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Item 1 SUMMARY 

This report is a National Instrument 43-101 (NI 43-101) Technical Report, with an effective date of December 
31, 2021, describing the current status of the Ravensthorpe Nickel Operation (RNO or the operation) in 
Western Australia.  RNO is operated by FQM Australia Nickel Pty Ltd (FQMAN).  FQMAN is owned by FQM 
Australia holdings Pty Ltd (FQMA) which is in turn owned 70% by First Quantum Minerals Ltd Pty (FQM) who 
is the issuer of this report.  The remaining 30% of FQMAN is owned by POSCO Holdings Inc.  POSCO Holdings 
Inc. ƛǎ {ƻǳǘƘ YƻǊŜŀΩǎ ƭŀǊƎŜǎǘ ǎǘŜŜƭ ǇǊƻŘǳŎŜǊ ŀǎ ǿŜƭƭ ŀǎ ŀ ƭŜŀŘƛƴƎ ƛƴǘŜƎǊŀǘŜŘ ǇǊƻŘǳŎŜǊ ƻŦ ŎŀǘƘƻŘŜ ŀƴŘ ŀƴƻŘŜ 
materials for the electric vehicle battery sector. POSCO Holdings Inc. is expanding its secondary battery 
material business for which Ravensthorpe will provide a portion of the feed.    

FQM previously filed a Technical Report for the operations in 2013 (RNO, 2012).  RNO consists of 5 discrete 
nickel laterite deposits (Halleys, Hale-Bopp, Shoemaker-Levy, Shoemaker-Levy North and Nindilbillup) and 
associated mining and processing infrastructure.  Mining first started in 2010 with the ore (limonite and 
saprolite) being mined using low cost, simple open cut mining.  Processing is undertaken using a combination 
ƻŦ ƘƛƎƘ ǇǊŜǎǎǳǊŜ ŀŎƛŘ ƭŜŀŎƘ όάIt![έύ ŀƴŘ ŀǘƳƻspheric leach όά![έύ methods to produce a mixed hydroxide 
product (άMHPέ).   

RNO is producing nickel and cobalt from three open pit mines sited on the Halleys, Hale-Bopp and 
Shoemaker-Levy deposits.  Mining at Shoemaker-Levy has only recently started in 2021.  Nindilbillup and 
Shoemaker-Levy North are at an early stage of development. 

The global focus on Environmental, Social and Governance (ESG), together with strong demands for EV 
batteries, has placeŘ млл҈ ƻŦ wbhΩǎ aIt bƛ ǎŀƭŜǎ ǘƻ ǘƘŜ 9± ōŀǘǘŜǊȅ ƳŀǊƪŜǘΦ ²ƛǘƘ ƘƛƎƘ ƳŀǊƪŜǘ ƎǊƻǿǘƘ 
projections, MHP contracts have become highly payable.  In addition RNO has a strong focus on further 
reducing already low CO2 emissions.  Key contributions ƛƴŎƭǳŘŜ wbhΩǎ ǇǊƻŎŜǎǎƛƴƎ ƻǇŜǊŀǘƛƻƴǎ been powered 
from waste heat generated from acid production and the recent construction of a 9km overland ore 
conveying system which eliminates emmissions from truck haulage.    

This Technical Report describes recently completed updated Mineral Resources and Mineral Reserves 
estimates for all 5 deposits along with recent development work being undertaken to bring the Shoemaker-
Levy open pit mine into full production.  Shoemaker-[ŜǾȅΩǎ aŜŀǎǳǊŜŘ ŀƴŘ LƴŘƛŎŀǘŜŘ Mineral Resources 
accounts for 81% of the total Mineral Resource, with reserves accounting for 88% of the total Mineral 
Reserves.  Shoemaker-Levy ore is capable of delivering a higher grade feed for leaching with higher Limonite 
nickel grades and higher beneficiated Saprolite nickel grades when compared to Hale-Bopp (Table 15-1 and 
Table 16-2). RNO currently has a remaining life of mine (LOM) of around 19 years.   

1.1 Property description and location  

RNO is 550 kilometres south east of the city of Perth and located in the shire of Ravensthorpe, Western 
Australia.  The main regional service centre for RNO is the port city of Esperance which is located about 155 
km to the east of the operations area.  The nearest town is Ravensthorpe which is about 30 km to the west 
of the Shoemaker-Levy deposit. 

1.2 Operations background 

Since the previous NI43-101 Technical Report (RNO, 2012), operations have largely depleted the Mineral 
Resources and Mineral Reserves of the Halleys and to a lesser extent the Hale-Bopp deposits.  RNO was 
placed on care and maintenance in October 2017 due to low nickel prices but during this time continued with 
its statutory environmental monitoring and reporting obligations including the permitting process for the 
Shoemaker-Levy deposit.  RNO recommenced nickel and cobalt production in February 2020 from the Halleys 
and Hale-Bopp mines with Shoemaker-Levy starting in June 2021.  Close spaced RC grade control drilling 



Ravensthorpe Nickel Operations | NI 43-101 Technical Report, March 28, 2022 
 

11 

commenced shortly after February 2020 with most drilling taking place at Shoemaker-Levy and to a lesser 
extent the Halleys and Hale-Bopp areas.    

1.3 Mineral tenure 

RNO has secured the nickel laterite mineralisation, plant, processing facilities and associated infrastructure 
via 38 granted titles (26 mining leases, 10 miscellaneous Licenses, one general purpose license and one 
exploration license).  These tenements cover the Halleys, Hale-Bopp, Shoemaker-Levy and Shoemaker-Levy 
North areas and immediate surroundings. 

RNO does not own any of the tenements covering the Nindilbillup deposit and immediate surroundings.  
However, RNO does hold nickel laterite exploration and mining rights over two tenements (M 74/85) and 
M 74/82) which cover about 80 % of the Nindilbillup deposit. 

1.4 Production status 

In the period February 2020 to December 31st, 2021, RNO mined 14.95 million tonnes of ore from the Halleys, 
Hale-Bopp and Shoemaker-Levy deposits at an average head grade of 0.63% Ni.  During 2021, RNO was 
mining on average 650 thousand tonnes of ore per month with at least 6 months over 800 thousand tonnes 
of ore per month.  To date a strip ratio of 1.3 has been achieved which is slightly higher than the planned 
ratio of 1 due to initial waste stripping at Shoemaker-Levy.  Due to the initial ramp-up period (2020-2021), 
only 127 thousand tonnes of MHP has been produced with a metal content of around 23% nickel and 0.9% 
cobalt.  

1.5 Geology setting and mineralisation 

The RNO nickel laterite deposits have developed over Archean Ultramafic rocks on the eastern margin of the 
Ravensthorpe Greenstone Belt.  The host rocks (Bandalup Ultramafics) are comprised of a serpentinised 
(greenschist facies metamorphism) komatiite complex with rare interflow sedimentary units; the primary 
rock was dunitic in composition.  The Bandalup sequence is in turn bound by: 

¶ Metabasalt and metadolerite members of the Maydon basalt.  

¶ Gneissic granitoids of monzogranodiorite to granodiorite composition. 

Excluding the Nindilbillup deposit, the mineralisation has a strong north-northwest orientation along a total 
strike length of about 17 kilometres.  The Nindilbillup deposit strikes east-west for a strike length of about 
6 km.  The 5 deposits display strong similarities in regolith geology, geochemistry, texture and mineralogy as 
a consequence of the consistency of the underlying ultramafic sequence from which they developed.  Nickel 
and cobalt, within the serpentinised komatiites, were concentrated by weathering and oxidation processes 
in the lateritic regolith. 

The weathering/leaching process has resulted in horizontally defined deposits with four typical layers from 
top to bottom being overburden, limonite, saprolite, developed over altered/weathered saprolitic rock 
(saprock) grading to bedrock.  The overburden is essentially barren while the Ni and Co mineralisation is 
hosted largely in the limonite and upper portions of the saprolite.  The style of mineralisation at RNO is 
amenable to beneficiation.  Beneficiation removes components of waste rock and non-recoverable material, 
reducing tonnages and increasing nickel grade of the final product prior to processing in the RNO plant.   

