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* Special thanks are extended to

— co-author; Greenvale Project Geologist for 16 years.

— for permission to use extracts from his “Personal Account ofiSomenp
Orebody Discoveries 1966 — 2007” and other data.

— for photos of the first drilling.

— for historic videos and technical papers on recent metallurgical
advances at Yabulu, and to his colleagues particularly

— and papers.
— A multitude of personal, internet and other sources.

« This presentation is intended to provide general information and is not intended to constitute legal,
financial, accounting, tax, investment consulting or other professional advice or services. The
information was collected from various sources, most of which do not guarantee or warrant
correctness. Whilst the information has been collected with reasonable care, the authors do not
guarantee or give any warranty as to its correctness. Although the information has been obtained from
sources considered and believed to be both reliable and accurate, no responsibility is accepted for any
opinion expressed or for any error or omission in that information. The authors shall not be liable for
any special, direct, incidental, consequential or punitive damages or any other damages or loss
whatsoever whether in an action of contract, statute, tort (including without limitation, negligence) or
otherwise relating to the use of this presentation or information.
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« 1950s Commonwealth encouraged
new mining and funded the
geological mapping of Australi® after
collapse of the Wool Boom.

« BMR/GSQ mapped the laterite
during regional mapping 1956-19358.

« 1957 nickel first recognised by the
Queensland Chief Government
msa 7 e AN Geologist Alan Denmead.

f.’?;_?.‘_".s‘ =

Queensland Government

MINING JOURNAL

Source: White et al 1963, QNI Ltd video. - —
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1957-1958 BMR geochemical testing of the serpentinite.

Ni values decreased on entering the mottled ZP
A lens 23 x 8m averaging 2.5% Ni was found 1.6km south of
Halls Reward Cu mine.

1958 Boiler Gully serpentinite (Greenvale) drilled upper Fe
zone confirmed low grade surface nickel (0.1 to 0.5 % Ni),
8 km SW of Halls Reward.

Not published until 1961 and not mentioned in 1962 Einasleigh
1:250.000 explanatory notes.
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Source: Clark A B, 1959.. White et al 1961. QGMJ 1968.. Fletcher & Couper 1975. . White 1965.
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Source: Clark A B, 1958, 1959.

1957 Authority to Prospect (ATP122M)
granted.

1959 followed up BMR results.
Sampled the upper Greenvale iron-rich

zone and some lateritised gabbros with
costeans and some auger holes.

2 Mt of 0.8 %Ni was delineated.

Concluded that the grades were too low or
the deposits too small.
1960 relinquished the ATP.

The laterite remained unpegged for 5
years.
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Nicaro Ni
Moa Bay Ni

Bay of Plgs
ECONOMIC ACTIVITY

AGRICULTL L REGIONS

Guantanamo Bay (USA)

« Cuba hosts 34% of the world nickel resources in huge laterite
deposits. (800 Mt Reserves, 2.2 Bt Resources)

1942- 1947 Freeport supplied Ni from Nicaro, Cuba.

* 1955 Freeport research developed new Ni-Co process.

« 1958 Freeport built mine at Moa Bay and a refinery in Louisiana.

« Partly financed $100M by the US Government.

- 1958 Fidel Castro’s revolution; Moa Bay feed stock lost to Freeport.
1960 Cuba confiscated US property.

Source: hitps://legacy.lib.utexas.edu/maps/americas/cuba econ 1977.jpg ://investorintel.com/sectors/gold-silver-base-metals/gold-precious-metals-intel/cracking-open-cuba-nexit-
vietnam/. : Burt 2005. Lee 2016.



https://legacy.lib.utexas.edu/maps/americas/cuba_econ_1977.jpg
http://www.fundinguniverse.com/
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West Papua

reeport Directors at Neﬁea

§

“R: Forbes Wilson,

1960 Forbes Wilson's Freepeoiigy

expedition to Dutch New Guinea re-
discovered the Ertsberg (> Grasberg
1988).

1964 Freeport of Australia set up for
minerals search in Australia and SW
Pacific.

~1964 Reg Hare, needing funding for
Metals Exploration NL concluded a
J.V. with Freeport

~1965 (before WMC nickel discovery)
application for Greenvale ATP335M on
recommendation by Chief Geologist
Paul Anthony.

