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Final 

Dear Directors 

Critical Metals Ltd, ACN 614 538 402 (Critical or the Company), has commissioned SRK 

Consulting (Australasia) Pty Ltd (SRK) to provide an Independent Geologist’s Report (Report) on 

the Company’s mineral assets located in Sweden. It is SRK’s understanding that this Report is to 

be included in a Prospectus (Prospectus) to be issued in support of a listing on the Australian 

Securities Exchange (ASX).  

The objective of this Report is to present, for each mineral asset, a geological description, outline of 

previous mining and/or exploration work and an opinion on the exploration potential of the projects.  

Standard of the Report 

This Report has been prepared to the standard of, and is considered by SRK to be, a Technical 

Assessment Report under the guidelines of the 2015 edition of the Australasian Code for the Public 

Reporting of Technical Assessments and Valuations of Mineral Assets (VALMIN Code).  The 

VALMIN Code incorporates the 2012 Edition of the Australasian Code for the Reporting of 

Exploration Results, Mineral Resources and Ore Reserves (JORC Code). 

It should be noted that the authors of this Report are Members of either the Australasian Institute of 

Mining and Metallurgy (AusIMM) or European Federation of Geologists (EurGeol) and, as such, are 

bound by both the VALMIN Code and the JORC Code.  For the avoidance of doubt, this Report 

has been prepared according to: 

 The 2015 edition of the Australasian Code for the Public Reporting of Technical Assessments 

and Valuations of Mineral Assets (VALMIN Code) 

 The 2012 Edition of the Australasian Code for Reporting of Exploration Results, Mineral 

Resources and Ore Reserves (JORC Code). 

In addition, this Report has been prepared in accordance with the relevant requirements of the 

Listing Rules of the ASX and relevant Australian Securities and Investment Commission (ASIC) 

Regulatory Guidelines. 

This Report is not a Valuation Report and does not express an opinion regarding the value of the 

mineral assets or tenements involved, nor the fairness and reasonableness of any transaction 

between the Company and any other parties.
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The information in this Report that relates to a Technical Assessment under the VALMIN Code 

(2015) and the reporting of the Swedish Exploration Results under the JORC Code (2012), is 

based on, and fairly represents, information and supporting documentation compiled by Mr Jeames 

McKibben. Mr McKibben is a member of the AIG, a Chartered Professional Fellow of the AusIMM, 

a Member of the Royal Institution of Chartered Surveyors (RICS) and a Member of the Society for 

Mining, Metallurgy and Exploration (SME). Mr McKibben is a full-time employee of SRK and has 

sufficient experience which is relevant to the style of mineralisation and type of deposits under 

consideration, and to the activity to which he is undertaking, to qualify as Competent Person as 

defined in the 2012 Edition of the JORC Code.   

The information in this Report that relates to the reporting of the Swedish Mineral Resources and 

Exploration Targets under the JORC Code (2012), as presented in this report are reproductions of 

those reported in previous ASX announcements by Hannans and/or Sunstone Metals Ltd (formally 

Avalon Minerals (Avalon)). SRK does not take responsibility as a Competent Person as defined by 

the JORC Code (2012) in respect of the estimates presented herein, save for the Pahtohavare 

Mineral Resource estimate, which SRK Consulting Sweden AB (SRK Sweden) authored (with 

associated Competent Person Statements attributed elsewhere in this Report).  

Mr McKibben consents to the inclusion in the Prospectus of the matters based on this information 

in the form and context in which they appear. 

The relevant details for the Competent Persons for all other Mineral Resource estimates are 

provided in the relevant sections. 

Information Basis of this Report 

Data and information on the assets used to prepare this Report are referenced throughout the 

Report. 

SRK has derived the technical information on which this Report is based on information provided 

by the Company. SRK has supplemented this information, where necessary, with information from 

its own geological databases, or information available within the public domain. However, where 

discrepancies have arisen and no alternative comments have been provided, the data and 

interpretations provided by Critical prevail. The past exploration history for the mineral assets has 

been derived from reports by previous explorers, as provided by Critical and verified by SRK, as 

well as government records of exploration activities within the mineral asset area. 

The principal sources of information are included in a reference list at the end of the Report.  

The Report includes information available up to the date of this Report. The Company has stated 

that all information provided by Critical may be presented in the Report and that none of the 

information is regarded as being confidential. 

The author of this report has not completed a site visit of the Company’s mineral assets although 

SRK Sweden has done so as part of previous assignments carried out on behalf of the Company. 

Mr McKibben has not previously been engaged with the mineral assets or with Critical. SRK 

conducted background research, including searches of government datasets and public domain 

data sources.  
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Legal Matters 

SRK has not been engaged to comment on any legal matters. 

SRK notes that it is not qualified to make legal representations in regard to the ownership and legal 

standing of the mineral assets that are the subject of this Report. SRK has not attempted to 

confirm the legal status of the permits with respect to acquisition or joint venture agreements, 

Native Title, local heritage or potential environmental or land access restrictions. Instead, SRK has 

relied on information provided by Critical. SRK has prepared this Report on the understanding that 

all the permits of Critical are currently in good standing or pending, and that there is no cause to 

doubt the eventual granting of any permit applications.   

Project Team 

This Report was prepared by SRK consultant, Mr Jeames McKibben and Mr Mark Noppe, 

Corporate Consultant (Geology) undertook an internal peer review. Both Mr McKibben and Mr 

Noppe are permanent employees of SRK.   

Jeames McKibben, BSc (Hons), MBA, Chartered Valuation Surveyor (MRICS), FAusIMM 

(CP), MAIG, MSME – Principal Consultant 

Jeames McKibben is an experienced international mining professional who has operated in a 

variety of roles including consultant, project manager, geologist and analyst, over more than 27 

years. He has a strong record in mineral asset valuation, project due diligence, independent 

technical review and deposit evaluation. As a consultant, he specialises in mineral asset valuations 

and Independent Technical Reports for equity transactions and in support of project finance. 

Jeames has been responsible for multi-disciplinary teams covering precious metals, base metals, 

bulk commodities (ferrous and energy) and other minerals in Australia, Asia, Africa, North and 

South America and Europe. He has assisted numerous mineral companies, financial, accounting 

and legal institutions and has been actively involved in arbitration and litigation proceedings. 

Jeames has experience in the geological evaluation and valuation of mineral projects worldwide. 

Jeames is a current member of the VALMIN Code review committee.   

Mark Noppe, MSc, BSc (Hons), Pgrad Dip, FAusIMM(CP), MGAA, MAICD – Corporate 

Consultant 

Mark Noppe is a leader and consultant in geosciences and the mining industry, providing advice, 

training and mentoring in all aspects of orebody knowledge, from exploration reporting, resource 

definition and reporting, mine geology and grade control through to inputs to reserving. Since 

graduating as a geologist in 1983, Mark has worked in South Africa, Western Australia and 

Queensland in exploration, mining geology, practical geostatistics applications, resource estimation 

and reporting, grade control, mine reconciliation, technical reviews and auditing, and professional 

training and mentoring. A consultant since 1997, his technical experience covers a wide range of 

projects, commodities, geological and mining environments.  

Statement of SRK Independence 

Neither SRK nor the author of this Report have any material present or contingent interest in the 

outcome of this Report, nor do they have any pecuniary or other interest that could be reasonably 

regarded as being capable of affecting their independence or that of SRK.   
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SRK has previously prepared a number of valuations relating to the mineral assets of which are the 

subject of this report (for Hannans Ltd (Hannans) and Scandinavian Resources Ltd (Scandinavian 

Resources), both previous owners and explorers of the mineral assets of which are the subject of 

this report). Mr McKibben and Mr Noppe have no prior association with the Company or the 

mineral assets that are the subject of this Report. SRK has no beneficial interest in the outcome of 

the technical assessment being capable of affecting its independence.   

Consulting Fees 

SRK’s estimated fee for completing this Report is based on its normal professional daily rates plus 

reimbursement of incidental expenses. The fees are agreed based on the complexity of the 

assignment, SRK’s knowledge of the assets and availability of data. The fee payable to SRK for 

this engagement is estimated at approximately A$20,000. The payment of this professional fee is 

not contingent upon the outcome of the Report. 

Warranties and Indemnities 

The Company has warranted, in writing to SRK, that full disclosure has been made of all material 

information and that, to the best of its knowledge and understanding, such information is complete, 

accurate and true. As recommended by the VALMIN Code, the Company has provided SRK with 

an indemnity under which SRK is to be compensated for any liability and/or any additional work or 

expenditure resulting from any additional work required: 

 which results from SRK’s reliance on information provided by Critical or from Critical not 

providing material information; or 

 which relates to any consequential extension workload through queries, questions or public 

hearings arising from this Report. 

Consent 

SRK and the author consent to this Report being included, in full, in Critical’s Prospectus, in the 

form and context in which the technical assessment is provided, and not for any other purpose. 

SRK provides this consent on the basis that the technical assessments expressed in the Summary 

and in the individual sections of this Report be considered with, and not independently of, the 

information set out in the complete Report and the Cover Letter. 

Regards 

SRK Consulting (Australasia) Pty Ltd 

Jeames McKibben – MAIG, FAusIMM (CP), MRICS 

Principal Consultant (Project Evaluation) 
Disclaimer and Notices 
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Disclaimer: The opinions expressed in this Report have been based on the information supplied to SRK Consulting 

(Australasia) Pty Ltd (SRK) by Critical Metals Ltd. The opinions in this Report are provided in response to a specific request 

from Critical Metals Ltd to do so. SRK has exercised all due care in reviewing the supplied information. While SRK has 

compared key supplied data with expected values, the accuracy of the results and conclusions from the review are entirely 

reliant on the accuracy and completeness of the supplied data. SRK does not accept responsibility for any errors or omissions in 

the supplied information and does not accept any consequential liability arising from commercial decisions or actions resulting 

from them.  Opinions presented in this Report apply to the site conditions and features as they existed at the time of SRK’s 

investigations, and those reasonably foreseeable. These opinions do not necessarily apply to conditions and features that may 

arise after the date of this Report, about which SRK had no prior knowledge nor had the opportunity to evaluate. 
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Useful Definitions 

This list contains definitions of symbols, units, abbreviations, and terminology that may be unfamiliar to the reader. 

3D three dimensional 

Acid an igneous rock with more than 63% SiO2 

ACN Australian Company Number 

Actlabs Activation Laboratories Ltd, Ontario, Canada 

AIG Australian Institute of Geoscientists 

Andesite a pale coloured volcanic rock with 52% to 63% SiO2 

Antiform the opposite of a synform in that the strata re folded with the strata convex upwards 

Archaean a geological eon, 4,000 to 2,500 million years ago 

ASIC Australian Securities and Investment Commission 

ASL above sea level 

ASX Australian Securities Exchange 

Au gold 

AusIMM Australasian Institute of Mining and Metallurgy 

Avalon Avalon Minerals Ltd (now Sunstone Resources Ltd) 

Basalt a dark-coloured volcanic rock with 45% - 52% SiO2 

BBWi Bond Ball Work index 

Bergsstaten Mining Inspectorate of Sweden 

BIF banded iron formation 

Breakaway Breakaway Mining Services Pty Ltd 

Breccia fragmented rock 

CAB/Länsstyrelsen County Administrative Board 

Calc-alkaline a group of igneous rocks, common in volcanic arcs, high in calcium and potassium 

Chalcocite a copper-sulphide mineral (Cu2S) 

Chalcopyrite a copper-iron-sulphide mineral (CuFeS2) 

Co cobalt 

Company Critical Metals Ltd 

Critical Critical Metals Ltd, ACN 614538402  

Cu copper 

CuEq copper equivalent 

DTR Davis Tube Recovery 

Dyke a narrow tabular intrusive rock body 

EIA Environmental Impact Assessment 

EurGeol European Federation of Geologists 

Fault a fracture in earth materials, along which the opposite sides has been displaced parallel to 
the plane of the movement 

Fe iron 



Independent Geologist’s Report on the Mineral Assets of Critical Metals Ltd 

Useful Definitions    Final 

SRK CONSULTING (AUSTRALASIA) PTY LTD    FEBRUARY 2022    JM/MN xii 

g/L grams per Litre 

g/t grams per tonne 

Ga one billion years 

GDP gross domestic product 

Geophysics 
the study of the Earth using quantitative physical methods to measure its electrical 
conductivity, gravitational and magnetic fields 

Granite an acid intrusive rock 

Granulite an equigranular coarse grained metamorphic rock 

Greenstone belt precambrian supracrustal rocks that include komatiite, basalt, andesite, and sedimentary 
rocks. 

GTK Geological Survey of Finland 

GWh Gigawatt hour 

ha hectare/s 

Hannans Hannans Ltd, ASX: HNR 

HOA Heads of Agreement 

Hydrothermal 
breccia 

a breccia formed by explosion of superheated water migrating from depth to the surface 

Hydrothermal Fluid upward flowing fluids originating from igneous or metamorphic geological events 

IBR intermittent bottle roll 

Igneous an igneous rock formed entirely within the Earth’s crust 

IMO Independent Metallurgical Operations Pty Ltd 

Induced Polarisation 
(IP) survey 

geophysical survey method to measure the electrical property of rocks in the Earth 

Intrusive an igneous rock formed entirely within the Earth’s crust 

IOCG iron oxide copper gold 

IP induced polarisation 

IPO initial public offering 

JORC Code Australasian Code for Reporting of Exploration Results, Mineral Resources and Ore 
Reserves, 2012 Edition 

kg kilogram/s 

km kilometre/s 

km2 square kilometre/s 

kt kiloton/s 

Lundin Lundin Mining AB 

m metre/s 

Ma one million years 

Magmatic formed from molten rock 

Meta- a prefix used to indicate the precursor rock type of a metamorphic rock 

Metamorphic rock a rock altered by temperature and pressure within the earth 
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METS Mineral Engineering Technical Services Pty Ltd 

Mineral Resource A Mineral Resource is a concentration or occurrence of solid material of economic interest in 
or on the Earth’s crust in such form, grade (or quality) and quantity that there is reasonable 
prospect for eventual economic extraction.  The location, quantity, grade (or quality), 
continuity and other geological characteristics of a Mineral Resource are known, estimated 
or interpreted from specific geological evidence and knowledge including sampling.  Mineral 
Resources are sub-divided in order of increasing geological confidence into Inferred, 
Indicated and Measured categories. 

Mineralisation geological occurrence of mineral of potential economic interest 

mm millimetre/s 

Mt million tonne/s 

Mtpa million tonnes per annum 

Neometals Neometals Ltd, ASX: NMT 

NSG State Mining Property Commission 

NSR Net Smelter Return 

oz ounce/s 

P phosphorous 

P&D planning and development 

Permit a general term for a Prospective, Exploration and/or Mining Lease. 

Porphyry an intermediate or acid igneous rock of fine-grained size, with some larger crystals, usually 
feldspar, scattered in the finer-grained groundmass 

ppb parts per billion 

ppm parts per million 

Precambrian the Precambrian is the earliest period of Earth’s history.  It spans from the formation of Earth 
about 4.567 billion years ago to the beginning of the Cambrian Period about 541 million years 
ago, when hard-shelled creatures first appeared in abundance 

Prospectus The Prospectus will include this Independent Geologist’s Report on the Company’s mineral 
assets in Sweden, issued in support of a listing on the Australian Securities Exchange 

Pyrite a mineral of iron sulphide (FeS2) 

QAQC quality assurance and quality control 

QKNA quantitative kriging neighbourhood analysis 

Quartz a silicon mineral SiO2 

Quartz-vein planar occurrences of quartz infilling fractures in the rock at a late stage of metamorphic 
activity and formed from hydrothermal fluid deposition 

RC reverse circulation  

REE rare earth elements 

RICS Royal Institution of Chartered Surveyors 

RTK real-time kinetic 

S sulphur 

SAGA Swedish American Green Alliance 

Salva Salva Resources Pty Ltd 
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Sample the removal of a small amount of rock pertaining to the deposit, which is used to estimate the 
grade of the deposit and other geological parameters. 

SATMAGAN saturation magnetisation 

Scandinavian 
Resources 

Scandinavian Resources Ltd 

SGU Swedish Geological Survey (Sveriges geologiska undersökning) 

Shear zone structural deformation of rock by shearing stress under brittle-ductile or ductile conditions at 
depths in high pressure metamorphic zones 

SIA Social Impact Assessment 

SME Society for Mining, Metallurgy and Exploration 

SRK SRK Consulting (Australasia) Pty Ltd 

SRK Sweden SRK Consulting Sweden AB 

Subduction a geological process whereby oceanic rocks are thrust beneath other rocks (either 
continental or oceanic) 

Supergene formed at or near the Earth’s surface 

Synform the opposite of an antiform in that the strata are folded with the strata convex downwards 

t tonne/s 

t/m3 tonnes per cubic metre 

tpa tonnes per annum 

VALMIN Code Australasian Code for Public Reporting of Technical Assessments and Valuations of Mineral 
Assets, 2015 Edition 

VLF very low frequency 

VMS volcanogenic massive sulphide 

Volcanic formed by or associated with a volcano 

Volcaniclastic debris or rock formed from volcanic eruptions 

VRP Vanadium Recovery Project 

Weathered Rock Rock which has been broken down by the influence of water and air and which becomes 
softened and partially decomposed 

Xstract Xstract Mining Consultants Pty Ltd 
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Executive Summary 

SRK has prepared an Independent’s Geologist Report on the mineral assets of Critical Metals Ltd 

(Critical or the Company) located in Sweden. This Independent Geologist’s Report has been 

prepared for inclusion in a Prospectus for a proposed listing of the Company on the ASX. 

This Report represents an independent assessment of the geology, stated Mineral Resources and 

exploration potential of Critical’s mineral assets in Sweden. 

Responsibility 

SRK personnel responsible for the preparation and review of this Report are Mr Jeames McKibben 

(Principal Consultant, Project Evaluation) and Mr Mark Noppe, Corporate Consultant (Geology). Mr 

McKibben is the principal author of this Report, which has been peer reviewed by Mr Noppe. 

In preparing this Report, the author has relied on information provided by Critical, on information 

recovered from reports by former owners of the project areas, by holders of adjacent permit areas 

as well as information sourced from research papers by various academic and government 

institutions or available in the public domain. 

Mineral Assets 

Critical’s mineral assets in Sweden comprise:  

 4 granted exploration permits and 1 exploration permit application located in the Kiruna District 

of the County of Norrbotten, northern Sweden (Figure ES-1). 

For the purposes of this Report, the mineral assets are grouped and discussed according to 

geographic location and commodity:   

 the Paljasjärvi iron Project in Norrbotten, Sweden 

 the Rakkuri iron Project in Norrbotten, Sweden 

 the Discovery iron-copper-gold Project in Norrbotten, Sweden 

 the Pahtohavare copper-gold Project in Norrbotten, Sweden. 
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Figure ES-1: Location of Critical’s Mineral Assets in Sweden  

 
Source: Critical 

Sweden 

Critical’s mineral assets in Norrbotten County comprise: 

 A 65% interest in the Pahtohavare copper-gold Project (subject of a joint venture) 

 A 100% interest in the Discovery Zone copper-gold-iron Project 

 A 100% interest in the Rakkuri iron Project (comprising the Rakkurijoki and Rakkurijärvi 

Deposits) 

 A 100% interest in the Paljasjärvi iron Project. 

The Pahtohavare, Rakkuri and Paljasjärvi Projects have all been explored by Critical, while the 

Discovery Zone mineralisation was previously assessed by Sunstone Metals Ltd (formally Avalon 

Minerals Ltd). 

Geological Context  

Critical’s mineral assets typically overlie metasedimentary and metavolcanic units of the Kiruna 

Greenstones which have been subjected to upper greenschist to lower amphibolite facies 

metamorphism, deformed by polyphase folding, shearing and faulting and intruded by basic 

intrusives and several large Paleoproterozoic granitoid bodies. This has resulted in an 
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anastomosing network of faults and shears intimately associated with the copper-gold-iron 

mineralisation of northern Sweden. 

Within this setting, exploration since the 1960’s has delineated a number of key prospects; those of 

relevance to this Report being the Pahtohavare copper-gold, the Discovery Zone copper-gold-iron, 

the Rakkurijoki iron and Rakkurijärvi iron deposits. Exploration by Critical, and predecessors 

Hannans and Scandinavian, has delineated coherent mineralisation at a sufficiently high grade to 

define the following Mineral Resources: 

Pahtohavare 

Table ES-1: Pahtohavare Inferred Mineral Resource (2015, SRK Resources for Critical) 

Area 
Tonnes 

(Mt) 
Cu 
(%) 

Au  
(g/t) 

CuEq*  
(%) 

Mining Scenario Material 

Central 1.4   1.8   0.6   2.4 Open cut Oxide 

South East 0.8   1.7   0.5   2.1 Open cut + Underground Sulphide 

South 0.1   1.3   0.6   1.9 Underground Sulphide 

Combined 2.3 1.74 0.56 2.31   

Notes: *Copper equivalent (CuEq) grades were calculated using metal prices of US$3.56 per pound of Cu, and US$1,510 
per troy ounce of Au, along with metal recoveries of 90% for Au and 65% for Cu in sulphide material and 80% for Au and 
50% of Cu in oxide material. 

Discovery Zone 

Table ES-2: Discovery Zone Mineral Resource for copper-gold above a 0.4% Cu cut-off 
(2014, Salva for Avalon) 

Mineral Resource  
Classification 

Tonnes  
(Mt) 

Cu  
(%) 

Au  
(g/t) 

Copper 
metal (t) 

Gold metal 
(oz) 

Indicated  2.8 1.07 0.23 25,000 21,000 

Inferred 6.1 0.96 0.17 46,000 34,000 

Total 9.0 0.80 0.19 71,000 55,000 

Table ES-3: Discovery Zone Mineral Resource for iron above a 15% mass recovery cut-off 
(2014, Salva for Avalon) 

Mineral Resource 
Classification 

Tonnes  
(Mt) 

Fe  
(%) 

Mass 
recovery (%) 

Estimated 
recoverable 

iron* (Mt) 

Indicated  3.0 40.6 53.2 1.1 

Inferred 6.7 37.7 49.0 2.3 

Total 9.7 38.5 50.3 3.4 
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Rakkuri 

Table ES-4: Rakkuri Project Resource estimate at 20% Fe cut-off (2017, Breakaway Mining 
Services Pty Ltd for Critical) 

Prospect Classification 
Tonnage  

(Mt) 
Iron  

(% Fe) 
Phosphorous 

(% P) 
Sulphur  

(% S) 
Density 
(t/m3) 

Rakkurijoki 

Indicated    37.2 37.3 0.22 2.0 3.4 

Inferred    38.3 37.3 0.21 2.0 3.4 

Total    75.5 37.3 0.21 2.0 3.4 

Rakkurijärvi Inferred    55.7 27.5 0.07 0.9 3.2 

Combined Indicated and 
Inferred Total 

131.2 33.1 0.15 1.5 3.3 

Further details relating to these defined Mineral Resource estimates are outlined elsewhere in this 

Report. 

SRK Opinion 

In SRK’s opinion, Critical’s mineral assets in northern Sweden hold potential for the development of 

skarn-related Fe mineralisation, epigenetic copper-gold style mineralisation or iron-oxide-copper-

gold (IOCG) style mineralisation. This view is based upon the location of the projects within 

greenstone sequences hosting known mineralisation, the presence of and proximity to historical 

and currently operating mines; the previous mining history on some of the permits, the results of 

previous exploration, the supporting infrastructure and recent advances in the exploration concepts 

for some of these styles of mineralisation. 

Previous results from Pahtohavare, Discovery Zone and Rakkuri have been encouraging. In 

addition to the currently defined resources, recent exploration has highlighted the potential for 

extension mineralisation to be defined particularly at Pahtohavare. Furthermore, previous 

development studies largely involved the assessment of each deposit on a stand-alone basis and 

Critical believe the joint development of the Rakkuri, Discovery and Pahtohavare iron ore and 

copper-gold mineral assets would offers economies of scale and synergies which would likely 

improve the overall economic viability of these mineral assets. 

Critical has advised SRK that the mineral assets described in this Report are considered non-core 

assets and that the Company will seek to divest these assets as soon as practicable after 

completion of the IPO. As such, Critical proposes to undertake any such activities to maintaining 

the standing of its mineral tenures until such time as the mineral assets are divested.  

In SRK’s opinion, Critical’s proposed activities are realistic in the context of the Company’s change 

in focus towards the Vanadium Recovery Project (VRP) as outlined elsewhere in the Prospectus 

and amounts to be raised under the IPO.  As such, Critical has not proposed a dedicated budget to 

its mineral assets, other than to undertake such works as to actively maintain the status of the 

tenements pending their disposal near term. 
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1 Introduction 

Critical is an unlisted resource company with Australian Company Number (ACN) 614 136 864, 

which was registered on 9 August 2016 and has its headquarters in Perth, Australia.  As a result of 

a series of corporate transactions, Critical emerged from Hannans in 2012, which at the time held a 

diverse portfolio of lithium, base metals and iron exploration interests in Norrbotten and 

Västerbotten counties in northern Sweden.  