The mineralised sequences have been intruded in places by dolerites and talc zones associated with faulting.  
The dykes are sometimes mineralised due to nickel leaching from the surrounding ultramafic based laterite.    
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1.6 Mineral Resource estimates 

The 5 deposits were re-estimated in the period 2020 to 2021.  The Mineral Resource estimate updates were 
completed by Mr Richard Sulway of FQM, with the assistance of RNO geological staff.  The Mineral Resources 
element grades were estimated using ordinary and multiple indicator kriging into detailed geology model 
volumes of the respective nickel laterite domains.  Unfolding was employed to optimise estimates of the 
undulating and relatively narrow nickel laterite domains.  Post processing of parent block estimates has used 
localised uniform conditioning for the wider drill grid areas in order to better reflect grade and tonnages at 
the scale of mining.  The accuracy of sample density values was improved with more comprehensive sampling 
using geophysical methods and in-pit bulk samples.  Dry bulk density values were assigned to the models 
based on core based values (caliper method) or in selected areas of the Shoemaker-Levy deposits, downhole 
geophysics. 

All deposit estimates have been completed using the same estimation method.  The standardised estimation 
methodology has been translated into the routine grade control systems in order to support delivery to the 
mine plan.   

The resulting estimates were classified as Measured, Indicated and Inferred Mineral Resources in accordance 
with the guidelines of the Standards on Mineral Resources and Reserves of the Canadian Institute of Mining, 
Metallurgy and Petroleum (CIM Estimation of Mineral Resources & Mineral Reserves Best Practice 
Guidelines, CIM November 2019 and the CIM Definition Standards).  The classification was guided by 
confidences in the geology, estimation methods and the resulting grade estimates in addition to the degree 
of geological continuity, the drillhole grid spacing and quality of sample analysis. 

The models were depleted for mining (where relevant) and reported using a 0.3% nickel cut-off grade (Table 
1-1).  Measured and Indicated Mineral Resources have increased by 15% from added drilling and increased 
confidence in the resulting grade estimates and applied density values.  Mineral Resources that are not 
Mineral Reserves do not have demonstrated economic viability as per the current reserve criteria.   

Table 1-1 RNO Mineral Resource statement as of 31st December 2021 (0.3% Ni cut-off) 

Deposit Classification 
Tonnes 

(Mt) 
Ni 
(%) 

Co 
(%) 

Fe 
(%) 

Al 
(%) 

Mg 
(%) 

Ca 
(%) 

Halleys 

Measured 2.44 0.61 0.03 11.8 1.7 5.6 1.6 

Indicated 2.59 0.56 0.03 13.5 2.8 6.3 1.0 

Total Measured & Indicated 5.03 0.58 0.03 12.6 2.3 6.0 1.3 

Inferred 0.25 0.61 0.03 10.6 1.3 9.7 1.8 

Hale-Bopp 

Measured 21.65 0.55 0.03 11.8 1.5 5.5 0.5 

Indicated 15.39 0.55 0.03 11.5 1.7 8.0 0.8 

Total Measured & Indicated 37.04 0.55 0.03 11.7 1.6 6.6 0.6 

Inferred 1.23 0.47 0.02 9.5 1.7 10.7 1.5 

Shoemaker-Levy 

Measured 80.55 0.58 0.03 12.7 1.2 3.5 1.9 

Indicated 102.19 0.55 0.03 12.5 1.6 4.1 1.5 

Total Measured & Indicated 182.74 0.56 0.03 12.6 1.5 3.9 1.7 

Inferred 9.59 0.47 0.02 10.8 1.3 6.9 2.7 

Nindilbillup Inferred 26.72 0.53 0.03 12.9 2.4 5.8 0.4 

Shoemaker-Levy North Inferred 30.47 0.52 0.02 11.2 2.7 3.3 0.8 

  Total Measured 104.64 0.57 0.03 12.5 1.3 4.0 1.6 

  Total Indicated 120.17 0.55 0.03 12.4 1.7 4.7 1.4 

Total Resources 
Total Measured & Indicated 224.81 0.56 0.03 12.4 1.5 4.3 1.5 

Total Inferred 68.26 0.52 0.02 11.8 2.4 5.0 0.9 
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Notes: 

¶ Mineral Resources are reported inclusive of Mineral Reserves. 

¶ Small discrepancies may occur in the figures due to the effects of rounding. 

¶ The tabled Mineral Resources reflect 100% of the in-ǎƛǘǳ ƎǊŀŘŜǎ ŀƴŘ ǘƻƴƴŜǎΦ CvaΩǎ ŀǘǘǊƛōǳǘŀōƭŜ ǎƘŀǊŜ 

would be 70% of these totals. 

¶ Fe, Al, Mg and Ca estimates do not constitute part of the Mineral Resource. They are included as 

additional information relevant to beneficiation and leaching performance.  

The total stockpiled mined ore at RNO is listed in Table 1-2, the material is mostly saprolite.  The buffer 

ponds contains 0.08 Mt of Measured Resources at 1.0% Ni. 

Table 1-2 Total RNO Stockpiles 

Description Classification 
Tonnes 

(Mt) 
Ni 
(%) 

Co 
(%) 

Fe 
(%) 

Al 
(%) 

Mg 
(%) 

Ca 
(%) 

Stockpiles Measured 17.68 0.58  0.02  11.2  1.3  9.4  1.3  

1.7 Mineral Reserve estimates 

The detailed mine planning for this Technical Report, including conventional optimisation processes, open 
pit designs and Life of Mine (LOM) production scheduling was completed by FQM staff under the supervision 
of the Qualified Person, Anthony Cameron of Cameron Mining Consultants Ltd. 

RNO uses conventional open-cut mining which follows the standard drill, blast, load, and haul cycle.  The 
shallow flat tabular mineralisation, allows for around 10% of material mined to be free dig (no blasting) with 
low overall strip ratios. 

Pit optimisations, including sensitivity analysis, were used to establish design pit shells. The optimisations 
used variable nickel and cobalt recoveries as per the respective limonite and saprolite material types. In 
addition, pit slope design criteria and mining/processing operating costs derived from extrapolated and 
actual production indicators were used.  Following optimisation, pit designs were guided from the selected 
shells and detailed LOM scheduling was completed in order to demonstrate an achievable and viable mine 
plan.  

Future Mineral Reserves and mining will be focused at Shoemaker-Levy over several phases starting in the 
south and progressively moving to the north.  Mining commenced at Shoemaker-Levy in 2021 and ore is 
crushed at Shoemaker-Levy prior to being conveyed 9km overland to the existing processing facilities in order 
to minimise costs.  The average Ni grade mined is around 0.6% Ni, which is upgraded via beneficiation to 
almost double the mined grades and significantly reduced tonnages. Tabled Mineral Reserves include 
consideration of a cash flow model that incorporates updated operating and metal costs as well as capital 
and sustaining expenditure. 

The tabled Mineral Reserves (Table 1-3) are based upon an average economic cutoff grade of 0.3% Ni which 
accounts for a longer-term nickel and cobalt price of US$8/ lb and US$30/ lb respectively.  Mg and Ca 
estimates do not constitute part of the Mineral Resource or Mineral Reserve. They are included as additional 
information relevant to beneficiation and leaching performance. 
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Table 1-3 RNO Mineral Reserve statement as of 31st December 2021 

Type/Classification 
Tonnes 
(Mt) 

Ni 
(%) 

Co 
(%) 

Ca 
(%) 

Mg 
(%) 

Limonite Ore 

Proven Reserve 67.2 0.62 0.03 0.6 2.1 

Probable Reserve 62.9 0.60 0.03 0.5 2.0 

Total Limonite Reserve 121.3 0.60 0.03 0.6 2.1 

Saprolite Ore 

Proven Reserve 24.2 0.44 0.03 4.4 7.5 

Probable Reserve 23.7 0.46 0.03 3.5 8.2 

Total Saprolite Reserve 48.0 0.45 0.03 3.9 7.9 

Total Ore in Pits 

Proven Reserve 91.4 0.57 0.03 1.6 3.6 

Probable Reserve 86.6 0.56 0.03 1.4 3.7 

Total In Pit Reserve 178.0 0.56 0.03 1.5 3.6 

Stockpile 

Proven Reserve 17.7 0.58 0.03 1.5 9.4 

Probable Reserve      

Total Stockpile 17.7 0.58 0.03 1.5 9.4 

Total Proven Reserve 109.1 0.57 0.03 1.6 4.5 

Total Probable Reserve 86.6 0.56 0.03 1.4 3.7 

Total Reserve including 
Stockpile 

195.7 0.57 0.03 1.5 4.1 

Notes:                 

¶ Tonnages are in millions of metric tonnes. 

¶ Royalty is composed of a 3.4% royalty on Revenue for Nickel plus a 3.05% royalty on Revenue for 

Cobalt). 

¶ Figures reported are rounded to 2 significant figures to reflect accuracy which may result in small 

tabulation errors. 

