature (Watson et al. 2006), 
and studying HFSE interactions in zircon may provide some 
additional constraints to this type of geothermometer. Moreover, 
HFSE mineral-melt partitioning is important to constrain for the 
main accessory minerals of rare-element granites and pegmatites 
(i.e., rutile, zircon, columbite-tantalite) to provide a better un-
derstanding of the complex mineral paragenesis that character-
izes these rocks. More generally, investigating the association 
between the various HFSE in HFSE-bearing minerals may reveal 
some complex interaction that will ultimately influence the 
enrichment of some metals over others in highly evolved melts.

In the present study, the incorporation of Ta, together with 
other trace to minor elements, in zircon was investigated through 
crystallization experiments of two kinds: (1) zircon synthesis * E-mail: vmarieke@yahoo.fr


