
 

 

 



 

This notice is an integral component of the Kamoa -Kakula Integrated Development Plan  2023 

(Kamoa -Kakula  IDP23) and should be read in its entirety and must accompany every copy 

made of the Technical Report. The Kamoa -Kakula  IDP23 has been prepared using the 

Canadian National Instrument 43 -101 Standards of Disclosure for Mineral Projects.  

The Kamoa -Kakula  IDP23 has been prepared for Ivanhoe Mines Ltd. (Ivanhoe) by OreWin 

Pty Ltd (OreWin); The MSA Group (MSA)  DRA Global (DRA); and SRK Consulting (South Africa) 

Pty Ltd (SRK) as the Report Contributors. The Kamoa -Kakula  IDP23 is based on information and 

data supplied to  the Report Contributors by Ivanhoe and other parties. The quality of 

information, conclusions, and estimates contained herein is consistent with the level of effort 

involved in the services of the Report Contributors, based on: i) information available at  the 

time of preparation, ii) data supplied by outside sources, and iii) the assumptions, conditions, 

and qualifications set forth in the Kamoa -Kakula  IDP23. Each portion of the 

Kamoa -Kakula  IDP23 is intended for use by Ivanhoe subject to the terms and con ditions of its 

contracts with the Report Contributors. Except for the purposes legislated under Canadian 

provincial and territorial securities law, any other uses of the Kamoa -Kakula  IDP23, by any 

third party, is at that partyõs sole risk. 

The conclusions and estimates stated in the Kamoa -Kakula  IDP23 are to the accuracy stated 

in the Kamoa -Kakula  IDP23 only and rely on assumptions stated in the Kamoa -Kakula  IDP23. 

The Report Contributors have used their experience and industry expertise to produce the 

estimates and approximations in the Kamoa -Kakula  IDP23. Where the Report Contributors 

have made those estimates and approximations, they are subject to qualifications and 

assumptions, and it should also be noted that all estimates and approximations contained in 

the Kamoa -Kakula  IDP23 will be prone to fluctuations with time and changing industry 

circumstances.  

The Kamoa -Kakula  IDP23 should be construed in light of the methodology, procedures and 

techniques used to prepare the Kamoa -Kakula  IDP23. Sections or par ts of the 

Kamoa -Kakula  IDP23 should not be read or removed from their original context.  

The Kamoa -Kakula  IDP23 is intended to be used by Ivanhoe, subject to the terms and 

conditions of its contract with the Report Contributors. Recognising that Ivanhoe has  legal 

and regulatory obligations, the Report Contributors have consented to the filing of the 

Kamoa -Kakula  IDP23 with Canadian Securities Administrators and its System for Electronic 

Document Analysis and Retrieval ("SEDAR").  
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The Kamoa -Kakula Integrated Development Plan 2023 (Kamoa -Kakula  IDP23) is an 

independent NI  43-101 Technical Report (the Report) prepared using the Canadian National 

Instrument 43 -101 Standards of Disclosure for Mineral Projects (NI  43-101) for Ivanhoe Mines 

Ltd. (Ivanhoe). The Kamoa -Kakula Project (the Project) is in the Mutshatsha territory, in the 

Lualaba Province, Democratic Republic of Congo (DRC). The Pr oject is held by Kamoa 

Copper SA (Kamoa Copper), a DRC company in which Ivanhoe has an indirect interest.  

The Project is situated within the Central African Copperbelt in the DRC, approximately 25  km 

west of the provincial capital of Kolwezi, and about 270  km west of the regional centre of 

Lubumbashi.  

The Project proposes underground mining of two extensive stratiform copper deposits called 

Kamoa , and Kakula , and processing the ore to produce a copper concentrate  and blister 

copper . 

The previous Technical R eport on the Project was the Kamoa -Kakula Integrated 

Development Plan 2020 with an effective date of 13 October 2020.  