Source: Burt, 2015. https://www.eiseverywhere.com/file_uploads/a91f32de4d8a9cf43cccbeb1441dd8d4_PPTbrunner.pdf x

. www.funding universe.com. www.fcx.com
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« Late 1960s Ni price escalated 52% due to surge in
stainless steel demand and for aerospace & munitions.

« January 1966 sulphide nickel discovered at Kambaida WA
by WMC.

* 1966 Supply tightened due to strike at INCO Sudbury.

« The nickel boom took off in a “perfect storm” of major
price rise coinciding=with finding ?ﬁflfihew nickel province.
» Boom peaked in 1969 - 1970, ||

|
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Source: Burt, 2015. Anthony Jannink. Jon Hronsky 2007. Lee 2016. Hronsky 2007. AFR.



« Driven by supportive leadership of Reg Hare and Freeport,
Metals Exploration NL reacted quickly to

* From 1966 to 1969 discovered Greenvale, : eith
and Ramu (PNG) deposits containing 3.2 Mt Ni set to produce
~1.6 Mt Ni, 80,000t Co.

 Nepean became Australia’s second nickel mine.

, B on.heodframe. 1969.
Source: Burt, 2015. The Age, 1970-10-30.




Source:

April, 1966 research included comparis
major New Caledonian Ni laterites and rec
deeper potential at Greenvale

On grant of ATP 335M on 14 July1966, David Burt
and Anthony Jannink visited Greenvale to assess the
in-depth potential

Bulk samples averaged 1.5 -2.0% nickel over a 200m

zone at the bottom of a deep erosion gully and the
project was re-born.

) ﬁﬂ".::.-u_ _

SMH 16/12/1966, Burger 1995. Anthony Jannink.. Fletcher & Couper 1975.
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1967 detailed plane tab

mapping by Tim Gosling u

mine life.

Buff Zordan’s shafts mapping an
carefully sampled for metallurgical
testing.

Detailed mapping & RAB logging by
Peter Burger later resolved structural,
grade and metallurgical issues.

Source: Burger 1982, 1995.
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« Cyclic rainfall and groundwater through 0.2% Ni serpentinite.

« Soluble elements mobilised by acid water.

* Permeable faults helped alteration and flushing of soluble products.

« Siand Mg progressively depleted leaving Al & Fe surficial duricrust. D
 Ni, Co, Mn, Cr accumulated in the middle levels.

« >3 times reduction in surface elevation through materials movement in solution.

« Erosion reduced the original 5.5 sq.km laterite to 3.3 sq.km.

Source: Elias et al 1981, Burger 2019.. Fletcher & Couper 1975. Burger 1979.



Ausimm
Branch

* 1967 drilling 221 holes, 5,400m.
 Initially on 300m centres closing to 150m.
By mid-1969 )
— delineated 37.2M dry t of nickel ore grading
1.57 % Niand 0.12 % Co

— preliminary metallurgical testwork and
scoping completed.

* Ore interpreted as sub-horizontal based on broad
spaced sampling.

Source: Fletcher & Couper 1975. Fletcher and Burt 1968. Alexander 1967 cr2198. QN JV 1969 cr2882.




Source: BHP video. Reid 1993.

—

A 2,000 t bulk sample was excavated
Based on deposit-average grades for Ni, Co and Fe.

Shipped to Freeport’s research facility in Louisiana
for pilot plant testing.

Choice between pyro- and hydro-metallurgical
treatment

The Caron Process of reduced atmosphere roasting
followed by ammonia leaching was selected.



Drying the ore to remove free mlls\ure

Grinding dried ore
 Reduction roast to metal in furnaces

— Dehydroxylation from 350-650deg
liberates metal oxides

— Reduction with CO2 & H2 to reactive
metals at ~750deg.

— Metal sulphides from reaction with 3%S in
fuel oil to Ni metal,

* ammonia / ammonium carbonate leaching to
dissolve Ni & Co ammines.

« Precipitation of basic nickel carbonate ( BNC).
« Decomposition of BNC

* Recovery of mixed nickel / cobalt sulphide

* Recovery of Ni oxide

*  (90% Ni) nickel / nickel oxide as rondels.

. QNI & BHP videos


https://researchbank.swinburne.edu.au/file/e8d59022-9b97-4b92-9a26-3b5c3025c1b0/1/PDF%20(Published%20version).pdf
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* Queensland Nickel Pty Ltd formed to
develop the Project.