Critical’s principal focus today is to supply the European energy storage industry with metals from 

the Nordic region via urban mining.  This involves the recovery of metals from industrial by-product 

stockpiles, namely the VRP. Critical also holds a free-carried interest in a license to commercialise 

a lithium ion battery recycling technology in Sweden, Norway, Denmark and Finland. Responsibility 

for commercialising the technology rests with Hannans. Critical is now seeking to list on the ASX 

and raise capital to fund the VRP.   

The mineral assets described in this report are considered non-core assets and Critical will seek to 

divest these assets as soon as practicable after completion of the initial public offering (IPO).  

1.1 Purpose of the Report 

SRK has prepared an Independent Geologist’s Report on the mineral assets of Critical. SRK 

understands that this Report is to be included, in its entirety, in a Prospectus (Prospectus) to 

accompany Critical’s application for a proposed listing of the Company on the ASX in order to fund 

the Company’s VRP. 

The objectives of this Report are to: 

 Provide an overview of the geological setting of Critical’s mineral assets in Sweden and the 

associated mineralisation 

 Outline the historical and recent exploration work undertaken on each mineral asset 

 Present the defined resources within the relevant mineral assets 

 Express SRK’s opinion on the exploration potential of Critical’s mineral assets. 

This Report covers all Critical’s mineral assets in Sweden. This Report is intended to properly 

inform readers of Critical’s Prospectus about the current status and exploration potential of the 

Company’s mineral assets. 

1.2 Overview of Critical  

On 4 March 2016, Hannans, an ASX listed company) announced its intention to enter into a 

strategic collaboration with Neometals Ltd (Neometals, ASX:NMT), which included the conditions 

that Hannans focus future activities in Australia and demerge its Swedish projects.  Following a 

corporate transaction and internal reorganisation, Hannans’ shareholders were offered an in-specie 

distribution in the Company’s wholly owned subsidiary company, Critical Metals Ltd, which was 

ultimately approved by shareholders in September 2016. 

A diagram showing Critical’s current corporate structure is shown in Figure 1-1. 
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Figure 1-1: Corporate structure of Critical Metals Ltd 

 
Source: Critical 

1.2.1 Company strategy 

Having assembled a portfolio of prospective vanadium, nickel, lithium, copper-gold and iron 

properties in Sweden, Critical’s initial corporate strategy was to develop a profitable Scandinavian 

mining company through organic growth and corporate action. Critical diversified its corporate 

strategy in 2018 and 2019 through entering cooperation agreements with Neometals for the 

recycling of lithium batteries and the recovery of vanadium metal from slag.  

Lithium Battery Recycling 

In 2018, the Company commenced investigating the concept of recycling off specification and end-

of-life lithium batteries. On 8 March 2019, Critical signed a binding agreement with ACN 630 589 

507 Pty Ltd (a wholly owned subsidiary of Neometals), which provided the Company with an 

exclusive license to commercialise a patented, proprietary technology to safely recover several 

metals from spent and off-specification lithium-ion batteries in Sweden, Norway, Denmark, and 

Finland.  

On 3 September 2021, Critical signed a binding agreement with Hannans, providing Hannans with 

a sub-license to commercialise the lithium battery recycling technology. Hannans has the right to 

earn a 50% interest in the commercialisation rights subject to meeting certain milestones. Critical is 

now free-carried on battery recycling through to make a final investment decision on each recycling 

plant. 
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Vanadium Recovery 

In 2019, Critical commenced investigating the concept of recovering high purity vanadium from 

slag, a by-product from the steel making process. On 30 March 2020, Critical entered into a binding 

agreement with highly specialised global steel company SSAB to recover high purity vanadium 

products from slag, a by-product from the steel making process. Simultaneously, Critical entered 

into a binding agreement with Neometals to evaluate the technical and economic feasibility of 

Neometals’ proposed vanadium recovery solution. Neometals believes its proprietary process has 

potential to place this vanadium project within the lowest quartile of production costs globally.  

As part of the cooperation agreement with Neometals, Neometals delivered a scoping study in 

December 2020, preliminary feasibility study in June 2021 and pilot plant in September 2021. An 

environmental permit application was lodged in November 2021. A feasibility study will be 

completed by 30 June 2022 and a final investment decision will be considered by 31 December 

2022. If a positive investment decision is made, permits granted and funding secured, Critical aims 

to commence production by 31 December 2024. This project is known as the Vanadium Recovery 

Project. 

Mineral Exploration 

As a result of the diversification of the Company’s corporate strategy, its mineral assets are now 

considered to be non-core assets.  As such, Critical will seek to divest these assets as soon as 

practicable after completion of the IPO. Critical will remain free-carried at the Pahtohavare copper-

gold project by Swedish mining company Lovisagruvan AB.  

The Company has advised SRK that minimal funds will be allocated to advancing the mineral 

assets until they have been successfully divested, expected mid-2022. 

1.3 Location and Description of Mineral Assets 

Critical’s mineral assets are all located in Sweden.  For the purposes of this Report, the assets are 

grouped and presented in order of geographic location, followed by development status. The main 

headings used in this report are as follows: 

 Kiruna Projects 

– Pahtohavare copper Project 

– Discovery Zone copper-gold Project 

– Rakkuri iron Project 

– Paljasjärvi iron Project. 

Critical’s mineral assets in Sweden comprise 4 granted Exploration Permits and 1 Exploration 

Permit Application: 

 A 75% interest in the Pahtohavare copper-gold Project comprising one granted exploration 

permit (Pahtohavare nr 2) and one exploration permit application (Pahtohavare nr 8) 

 A 100% interest in the Discovery Zone copper-gold Project comprising a single granted permit 

(Rakkurijärvi nr 5), subject to a 1.5% net smelter return (NSR) royalty on future production 
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 A 100% interest in the Rakkuri Iron Project is centred on the Rakkurijoki and Rakkurijärvi 

deposits within two granted permits (Rakkurijoki nr 10 and Rakkurijärvi nr 5 respectively), 

subject to a 1.5% NSR royalty on future production.  

 A 100% interest in the Paljasjärvi Iron Project within a single granted permit (Paljasjarvi nr 3).  

Figure 1-2: Location map of Critical’s projects in northern Sweden 

 

1.3.1 Permit Status 

Critical’s permit schedule for mineral assets in Sweden is outlined in Table 1-1. 

All of the mineral assets are in proximity to traditional reindeer migratory paths and seasonal 

feeding areas. Critical recognises the sensitivity of exploration and potential development activities 

in these areas and has engaged key stakeholders from local government, landowners and Saami 

herdsmen to assist in the development of long term, mutually agreeable, sustainable development 

objectives. 

Having asked the relevant questions of Critical, SRK understands that there are no access, 

environmental or heritage impediments relating to the permits held by Critical or its subsidiary 

companies. SRK understands that there is a 1.5% NSR royalty on any future production from the 

Discovery Zone, Rakkurijärvi and Rakkurijoki deposits payable to Anglo American BV and 

Vaaldiam Mining Inc which is in addition to those royalties’ payable to the State and relevant 

landholders.  
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Table 1-1: Summary of Critical’s Exploration Permits in Sweden 

Hub Project 
Concession 
Name 

Concession 
No. 

Granted Expiry 
Area 
(ha) 

Registered Holder Minerals 

Kiruna 

Pahtohavare 
Pahtohavare nr 2 

2009:18 
20/01/09 20/01/25 337.34 

Critical Metals Scandinavia AB (65%) 
Lovisagruvan AB (35%) 

Cu 

Pahtohavare nr 8    58.50 Critical Metals Scandinavia AB (100%) Cu 

Rakkuri & Discovery Zone 
Rakkurijärvi nr 5 2016:103 18/10/16 18/10/23 1,100.11 Kiruna Iron AB (100%) Fe, Cu, Au 

Rakkurijoki nr 10 2021:44 24/05/21 24/05/24 721.48 Kiruna Iron AB (100%) Fe, Cu, Au 

Paljasjärvi Paljasjärvi nr 3 2018:65 30/05/18 30/05/22 975.00 Kiruna Iron AB (100%) Fe, Au, Cu 
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1.3.2 Agreements 

SRK notes that the Company has entered into a joint venture agreement with Swedish mining 

company, Lovisagruvan AB in relation to the Pahtohavare copper-gold Project.   

The key terms of the agreement are summarised below: 

 Stage 1: Lovisagruvan AB may earn a 35% interest for a consideration of SEK1M and 

completing certain work on the Project. 

 Stage 2: Lovisagruvan AB may earn a 51% interest through lodging a mining concession 

application and providing an interest free working capital facility to the value of SEK4M. 

 Stage 3: Lovisagruvan AB may earn a 75% interest by delivering a feasibility study to the 

Company within four months of grant of an exploitation concession and an environmental 

permit. 

 Stage 4: Critical will maintain a free carried interest in the Pahtohavare Project through a 

decision to mine at which time both parties must contribute to costs on a pro-rata basis. 

SRK has reviewed the terms of this agreement at a high level and notes that Lovisagruvan AB 

elected to proceed with Stage 2 of the joint venture as advised by Hannans in its ASX 

announcement dated 24 November 2015.  Lovisagruvan AB is the manager of the joint venture 

until a decision to mine is made, at which point Critical has the right to assume the role as 

manager. 

More detailed information relating to this agreement is provided in the Material Contracts section of 

Critical Prospectus. 
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2 Overview of Sweden 

2.1 Introduction 

Sweden is a Nordic country covering some 450,000 km2, extending for some 1,750 km at about 

500 km in width extending from latitude 55°N to 69°N on the Scandinavian Peninsula in northern 

Europe.  It borders Norway to the west and Finland to the east. The Baltic Sea and the Gulf of 

Bothnia lie to the east, and the Kattegat, Skagerrak and Öresund Straits lie to the southwest.   

While Sweden experiences a predominantly cold temperate climate, temperatures vary widely from 

north to south, with the southern coastal areas experiencing warmer conditions. More than half of 

the country is covered by forests, with lakes and rivers accounting for 9% of the land area and 

mountains 10% (mainly along the border with Norway). 

Stockholm is the nation’s capital and the country’s population of close to 10 million largely reside in 

the urban areas of southern Sweden. The population is very well educated and highly skilled. 

Infrastructure throughout the country is very good, with highly developed transportation and 

communication networks.  

Country risk in Sweden is considered low despite Sweden dropping from 12th to 20th position in the 

Fraser Institute’s Annual Survey of Mining Companies in 2020 where permitting processes 

continue to be extremely slow and uncertain. 

2.2 Framework 

2.2.1 Political Attributes 

Sweden is a parliamentary constitutional monarchy with a unicameral Parliament (Riksdag) and 

stable parliamentary democracy within the European Union (but not the Eurozone). The Parliament 

consists of 349 seats, with members being elected by popular vote every four years.  Currently, 

Sweden is led by a minority government, with Magdalena Andersson of the Swedish Social 

Democratic Party the incumbent Prime Minister, following the retirement of Stefan Löfven in late 

2021. The monarch, King Carl XVI Gustaf, does not play a role in government. 

Sweden is divided into 21 administrative zones or Counties. 

2.2.2 Economic Attributes 

Sweden has achieved an enviable standard of living with its combination of free-market capitalism 

and extensive welfare benefits. Sweden remains outside the Eurozone largely out of concern that 

joining the European Economic and Monetary Union would diminish the country’s sovereignty over 

its welfare system. 

Sweden hosts excellent infrastructure and extensive public investment ensures a nationwide 

network of roads, railways, waterways, harbours, airports and wireless and mobile networks. 

Timber, hydropower and mining constitute the resource base of an economy heavily oriented 

towards foreign trade. Swedish mining equipment suppliers, maintenance services and drilling 
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companies are internationally recognised as world leaders. Privately owned firms account for most 

of the industrial output, of which, the engineering sector accounts for approximately 50% of output 

and exports. 

Sweden is one of the most competitive locations for corporate taxation in Europe. Sweden’s 

corporate tax system is transparent and enables easy access to information. The national tax 

authority is efficient and service minded, although taxes associated with employing people in 

Sweden are relatively high. 

Legislation in Sweden is favourable towards mineral explorers; exploration permits are readily 

granted although exploitation concessions have become increasingly difficult to obtain. Mineral 

royalties are only 0.2% of the average value of minerals mined and no minimum expenditure 

commitment is required. 

2.2.3 Social Attributes 

With just over 10 million (10.41 million, 2021) people, most of Sweden’s population live in the south 

where the climate is milder and there are better connections to Europe. Sweden’s indigenous 

population comprises mainly Swedes, with Finnish and Saami minorities and lesser immigrants 

from Syria, Iraq, Poland and Iran. The predominant faith is Lutheran Christian, while Roman 

Catholic, Orthodox, Baptist, Muslim, Jewish and Buddhist faiths are also followed.   

Exploration and mining companies are required to work closely with Local and National Saami 

organisations and residents, in particular around issues relating to reindeer migration trails, winter 

grazing areas and minimising the impact of exploration activities. 

The Swedish Association of Mines, Mineral and Metal Producers, SVEMIN, has approximately 50 

members and focuses on issues associated with land access, exploration, environment, health and 

safety, energy and climate, competence and treaties with unions. Within the SVEMIN Exploration 

Committee, a special Reindeer Husbandry Sub-Committee has been formed; its members are from 

both mining and exploration companies.   

2.2.4 Technological Attributes 

Sweden is highly advanced with respect to technology in mining and metallurgy contributing to both 

profitable and ecological underground mining. For example, LKAB is currently mining iron ore at 

almost 1,400 m depth at Kiirunavaara, which is reportedly the most cost-efficient underground iron 

ore mine in the world. 

Sweden is home of some of the largest mine equipment suppliers in the world including Atlas 

Copco, Sandvik, Volvo Construction Equipment and Outotec. Likewise, there are several domestic 

contractors that service the mining sector in both underground and surface mining operations, as 

well as internationally recognised mining consultants. 

Luleå University of Technology is the leading mining university in Europe both in terms of its 

research and education programs.  Sweden’s science infrastructure is world class; large 

investments into higher education and basic research have propelled Sweden into a prime position 

amongst European economies in terms of university enrolment, workforce skills and research and 

development.  Synergies generated by the close connection between Swedish universities, 
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research institutes and the private sector further leverage the planning and development (P&D) 

output. 

Innovation is also an important engine of growth and new jobs and in 2021 Sweden was ranked 2nd 

in the Global Innovation Index 2021. The report ranks 132 counties and takes into consideration 

institutions, human capital and research, infrastructure, market and business sophistication as well 

as the results of innovation, such as patents and software. 

2.2.5 Environmental Attributes 

Sweden is an acknowledged leader in environmental protection. The country is a European leader 

in recycling and waste disposal management. Since 2005, Sweden has banned the sale of plastic 

drink bottles that do not conform to an approved recycling program. Sweden's greenhouse gas 

emissions are one of the lowest in the European Union; emissions have been reduced by almost 

20% since 1990 with a goal of 40% reduction by 2020. Sweden's corporations successfully engage 

in socially responsible business practices and Swedish companies like IKEA are considered 

business and environmental leaders. Sweden also works closely with the United States to advance 

environmental sustainability and clean technologies under the Swedish American Green Alliance 

(SAGA). 

Ten percent of Sweden’s land area consists of national parks, nature reserves and other protected 

lands. Exploration in a national park is strictly forbidden but is allowed in areas of lower protection.  

Early exploration activities have minimal impact on the environment but as it advances to drilling 

and more systematic sampling and surveying, environmental approval from the County 

Administration Board (Länsstyrelsen) is often required (even in areas of unprotected land) and 

typically involves specific guidelines to minimise damage. Once exploration in an area has been 

completed, the area must be rehabilitated. In order to begin mining, two separate permits must be 

obtained; a Mining Concession issued by the Mines Department (Bergsstaten) and an 

Environmental Permit issued by the Environmental Court (Miljödomstolen). A comprehensive 

Environmental Impact Assessment (EIA) is compulsory for the approval of a Mining Concession 

and, although not legally required, a Social Impact Assessment (SIA) is recommended. 

2.3 Mining Industry in Sweden 

Sweden is a major European mining centre. With a strong mining and metals trading tradition 

dating back at least 1,000 years, the sector has been a mainstay of the Swedish economy for 

several hundred years. It is the largest producer of iron ore in the European Union, as well as being 

a leading European producer of copper, zinc, lead, gold and silver.   

Until 1992, only the Swedish State was permitted to explore for minerals. Since then, more than 

100 companies have commenced exploration in Sweden. National exploration is backed by high 

quality mining data, highly trained personnel and cutting-edge mining technology to support mining 

companies. 

Mining, although a small part of the country’s gross domestic product (GDP), is expected to remain 

important to Sweden’s economy. Sweden has substantial base metals, gold and iron ore deposits, 

which are expected to continue to attract investors. Foreign companies are likely to continue to 

explore actively in Sweden for base metals, iron and, particularly, gold. The Swedish Government 
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is a major supporter of the production and use of renewable energy in electricity, heating and 

cooling, and transportation. 

Figure 2-1: Swedish annual ore production, annual Cu-Pb-Zn ore production since 1925 
and annual Au-Ag ore production since 1925 

 
Source: SGU 2022 

2.4 History of Mining in Sweden 

The Precambrian Fennoscandian Shield terrane of the Scandinavian Peninsula has been mined 

since the 8th century AD and is today regarded as one of the most important metallic mining 

districts of the European Union (Weihed et al., 2008). Despite being host to major mining districts 

of Bergslagen, Skellefteå and Norrbotten in Sweden, Vihanti-Pyhäsalmi and Outokumpu in Finland, 

Pechenga in Russia, Tellnes and Sulitjelma in Norway, the Fennoscandian Shield is regarded by 

many to be vastly under-explored.  

The mining industry in Sweden has a long history, with the carbon dating of charcoal from the 

Falun copper mine, central Bergslagen, suggesting that mining started at least as far back as early 

Viking time, AD 400 to 800 (Eriksson and Qvarfort, 1996). The mine was then worked continuously 

from the 10th century until its closure in 1992, at times producing up to two thirds of Europe’s 

copper requirements (Mitchell and Lando, 2015). In southern Sweden, the Zinkgruvan mine was 

discovered in 1857 and has been mined intermittently since the 1860’s. 

The iron ores in Norrbotten County in northern Sweden were discovered in the 17th century, but it 

was not until a railway was built in the late 1880’s that these deposits became economically viable. 

In 1903, the production of iron ores from Malmberget and Kiruna comprised more than 50% of all 

iron ore produced in Sweden, a leading position which these deposits have held ever since. The 

Kiruna iron ore mine in northern Sweden is the world’s largest and most modern underground iron 

ore mine, with a production of over 26 Mtpa, and 950 Mt since the mine commenced operations in 

1889 (Kable, 2015).  In 1973, a copper mineralised area was outlined to the west of the Kiruna iron 

ore deposit, which led to the opening of the Viscaria mine (in production from 1982 to 1997).  
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Some of the oldest mining operations are the Nasafjäll silver deposit near the Norwegian border 

which was mined intermittently from the 17th century, and the Froa copper deposit which was 

discovered in the mid-18th century and mined intermittently until 1919. 

Improved infrastructure in northern Sweden opened the region for exploration in other 

commodities, with mining commencing in the 1940’s. In 1924, the Boliden gold-copper-silver 

deposit was discovered, and production commenced within a short period of time. During following 

years, several new massive sulphide deposits were found west of Boliden and today comprise the 

Skellefteå District, one of the most important ore districts in Sweden. In 1930, boulders from what 

was to become the large Aitik copper deposit were found and, following concerted exploration by 

Boliden AB, the mine was opened in 1968. Recent discoveries in the Skellefte District include the 

Björkdal gold deposit in 1985, the Åkerberg gold deposit in 1988, the Svartliden deposit in 1994, 

the Storliden copper-zinc deposit in 1997, and the Kankberg gold-tellurium deposit in 2012. 

2.5 Mineral Legislation and Mining Tenure 

The Swedish Minerals Act was modernised in 1992 and has been amended as recently as 2014.   

The Mining Inspectorate of Sweden (Bergsstaten) is the agency responsible for decisions 

concerning permits for exploration (exploration permits) and mining (exploitation concessions). The 

Mining Inspectorate carries out inspections of mines and provides information on mineral legislation 

and prospecting in Sweden. 

There are four types of permits necessary for developing a deposit from the exploration stage to 

the development stage in Sweden; exploration permits, exploitation concessions, environmental 

permits and building permits.  

Exploration permits are granted initially for three years, with possible extensions of up to 15 years.  

An application fee of SEK500, or approximately US$70, per every 2,000 ha area is payable. Annual 

fees total approximately SEK20/ha for years 1 to 3, SEK21/ha for years 4 to 6, SEK50/ha for years 

7 to 10 and SEK100/ha for years 10 to 15 are also payable. Compensation for damage and 

encroachment is payable to landowners.  

An exploitation concession (Bearbetningskoncession) gives the holder the right to exploit a proven, 

extractable mineral deposit for a period of 25 years, which may be extended for 10 years at a time 

without special application, if regular exploitation operations are in progress when the period of 

validity expires. An additional fee is sometimes paid to some landowners for a safety zone for 

blasting. This is an agreement between the mine and landowners and is not due to any legal 

obligations. The exploitation concession is the next step in mine permitting, after the granting of an 

exploration permit. 

There is no requirement to legally survey the boundaries of exploitation concessions in Sweden; 

instead, boundaries are assigned coordinates by the Bergsstaten on granting.  

Exploration and exploitation cannot be carried out in national parks. In addition, such activities are 

seldom permitted in certain areas, for example within 200 m of any inhabited building and within 

certain areas in the Swedish mountains. 
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2.5.1 Other Legislation 

The following acts also have provisions affecting the activities referred to in the Minerals Act: 

 Environmental Code (Miljöbalken) 

 Planning and Building Act (Plan och Bygglagen) 

 Cultural Heritage Management Act (Kulturminneslagen). 

2.5.2 Applying for an Exploitation Concession 

The formal prerequisites for applying for an exploitation concession are documented in the 

guidelines for consideration of mining activities published by the Geological Survey of Sweden 

(Vägledning för prövning av gruvverksamhet). Once lodged with the Bergsstaten, and considered 

complete, the application will be forwarded to the CAB for consultation.  

The following items are highlighted in the publication referred to and describe the contents of an 

application and the required appendices:  

 An EIA according to Chapter 6 of the Environmental Code 

 A map and a description of the area covered by the application 

 A “proof of ore” (Mineral Resource estimate), including evidence that there are reasonable 

prospects for economic extraction 

 A technical description of the planned activities.  

Anecdotal evidence suggests that the process has become more rigorous in recent years, following 

the outcome of several court cases and increasing European Union legislation, with an exploitation 

concession now effectively representing an environmental permit. Guidance obtained by Critical 

indicates that the following elements are now required: 

 A formal application to be written in Swedish by a lawyer 

 An ore evaluation (high level demonstration of reasonable prospects of economic viability; this 

may be a scoping or pre-feasibility study, also to be written in Swedish) 

 A technical description – generally detailed Canadian National Instrument 43-101 or JORC 

Code compliant technical report with at least some Indicated Resource outlined, mining area 

defined, waste characterisation, and conceptual closure plan 

 An EIA with significant data and baseline support; for instance, geohydrological, water 

balance, waste rock characterisation, nature inventory, flora, fauna, reindeer herding analysis, 

water chemistry, stakeholder engagement for up to 2 years of baseline data.  

2.5.3 Taxes and Royalties 

The holder of an exploitation concession must pay an annual minerals fee to the landowners of the 

concession area and to the State. The fee is 0.20% of the average value of the minerals mined 

from the concession each year, 0.15% of which is paid to the landowners in proportion to their 

share of ownership of the concession area. The remaining 0.05% is paid to the State to be used for 

research and development in the field of sustainable development of mineral resources. The fee is 
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estimated in consideration of the amount of mined ore, the amount of minerals in the ore, and the 

average price of the mineral during the year or an equivalent value. 

2.6 Geology and Mineral Resources in Sweden 

2.6.1 Regional Geology 

In geological terms, Sweden forms part of the Fennoscandian Shield (also known as the Baltic 

Shield), which also includes Finland, Norway and the northwestern part of Russia.  The 

Fennoscandian Shield consist of mostly crystalline and metamorphic rocks which have 

consolidated in pulses over the past 2,800 million years (Ma). The Fennoscandian Shield 

comprises three distinct Precambrian provinces: 

 Archaean Karelian-Belomorian-Kola Province or Craton 

 Paleoproterozoic Svecofennian Province 

 Mesoproterozoic Sveconorwegian Province. 