¶ Mineral Reserves are classified as Proven or Probable Mineral Reservesin accordance with CIM 

Definitions and Standards. 

¶ The Buffer Ponds contain 0.08 Mt at 1% Ni and are beneficiated product used as temporary storage to 

assist the processing team manage fluctuations and disruptions in Leach feed from the Beneficiation 

Plants. 

¶ Mg and Ca estimates do not constitute part of the Mineral Reserve. They are included as additional 

information relevant to beneficiation and leaching performance. 

1.8 Processing   

¢ƘŜ ŘŜǘŀƛƭǎ ƻŦ wbhΩǎ ƳŜǘŀƭƭǳǊƎƛŎŀƭ ǎŀƳǇƭƛƴƎΣ ǇǊƻŎŜǎǎƛƴƎΣ ǊŜŎƻǾŜǊȅ ƳŜǘƘƻŘǎ ŀƴŘ ǊŜǎǳƭǘǎΣ as contained in this 
Technical Report, have been completed under supervision and by the Qualified Person, Mr Robert Stone of 
FQM.  

Mined limonite and saprolite material is crushed and beneficiated in two dedicated streams.  Beneficiated 
limonite material is treated via HPAL and beneficiated saprolite is treated via pre-leaching using concentrated 
sulphuric acid followed by AL of the combined HPAL and pre-leach products. 
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Typically beneficiation rejects 60 to 70% of the feed mass, and recovers 60 ς 65% of the feed nickel into a 
beneficiated products stream approximating to a doubling of the ROM grade in one third of the volume. 
Nickel recovery through the two leach circuits approximates to 90% for Limonite and 70% for Saprolite. 

Power for the process plant and mining operations is generated largely via steam turbines driven by steam 
generated from the sulphur burning acid plant.  Backup diesel generators are also available when required.  
wbhΩǎ ŀǾŜǊŀƎŜ ǇƻǿŜǊ cost is around US$0.11 to US$0.15 kw/h which with acid plant power supply, translates 
into a US$22 to US$30 million savings per annum for the operation (as opposed to relying entirely on diesel 
generators). 

The final MHP quality is planned to contain around 23% contained Ni metal and about 1% contained cobalt 
metal. 

Since the previous Technical Report (RNO, 2012), RNO has embarked upon several key upgrades to the 
respective processing entities.  The upgrades have ensured more consistent performance, reduced costs, 
improved efficiencies and assured overall recoveries.  These upgrades include: 

¶ Improvements in water management to reduce consumption and reduce long term storage 

requirements; 

¶ Improvements in the beneficiation plant to increase recovery through cyclone optimisation; 

¶ Upgrade of beneficiation dewatering circuit to reduce moisture content of waste products; 

¶ Addition of a new crushing, sizing and 9km overland conveying system for the Shoemaker-Levy mine; 

¶ Optimising of flocculant addition to thickeners to reduce consumption; and 

¶ Addition of a second limestone ball milling circuit to improve availability and quality of the limestone 

product. 

A comprehensive programme of diamond drilling was completed to cover the initial five years of mining at 
Shoemaker-Levy.  The resulting diamond core samples were tested for beneficiation performance per nickel 
laterite domain.  Results for limonite beneficiation were similar to historical performance, however, saprolite 
beneficiation results are noted for having marked product upgrade improvements.  

Water is supplied to the plant via a pipeline from the sea, the pipeline extends approximately 46 km south of 
the operations to Masons Bay.  A desalination and demineralisation plant provides desalinated feed water 
ŦƻǊ ǘƘŜ ŀŎƛŘ ǇƭŀƴǘΦ  wŜƧŜŎǘ ǎŀƭƛƴŜ ǿŀǘŜǊ ŦǊƻƳ ǘƘŜ ŘŜǎŀƭƛƴŀǘƛƻƴ Ǉƭŀƴǘ άƘȅǇŜǊǎŀƭƛƴŜέ ƛǎ ǳǎŜŘ ŦƻǊ ƎŜƴŜǊŀƭ 
processing.  A bore field is used to provide potable water. 

The tailings are stored in Tailings storage facilities which are of the downstream construction type, with walls 
raised as required.  

The RNO processing operations operate with a zero discharge water balance.  Water surplus to requirements 
is directed to evaporation ponds. 

1.9 Environmental approvals and status 

Ministerial Statement 633 was issued by the Western Australian Government in September 2003 under 
Part V of the Environmental Protection Act 1986 (EPA Act), to allow for the construction and operation of 
RNO in accordance with broad environmental outcome requirements.  Since it was first issued, MS 633 has 
been updated numerous times to include infrastructure not previously allowed for or for changes to the 
approved RNO footprint. 

RNO is also approved for operation under subsidiary legislation such as the Mining Act 1978 or Part IV of the 
EP Act.  These approvals allow for operations to be managed in accordance with specific environmental 
compliance requirements.   
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Infrastructure approved for operation includes the RNO processing plant and associated infrastructure 
including the overland conveyor from Shoemaker-Levy, Mason Bay seawater pipeline, the tailings storage 
facility (TSF), evaporation ponds, Halleys, Hale-Bopp and Shoemaker-Levy stage 1 (95% of the current Mineral 
Reserves) mine pits and waste dumps and Tamarine quarry. 

Additional approvals and licences required by subsidiary legislation are regularly reviewed and updated as 
required to allow for alterations or upgrades to existing operational infrastructure within the approved 
project footprint provided in MS633.  

The stage 2 expansion required for additional infrastructure associated with the south east of the Shoemaker-
Levy mine, and the remaining 5% of current Mineral Reserves, is being assessed by the Western Australian 
EPA.  Subsidiary approval applications are yet to be prepared.  Approval is currently expected in Q4 2022 or 
Q1 2023. 

Subsidiary approvals documentation for a further sequence of lifts to the TSF is currently being prepared.  
These will allow for further ~5 years of tailings deposition beyond which an updated LOM tailings deposition 
strategy will be required. 

1.10 Conclusions and recommendations  

1.10.1 Mineral Resource estimate 

The updated RNO models for the 5 deposit areas were compiled to incorporate recent drilling and to 
standardise the methods and model conventions across all the deposits.  The operation has a long history of 
detailed exploration and mining dating back to the late 1990Ωs and as such the geology is well understood.  
Mineral Resource development drilling, sampling, logging and assaying practices are well defined and 
documented in detailed standard operating procedure documents.   

Drilling will be ongoing largely for the purposes of grade control at the Shoemaker-Levy deposits however a 
proportion of the drilling will be used to expand the Mineral Resource base where possible and provide 
samples for ongoing metallurgical test work.  The Shoemaker-Levy deposit makes up the bulk of the Mineral 
Resource base and will remain the main focus for Mineral resource development, extensions and mining for 
the years ahead.  

1.10.2 Mineral Reserve estimate 

RNO is an established conventional open cut nickel laterite mine that has been in operation for several years.  

Mine planning and evaluations undertaken using the latest resource models confirm that the continuation 
of mining and processing at RNO is both viable and economic. 80 percent of the remaining Mineral Reserves 
are in Shoemaker-Levy where mining commenced in 2021. A further 10% is already stockpiled. 

The Mineral Reserve estimate has a relatively high sensitivity to revenue which is controlled by metal prices 
and payability. It is noted however that at current long term forecast metal prices, the mineral reserve is 
relatively insenstive to changes in revenue and costs. 

Given the mine has been operational for a number of years, technical risk in relation to the Mineral Reserves 
estimate is deemed to be low.   

1.10.3 Processing 

The   processing facility at RNO has demonstrated a capability to upgrade (higher grade and lower mass) the 
ROM ores through a beneficiation process and to treat the resultant product efficiently through its two leach 
circuits to produce a Mixed Hydroxide Precipitate containing Nickel and Cobalt values.  
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Optimisation and further enhancement of the process is an ongoing function of normal operations.  This will 
include continuing with development of techniques to utilise beneficiation rejects, in part or whole, for the 
construction of the tailings dam walls.  Economic and technical review for direct site/external production of 
nickel sulphate will also continue as an opportunity for future product value. 
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Item 2 INTRODUCTION  

2.1 Purpose of this Technical Report 

This Technical Report on the Ravensthorpe Nickel Operations (RNO or the operation) has been prepared by 
Qualified Persons (QPs) David Gray, Richard Sulway and Robert Stone of First Quantum Minerals Ltd (FQM, 
the issuer) and Anthony Cameron of Cameron Mining Consultants Ltd. 