« 30 y.o. Ken Fletcher appointedummm

Managing Director.
«  $10M feasibility study
* Coastal refinery site chosen
» to allow future importation of ore.
* Groundwater supply available

« Plant design by Parsons-Jurgen
Corporation.

[GREENVALE MINE]

w §
. [Lucknow | X
W

‘O!ORF BODY | _

Source: QNI video
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QUEENSLAND NICKEL
AGREEMENT ACTS

QUEENSLAND NICKEL
AGREEMENT
INSTRUMENTS

QUEENSLAND NICKEL
AGREEMENT 1970

Queensland Government assistance was required for the
railway. o
1970 QId Government drove a hard bargain which delayed
approvals by a year.

The Government guaranteed the final $50M of finance and
the rail became owned by Qld Government with a $45M
guaranteed return.

Talks are
deadlocked

A critical deadlock in talks between the
Queensland Government and two mining
companles is jeopardising the $190 million

Greenvale nickel project.

The Queensland Treasurer (Mr. Gordon Chalk)
revealed last might that the companies — Metals
Exploration and Freeport Sulphur — wanted to pay
only $29 million in freight and royalties over the

next 20 years.

But he was adamant his Government would not
accept less than $50 million. This followed a state-
ment from Metals Exploration saying the partnership

Mr, Gordon Chalk had been unable to secure any "substantial™ financial
: ———————— assistance from the Government.

Source: The Age 23/12/1971. SMH 17/7/1972. Thuringowa City Council 2000.
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1971 decision to mine and treat
2M dry tpa to produce 25,000
tpa Ni & 1,000 tpa Co.

« (Go-ahead announced the day of
Tasminex share crash!

« To maintain its 50% interest in
the $224M project Metals
Exploration obtained loan funds
against long term nickel
contracts.

« Shareholders contributed $8.5M

! . b
" ‘Controls are
adequate’
Huctuations of the share market — ——BR(:}I{EI"I

Do you hear me?”

“I waid, we regret the unwarranted

A Bending Melbourne ithey were first listed. Then

Source: The Age 4/3/1970.



Contract changes give hope
to Greenvale nickel railway

Source: SMH 17/7/1072

The 225km railway co ed to the
Yabulu refinery.

Construction and rollin
by the JV but owned by the
Government.

Joint contractors Theiss and John
Holland.

Huge 1973-74 wet season rainfall
delayed work.

paid for



S

Source: QNI Yabulu Refinery 30 years of Operation. BHP, 2004. API-97, Greenvale Project Photograph Album, John Oxley
Library, State Library of Queensland, Australia. Burger 2109.

Building Greenvale Town

* 1974 a new township was constru
« 85 family houses, 16 flats.

» Greenvale was second last purpose-built mining town.

* Compared with FIFO operations, family life was more
regular and less disrupted.

» Graziers appreciated open access to town facilities c.f.
closed towns in the Pilbara.




« Overburden removed by scrapers
 Drilling for blasting and grade control
« Draglines used based on tabular ore |
« Side-cast ore into windrows based on as
* Front-end loaders reclaimed ore

*  Dump trucks to crushing / screening plant

« +40mm siliceous oversize rejected (low grade).

 Ore blended based on Ni, Co, Fe & SiO2 content.

* Ore stockpiled into 60,000t parcels

« Reclaimed by bucket wheel stacker-reclaimer for railing.

Source: QNI video. Morwood & Davison 1980.
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» With bad weather, air freight became essential.
« Components of a critical ore stacker washed overboard causing 3 month delay.

Source: QNI video. Stokes, xxxx
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Australia (AUD) Inflation Rate
Metals Ex

$4m

OIL PRICE SHOCKS SINCE THE 1973 CRISIS* rights

Gull War 1l
i Iran-Irag war
Iranian

. Seplember 11
revolution
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Gulf War 1

2000 2010
OPEC
embargo

1973 Severe set-biack when oil for Herreshoff
furnaces trebled.

« 1980 second oil price shock
* 1974 Inflation peak ~16% pa

* By the time production commenced, Ni prices

WITHIN WEEK [T had also fallen and labour costs had risen.

G;’Jeg'g“;ﬁ“‘ﬁf:r‘;:t:f: =S - Additional finance had to be acquired.

" » Had feasibility studies been completed a year
later, the project would have been cancelled.

«  Whitlam Government rejected $8M guarantee
request.