Figure 2-2 shows the various components of Fennoscandia and its location within the East 

European Craton.   
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Figure 2-2: Simplified Geology of the Scandinavian Peninsula 

 

 
Source: Lahtinen (2012) 

Note: 
Subareas: CS = Central Svecofennia; SS = Southern Svecofennia. 

Areas and Localities: BA = Bergslagen area; G = Gothian terrances; J = Jormua; K = Kittila; Ki = Kiruna; O = Outokumpu;  
OR = Oslo Rift; Sa = Skellefteå Area; SB = Savo Belt; T = Telemarkian terranes; TNB = Tornio-Näränkävaara Layered 
Intrusion Belt; WGC = Western Gniess Complex. 
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Sweden’s bedrock geology consists of three main components; Precambrian crystalline rocks, 

Phanerozoic sedimentary rocks and the Caledonides. Formation of the Fennoscandian Shield 

commenced at approximately 2,800 Ma when volcanic activity and sedimentation created some of 

the northern parts of the shield (Martinsson, 2004). These rocks were subsequently intruded by 

arc-related granitic magmas which solidified and formed the core of the Archaean shield. At around 

2,500 Ma, this core underwent rifting and associated mafic volcanism (The Geological Survey of 

Sweden Website, 2014). Subsequently, around 1,900 Ma, the craton collided with more juvenile 

terranes to the north east and created the Lapland Granulite Belt (Daly et al., 2006).  

From 1,900 to 1,750 Ma, the Svecofennian Orogeny led to the formation of the Svecofennian 

province, comprising both metasedimentary and metavolcanic rocks and several generations of 

granitoids (The Geological Survey of Sweden Website, 2014). Many of Sweden’s ore deposits in 

the Bergslagen (iron and sulphide ores), Skellefte (sulphide ores) and Norrbotten (iron and 

sulphide ores) districts were formed during this time (Johansson, 2014). 

The south western gneiss (Sveconorwegian) province has a long and complicated history dating 

from 1,140 to 960 Ma, with several distinct orogenic events (The Geological Survey of Sweden 

Website, 2014). Most rocks in the region were formed during the 1,700 to 1,550 Ma Gothian 

Orogeny and were subsequently intruded by multiple generations of granitoids (Johansson, 2014). 

The area underwent metamorphism and deformation during the Sveconorwegian Orogeny between 

1,100 and 900 Ma (SGU, 2014). 

The Caledonides located to the west are composed of Phanerozoic metavolcanic and sedimentary 

rocks, including Neoproterozoic to Silurian metasedimentary rocks deposited in the Iapetus Ocean 

between 700 and 400 Ma (Johansson, 2014). These rocks were thrust eastwards several hundred 

kilometres over the edge of the Fennoscandian Shield as nappes during the Caledonian Orogeny 

at approximately 400 Ma, when North America and Greenland collided with Scandinavia 

(Johansson, 2014). 

Sweden has four classic ore districts:  

 South-central Bergslagen region 

 Northern Norrbotten region 

 Skellefte district 

 Caledonides. 

2.6.2 Mineralisation 

The Fennoscandian Shield is one of the most important mining areas in Europe and the Norrbotten 

area of Sweden is one of the most mineralised areas and a major copper and iron ore producing 

region. 

Unlike most shield areas, the Fennoscandian Shield is more mineralised in the Paleoproterozoic 

than in the Archaean and, to date, no Archaean economic mineral deposits have been found in 

Sweden. 
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The main subdivisions of the mineral deposit types in the Paleoproterozoic lithologies in the 

Norrbotten Province are: 

 Inferred syngenetic, stratabound iron sulphide-rich copper (+zinc) sulphide deposits in 

metasedimentary units of the Greenstone Group 

 Magnetite-skarn iron ore deposits of the Greenstone Group 

 Magnetite-apatite iron ore deposits in metavolcanics and metasediments of the Porphyry 

Group 

 Epigenetic copper-gold deposits of the Upper Greenstone Group and Porphyry Group. 
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3 Kiruna Projects 

3.1 Introduction 

The Company’s mineral assets in the Kiruna area are located within a radius of approximately 10 

km from Kiruna town centre (excluding Paljasjärvi). Figure 3-1 illustrates the location of the 

Company’s exploration permits and key assets in relation to the town of Kiruna and local 

infrastructure. 

Figure 3-1: Assets and exploration permits relative to Kiruna (town) and local 
infrastructure  

 
Source: Critical  

3.2 Project Description 

The Kiruna Projects lie above the Arctic Circle at a 67°N, in the regional municipality of Kiruna 

(20°15'E, 67°50'N) in Norrbotten County. Kiruna lies approximately 1,200 km north of the Swedish 

capital, Stockholm, 340 km northwest of the Port of Luleå in the Gulf of Bothnia and 180 km 

southeast of the Port of Narvik on the Atlantic coastline (Norway).   

The Kiruna Projects are located in relative proximity to the township of Kiruna, a full-service mining 

town with a population of approximately 15,000 to 24,000, most of whom are employed by the 

State-owned mining company, LKAB. It is likely that the town could supply skilled personnel and 

services for any future mining operations. The Projects are well located with respect to the 

following local transportation infrastructure: 

 Nikkaluokta Road and the E10 highway. 

 Government-owned Malmbanan railway line (Sweden’s only heavy gauge railway line) with 

open access to third parties. The existing Malmbanan railway extends from Kiruna to ports in 

Narvik (a total distance of 183 km) and Luleå (297 km) respectively. There is capacity at 
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current traffic rates to transport to both Narvik and Luleå. To cater for increased demand, the 

Swedish and Norwegian railway authorities are considering future expansion of the railway, 

including twinning the track from Kiruna to Narvik. 

 Kiruna airport where Kiruna is served by several daily flights from Stockholm. 

Many parts of the area are accessible by a network of paved and gravel roads and large areas are 

accessible by snowmobile in the winter months. Helicopter access may be required for certain 

areas depending on the time of year and nature of the work contemplated. 

Northern Sweden is situated within the temperate coniferous-mixed tree zone with cold, wet 

winters. During the summer months (June to August), temperatures are mostly between 10°C and 

25°C, and during the winter months (November to April), temperatures are between -5°C and -

30°C. Bogs, lakes and rivers can be frozen for over six months of the year. Snow cover extends 

from late October to mid-April, with a maximum snow thickness varying from 0.6 m to 2.0 m. The 

sun remains below the horizon for 20 days in winter and the sun does not set for 20 days in the 

summer. Exploration work can be conducted all year round, depending on weather conditions. 

Much of the surrounding landscape comprises low rolling hills and flat lowlands at an elevation of 

300 to 600 m above mean sea level which are punctuated by multiple small, shallow lakes that are 

often surrounded by extensive areas of bogs and swamps. Hills are mostly covered by glacial 

moraine and sands and trees (primarily birch, pine and spruce). Bedrock outcrops on the hills and 

along riverbanks but is generally limited.  

Power is available from the national grid, which services all populated areas and expansions of the 

grid to new customers is ongoing. 

Water is freely available. 

The Kiruna Projects lie within an area of national importance for both mineral deposits and reindeer 

herding as defined in Part Three of the Swedish Environmental Code (1998). An area of national 

importance is an area, whether it is for mineral deposits, reindeer herding, outdoor life, etc., that 

has been identified by the relevant government agency. The classification does not have any 

protective attributes, but its status is considered when assessing proposals to develop the area, 

whether the development is a new mine, a new building, new road or other infrastructure. 

3.3 Geological Setting 

The Kiruna Projects are situated in the northern part of the Fennoscandian Shield. The Archaean 

basement (>2.68 Ga) in this area is overlain by Proterozoic rocks of Karelian (approximately 2.4 to 

1.96 Ga) and Svecofennian (approximately 1.96 to 1.75 Ga) ages. The Karelian rocks are 

interpreted to have formed in a rift-related tectonic setting and are overlain by Svecofennian 

supracrustal metavolcanic and epiclastic rocks.  

In the Kiruna area, these largely comprise greenstones, porphyries and sedimentary successions.   
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Figure 3-2: Geological map showing the location of Kiruna in relation to Norrbotten and 
Sweden  

 

Source: Modified from Smith et al., 2007 

3.3.1 Project Geology 

In the Kiruna area, the deformed and metamorphosed Archaean basement is covered by a 10 km 

thick volcanosedimentary pile, which is divided into the Kovo Group, Kiruna Greenstones, 

Kurravaara Conglomerate, Porphyrite Group, Kiruna Porphyries and the Hauki Quartzite. Although 

most units are mainly conformable, the presence of conglomeratic units at several stratigraphic 

intervals indicates periods of erosion and/or inundation.  

 The Kovo Group (2.5 to 2.3 Ga) comprises clastic sediments and basaltic to andesitic volcanic 

rocks that are interpreted to have formed in a rift environment. 

 The Kiruna Greenstones formed during a second rifting event around 2.1 Ga; the lower part of 

the group is dominated by basaltic volcanic rocks and komatiites, with clastic sediments and 

evaporites as minor constitutes at the base of the pile. Volcaniclastic sediments, with minor 

graphitic schist and carbonate rocks, are found in the middle part, and pillow lava dominate 
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the upper part of the succession. Most of the greenstones were deposited in a shallow water 

environment. 

 The Kurravaara Conglomerate is dominated by ruditic to arenitic sedimentary units. 

 The Porphyrite Group (1.90 to 1.88 Ga) comprises andesitic volcanic rocks formed during 

subduction and clastic sediments of mainly andesitic origin. 

 The Kiruna Porphyries have a bi-modal composition, with a mainly basaltic lower part and a 

dacitic to rhyolitic upper part with intercalations of basaltic lava. 

 The Hauki Quartzite comprises arenitic sediments. 

This volcanosedimentary pile was deformed and metamorphosed during the Svecokarelian Orogen 

(1.9 to 1.8 Ga). Synorogenic intrusions ranging in composition from gabbro to granite belong to the 

Haparanda and Perthite calc-alkaline and alkali-calcic monzonite granite suites that intruded rocks 

of the Porphyry/Kiirunavaara Group. Associated metamorphism peaked at upper greenschist or 

lower amphibolites facies during the Svecofennian Orogeny (Skiöld, 1988). 

The Norrbotten province is characterised by regionally developed scapolitisation, albitisation, which 

is most intense in areas of major crustal deformation, and iron and copper mineralisation. The 

mineral deposits of the area tend to be spatially related to zones of deformation, suggesting a 

possible genetic relationship between the formation of the deposits and a deformational event.  

Figure 3-3: Stratigraphy of Archaean and Paleoproterozoic units in the Kiruna area 

 

Source: Martinsson et al., 1999. 
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3.3.2 Mineralisation 

Several styles of mineralisation are evident in the Kiruna area.  These include:  

 IOCG mineralisation hosted in the mid-Proterozoic aged stratigraphy (Kiruna Porphyry 

Group).  Key exploration criteria for this style of mineralisation include: 

– Mid-Proterozoic age – 1.1 to 1.8 Ga 

– Dominated by iron oxides, magnetite or hematite, with low titanium 

– Anomalous rare earth elements (REE), often in apatite 

– Strong evidence of structural control, particularly intracratonic extensional tectonics; often 

brecciated 

– Abundant evidence of intense hydrothermal alteration and replacement; large scale Na and 

K enrichment 

– Relatively shallow environment of formation 

– No particular host rock 

– Weak association with contemporaneous igneous activity 

– The presence of sulphide minerals, particularly pyrite and chalcopyrite 

– The presence of precious metals particularly following a late-stage hydrothermal event 

– Hematite occurring at shallower depths than magnetite. 

The type example is the iron end member Kiirunavaara deposit, which is of Paleoproterozoic 

age (1.89 to 1.88 Ga) and is classified as an apatite iron ore deposit. It lies within the 

metavolcanic and metasedimentary units of the Porphyry Group and extends over 4,000 m in 

strike length, averages 80 m in width and extends to a depth of over 1,500 m.  More than 2 Bt 

has been mined to date, with current production in the order of 26 Mt of magnetite ore per 

year. The mine is owned and operated by LKAB, a State-owned company.  

There are several other similar, but far smaller, iron deposits in the area, some of which have 

recorded production. In addition, numerous long-known, copper-bearing iron oxide-associated 

showings, occurring mainly within the Kiruna Porphyry, are now recognised as belonging to 

the same class.  

Two classes of iron oxide apatite ores are evident, based on phosphorous content and 

stratigraphy: 

– Type 1 ores are low in phosphorous (<1% P2O5) and are dominated by magnetite - 

(hematite) - apatite - actinolite assemblage (Martinsson, 1997; Martinsson and Wanhainen, 

2000).  These typically occur as lenticular bodies with varying degrees of associated vein 

and dyke breccias that lie conformably in contact with the lower trachyandesite-basalt and 

upper pyroclastic rhyodacite units, e.g., Kiirunavaara and Loussavaara. 

– Type 2 ores have greater phosphorous contents (3% to 5%) and are dominated by a 

hematite - (magnetite) - apatite - quartz calcite assemblage (Romer et al., 1994). These 

ores typically occur as smaller, tabular bodies, with only minor associated breccias, 

situated stratigraphically above the type 1 ores at or near the contact between pyroclastic 

rhyodacites and the overlying Lower Hauki Formation. 
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 Volcanogenic massive sulphide (VMS) mineralisation – These deposits are found in 

slightly older mid-Proterozoic stratigraphy (Kiruna Greenstone) and are best represented by 

the past-producing Viscaria deposit (production of 12.4 Mt grading 2.3% Cu by Outokumpu). It 

is situated 6 km west of the Kiruna iron mine. Other VMS showings and small deposits/zones 

are known in the area.  

 Shear-hosted epigenetic copper-gold mineralisation – This type of deposit is also found in 

the Viscaria Kiruna Greenstone and Porphyry Group stratigraphy and is best represented by 

the previously mined Pahtohavare gold-copper deposit, with recorded production of 1.7 Mt 

grading 1.9% Cu and 0.9 g Au/t, also by Outokumpu. 

 Skarn-hosted iron oxide mineralisation – This mineralisation is generally found in the 

Kiruna area in favourable Kiruna Greenstone Group stratigraphy, typically occurring in 

volcaniclastic units in association with graphite schist and carbonate rocks. Calc-silicate 

associated iron oxide magnetite-hematite breccias are commonly associated with the model 

that is represented by the Sautusvaara deposit and the Rakkurijärvi and Rakkurijoki deposits. 

 Stratabound, syngenetic iron sulphide rich, copper-(zinc) sulphide mineralisation in 

metasedimentary units of the Greenstone Group. 

 Porphyry mineralisation – The Aitik deposit is located near the town of Gällivare and the 

Malmberget iron ore mine some 90 km east–southeast of Kiruna. It is hosted by highly 

deformed Proterozoic metasediments and although its genesis is somewhat unclear, most 

workers lean towards a porphyry model.  

3.4 History 

The Kiirunavaara orebody was discovered in 1696 and was developed into a large-scale mine in 

1890.  The invention of the Thomas process (a method of producing steel from high phosphorus 

ores) in the 1870s and the construction of railways to Narvik and Luleå, led to the development of 

the Kiruna area. 

Between 1963 and 1972, the Swedish Government commissioned a regional investigation into the 

iron ore potential of Norrbotten County, which became known as the Iron Ore Inventory 

Programme.  The investigation involved regional and detailed mapping, geophysical ground 

measurements (magnetic, gravimetric, slingram and self-potential) and over 100,000 m of diamond 

drilling, covering 23 map sheets at a scale of 1:50,000. 

The Kiruna area became the focus for IOCG exploration programs in the mid to late-1990’s 

following changes to the Swedish mining law in 1992, which allowed foreign entities to conduct 

exploration in Sweden and the recognition of the similarities between the Kiruna iron ore deposits 

and the Olympic Dam and Ernest Henry deposits in Australia. Much of this influx was supported by 

high quality exploration data which had been gathered by the Geological Survey of Sweden or by 

State-owned mining companies such as LKAB and Swedish Geological AB in modern exploration 

programs dating back to the 1960’s. In general, these programs comprised regional and local 

components, namely: 

 Regional investigations including airborne geophysical surveys; magnetic, electromagnetic 

very low frequency (VLF) and the airborne slingram method, a horizontal loop method, gamma 

ray surveys, gravity measurements, geological mapping, regional geochemical surveys such 

as till, peat and stream sediment sampling and boulder prospecting; and  
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 Local- or grid-scale investigations included ground geophysical surveys (mostly magnetics and 

slingram), soil geochemistry and diamond drilling. 

Equipped with this high-quality data, large international companies, including Anglo American, Rio 

Tinto, BHP Billiton and Phelps Dodge, established extensive land positions or joint ventures in this 

area, along with several junior exploration companies from Scandinavia, Australia and North 

America. 

3.5 Pahtohavare copper-gold Project 

3.5.1 Project Description 

The Pahtohavare Project is Critical’s main copper-gold asset, having been mined historically by 

Outokumpu during the 1990s; historical production is estimated at 1.7 Mt grading 1.9% Cu and 0.9 

g/t Au. 

The Pahtohavare Project is currently held under a joint venture agreement with Lovisagruvan AB, 

who is managing the ongoing exploration. Under the terms of the joint venture, Critical is free 

carried to a decision to mine. 

The Pahtohavare Project is located approximately 9 km southwest of Kiruna (city) and 2 km from 

the Rakkuri Iron Project. The Project is centred on RT 90 Swedish grid system (2.5 gon W) 

coordinates –X: 1680500, Y: 7527500 (Figure 3-1 and Figure 3-10).  

The main access to the Pahtohavare Project is from the north, along a paved turning to gravel road 

entering the project on its western boundary. This road must be accessed via the LKAB mine, and 

notification to mine security is therefore required. 

There is a gravel road from the south, which is accessed from the Nikkaluokta Highway. This road 

crosses a small creek just before entering the Pahtohavare Project area and is not suitable for car 

access. In winter, the crossing can be made using a snowmobile. 

3.5.2 Project History 

Copper mineralisation was first discovered at Pahtohavare in 1984, following intensive exploration 

activities by the State Mining Property Commission (NSG) and later by the Swedish state-owned 

exploration company, Swedish Geological AB. Exploration activities undertaken over the 

Pahtohavare area comprised geophysical and geochemical surveying, followed by diamond drilling 

in late 1984.  The Geological Survey of Sweden continued exploration until 1989, when the project 

was acquired by Outokumpu. 

Outokumpu commenced mining (operated by a subsidiary company, Viscaria Mining AB) in 1990.  

Ultimately, a combination of underground and open pit mining methods was used to extract ore 

from the South and South East deposits until 1997. On cessation of mining, a total of 1.7 Mt of ore 

had been mined from Pahtohavare at an average grade of 1.9% Cu and 0.9 ppm Au.   

In 2002, a joint venture between Anglo American BV and Rio Tinto Mining & Exploration Ltd (Rio 

Tinto) (the Anglo/Rio JV) acquired the Pahtohavare Project and conducted limited exploration 

(including one diamond drill hole and geophysical testwork). 
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In 2005, the Pahtohavare Project was explored by Lundin Mining AB (Lundin) as part of an option 

agreement with the joint venture partners.   

In November 2010, the Pahtohavare Project was acquired as part of the Rakkuri Iron Project 

permits from the Anglo/Rio JV by Scandinavian Resources.   

In June 2012, Hannans acquired Scandinavian Resources and its interests in the Pahtohavare 

area.   

In March 2015, Lovisagruvan AB entered an agreement to earn up to a 75% interest in the 

Pahtohavare Project through a joint venture agreement by delivering a positive feasibility study.  

Hannans' 25% interest would be free carried through to a decision to mine.   

In November 2015, Hannans reported that JV partner, Lovisagruvan AB, would proceed with Stage 

2 of the joint venture at the Pahtohavare Project. The Stage 2 commitment includes preparation 

and lodgement of an exploitation concession application for the central deposit within 12 months; 

and provision of a A$475,000 working capital facility to Hannans' subsidiary, Kiruna Iron AB.  

Lovisagruvan AB has continued with environmental and metallurgical studies at the Pahtohavare 

Project and in 2021 applied for a trial mining permit for the Central Prospect.  

The level of exploration varies across the Pahtohavare Project area and the work completed up to 

2012 is summarised as follows:  

 Central Area - The use of geobotany and the abundance of the Viscaria Alpina flower, which 

is known to grow in soils with heavy copper concentration, led to the discovery of the Central 

Pahtohavare deposit.  The deposit was later confirmed by assays of high-grade copper and 

gold grab samples from trenching in 1986, along with four holes drilled by the Geological 

Survey of Sweden. In 1987 and 1988, a total of 37 diamond holes were drilled by the 

Geological Survey of Sweden and two deep trenches were dug, confirming four mineralised 

lenses with an overall length of 350 m. 

In 2002, Anglo/Rio several anomalies were identified through a geophysical survey covering 

the area between Pahtohavare and Rakkurijärvi. 

Lundin carried out ground magnetic and IP geophysical surveying in 2005, which confirmed 

the previously identified anomalies.   

 South East Area - The shallow mineralisation (previously named A zone during production) in 

the South East area was discovered after drilling in 1985 and the deeper mineralisation 

(locally B and C zones) was discovered in 1986 by the Swedish Geological Survey (SGU). 

The A zone was mined via open pit methods and the deeper B and C zones mines via 

underground methods. Most of the remaining mineralisation lies in the deeper B and C zones. 

 South Area - Exploration commenced in the South area in 1984 and has included geophysical 

testwork, geochemical sampling and diamond drilling with a total of 44 holes have been drilled 

in the area to date. 

 North West Area - In 1986, LKAB drilled three holes in the North West area, followed by an 

additional seven holes completed by the Geological Survey of Sweden between 1988 and 

1989. Initial drilling tested soil anomalies, with later holes targeting continuation of potentially 

mineralised zones. Generally, these holes encountered weak sulphide mineralisation. 
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 East Area - There is minimal information available regarding exploration in the East area; 

however, the database records that some 36 holes for 5,200 m have been drilled in the area 

between 1975 and 1988. 

3.5.3 Recent Exploration 

In early 2013, Hannans completed a ground-based fixed-loop EM geophysical survey over the 

targets highlighted in its review in late 2012.  This was followed by Hannans’ maiden drill program 

in mid-2013 targeting the shallow, high potential targets at the Central area and reduced the 

historic drill spacing.  Due to several technical difficulties, the program was cut short, despite 

intersecting a number of wide (>10 m), moderate to high grade (>1% to +5% Cu, 0.5 to +1.7 g/t Au) 

zones at shallow depths (<100 m below surface). 

In August 2013, Hannans announced a maiden resource estimate at Pahtohavare. The resource 

estimate was prepared from a compilation of historical data only.  During 2014, Hannans 

commenced preliminary metallurgical testwork to determine whether the oxide ore could be mined 

at a low cost. In addition, Hannans held discussions with several stakeholders in support of its 

workplan and approvals processes.  

In January 2015, Hannans completed an initial metallurgical testwork program on copper oxide 

material in the Pahtohavare area. This study found that 80% of the copper could be recovered 

using an acid leach process.   

In March 2015, Lovisagruvan AB entered an agreement to earn up to a 75% interest in the 

Pahtohavare Project through a joint venture agreement by delivering a positive feasibility study.  

Hannans' 25% interest would be free carried through to a decision to mine. Lovisagruvan AB 

subsequently completed eight diamond holes and one diamond tail for 760.3 m which confirmed 

the wide, high-grade nature of the copper-gold±silver mineralisation in the Central area. This 

drilling encountered broad zones of modest to high grade (+3% Cu, >1g/t Au) oxide mineralisation 

at shallow depths (Table 3-1).  The holes also demonstrated that the mineralisation is complex, 

which is likely due to in situ weathering and subsequent supergene overprinting of the 

deposit. Further details are given in Hannans’ ASX announcements of 27 and 30 August 2015. 

In June 2015, Stage 2 metallurgical testwork commenced to evaluate the copper and gold 

recoveries during acid leach and cyanide leach bottle roll processing. The results of this 

demonstrated that most of the copper is associated with cupriferous clays. This result differed from 

the Stage 1 copper speciation testwork which indicated that most of the copper was associated 

with chrysocolla. Both sets of tests concluded that the bulk of the copper is associated with acid-

consuming minerals and likely results in elevated rates of acid consumption. The Stage 2 testwork 

also demonstrated that there are copper sulphide minerals (chalcopyrite, covellite and chalcocite) 

present within the weathered or oxidised material. The mineralogy results indicated that only a 

small portion of the refractory copper was present as chalcopyrite, with the refractory residue 

grades indicating that a proportion of the cupriferous clays is retaining the copper at a fine grain 

size (below P80 size of 106 microns). Bottle roll acid leach testing showed slow leach kinetics, with 

leach results indicating a low sensitivity to crush size. 

