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Mine waste- potential resource of critical metals? 8% or usevstav

AUSTRALIA

= Global Drivers Increasing demand for rare earth elements
» Rising demand for critical metals Race ncth Peojections of demand (toms) epumation 241
» Declining grades & increased mining costs e :M o e g
> Circular economy policies pushing secondary resources “”E;:':“ﬂ“n? mz ;’"“.:’;"""m o a{mm
= Why Mine Waste is Prospective g;ﬁm 300000 Pt os
» Contains residual valuable metals pesey 200w Comtrmingistorcal a5 gl
» New extraction tech (bioleaching, hydromet) WE"P'T T o 2020 2030 2040

Vb¥ierbium  The Paris climate agreement vows to keep global warming below 2 degrees China 89%
> Already disturbed land = lower environmental footprint Vo™ s e e e o e r—
> Reduced exploration and mining costs Gis Geopolitical Intelligence Service (GIS), 2018  wmcsswporsentnecon
= Examples of Reprocessing " ) pisorcal Models
> Australia — Zn, Pb, Ag from Mt Isa & Broken Hill tailings *] 1:25 | \ iﬁgaiiauewaumea Eég'fﬁ’
» Scandinavia — Cu, Co, REE’s from historic tailings 5 T A T WorldAverage = ModelHean
» USA - REE’s from iron ore tailings o
» Co-benefits 3
> Mitigating legacy hazards (AMD, dust, leaching) §3j
» Restore land for reuse 2 ]\ e
> Create jobs & value from waste . 1
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Investigating REE secondary prospectivity of mine waste in SA

The content and

distribution of critical

metals was

iInvestigated at 5 sites
in South Australia (SA):

Kanmantoo

Port Pirie

Paratoo

Alma and Victoria

Mount Gunson
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Adelaide Superbasin, Stuart Shelf, Arrowie
Basin, Polda Trough, Stansbury Basin

BILLY CREEK FORMATION, WIRREALPA LIMESTONE, LAKE FROME GROUP, YARRAWURTA SHALE
RAMSAY LIMESTON, YURUGA FORMATION

KANGAROO ISLAND GROUP

URATANNA FORMATION, HAWKER GROUP, ANDAMOOKA LIMESTONE

WINULTA FORMATION, KULPARA FORMATION, PARARA FORMATION

= TRURO VOLCANICS

WILPENA GROUP

UMBERTANA GROUP

BURRA GROUP

BOUCAUT VOLCANICS

KIRLOO FORMATION

ROOK TUFF, OODLA WIRRA VOLCANICS
CALLANA GROUP

WOOLTANA VOLCANICS, BEDA VOLCANICS

Kanmantoo Province; basement to Murray Basin

BRITISH EMPIRE GRANITE, MUDNAWATANA TONALITE

BLACK HILL NORITE
BRIDGE GRANITE, MANNUM GRANITE, TARATAP GRANITE
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KANMANTOO GROUP
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Analytical Approach: ‘Stream 1’ 8% or usevstav
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Mine waste sampling

= I|[lJ 63/567 KAO7_gnt - 49 Project Thne (3) 1: CPS, Data Type: Raw Signal
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Results: Kanmantoo- Cu-Au-Ag mine
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quartzite.
META - EXHALITES

Weakly layered quartz gametite rock, e.g., main
exhalate antoo, associated minor

jamet.cummingtonite shist (GC).
O Fine-grained, pale pink gamet-feidspar rock.

Tailings

@ OId TSF (n =5)
@ New TSF (n =5)

500

138990

74 samples (tailings) collected from 10 holes- the old TSF shows a greater colour
variability throughout the vertical profile compared to the new TSF

Elemental average 10 times > average crustal values: Bi, Cu

The old TSF exhibits higher concentrations of most metals compared to the new TSF

Primary minerals identified by XRD and MLA analyses are garnet and quartz
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XRD

Pyrite 1% Jarosite 2%
" Staurolite 2%
Hematite 1%
Goethite 2%
Andalusite 3%
Magnetite 4%

