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Introduction

This data package contains results of geochemical analyses documenting multi element geochemistry of major phosphorite deposits 
formed along the eastern margin of the Cambrian Georgina Basin in north-west Queensland, with an emphasis on rare earth elements 
(REE). The results presented in this report were obtained by the Geological Survey of Queensland (GSQ) as part of a program of 
systematic geochemical characterisation of Queensland’s major mineral deposits, undertaken under the 5-year New Economy Minerals 
Initiative (NEMI), commenced in 2019.

Marine phosphorite deposits in general and those in the Georgina Basin in particular are known to contain elevated concentrations of 
REE (lanthanides) and Y, making them a potential major future source of global REE supply (Hoatson etal., 2011; Emsbo et al., 2015).  
However, there is a shortage of consistent high-quality publicly available information on REE and Y endowment of known phosphorite 
deposits in north-west Queensland, the deficiency this report aims to address. 
Although phosphorite occurrences are documented along the entire eastern margin of the Georgina Basin, phosphate-bearing units are 
typically thicker in the central and southern parts of the basin, containing the largest identified phosphorite deposits. Consequently, this 
project focused on deposits in that area and did not characterise phosphorite accumulations in the north of the basin.

Top sections of most of the identified phosphorite deposits in the region are variably affected by surface weathering and this study also 
investigated effects of weathering on REE endowment of phosphorites.
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    Sampling and analytical methods

• Sampling focused on known phosphorite deposits in the central and southern 
parts of the Georgina Basin (Figure 1).

• 645 samples were collected from 53 drill holes across 8 phosphorite deposits 
(Paradise North, Paradise South, D Tree, Lily Creek, Sherrin Creek, Barr 
Creek, Ardmore and Duchess ); further 44 surface samples were collected at 
Phosphate Hill and 9 – at Ardmore.

• Sampling aimed to represent complete vertical profiles through phosphorite 
intervals, including (wherever possible) 2-3 meters above and below the 
phosphorites, based on continuous sampling of 0.5-1 m intervals (and up to 3 m 
composites - for Duchess).

• Most samples were supplied as pulps from drill holes selected by GSQ to 
provide a spatial coverage across the sampled deposits. The number of 
samples collected from each deposit varied from 26 (Lily Creek) to 272 
(Paradise North), depending on sample availability and the deposit size.

• 697 samples were analysed at ALS Brisbane for multi element major and trace 
element geochemistry (lithium borate fusion, ICP-AES / ICP-MS).

• QA/QC included use of duplicate samples and certified reference materials 
submitted with each sample batch, with no quality problems identified in 
general and for REE and Y in particular.

Figure 1: Phosphorite deposits and occurrences
sampled as part of this study.
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    Summary results

• Analysis of the geochemical results for 280 samples of phosphorites 
(defined by P2O5 >18%, Pufahl and Groat, 2017) indicates that REE 
and Y compositions of phosphorites significantly vary between the 
studied deposits (Figures 2-3).

• Average abundances of REE and Y generally decline from south to 
north, with the Ardmore deposit in the south particularly enriched:

• Ardmore: medians of ƩREE and Y – 938 ppm and 767 ppm,  
respectively (n = 64)

• Phosphate Hill medians: ƩREE = 353 ppm, Y = 344 ppm (n = 27)

• Duchess: ƩREE = 323 ppm, Y = 287 ppm (n = 30)

• Lily Creek: ƩREE = 230 ppm, Y = 272 ppm (n = 8)

• Sherrin Creek: ƩREE = 285 ppm, Y = 194 ppm (n = 10)

• Paradise South: ƩREE = 195 ppm, Y = 112 ppm (n = 38)

• D-Tree: ƩREE = 390 ppm, Y = 285 ppm (n = 15)

• Paradise North: ƩREE = 162 ppm, Y = 83 ppm (n = 61)

• Barr Creek: ƩREE = 127 ppm, Y = 60 ppm (n = 27) Figure 3: Y contents of eastern Georgina Basin 
phosphorites.