In addition, a preliminary environmental review indicated the following: 

 The waste rock at Pahtohavare is most likely not acid producing and no major environmental 

problems from the existing waste dumps are anticipated 
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 The waste rock contains elevated copper levels 

 Some weathering in the waste rock still occurs, with the leaching of primarily copper and 

sulphur occurring to a small degree 

 There are elevated concentrations of copper, sulphur and uranium in the Southern open pit 

surface waters 

 Old exploration drill holes are releasing water from underground workings to the nearby 

Pahtohajåkk Creek 

 Calcium, magnesium, strontium, sulphur and uranium values in the Pahtohajåkk Creek waters 

increase significantly when it passes through the mine site. 

Table 3-1: Pahtohavare 2015 diamond drill collar details 

Hole ID Northing Easting Dip (°) Azi 
OB depth 

(m) 
EOH depth 

(m) 

PADH15001 1680202 7528163 -60 250 6.4 106.9 

PADH15002 1680174 7528179 -60 250 4.7   79.6 

PADH15003 1680125 7528163 -51   70 4.8   49.9 

PADH15004 1680124 7528161 -65   70 3.0   62.9 

PADH15005 1680074 7528191 -55   65 4.2   72.1 

PADH15006 1680136 7528191 -60 250 8.1 137.3 

PADH15007 1680107 7528233 -60 250 2.2   76.8 

PARC13001D 1680313 7528176 -65 250 RC141 m 235.3 

PADH15008 1680300 7528148 -60 250 2.9   80.5 

All co-ordinates are in Swedish RT 90. Due to difficult drilling conditions, drill hole PADH15008 was 

abandoned prior to reaching the target depth. 

3.5.4 Geology and Mineralisation  

The Pahtohavare deposit consists of five separate mineralised zones (Figure 3-4), namely: 

 Central (oxide, carbonate and sulphide ore) 

 Southern (sulphide ore) 

 South Eastern (sulphide ore) 

 North West 

 Eastern. 

The mineralisation has been classified as epigenetic copper-gold hosted in Proterozoic Kiruna 

Greenstone Group rocks comprising basic lavas and intrusions, basic tuffs and tuffites and acid 

volcanic rocks. Locally, most of the mineralisation is hosted in a hydrothermally altered package of 

albite-quartz, along with graphitic schist.   

 The Central, Southern and South Eastern mineralisation is hosted within fine-grained albitised 

rocks within tuffite, black schist and mafic sills. Graphite horizons in the albite-altered black 
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schist have been replaced completely in the more intensely mineralised sections. Albite-

altered zones are symmetrically surrounded by barren biotite-scapolite-altered rocks. 

Scapolite (marialite) occurs as porphyroblasts and irregular veinlets or networks. Coarse-

grained carbonate veins are common, both in ores and in surrounding altered rocks.  Quartz 

veins have a similar occurrence but are found mainly as irregular masses within ores. Pyrite, 

chalcopyrite and gold are the main ore minerals and are found in albitised rocks as 

impregnations, veinlets and breccia fillings with carbonate and quartz (Lindblom et al.,1996). 

 The Eastern mineralisation occurs as thin intercalations in the host tuffite.  

The Pahtohavare area has been folded along a sequence of large west-northwest trending faults or 

shear zones. Spatially, the three deposits are located along the limbs and in the hinge of a 

kilometre-scale antiform. 

The known mineralisation occurs as impregnations, quartz-rich breccias and fracture fillings. 

The mineralisation predominantly comprises pyrite and chalcopyrite, with locally significant 

pyrrhotite, and minor amounts of associated sphalerite, galena, molybdenite, cobaltite, pentlandite, 

native gold, rutile and ilmenite. Tellurides and native gold occur as inclusions in sulphides and 

quartz.  

In the Central zone, the mineralisation is oxidised to an approximate depth of 100 m, whereas at 

Southern and South Eastern, the mineralisation is fresh sulphide mineralisation, namely 

chalcopyrite. 

Figure 3-4: Location of Pahtohavare deposits 
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3.5.5 Mineral Resources and Exploration Target 

The Pahtohavare Mineral Resource estimate was prepared by SRK Sweden in July 2013 on behalf 

of Hannans. The estimate was prepared in order to reconcile the historical pre-mining resource 

calculations and post-mining close-out reports. The reported resource was depleted for mining 

during the 1990s by Outokumpu using historical mine plan maps and sections, along with assumed 

stope locations. 

Following a comprehensive review and validation of the historical data, detailed three-dimensional 

(3D) modelling was completed. 

The estimate considered three separate deposits (Central, Southern and South Eastern), which are 

all geologically similar and all are located along the limbs and in the hinge position of a kilometre-

scale antiform. 

This estimate led to the definition of an Inferred Mineral Resource classified under the 2012 JORC 

Code.  No Measured or Indicated Mineral Resource material was delineated.   

A comprehensive summary of the estimates and technical information including Table 1 (JORC 

Code – Sections 18 and 19) are included in Hannans ASX Announcement dated 31 January 2014, 

titled “Re-Release of Maiden JORC Resource for Pahtohavare”. 

Table 3-2: Pahtohavare Inferred Mineral Resource  

Area 
Tonnes  

(Mt) 
Cu  
(%) 

Au  
(g/t) 

CuEq  
(%) 

Mining Scenario Material 

Central 1.4 1.8 0.6 2.4 Open cut Oxide 

South East 0.8 1.7 0.5 2.1 Open cut + Underground Sulphide 

South 0.1 1.3 0.6 1.9 Underground Sulphide 

Combined 2.3 1.74 0.56 2.31   

Accompanying statements: 

1. The effective date of the Mineral Resource is 12 July 2013. 

2. Mineral Resources are reported in relation to a conceptual pit shell. Mineral Resources are not Ore 

Reserves and do not have demonstrated economic viability. All figures are rounded to reflect the relative 

accuracy of the estimate. 

3. The quantity and grade of reported Inferred Mineral Resources in this estimation are uncertain in nature 

and there has been insufficient exploration to define these Inferred Mineral Resources as an Indicated or 

Measured Mineral Resource; and it is uncertain if further exploration will result in upgrading them to an 

Indicated or Measured Mineral Resource category. 

4. CuEq grades were calculated using metal prices of US$3.56 per pound of Cu, and US$1,510 per troy 

ounce of Au, along with metal recoveries of 90% for Au and 65% for Cu in sulphide material and 80% for 

Au and 50% of Cu in oxide material. 

5. Open pit Mineral Resources are reported above the Whittle optimised pit shell and above a cut-off grade 

of 0.56% CuEq for oxide material and 0.43% CuEq for sulphide material.  

6. Underground Mineral Resources are reported below the Whittle optimised pit shell, and above a cut-off 

grade of 1.48% CuEq for sulphide material.  
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7. The information in this document that relates to the Pahtohavare Mineral Resources is based on 

information compiled by Mr Johan Bradley, a Competent Person who is a Chartered Geologist with the 

Geological Society of London (Membership No 1014008) and a EurGeol.  At the time of preparation, Mr 

Bradley was a full-time employee of SRK Sweden (now an independent consultant and SRK associate) 

and has no interest in, and is entirely independent of Critical. Mr Bradley has sufficient experience which 

is relevant to the style of mineralisation and type of deposit under consideration and to the activity which 

he is undertaking to qualify as a Competent Person as defined in the 2012 JORC Code.  Mr Bradley 

consents to the inclusion in this Report of the matters based on his information in the form and context in 

which it appears. 

8. The Mineral Resource estimate has not been affected by any known environmental, permitting, legal, title, 

taxation, socio-political, marketing, or other relevant issues. 

9. Note all Resource Estimates and Exploration Results within the Report pertaining to the Pahtohavare 

Project have been prepared and reported under the 2012 JORC Code. Critical confirms that all material 

assumptions and technical parameters underpinning the estimates continue to apply and have not 

materially changed.  Critical confirms that the form and context in which the Competent Person’s findings 

are presented have not been materially modified from the original announcements. 

Details of the Pahtohavare Mineral Resource estimate are provided below. 

Sampling 

The three deposits were sampled using diamond drillholes with a general drill hole spacing of 

(along strike by along drilling gate): Central = 50 m by 25 to 50 m; South Eastern = 25 m by 25 m 

(but with many oblique sections reducing spacing) and Southern – 50 m by 25 m.  A total of 311 

historical diamond drill holes were employed in the estimation process and the majority of these 

had a 49 mm core dimension (except at Central where most were drilled using 76 mm core due to 

poor ground conditions). Drill collars were surveyed using industry standard techniques in the 

1980s and have been checked using modern real-time kinetic (RTK) GPS technology. No 

downhole surveying has been completed due to the short depth of the holes. 

Data Quality 

The data used in the estimation was provided by Scandinavian Resources and comprises mainly 

historical drilling from the 1980s. Scandinavian Resources has performed check assaying and 

density measurements to verify the historical data. It is the opinion of SRK that the results of the 

verification show that a reasonable level of confidence can be attributed to the drill hole samples 

used in the Mineral Resource estimate. 

Geological Model 

The Pahtohavare Project comprises five main mineralised areas; Central, South East, South, East 

and North West. The geological model produced by SRK encompasses all except the North West 

area (due to sparse drilling and the low grade of mineralisation).   

Each area comprises several bodies of copper-gold mineralised material, mainly hosted by a 

hydrothermally altered package of rocks and graphite schist. 

SRK created a geological model based on a statistical review of the validated drill hole data.  

Mineralisation wireframes were created based on statistical grade breaks with a 0.4% Cu threshold 
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being applied to the mineralisation domains. Lithological wireframes were created based on logged 

lithologies. 

Mineral Resource Estimate 

A 5 m composite file was used in a geostatistical study using the Ordinary Kriging interpolation 

method.  All surfaces have been treated as hard boundaries during the domaining process. 

The interpolation used an oriented elliptical search following the predominant localised dip and dip 

direction of the geological domains via dynamic anisotropy. The results of the variography and a 

quantitative kriging neighbourhood analysis (QKNA) were used to determine appropriate search 

parameters. 

The interpolated block model was validated through visual checks, a comparison of the mean 

composite and block grades and through the generation of section validation slices. SRK is 

confident that the interpolated grades are a reasonable reflection of the available sample data. 

Mineral Resource Statement 

The Mineral Resource is divided into open pit and underground resources. Slope angles, mining 

recoveries and revenue assumptions were used to demonstrate economic viability in the Whittle™ 

optimisation and underground cut-off grade calculation. The open pit and underground material 

defined in the Mineral Resource Statement represents the material which SRK considers 

demonstrates reasonable prospects for eventual economic extraction.  

CuEq has been calculated using metal selling prices of US$3.56/lb Cu and US$1,510/oz Au, along 

with metal recoveries of 90% (Au) and 65% (Cu in sulphide material) and 80% (Au) and 50% (Cu in 

oxide material).   

The following equations were used: 

 Oxide: CuEq = (1.12 x Au (ppm) grade) + (0.98 x Cu% grade) 

 Sulphide: CuEq = (0.97 x Au (ppm) grade) + (0.99 x Cu% grade). 

The open pit Mineral Resource is restricted to all material falling within a Whittle™ pit shell, and 

above a 0.56% CuEq cut-off grade for oxide material, and 0.43% cut-off for sulphide material.  

The underground Mineral Resource is restricted to all sulphide material underneath the Whittle™ 

shell above a 1.48% CuEq cut-off grade. 

Grade-Tonnage Curves 

Grade-tonnage curves for the resource blocks are shown in Figure 3-5 (Cu) and Figure 3-6 (Au).  

The curve shows the relationship between the modelled tonnage and grade at increasing cut-off 

grades.  

The Cu curve shows a steeply decreasing tonnage with an associated increase in Cu grades 

between cut-offs of 5,000 to 20,000 ppm, then a shallowing of the curve, with a higher-grade 

portion of the resource showing a flatter curve. This shows that a relatively large portion of the 

resource, some 0.5 Mt, is >20,000 ppm Cu.  The Au curve shows a similar pattern, with most of the 

resource blocks between cut-offs of 0.1 and 0.7 ppm Au.  
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Figure 3-5:  Grade-tonnage curve for Cu – All resource blocks 

 

Figure 3-6:  Grade-tonnage curve for Au – All resource blocks 
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Exploration Target 

In addition, an Exploration Target of between 2 and 4 Mt of material grading between 0.3% and 

0.7% Cu (with negligible Au grades) was delineated for the Eastern area, based on blocks within 

the digitised mineralisation wireframes, but not reported above a cut-off grade (Table 3-3). The 

Exploration Target has been subjected to diamond drill testing, ground geophysical survey and 

interpretation by the Geological Survey of Sweden and was reviewed by Thomas Lindholm of 

GeoVista AB. 

Table 3-3: Eastern Exploration Target  

Area 
Tonnage range  

(Mt) 
Cu grade range  

(%) 

Eastern 2.0 - 4.0 0.3 - 0.7 

Accompanying statements: 

1. The Eastern Area of Pahtohavare has not been classified as a Mineral Resource but is considered by 

SRK Sweden to be an Exploration Target. This is the result of historic drilling being on a sparse and 

variable grid, and due to a lack of historic drill core re-assaying. 

2. SRK Sweden estimated grades and tonnages to provide an analysis of the potential. As a result, SRK 

Sweden has delineated an Exploration Target based on blocks within the digitised mineralisation 

wireframes, but not reported above a cut-off grade. 

3. The potential quantity and grade is conceptual in nature and there has been insufficient exploration to 

estimate a Mineral Resource and it is uncertain if further exploration will result in the estimation of a 

Mineral Resource. 

4. Based on the CuEq cut-off grades used to report the Mineral Resources in the Mineral Resource 

Statement, only a minor portion of the currently outlined Eastern area would be above the cut-off grade 

used for resource reporting. However, this material may have elevated Zn and Pb grades, which were not 

considered during the estimation process. 

5. The information in this document that relates to the Pahtohavare Exploration Target is based on 

information compiled by Mr Johan Bradley, a Competent Person who is a Chartered Geologist with the 

Geological Society of London (Membership No 1014008) and a EurGeol.  At the time of preparation, Mr 

Bradley was a full-time employee of SRK Sweden (now an independent consultant and SRK associate) 

and has no interest in, and is entirely independent of Critical. Mr Bradley has sufficient experience which 

is relevant to the style of mineralisation and type of deposit under consideration and to the activity which 

he is undertaking to qualify as a Competent Person as defined in the 2012 JORC Code.  Mr Bradley 

consents to the inclusion in this Report of the matters based on his information in the form and context in 

which it appears. 

6. Note the Pahtohavare Exploration Target estimate has been prepared and reported under the 2012 JORC 

Code. Critical confirms that all material assumptions and technical parameters underpinning the estimates 

continue to apply and have not materially changed. Critical confirms that the form and context in which the 

Competent Persons findings are presented have not been materially modified from the original 

announcements. 

7. Further details relating to the Pahtohavare Inferred Mineral Resource and Exploration Target are provided 

in Appendix B – Pahtohavare JORC Code (2012) Table 1. 
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3.5.6 Metallurgical Considerations 

Some 1.7 Mt of ore from the Pahtohavare deposit was processed at the Viscaria concentrator from 

1993 to 1997.  

In 2014, Hannans engaged Independent Metallurgical Operations Pty Ltd (IMO) from Perth, 

Western Australia, to oversee preliminary metallurgical testwork designed to test the recoverability 

of copper and gold from the oxide ore. Activation Laboratories Ltd (Actlabs) in Ontario, Canada, 

was awarded the contract to undertake the physical testwork.  

IMO completed a detailed review of historical metallurgical testwork reports from Pahtohavare and 

developed a testwork flowsheet focused on ore characterisation, grinding and preliminary leaching 

testwork Stage 1 (2014). 

Using a 600 kg bulk sample (comprising reverse circulation (RC) crushed rejects from Hannans’ 

2013 RC drilling campaign), two separate Master Composites were produced. The Stage 1 (2014) 

Master Composite was mistakenly homogenised to the Whittle™ optimised cut-off grade of 0.56% 

Cu, rather than the current Mineral Resource grade of 1.8% Cu.  Although not optimal, this error 

was considered unlikely to have significantly reduced the benefit of the test. 

Stage 1 (2014) – Ore Characterisation and Solubility 

The ore characterisation, i.e., copper speciation, testwork determined both the percentage of 

copper contained within oxides, carbonates, sulphides and silicates and the percentage of acid-

soluble copper.  In summary: 

 94% to 99% of all copper-bearing minerals are present as chrysocolla or chrysocolla with 

chlorite/smectite or iron oxide/hydroxides (>94%) across all size fractions. 

 <5% of the copper containing minerals are present as chalcopyrite, bornite and chalcocite. 

 There are no observations of malachite or azurite.  

 80% of the copper can be recovered using an acid leach process.  

 4% to 8% by weight of the Master Composite is comprised of copper-containing minerals. 

Stage 1 (2014) – Bond Ball Work index grindability 

Bond Ball Work index (BBWi) testwork using a separate 50 kg historical core sample was 

completed at a final screen size of 106 µm and produced a value of 8.2 kWh/t for the weathered 

composite and 11.6 kWh/t for the fresh composite. These values indicate that the weathered 

material can be classified as soft, and the fresh material can be classified as medium hardness.  
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Figure 3-7: Location of drill holes used in metallurgical testwork in relation to the orebody 
wireframes and Whittle™ optimised pitshell 

 

After receiving positive initial metallurgical testwork on oxide ore from the Central ore deposit, a 

second stage of testwork was designed, again by IMO, and implemented by Actlabs.  

The Stage 2 (2015) copper speciation testwork was undertaken using an aggressive acid (H2SO4) 

concentration of 50 g/L over a period of 1 hour. The acid leach residue was then leached with 5% 

NaCN (cyanide) for 30 minutes.   

The results of the Stage 2 (2015) copper speciation testwork are summarised as follows: 

 The percentage of acid-soluble copper for each of the three composites ranged from 83.10% 

to 87.85%. 

 The percentage of refractory copper, i.e., the amount reporting to the residue, for each of the 

three composites ranged from 11.43% to 13.86%. 

 Cyanide-soluble extractions were low for all three composites. 

The mineralogy results indicated that only a small portion of the refractory copper was as 

chalcopyrite; the refractory residue grades may indicate a proportion of the cupriferous clays is 

retaining copper at a fine size (below a P80 size of 106 µ).  Further mineralogical testwork of the 

residues is required in order to confirm this. 

Intermittent bottle roll (IBR) acid leach testing was intended to be performed on the Stage 2 (2015) 

Master Composite but was completed on drill core from PAH05002 and not on the more 

representative Master Composite (crusher reject material from multiple holes across the deposit). 
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The IBR acid leach results show that the leach kinetics at a sustained acid concentration of 5 g/L 

are slow, with the extraction rate decreasing substantially after 2 hours.  

IMO completed forward kinetic modelling to assess the leach extraction and acid consumption rate 

over the same retention times used in the actual IBR acid leach tests. The modelling concluded 

that an acid concentration in the range of 15 g/L to 20 g/L is likely required for the weathered or 

oxidised material to achieve optimal copper extraction levels. The IBR acid leach tests indicated 

there is a low sensitivity to crush size, which is considered positive. 

3.5.7 SRK’s Opinion 

Pahtohavare is Critical’s premier copper-gold project; it is based on a former small-scale mining 

operation and hosts a current Mineral Resource. Metallurgical testwork has identified a processing 

pathway for the recovery of copper and gold from the oxide ore.   

Both Critical and SRK recognise the potential for expanding the currently defined Mineral Resource 

base at Pahtohavare, with both the Central oxide and Southern sulphide deposits remaining open 

down-dip and down-plunge. To date, there has been limited drilling or no drilling beneath the 

deepest mined level at Southern deposit and the Central oxide deposit.   

In addition, there remains good potential to upgrade the current Inferred Mineral Resource to 

Indicated and Measured Mineral Resource categories through further verification of historical 

drilling, along with infill drilling using modern techniques.  

Key risks include upgrading of the low confidence resource, the progression towards assessment 

of the various modifying factors required for completion of a meaningful technical study, i.e., pre-

feasibility study or above, and competing land use studies in the broader Kiruna area. 

3.6 Discovery Zone copper-gold Project 

3.6.1 Project Description 

The Discovery Zone copper-gold Project is located on the shore of and near the Rakkurijärvi lake 

some 6 km southwest of the city of Kiruna and 2.5 km east of the Pahtohavare Project.   

3.6.2 History 

The Discovery Zone mineralisation was initially discovered and outlined by the Anglo/Rio JV in 

1999.  

Between late 2000 and March 2003, the joint venture partners drilled 11 holes in, and close to, the 

Discovery Zone to expand the mineralisation’s limits. An IP geophysical survey (17 lines totalling 

18.6 line kilometres) highlighted a significant northwest-southeast trending IP anomaly that 

appeared coincident with the copper-gold geochemical anomaly. Detailed gravity surveying 

combined with gradiometer magnetics revealed a distinct residual gravity anomaly over the 

Discovery Zone. This was seen to be analogous to the response of the Kiruna and Viscaria 

deposits and suggested that the mineralisation could extend to depths exceeding 1 km. 



 

 

Independent Geologist’s Report on the Mineral Assets of Critical Metals Ltd 

Kiruna Projects    Final 

SRK CONSULTING (AUSTRALASIA) PTY LTD    FEBRUARY 2022    JM/MN 36 

In 2005, the Discovery Zone was explored by Lundin as part of an option agreement with the joint 

venture partners.   

Lundin conducted further diamond drilling and geophysical surveying of the Discovery Zone 

between late 2003 and 2006. These programs were designed to test for extensions of the 

mineralisation both along-strike and down-dip following stratigraphy and for new mineralized zones 

in proximity to the Discovery Zone, targeting the north, northeast and northwest extensions of the 

Discovery Zone IP anomaly.  

Anglo American applied for an Exploitation Concession for the Discovery Zone in 2009. 

In November 2010, the Discovery Zone was acquired as part of the Rakkuri Iron Project permits 

from the Anglo/Rio JV by Scandinavian Resources. Anglo and Rio retained a NSR royalty of 1.5% 

from future production. 

In June 2012, Hannans acquired Scandinavian Resources and its interests in the Pahtohavare 

area.   

In May 2013, Hannans entered into a Heads of Agreement (HOA) with Avalon Minerals Ltd (now 

Sunstone Resources Ltd (Avalon)) for the sale of the Discovery Zone deposit for A$4 million. The 

terms of the HOA were subsequently varied on 1 October 2013 such that the due amount was to 

be undertaken through staged payments contingent on various milestones being reached, including 

the formal granting of an Exploitation Concession over the Discovery Zone within two years.   

In mid-2013, Avalon announced that a high-level scoping study review of the potential economics 

of using material from Discovery Zone as additional feed for its Viscaria processing plant would add 

significant value, provided the Discovery Zone could: 

 be mined via open pit methods (at least 70%),  

 be mined over a 3-year mine life, 

 operate with a strip ratio of 3.4:1, and 

 operate with similar recoveries to those at Viscaria. 

In April 2014, Avalon announced the updated Mineral Resource estimate for the Discovery Zone 

mineralisation.   

On 21 October 2015, Hannans became aware that the Discovery Zone Exploitation Concession 

application had been dismissed by the Mining Inspectorate. As a result, the two parties fell into 

dispute with one another.  

Following various claims and counterclaims, the parties executed a Deed of Termination, 

Settlement and Release on 28 September 2016, meaning that all legal disputes and court actions 

between the parties had been settled, without an admission of liability by either party, and this 

matter is now resolved. The rights and obligations of this matter have been transferred to Critical.   

3.6.3 Recent Exploration 

From the time the Discovery Zone was returned to Hannans and then passed to Critical in late 

2016, no significant exploration activities have been undertaken. Critical plans to evaluate the 
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Discovery Zone as part of a joint development concept with the nearby Pahtohavare copper-gold 

mineralisation. 

3.6.4 Geological Setting 

The Discovery Zone consists of a northeast trending, sub-vertical zone of chalcopyrite and gold in 

magnetite breccias identified from a strong magnetic geophysical anomaly and associated IP 

geophysical anomaly. The IP anomaly indicates a source with a strike length of at least 350 m and 

which is open to the northeast. The survey also indicates a possible extension of 300 m to the 

southwest. The average width of the zone appears to be 50 m. 

The Discovery Zone deposit is hosted within intermediate to mafic metavolcanic rocks that are 

overprinted by a major northeast trending shear zone. The shear zone envelopes the entire 

Discovery Zone deposit and is interpreted to control its steeply dipping orientation as well as that of 

the host rocks. Alteration consists of early albitisation associated with magnetite precipitation, 

overprinted by sodic-potassic (biotite + scapolite + K-feldspar) and then propylitic (calcite + epidote 

+ muscovite + chlorite + hematite) alteration. Chalcopyrite + pyrite mineralisation is interpreted to 

be associated with the propylitic stage. Both textural and chemical observations indicate that the 

chalcopyrite and pyrite post-dates magnetite mineralisation. 