 

The Kamoa -Kakula  IDP23 provides updates to the Project Mineral Reserves, and the studies at 

Pre-feasibility (PFS), and Preliminary Economic Assessment (PEA) stages. The following are the 

key features of the Kamoa -Kakula  IDP23: 

¶ Kamoa -Kakula  2023 PFS (Plant expansion to 19.2  Mtpa , smelter, and five producing 

mines). 

¶ Kamoa -Kakula  2023 PEA (Plant expansion to 19.2  Mtpa, smelter, and nine producing 

mines). 

An overview of deposits included within the Kamoa -Kakula  2023 PFS (outlined by blue dotted 

line) and Kamoa -Kakula  2023 PEA (outlined by green dotted line) is shown in Figure 1.1. 

Each of the Kamoa -Kakula deposits are separate underground mines at Pre -feasibility , and 

Preliminary Economic As sessment level of development. The Kamoa -Kakula  2023 PFS, and 

Kamoa -Kakula  2023 PEA study include separate capital and operating costs, and 

assumptions for underground mining, processing plant , smelter  and infrastructure.  

The Kamoa -Kakula  2023 PFS, and Kam oa -Kakula  2023 PEA, analyses a production case with 

an expansion of the Kakula/ Kamoa concentrator processing facilities, and associated 

infrastructure to 19.2  Mtpa. Each scenario includes a smelter, and up to nine separate 

underground mining operations wit h associated capital and operating costs. The details of 

the Kamoa -Kakula  2023 PFS, and the Kamoa -Kakula  2023 PEA, are provided in Section  16, 

and Section  24, respectively.  
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The nine mines are listed below:  

¶ Kakula Mine (PFS 9.2 Mtpa)  

¶ Kakula W est Mine (PFS 6.2 Mtpa)  

¶ Kamoa 1 Mine (PFS 6.0  Mtpa)  

¶ Kansoko Sud Mine (PFS 2.0 Mtpa)  

¶ Kamoa 2 (PFS 6.0 Mtpa)  

¶ Kamoa 3 (PEA 6.0  Mtpa)  

¶ Kamoa 4 (PEA 6.0  Mtpa)  

¶ Kamoa 5 (PEA 3.0  Mtpa)  

¶ Kamoa 6 (PEA 1.0  Mtpa)  

 
OreWin, 2023.  
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The Kamoa -Kakula  2023 PEA is preliminary in nature, and includes an economic analysis that 

is based, in part, on Inferred Mineral Resources. Inferred Mineral Resources are considered too 

speculative geologically for the application of economic considerations that would allow 

them to be categorised as Mineral Reserves ð and there is no certainty that the results will be 

realised. Mineral Resources that are not Mineral Reserves do not have d emonstrated 

economic viability.  

The Kamoa -Kakula  IDP23 development scenario is shown in Figure 1.2. A site plan showing the 

locations of the mines and key infrastructure for the Kamoa -Kakula deposits is shown in 

Figure 1.3. The Kamoa -Kakula  IDP23 production and ec onomic analysis results are shown in 

Table  1.1. 

 
OreWin,  2023. 
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Kamoa Copper  SA, 2023. 
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Item  Unit Kamoa -Kakula  

2023 PFS 

Kamoa -Kakula  

2023 PEA 

Total Processed  

Quantity Milled  kt 476,195 657,428 

Copper Feed Grade  % 3.94 3.70 

Total Concentrate Produced  

Copper Concentrate Produced  kt (dry)  37,802 50,761 

Copper Recovery  % 86.62 86.45 

Copper Concentrate Grade  % 43.05 41.45 

Contained Metal in Conc entrate  Mlb  35,875 46,384 

Contained Metal in Conc entrate  kt 16,273 21,040 

Annual Average (2023 -2024) 