* Loans were renegotiated with lenders.

Source:



Mine bottlenecks eliminated and moisture lo
Faster train loading; 24hr train turnaround.

Geological structural control on grade recognised and dragline
mining re-oriented.

Ore boundaries delineated by closer drilling and mapping

Chlorite and nontronite ore causing Yabulu roasting problems
was promptly located from logs & eliminated from resources.

RAB drilling problems (fines loss) identified; factors applied.
Lateral and vertical ore dilution were controlled.

Source: Burger 2019. Video
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Inflation Adjusted Nickel Price in US Dollar and GB Pounds
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«  World Ni capacity doubled in the 1970s.

« The Ni price fell dramatically in 1980 from $3.40/Ib mid-1980 to $1.60/Ib early 1983.
« Metals Exploration the only Australian Ni company able to cut production

« 1983 Greenvale operated at only 50% of 1983 levels.

Source: xxxx; Fletcher 1983



Source: BHP video. Burger 2019.

1982 Roasters partly converted from heavy fuel
oil / naptha to pulverised coal

New technology improved product quality.

1989 developed and patented a novel
ammoniacal solvent extraction process
separating Ni & Co

Step change improvements in Ni and Co
products.

Sulphur kept in solution as ammonium sulphate
allowing better recovery of process NH4 & CO2
with economic and environmental benefits.
Kept the operation going through a time of low
nickel prices.



Source: xxxx Burger 2019.

By 1980 Mid-East Minerals had gained a interest in
Metals Exploration

_ - S
1980 Sam Gazal’'s Winthrop Investments took over
Mid-East

1982 Metals Ex took control of North Kalgurli (Golden
Mine). North Kal found to be broke. Golden Mile
Kemlo open pit commenced.

1983 Alan Bond funded Australia’s America’s Cup win

1984-85 Alan Bond “Daisy Chain” investment method
took over Mid East incl. 50% in Greenvale and North
Kalgurli (part of the Super Pit).

Mixed family (Dallhold) and corporate holdings.
1986 Freeport 50% sold to Bond for 15% of valuation

1991 Bond Corporation in administration; Banks lost
$5B

1992 Alan Bond declared bankrupt. Imprisoned for 7
years for siphoning off A$1.2 billion from Bell
Resources into Bond Corporation.



« 1978 Deed of Agreement on debt guarantee with Queensland Gov»

« 1986 project’s debt was $940 million (2018 $2.5B) and in danger of closure

« Bjelke Petersen government $42M towards infrastructure to save 700 jobs

« 1986 QIld Government bought debt and swapped for equity under previous agreement.
* Queensland Nickel Joint Venture (QNJV) became operator.

« 1988 Queensland Nickel Agreement Act (Ahern Government)

* 1989 complex arrangements with Qld Government. Brian Austin, Minister for Mines.

Source: De Lacy K E, Ministerial Statement, Qld Leg. Assembly Hansard 23/3/1995. Policy Innovation Hub, Griffith
University 1986 Cabinet Minutes Selected Highlights. Qld. Ni Agreement Act 1988



—

* 1990 Goss Government honoured its legislated
guarantee and increased its holding to 28%
equity enabling the operations to continue.

1992 QNI Ltd was floated on ASX.
« Dallhold (Bond) 80%,
 QId Government 20%

« 1995 State sold off its interests making a profit of
over $182M (2018 $315M)

&

Source: De Lacy K E, Ministerial Statement, Qld Leg. Assembly Hansard 23/3/1995. Policy Innovation Hub, Griffith
University 1986 Cabinet Minutes Selected Highlights. QIld. Ni Agreement Act 1988



Post Greenvale mine
Brolga Mine

« Mining at Greenvale en
« Last of the Greenvale ore processed in 1993.

* The railway was torn up in 1994.

* Nickel laterite ore railed from Brolga mine near
Rockhampton, 1993 to 1995.

Source: QNI Resources Pty Ltd, 2013.



1996 the number of ore reduction roas ed
from ten to twelve, increasing the ore t ty
to 2.4 million dry tpa.

* On-site development of patented Co solvent leach
process involving leaching, solvent extraction and
concentrate filtering stages to produce required products

¢ 1996 $32M Co Oxide Hydroxide plant built

* 1997 commercial chemical grade Co production
commenced following on from the 1989 solvent extraction
breakthrough.

