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Case studies CSIRO-GA-ANSTO, Critical Minerals Hub

Our project aims

* Understand the formation and deportment of
Australian clay-hosted REEs occurrences

* Based on 5 case studies across Australia:
o ldentify commonalities (if any)
o ldentify key parts of CHREE mineral systems

o Develop prospectivity indicators Clay-hosted REE projects
© transported
O insitu
Tectonic units
1 Archaean
"1 Archaean to Proterozoic

* Provide workflows and guidelines to industry B Profsicaok
1 Proterozoic to Palaeozoic

for defining exploration criteria, optimizing 1 Palaeozoic to Mesozoic
resources, and targeting new REE discoveries (annotations over Knorsch et al., 2024)




Styles and controls on in situ prospects
Variability of REE mineralogy

* Primary (pre-weathering) REE-minerals in host granitic rocks:
- REE-phosphate (Monazite)

- REE-silicates (Allanite +/- Titanite)

- REE-carbonates (Bastnasite, Parisite)

- Amphibole-Clinopyroxene?

* Residual and secondary REE-minerals in saprock/saprolite:
- Residual (resistant to weathering) primary REE-phosphate: Monazite

- Secondary REE phosphates: Rhabdophane and Florencite-Crandallite (Al-Ba)
- Secondary REE carbonates: Bastnasite

- lon-adsorbed REE on clays (IAC) = loosely bound to kaolinite or smectite

» Variably reactive to weathering/leaching (controls remobilisation and recovery potential)

Resistant Soluble

Strongly acidic (pH <2) Mildly acidic



‘ REE: multi-scale, multi-technology
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‘ Source rocks

1570-1530 Ma, Southwark Suite granite
* Biotite and muscovite—biotite granite

* Defined as elevated in SiO,, K, Th and U and
as a high-heat-producing granite suite
(Young et al., 1995)
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Similar REE content
Contrasting REE
mineralogy
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Megacrystic

* Allanite- dominated
* TREO ~800 ppm

* HREO ~250 ppm

Even-grained

* Monazite-dominated
* TREO ~450-750 ppm
* HREO ~130-330 ppm

Megacrystic

Finer-grained
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@ Vegetation
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@ Hyperspectral surface Kaolin Abundance

TSG mineral match (SWIR)
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@ Hyperspectral surface Kaolin Crystallinity
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e Very Subtle 744 and 801 nm absorptions

6 Samples; Aux: Instrument Fiekdepecs 6 Samples; Aux: Instrument
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@ Hyperspectral surface Minerals

i 744D and 801D
Nd3+ feature depth
colour stretch

O 0-0.0001 shallow
() 0.0001 - 0.0005

@ 0.0005 - 0.001
@ o0.001-0.005
@ 0.005- 0.01 deeper

*features still
VERY subtle!

Nd pixels
EnMAP spectra
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@ Dating — Ferricrete Middle Miocene

sample WATCH 22y + B8y + Wigm + *He + TAU e RAWHe Lo Ft + Cor.He .16
code - date date

code ELar::‘ber (ng) (%) (ng) (%) (ng) (%) (ncc) (%) (%) (Ma) (Ma) (%) (Ma) (Ma)

CALR-14 R14-1 0.448 26 0.723 2.9 0.0002009 26 1.251 05 26 0.62 12.4 0.3 1.00 5 12.4 0.7
R14-2 1.361 2.7 0.535 2.9 0.0001393 42 1.565 05 2.1 253 15.0 0.3 1.00 5 15.0 0.8
R14-3 0.348 2.4 0.586 2.7 0.0001393 2.9 1.260 06 25 0.59 15.5 0.4 1.00 5 15.5 0.9
R14-4 0.249 3.0 0.670 33 0.0001393 3.1 1.097 05 3.1 0.37 12.4 0.4 1.00 5 12.4 0.7
R14-5 0.965 2.4 0.702 28 0.0001393 4.1 1.440 05 93 1.36 12.7 0.3 1.00 5 12.7 0.7
R14-6 2,518 258 1.304 30 0.0003471 2.0 3.396 05 2.4 1.92 147 0.4 1.00 5 14.7 0.8
R14-7 1.430 25 0.740 2.9 0.0001393 32 1.909 05 R 1.92 146 0.3 1.00 5 14.6 0.8
R14-8 4.817 2.4 2.113 2.8 0.0005686 17 5.617 0.5 2.1 2.26 14.2 0.3 1.00 5 14.2 0.8

ik 1o
12

mean = 13.89 £ 0.81 (3/8)
dispersion = 0.88 £ 0.76




@ Formation history

Weathering of the Southwark Suite granite before and during the Miocene

REE remobilisation preferentially from allanite granite compared to monazite-
granite material

Combined with apatite (P source) weathering can produce secondary REE
phosphates e.g. rhabdophane and florencite

Further intense weathering at depth = REE carbonates, can replace phosphates.

If ionically adsorbed REE formed they are leached in acidic saline conditions

Formation of indurated siliceous horizons = protection from physical erosion
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