The purpose of this Technical Report is to document updated Mineral Resource and Mineral Reserve 
estimates for the operation, and to provide a commentary on the status of the operations and proposed life 
of mine (LOM).  LOM operations descriptions are largely focussed on the Shoemaker-Levy deposit.  

2.2 Terms of reference 

The Technical Report covers the Halleys, Hale-Bopp, Shoemaker-Levy, Shoemaker-Levy North and 
Nindilbillup deposits and has been written to comply with the reporting requirements of the Canadian 
National Instrument 43-101: Ψ{ǘŀƴŘŀǊŘǎ ƻŦ 5ƛǎŎƭƻǎǳǊŜ ŦƻǊ aƛƴŜǊŀƭ tǊƻƧŜŎǘǎΩ ƻŦ ǘƘŜ /ŀƴŀŘƛŀƴ {ŜŎǳǊƛǘƛŜǎ 
Administrators (the Instrument) which in turn complies with the Standards on Mineral Resources and 
Reserves of the Canadian Institute of Mining, Metallurgy and Petroleum (the CIM Guidelines, 2019).   

The effective date for the Mineral Resource and Mineral Reserve estimates is 31st December 2021. 

2.3 Principal sources of information 

This Technical Report was prepared by the issuer using data largely supplied by RNO staff and contractors.  
The content of this report was based on site derived drilling and mining data, internal unpublished studies, 
and third party consultants retained by RNO.  Examples of the site derived data include: 

¶ Logging and assay data from 20 plus years of drilling; 

¶ Aerial magnetics surveys; 

¶ Marketing and economic study results; 

¶ Actual production performance; 

¶ Mine reconciliation and metallurgical test work; and  

¶ Previous Technical Reports.  

A list of specialist consultants who provided information for the study is listed in Table 2-1.   

Table 2-1 Consulting Firms Who Provided Information for the Report 

Consulting Firm Area of Expertise 

Golder Associates Tailings Dams 

Hetherington Exploration & Mining Title Services Pty Ltd Mining tenements 

2.4 Qualified Persons and site inspections 

The Mineral Resource estimates were prepared by Mr Richard Sulway and Mr David Gray (both Qualified 
Persons).  Mr Sulway of FQM, the issuer, meets the requirements of a QP according to his Certificate of 
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Qualified Persons attached in Item 28.  Similarly, Mr Gray of FQM, the issuer, meets the requirements of a 
QP according to his Certificate of Qualified Persons attached in Item 28. 

Metallurgical testing, mineral processing and process recovery aspects of this report were prepared under 
the supervision of Mr Robert Stone (a Qualified Person).  Mr Stone of FQM, the issuer, meets the 
requirements of a QP according to his Certificate of Qualified Persons attached in Item 28. 

Mineral Reserve estimates were prepared under the direction of Mr Anthony Cameron (a Qualified Person) 
and with assistance of FQM staff.  Mr Cameron of Cameron Mining Consultants Ltd, meets the requirements 
of a QP according to his Certificate of Qualified Persons attached in Item 28. 

The Qualified Persons (QPs) have visited the site, as follows: 

¶ David Gray has visited the RNO operations many times since 2015, with his most recent visit in 

5ŜŎŜƳōŜǊ нлнмΦ  5ǳǊƛƴƎ aǊ DǊŀȅΩǎ ǾƛǎƛǘǎΣ ƘŜ Ƙŀǎ ƛƴǾŜǎǘƛƎŀǘŜŘ w/ ŘǊƛƭƭƛƴƎΣ ƭƻƎƎƛƴƎ ŀƴŘ ǎŀƳǇƭƛƴƎ ŀŎǘƛǾƛǘƛŜǎΣ 

grade control methods and has visited both mining, conveying, crushing, reclaiming and beneficiation 

operations on several occasions.   

¶ Richard Sulway has visited the operations on many occasions each year since 2017, with his most 

recent visit in December 2021Φ  5ǳǊƛƴƎ aǊ {ǳƭǿŀȅΩǎ ǾƛǎƛǘǎΣ ƘŜ Ƙŀǎ ƛƴǾŜǎǘƛƎŀǘŜŘ w/ ŘǊƛƭƭƛƴƎ ǇǊŀŎǘƛŎŜǎΣ 

QAQC data, grade control methods, geology wireframe modelling and has carried out independent 

data verifications of logging, sampling, laboratory standards, QAQC, geology modelling, grade control 

practices and reconciliation data.   

¶ wƻōŜǊǘ {ǘƻƴŜ Ƙŀǎ ǾƛǎƛǘŜŘ ƻǇŜǊŀǘƛƻƴǎ ƻƴ Ƴŀƴȅ ƻŎŎŀǎƛƻƴǎ ŜŀŎƘ ȅŜŀǊ ǎƛƴŎŜ CvaΩǎ ŀŎǉǳƛǎƛǘƛƻƴ of RNO in 

2010. Mr {ǘƻƴŜΩǎ Ƴƻǎǘ ǊŜŎŜƴǘ Ǿƛǎƛǘ ǿŀǎ ŘǳǊƛƴƎ ǘƘŜ ǿŜŜƪ ƻŦ ф CŜōǊǳŀǊȅ нлннΦ  aǊ {ǘƻƴŜ Ƙŀǎ ǾƛǎƛǘŜŘ ŀƭƭ 

accessible areas of the site operations including crushing, belts, reclaimer, beneficiation , leach, 

hydrometallurgical plant, acid and power plants, and tailings storage and evaporation facilities. 

¶ Anthony Cameron has visited site on many occasions each year sinŎŜ CvaΩǎ ŀŎǉǳƛǎƛǘƛƻƴ ƛƴ нлмлΦ aǊ 

/ŀƳŜǊƻƴΩǎ Ƴƻǎǘ ǊŜŎŜƴǘ Ǿƛǎƛǘ ǿŀǎ ƛƴ November 2021.  Mr Cameron visited the operating mine areas as 

well as the crushing facilties. 

 

The following table identifies which items of the Report have been the responsibilities of each QP. 

 

Name Position Ni43-101 Responsibility 

David Gray 
BSc Hons (Geology), FAIG 

Group Mine and Resource Geologist 
FQM (Australia) Pty Ltd 

Supporting Author and Qualified 
Person 

Items 1, 2, 3, 4, 5, 6, 12, 13, 14, 22, 23, 
25, 26, 27. 

Richard Sulway 
MAppSc (Geological data processing), 

BAppSc Hons (Applied Geology) 

Consulting Mine geologist 
FQM (Australia) Pty Ltd 

Author and lead Qualified Person 
Items 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 14, 

23, 24, 25, 26, 27 

Robert Stone 
BSc Hons (CEng), ACSM 

Group Consulting project metallurgist 
FQM (Australia) Pty Ltd 

Author and Qualified Person 
Items  1, 2, 3, 6, 13, 17, 18, 20, 21, 22, 

25, 26, 27 

Anthony Cameron 
BEng (Mining), Grad Dip Bus, MComm 

Law 

Consulting Mining Engineer 
Cameron Mining Consultants Ltd 

Author and Qualified Person 
Items 1, 2, 3, 6, 15, 16, 18, 19, 20, 21, 

22, 25, 26, 27 
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Item 3 RELIANCE ON OTHER EXPERTS 

The authors of this Technical Report do not disclaim any responsibility for the content contained herein.  
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Item 4 PROPERTY DESCRIPTION, LOCATION AND TENURE 

4.1 Operations description  

RNO hosts 5 nickel laterite deposits at varying stages of development.  The operations consists of a series of 
open cut mines and a centralised plant (hydrometallurgical process) that recovers nickel and cobalt to 
produce a mixed nickel cobalt hydroxide intermediate product. 

The current status of the individual deposits is listed Table 4-1.  The 5 deposits extend along a strike length 
of about 17 km (see Figure 7-1). 

Table 4-1 RNO Nickel Laterite Deposits 

Deposit Status 

Halleys First of the deposits to be extensively drilling and mined.  It is now largely 
mined out. 

Hale-Bopp Extensively mined but still hosts considerable remaining Measured and 
Indicated Mineral Resources and Mineral Reserves.  

Shoemaker-Levy After the 2003 DFS was completed no further work was undertaken until 
2017 when drilling was restarted.  Mining started in 2021.   

Nindilbillup Early stage development project. 

Shoemaker-Levy North Early stage development project. 

4.2 Operations location 

The operation is located about 550 km by sealed road from Perth or 155 km from Esperance (Figure 4-1) in 
Western Australia.  The approximate midpoint (easting and northing) of the Shoemaker-Levy deposit in 
Australian Map Grid (AMG) coordinates is 252130 mE and 6281560 mN. 