* Production levels from nickel laterite ore rose to 31,000
tpa of nickel and 2,000 tpa of cobalt.

* Ni compacts replaced Ni rondels.

Source: Stokes, xxxx.. Stokes xxxx Louthean 2018.. Louthean 2018. Burger 2019. Fittock 1996



Post Greenvale mine
Importation of Nickel Ore

* 1986 first imported ore. from New

« 1989, free of crippling Governme of
Townsville port facilities.
« 1989 transition to imported ore with regula onesian and

New Caledonian ore imports.

* New Caledonian ore typically 1.6%Ni, 0.18% Co but with
higher water content, 35% c.f. 25% for Greenvale

« Enabled higher grades and higher recoveries

« 1989 Dallhold application for a permit to off-load nickel ore in
Cleveland Bay. Rejected in June 1990.

* 1996 new Townsville unloading facility commissioned &
Philippines ore importation.

Source: Louthean 1997.. Reid 1993. Pure Metals 2019.



Source: BHP-Billiton 2002. Louthean 2018. Fittock xxxx.

1997 Billiton took over Yabulu
2001 Billiton merged with BHP. ’
2002 ~3.5M wet-tpa lateritic ore purchased from

— New Caledonia

— Indonesia

— Philippines
Later 190 000 wet tpa of mixed nickel-cobalt hydroxide
intermediate from Ravensthorpe in W.A.
Sales

— Ni varying range of products 78% to 99.9% Ni

— Co oxide/hydroxide

Ni products: metal compacts, granular oxide & basic Ni
carbonate filter cake.

Co products: oxide / hydroxide powder & sulphide filter
cake.




« ~2000 QNI purchased Ravensthorpe
$36M

* Yabulu to be centralised plant for treat of
Ravensthorpe and New Caledonian laterites

*  Proposed $US500M development

— Ravensthorpe complex pressure and atmospheric
leaching to produce hydroxide for treatment at
Yabulu.

— Yabulu expansion to refine extra 40,000 tpa Ni
— Reduced Yabulu unit costs

« Ravensthorpe 30% p.a. inflation during the mining
boom; cost blew out from $1.4B to $3B.

« 2008 Ravensthorpe commissioned
« 2009 Ravensthorpe closed; (3.6B write-down).
« Sold to First Quantum for $340M.

FIRST QUANTUM

MINERALS LTD.

Source: BHP-Billiton 2002. Louthean 2018. WA Today, 2017. Esperance Express.
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2000 Australia's largest RO water Wnt
* Avoiding discharge of excess water to sea.

« Recycling half the 20 ML/day water used.

2000-2001 solar ore drying for imported ore. (35%
H20 v. Greenvale ore 25% H20)

2004-2007 refurbishment of
— plant, port and ore handling
— Improved performance, reliability and efficiency
— expansion of refining capacity
— ability to process Ni-Co(OH) intermediate feeds
from Ravensthorpe.

2006 partial conversion to coal seam methane
(pipeline).

Source: Stokes, xxxx.. Stokes xxxx Louthean 2018.. Louthean 2018. Burger 2019. De Pinilla 2015.



US$/1b Ni

sl AUDS /1Ib Ni

Source:

2009 Invited by Anna Bligh, Clive Palmer
purchased Yabulu from BHP

2010 the company increased production by 30%
2010 Yabulu profit of $200M.
2009 to 2014 costs down from $8.00 to $4.40/Ib.

Enabled operations to keep going; $150M in
income and salaries, $1.1B to local economy.

Ni price collapse 2015-2016 to $5/Ib Ni.

2015 request for a $35 million State Government
guarantee to QNI refused by both major parties

2016 Operations closed $5/Ib Ni
Nickel price now $11 /Ib Ni.

: Infomine 2019.


https://www.google.com/search?q=clive+palmer+yabulu&client=firefox-b-d&channel=crow&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjJ7u3J36HjAhWWE4gKHaOWCswQ_AUIECgB&biw=1600&bih=767#imgrc=DHJRulsRDmUJvM
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1997 Metallica Minerals acquired the NORNICO project
tenements north of the Greenvale Mine.

Greenvale remnant Resources 4.5 Mt 1.12% Ni, 0.08%
Co

2010 drilling programs discovered high grade scandium
deposit at Lucknow.