Figure 2: Total REE contents (lanthanides only) 
of eastern Georgina Basin phosphorites. Black 
circles represent means of logged values.
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    Summary results

• Total REE and Y contents of phosphorites do not display a clear consistent 
relationship with phosphorus contents (Figures 4-5).

• For example, the analysed phosphorite samples from Ardmore have a  
nearly identical average phosphorus content to samples from Duchess  
(median P2O5 of 30% and 29%, respectively), but the average Y and REE 
contents at Ardmore are 2.5-3 times higher.

• For any given phosphorus content, deposits in the southern part of the  
Georgina Basin (particularly Ardmore) have generally higher concentrations 
 of REE and Y than deposits in the central and northern parts of the basin.

• At Ardmore, for samples with ƩREE >1,000 ppm and Y >1,000 ppm, 
there is an apparent negative correlation between P2O5, on the one hand, 
and Y and REE–on the other, probably associated with effects of  
weathering of phosphorites.

Figure 4: (top right): Total REE (lanthanides only) and phosphorous contents of 
eastern Georgina Basin phosphorites. Legend same as for Figure 2.

Figure 5: (bottom right): Yttrium and phosphorous contents of eastern Georgina Basin 
phosphorites.
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Summary results

Figure 6: Total heavy REE (HREE – Tb, Dy, Ho, Er, Tm, Yb, Lu) 
against light REE (LREE – La, Ce, Pr, Nd, Sm, Eu, Gd) contents 
of eastern Georgina Basin phosphorites.

Figure 7: REE and Y patterns for the studied eastern Georgina 
Basin phosphorites, normalised to Post Archean Australian Shale 
(PAAS, values from McLennan, 1989); dashed lines – median 
values for each deposit; colour legend – same as for Figure 6.
All deposits have similar patterns, with characteristic negative Ce 
and positive Y anomalies, similar to patterns of phosphorites 
globally, but phosphorites at Ardmore are significantly enriched in all 
REE and Y compared to the other deposits (Valetich et al., 2022).
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    Conclusions and discussion

This systematic collection of geochemical data provides an opportunity to compare REE and Y concentrations of Cambrian marine 
phosphorites in different parts of the eastern Georgina Basin for the first time. Whole-rock geochemical analyses of drill core and surface 
hand samples identified phosphorite intervals in the south-east of the basin with average ƩREE+Y concentrations exceeding 3,000 ppm, 
particularly enriched in Y (30%-50% of ƩREE+Y) and relatively enriched in heavy REE compared to other actual and potential sources 
of REE. Deposits further north in the basin are shown to contain significantly lower REE+Y concentrations at comparable phosphate 
contents. The highest REE+Y concentrations reported here compare fav ourably to several other REE deposit types.

Many sampled phosphorite intervals display geochemical and mineralogical evidence of weathering. In weathered phosphorites, maximum 
REE+Y grades commonly occur in the top 2-3 metres, in an interval enriched in crandalite (CaAl3(PO4)2(OH)5) and relatively depleted 
in P2O5 compared to underlying phosphorites. This trend of decreasing REE+Y and increasing P2O5 with depth is interpreted as a result 
of supergene enrichment of REE+Y, in the process of chemical breakdown of the dominant primary phosphate mineral, carbonate 
fluorapatite (Ca10(PO4, CO3)6F2) to form crandalite and, with further weathering, xenotime (YPO4) and monazite ((Ce, La, Th)PO4).Highly 
weathered samples are characterised geochemically - by decreased P and Ca and increased Al, REE, Y, Th and Loss on Ignition (LOI) 
and mineralogically - by appearance and progressive development of crandalite (sometimes exceeding 15% by volume), xenotime 
and monazite. This process of supergene enrichment can result in ƩREE+Y concentrations in intensely weathered phosphorites locally 
exceeding 1%, as documented by results obtained in this study.
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