The Discovery Zone deposit consists of magnetite breccias filled with a matrix of mainly 

chalcopyrite – pyrite-calcite. Textures range from crackle breccia, with jigsaw fit of adjacent clasts 

on the margins of the breccia zones, to a matrix-supported breccia in the main mineralised zones. 

This textural observation is interpreted to indicate that a copper- and sulphur-rich hydrothermal fluid 

came into contact with the magnetite (possibly causing the brecciation through hydrofracturing) and 

that the oxide chemistry of the magnetite caused copper and sulphur to be precipitated as 

chalcopyrite and pyrite around the breccia clasts. 

The mineralisation strikes east-west, is 600 m in length and 300 m in width, extends to a depth of 

400 m below surface and is coincident with a very strong magnetic geophysical anomaly.   

3.6.5 Mineral Resource  

The current Discovery Zone Mineral Resource estimate was prepared by Salva Resources Pty Ltd 

(Salva) in April 2014 on behalf of Avalon. The estimate was prepared to update a previous estimate 

prepared by Xstract Mining Consultants Pty Ltd (Xstract) in November 2012 and the Discovery 

Zone iron ore estimate prepared by GeoVista in February 2013.   

A comprehensive summary of the estimates and technical information, including Table 1 (JORC 

Code – Sections 18 and 19) are included in Avalon’s ASX Announcement dated 9 April 2014, titled 

“Viscaria Copper-Iron Project Significant Upgrade to the Discovery Zone Mineral Resource 

Estimate for Copper, Gold and Iron”. 
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Table 3-4: Discovery Zone Mineral Resource for copper-gold above a 0.4% Cu cut-off 

Mineral Resource  
Classification 

Tonnes  
(Mt) 

Cu  
(%) 

Au  
(g/t) 

Copper metal 
(t) 

Gold metal 
(oz) 

Indicated  2.8 1.07 0.23 25,000 21,000 

Inferred 6.1 0.96 0.17 46,000 34,000 

Total 9.0 0.80 0.19 71,000 55,000 

 

Table 3-5: Discovery Zone Mineral Resource for iron above a 15% mass recovery cut-off 

Mineral Resource  
Classification 

Tonnes  
(Mt) 

Fe  
(%) 

Mass 
recovery (%) 

Estimated recoverable 
iron* (Mt) 

Indicated  3.0 40.6 53.2 1.1 

Inferred 6.7 37.7 49.0 2.3 

Total 9.7 38.5 50.3 3.4 

Accompanying statements: 

1. *Estimated Recoverable Iron = Tonnes x Mass Recovery x Fe % in concentrate (69% Fe) and is based on 

Davis Tube Recovery (DTR) testwork at a 75 microns grind size.  

2. The effective date of the Mineral Resources is 12 April 2014. 

3. Total Discovery Zone Indicated and Inferred Mineral Resource reported for copper-gold above a 0.4% Cu 

cut-off, and for iron above a 15% mass recovery cut-off, are broadly coincident spatially.  However, to 

avoid mixing geological domains, they are modelled and reported separately. 

4. The information in this Report that relates to the Discovery Zone Mineral Resource is based on 

information compiled by Mr Trevor Ellice, who is a Member of the AusIMM. At the time of preparation, Mr 

Ellice was a full-time employee of Salva (HDR Salva, now an employee of Chinova Resources Pty Ltd) 

and has no interest in, and is entirely independent of Critical. Mr Ellice has sufficient experience which is 

relevant to the style of mineralisation and type of deposit under consideration and to the activity which he 

is undertaking to qualify as a Competent Person as defined in the 2012 JORC Code. Mr Ellice consents to 

the inclusion in this Report of the matters based on his information in the form and context in which it 

appears. 

5. The Mineral Resource estimate has not been affected by any known environmental, permitting, legal, title, 

taxation, socio-political, marketing, or other relevant issues. 

6. Note all Resource Estimates and Exploration Results within the report pertaining to the Discovery Zone 

Project have been prepared and reported under the 2012 JORC Code. Critical confirms that all material 

assumptions and technical parameters underpinning the estimates continue to apply and have not 

materially changed. Critical confirms that the form and context in which the Competent Person’s findings 

are presented have not been materially modified from the original announcements. 

7. The 2014 Mineral Resource estimate relies on historical diamond drill core acquired over several 

campaigns by three different companies. A total of 41 drill holes were used for the estimate. Lundin 

completed most of the drill holes (31 of 41) between 2004 and 2006, with eight drill holes completed by 

the Anglo/Rio JV between 2000 and 2002 and a further two holes completed earlier in 1999 by Rio Tinto. 

Drill holes are located on 50 m spaced north–south oriented section lines, with the majority of holes drilled 

towards the north. 
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8. Avalon provided sectional 3D interpretations of the Discovery Zone deposit which were used to create a 

3D interpretation and geological domains using cut-off grades of 0.2% Cu and 10% Fe. The copper and 

gold mineralisation were wireframed separately to the magnetite mineralisation.   

9. HDR Salva created a 10 m by 10 m by 10 m volume block model within each geological domain, with sub-

cells down to 1 m. Ordinary Kriging was used as an interpolator to estimate copper, iron and gold grades 

into blocks. Estimation parameters were based on the drill hole spacing, variography and cross validation.   

10. An analysis of specific gravity derived a dry bulk density factor for the relationship between iron grade and 

bulk density. It is unclear from the available documents whether the factor was supplemented by test 

results, it can be very unreliable if used in isolation. 

11. Grade models were validated by visual inspection and comparison between sample and block means, on 

a local and global basis.  

12. The Mineral Resource estimates were classified by taking the following into account: 

– Sample spacing along strike and dip and the relation to continuity determined by variography 

– Kriging variance associated with block estimates 

– Quality of assay data supporting the estimate.   

HDR Salva accumulated tonnage values above a specific cut-off grade to prepare grade-tonnage 

curves, as shown in Figure 3-8 (Cu – %) and Figure 3-9 (Fe – % mass recovery). The curves show 

the relationship between the modelled tonnage and grade at incrementally increasing cut-off 

grades. 

 Figure 3-8:   Grade-tonnage curve for Cu (%)  
for Discovery Zone copper model 

Figure 3-9:  Grade-tonnage curve for mass 
recovery (% Fe) for Discovery Zone 
iron model (cut-off 15% mass recovery 
annotated) 

  

Source: HDR Salva 2014 in Avalon’s ASX Announcement dated 9 
April 2014 

Source: HDR Salva 2014 in Avalon’s ASX Announcement dated 9 April 
2014 

Further details of the estimate as per the JORC Code (2012) Table 1 are provided in Appendix C. 

3.6.6 Mining 

In June 2013, the Discovery Zone was assessed by Xstract as part of an integrated mining concept 

for Avalon’s Viscaria Project. Under this concept, the Discovery Zone deposit was to be mined via 

an open pit at a rate of 1.5 Mtpa over a mine life of 6.75 years using contract miners (with all 
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equipment to be supplied), with the Discovery Zone Pit to be one of the main contributors to the 

Project’s cash margin, the other being Avalon’s D-Zone. 

To date, Critical has not undertaken subsequent work in terms of assessing the likely mining 

scenarios for the Discovery Zone on a stand-alone basis or under an integrated model with the 

Pahtohavare deposit.   

3.6.7 Metallurgy 

Preliminary iron-related metallurgical testwork was conducted by Mineral Engineering Technical 

Services Pty Ltd (METS) in late 2012. The results of magnetic separation by DTR are summarised 

in Table 3-6. 

Table 3-6: Discovery Zone – Results of magnetic separation testwork 

Percentage 
of feed mass 
recovered in 

DTR (%) 

Fe recovered 
in DTR as 

percentage of 
Fe in feed (%) 

DTR 
conc. Fe 
grade (%) 

DTR 
conc. 

SiO2 (%) 

DTR 
conc. 

Al2O3 (%) 

DTR 
conc. P 

grade (%) 

DTR 
conc. S 

grade (%) 

60.0 89.6 70.8 1.0 0.2 0.003 0.035 

SRK is not aware of any other metallurgical testwork pertaining to the Discovery Zone 

mineralisation having been undertaken. 

3.6.8 SRK’s opinion 

Following the resolution of a protracted legal dispute, the Discovery Zone was returned to Critical.  

While the Discovery Zone mineralisation had previously been assessed as part of an integrated 

development concept by Avalon, Critical proposed further exploration aimed at assessing the 

economic viability and associated synergies emanating from a combination of the Pahtohavare and 

Discovery Zone mineralisation. To this end, initial exploration at the Discovery Zone was expected 

to be dependent on exploration activities at Pahtohavare. 

In SRK’s opinion, further exploration is warranted and justified. 

3.7 Rakkuri Iron Project 

3.7.1 Project Description 

The Rakkuri Project is located some 5 km south of Kiruna and comprises two main skarn-hosted 

magnetite deposits; the Rakkurijoki and Rakkurijärvi deposits. The Rakkurijoki deposit is the more 

advanced of the two, having been the subject of a scoping study in 2013. The nearest road is 

approximately 250 m away and rail and power lie at a distance of approximately 3 km. The 

Rakkurijärvi deposit is located approximately 2 km southwest and along strike of the Rakkurijoki 

deposit and is some 8 km south west of Kiruna township. Almost all of the mineralisation at 

Rakkurijärvi is located under the Rakkurijärvi lake and detailed environmental studies will be 

required to understand the impacts of draining the lake for a potential mining scenario.   
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3.7.2 History 

The site of the Rakkurijärvi deposit has been known since 1898 when it was identified based on 

magnetic measurements. Detailed geological mapping, boulder surveys and geochemical and 

geophysical prospecting by the Geological Survey of Sweden in the 1950s and 1960s identified 

other mineralised zones in the area, including the deposit at Rakkurijoki. These investigations were 

followed by several drilling programs by the SGU and LKAB as part of the Swedish Iron Ore 

Inventory Programme during the 1970s (Wägman and Ohlsson, 2000). Historically, most of the 

drilling over the Rakkuri Project area was completed by LKAB and/or the SGU using the same 

equipment, laboratory, exploration teams and operating standards as at the nearby Kiirunavaara 

mine. 

The area around Rakkurijärvi was investigated by Rio Tinto and Anglo American through the 

Norrbotten Joint Venture from 1999 until optioning out the property to Lundin in 2004.  

Kiruna Iron AB, a wholly owned subsidiary of Critical, acquired the Rakkurijärvi nr 2 concession 

from Rio Tinto and Anglo American in December 2010.   

Following the acquisition of the Rakkuri Project in late 2010, Hannans completed more than  

12,000 m of diamond drilling, culminating in the maiden Mineral Resource estimate in mid-2011 

prepared by independent consultancy GeoVista AB (Sweden). 

In December 2012, Rio Tinto sold its interest in the NSR royalty to Vaaldiam Mining Inc. 

In February 2013, Hannans announced the results of a scoping study (ASX Announcement dated 

13 February 2013), which demonstrated the Rakkurijoki deposit has the potential to supply an iron 

product over a 12-year mine life, at a premium price, to the European and Middle East/North 

African markets.  The study evaluated the practicality of combining a low-cost logistics solution with 

lowest mining, processing, financial and execution risk. A decision was then made to include the 

Rakkurijärvi iron deposit in a pre-feasibility study. Combining the two deposits was considered 

likely to extend the mine life and enhance the economic outcomes of the Rakkuri Project, with only 

minimal additional expenditure required. 

In October 2013, Hannans commissioned an independent consultancy, Breakaway Mining 

Services Pty Ltd (Breakaway) to complete an updated Mineral Resource estimate for the 

Rakkurijoki iron deposit incorporating an additional 24 diamond holes drilled by Hannans at the 

Rakkurijoki deposit.  This estimate was completed as an internal update (i.e., not publicly reported 

estimate) in compliance with JORC Code (2004). 

In February 2014, Hannans granted a Third Party the exclusive right to complete due diligence on 

Rakkuri, in consideration for which Hannans received a US$1 million signing bonus. In December 

2014. Hannans announced that test work completed by the Third Party confirmed the validity of 

Rakkuri Iron Project data however the exclusive right ended without a sale and purchase 

agreement being reached. It is noted that during the period of the exclusive right the iron ore price 

decreased from US$122/t to US$68/t for iron ore (any origin) fines, spot price, cfr China, 62% Fe. 

Rakkuri has the potential to produce a premium grade +69% Fe iron product.  
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3.7.3 Geology and Mineralisation 

Rakkurijoki 

The Rakkurijoki deposit is a skarn-type iron ore deposit hosted within the Kiruna Greenstone Group 

(2.2 to 2.0 Ga). The magnetite ore at Rakkurijoki extends over a 1 km length, varies in width from 8 

m to 100 m and remains open at depths of more than 400 m below surface. It is hosted between a 

meta-arenite hanging wall and mafic tuff footwall; both of which are commonly intruded by strongly 

scapolite altered intermediate and mafic porphyritic dykes. A single, much thicker (up to 20 m wide) 

intermediate dyke can be traced through most drill profiles and appears to act as an important 

control on the magnetite mineralisation. 

The ore occurs as two distinct types:  

 A stratigraphically lower banded ore that is lower-grade (25% to 45% Fe), contains 1% to 3% 

S (mainly from pyrite, but also minor pyrrhotite and chalcopyrite) and the magnetite is often 

disseminated in a biotite-actinolite matrix.  

 A higher-grade upper ore (45% to 60% Fe), which generally contains ≤1% S and has a more 

massive appearance.  

The contact between the two magnetite ore types is gradational. No magnetite occurs in the 

footwall mafic tuff or the meta-arenite hanging wall, with the upper ore contact almost always 

strongly skarn (pyroxene-amphibole-biotite-phlogopite) altered. 

The magnetite mineralisation at Rakkurijoki averages approximately 50 m in thickness but is up to 

100 m in some sections. It generally contains a range of gangue minerals, including calcium-

magnesium silicates (tremolite, actinolite, diopside and less commonly hornblende) and 

magnesium silicates (phlogopite-biotite, serpentinite and less commonly olivine, chlorite and talc). 

Small amounts of sulphides (including pyrite, chalcopyrite and pyrrhotite) are also found in sections 

of the deposit. 

The higher-grade ore has been classified as a skarn iron ore by Kiruna Iron AB’s geologists who 

believe that the banded iron formation (BIF) ore was upgraded to the more massive ore through 

metasomatism (skarn event) related to the emplacement of the dykes along a prominent shear 

zone located immediately below the meta-arkose.  
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Figure 3-10: Rakkurijoki deposit cross section looking northeast 

 
Source: Kiruna Iron AB 

Rakkurijärvi 

The known mineralisation at Rakkurijärvi comprises two 400 m long zones ranging in width from  

45 m to 138 m and extending to depth of 300 m below surface. The host rocks to the deposits 

consist of strongly altered conglomerate and trachyandesite lavas interbedded with thin marble 

banks and pelitic sediments. These are cut by a northeast trending shear zone, which either hosts 

the mineralisation or is spatially associated with the mineralisation and is affected by extensive 

carbonate metasomatism.  The mineralised zones comprise chalcopyrite-pyrite mineralised 

magnetite breccias, which grade laterally into magnetite-lithic breccias and lithic breccias. 

3.7.4 Previous Resource estimates 

In February 2013, GeoVista AB prepared a resource estimate for the Rakkuri Project (including the 

Rakkurijärvi and Rakkurijoki deposits), updating an earlier estimate by GeoVista AB prepared in 

July 2011. The 2013 estimate was prepared in support of a scoping study as announced to the 

market in Hannan’s ASX Announcement dated 13 February 2013, titled “Scoping Study Confirms 

Development Potential of Rakkurijoki Iron Deposit, Sweden”. The February 2013 Mineral Resource 

estimate comprised a total Inferred Resource of 144.1 Mt at 34.4% Fe based on a 20% Fe cut-off 

grade.   

This estimate has now been superseded by Breakaway’s 2017 estimate as reported in Section 

3.7.5. 
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Table 3-7: Rakkuri Project 2013 Inferred Resources at 20% Fe cut-off (including the 
Rakkurijoki and Rakkurijärvi deposits 

Prospect 
Tonnage  

(Mt) 
Iron  

(% Fe) 
Phosphorous 

(% P) 
Sulphur  

(% S) 

Rakkurijoki 74.5 39.7 0.28 0.89 

Rakkurijärvi 69.6 28.5 0.07 0.93 

Combined  144.1 34.4 0.18 0.91 

3.7.5 Current Mineral Resource 

In June 2017, Breakaway updated its previous internal estimates of the defined Mineral Resources 

at the Rakkurijoki and Rakkurijärvi deposits to provide reporting in compliance with the JORC Code 

(2012). 

Table 3-8: Rakkuri Project 2017 Resource estimate at 20% Fe cut-off (including the 
Rakkurijoki and Rakkurijärvi deposits) 

Prospect Classification 
Tonnage  

(Mt) 
Iron  

(% Fe) 
Phosphorous 

(% P) 
Sulphur  

(% S) 
Density 
(t/m3) 

Rakkurijoki 

Indicated 37.2 37.3 0.22 2.0 3.4 

Inferred 38.3 37.3 0.21 2.0 3.4 

Total 75.5 37.3 0.21 2.0 3.4 

Rakkurijärvi Inferred 55.7 27.5 0.07 0.9 3.2 

Combined Indicated and 
Inferred Total 

131.2 33.1 0.15 1.5 3.3 

Accompanying statements: 

1. The Mineral Resource estimate for the Rakkurijoki and Rakkurijärvi deposits is effective from June 2017 

and has been prepared by Mr Geoff Reed of Breakaway, acting as an Independent Competent Person. 

Mr Reed is a Fellow of the AusIMM. Mineral Resources for Rakkurijoki and Rakkurijärvi have been 

prepared and categorised for reporting purposes by Mr Reed, following the guidelines for the JORC Code. 

Mr Reed is qualified to by a Competent Person as defined by the JORC Code on the basis of training and 

experience in the exploration, mining and estimation of mineral resources for ferrous deposits.  Mr Reed 

consents to the inclusion in this Report of the matters based on the information in the form and context in 

which it appears. 

2. Note all Resource Estimates and Exploration Results within the report pertaining to the Rakkurijoki and 

Rakkurijärvi deposits have been prepared and reported under the 2012 JORC Code. Critical confirms that 

all material assumptions and technical parameters underpinning the estimates continue to apply and have 

not materially changed. Critical confirms that the form and context in which the Competent Person’s 

findings are presented have not been materially modified from the original announcements. 
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The Rakkurijoki Mineral Resource was constructed using geological and assay information from 36 

diamond drill holes for a total of 13,124 m and 2,232 assayed samples. All holes were drilled by 

LKAB or Kiruna Iron AB (KIAB, a subsidiary of Critical). The Rakkurijärvi Mineral Resource is 

based on data from 13 drill holes with a total of 2,954.9 m of drilling and 713 assayed samples. 

Hole spacing varies across the deposits but is generally on a 40 to 130 m pattern along strike.  

Breakaway has not investigated the drilling procedures, quality assurance and quality control 

(QAQC) data and assay data from the original laboratory sheets from the post-2013 drilling 

program. Instead, Breakaway has reviewed the drilling procedures, QAQC and assay reports as 

well as the digital data supplied by Hannans. Based on its review, Breakaway has concluded the 

data is acceptable for resource estimation purposes. 

For both deposits, composites of assay data with run lengths of 1 m were generated and honour 

the geological wireframes. No high-grade cuts were applied. The same relative density method as 

previously adopted by GeoVista AB Rakkurijoki resource estimate was adopted and is based on an 

algorithm derived from previous density measurements and Fe grade on Rakkurijoki drill core.   

The geological model for the Rakkurijoki deposit is based on a drill pattern of approximately 40 m 

by 130 m with the mineralisation intersected on 10 sections to a depth of 550 m below surface. The 

mineralisation strikes 45° and dips at between 60° to 70° to the northwest. The Rakkurijoki 

mineralisation is modelled as a high-grade mineralised domain and a low-grade mineralised 

domain – defined using lithological boundaries, where possible and an iron grade cut-off of 20%. 

The geological model for the Rakkurijärvi deposit is based on a drill pattern of approximately 40 m 

by 130 m with the mineralisation intersected on 5 sections to a depth of 200 m below surface. The 

mineralisation strikes 55° and dips at between 60° to 70° to the northwest. Rakkurijärvi is modelled 

as a single mineralised domain defined using an iron grade of 20%. 

Block models for both deposits were modelled based on a 50 m by 25 m by 25 m block size, and 

12.5 m by 3.125 m by 3.125 m sub-blocks. 

Grade interpolation was undertaken from 5 m composites using Inverse distance method (power 

not specified and applied to Fe, P and S mineralised blocks) defined by domain wireframes. 

Allocation of composites was calculated a hard boundary at the domain wireframes. Variables were 

populated using one 3 search ellipses: 

 Search 1 - maximum 8 sample octant searches with minimum of 5 octants having minimum 

samples per octant of 1 (minimum 5 samples, maximum 32). 

 Search 2 - maximum 8 sample octant searches with no minimum requirement of samples per 

octant (minimum 2 samples, maximum 32) 

 Search 3 - no octant search limitation (minimum 1 samples, maximum 40). 

The Rakkurijoki Mineral Resource was classified by a two-stage process, namely based on the 

search pass 1 flag variable and medium confidence solids based on grade and geological 

continuity with the deposit ultimate classified as Indicated and Inferred. 

The Rakkurijärvi Mineral Resource was classified by a single-stage process, namely based on the 

low confidence solids based on grade and geological continuity with the deposit ultimately 

classified as Inferred. 
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The grade tonnage relationships are illustrated in Figure 3-11 and Figure 3-12. Since the 

mineralisation boundary has been based at a nominal 20% Fe threshold, the resource has also 

been reported above a 20% Fe cut-off grade. 

Figure 3-11: Grade-tonnage curve for Rakkurijoki model 

 
Source: Breakaway (2017) 

Figure 3-12: Grade-tonnage curve for Rakkurijärvi model  

 
Source: Breakaway (2017) 

Further details relating to the Rakkuri Mineral Resource are provided in Appendix D – Rakkuri Zone 

JORC Code (2012) Table 1. 

3.7.6 Exploration Potential 

Critical and SRK acknowledge that further diamond drilling is required at the Rakkuri deposits in 

order to upgrade the presently defined resources and thus to be able to include this material in 

economic evaluations over and above those completed to date as part of the 2013 scoping study. 
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SRK Commentary 

In the context of the available information, it is SRK’s opinion that the Mineral Resource estimate 

for the Rakkuri Iron Project has been completed using data with a reasonable level of confidence. 

SRK notes that no data has been presented on core recovery and how this has been dealt within 

the estimate in instances where the sample intercept may have been affected by low core 

recovery. 

3.7.7 Mining, Metallurgical and Processing Considerations 

Mining 

In 2013, Hannans completed a scoping study into the potential development of the Rakkurijoki iron 

deposit as set out in Hannan’s ASX Announcement dated 13 February 2013, titled “Scoping Study 

Confirms Development Potential of Rakkurijoki Iron Deposit, Sweden”. 

Based on the assumptions at the time, the Rakkurijoki deposit was estimated to have a projected 

life of mine of approximately 12 years on a stand-alone basis. It was expected to produce a 

premium quality iron product (69%) attracting a premium price above the standard 62% Fe fines 

product. 

The Whittle™ schedules were prepared by Rock Team and indicated that the highest value option 

was achieved by means of a three-stage open pit design followed by processing and shipping 

through the Port of Narvik. Under this approach, the open pit would be developed in three 

pushbacks and adopt a top-down, bench-by-bench method. Conventional mining activities are 

expected to occur as part of the sequence; these are to comprise drill and blast, with blast hole 

sampling for grade control to be followed by load and haul. 

Metallurgy 

METS conducted preliminary metallurgical testwork in late 2012. The results of magnetic 

separation testwork by DTR are summarised in Table 3-9. 

Table 3-9: Rakkuri deposit – Results of magnetic separation testwork 

Deposit 

Percentage 
of feed mass 
recovered in 
the DTR (%) 

Fe recovered 
in DTR as a 

percentage of 
Fe in feed (%) 

DTR conc.  
Fe grade (%) 

DTR 
conc. 
SiO2 

(%) 

DTR 
conc. 
Al2O3 

(%) 

DTR 
conc.  

P grade 
(%) 

DTR 
conc.  

S grade 
(%) 

Rakkurijoki 45.2 83.8 69.2 1.0 0.3 0.009 0.365 

Rakkurijärvi 25.2 76.1 68.9 2.2 0.4 0.005 0.022 

Core from diamond drill holes from the Rakkurijoki and Rakkurijärvi deposits have been the subject 

of preliminary metallurgical testwork comprising head grade assay and DTR testing. DTR tests 

were carried out on selected composites based on head assay results. 