Ore Milled  kt 9,106 9,106 

Copper Feed Grade  % 5.75 5.75 

Copper Concentrate Produced  kt (dry)  917 917 

Contained Copper in Concentrate  Mlb  1,004 1,004 

Contained Copper in Concentrate  kt 455 455 

C1 Cash Cost  US$/lb. payable  1.45 1.45 

EBITDA US$M 2,015 2,015 

Annual Average (2025 -2029) 

Ore Milled  kt 14,194 14,194 

Copper Feed Grade  % 5.30 5.30 

Copper Concentrate Produced  kt (dry)  1,431 1,431 

Contained Copper in Concentrate  Mlb  1,442 1,442 

Contained Copper in Concentrate  kt 654 654 

C1 Cash Cost  US$/lb. payable  1.15 1.15 

EBITDA US$M 3,522 3,522 

Annual Average (First 10 -Years)  

Ore Milled  kt 14,428 14,428 

Copper Feed Grade  % 4.94 4.94 

Copper Concentrate Produced  kt (dry)  1,379 1,379 

Contained Copper in Concentrate  Mlb  1,368 1,368 

Contained Copper in Concentrate  kt 620 620 

C1 Cash Cost  US$/lb. payable  1.22 1.22 

EBITDA US$M 3,151 3,151 

Key Financial Results  

Remaining Phase 3 Capital Costs  US$M 3,037 3,037 

Phase 4 Capital Costs Capital Costs  US$M 1,553 1,553 

Sustaining Capital Costs  US$M 5,583 8,858 

LOM Avg. C1 Cash Cost  US$/lb Payable Cu  1.31 1.32 

LOM Avg. Total Cash Costs  US$/lb Payable Cu  1.52 1.53 

LOM Avg. Site Operating Costs  US$/t Milled  72.75 70.57 

After -Tax NPV8% US$M 19,062 20,224 

Project Life  Years 33 42 
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Following the successful completion of Phase 1 and Phase 2 concentrators , the plant 

processing capacity was increased to 7.6  Mtpa. A debottlenecking project was completed 

on the Kakula Plant in early 2023 , and has increased the processing capacity to 9.2  Mtpa . 

Current construction work includes the remaining Phase 2 infrastruct ure non -critical work 

(7.6 Mtpa throughput already achieved), Kakula Debottlenecking and the start of Phase 3. 

Remaining Phase 2 will be concluded at the end of 2023 with the following work ongoing:  

¶ Mining infrastructure (Kakula c onveyors, Kakula dewaterin g, Kakula primary ventilation 

Kansoko  Sud dewatering and Kansoko Sud primary ventilation) . 

¶ Surface infrastructure (Kansoko Sud water systems and electrical, Kakula power 

generation, Kakula electrical infrastructure, Kakula stormwater drains and Kakula truck 

park) . 

¶ TSF Raise 3 and 4. 

Phase 3 basic engineering was completed in 2022 , and engineering and construction work 

has started on the smelter, concentrator, surface infrastructure and mining. Current progress 

on these is as follow s: 

Concentrator : 

¶ Earthworks for the Phase 3 concentrator plant are well advanced, and orders have been 

placed on all the long lead equipment. Civil and structural designs are nearing 

completion and civil construction started on the ROM Stockpile, secondary screening 

and HPGR stockpile.  

Smelter:  

¶ All terracing earthworks for the smelter complex were completed in 2022 , and the civil 

construction is now well advanced with all piling complete , and foundations for the DBF 

copper flash smelting furnace , and downstream electric s lag cleaning furnace , nearing 

completion. The erection of structural steel and the DBF furnace is due to start in 

March  2023. The first batch of DBF furnace steel arrived on -site in January 2023. All major 

equipment has been ordered and is now being manufa ctured, while construction is on 

schedule to commission the smelter by the end of 2024.  