Figure 4-1 Ravensthorpe Nickel Operation Location Map 

 

4.3 Mineral Tenure 

RNO holds 38 approved tenements covering Mineral Resources, exploration areas, mining areas, processing 
and infrastructure facilities in the Ravensthorpe area.  The mining titles covering most of the Nindilbillup 
deposit (M74/85-I and M74/82-I) are held by AML (Ravensthorpe) Pty Ltd, FQM Australia Nickel Pty Ltd 
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(FQMA) holds full rights to explore and mine nickel laterites on these titles.  In terms of the 38 titles currently 
owned by FQMA (Table 4-2), the total area covered is about 15,000 ha which incurs an annual expenditure 
commitment of $1,352,500 AUD.  An image of the tenement boundaries superimposed onto Landsat imagery 
is shown in Figure 4-2. 

Table 4-2 RNO Tenements as of 31st December 2021  

Tenement Current Holder Area Grant Expiry Expenditure 

number  (Ha) date date commitment 

E 74/684 FQM AUSTRALIA NICKEL PTY LTD 600* 07/05/2021 06/05/2026 $15,000 

G 74/8 FQM AUSTRALIA NICKEL PTY LTD 6.76 25/03/2010 24/03/2031 $0 

L 74/19 FQM AUSTRALIA NICKEL PTY LTD 4.52 07/08/2001 06/08/2022 $0 

L 74/20 FQM AUSTRALIA NICKEL PTY LTD 3.96 07/08/2001 06/08/2022 $0 

L 74/21 FQM AUSTRALIA NICKEL PTY LTD 889.97 21/01/2000 20/01/2042 $0 

L 74/22 FQM AUSTRALIA NICKEL PTY LTD 34.37 07/08/2001 06/08/2022 $0 

L 74/32 FQM AUSTRALIA NICKEL PTY LTD 118.69 21/02/2011 20/02/2032 $0 

L 74/33 FQM AUSTRALIA NICKEL PTY LTD 32.00 17/02/2005 16/02/2026 $0 

L 74/36 FQM AUSTRALIA NICKEL PTY LTD 9.35 07/10/2005 06/10/2026 $0 

L 74/37 FQM AUSTRALIA NICKEL PTY LTD 16.90 07/10/2005 06/10/2026 $0 

L 74/43 FQM AUSTRALIA NICKEL PTY LTD 1.00 14/11/2006 13/11/2027 $0 

L 74/54 FQM AUSTRALIA NICKEL PTY LTD 209.44 26/07/2019 25/07/2040 $0 

M 74/108 FQM AUSTRALIA NICKEL PTY LTD 804.65 19/06/2001 18/06/2022 $80,500 

M 74/114 FQM AUSTRALIA NICKEL PTY LTD 630.85 07/05/1998 06/05/2040 $63,100 

M 74/115 FQM AUSTRALIA NICKEL PTY LTD 952.50 07/05/1998 06/05/2040 $95,300 

M 74/116 FQM AUSTRALIA NICKEL PTY LTD 972.50 07/05/1998 06/05/2040 $97,300 

M 74/123 FQM AUSTRALIA NICKEL PTY LTD 55.97 07/08/2003 06/08/2024 $10,000 

M 74/124 FQM AUSTRALIA NICKEL PTY LTD 4.54 07/05/2010 06/05/2031 $5,000 

M 74/125 FQM AUSTRALIA NICKEL PTY LTD 80.93 07/05/2010 06/05/2031 $10,000 

M 74/142 FQM AUSTRALIA NICKEL PTY LTD 108.25 31/08/2005 30/08/2026 $10,900 

M 74/143 FQM AUSTRALIA NICKEL PTY LTD 129.85 28/10/2002 27/10/2023 $13,000 

M 74/144 FQM AUSTRALIA NICKEL PTY LTD 632.10 28/10/2002 27/10/2023 $63,300 

M 74/145 FQM AUSTRALIA NICKEL PTY LTD 541.60 28/10/2002 27/10/2023 $54,200 

M 74/167 FQM AUSTRALIA NICKEL PTY LTD 441.05 25/03/2010 24/03/2031 $44,200 

M 74/168 FQM AUSTRALIA NICKEL PTY LTD 954.70 25/03/2010 24/03/2031 $95,500 

M 74/169 FQM AUSTRALIA NICKEL PTY LTD 617.15 27/06/2007 26/06/2028 $61,800 

M 74/170 FQM AUSTRALIA NICKEL PTY LTD 286.80 25/03/2010 24/03/2031 $28,700 

M 74/171 FQM AUSTRALIA NICKEL PTY LTD 416.90 25/03/2010 24/03/2031 $41,700 

M 74/172 FQM AUSTRALIA NICKEL PTY LTD 900.95 27/06/2007 26/06/2028 $90,100 

M 74/173 FQM AUSTRALIA NICKEL PTY LTD 998.65 07/01/2004 06/01/2025 $99,900 

M 74/174 FQM AUSTRALIA NICKEL PTY LTD 995.45 07/01/2004 06/01/2025 $99,600 

M 74/175 FQM AUSTRALIA NICKEL PTY LTD 814.80 07/01/2004 06/01/2025 $81,500 

M 74/187 FQM AUSTRALIA NICKEL PTY LTD 284.95 25/03/2010 24/03/2031 $28,500 

M 74/203 FQM AUSTRALIA NICKEL PTY LTD 25.51 25/03/2010 24/03/2031 $10,000 

M 74/220 FQM AUSTRALIA NICKEL PTY LTD 450.40 29/03/2006 28/03/2027 $45,100 

M 74/235 FQM AUSTRALIA NICKEL PTY LTD 882.90 25/03/2010 24/03/2031 $88,300 

M 74/236 FQM AUSTRALIA NICKEL PTY LTD 37.98 25/03/2010 24/03/2031 $10,000 

M 74/237 FQM AUSTRALIA NICKEL PTY LTD 47.80 25/03/2010 24/03/2031 $10,000 
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Notes: 

¶ * Exploration Tenements are issued as Blocks; E 74/684 was granted for two blocks.  The listed area is 

approximate as nearby Mining Leases will exclude parts of the Blocks. 

¶ άEέ prefix tenements are Exploration Licenses, άGέ prefix tenements are General Purpose Leases,  

ά[έ prefix tenements are Miscellaneous [ƛŎŜƴǎŜǎ ŀƴŘ άaέ ǇǊŜŦƛȄ ǘŜƴŜƳŜƴǘǎ ŀǊŜ aƛƴƛƴƎ [ŜŀǎŜǎΦ  

Figure 4-2 RNO Tenement Map as of December 31st 2021 superimposed on Landsat satellite imagery MGA 94 
Zone 51 grid) 

 

The isolated M 74/220 mining lease in the middle of the above image (Figure 4-2) covers the Tamarine 
limestone quarry. 

In addition, FQMA has nickel laterite rights to the following 5 tenements (Table 4-3), but does not currently 
hold the tenements themselves. 

Ravensthorpe 

Hopetoun 
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Table 4-3 Other RNO tenements 

AML (Ravensthorpe) - Laterite Nickel Rights Status Holder 

M74/106 Live Aml (Ravensthorpe) Pty Ltd 

M74/82 Live Aml (Ravensthorpe) Pty Ltd 

M74/84 Live Aml (Ravensthorpe) Pty Ltd 

M74/85 Live Aml (Ravensthorpe) Pty Ltd 

E74/379 Live Galaxy Lithium Australia Limited 

4.4 Royalties, rights, payments and agreements 

Royalties payable by the RNO include: 

¶ A State Government of Western Australia mineral royalty of 2.5% of sales less certain allowable 

deductions is paid on a quarterly basis for Nickel and Cobalt; 

¶ A Native Title Royalty of between AUD $750,000 and $1,500,000 per year dependent on Nickel price 

and production rate and is paid annually; and 

¶ Third Party Royalties on sales of 0.93% for Nickel and 0.55% for Cobalt are paid within 74 days of 

delivery of product. 

4.5 Environmental liabilities 

Environmental liabilities associated with the RNO site are generally those that would be expected from a 
mining operation consisting of open pit mines, waste dumps, processing plant and associated infrastructure, 
tailings storage facilities, evaporation ponds and exploration drilling sites. 

A key long term closure risk for the project is a requirement for the backfilling of Halleys and Hale-Bopp pits 
with beneficiation rejects to a topography similar to that of the original Bandalup Hill. Other key risks include 
management of closure of Halleys waste rock dump (saline drainage) and closure of the evaporation ponds.  

