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Carbonatites, igneous rocks associated with intracontinental 

rifting zones, are focused on as critical resources due to their 

enrichment in rare earth elements (REEs) and other critical 

elements. Carbonatites are usually formed from magmatic 

processes followed by subsequent alteration, however, the 

role of the respective processes to REE enrichment remains a 

crucial topic. Recent studies have suggested that that the 

alteration stages, which span from magmatic-hydrothermal, 

hydrothermal and later, low temperature alteration are the 

significant stages for REE enrichment. A petrographic, 

geochemical and multi-isotopic approach was therefore 

carried out to clarify the enrichment processes of the REEs in 

carbonatites of Kangankunde carbonatite complex, the largest 

deposit of the Chilwa Alkaline province in Malawi.  

 The complex comprises multiple signatures that reflect the 

evolution of the carbonatites from magmatic, late magmatic 

to their post-magmatic stages. Field observations of the 

outcrops in the complex indicate that earlier carbonatites were 

notably cut by later (carbothermal) fluids suggesting an 

occurrence of complex magmatic to post magmatic processes. 

An observation of the hand specimen and mineral assemblage 

of the carbonatites allows a classification of 3 main 

carbonatite groups i.e. light, dark and apatite rich 

carbonatites, each displaying distinctly varying 

characteristics.  

 Ferroan dolomite is the main host mineral irrespective of the 

sub-classification, however, it alters differently and exhibits 

varying structures in each group. Magmatic structures are 

observed in the light carbonatites, whereas it is anhedral and 

alters to Fe oxides in the dark and apatite-rich carbonatites. 

These characteristics further confirm a multi-stage evolution 

of the carbonatites, with the light carbonatites preserving 

magmatic signatures, while the dark and apatite-rich 

carbonatites have undergone some alteration. Monazite is the 

most abundant REE hosting mineral commonly occurring 

with strontianite, barite and occasional apatite in a dolomite 

matrix. Two distinct occurrences of monazite were observed, 

aggregated poly-crystalline phase which is rare in the 

complex, and a later, well-developed crystalline phase 

~200µm that occurs along dolomite edges and may have been 

disseminated by a later fluid that was highly enriched in 

REEs. A bulk geochemical analysis showed that REE patterns 

of Kangankunde carbonatites display a strong LREE 

enrichment in all carbonatites except those rich in apatite 

suggesting a mineral control for the REE uptake, and possibly 

a passive enrichment of LREE by a hydrothermal fluid.  

 

 

Fe isotopic values of the Kangankunde carbonatites fall 

within values of magmatic carbonatites, indicating that the 

formation of the carbonatites was dominantly during the 

magmatic stages, seeing as the carbonatites are generally Fe 

rich carbonatites. However, metasomatism in fenites by a 

fluid exsolved during carbonatite formation results in heavier 

Fe isotope values. A phenomenon which is expected since the 

exsolved fluid most likely have higher δ56Fe due to partial 

oxidation during the exsolution and may be rich in Fe3+. 

Therefore, the fluid involved during the formation of the large 

monazite crystals would have most likely been of magmatic 

origin, most-likely during the magmatic-hydrothermal stage 

of the carbonatites’ evolution. Bulk δ13C and δ18O isotopic 

compositions ranged from –4.79 ‰ to –0.13 ‰ and 14.21 ‰ 

to 29.48 ‰ respectively, which revealed that minor magmatic 

signatures may have been preserved in the C isotopes, while 

the wide variation in isotopic O points towards low 

temperature post magmatic alteration. Fluid inclusions 

analyzed in dolomite crystals showed a homogenization 

temperature of ~153°C for the carbonatites, further 

supporting a low temperature alteration. However, the 

carbonatites, irrespective of their REE content, were 

distributed throughout the plot of C and O isotopes implying 

that an overprint of the carbonatites at a low temperature is 

the one responsible for reworking most of the isotopic values, 

and not related to the main REE mineralization.  

 A combination of the analyses shows that the Kangankunde 

carbonatites evolved from magmatic processes and underwent 

alteration which was significant for the enrichment of the 

REEs in the carbonatites. The magmatic-hydrothermal stage 

resulted in a fluid-induced (re-)precipitation of rare earth rich 

minerals, hence the alteration signatures present in the 

abundant, large and REE rich monazite. However, the post-

magmatic alteration continues to overprint the carbonatites, 

hence the presence of late alteration features such as the low 

temperature fluid inclusions.  

 

 