General Surface infrastructure:  

¶ Other surface infrastructure to support Phase 3 operations include a dedicated 220  kV 

substation at Kamoa, a new backfill plant, expansi on of  the existing camps (at Kakula 

and Kamoa), and a new camp adjacent to the smelter (total of over 2 ,500 beds), and 

expansion of  the existing Kakula tailings storage facility (TSF).  
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Power (Inga Hydropower) : 

¶ Rehabilitation work is ongoing at turbine (#5)  of the existing Inga II hydropower facility on 

the Congo River, which will generate an additional 178 megawatts (MW) of renewable 

hydropower, which underpins the Phase 3 power requirement, including the smelter. The 

refurbishment is scheduled for completi on in Q4õ24, to align with the commissioning of 

the Phase 3 concentrator and smelter.  

Mining and Mining infrastructure:  

¶ Mining infrastructure at the Kamoa  1 decline started with construction of the box -cut 

dewatering system, shotcrete plant, emulsion plant, 150  m storm water dam and a 

surface fuel bay.  

¶ Ongoing construction at Kakula includes the extension of the East conveyor system and 

dewatering infrastructure.  

 

The Project is situated in the Mutshatsha terri tory in the  Lualaba Province, DRC. The Project is 

located approximately 25  km west of the provincial capital of Kolwezi, and about 270  km 

west of the regional centre of Lubumbashi. Ivanhoe discovered the Kamoa copper deposit in 

2008, and the high -grade Kak ula deposit in 2015.  

Access to the Project area from Kolwezi is via a recently completed 42  km unsealed road via 

Kolwezi airport, which by -passes major settlements. The road network throughout the Project 

has been upgraded by Ivanhoe to provide reliable dr ill and logistical access. A portion of the 

1,500 km long railway line , and electric power line from Lubumbashi  to the Angolan town of 

Lobito , passes approximately 10  km to the north of the Project area.  

The Kolwezi area has distinct dry (MayðOctober), and wet (November ðApril) seasons. Mining 

activities in the established mining areas at Kolwezi are operated year round, and it would be 

expected that any future mining activities within the Project would also be able to be 

operated on a year -round basis. Although many companies do not operate during the wet 

season, Ivanhoe has successfully conducted exploration programmes on a year round basis 

over several years.  

 

The Project titles consists of three exploitation licences (Ex ploitation Permit No. 12873, 13025, 

and 13026) which cover an area of  approximately  397.4 km 2. Title of the exploitation licences 

is held by Kamoa Copper. The Exploitation Licences were approved on 20 August 2012, and 

grant Kamoa Copper the right to explor e for, develop, and exploit copper and other minerals 

for an initial 30 -year term. The licences expire 19 August 2042 , but can then be extended for 

periods not exceeding 15-year s each , until the end of the mineõs life. 

Kamoa Copper is a subsidiary of Kamoa  Holding Limited (80%) and the DRC (20%).  

Kamoa Holding Limited is owned by Ivanhoe (49.5%), Gold Mountains (H.K.) International 

Mining Company Limited (49.5%), and Crystal River Global Limited (1%).  
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Gold Mountains (H.K.) International Mining Company Limit ed (49.5%) is a subsidiary of Zijin 

Mining Group Co., Ltd (Zijin).  

Crystal River Global Limited is a private company.  

The relationship between Ivanhoe, Zijin, and Crystal River Global Limited is governed by a 

shareholder, governance and option agreement wh ich provides for Kamoa Holding Limitedõs 

Board of Directors to make all key decisions regarding the development and operation of the 

Project.  

 

In September 2012, a 5%, non -dilutable interest in Kamoa Copper was transferred to the DRC. 

This transfer was pursuant to the 2002 DRC Mining Code , and for no consideration.  

In December 2015, Zijin acquired a 49.5% share interest in Kamoa Holding, through its 

subsidiary Gold Mountains International Mining Company Limited. This share was acquired 

from  Ivanhoe for an aggregate cash consideration of US$412M.  

In November 2016, Ivanhoe, Zijin and the DRC Government signed an agreement that 

transferred an additional 15% interest in the Kamoa Copper to the DRC. This increased the 

DRC total stake in the Proje ct to 20%.  

