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The Mt Weld lanthanide deposit in central Western Australia is considered to be one of the largest high 

grade deposits known in the world, first reported as a carbonate and phosphate rich ultramafic silicate 

intrusion that contained a resource of the Lanthanide series [1]. It has been dated between 1.6 – 2.0 

billion years, where the formation of a carbonate layer in the cooling melt created a preferred 

environment for elevated lanthanide deposition [2]. Mineralogical surveys of the area have outlined 

various primary lanthanide minerals however limited work has been undertaken on the supergene 

expression of the secondary lanthanide mineralogy, primarily due to the similar physical and electronic 

nature of the lanthanides. 
 

At Mt Weld, primary and secondary monazites occur; however distinguishing between the two is difficult. 

The mineral monazite behaves as a lanthanide reservoir and understanding its provenance is of 

geochemical importance. Monazite is an orthophosphate of the type A(PO4), where A = La-Eu. Despite 

advances in the understanding of monazite growth and stability in high-temperature settings, remarkably 

little is known about the behaviour of monazite during low-temperature processes. At Mt Weld, monazites 

exist as an accessory phase associated with a large (15 km
2
) carbonatite intrusion. With exceedingly low 

solubilities, monazites are generally considered geologically stable [3]. Subsequent periods of weathering 

and burial following the carbonatite intrusion have resulted in deeply weathered laterite profiles which still 

contain appreciable amounts of monazite. The important geochemical question arises as to whether or not 

the monazite has persisted unaltered over the millions of years since formation. 
 

Understanding monazites geochemical role at Mt Weld is of upmost importance to be able to distinguish 

between the primary and secondary phases for exploration and mining of the material. Utilising samples 

from Mt Weld, this study focused on the compositional variance of monazites with respect to calcium 

content through detailed x-ray mapping (XRM) and x-ray diffraction (XRD) studies. The implications of 

these studies will aid in increasing understanding on the deposition of lanthanide series elements. 
 

Samples provided were sectioned, mounted and polished according to the standard preparation 

techniques. Full spectrum quantitative XRM was performed on a JEOL JXA 840 SEM with a Moran 

Scientific energy dispersive spectroscopy (EDS) Microanalysis system operated at 20kV [4]. A JEOL 

8600 EM Probe with a combined EDS and three JEOL wavelength dispersive spectrometers (WDS’s) 

were also used to perform trace and quantitative analysis. The analysis was undertaken at 15 kV and    

20 nA. Powder XRD analysis and high temperature XRD experiments were performed with a Bruker D8 

Advanced Power Diffractometer. The X-ray source was a Cu Κα (λ 1.5406 Å) operated at 40 kV, 

current of 40 mA and a step size of 0.02 degrees. 
 

This study has developed an understanding of the supergene expression of the lanthanides from the Mt 

Weld deposit and reports evidence to illustrate the occurrence of an igneous monazite, (Ca,Ln)PO4, 

670
doi:10.1017/S1431927614005078

Microsc. Microanal. 20 (Suppl 3), 2014
© Microscopy Society of America 2014

https://doi.org/10.1017/S1431927614005078 Published online by Cambridge University Press

https://doi.org/10.1017/S1431927614005078


exhibiting a calcium substitution of up to 6%. Subsequent secondary mineralisation due to weathering 

appears to have produced calcium-free monazite in the immediate vicinity of the primary phases. 
 

The inclusion or exclusion of calcium in monazitesXRM results were coupled with the results from the 

high temperature XRD experiments. This work found that monazite is unlikely to incorporate calcium at 

temperatures below 873 K. It is therefore possible to classify the monazites at Mt Weld as primary and 

secondary. Results from SEM analysis of whole rock samples show the proximity and relation between 

the monazites that have greater calcium content (carbonatite formed), and the secondary monazites 

which formed in the billions of years post-igneous intrusion. These results indicate (Figure 1) that the 

monazites found so far at Mt Weld can be divided into two groups; 1) those that contain virtually no 

calcium and 2) those that contain up to a 3:1 ratio of lanthanide to calcium. 
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Figure 1. BSE image, element maps and a pseudo coloured Ca, Ce, and Fe XRM chemical phase 

maps (CPM) of Mt Weld monazites, showing distinct chemical composition changes of Ce-

monazite and Ca-monazite 
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