The purpose of the testwork was to determine whether the magnetite was upgradable and this 

proved successful. The DTR testwork was carried out on samples pulverised to 45 microns (P80 of 

45 microns), with the grind size to be optimised. 
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METS concluded from the results for the Rakkuri deposits as follows:  

 Iron feed grades were variable with an average, medium grade iron (35.9% Fe). DTR 

concentrate grades were high, at average recovery rates of 69.2% Fe and 84% Fe. 

 The alumina, silica and phosphorous grades were acceptable in most of the test holes (some 

elevated levels of phosphorous were identified).  

 Sulphur levels are very high (average 0.3% S) and the ore requires some beneficiation to 

reduce the sulphur levels to produce a saleable iron concentrate. 

Further work was recommended to determine the optimal grind size for magnetic separation and 

the potential for coarse cobbing (rejecting waste at coarse grind sizes) as well as to investigate the 

opportunity for reduction of sulphur and phosphorous through beneficiation. 

Processing 

In addition to the metallurgical testwork, METS was also engaged to consider the likely plant 

design and costs associated with a range of development options. 

Preliminary analysis confirmed other contaminants: SiO2 and Al2O3 were at levels able to be 

processed based on the proposed plant design. 

3.7.8 SRK opinion 

Collectively, the Rakkurijoki and Rakkurijärvi deposits offer the Company the potential for near term 

stand-alone production of high-quality iron concentrates which can attract a premium on the 

European and North African/Middle East markets. This development potential has previously been 

established at a scoping study level and is supported by the project’s location relative to key 

transport infrastructure (including road, rail and port). Environmental field data is being collected 

and social impact studies are ongoing. 

Critical’s goal at Rakkuri is to determine whether the project has the potential to host sufficient 

tonnages and grades of iron which appropriate chemical properties to support the production of 

premium grade iron ore concentrate.  

SRK considers Critical’s plans to further advance and evaluate the Rakkuri iron deposits to be 

warranted.   

3.8 Paljasjärvi Iron Project 

3.8.1 Project Description 

The Company’s Paljasjärvi Project is centred at Latitude 68°09’55” N and Longitude 22°14’18” E in 

the Lannavaara metallogenic district of Norrbotten County, Sweden. The Project lies approximately 

120 km by road northeast of Kiruna, 23 km northeast of the town of Övre Soppero (population 200) 

and 13 km east of the E45 road between the villages of Vittangi (population 780) and Karesuando 

(population 350), in relative proximity to the Swedish borders with both Finland and Norway.   
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The topography of the area is relatively flat with several ridges attaining a maximum elevation of 

571 m amsl at Sautustunturi along the southern permit boundary. The project area is rich in 

marshes, mires, lakes and creeks, including the south-draining Sautusjoki.  

Access to the Project is from the E45 road and thereafter along secondary tracks and trails, 

although there is no summer vehicle access apart from ATV.  

There is no existing infrastructure at Paljasjärvi, but the project is only 17 km from the village of 

Lannavaara and the nearest open access heavy gauge railhead to Paljasjärvi is located at 

Svappavaara (420 inhabitants). 

Hannans previously investigated various transport options for the project including accessing the 

Svappavaara railhead by road (80 km), as well as the potential to build a heavy gauge rail from the 

deposit to Karesuando (25 km) and then alongside the existing E8 road highway to the deep-water 

Fjord at Skibotn in Norway (145 km). Other alternatives included the potential to transport iron 

concentrate and natural gas by pipeline from the project to a proposed port in Skibotn, Norway. 

Figure 3-13: Location of the Paljasjärvi deposit and potential infrastructure options 

 

Source:  Hannans ASX Announcement dated 1 July 2014. 

The project area lies outside designated Natura 2000 areas and outside competing Areas of 

National Importance. 

3.8.2 History 

Iron ores were first discovered in the Lannavaara area in the early 1920’s by magnetic 

measurements (Högbom, 1924). In the 1960’s the SGU conducted a general investigation of the 

iron ores in Norrbotten county in northern Sweden. 

The Paljasjärvi magnetite deposit was first located by aeromagnetic measurements and 

investigated by Jonson & Co by ground magnetic geophysical surveys between 1959 and 1961. In 

1963, Jonson & Co drilled seven drill holes for a total of 830 m. Little historic information exists 
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today except for the drillcore from three holes, which is stored in Malå, Sweden. According to 

historic reports, the mineralised zone averages 30 m in width with 36 to 39% Fe, although higher 

grade sections do occur.     

In 1987, STC Mineral AB reported a deposit tonnage and grade of 45 Mt at 40% Fe to a depth of 

300 m. 

No further work was conducted over the area until Scandinavian Resources acquired the project in 

2010. Scandinavian Resources (Hannans subsidiary) initially conducted desktop appraisals over 

the Paljasjärvi area based on airborne magnetic and electromagnetic geophysical surveys 

conducted by the Geological Survey of Finland (GTK) on behalf of Anglo American, the data of 

which Scandinavian Resources as part of the Rakkuri acquisition in 2010.  

In 2011, Hannans completed a detailed ground magnetic and gravity geophysical survey 

comprising nine profiles at an average 300 m spaced intervals to gain a better understanding of the 

mineralisation.   

In early 2012, the geophysical data (including the Anglo American airborne electromagnetic and 

magnetic data) was modelled and using the results of historic drilling as control, GeoVista AB 

determined a potential grade and tonnage range for the mineralisation at Paljasjärvi (refer Section 

3.8.4).  

In 2012, Hannans completed initial DTR metallurgical testwork on five composite samples derived 

from historic drill core (ASX Announcement dated 24 October 2012). As only limited material was 

available within the historic drill core, the mineralised zones within the Paljasjärvi deposit were not 

well represented.   

Composite intervals were calculated using geological logs, magnetic susceptibility and iron assays 

(X-ray fluorescence) with a lower cut-off of 20% Fe and a maximum internal dilution of 5 m. 

Crusher rejects from previous assay work were dispatched to Labtium in Finland where the 

samples were dried, crushed and split prior to pulverising with >90% passing a screen size of 100 

microns. Samples were then dispatched to the GTK for the DTR testwork. The feed, concentrate 

and tails were then assayed by inductively coupled plasma ICPOES after sodium peroxide fusion. 

Saturation magnetisation (SATMAGAN) measurements were also collected. 

Table 3-10: Paljasjärvi DTR metallurgical results 

Parameter Paljasjärvi 1 Paljasjärvi 2 Paljasjärvi 3 Paljasjärvi 4 Paljasjärvi 5 

% Fe in Feed 43.0 37.8 34.7 36.0 25.5 

% magnetite in Feed 50.4 44.5 40.5 45.0 29.2 

% DTR Mass Recovery 57.2 48.9 45.2 1.9 30.8 

% Fe Recovery in DTR 93.7 88.6 87.7 93.1 81.6 

DTR conc. Fe% 72.6 72.7 67.3 66.7 67.2 

DTR conc. SiO2% 1.16 0.93 2.29 3.10 2.52 

DTR conc. Al2O3% 0.39 0.19 0.35 0.35 0.44 

DTR conc. P% <0.05 <0.05 <0.05 <0.05 <0.05 

DTR conc. S% 0.47 0.13 0.04 0.38 0.65 

Source: Hannans ASX announcement dated 24 October 2012 
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The results from this testwork program confirm that a high grade (>68% premium quality 

concentrate can be produced from mineralised material at Paljasjärvi and show iron recoveries are 

high, ranging from 81.6% to 93.7%. The DTR results indicate that the Paljasjärvi ores have 

elevated sulphur levels due to the presence of sulphides (pyrite, pyrrhotite and chalcopyrite). Silica, 

alumina and phosphorous levels in the resultant concentrate were all below iron ore specification 

limits. 

In January 2014, a workplan for diamond drilling was approved and focus again returned to 

Paljasjärvi as a concept was born to either rail or slurry ore from the Lannavaara area through to 

Skibotn, Norway.  Scandinavian Resources subsequently conducted a series of meetings with 

stakeholders in Sweden, Norway and Finland regarding the opportunity to mine and process iron 

ore near Lannavaara, Sweden, transporting the product by rail from the site to Karesuando, Finland 

and onto a new port in Skibotn, Norway.   

In September 2014, Hannans announced that it had initiated a scoping study to assess the 

feasibility of developing a viable iron ore business based out of Lannavaara. Ausenco was 

engaged to complete a conceptual pipeline study and cost estimate for both magnetite concentrate 

from Lannavaara to Skibotn and natural gas from Skibotn to Lannavaara. However, due to 

depressed prices only very limited work was completed at Paljasjärvi from 2015. 

In 2021, Kiruna Iron completed a drone magnetic survey over the Paljasjärvi Project area. Finish 

geophysical contractor GRM completed the survey using a quadcopter carrying a GEM-GSMP35 

potassium magnetometer on 25 m spaced survey lines for a total of 165 line kilometres. The new 

data revealed at least two distinct magnetic units rather than a broad single unit as identified by the 

airborne magnetic and electromagnetic geophysical survey conducted by the GTK on behalf of 

Anglo American. Preliminary modelling of the newly acquired data has shown that the best part of 

the 3.5 km long anomaly is located in the north where an approximately 1 km long zone of intense 

magnetic susceptibility is located and this zone will be the primary focus of future work at the 

Paljasjärvi Project, including diamond drilling for which, at the time of writing, there is an approved 

workplan for.    

3.8.3 Geology and Mineralisation 

The Paljasjärvi deposit is one of the most prominent magnetic features in the Kiruna district. It 

comprises a 3.5 km long magnetic geophysical anomaly striking north-south, with additional 

magnetic anomalies located along strike to the north and northwest. The mineralised zone is 

interpreted to dip steeply towards the east and appears to be regular in character. 
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Figure 3-14:  Paljasjarvi total magnetic intensity – 3.5 km with additional magnetic 
anomalies along strike to the north and northwest 

 

Source:  Hannans ASX Announcement dated 1 July 2014 

The Paljasjärvi deposit is hosted with in Paleoproterozoic (2,500 to 1,600 Ma) volcanic and 

sedimentary rocks of the Veikkavaara greenstone group in the Lannavaara area, which are 

interpreted to have been deposited in a shallow marine environment. The greenstone group is 

dominated by tholeiitic tuffites, with intercalated graphite bearing schists, biotite-rich quartzites, 

marls, amphibolite schists and limestones and intruded by mafic sills. Graphitic schist and silicate 

oxide facies BIF are common in the upper part of the greenstone succession and contain skarn iron 

ore deposits at the stratigraphic equivalents of BIFs. The local geology is not well constrained due 

to a lack of outcrop. The greenstones were deformed and metamorphosed during the 

Svecokarelian orogeny (1.9 to 1.8 Ga), which is represented in the area by monzogranite, 

syenogranite, adamellite, pegmatite and aplite intrusive bodies of the Lina suite (1.82 to 1.76 Ga). 

Paljasjärvi is a shallow skarn iron deposit which is very similar to other skarn deposits in the Kiruna 

district consisting of magnetite together with serpentine, pyroxene, amphibole and minor amounts 

of pyrite, pyrrhotite and chalcopyrite. Locally it contains interlayers of chert or barren skarn. The 

mineralised horizon is approximately 3,500 m long, dipping steeply towards the east and rather 

regular in character.  It is approximately 30 m wide and contains between 36 to 39% Fe on average 

in drill core sections and up to 49% Fe in individual analysed sections.   

Chemically, the ore is slightly enriched in cobalt (100 to 200 ppm) and has a low gold content 

(<0.01 ppm), vanadium (40 to 250 ppm), manganese oxide (0.07 to 0.29%) and low REE content 

(up to 33 ppm La). 

The hangingwall to the Paljasjärvi deposit consists of quartz-rich rock (5 to 15 m) with some skarn, 

chlorite and mica followed by biotite higher up in the stratigraphy.  At the footwall contact, 10 to  
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20 m of skarn (amphibole, pyroxene, serpentine) with some magnetite and quartz rich parts are 

followed at depth by biotite schist with some skarn and partly quartz rich. Narrow dykes of aplite-

pegmatite occur locally in the mineralised zone and in the northern part of the deposit, larger 

intrusions of diorite and granodiorite occur in the hangingwall and partly in the footwall to the 

deposit. 

3.8.4 Exploration Potential 

Previous explorers have considered the potential for the Paljasjärvi deposit to host significant 

tonnages of iron ore as being high. The current Paljasjärvi Exploration Target was first reported by 

Mr Thomas Lindholm of GeoVista AB in 2010 and ranges from 40 to 60 Mt at grades of between 30 

to 40% Fe.   

The Exploration Target is based on the results of drill testing (to a depth of 200 m and based on a 

density of 4 g/cm3), ground geophysical surveys and interpretation by the Geological Survey of 

Sweden. The potential quantity and grade of the defined Exploration Target is conceptual in nature 

and there has been insufficient interpretation to delineate a JORC Code complaint Mineral 

Resource.  It is uncertain if further exploration and interpretation will result in the determination and 

reporting of a JORC Code compliant Mineral Resource. 

Based on a review of the previous geophysical interpretations it is evident that the publicly stated 

exploration target is relatively conservative when compared against the results of from both 

airborne magnetic/electromagnetic and ground based magnetic/gravity surveys and subsequent 

interpretation.  As such, there appears to be further potential to materially upgrade the stated 

tonnages based on the depth extents and adjacent targets with ongoing assessment. 

3.8.5 SRK Opinion 

Historic diamond drilling has confirmed the iron content of the geophysical target and previous 

metallurgical testwork has confirmed the ore upgrades to a premium grade. Despite the studies 

completed to date, increased technical understanding of the deposit and likely iron ore products is 

required. A substantial amount of drilling is also needed to further define the deposit and to 

ultimately generate and report a JORC Code compliant Mineral Resource estimate. In addition, 

further metallurgical testwork is also required to better characterise the likely ores and potential 

products.   

In addition, extensive environmental, social and economic impact studies are required to 

understand the potential permitting process, timelines and impacts of any future mining, processing 

and transportation prior to development. 
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4 Proposed Exploration Programme and Expenditure 

Critical’s principal focus is to supply the European energy storage industry with metals from the 

Nordic region via urban mining.  This involves the recovery of metals from industrial by-products 

stockpiles, namely the VRP. Critical is now seeking to list on the ASX and raise capital to fund the 

VRP.   

The mineral assets described in this Report are considered by the Company to be non-core assets 

and Critical will seek to divest these assets as soon as practicable after completion of the IPO. As 

such, Critical proposes to undertake any such activities to maintaining the standing of its mineral 

tenures until such time as the mineral assets are divested.  

In SRK’s opinion, Critical’s proposed activities are realistic in the context of the Company’s change 

in focus towards the VRP and amounts to be raised under the IPO.  As such, Critical has not 

proposed a dedicated budget for its mineral assets, other than to undertake such works as to 

actively maintain the status of the tenements. 
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Closure 

This report, Independent Geologist’s Report on the Mineral Assets of Critical Metals Ltd, was prepared by 

Jeames McKibben 

Principal Consultant (Project Evaluation) 

and reviewed by 

Mark Noppe 

Corporate Consultant 

All data used as source material plus the text, tables, figures, and attachments of this document have been reviewed and prepared 

in accordance with generally accepted professional engineering and environmental practices. 
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Source: Hannan’s ASX Announcement dated 3 February 2014 “Re-Release of Maiden JORC Resource at 

Pahtohavare”)  

Section 1 - Sampling Techniques and Data 

Criteria Commentary 

Sampling Techniques • Drillholes were sampled based on observed mineralisation, and the intervals determined by geologic 
contacts. The assaying was conducted by a well-respected laboratory in Luleå (SGAB), using ½ core 
samples, with ICP-MS (base metal) and fire assaying (gold). 

• No further information is available regarding measures taken to ensure sample representivity and the 
appropriate calibration of any measurement tools or systems used. 

Drilling Techniques • All historical drilling (1980s) was drilled using diamond drilling techniques (non-orientated). The early 
drilling used a wire-line 46 mm diameter hole, which changed to 76 mm due to poor recovery in the 
Central area. 

Drill Sample Recovery • Core recovery recorded by geologist logging core. Due to poor recovery using 46 mm drillhole, changed 
to 76 mm drillhole, increasing the recovery. 

• There is no direct correlation between core loss and grade. 

Logging • Geological logging was conducted to a reasonable standard, noting alteration, structures, lithology, 
mineralisation (style, mineral, intensity), core loss. 

• No geotechnical logging was undertaken. 

• Logging is qualitative, and no core photos were taken. All holes drilled were logged from start to end of 
hole. 

Sub-Sampling Techniques 
and Sample Preparation 

• Core was generally cut using a core-saw, with ½ core taken for assaying. Some oxidised sections were 
sampled using trowels due to the incompetent nature. 

• Little information is available regarding the sample preparation of the historical sampling. SGAB 
reportedly utilised industry standard techniques. SRK cannot verify this. 

• SRK are not aware of any quality control procedures adopted during sampling. 

• Sample sizes are considered appropriate compared to the grain size of the sampled material. 

Quality of Assay Data and 
Laboratory Tests 

• Both methods used historically (ICP-MS and fire assay) were industry standard methods to analyse 
Cu-Au mineralisation. The methods are considered appropriate, although exact details are lacking. The 
techniques are considered total. 

• The modern re-assaying conducted by Scandinavian Resources uses a certified laboratory for 
assaying, with methods considered appropriate and total. 

• Geophysical tools used were reported to be of industry standard; SRK cannot verify this. 

• Due to the lack of quality control procedures (QAQC), acceptable levels of accuracy (i.e. lack of bias) 
and precision have not been established for the historical drilling. The modern re- assaying conducted 
by Scandinavian Resources uses QAQC samples in the form of CRM standards and coarse duplicates. 

Verification of Sampling and 
Assaying 

• SRK inspected 6 drillholes in order to compare logged lithologies and assayed mineralisation intercepts 
with drill core. No issues were found. 

• Scandinavian Resources has conducted a check-assay campaign to verify historical assay results, with 
a total of 9 out of 319 holes re-assayed. The results show moderate to good correlation of assay results. 

• Scandinavian Resources plan to use twinned drillholes to further verify the historical data. 

• Primary data (collar coordinates, down-hole surveys, geological logs and assay results) are stored in 
Excel spreadsheets currently. 

• SRK found minor errors (mainly due to conversion of grid coordinates) in the data provided, which were 
discussed and changed where necessary. 

Location of Data Points • Drillhole collars were surveyed using industry standard techniques in the 1980s, and have been 
checked using modern RTK GPS technology. The differences found were immaterial to the MRE. Few 
holes in the database contained elevation coordinates (Z), and so all collar locations were pressed to 
the topographic surface for consistency. The topographic surface used was created using a 50 m grid 
survey, and so is also of low resolution. The relatively flat nature of the topography in the project area 
ensures the resolution is not detrimental to the MRE. 

• Down-hole surveys were not conducted, mainly due to the short nature of the drillholes (generally <200 
m deep). 

• Mine workings (open pit and underground) were surveyed and documented on paper plans and 
sections. These have been digitised by SRK. Areas in between sections have not been surveyed, and 
so have been inferred. The level of detail of the resulting 3-D wireframes is therefore low, and caution 
should be taken when reporting using these wireframes. 

• Accuracy and quality of surveys used to locate drillholes (collar and down-hole surveys), trenches, mine 
working and other locations used in Mineral Resource estimation. 

• All coordinates reported in this report are in the Swedish RT 90 (2.5 gon W) coordinate system. 
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Criteria Commentary 

Data Spacing and 
Distribution 

• The general drillhole spacing is as follows (along strike x along drilling gate): Central = 50 x 25-50 m; 
South east = 25 x 25 m (but with many oblique sections reducing spacing); South = 50 x 25 m; East = 
variable but >100 x 50 m. 

• Following a geostatistical study, a spacing of 50 m is deemed sufficient to allow for geological and 
grade continuity to be established, and for at least Inferred Resources to be declared. 

Orientation of Data in 
Relation to Geological 
Structure 

• The majority of drillholes were orientated to intercept normal to the strike of the mineralisation. The 
steeply dipping nature of the mineralisation in some areas meant the generally 60⁰-dipping holes were 
not completely perpendicular. In the South east area, due to the variable dip and strike, the drilling 
gates were variable. Some key offsetting faults appear to be parallel to the drilling gates, and so have 
not been intercepted. These structures can usually be inferred from geophysical surveys. 

Sample Security • Although the security procedures of core are not known for the historical drilling period, the majority of 
core is now stored in secure core sheds in Malå or Kiruna. Secure transport is used to ship to samples 
to the laboratory. 

Audits or Reviews • SRK is not aware of any audits or reviews of the sampling procedures and protocols. 

Section 2 - Reporting of Exploration Results 

Criteria Commentary 

Mineral Tenement and Land 
Tenure Status 

• The full list of tenements held by Critical is presented elsewhere in this report. 

The Pahtohavare deposits are located within an area of National Importance for Mining and also in an 
area of National Importance for Reindeer Herding. The Pahtohajåkk creek is classified as a Natura 
2000 waterway. 

• The permit is in good standing and there are no known impediments to obtaining a licence to operate 
in the area above and beyond the normal requirements set out in the Swedish Minerals Act. 

Exploration Done by Other 
Parties 

• The majority of exploration was conducted by the SGU in the 1980s-1990s – these form the vast 
majority of holes used for the MRE (307/311). During mining operations conducted by Outokumpu in 
the 1990s, 39 more holes were drilled – limited details exist for these holes at present. An additional 4 
holes were drilled by Lundin in  2005 – collar locations, geological logs and assays are available for 
these holes (these represent the remaining holes used in the MRE). 

• In addition, geophysical surveys were conducted by the SGU in the 1980s, along with a joint venture 
of Rio Tinto and Anglo American in the 2000s. 

Geology • A classification of mineralisation style has yet to be agreed, but the Cu-Au mineralisation is thought to 
be hydrothermal in nature and associated with structural discontinuities. 

• The mineralisation is located within the ‘Greenstone group’ composed of basic lavas and intrusions, 
basic tuffs and tuffites and acid volcanics. Locally, the majority of mineralisation is hosted in a 
hydrothermally-altered package of albite-quartz, along with graphite schist. 

• The different areas of the project are associated with different parts of a kilometre scale antiform, with 
the Central and East units falling on the north east limb, the South east unit around the fold hinge, and 
the South unit in the south east limb. 

Drill Hole Information • A tabulation of drillhole locations, surveys and assaying results has not been tabulated due to the vast 
quantity of data. 

• In total, 311 holes drilled by the SGU and Lundin combined are utilised for the estimation, 256 of which 
contain assay information (the remainder were not in the area of focus of the MRE). 

Data Aggregation Methods • Drillhole compositing has been applied for all drillholes prior to estimation. The composites were 
created between wireframe surfaces to a standard length of 5 m (all residual lengths 

• <1 m were discarded (6% of the samples)). 

• Grade capping was applied to the composite drillhole file to reduce grade variability further, with all 
samples greater than 10% Cu and 5 ppm Au reset to those values (affecting 5/8200 Cu samples, and 
9/8200 Au samples). This was based on a study of logarithmic probability plots. 

• CuEq has been calculated using metal selling prices of US$3.56/lb for Cu and US$1,510/Oz for Au, 
along with metal recoveries of 90% for Au and 65% for Cu in sulphide material and 80% for Au and 
50% of Cu in oxide material. The following equations were used: 

- Oxide: CuEq = (1.12 x Au (ppm) grade) + (0.98 x Cu% grade) 

- Sulphide: CuEq = (0.97 x Au (ppm) grade) + (0.99 x Cu% grade). 

Relationship Between 
Mineralisation Widths and 
Intercept Lengths 

• In general, the drillholes were drilled with a dip between 45 - 60⁰ (57⁰ average). The mineralisation dip 
varies greatly, especially in the South east area, but in general dips between 45 - 85⁰. Therefore, 
mineralisation intercepts in the drillholes are rarely true widths. 

Diagrams • Appropriate maps and sections (with scales) are included in the main body of the report. 

Balanced Reporting • To demonstrate examples of grade of mineralisation at Pahtohavare, the following represent drillhole 
intercepts (non-composited) within interpreted mineralisation: 

- Hole 84001: 27 m @ 0.46% Cu, 0.005 ppm Au 



 

 

Independent Geologist’s Report on the Mineral Assets of Critical Metals Ltd 

Appendix A    Final 

SRK CONSULTING (AUSTRALASIA) PTY LTD    FEBRUARY 2022    JM/MN 3 

Criteria Commentary 

- Hole 87001: 28 m @ 1.0% Cu, 0.1 ppm Au 

- Hole 88015: 11.7 m @ 0.8% Cu, 0.2 ppm Au 

- Hole 88093: 20.4 m @ 3.7% Cu, 3.3 ppm Au 

- Hole 88221: 13.4 m @ 0.8% Cu, 0.3 ppm Au 

- Hole 05002 (Lundin): 31.8 m @ 2.9% Cu, 1.0 ppm Au 

Other Substantive 
Exploration Data 

• Several geophysical surveys have been undertaken, as referenced in the main body of the report. 