Sc in lateritised pyroxenite c.f. high Ni in lateritised
serpentinite

99.99% Sc oxide valued at ~ $4000/kg
Sc worldwide usage only 10 to 15 tpa
Lucknow Resource 6.1Mt 169 g/t Sc, 0.2% Ni, 0.04% Co.

Flowsheet design of atmospheric acid leaching (AAL) and
solvent extraction to produce Ni sulphate, Co sulphide &
Sc oxide.

Source: Metallica Minerals Annual Report 2010. investingnews.com 2019.



« 2017 Australian Mines Ltd purchase of Sconi Co-
Sc-Ni project.

« 2019 Resources 101 Mt @ 0.63”0

* Measured Reserves 18 Mt @ 0.83% Ni, 0.06% Co

« Bulk sampled for demonstration HPAL plant in
Perth.

- Bankable feasibility 2018 proposed 53,000tpa Ni
sulphate, 8,000tpa Co sulphate, 89tpa Sc oxide.

«  Proposed $1B capital cost and 300 person
residential workforce.

« 2018 off-take agreement with SK Innovation
(Korean EV battery Company)

Source: Louthean 2018. Australian Mines Ltd 2019. Larsen internationalbroker.com 2019. Desjardins visualcapitalist.com 2019.
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BHP is planning the largest expansion of nickel sulfate production capacity
B 2018 capacity [l Planned expansions

Cost

for Li-ion Battery Packs (per kW)

Annual Demand
EV Battery Power (GWh}

100K 200K 300K 400Kk tons

e
Bloomberg 2010 2015 2020 2025

Low cost SE Asian nickel pig iron for stainless steel

2018 Cobalt price collapse from supply surge and less
Co (and more Ni) in EV batteries

Lower than predicted EV take-up rates.

Future growth in Electric Vehicle take-up and solar
storage predicted.

If 30% of vehicle market in USA by 2040, EV recharging
requirements suggest 50% increase in electricity
required.

Current very low Ni stocks. Price potential?

Source: Louthean 2018. Australian Mines Ltd 2019. Larsen internationalbroker.com 2019. Desjardins visualcapitalist.com 2019.
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» Despite the challenges faced by the operations, Greenvale and Yabulu continued
producing until the ore ran out in 1993.

» Greenvale production of 41 Mt of 1.4% Ni, 0.12% Co was remarkably close to the
original Reserves of 37 Mt of 1.6% Ni, 0.12% Co.

« As originally planned the Yabulu refinery continued until 2015 with imported ore; 75Mt
by 2013.

— First additional ore was from Brolga near Rockhampton
— Later imported from came from New Caledonia, Indonesia and the Philippines.
* Yabulu the only major Australian importer of ore to process in Australia.

* The nickel operations were a major contributor to the regional and national economy
and workforce for 40 years.

*  Produced $4,100M of nickel and $400M cobalt at today’s prices ($4.5B).

* Re-opening might be possible with higher metal prices but escalating energy costs
cause difficulties for roaster economics.
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» The Project became possible during the euphoria of the Nickel Boom, the
encouragement of the Governments and lack of red tape.

* Unexpected difficulties arose from the “Unknown Unknowns” and energy price
Increases.

* Fluctuating metal price difficulties; positive cash flows but poor debt servicing
* Niand Co recoveries were improved, costs controlled & problems fixed

« For almost its entire life, the Greenvale project operated under adverse economic
conditions and never delivered original expectations.

« Greenvale mine life near design was achieved, and shareholders were actually paid a
dividend one year.

* Amazing technical advances through the dedication, expertise and ingenuity of the
workforce. The plant is NOT old technology.

* It was not death by a thousand cuts but life by many small advances!
« Government support 1970 and 1986 enabling continuation
« Government refusal 1975 and 2015. Catastrophic effect on local economy.

Source: Burger 2019
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« Aboriginal presence likely for ~50,000 years.

* Pre-1860s the Gugu Badhan people lived around the Valley of
Lagoons wetlands.

* Ludwig Leichhardt passed through the area in 1845.
* European settlement from the 1860s and patrolled by Native Police.
« Sporadic conflict occurred until at least 1873.

« By 1911 some Gugu Badham were employed on the Valley of
Lagoons Station.

« The Greenvale on SW boundary of their Native Title Determination.

: 25
i !
Source: Allingham A, 1993. Burdekin Frontier.