The current closure liability for RNO is estimated at US$185 million. 

4.6 Permits 

RNO has operated to date and continues to operate under required environmental approvals, licences and 
permits.  For further details see Item 20 of this Technical Report. 
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Item 5 ACCESSIBILITY, CLIMATE, LOCAL RESOURCES, 
INFRASTRUCTURE AND PHYSIOGRAPHY 

5.1 Accessibility 

RNO is accessible via both the South Coast Highway and the Jerdacuttup road as shown in Figure 5-1.  The 
northern access road gate (via the South Coast highway) is about 35 km to the east of the town of 
Ravensthorpe and 155 km west of Esperance.  

Figure 5-1 Location of the Ravensthorpe Nickel Operation and surrounding infrastructure 

 

Air access is via a sealed runway (Ravensthorpe Airport) approximately 15 km from the RNO processing plant 
and associated mine offices.  The Airport was built to support the local mines and is capable of handling small 
to medium sized jet aircraft. 

5.2 Climate 

Ravensthorpe has a semi-arid climate whereby the summers are warm to hot and the winters cool.  It is often 
windy.  Over the course of the year, the temperature typically varies from 7°C to 30°C.  Rainfall is moderate 
(about 430 mm a year) and largely falls during the winter months.  The wettest months are May to July. 

5.3 Physiography 

The RNO laterite deposits consist of low-lying ridges which rise up to 80 m above the surrounding plane.  The 
topography of slopes (<5°) gently away from the ridge crests until merging with the surrounding granitic sand 
plains. 



Ravensthorpe Nickel Operations | NI 43-101 Technical Report, March 28, 2022 
 

26 

5.4 Vegetation 

The vegetation of the RNO area including much of the Shoemaker-Levy area is characterised by Mallee-Heath 
dominated sandy plains with the most dominant Mallee species being Eucalyptus Pleurocarpa.  An example 
of the vegetation at Shoemaker-Levy is shown in Figure 5-2.    

Figure 5-2 East-west drilling section line at Shoemaker-Levy in 2019 

 
 

The laterite dominated ridges e.g. Hale-Bopp are thickly vegetated with Proteaceae dominated shrublands. 

A number of threatened species have been identified in the Halleys and Hale-Bopp deposit areas including 
Beyeria Cockertonii, Eucalyptus Purpurata and Kunzea Similis as part of flora and fauna surveys completed 
as part of the 2003 feasibility study.   Exclusions zones were enabled as part of the mining approvals process 
in 2003 to protect these species.  

5.5 Local resources 

The operation is located in the Shire of Ravensthorpe, which is largely supported by farming (sheep, wheat 
and other cereal crops).  The nearest town, Ravensthorpe has a population of approximately 1,560 people 
(2021 Census).   

Hopetoun is located approximately 45 km from site, on the coast, and is where most of the residential 
workforce is accommodated. 

5.6 Infrastructure 

FQM inherited all fixed plant and infrastructure at RNO built by the previous owners when it purchased the 
operation in 2010.  The RNO plant includes: 

¶ Crushing and beneficiation facilities (includes dedicated separate limonite and saprolite crushing and 

stacking facilities); 

¶ Mine workshops and administration buildings; 

¶ HPAL  and AL processing circuits; 
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¶ Acid production plant, desalination and demineralisation plants 

¶ Steam driven power generators (via three 178.5MW steam turbines) and backup diesel power 

generators (three 1.9 MW and five 2.0MW generators); 

¶ Security fencing and gates, sealed roads and gatehouses; 

¶ Water bores, storage ponds, and a pipeline linking the plane to the coast to supply sea water;   

¶ Limestone quarry located about 10km from the plant; and   

¶ Tailings storage facility and evaporation ponds. 

5.7 Mine personnel 

Mine staff are employed from both nearby population centres such as Esperance and Albany or from Perth.    
Staff are employed either on a residential basis or on a FIFO (fly-in fly-out) or DIDO (drive-in, drive-out) basis.   

5.8 Accommodation 

Personnel are housed in company owned houses and flats in Hopetoun (45km south of the operation site) or 
a dedicated accommodation village located about 2km east of the RNO processing plant. 

5.9 Power 

All power is provided from site, no external power sources are used. 

5.10 Water 

All water is sourced from either a bore field (potable water) or sea water (via a pipeline) for processing.  Both 
sources are treated prior to use. 

5.11 Processing plant and tailings storage facilities 

Plant and tailings storage facilities are established on site. 

5.12 Sufficiency of Surface rights 

The existing nickel mineral rights sufficiently cover the extents of the deposit mineralisation and planned life 
of mining operations and processing facilities.  FQMA has full rights to mine on the detailed mining tenements 
(Item 4.3).  There are currently no approvals in place for mining operations across the Shoemaker-Levy North 
and Nindilbillup deposits.  
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Item 6 HISTORY 

6.1 Prior exploration and mining 

Exploration in the vicinity of the RNO deposits occurred in three distinct periods, prior to 1995, 1996 to 2009 
and after 2009.  Only limited work was done prior to 1995. 

6.1.1 1960 to 1995 

The first known exploration in the area occurred in the early 1960s when Pickands Mather International 
Limited (PMI) conducted stream sediment sample over the Ravensthorpe Greenstone Belt.  Anomalous Ni 
and Cu values led to further soil sampling and Reverse CƛǊŎǳƭŀǘƛƻƴ όάRCέύ drilling which identified the presence 
of nickel sulphide and nickel laterite mineralisation. 

²ŜǎǘŜǊƴ aƛƴƛƴƎ /ƻǊǇƻǊŀǘƛƻƴ [ƛƳƛǘŜŘ ό²a/ύ ŦŀǊƳŜŘ ƛƴǘƻ taLΩǎ wŀǾŜƴǎǘƘƻǊǇŜ ǇǊƻǇŜǊǘƛŜǎ ƛƴ мфтр ŀƴŘ 
undertook RC and diamond drilling targeting nickel sulphide mineralisation.  WMC also undertook surface 
mapping and regional aeromagnetics surveys.  

Limited exploration work was undertaken in the period 1985 to 1995 and was mostly limited to assessing 
work undertaken by WMC and PMI. 

6.1.2 1996 to 2009 

In 1997 Greenstone Resources NL (Greenstone) drilled the Nindilbillup deposit using a grid of 102 rotary air 
ōƭŀǎǘ όάw!.έύ and 13 Aircore όά!/έύ holes. 

In November 1998 Anaconda Nickel (Anaconda) undertook a first pass RC programme at the Shoemaker-Levy 
North deposit involving 42 holes drilled on a 400 mN by 200 mE grid totalling 1,304 m (Comet, 1999). 

In October 1996 Comet Resources Limited (Comet) entered into an option agreement with a prospecting 
syndicate (Messrs Ellis, Lipple and Wadley) that held the RNO tenements over the Halleys, Hale-Bopp and 
Shoemaker-Levy deposits at that time. Drilling started in 1997 and continued through to 2003 (BHP, 2003).  

Lƴ aŀȅ нллл /ƻƳŜǘ ŀƴŘ vbL tǘȅ [ǘŘ ό.ItΩǎ bƛŎƪŜƭ 5ƛǾƛǎƛƻƴύ ŎƻƳǇƭŜǘŜŘ ŀ Ƨƻƛƴǘ ǾŜƴǘǳǊŜ agreement resulting in 
the formation of Ravensthorpe Nickel Operations Pty Ltd.   In June 2001 BHP merged with Billiton and became 
BHP Billiton.  The same year Comet sold its interest to BHP Billiton giving them 100% ownership of the 
operation. 

In 2002 RNO acquired the Anaconda Shoemaker-Levy North tenements and secured exclusive nickel laterite 
rights over the Nindilbillup deposit.  In 2002 RNO drilled 42 RC holes (1267 m) over the Shoemaker-Levy North 
deposit in a programme designed to complement the existing Anaconda RC Drilling.  In the same year RNO 
also drilled the Nindilbillup deposit (Comet, 1999) involving 57 RC holes for 1452 m.  The programme was 
designed to twin the older Greenstone drilling. 

 In 2002 RNO started its definitive feasibility study.  The RNO starǘŜŘ ǘǊƛŀƭ ƳƛƴƛƴƎ ŀǘ IŀƭƭŜȅΩǎ ƛƴ !ǳƎǳǎǘ нллн 
stockpiling some 111,000 tonnes of laterite ore.  The BHP Billiton Board gave final approval for the operation 
in 2004.  By 2007 the construction work was completed and the operation produced its first nickel product 
in October 2007.  Operations were suspended indefinitely in 2009 pending a review of operations due to a 
combination of low nickel prices and processing difficulties. 