Muscovite/illite 4%

Quartz 30%

W, Chlorite 5%
i !I
< Biotite 7%

Amarphous content 11%
Almandine 30%

MLA

Andalusite 2%
Chlarite 2%
Fe-oxide 2%

Staurolite 3%
Orthoclase 3%

lImenite 1%

Garnet 43%

Biotite 12%

Quartz 30%



Results: Port Pirie- U and REE treatment facility ) or aueevsiano
XRD

Chiorite 1%
Bassanite 1% Hematite1%

K feldspar 1% Biotite 2%
Siderite 2%
© __-Talc2%
" — Calcite 2%
Rutile 3%

—Muscovite 3%

Amorphous content 42%

Plagioclase 3%

Muscovite/illite 4%

\ Quartz 7%

Jarosite 12%

Q© Tailings (n = 30)
Gypsum 13%

MLA

hlorite 1%
Kaolinite 1%

[ Sludge (n = 15)

A\ Thorium waste (n = 1)

138.004

A Y A e T4 "
138.000 138.002

Gypsum 1%
te 19
REE-carbonate 1%
CQuariz-jarosite 1%
Gypsum-jarosite1%
{ _Amphibole 2%
Biotite 2%
_Calcite 2%
Monazite 2%

trenches and 4 holes _
- Elemental average 10 times > average crustal values: Zn, Mo, Pb, U, Th, LREE,  ciaysggomerste 11% 1/, S

HREE (particularly in the REC dam, which contains thorium-rich waste) ; / —sieg 3%
* Primary minerals identified by XRD and MLA analyses: gypsum, jarosite, calcite, |

monazite and amorphous material Jarosite 9%

K feldspar 1%
Siderite 1%

* 46 samples (tailings, sludge, thorium waste) were collected from pre-excavated e

Titano-magnetite 3%

Jarosite agglomerate 3%

™ Talc 4%

Rutile 4%

Environmental Muscovite 9%\
Geochemistry
International Quartz agglomerate 8%

5

Plagioclase 5%



Results: Paratoo- Cu mine ST or qursians

XRD

Kaolinite 4%

Quartz 29% Muscovite 8%

Goethite 9%

1

Malachite 10%

Iy

‘ Waste rock (n = 25) K feldspar 12%

Amorphous content 28%

MLA

) Na-jarosite 1%
Alteration CuMnGCo 1% | ehwermannite 1%
Chamosite 1% Fe oxide1%
/ fTenoriIe 2%
_—Fe oxide with Cu 3%

/ _—CuFe oxide 4%

Quartz 24%

Fe alteration 5%

139334

139328 139.330 139332

« 25 samples (waste rock) were collected
» Elemental average 10 times > average crustal values: As, Co, Cu, LREE, HREE

« Primary minerals identified by XRD and MLA analyses: Quartz, K feldspar, malachite
and amorphous material

Goethite 7%

Cu alteration 8%

Environmental v -
GeOChemis"Y K feldspar 24% uscovile

International Malachite 9% 5



Results: Alma and Victoria Au mine 8% or usevstav

XRD

Plagioclase 1%
Chlarite 2%
Kaalirite 2%
/| Caicite 2%
/" Hematite 4%

Magnetite 1%
Rutibe 1%

Bassanite 5%

Quartz 35% Pyrite 5%

Siderite 5%

ﬁ Jarosite 5%
Muscovite 7%

© Tailings (n = 67)

r
-

Goethite 13%
Amorphous content 15%

MLA

Gypsum 1%
Amphibole 1%
Plagioclase 1%

K feldspar 1%
Schwenmannite 2%
Lalcile 2%

Fe alterafion 4%

Fe cofide with Cu 1%
Chmﬁﬂ%l

139.448 139,449

139.446

« 80 samples (tailings- n= 67 and waste rock n= 13) were collected from 11 holes and

rOCk dumps Quartz 38%
« Elemental average 10 times > average crustal values: As, Bi, Cu, Pb (in the tailings) Narjaroste 5%
- Primary minerals identified by XRD and MLA analyses are: quartz, goethite and AT e
amorphous material. Pyrite is a major component in waste rock (up to 40 %) > Pyrite 5%
Environmental Muscovite 7%
Geochemistry B st

International Goethite 16% .