The current effective ownership of Kamoa Copper, and the Project, is Ivanhoe (39.6%), Zijin 

(39.6%) and Crystal River Global Limited (0.8%), which each hold an indirect interest through 

ownership of Kamoa Holding Limited, and the DRC which holds  a direct 20% interest in 

Kamoa Copper.  

 

Land access for exploration programmes and project development completed to date has 

been negotiated without problems. Where compensation has been required for ex ploration 

activities, compensation has followed International Finance Corporation (IFC) and World 

Bank guidelines.  

Holders of exploitation permits are subject to taxes, customs and levies defined by the mining 

code and mining regulations, for all mining ac tivities carried out by the holder in the DRC.  

The exploitation permits were originally granted in 2012 under Law No.007/2002 dated 11 July 

2002 on the 2002 Mining Code . 

On 9 March 2018, Law No. 18/001 amending the 2002 DRC Mining Code, was promulgated 

(th e 2018 DRC Mining Code).  

For the purpose of this Report, the economic analysis is based on the 2018 Mining Code. 

According to the 2018 Mining Code, a company holding a mining exploitation licence is 

subject to payment of mining royalties.  



 

22005KKIDP23_230316Rev1.docx Page 9 of  650 

 

The mineralisation identified to date within the Project is typical of sediment hosted stratiform 

copper deposits. The Kamoa -Kakula mineralisation, however, is unusual in that it is hosted at 

the base of the Grand Conglomérat, which is strat igraphically higher than the majority of 

Copperbelt deposits, which are typically hosted by dolomitic rocks of the Mines Subgroup.  

The metallogenic province of the Central African Copperbelt is hosted in metasedimentary 

rocks of the Neoproterozoic Katanga Basin, an evolving intracontinental rift. The Katangan 

Basin overlies a composite basement over which the lowermost, continental siliciclastic rock 

sequences within the Katangan Basin were deposited in a series of restricted rift basins that 

were then over lain by laterally extensive, organic -rich, marine siltstones and shales. The 

metasedimentary rocks that host the Central African Copperbelt mineralisation form a 

sequence known as the Katanga Supergroup, comprising the Roan, NõGuba, and 

Kundelungu Groups.  

Significant structural complexity evident in the DRC portion of the Copperbelt, particularly 

evident in the neighbouring Kolwezi district, is not developed at Kamoa -Kakula, which has a 

far simpler structural configuration similar in style to the southern C ongolese and Zambian 

portions of the Copperbelt. At Kamoa -Kakula, the sandstones and siltstones of the Mwashya 

Group form the oxidised lower strata, with the overlying pyritic diamictite and interbedded 

siltstone sandstones of the NõGuba Group forming the reduced host rock. Whilst likely of 

glacial origin, the diamictites on the Project are interpreted to be the product of debris flows 

into a rapidly subsiding basin.  

At the Kamoa deposit, the mineralised stratigraphic sequence at the base of the diamictite 

comprises several interbedded units that host the copper mineralisation. These units are, from 

bottom upward, clast rich diamictite ( Ng1.1.1.1), sandstone and siltstone ( Ng1.1.1.2), and 

clast -poor  diamictite ( Ng 1.1.1.3). The lowermost clast rich diamictite  (Ng1.1.1.1) unit generally 

hosts lower grade (<0.5% TCu) mineralisation. Most of the higher grade mineralisation occurs 

within the clast -poor  diamictite ( Ng1.1.1.3) unit, or in the sandstone and siltstone ( Ng1.1.1.2) 

interbeds that are locally present between the clast rich ( Ng1.1.1.1) and clast -poor  