6.1.3 2010 to 2021 

RNO was purchased by FQM in February 2010 as a decommissioned operation.  RNO restarted mining and 
processing in late 2011 after an extensive refit of the processing plant and associated infrastructure costing 
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about $550 million US.   Processing continued until August 2017 when FQM placed the operation on care and 
maintenance due to low nickel prices.  

In April 2019 RC drilling was restarted at the Shoemaker-Levy targeting a south-east portion of the deposit. 

In July 2019 FQM announced its intention to restart the operation in the first quarter of 2020.  Mining 
restarted in February 2020 at Halleys and Hale-Bopp, the processing plant was restarted in April 2020. 

In mid-2020, earthworks was started at Shoemaker-Levy in order to: 

¶ Support the completion of a conveyor linking the RNO Plant and the Shoemaker-Levy deposit. 

¶ Support the completion of mine infrastructure. 

Mining and stockpiling of ore from Shoemaker-Levy started in mid-2021. 

6.2 Previous Mineral Resource and Mineral Reserve estimates 

The most recent Mineral Resource and Mineral Reserve estimates were prepared by RNO in accordance with 
the CIM Definition Standards on Mineral Resources and Mineral Reserves in 2012.  The Mineral Resources 
were published in the RNO NI43-101 Technical report on the 31st of December 2012 (RNO, 2012).   

 The 2012 Mineral Resource and Mineral Reserve estimates are now superseded (refer Item 14 and 15). 

There are no historic Mineral Resources or Mineral Reserves to report in this section. 

6.3 Production from the property 

Since restarting the operation, in the period February 2020 to December 31st, 2021, RNO mined 14.95 million 
tonnes of ore from the Halleys, Hale-Bopp and Shoemaker-Levy deposits at an average head grade of 0.63% 
Ni.  During 2021, RNO was mining on average 650 thousand tonnes of ore per month with at least 6 months 
over 800 thousand tonnes of ore per month.  To date a strip ratio of 1.3 has been achieved which is slightly 
higher than the planned long term ratio of 1 due to initial waste pre-stripping at Shoemaker-Levy.  

Over this period (2020-2021), 127 thousand tonnes of MHP has been produced with a metal content of 
around 23% nickel and 0.9% cobalt.  The restart was undertaken with ore principally sourced from the Hale-
Bopp deposit.  As a result, planned beneficiation upgrades were lower and impacted this production.  
Following the move to Shoemaker-Levy in late 2021, upgrade performance in the beneficiation plant was 
restored to planned expectations with consequential improvement in production levels.  Recovery achieved 
during 2020 and 2021 equated to circa 79.4% for Nickel and 82.2% for Cobalt.
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Item 7 GEOLOGICAL SETTING AND MINERALISATION 

7.1 Regional geology 

RNO is located in the south-east corner of the Archaean Yilgarn craton.  The Yilgarn Craton is composed of 
Archean granitoid gneisses that are interbedded with extensive belts of metamorphosed sedimentary and 
volcanic rocks. 

The RNO deposits sit on the eastern margin of the Ravensthorpe greenstone belt with the nickel laterite 
deposits forming over a sequence of north-west-trending ultramafic rocks (Bandalup Ultramafics).  Figure 
7-1 shows the location of 5 RNO deposits and the immediate geology of the area. 

Figure 7-1 RNO Local Geology (BHP, 2003) 

 

To the south of the Hale-Bopp deposit the mineralised sequenced becomes increasingly thin until truncated 
by the north-east trending Jerdacuttup fault.  North of Halleys the laterite becomes rapidly stripped down to 
bedrock.  At this point the ultramafic sequence bifurcates trending to the west as two split ultramafic units 
separated by metasediments and to the north-west.  
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In the western area the Nindilbillup deposit is hosted by the northern ultramafic limb while the southern 
ultramafic limb is host to several nickel sulphide deposits.  The sulphide mineralisation lies on tenements not 
held by RNO. 

The north-west split is host to the Shoemaker-Levy and Shoemaker-Levy North deposits.  The Shoemaker-
Levy and Shoemaker-Levy North deposits are the results of the dextral north-east trending fault offsetting 
the northern tip of an originally contiguous zone of ultramafic strata by approximately 2.5 km.  The 
mineralisation in the northern tip of the Shoemaker-Levy North deposit (based on current drilling) becomes 
increasingly discontinuous and starts to pinch out against the granite. 

7.2 Local Geology 

The Bandalup Ultramafics dominate the RNO area with a strike length of approximately 45 km and are 
typically between 500 m to 3000 m wide.  The host rocks are comprised of a serpentinised (greenschist facies 
metamorphism) komatiite complex with rare interflow sedimentary units; the primary ultramafic rock was 
dunitic in composition.   The serpentinite typically exhibits pseudomorphs of mesocumulate to adcumulate 
olivine textures and secondary magnetite. The sequence has been altered in areas with overprinting 
carbonate rich rocks, mostly in the saprolite.  The serpentinite sequence dips at about 50 degrees to the 
west.  The Bandalup sequence is in turn bound by: 

¶ Metabasalt and metadolerite members of the Maydon basalt; and  

¶ Gneissic granitoids of monzogranodiorite to granodiorite composition. 

The Shoemaker-Levy and Hale-Bopp Archean strata have been intruded by a series of stacked typically north-
east trending sub-vertical Proterozoic dolerite dykes.  The dykes are often associated with faulting.  Late 
stage cross cutting dykes are evident at some of the other deposits but not to the same extent.  

The Hale-Bopp and to a lesser extent Shoemaker-Levy deposits are also cut in places by narrow discrete talc 
dominated shear zones typically associated with faulting.   

7.3 Ravensthorpe Nickel Laterite Mineralisation 

The RNO Nickel laterite deposits are residual products formed by the pervasive weathering of Bandalup 
serpentinite rocks during the Cretaceous period (wet humid climate).   The weathering/leaching process has 
resulted in horizontally defined deposits with four typical layers being overburden, limonite and saprolite 
developed over altered/weathered saprolitic rock (saprock) grading to bedrock.  The degree of layer 
development and the extent of any transition zones are dependent on the local conditions and may be 
influenced by geochemical characteristics of the protolith.  At RNO the laterisation process stopped as the 
climate started to become increasingly arid in the Tertiary period after which the laterite became eroded and 
covered in transported sediments.  This is why the overburden layer is largely barren in terms of Ni content. 

The weathering results in a volume reduction of the rock mass as Mg, Si and other soluble components are 
removed (primary minerals are replaced by more stable secondary phases).  The limonite layer is composed 
predominantly of iron oxides that are the residual product of the laterisation of ultramafic/serpentinite rocks.  
Nickel is usually leached from olivine or its metamorphosed derivative, serpentine and is concentrated in the form 
of nickel silicates and or in iron and manganese oxides.   Some Ni is hosted in green smectite clays however this 
style of mineralisation makes up only a few percent of the total number of drilled metres at RNO.  

The background concentration of Ni in the RNO serpentinite typically ranges from about 0.1 to 0.4 %.  The 
Mg content of unweathered serpentinite is typically in excess of about 16%.  The low level of aluminium-
bearing minerals (particularly pyroxene) in the primary dunite has resulted in a laterite that is generally low 
in aluminium at depth.   Shear zones, dykes and the surface caprock layer however all contain relative higher 
levels of Al.  A schematic profile through the RNO Halleys Ni laterite deposit is shown in Figure 7-2. 
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Figure 7-2 Schematic Section, Halleys Laterite Profile (BHP, 2003) 

 

7.4 Nickel and cobalt mineralisation 

The majority of the nickel mineralisation at RNO is hosted in the Limonite and the upper portions of the 
saprolite layer.  Nickel and cobalt react differently to the laterisation process and as such are often not 
coincident.  During the weathering process Ni will tend to migrate down the profile while cobalt will often 
tend to precipitate out due to changes to the oxidation state (redox ōƻǳƴŘŀǊȅΩǎ) with depth often in 
association with accumulations of manganese in minerals like asbolane.   