Further Work • The planned exploration programme by Scandinavian Resources is detailed in the main body of the 
report. To summarise, the following areas are to be tested: 

• Down-plunge extension at Central 

• Far east geophysical anomaly (potentially Pb-Zn rich) 

• Infill drilling at Central to 25 x 25 m grid 

• Conceptual drilling to test along strike extensions at Central, and footwall mineralisation In total, 6,500 
m of drilling is planned (5,000 m RC, 500 m diamond). 

Section 3 - Estimation and Reporting of Mineral Resources 

Criteria Commentary 

Database Integrity • SRK reviewed the database and discussed with Scandinavian Resources staff. Minor errors found were 
adjusted accordingly. 

• Once the drilling database data was imported into Datamine Studio 3 software for analysis, no 
adjustments were made. 

• SRK conducted the following data validation: 

- Comparing drillhole collar locations to check-survey locations and topographic survey. 

- Checking raw assay and logging sheets to the database and drill core. 

- Datamine’s drillhole re-surveying tool quickly identifies any overlapping or duplicate interval 
problems, along with checking for missing data. 

- Comparing SCR check assays to historical assays 

- Comparing SCR check density measurements to historical measurements. 

Site Visits • Competent Person Johan Bradley visited the SGU core archive in Malå where historic drill core is 
stored on 22 April 2013. Mr Bradley also visited the project site on 25 June 2013 to inspect the property, 
and SCR drill core facilities. 

• Mr Bradley found no issues relating to this Mineral Resource estimate during either site visit. 

Geological Interpretation • The confidence in the geological interpretation for the Central and South areas is high due to the 
relatively simple nature of the geology. The confidence is lower in the South east area due to the higher 
complexity of geology, and lower in the East area due to the lack of drilling. 

• Geology and mineralisation interpretation was based on geological logs from drillholes, along with 
sectional interpretations by SCR geologists, and previous owner SGU geologists. 

• SRK simplified the geological logging codes in order to create a feasible geological model in the 3-D 
environment. 

• SRK used a wireframing cut-off of 4000 ppm (0.4%) Cu to create 3-D shapes of the mineralisation, 
based on a natural grade population break. The Au is generally well- correlated to the Cu. 

• Using a lower Cu cut-off would expand the width of the interpreted mineralisation in some areas but 
would not alter the geometry of the interpreted mineralisation wireframes materially. Using a lower cut-
off would increase the tonnage but lower the grade of the deposit. 

• The dip and strike of the geology, along with geologic contacts were used to determine the geometry 
of the interpreted mineralisation wireframes. 

• In several areas, faulting has been interpreted to offset the geology and mineralisation. Otherwise, 
wireframes were defined by intercepts of mineralisation in drillholes. 

Dimensions • The extent of the mineralisation is shown below (along strike length x (maximum depth from surface x 
width): 

• Central: 320 m x 170 m x 2 – 35 m (variable) 

• South east: 360 m (broken into 23 separate, smaller lenses ranging from 10 – 100 m in length) x 450 
m x 2 - 45 m (variable) 

• South: 350 m x 250 m x 2 - 30 m (variable) 

• East (south): 350 m x 350 m x 2 - 30 m (variable) 

• East (north): 50 m x 250 m x 15 - 20 m (variable) 

Estimation and Modelling 
Techniques 

• Geostatistical analysis produced reasonable variograms, which were used to estimate the grades using 
Ordinary Kriging methodology. The following assumptions were made: 

• Interpolated grades: Cu (ppm) and Au (ppm) estimated independently 
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Criteria Commentary 

• Domains: 5 domains created – 4 sulphide domains for Central, South east, South and East; 1 oxide 
domain for Central. 

• Grade capping: Cu capped to 10%, Au capped to 5 ppm (after compositing). Capped to reduce 
variability and based on breaks seen on logarithmic probability plots. 

• Estimation parameters: 

• Minimum samples = 4 

• Maximum samples = 12 (Central), 20 (South east, East), 15 (South) 

• Maximum samples per drill hole = 3 

• Search ellipse radii = 50 m (along strike x 50 m (down-dip) x 10 m (across-strike) 

• Maximum extrapolation distance from data points = one drill hole spacing (~25 - 100 m) 

• Software used: Datamine Studio 3 for majority of wireframing, and estimation, and Leapfrog for some 
wireframing 

• No quantifiable mining production records are available, only total tonnage and grade mined 
historically. 

• Previous MREs are historical and have not been compared to this MRE. 

• The assumptions made regarding recovery of by-products have been taken from metallurgical and 
processing reports from previous owners. 

• At this stage, no deleterious elements or other non-grade variables of economic significance have been 
estimated into the model. 

• A block size of 12.5 (X) x 12.5 (Y) x 10 m (Z) was used in the model. This compares to the average 
drill spacing of 25 – 50 m in X and Y, and an assumed bench height of 10 m. 

• Geological interpretation was used to control the resource estimates by restricting the use of sample 
intervals outside the interpreted mineralisation wireframes. 

• The interpolated grades were validated by visually comparing input composite sample grades to block 
grades, statistically comparing grades by domain, and by validation (Swath) plots plotting grade in 
blocks and samples by Easting and Northing. 

Moisture • Tonnages are estimated on a dry basis, using a bulk in-situ density. No moisture content has been 
measured. 

Cut-Off Parameters • The open pit Mineral Resource is restricted to all material falling within a Whittle pit shell, and above a 
CuEq cut-off grade of 0.56% for oxide material, and 0.43% for sulphide material.  The underground 
Mineral Resource is restricted to all sulphide material underneath the Whittle shell above a CuEq cut-
off grade of 1.48%. 

Mining Factors or 
Assumptions 

• Pit slope angle 45⁰; copper selling price 3.56 US/lb, gold selling price 1,510 US$/oz; Total Open Pit 
Mining Cost (above base RL 475 m) 3.2 US$/t moved; Incremental Mining Cost below BRL 0.05 
US$/t/10 million; Underground Mining Cost 50 US$/t ore; 

• Flotation 12 US$/t ore, Cyanidation 1.0 US$/t ore; Distance to Point of Sale 

• (Smelter) 400 km; Rail Transport Cost 0.05 US$/t/km; Royalties 0.2%; Mining recovery 97%; Mining 
dilution 3%; Ore Production Capacity 300,000 tpa; Minimum Operating Width 35 m; Ore Processing 
Capacity 300,000 tpa; Recovery Cu (Oxide/Sulphide) 50/65%; Recovery Au (Oxide/Sulphide) 80/90%; 
Concentrate Cu grade 25%. 

Metallurgical Factors or 
Assumptions 

• Metal recoveries of 90% for Au and 65% for Cu in sulphide material and 80% for Au and 50% of Cu in 
oxide material were used by SRK based on historical mine reports. 

Environmental Factors or 
Assumptions 

• No environmental factors or assumptions have been taken into account. 

Bulk Density • 173 modern density measurements recorded by Scandinavian Resources were used. Standard 
Archimedes principal to calculate dry bulk density including porosity. 

• Density was assigned to the block model using average values per major lithology and for oxide and 
sulphide material separately. 

Classification • Competent Person Johan Bradley has classified the Pahtohavare project as containing Inferred Mineral 
Resources only. The main reason for not designating Indicated Resources is the historical nature of 
the drilling database utilised, and the limited re-sampling conducted to date. 

• All the following relevant factors were taken into account: confidence in block estimates, reliability of 
input data, confidence in continuity of geology and metal values, quality, quantity and distribution of the 
data. 

Audits or Reviews • There have been no audits or reviews of Mineral Resource estimates. 

Discussion of Relative 
Accuracy/Confidence 

• A statement of the relative accuracy and confidence level in the Mineral Resource estimate is not 
deemed appropriate in this case. The Inferred classification category is mainly determined by the age 
of the data, as documented. 
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Source: Avalon’s ASX Announcement dated 9 April 2014, titled “Viscaria Copper-Iron Project Significant upgrade to the 
Discovery Zone Mineral Resource Estimate for Copper, Gold and Iron” 

Section 1 - Sampling Techniques and Data 

Criteria Commentary 

Sampling Techniques • Half core – the selection of mineralised intervals for sampling were based on visible copper 
mineralisation and sampling into weakly mineralised or non-mineralised zones either side of the visible 
mineralisation was limited.  Several holes have entire length sampled.  Sampling generally one meter 
adjusted to geological boundaries and consistent with industry standard. 

Drilling Techniques • All drilling is angled non-oriented NQ diamond core. 

Drill Sample Recovery • Of the 591 sample intervals used in the estimation, 239 have drill sample recovery recorded for the 
interval.  Of these, 70% have a drill sample recovery recorded at 100%. Rio Tinto recorded the sample 
recovery information for drilling programmes prior to those conducted by Lundin who, whilst not 
recording data, report good core sample recovery. 

Logging • The geological logging is from the time of drilling and historical.  The logs are written full descriptions 
“comments field style logging” without standardised lithological codes.  The written logs are being 
converted to standardised logging codes.  All geological logs have been field checked. 

Sub-Sampling Techniques 
and Sample Preparation 

• Laboratory standard for half core samples.  All samples relied upon have analysis code from 
commercial laboratories which include details of sample preparation procedures.  Rio Tinto shipped 
half core to ISO 9002 certified OMAC Laboratories in Galway, Ireland for preparation and assaying.  
Lundin crushed and pulverised samples at their facility in Uppsala, Sweden and pulp subsamples sent 
to Vancouver. 

• Hannans – Located the coarse rejects from several of the Lundin drill hole samples at the SGU’s core 
storage facility in Malå, Sweden.  The coarse rejects were then sent to ALS Scandinavia in Piteå, where 
they were prepared into pulp subsamples.  The prepared sample was then sent to ALS Iron Ore in 
Perth, Western Australia for DTR testwork, as well as by the lithium borate fusion technique coupled 
with X-ray fluorescence (ALS reference: ME-XRF21). 

• Avalon – located the coarse rejects from several of the Lundin drill hole samples at the SGU’s core 
storage facility in Malå, Sweden.  The coarse rejects were then sent to ALS Scandinavia in Piteå, where 
they were prepared and send split in two pulp subsamples.  One pulp subsample was then sent to ALS 
Geochemistry Vancouver, Canada for based metal analysis by Sodium Peroxide Fusion and ICP-AES 
(ALS reference ME-ICP81).  The other pulp subsample was sent to ALS Iron Ore in Perth Western 
Australia for DTR testwork as well. 

Quality of Assay Data and 
Laboratory Tests 

• All analysis at commercial accredited laboratories, good check sampling and monitoring for re-assays 
conducted by Avalon and Hannans. 

• Historical analysis supported by a monitored check sampling programme.  Results of all monitoring 
results have been reviewed and no bias or unacceptable error detected. 

Verification of Sampling and 
Assaying 

• Avalon and Hannans’ conducted an extensive programme of re-assay of coarse rejects.  About 50% of 
the assays relied upon in resource estimation are Avalon and Hannan’s re-assays.  The re-assays have 
provided support for historical assays as there is good correlation between new re-assay data and 
historical data (R=99).  Furthermore, the historical data is recent (>1999) and conducted by companies 
of good standing who employ industry standard procedures and practice. 

Location of Data Points • There is no down-hole survey of azimuth.  The recorded down-hole azimuths, used to generate drill 
traces, are based on the initial “planned” azimuth.  Dip angles are measured down-hole and are 
available.  The lack of down-hole azimuth contributes to uncertainty in sample location at depths greater 
than 100 m where deviation for the azimuth away from designed azimuth becomes significant.  This 
contributes to Mineral Resource being classified as Inferred at depth. 

Data Spacing and 
Distribution 

• Data spacing is regular on north south aligned sections.  Some early drill holes completed east-west 
has created some data clustering.  Data spacing is sufficient to established continuity between drill 
holes.  To regularise, sample intervals are composited to 1 m for estimation. 

Orientation of Data in 
Relation to Geological 
Structure 

• Drilling orientation provides high angle mineralised intersections consistent with appropriate and 
representative sampling. 

Sample Security • Due attention has been given and tamper proof bags used when shipping pulps for final analysis. 

Audits or Reviews • A Technical Review of the Kiruna Area IOCG projects in Norbotten County, Sweden for South Atlantic 
Ventures Ltd. NI43-101 Technical Report by John R Sullivan, P. Geo and Robert Lilljequist, EurGeol. 
April 27, 2004.  Available on SEDAR. 

• Updated Technical Review of the Kiruna Area IOCG projects in Norbotten County, Sweden for Lundin 
Mining Corporation NI43-101 Technical Report by Robert Lilljequist, EurGeol. February 15, 2005.  
Available on SEDAR. 



 

 

Independent Geologist’s Report on the Mineral Assets of Critical Metals Ltd 

Appendix B    Final 

SRK CONSULTING (AUSTRALASIA) PTY LTD    FEBRUARY 2022    JM/MN 2 

Criteria Commentary 

• A Technical Review of theAnglo American/Rio Tinto/Lundin JV IOCG projects in Kiruna, Norbotten 
County, Sweden NI43-101 Technical Report by Juki Laurikko, EurGeol. February 12, 2007.  Available 
on SEDAR. 

• Rakkurijärvi – Discovery and Tributary zones, Resource estimation Memo. JORC 2004 Mineral 
Resource report by Thomas Lindholm, MAusIMM of GeoVista AB, September 6, 2012. 

Section 2 - Reporting of Exploration Result 

Criteria Commentary 

Mineral Tenement and Land 
Tenure Status 

• The full list of tenements held by Critical is presented elsewhere in this report. 

The Discovery deposit is located within an area of National Importance for Mining and also in an area 
of National Importance for Reindeer Herding. The Rakkurijärvi lake is classified as a Natura 2000 
waterbody. 

• The permit is in good standing and there are no known impediments to obtaining a licence to operate 
in the area above and beyond the normal requirements set out in the Swedish Minerals Act.  

Exploration Done by Other 
Parties 

• The Mineral Resource estimate relies on 41 historical diamond cored drill holes, drilled in several 
campaigns by three companies. Lundin Mining Corporation completed the majority of the drill holes (31 
of 41), between 2004 and 2006, with 8 drill holes completed by a Rio Tinto, Anglo American JV between 
2000 and 2002, with a further two holes completed earlier in 1999 by Rio Tinto. 

Geology • The Discovery Zone deposit consists of magnetite breccias filled with a matrix of mainly chalcopyrite + 
pyrite + calcite. This ranges from a crackle breccia with jigsaw fit of adjacent clasts on the margins of 
the breccia zones to a matrix supported breccia in the main ore zones. This textural observation is 
interpreted to indicate that a copper and sulphur rich hydrothermal fluids came into contact with the 
magnetite (possibly causing the brecciation through hydrofracturing) and that the oxidised chemistry of 
the magnetite caused copper and sulphur to be precipitated as chalcopyrite + pyrite around the breccia 
clasts.   

Drill Hole Information 
 

Company Drill hole Depth X Collar Y Collar Z Collar 

Rio Tinto RKR99-003 120.05 1682900 7526280 470.6 

Rio Tinto RKR99-001 143.4 1682860 7526320 471.2 

Lundin RAK06051 264.8 1683100 7526310 470 

Lundin RAK06049 382.5 1682900 7526182 470 

Lundin RAK06048 395.5 1683001 7526301 470 

Lundin RAK05046 317.4 1683053 7526291 470 

Lundin RAK05045 296 1683001 7526289 470 

Lundin RAK05044 269.3 1682950 7526280 470 

Lundin RAK05041 280.3 1682950 7526200 467 

Lundin RAK05040 100 1682750 7526240 470 

Lundin RAK05039 95.6 1682850 7526380 470 

Lundin RAK05038 169.6 1682850 7526267 470 

Lundin RAK05036 127.8 1682650 7526270 470 

Lundin RAK05033 103.1 1682700 7526255 470 

Lundin RAK05031 221 1682850 7526340 470 

Lundin RAK05030 139.1 1682850 7526307 470 

Lundin RAK04026 301.9 1683000 7526302 470 

Lundin RAK04023 150 1682949 7526316 470 

Lundin RAK04022 224.2 1682950 7526252 470 

Lundin RAK04021 80.6 1682800 7526265 470 

Lundin RAK04019 266.3 1682900 7526164 470 

Company Drill hole Depth X Collar Y Collar Z Collar 

Lundin RAK04018 190.9 1682900 7526282 470 
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Criteria Commentary 

Lundin RAK04016 72.1 1682851 7526488 470 

Lundin RAK04015 240.3 1682902 7526203 470 

Lundin RAK04013 191.3 1682900 7526322 470 

Lundin RAK04012 188.4 1682900 7526243 470 

Lundin RAK04008 233.1 1682803 7526163 470 

Lundin RAK04007 142.5 1682800 7526278 470 

Lundin RAK04006 200.3 1682800 7526215 470 

Lundin RAK04005 140 1682800 7526304 470 

Lundin RAK04004 116.4 1683053 7526447 470 

Lundin RAK04002 169.4 1682803 7526244 470 

Lundin RAK04001 100 1682802 7526420 470 

Rio Anglo JV 02RAK020 196.6 1682800 7526235 470.7 

Rio Anglo JV 02RAK019 129.7 1682800 7526210 470.4 

Rio Anglo JV 02RAK014 105.6 1682950 7526281 468.4 

Rio Anglo JV 02RAK013 98.35 1682706 7526256 472.1 

Rio Anglo JV 01RAK005 3 0.5 1682734 7526300 471 

Rio Anglo JV 01RAK004B 209 1682800 7526263 470.8 

Rio Anglo JV 01RAK004 55.1 1682775 7526250 471 

Rio Anglo JV 00RAK001 235.5 1682739.2 7526301 470.9 

 
 

Data Aggregation Methods • Drill hole intersection assay other results are not reported here.  However, in order to regularise the 
width of assay intervals, all intervals were composited to 1 m as part of the Mineral Resource estimation 
process. 

Relationship Between 
Mineralisation Widths and 
Intercept Lengths 

• Intersection angles are varied due range of drill hole orientation compared to the geometry of 
mineralised trends.  However, the Competent Person considers intersection angle appropriate to 
support the estimation of a mineral resource especially given the 3d interpretation methods used during 
the estimation. 

Diagrams • See body of report and Avalon ASX announcement dated 9 April 2014. 

Balanced Reporting • Low-grade magnetite iron ore mineralisation is not adequately sampled either side of high-grade zones, 
which have been identified, visually.  This results in a truncation of iron tonnes/grade curve at lower 
iron grades.  A low-grade iron resource whose economic potential cannot be assessed because a lack 
of sampling, may exist. Resampling is required to address this should it be economically justified. Future 
drill holes should be sampled along their entire depth so as not to discount the potential of all metal 
concentrations present 

Other Substantive 
Exploration Data 

• The Competent Person is aware of magnetic geophysical surveys that have been conducted over the 
property, however the Competent Person has not reviewed this data for either quality of the surveys or 
to generate exploration targets.   

Further Work • Opportunity exists at or near the margins of the mineralisation to increase the size of the resource 
through exploration success.  Further drilling is recommended targeting zones where mineralisation is 
not adequately delineated.   
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Section 3 Estimation and Reporting of Mineral Resources 

Criteria Commentary 

Database Integrity • All historical data is validated and migrated into a SQL based database, based on the “Acquire” data 
structure.  Data is audited on entry for interval error and significant data changes are resolved. 

Site Visits • The Competent Person has not visited site, however, Avalon (Critical Metals) staff are on ground in 
Sweden and have visited the site often. 

Geological Interpretation • The geological interpretation for copper and iron has been modified from Avalon’s interpretation to 
make suitable for public reporting.  Distances extrapolated to half the drill spacing in the down-dip 
and along strike directions.  Typically, this distance is 25 and 50 m.  Copper gold and magnetite iron 
ore mineralisation are generally coincident however to better model the metals present separate 
copper-gold and iron domains are created.  Mineralisation in Domain 200 is flat lying, continuity is 
high and this part of the mineral resource is classified as Indicated.  

Dimensions • Mineralised domains occur as both a flat lying zone and steeply dipping lenses in a zone with 
dimensions, 600 m long by 300 m wide by 400 m deep. 

Estimation and Modelling 
Techniques 

• Ordinary Kriging used to estimate into 10 by 10 sized blocks.  Variography used to determine 
continuity.  No top cuts applied to copper, gold and iron grade populations as they are not overly 
skewed or influenced by outliers. 

Moisture • Dry bulk density used. 

Cut-Off Parameters • Iron Mineral Resource based on 15% mass recovery on block cut-off, copper/gold Mineral Resource 
based on 0.4% Cu cut-off, based on nearby deposits and chosen for consistency. 

Mining Factors or 
Assumptions 

• Avalon previously conducted open pit optimisation studies of the previous Discovery Zone resource 
estimate and a large portion of the Mineral resource was selected by the optimisation for mining 
according to the mining assumptions used. 

Metallurgical Factors or 
Assumptions 

• The gold will report to saleable concentrates and upgrade to concentrations sufficient to warrant 
payment.  To calculate iron metal content in magnetite concentrate 69% Fe has been used based on 
metallurgical testwork. 

Environmental Factors or 
Assumptions 

• At the time the resource estimate was prepared, Avalon was in the process of progressing an 
Exploitation Concession for this area.    As part of this process, Avalon [was] working towards 
addressing the concerns of all stakeholders potentially affected by mining at the Discovery Zone 
Prospect.  Avalon subsequently withdrew its application when the legal battle with Hannans ensured. 
No mining approvals were granted. 

• The deposit now sites within a new exploration permit and will have to apply for a new mining 
concession, should it so wish. 

• There is a history of successful project outcomes in Sweden with the environment and local 
community issues considered. 

• Critical Metals is currently evaluating a number of potential development scenarios for the Discovery 
Zone including it as a satellite deposit to a potential mining operation at the nearby Pahtohavare 
Project.  The Viscaria Project is still being advanced by Sunstone Resources (formerly Avalon) and 
its new partner, Copperstone Resources, a Swedish based exploration company. 

Bulk Density • The dry bulk density is determined by regression formula from correlation with iron grade. 

Classification • The Mineral Resource estimate is classified as Indicated where reasonable geological continuity of 
mineralisation can be determined and sample location is within 100 m of the surface where there is 
good confidence in the sample location as the drill holes are not of sufficient depth to have deviated 
significantly from surface azimuth.  Classification is downgraded to Inferred where sampling is 
inadequate to model local variability of iron or copper grades, confidence in sampling and estimation 
is low, and the sample is below 100 m depth where confidence in the location of sample is low due 
to lack of azimuth data in downhole survey data.  The classification has been determined by the 
Competent Person for Mineral Resources. 

Audits or Reviews • Not reported. 

Discussion of Relative 
Accuracy/Confidence 

• Not reported. 
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Section 1 Sampling Techniques and Data 

Criteria Commentary 

Sampling Techniques • Drillholes were sampled based on observed mineralisation and the intervals determined by geologic 
contacts typically at 1-2 m intervals.  Half core samples were crushed and pulverised by the 
respective laboratories prior to chemical analysis. Chemical analysis for all drilling completed by 
Kiruna Iron AB (2011-2012) has been undertaken by ALS Chemex, Piteå using a combination of 
XRF15b, ICPMS & Au-AA23. Chemical analysis for all historical drilling completed by SGU has been 
undertaken by the laboratory at LKAB, Kiruna using HCl digestion.  

• Kiruna Iron AB performed handheld (Terraplus KT-10) magnetic susceptibility measurements on 
drillcore to aid in sample selection of magnetite intersections. Two readings per metre have been 
taken and a geometric mean value was calculated for the two readings. By the use of a calibration 
formula provided with the instrument, a preliminary Fe content was calculated from the susceptibility. 

Drilling Techniques • All historic (BQ) and Kiruna Iron AB (BQ & NQ) drilling has been completed using diamond drilling 
(non-orientated). 

Drill Sample Recovery • The core recovered during drilling was cleaned and packed by the drillers into wooden core boxes at 
the drill rig and taken into the core logging facility at the end of every shift. The core was pieced 
together in the core boxes by a geologist and intervals marked on the core every one meter using a 
permanent marker pen. The length of core loss intervals have been checked against the amount of 
core recovered and the core loss blocks inserted by the drillers moved to the part of the interval 
where core loss occurred. Rock quality designation (RQD) measurements were taken, along with the 
core recovery percentage, for every drilling run and recorded in an Excel spread sheet.  

• There are no recorded core loss issues or significant sample recovery problems and there is no direct 
correlation between core loss and grade. 