(Ng1.1.1.3) diamictites. At Kamoa, mineralisation thicknesses at a 1.0% Cu cut -off grade 

range from 2.3 ð21.6 m (for Indicated Mineral Resources). At Kamoa North, a locally 

developed zone of high -gra de copper mineralisation, known as the Bonanza Zone, dips at 

approximately 40º, parallel to the Bonanza Fault, and is hosted within the Kamoa Pyritic 

Siltstone (KPS). At a 1.0% Cu cut -off, it ranges in true thickness from <1 ð24.0 m (for Indicated 

Mineral R esources) and remains open to the west. Hypogene mineralisation is characterised 

by chalcopyrite and bornite dominant zones. There is significant pyrite mineralisation in the 

KPS above the mineralised horizon that could possibly be exploited to produce pyr ite 

concentrates for sulfuric acid production.  

At the Kakula deposit, a deeper basinal setting has resulted in significant thickening of the 

diamictite basal units with the development of several interbedded siltstone units. 

Mineralisation is concentrated within a basal siltstone layer occurring just above the Roan 

(R4.2) contact. From the base of mineralisation upward, the hypogene copper sulfides in the 

mineralised sequence are zoned with chalcocite (Cu2S), bornite (Cu5FeS4), and chalcopyrite 

(CuFeS2), wi th chalcocite being the dominant mineral. At Kakula, mineralisation thicknesses 

at a 1.0% Cu cut -off grade range from 2.9 ð42.5 m (for Indicated Mineral Resources).  
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Copper mineralisation comprises three distinct styles: supergene, hypogene, and mixed. Near 

the surface adjacent to the domes, the diamictites have been leached, resulting in zones of 

copper oxides and secondary copper sulfide enrichment down dip in the supergene zones. 

Although high -grade, these supergene zones are relatively narrow and localise d. Hypogene 

mineralisation forms the dominant mineralisation style. Hypogene mineralisation occurs at 

depths as shallow as 30  m. All three styles of mineralisation occur at Kamoa; at Kakula all the 

mineralisation occurs well below the surface and is hypoge ne.  

 

Exploration was undertaken in the current Project area by the Tenke Fungurume Consortium 

between 1971 ð1975. Although a localised regional stream sediment sampling programme 

may have been performed, no information is available from this stud y. 

Work performed from 2003 to date by Ivanhoe, and its third -party contractors on the Project, 

has included geological mapping, geochemical sampling, airborne geophysical surveys, 

ground geophysical surveys, reverse circulation (RC), and core drilling, an d petrographic 

studies.  

Exploration activities at the Kamoa -Kakula Project have been augmented by ongoing 

geophysical exploration programmes. A 3,100  km, airborne gravity survey, covering 2,000  km 2 

of the Western Foreland area (including Kamoa -Kakula), and  four 2D seismic lines have been 

completed. The seismic survey was designed to locate the top of the Roan, interpret broad 

scale basin architecture and locate the growth faults and younger brittle structures. Several 

other geophysical studies such as groun d gravity, ground magnetics, and òExcaliburó 

airborne surveys were conducted in the Kamoa North area in 2019 to better understand the 

controls of the higher grade mineralisation.  

Integration of the geophysical programme results with the geological models s upported 

detailed exploration targeting  within the highly prospective Kamoa -Kakula exploitation 

licence area. These have also resulted in the Bonanza Zone and Far North discoveries being 

incorporated into the Kamoa resource model. Several geophysical studi es such as ground 

gravity, ground magnetics, and òExcaliburó airborne surveys were conducted in the Kamoa 

North area in 2019 to better understand the controls of the ultra -high -grade mineralisation to 

assist in locating additional targets.  

In the opinion o f the MSA Qualified Person (the MSA QP), the exploration programmes 

completed to date are appropriate to the style of the Kamoa and Kakula deposits. The 

provisional research work that has been undertaken supports Ivanhoeõs deposit genetic and 

affinity inte rpretations for the Project area. The Project area remains prospective for 

additional discoveries of base metal mineralisation around known dome complexes. 