During the weathering process the cumulate texture of the original olivine minerals is well preserved.  The 
presence of this cumulate texture in the Bandalup ultramafics and its partial preservation in the regolith is 
very important to the beneficiation success of the deposits at RNO.  As serpentine has broken down in the 
weathering process, silica released has precipitated pseudomorphing the cumulate olivine boundaries 
provided thus preserving the cumulate texture.  This silica lattice is generally low in nickel, while the fine 
minerals within the relict olivine crystal boundaries (mostly Fe oxides) contain the bulk of the nickel 
mineralisation.  The physical difference between fine, nickel-bearing minerals and coarse, hard nickel-poor 
silica rich minerals means the ore can be upgraded by a process of washing and screening known as 
beneficiation (see Item 17).    
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Item 8 DEPOSIT TYPE 

The RNO deposits are characteristic of nickel laterite deposits formed in tropical conditions (high rainfall and 
warm temperatures) of weathered and serpentinised olivine rich ultramafic rocks over long periods of time 
(greater than 1 million years - Golichtly, 1981).  The high rain fall and warm temperatures increase the kinetics 
of the weathering process.  The primary Ni content of these rocks is typically between 0.2 and 0.4%. 

Nickel is usually leached from the olivine (easily weathered and the main source of nickel and cobalt) or its 
metamorphosed derivative, serpentine and is typically concentrated in the form of nickel silicates and in iron 
and manganese oxides (Edwards and Atkinson, 1986). 

About 85% of the ǿƻǊƭŘΩǎ nickel laterite deposits are located in accretionary terrains, developed in the 
weathered mantle of obducted Miocene and Pliocene ophiolite sequences (Brand et al, 1998).  The remaining 
15% of known nickel laterite resources are located in stable cratonic platforms developed over komatiitic 
ultramafic rocks. 

8.1 Laterite chemistry 

The weathering processes result in the breakdown of primary minerals and the release of some of their 
chemical components into the groundwater.  Some elements are transported out of the local environment 
while others are concentrated by the weathering process as described below:   

¶ Soluble elements such as Ca, Si and Mg are leached from the local system (At RNO Ca has been 

deposited back over the mineralisation). 

¶ Some elements, notably Ni, Co, Mn, Zn and Y (yttrium) are secondarily enriched. 

¶ Some elements are residually concentrated (Fe, Cr, Al, Ti, Zr and Cu). 

¶ The result of this weathering process is: 

¶ New minerals are formed which are stable in an oxidizing environment. 

¶ The production of a stratified profile containing a number of distinct horizons of different chemistry 

and mineralogy overlying the parent (basement) rocks.   

8.2 Laterite Profile 

The laterite profile from the top down consists of 5 broad zones: 

¶ Either colluvium or ferricrete (iron cap) at the top (at RNO this layer has been largely eroded away); 

¶ A limonite or ferruginous layer comprised primarily of goethite and a few residual mineral/rock 

fragments; 

¶ A transitional zone of limonite and or smectite; 

¶ Basal boulder saprolite transitional to weathered bedrock; and 

¶ Fresh bedrock, typically serpentinite. 

8.3 Laterite Classification 

The following classification is taken from a 1998 paper by Brand, Butt and Elias and is based on the mineralogy 
of the main nickel host. 

¶ Silicate nickel deposits, dominated by hydrated magnesium-nickel silicates (e.g. garnierite), generally 

occurring deep within the saprolite.  New Caledonia is an example of this style of mineralization.  This 

style of deposit is only formed in hot humid climates.  Typically contain grades of between 2 and 3.0 % 

Ni.  Some Silicate deposits such as New Caledonia can contain Ni grades which exceed 15%.   
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¶ Clay nickel deposits (dry laterites) dominated by smectitic clays (e.g. nontronite) commonly occurring 

in the upper saprolite or limonite zone.  These deposits form in relatively less severe weathering 

conditions.  Si is not leached and instead combines with Fe and Al to form clays.  Examples of this style 

of deposit include Murrin Murrin and Bulong in Australia.  Typically contain grades of between 1 % and 

1.5 % Ni. 

¶ Oxide deposits, dominated by iron oxy-hydroxides (e.g. goethite).  Examples include Moa Bay in Cuba, 

4ŀƭŘŀƐ ƛƴ ¢ǳǊƪŜȅ ŀƴŘ wbhΦ  ¢Ƙƛǎ ǎǘȅƭŜ ƻŦ ŘŜǇƻǎƛǘ Ŏŀƴ ōŜ ŦƻǊƳŜŘ ǳƴŘŜǊ ŘǊȅ ƻǊ ƘǳƳƛŘ ŎƻƴŘƛǘƛƻƴǎΦ  hȄƛŘŜ 

deposits generally contain Ni grades of up to 1.6% Ni and are the most common of the three types. 

¶ RNO is a type of Oxide deposit is formed over dunite which consists mostly of goethite with minor clay 

and abundant free silica in the form of veins and masses.  The relatively limited presence of Al (limited 

pyroxene minerals in the primary host) means that there is much less clay development compared to 

other oxide deposits.   

Figure 8-1 Schematic comparison of the three main laterite profile types (Brand et al 1998) 
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Item 9 EXPLORATION 

Other than drilling (discussed in Item 10 of this report) exploration in the RNO district on behalf of the current 
owners (FQML) has consisted of ground and airborne geophysical surveys conducted by Perth based 
contractors.  The main surveys initiated by RNO since 2010 are summarised below. 

9.1 2010 Ravensthorpe airborne EM survey 

SkyTEM Surveys ApS flew an airborne time-ŘƻƳŀƛƴ ŜƭŜŎǘǊƻƳŀƎƴŜǘƛŎ όά9aέύ ǎǳǊǾŜȅ ƛƴ нлмл ƻǾŜǊ ǘƘŜ ǘƘǊŜŜ 
main deposit areas (Halleys, Hale-Bopp, and Shoemaker-Levy).  The survey was intended to map the base of 
electrically conductive weathered regolith over resistive fresh basement rock, and thus the ultimate base of 
the laterite resource. Success was mixed, in that the transition from weathered to fresh rock is often gradual 
enough such that there is no clear boundary in the EM results. The conclusion was EM data did not have the 
spatial resolution to be used at a local scale. 

9.2 2010 ς 2012 Halleys and Shoemaker-Levy gravity surveys 

In July 2010 Haines Surveys Pty Ltd (άIŀƛƴŜǎέύ ǳƴŘŜǊǘƻƻƪ ŀ ƎǊƻǳƴŘ-based gravity survey comprising 3004 
stations over the northern half of the Halleys deposit area.  In May 2012 Haines undertook a ground-based 
gravity survey comprising 7234 stations over the northern end of the Shoemaker-Levy deposit. Both surveys 
were collected at high resolution using a Scintrex CG5 gravimeter at a station spacing of 20 m on a square 
grid. The surveys were run to help delineate the deeper and shallower limonite/saprolite contacts by 
exploiting the significant density contrast between these regolith zones. 

9.3 2015 Hale-Bopp magnetics survey 

In May 2015 Resource Potentials Pty Ltd undertook a ground-based magnetics survey of the complete Hale-
Bopp deposit area, using a Geonics G859 magnetometer with continuous integrated GPS measurements.   
This was the first survey of its kind at Hale-Bopp, and was used to identify structures that might influence 
weathering depth and associated regolith variations. 

9.4 2019 Shoemaker-Levy magnetics survey 

In November 2019 Ultramag Geophysics completed a high resolution UAV (unmanned aerial vehicle) 
magnetics survey of the entire Shoemaker-Levy deposit area, using a Geonics DroneMagTM magnetometer 
slung below a DJI Matrice 600 drone.  This survey is a much higher-resolution replacement for an earlier 
fixed-wing survey flown for Comet in 1987 by Kevron Geophysics Pty. Ltd.  The drone-based survey was flown 
at 25 m line spacing and 15 m sensor terrain clearance, providing maximum detail for the interpretation of 
structures, mafic dikes, and the extents of the ultramafic host rock via its fresh rock signal at depth. Mapping 
the ultramafic magnetic signature in plan view translates to mapping the likely potential extents of the 
laterite resource.  An image showing the survey data is illustrated in Figure 9-1. 

9.5 2019 Shoemaker-Levy Passive Seismic Survey 

Throughout 2019 to 2021, selected drill lines in the southern portion of the Shoemaker-Levy deposit were 
tested using a ground-based passive seismic survey by FQM staff based in Perth.  Three-component 
geophone measurements were processed as single stations using the horizontal to vertical spectral ratio 
(HVSR method), and compiled into sections along the drill lines. These surveys were conducted to determine 
the seismic shear velocity contrasts in the regolith, as well as to test the effectiveness of the HVSR method 
for defining the upper saprock contact.  Through comparison with drillhole logs, the results appear to map 
this contact, but the accuracy away from drillholes is insufficient for use at the scale of mining. 
























































































































































































