Nickel-rich ultramafics GeOIogical His tory

from oceanic crust.
Late Proterozoic 650 Ma

Asian-Alaskan
land bridge

Late Cretaceous 94 Ma _

Arciers Lindmass @90
Moder Landmazs (2

Sudduction Zone (trianges point in tne.
drection of soduction) 47 /

Sea Fioor Spreading Ridge 1

rection of subduction) 17

3 Erosion and weathering

Serpentinised during from the Mesozoic.

the mid Palaeozoic
Middle Ordovician 458 Ma

Middle Miocene 14 Ma

Arcient landmass gl »
Modsm iandmass Arcient Landmass
Subdueticn Zone (trisngles point in m;/ Modrm Landmaze (22

drection of subduetion) o Subduction Zone (triangles point mm/
drection of subduttion) ﬁ

SeaFloor Spreading Ridge &

‘Sea Floor Spreading Ridge 8

Partial erosion and nickel
reconcentration.

Source: Scotese C, Paleomap Project. http://www.scotese.com/
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Freeport Directors at Nepean, 1969.

—

1960, Forbes Wilson’s Freeport
expedition to Dutch New Guinea re-
discovered the Ertsberg (> Grassberg
1988).

1964 Freeport of Australia set up for
minerals search in Australia and SW
Pacific.

1967 established PT Freeport
Indonesia.

Source: Burt, 2015. https://www.eiseverywhere.com/file_uploads/a91f32de4d8a9cf43cccbeb1441dd8d4_PPTbrunner.pdf x

. www.funding universe.com. www.fcx.com
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In 1997 Metallica Minerals acquired the NORNICO project
tenements north of the Greenvale Mine.

ASX listed in 2004 prefeasibility studies.
2009 purchased Greenvale mine site and Lucknow tenements.

2010 drilling programs discovered high grade scandium deposit
at Lucknow.

Resources 45.5 Mt 0.81% Ni, 0.09% Co
Lucknow & Kokomo deposits 15.1 Mt 133 g/t Sc.

Flowsheet design Atmospheric acid leaching (AAL) and solvent
extraction producing Ni sulphate, Co sulphide & Sc oxide.

99.99% Sc oxide ~ $4000/kg
Sc usage worldwide 10 to 15 tpa

Greenvale remnant Resources 4.5 Mt 1.12% Ni, 0.08% Co, 36
g/t Sc.

Lucknow Resource 6.1Mt 169 g/t Sc, 0.2% Ni, 0.04% Co.
Lucknow Ni-Co; Resource 2.4 Mt 0.57% Ni, 0.20% Co 96 g/t Sc

Source: Metallica Minerals Annual Report 2010. mvestmgnewgcom wbkomo N| CO Resource 16 3 Mt O 67% NI 0 12(%) CO 36 g/t SC



« 1958 Fidel Castro’s revolution t a.
* 1959 Moa Bay feed stock lost to Freeport.
« 1960 Cuba confiscated US property.

1961 CIA with Baptista regime refugees mounted the
disastrous counter revolution at the Bay of Pigs.

* President Kennedy refused to allow the US military to
intervene.

« US sanctions against Cuba have remained ever since.
*  Freeport search for new feedstock.

Source: hitps://en.wikipedia.org/wiki/Cuban_Revolutionhttps://investorintel.com/sectors/gold-silver-base-metals/gold-precious-metals-intel/cracking-open-cuba-next-vietnam/.



https://en.wikipedia.org/wiki/Cuban_Revolution

Source: Burger 2019. Thuringowa City Council 2000.

1975 first shipment of Greenvale Ni (to Japan).

Originally Cobalt was separa lective
sulfiding, and

the mixed nickel-cobalt sulfid
Ni:Co >2 was sold to overseas refineries. The

remaining nickel was precipitated, calcined,
partially reduced, and sold as intermediate grade

Ni/NiO rondels containing 85 to 90% Ni.

Remaining Ni reduced, calcined, partially reduced
to 85-09% Ni/NiO rondels.

>2:1 Ni:Co sulphide to overseas refineries.
From 1997 chemical grade Co

Ni products: metal compacts, granular oxide &
basic Ni carbonate filter cake.

Co products: oxide / hydroxide powder & sulphide
filter cake.

At full capacity $1Bpa to North Queensland
economy

3000 jobs direct and indirect.




Greenvale siliceous ore.

Source: Burger, QNI video.