Anomalies generated by geochemical, geophysical, and drill programmes to date support 

that additiona l work is warranted in the Project area.  
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The drillhole database used for the Kamoa resource estimate was closed on 20 January 2020. 

The resource model for Kamoa was updated as of 30 January 2020. The drillhole database 

used for the Kakula resource  estimate was closed on 20 July 2022, with the assay database 

closed on 13 December 202 2, and the model was completed as of 14 December 2022 . 

Core holes have been used for geological modelling, and those occurring within the mining 

lease and in areas of mi neralisation  (have been used for resource estimation. Drillholes on the 

Kamoa, Makalu and Kakula domes have been excluded) . 

As at 2 December 2022 , there were 2, 808 core holes drilled within the Kamoa -Kakula Project. 

The Kamoa Mineral Resource estimate of J anuary 2020 is supported by 998 drillholes. Included 

in the 998 drillholes were 17 twin holes (where the spacing between drillholes is <25  m), and six 

wedge holes. Although a far greater number of holes have been wedged, the wedges have 

typically been used  in their entirety for metallurgical testing and  have thus not been sampled 

for Mineral Resource estimation purposes. In these cases, only the parent hole is used during 

Mineral Resource estimation. The Kakula Mineral Resource estimate used 645 drillhole 

intercepts (one intercept per drillhole).  

The 1,165 holes not included in either the January 2020 Kamoa, or the December 2022  Kakula 

estimate, were excluded because they were abandoned, unmineralised holes in the dome 

areas, unsampled underground cover, met allurgical, civil geotechnical or hydrological 

drillholes, or were drilled after the closure of the databases. Subsequent to the closure of the 

database for the Kamoa Mineral Resource estimate (20 January 2020), 139 drillholes have 

been completed inside of  the modelled area at Kamoa. An additional 42 drillholes at Kakula 

have been completed after the closure of the database on 20 July 2022, primarily  as infill 

drilling in close proximity to the current underground development , or as infill in planned 

future mining areas at Kakula West.  

Standard geological logging methods, sampling conventions, and geological codes have 

been established for the Project. Geotechnical logging has been undertaken on the majority 

of the drill cores. Kamoa core recovery in t he mineralised units ranges from 0 ð100%, and 

averages 95%.  Collar positions for a ll completed holes are surveyed by an independent 

professional surveyor SD Geomatique using a differential GPS which is accurate to within 

20 mm . Only three drillholes used in  the Mineral Resource estimate lacked an independently 

surveyed collar position.  

The Kakula drillhole collars have been surveyed by SD Geomatique and E.M.K. Construction 

SARL. As of 20 July 2022, three drillholes used in the Mineral Resource estimate  lacke d an 

independently surveyed collar position . Visual inspection of the Kakula core by the MSA QP 

documented the core recovery to be excellent.  

In the opinion of the MSA QP, the quantity and quality of the lithological collar, and 

down -hole survey data colle cted in the core drill programmes are sufficient to support 

Mineral Resource estimation at Kamoa and Kakula.  



 

22005KKIDP23_230316Rev1.docx Page 12 of  650 

 

Whole core is logged by the geologist on major lithological intervals, until mineralised material 

or a òzone of interestó (ZI) such as a lithology that is conventionally sampled (e.g. the Kamoa 

Pyritic Siltstone) is encountered. The ZI is logged on sampling intervals, typically 1  m intervals 

(dependent on geological controls). Within any ZI, the geologist hi ghlights material that is 

either mineralised or material expected to be mineralised and that could potentially support 

a Mineral Resource estimate. This is highlighted as òzone of assayó (ZA) and is extended to 

3 m above and below the first sign of visible  mineralisation.  

Independent laboratories have been used for primary sample analysis, including Genalysis 

Laboratory Services Pty. Ltd. (Genalysis, from 2007 part of the Intertek Minerals Group), and 

Ultra Trace Geoanalytical Laboratory (Ultra Trace, from 2008 owned and operated by the 

Bureau Veritas Group). Both laboratories are located in Perth, Western Australia, and both 

have ISO : 17025 accreditation.  