Results: Mount Gunson- Cu-Ag mine ST or qursians
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2 —

XRD

Gypsum 1%

Talc1% Jarasite 1%
Biotite 2%

Orinoclase 4%

Muscovite/illite 11%

© Tailings (n = 62)

MLA

Gypsum 1%
Jarosile 1%
Biotite 2%
Orthoclase 4%

Ausmvl& 11%

Talc 1%
Pyrophyllie m‘\

.9 Marinoan Groups Tent Hill
Formation

E Extent of Tapley Hill Formation Extent of Pandurra Formation

[%¢] Extent of Backy Pt Beds and Beda
Volcanics 200

137.175 137.180 137.185

» 62 samples (tailings) were collected from 10 holes + efflorescent salts

» Elemental average 10 times > average crustal values: Ag, Co (efflorescent salts),
Cu (tailings)

* Primary minerals identified in by XRD and MLA analyses are quartz and muscovite
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Comparison of geochemical assay data (n= 293) B or Quessianp
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Comparison of geochemical assay data (n= 293)

Average Abundance Earth Crust
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& Alma and Victoria
@ Kanmantoo

Mount Gunson
@ Paratoo
@ Port Pirie
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Comparison of geochemical assay data (n= 293) B or Quessianp

AUSTRALIA

& Alma and Victoria
1000 Port Pirie @ Kanmantoo
: i Mount Gunson
: @ Paratoo
| . & Port Pirie
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Average concentrations of LREE’s and HREE’s (ppm) by site B or Quessianp
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Average LREE and HREE concentrations by Site

 Paratoo and Port Pirie
display significantly elevated
REE’s concentrations, more
than 10 times crustal
averages

Alma and Victoria

Average crustal
abundance:
>LREEs ~ 133 ppm
>HREEs ~ 15 ppm

Mount Gunson

, : Kanmantoo
» REFE’s concentrations

comparable to lower grade
deposits (e.g., Dubbo in
NSW with 0.3-1% REO)

10 x crustal abundance

Paratoo

Port Pirie

848 (Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, Y)

Environmental '
Geochemistry 1,000 2,000 3,000 4.000 5,000 6,000 7,000
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Paratoo- mineral chemistry and REE deportment BE or Qurnsiano
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Project Time (s)
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Port Pirie- mineral chemistry and REE deportment B or quemsans

AUSTRALIA

Lot s a2 A) Tailings
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5 " act i, s veroRle e Plagioclase 90 1
- " 2 i ot g ] ( : Bty K feldspar /\o\ 80
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s 4o e : : . Jarosite GCJ 0
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T _ Jarosite agglomerate o
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b3 " d . o O B Gypsum jarosite o
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. | [ calcite Q
e g o
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Prospective sites and metal extraction next steps 8% or usevstav

AUSTRALIA

Paratoo
« The enrichment in REE’s offers a valuable opportunity for integrated
recovery

 Environmentally sustainable recovery options include:

» Bioleaching — using acidophilic bacteria such as Acidithiobacillus 1
ferrooxidans, to enhance Cu recovery where minor sulfides are
present

» Phytomining — by cultivating Cu- and potentially REE-
hyperaccumulating plants directly on waste dumps

> Phytoextraction coupled with electrokinetic recovery — to
mobilise Cu and REE’s from fine-grained iron and silicate matrices

Port Pirie
* The Port Pirie mine waste is markedly enriched in REEs, Pb, U and Th

* Recovery options include:

» Leaching — offers a viable method for extracting REEs from carbonate-
rich materials, including REE-carbonate phases and associated gangue
minerals such as calcite

» Biostimulation — enhances the leachability of target metals
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Thank you for your attention!

Dr. Francesco Colombi
francesco.colombi@geochemistry.com.au

Dr. Carmen Krapf

carmen.krapf@sa.gov.au

Principal Geologist Adrian Fabris
adrian.fabris@sa.gov.au

Assistant Director Jane Thorne
jane.thorne@ga.gov.au

A/Prof Anita Parbhakar-Fox | Group Founder

Mine Waste Transformation through Characterisation

Sustainable Minerals Institute

a.parbhakarfox@uqg.edu.au

https://smi.ug.edu.au/miwatch-mine-waste-transformation-through-characterisation
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