Problem Resolution
On-Site Beneficiation

Hammer milling to <300mm showed

— siliceous ores preferentially reported in the
>25mm sizes

— grade benefits were insufficient to offset
the costs.

A 75mm sized screen was installed to remove
the low-nickel chert oversize

Reduced grinding and abrasion costs at
Yabulu.
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Source: Burger 2019

Yabulu Ni & Co Recoveries
Yabulu

i
il
1

=0 IS8/

/’:'

* |nitial Ni and Co recoveries were lower than forecast.

* Mill-feed was simply Ni, Co and Fe orebody average
grades based on 0.8% Ni and 1.0% Ni cutoffs.

* Mineralogy was not considered significant.
* Chlorite and nontronite ore caused Yabulu problems.




Source: Burger 2019

e s
First comparison'in' 1975 )igaa\k/e alarming results !
Yabulu grades significantly lower than the mine
estimates.

Mine grades were based on RAB bore sampling

Yabulu grades were based on
— sophisticated sampling method
— reconciled against metal recoveries and tailings grades.

The Yabulu grades were adopted.

Quarterly reconciliations of mine vs mill tonnages
and grades were conducted over the full 17.5year
mine life.

Cheap RAB drilling overestimated grades.
Dilution due to irregularities in the orebody.



Source: Zeissink, 1969. Mindat.Org

Chlorite caused eutectic problems wi
Chlorite schist shears in western third of the deposit.

Early RAB logging had logged silky v. gritty feel to the
cuttings.

This enabled prompt delineation of problem areas.

Nontronite is the Fe3 rich member of the smectite
(swelling) clays

Also caused problems in the Yabulu processing.

Several million tonnes of nontronite “ore-grade”,,
laterite along the western boundary of the southern
orebody had to be left.



Source: Burger 2019

Mine v Mill Grade Reconciliation

RAB Sampling Bias

RAB blast hole sample reliability was tes pes

by
— 150mm diameter Reverse Circulation drilling
— 76¢cm Calweld holes twinned RAB holes.

Calweld and RC samples were biased similar but smaller in
magnitude than the RAB samples.

RAB costs were third those of RC thus RAB continued over the mine
life.

The RAB blast hole biases were relatively constant.
A factor was applied align with plant grades.




Source: Burger 2019

Problem Resolution

Ore Reserves

Initial resources dri
centres

Reserves were drilled at 40m x 40m
centres

Closed to 20m x 20m for overburden
stripping where the ore top was
regular

Closed to 10m x 10m where ore
horizon more irregular

Closed to 5m x 5m for grade control
where ore zone had high “amplitude”



Source: Burger 2019. QNI video.

Grade Dilution
Mining

Dilution from
— walls of the sub-vertic
hilltops

— from the top and base of the ore horizons.

Dilution grades were to 30% below cutoff
grades;

Density was to 30% higher than the ore
average.

5m x 5m RAB drill resolution of the ore/waste
on the hilltops and upper slopes

10x10m centres were adequate for the more
regular ore horizons on the lower slopes and
valley floor.
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Source: Burger 2019

-

Draglines can only dig in line with the boom.
Survey alignment of dragline operations.

Ore shoots mined along strike on deeper ore
zones

The waste pinnacles were avoided.

Dilution reduced to tolerable levels.

1981 hydraulic excavators replaced draglines
giving improved mining precision.
Commenced computer aided positioning of
excavators from 1980.
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Source:

2019.

2015 QNI request for $35M State Government guarantee

Refused due to requirement to release full details of
donations to Palmer United Party —

15 January 2016 the company terminated 237 workers.
Palmer blamed

* poor nickel prices, at a 12-year low, and

* the refusal of the Queensland government to
guarantee a loan of A$35 million.

The leader of the opposition supported the refusal
18 January 2016 voluntary administration.

March 2016 proposal to transfer employment debts and
residual cash to Palmer to continue operations refused.

April 2016 Liquidation voted for by Creditors

2017 Palmer reported as saying Yabulu would not have
gone under if CITIC had met its obligations over the Sino
Iron project in the Pilbara

April 2018 Palmer suing Liquidators for $1.8B.

: Louthean 2018. Kitco 2019, Wikipedia


https://www.google.com/search?q=clive+palmer+yabulu&client=firefox-b-d&channel=crow&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjJ7u3J36HjAhWWE4gKHaOWCswQ_AUIECgB&biw=1600&bih=767
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