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The increasing demand for rare earth elements (REEs) in green technologies calls for more 
effective strategies to identify environments where they may have been concentrated. 
Alkaline-silicate igneous systems (and associated carbonatites) are key hosts of REE 
deposits, yet many contain no economic mineralisation. This study evaluates the potential of 
coupling thermodynamic phase equilibria modelling with empirical trace element partitioning 
equations to predict optimal conditions for residual enrichment of the REE during the 
crystallisation of alkaline-silicate systems. 
 
We test this approach using a case study of the Erongo Complex in Namibia, focusing on a 
suite of late intrusive plugs of basanite to foidite composition [1]. Using the bulk composition 
of the most primitive basanite as a starting melt, we simulate batch and fractional 
crystallisation at varying pressure-temperature conditions with the software MAGEMin [2] and 
a new thermodynamic dataset for alkaline-silicate systems [3]. These simulations predict melt 
and mineral equilibria, modal abundances, and compositions, which we test against 
observations from natural samples. Empirical partitioning equations [e.g., 4–6] are used to 
estimate REE concentrations in melt and coexisting mineral phases. These results are 
compared with whole-rock REE data and LA-ICP-MS maps of zoned clinopyroxene grains, 
known as effective recorders of melt evolution [4]. By confirming that major and trace 
element trends observed in nature can be reproduced, the thermodynamic models can be 
used to forward model the ‘sweet spot’ for optimal REE enrichment [7]. 
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