Logging • Information collected by the geologists during core logging includes colour, weathering, rock 
hardness, lithology, alteration, mineralisation, structure and geotechnical logging (RQD). All this 
information has been entered in an Excel spread sheet together with the sampling information. After 
logging was completed and sampling intervals marked on the core and on the core boxes, the core 
was photographed, both dry and wet, in indoor conditions and lighting. 

• All drillholes were logged in full. 

Sub-Sampling Techniques 
and Sample Preparation 

• Diamond drill core has been sawn longitudinally with a core saw and half core samples submitted for 
analysis. The sample size of 1-2 m is considered appropriate for the mineralization type. All 
subsequent sample preparation was undertaken at commercial laboratory facilities (ALS Chemex, 
Piteå and LKAB, Kiruna) using industry standard crushing and pulverizing equipment and protocols.  

• Quality control procedures for the historic sampling are not known however Kiruna Iron AB has 
completed twin hole drilling to verify the historic data and the results of the twin holes correlate well. 
Quality control procedures for Kiruna Iron AB include the insertion of suitable certified reference 
material and/or sample duplicates every 20 ordinary samples. The correlation between original 
assays and duplicates is good with co-efficients between 0.95 and 1.00. A slight bias in over-call in 
Fe grade for the certified reference material has been noted.   

Quality of Assay Data and 
Laboratory Tests 

• Both the historical (HCl digestion) and the modern (XRF15b, ICPMS & Au-AA23) assay methods are 
considered appropriate and are the industry standard methods for the mineralisation type.  

• No geophysical tools were used to determine any element concentrations used in the resource 
estimate.  

• In addition to Kiruna Iron AB inserting duplicates and certified reference material the laboratory (ALS 
Chemex) completes its own QAQC procedures including the insertion of internal lab standards using 
certified reference material, blanks and duplicates. Evaluation of laboratory QAQC results showed 
no irregularities. Kiruna Iron AB has not completed any umpire laboratory testing.  As noted above, 
analysis of Kiruna Iron AB duplicates reported good correlation and a slight bias in over-call in Fe 
grade for the certified reference material samples. 

Verification of Sampling and 
Assaying 

• In addition to the Exploration Manager, Managing Director and Technical Director visually verifying 
significant intersections in diamond core the Independent Consultant and author of the 2011 Rakkuri 
Resource Estimate Mr Thomas Lindholm of GeoVista has also visually confirmed the mineralisation 
at Rakkurijoki. 

• Twin hole drilling has been completed at Rakkurijoki to confirm results the historic diamond drillholes. 

• Historic primary hole data was collected via hand written notes and original computerised lab assay 
certificates both of which have since been digitally captured by Kiruna Iron AB. Approximately 20% 
of the assay values have been verified against the original assay by cross-reading and the historical 
data is considered to be in good order. Kiruna Iron AB generated primary data was captured through 
a set of standard Excel templates and also directly into LogChief logging software. All data (historic 
and Kiruna Iron AB) is stored in a SQL database. 

• No adjustments or calibrations were made to the assay data used in the estimate.  
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Criteria Commentary 

Location of Data Points • Hole collar locations for both historical and Kiruna Iron AB drillholes have been surveyed by GeoVista 
AB of Luleå using an RTK GPS with an expected accuracy of +/- 15 mm horizontally and +/-30 mm 
vertically. 

• All Kiruna Iron AB drillholes have been gyroscopically surveyed (3 m survey intervals) with either a 
Flexit Gyrosmart or a Maxibore Gyro.  

• All co-ordinates used in the estimate are in the Swedish RT90 (2.5 gon W) grid system. 

• Topographic data used in the estimate is 50 m by 50 m contour data supplied by Metria AB of Sweden 
and was deemed suitable for the estimate.  

Data Spacing and Distribution • The drillhole spacing at Rakkurijoki varies but is generally on a 40-50 m by 80-100 m pattern.  

• The mineralisation wireframes were created in plan sections through 36 drillholes. The likelihood that 
mineralisation is developed in an orientation other than that interpreted in considered low due to the 
typical 50 m by 100 m drill pattern which provides a good density of data and is deemed sufficient to 
all for geological and grade continuity to be established and for an Inferred and Indicated Mineral 
Resource Estimate to be declared.  

• Samples have been composited to 1 m lengths which is consistent with the typical sample interval. 
Composites of the drillhole assays were generated using Maptek Vulcan software and honour the 
geological wireframes. Checking was undertaken by generating an Isis file and visually inspecting 
the result of the composite.  

Orientation of Data in Relation 
to Geological Structure 

• The Rakkurijoki mineralisation strikes approximately 45º and dip varies between 60-70º to the 
southeast. All drillholes at Rakkurijoki were drilled towards the northwest at angles varying between 
-50º and -70º to intersect the mineralisation at a perpendicular angle. Although no core orientation 
has occurred there is no evidence of a sampling bias. 

Sample Security • The chain of custody procedures for the historic drillholes is not known. The chain of custody for the 
modern drillholes was managed by Kiruna Iron AB. Core was delivered to the secured logging and 
sample preparatory facility by the drillers at the conclusion of every 12hr shift. Samples were 
prepared and stored within the secure facility prior to transport by an external transport company to 
ALS Chemex in Piteå. Sample tracking was available through the transport company.  

Audits or Reviews • A review of the logging and sampling techniques, 2011 Mineral Resource Estimates and data 
validation was completed by SRK Consulting (Sweden) in 2011 as part of an Independent Valuation 
Report also completed by SRK Consulting. The review identified several areas of the process that 
required improvement which included but is not limited to increasing the insertion rate of certified 
reference material, blanks and duplicates to 10%, completing umpire laboratory testing and 
simplifying the geological logging codes.  

Section 2 - Reporting of Exploration Results  

Criteria Commentary 

Mineral Tenement and Land 
Tenure Status 

• The full list of tenements held by Critical is presented elsewhere in this report. 

• The Rakkuri deposits are located within an area of National Importance for Mining and also in an 
area of National Importance for Reindeer Herding. The Rakkurijoki creek which runs over the top of 
the Rakkurijoki deposit is classified as a Nature 2000 waterway, similarly the Rakkurijärvi lake is 
classified as a Natura 2000 waterbody.  

• The permit is in good standing and there are no known impediments to obtaining a licence to operate 
in the area above and beyond the normal requirements set out in the Swedish Minerals Act. 

Exploration Done by Other 
Parties 

• The majority of historic exploration completed at Rakkurijoki was conducted by the SGU during the 
1960’s. Work completed by the SGU included geophysical measurements and diamond drilling.  

Geology • The Rakkurijoki magnetite deposit has been classified as a skarn iron ore and is hosted in mafic tuffs 
belonging to the Proterozoic aged Kiruna Greenstones. The mineralisation is overlain by a meta-
arkose sequence interpreted to belong to the younger Kurravaara Conglomerate. The deposit and 
host sequences are typically scapolite altered and are intruded by both intermediate and mafic dykes. 
Iron grades of the Rakkurijoki deposit vary from 20-60% Fe and the deposit also contains minor 
pyrrhotite, pyrite and chalcopyrite resulting in a sulphur content of 1-3%. The Rakkurijoki deposit is 
one of more than 50 known skarn iron ores in the Kiruna District of northern Sweden.  

Drill Hole Information • Drillhole collar information was contained within the drillhole databased and supplied to BMS for use 
when completing the current Mineral Resource Estimate. Appropriate maps showing the drillhole 
locations are included in the main report.   

Data Aggregation Methods • All reported assay results have been length weighted. No top cuts have been applied but a nominal 
20% Fe lower cut-off has been applied.  

• High grade magnetite mineralisation intervals internal to broader zones of magnetite mineralisation 
have been reported as included intervals.  
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Criteria Commentary 

• No metal equivalent values have been reported.  

Relationship Between 
Mineralisation Widths and 
Intercept Lengths 

• The Rakkurijoki mineralisation strikes approximately 45º and dip varies between 60-70º to the 
southeast. All drillholes at Rakkurijoki were drilled towards the northwest at angles varying between 
-50º and -70º to intersect the mineralisation at a perpendicular angle; therefore, reported downhole 
intercepts approximate true widths.  

Diagrams • Appropriate figures are included in the main report.  

Balanced Reporting • All results have been previously reported.  

Other Substantive Exploration 
Data 

• All drillholes (historic and Kiruna Iron AB) have been routinely measured for bulk density using the 
Archimedes Principle of first weighing the sample (core) dry and then submerged in water. All Kiruna 
Iron AB drillholes have been routinely assayed for multi-elements to determine deleterious element 
contents. All Kiruna Iron AB drillholes have been routinely logged for RQD. A series of DTR tests 
have been completed on ore from Rakkurijoki to determine whether it is possible to create a premium 
grade product of ≥68% Fe all of which were positive.  

Further Work • The last 5000 m of the 100 m by 100 m infill drilling programme needs to be completed at Rakkurijoki 
in addition to geotechnical drilling. Further metallurgical testwork is required and is likely to be as a 
bulk sample. A Pre-Feasibility study has been recommended after a positive Scoping Study was 
completed for Rakkurijoki in February 2013.  

Section 3 Estimation and Reporting of Mineral Resources 

Criteria Commentary 

Database Integrity • The majority of Kiruna Iron AB logging has been completed with dedicated logging software with fixed 
formatting and has been transferred from Sweden to the database via email to Perth. Prior to using 
the dedicated logging software Excel template were used. A sampling system was utilised whereby 
two-part sample tickets were used; one to be stapled to the core box and the other transferred into 
the sample bag.  

• Kiruna Iron AB utilise a dedicated SQL database (Datashed) that is administered by Rock Solid Data 
in Perth. Datashed has inbuilt validation and quarantine tools to reduce the amount of transcription 
or keying errors.  

• For the current Rakkurijoki Mineral Resource Estimate completed by Breakaway, the data was 
supplied by Kiruna Iron AB and was randomly and systematically checked by BMS and shown to be 
correct using a variety of checks. The digital data was compiled directly into Microsoft Excel, validated 
and imported into a CSV database. The database was then imported into Maptek Vulcan software.  

Site Visits • For the purposes of Exploration Results the Competent Person, Amanda Scott (Exploration Manager 
for Hannans Reward Ltd) has visited the site and logging facilities frequently as part of her regular 
employment with Hannans Reward Ltd. The site visits would typically involve discussions with the 
drill crew, site geologists and core technicians regarding the core recovery, logging and sampling 
procedures.  

• For the purposes of the current Rakkurijoki Mineral Resource Estimate completed by BMS no site 
visit was undertaken. The author Geoff Reed of BMS has previously visited nearby deposits owned 
by Kiruna Iron AB and it was not deemed necessary for a specific site visit to Rakkurijoki in October 
2013 as the diamond drilling completed by Kiruna Iron AB had been concluded in 2012, the deposit 
does not outcrop, the previous Rakkurijoki Mineral Resource Estimate completed by Thomas 
Lindholm of GeoVista AB in 2011 involved a site visit by the author and SRK Consulting (Sweden) 
had completed an independent review of the drilling, logging, sampling and mineral resource estimate 
procedures used by Kiruna Iron AB in 2011 which also included several site visits at the time.  

Geological Interpretation • The confidence in the geological interpretation for the Rakkurijoki deposit is high due to the relatively 
simple nature of the geology and mineralisation and also because of the 50 m by 100 m drill spacing.  

• The geology and mineralisation interpretation was based on geological logging of drillholes along 
with sectional interpretations made by Kiruna Iron AB geologists and also historical SGU 
interpretations. BMS requested that Kiruna Iron AB simplify the geological logging codes in order to 
create a feasible geological model in the 3D environment.  

• The mineralisation wireframes were generated in plan sections through 36 drillholes. The 
mineralisation is generally tabular in geometry and the likelihood that mineralisation is developed in 
an orientation other than that interpreted is considered to be low due to the typical 50 m by 100 m 
drill spacing which provides a good density of data.  

• BMS used cross-sections provided by Kiruna Iron AB in order to model lithology and mineralisation 
wireframes. Mineralisation is present as a high-grade mineralised domain and a low-grade 
mineralised domain defined using lithology boundaries where possible and a cut-off grade of 20% 
Fe.  
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Criteria Commentary 

• An intermediate porphyry dyke can be traced throughout the orebody at Rakkurijoki; the width of this 
porphyry appears to be affecting the width of magnetite mineralisation 

Dimensions • The Rakkurijoki mineralisation is approximately 1,000 m in strike length, averages 40-50 m wide but 
is up to100 m in the centre of the orebody and is currently open at a depth of 550 m below surface. 
The magnetite mineralisation at Rakkurijoki comes to ‘surface’ where it is overlain by 2-20 m of glacial 
moraine overburden.  

Estimation and Modelling 
Techniques 

• Grade estimation for the current Rakkurijoki Mineral Resource Estimate has been determined using 
Inverse Distance Squared method. No variography or continuity analysis has been completed.  

• Maptek’s Vulcan software was used for the estimation. 

• The current Rakkurijoki Mineral Resource Estimate has been checked against the maiden Rakkurijoki 
Mineral Resource Estimate from 2011 and the two correlate extremely well. The increase in drilling 
since the 2011 estimate has increased the confidence in the estimate enough to lift part of the 
tonnage into the indicated category.  

• An estimation of P (ppm) and S (%) has been made in addition to Fe as they are critical deleterious 
elements in a saleable iron ore product. 

• The block model was constructed using a 50 m (X) x 25 m (Y) x 25 m (Z) block size, constrained by 
x individual wireframes. This compares to the average drill spacing of 100 m (X) and 50 m (Y) and 
assumes a bench height (Z) of 25 m. 

• The composites of 300+ assayed samples were then generated using Maptek Vulcan software with 
run lengths of 5 m to reflect the majority of assay sample length of 5 m. 

• Block discretisation was set to 10 by 5 by 5.  

• The block models are not rotated. 

• The estimate was performed in three passes using an inverse distance squared interpolator and a 
search ellipse with axes of 100 x 30 x 60 m, 200 x 60 x 120 and 600 x 180 x 300 m. An octant search 
was imposed for each block with a maximum number of 8 samples per octant and a total maximum 
number of 32 samples. 

• No assumptions have been made on selective mining units.  

• No assumptions have been made about correlation between variables. 

• No assumptions have been made regarding recovery of by-products.  

• No estimation of deleterious elements was carried out.   

• The block models were validated by swath plots, comparison of mean block and sample grades per 
domain, and stepping through cross sections of the model and comparing drill sample and block 
grades. 

Moisture • Tonnages are estimated on a dry basis, using a bulk in-insitu density. No moisture content has been 
measured.  

Cut-Off Parameters • A nominal cut-off grade of 20% Fe was used to define the mineralisation envelope within which the 
higher and lower grade domains were interpreted. 

Mining Factors or 
Assumptions 

• The deposit has not previously been mined. 

• Mining of the Rakkurijoki deposit will be by open-cut mining methods with the possibility of 
underground operations commencing at a later stage of production. The geometry of the deposit 
would make it amenable to mining methods currently employed in many open-cut operations in similar 
deposits around the world. The potential open-cut mining methodology has only been used for the 
current Rakkurijoki Mineral Resource Estimate in so far as to determine reasonable prospects for 
eventual economic extraction. 

• No mining parameters or modifying factors have been applied to the Mineral Resource Estimate. 

Metallurgical Factors or 
Assumptions 

• Preliminary metallurgical testwork on ore considered representative of the main model domains from 
Rakkurijoki has been completed. DTR testwork completed by ALS Chemex in Perth has confirmed 
that the magnetite can be upgraded to +68% Fe through industry standard magnetic separation 
methods employed at similar deposits around the world. The results of the testwork have only been 
used in the current Rakkurijoki Mineral Resource Estimate in so far as to determine reasonable 
prospects for eventual economic extraction. 

• No Metallurgical parameters or modifying factors have been applied to the Mineral Resource 
Estimate. 

Environmental Factors or 
Assumptions 

• Environmental and social factors have been studied as part of the Rakkurijoki Scoping Study released 
in February 2013 by Kiruna Iron AB. The results of these studies have only been used in the current 
Rakkurijoki Mineral Resource Estimate in so far as to determine reasonable prospects for eventual 
economic extraction. 

• No environmental parameters or modifying factors have been applied to the Mineral Resource 
Estimate. 
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Criteria Commentary 

Bulk Density • Bulk density measurements were completed by Kiruna Iron AB on full drill core at approximate 1 m 
intervals through ore sections and approximate 10 m intervals through the footwall and hangingwall 
units. Historic bulk density measurements completed by SGU on full drill core were at approximate  
1 m intervals throughout the entire drillhole. All drillholes (historic and Kiruna Iron AB) have been 
routinely measured for bulk density using the Archimedes Principle of first weighing the sample (core) 
dry and then submerged in water. 

• The mineralisation at Rakkurijoki is fresh and porosity in the mineralised zones is low.  

• For the current Rakkurijoki Mineral Resource Estimate the bulk density has been estimated from a 
large number of density determinations, specifically a model of density as a function of Fe-content. 
Densities were calculated for each block in the block model using the following function based on 
the interpolated grade of Fe: SG=2.7473+0.0095*Fe+0.0001*Fe²+0.00000279*Fe3 

Classification • The Mineral Resource estimate is reported here in compliance with the 2012 Edition of the 
‘Australasian Code for Reporting of Exploration Results, Mineral Resources and Ore Reserves’ by 
the Joint Ore Reserves Committee (JORC) 

• The classification of the current Rakkurijoki Mineral Resource Estimate is based on a high confidence 
in the geological interpretation in conjunction with the 50 m by 100 m drill spacing. 

• The input data covers the extent of the mineralisation and the geological understanding of the 
mineralisation is good. Block model validation confirms good correlation between input data and 
estimated grades.  

• The current Rakkurijoki Mineral Resource Estimate appropriately reflects the Competent Person’s 
view of the deposit.  

Audits or Reviews • The maiden Rakkurijoki Mineral Resource Estimate by Thomas Lindholm of GeoVista AB in 2011 
was reviewed by SRK Consulting (Sweden) in 2011. The current Rakkurijoki Mineral Resource 
Estimate is an update of the maiden estimate as a result of additional drilling at the deposit. The 
current Rakkurijoki Mineral Resource Estimate has been independently reviewed by Bruce Godsmark 
of Mining Plus Pty Ltd (Perth). 

Discussion of Relative 
Accuracy/Confidence 

• The relative accuracy of the current Rakkurijoki Mineral Resource Estimate is reflected in the 
reporting of the estimate as per the guidelines of the 2012 JORC Code. 

• The statement relates to global estimates of tonnes and grade of the Rakkurijoki deposit.  

• No production data is available.  
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Section 1 Sampling Techniques and Data 

Criteria Commentary 

Sampling Techniques • No historic procedures or flowsheets were available to explain the historic drilling and sampling 
processes completed at the Paljasjärvi project. 

• Historical data referenced is contained in historic reports within the Swedish data system provided by 
the SGU. 

• No reference to sampling/analytical method, applicability or procedures were provided in any 
documentation referenced to the satisfaction of the Company. 

• In the 1960s, seven diamond drill holes for 830 m (Numbers 6301 to 6307) were reportedly completed 
over a 3.5 km strike length on an irregular spacing (nominally 250 m).   

• In 2011, Hannans completed geological mapping, ground based magnetic and gravity geophysical 
surveying prior to preliminary metallurgical testwork on samples taken from historic drill core.   

• No drilling has been completed by Hannans or Critical Metals. 

Drilling Techniques • Historic drilling was not referenced in any results mentioned in this prospectus as the Company is not 
satisfied with the information available.  There are reported diamond core holes (diameter, tube, drill 
bit and orientation to be verified). 

Drill Sample Recovery • No drilling results are reported and no historic drilling information (which dates back to the 1960s) is 
available for further analysis (including a formal assessment of recovery). 

Logging • No satisfactory records of logging and sampling have been verified by the Company at this time. 

• Further disclosure will be required if we are to report the Exploration Target. 

Sub-Sampling Techniques 
and Sample Preparation 

• No sampling techniques are evident in the available technical literature. 

• No satisfactory documentation with respect to sample size, methodology or use of blanks/duplicates 
has been sighted. 

• No QAQC measures were satisfactorily identified by the Company at this time. 

• The bulk of the reported samples, based on historical references comprised half core sample. 

Quality of Assay Data and 
Laboratory Tests 

• No satisfactory description of analytical method is available for most of the samples. 

• No QAQC procedures are adequately documented in historical drilling  

Verification of Sampling and 
Assaying 

• Paper records were translated to English (where they first were Swedish) and otherwise reports were 
available written in English. 

• No primary data, data entry procedures, data verification or storage information has been sighted. 

• No adjustments were made to any of the historical data presented 

Location of Data Points • No drillhole locations were reported as none were surveyed. 

• While a detailed map is presented below, the projection system is XXX. 

• Attempts were made to locate the historic drill collars in 2011.  However, no borehole casings were 
located and the position of the historic grid system is therefore uncertain. 

Data Spacing and 
Distribution 

• The historic geochemical sampling and drilling appears to have been completed on an irregular 
spacing. 

• No satisfactory evidence of sample compositing being applied is available at this time. 

• No Mineral Resource or Ore Reserve is currently reported.  An Exploration Target was previously 
released. 

• As a result of wide spacing and reliance on historical data that has yet to be replicated, it is considered 
only appropriate expressed as a broad exploration result with considerable additional work required. 

Orientation of Data in 
Relation to Geological 
Structure 

• No documentation on the sampling of possible structures and any bias was signed in any of the 
documentation.  The sampling is assumed to be biased to the lithologic host of the mineralisation. 

Sample Security • Sample security measures during transport and sample preparation are unknown. 

Audits or Reviews • No details sighted on any previous sampling reviews or audits.  None were undertaken. 
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Section 2 - Reporting of Exploration Results 

Criteria Commentary 

Mineral Tenement and Land 
Tenure Status 

• The full list of tenements held by Critical is presented elsewhere in this report. 

• There are no known impediments to obtaining a licence to operate a suitable exploration programme 
in the area outside of that standard landholder and regulatory consents under the relevant mining code. 

Exploration Done by Other 
Parties 

• The Paljasjärvi iron project was first discovered in the 1920s with the SGU conducting a general 
investigation in the 1960s. 

• Companies who have previously explored the area include Jonson & Co (1959 to 1963), STC Mineral 
AB (1987) and Hannans (2010-2016).  Previous exploration activities include geological mapping, 
sampling, ground based magnetic, electromagnetic and gravity geophysical surveying, diamond drilling 
and DTR metallurgical testwork. 

Geology • The Paljasjärvi iron deposit occurs in the upper part of the Karelian greenstone in association with tuffitic 
rocks, graphite schist, carbonate rocks and BIFs.  The local geology is not well constrained due to lack 
of outcrops.   The Paljasjärvi deposit is a skarn iron ore typically of the upper part of the Karelian 
greenstones consisting of magnetite with serpentine, pyroxene, amphibolite and minor pyrite. 

• The hangingwall to Paljasjärvi consists of a quart-rich rock with some skarn, chlorite and mica followed 
by biotite schist at higher stratigraphic levels.  At the footwall contact, 10 to 20 m of skarn (amphibolite, 
pyroxene and serpentine) with some magnetite and quartz rich sections are followed by biotite schist. 

• The magnetite iron ore mineralisation extends for more than 3,500 m strike length, is approximately 30 
m thick and dips steely towards the east.  It is regular in character.  

Drill Hole Information • No completed drilling has been reported in this report 

• The Company is undergoing a process of evaluation of limited drilling completed in the 1960s. No drilling 
results or locations are known. 

• The drilling information has been excluded due to the need to verify most aspects required under the 
JORC Code 2012 with independent studies, and that it does not alter the presentation of data so far as 
the properties concerned are exploration and require substantially more drilling than has been excluded.  
No representation on a mineral Resource can be inferred and the past completed programmes were 
quite minor. 

Data Aggregation Methods • No aggregation methods are reported  

• No metal equivalence figures are reported. 

Relationship Between 
Mineralisation Widths and 
Intercept Lengths 

• The width/thickness of any mineralised layer present is not yet known. 

Diagrams • Refer to figure below for the magnetic target and relative positioning of the historic drillholes as well as 
Critical’s proposed drillhole locations. 
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Balanced Reporting • This report provides the total information available to date and is considered to represent a balanced 
report. 

Other Substantive 
Exploration Data 

• No other mineral exploration data exists. 

• The Company is undertaking a data compilation exercise in light of the historic work completed, 
including preliminary metallurgical testing (the results of which are summarised in this report). 

• The Exploration Target Statement is conceptual in nature in terms of both potential grade and potential 
size.  Further, it is uncertain if future exploration as detailed in this release will results in conversion to 
a Mineral Resource as defined by the JORC Code (2012). 

Further Work • Detailed mapping and shallow bedrock drilling of priority prospects is planned as outlined in this 
prospectus. 
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