ALS of Vancouver, British Columbia, acted as the independent check laboratory for drill core 

samples from part of the 2009 programme and for 2010 ð2018 drilling. ALS Limited is 

ISO: 9001:2008 registered and ISO:  17025 accredited.  

Sawn drill core is sampled on 1  m intervals, or shorter intervals where necessary, to honour 

geological contacts. The sa wn core is then crushed to nominal 2  mm using jaw crushers. A 

quarter split (500 ð1,000 g) is pulverised to >90% - 75 µm, using the LM2 puck and bowl 

pulverisers. The remaining coarse reject material is retained. A 100  g split is sent for assay; 

three 50  g samples are kept as government witness samples, one 30  g sample is split for Niton 

(X ray fluorescence or XRF) analysis, and approximately 80  g of pulp is retained as a 

reference sample. Certified reference materials (CRMs) and blanks are included with the  

sample submissions.  

Analytical methods have changed over the Project duration. Samples typically are analysed 

for Cu, Fe, As, and S. Acid soluble copper (ASCu) assays have been primarily undertaken at 

Kamoa since 2010.  

Ivanhoe has discontinued ASCu analys is at Kakula, with no ASCu analysis for the vast majority 

of Kakula drillholes. The discontinuation results from all the mineralisation at Kakula being 

considered to be hypogene.  

In the opinion of the MSA QP, the sampling and analytical methods are accepta ble, are 

consistent with industry standard practices, and are adequate for Mineral Resource 

estimation.  

 

MSA reviewed the sample chain of custody, quality assurance and control (QA/QC) 

procedures, and qualifications of analytical laborator ies. MSA is of the opinion that the 

procedures and QA/QC control are acceptable to support Mineral Resource estimation. 

MSA also audited the assay database, core logging, and geological interpretations during  

the  site visit conducted by the MSA QP, and  has found no material issues with the data as a 

result of these audits.  
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In the opinion of the MSA QP, the data verification programmes undertaken on the data 

collected from the Project support the geological interpretations. The analytical and 

database quality and the data collected can support Mineral Resource estimation.  

 

The Kamoa resource has a long history of metallurgical testwork undertaken by various 

parties, which focus sed on the metallurgical characterisation and flow  sheet development, 

for the processing of hypogene and supergene copper ores. These investigations culminated 

in the development of the IFS4a flow  sheet in support of the Kamoa PFS (March, 2016). During 

2016, Kamoa Copper SA discovered the Kakula depos it, which has significantly higher 

copper head grades, compared to the Kamoa deposit. Consequently, the Kakula project 

was fast -tracked. Metallurgical testwork on the Kakula deposit was initiated in 2016. The 

Kakula Phase 1 and Phase 2 c oncentrators have b een successfully commissioned in 

2021/2022, and since ramped up to design throughput.  

 

The initial mineralogical and flotation testwork on the Kakula resource was conducted during 

2016 and 2017, at Zijin Laboratories in China, and XPS in Canada. Two drill core samples and 

three composite samples were tested, with copper head grades varying between 

3.96ð8.19%. 

Following the successful preliminary testing of the Kakula samples, additional drill core 

material was tested in 2017, and 2018, for a pre -feas ibility study testwork campaign, which 

focussed on flow sheet optimisation. Testwork completed during 2017 and 2018 included: 

various mineralogical studies, comminution parameter testing, flotation flow sheet 

optimisation, high -pressure grinding rolls (HPG R) testwork, concentrate and tailings thickening, 

filtration testing, bulk material flow testwork, comminution variability testwork, and flotation 

variability testwork.  

XPS was contracted by Kamoa Copper SA in March 2019 to conduct a mini pilot plant (MPP)  

campaign, to generate sample for various testwork campaigns, utilising metallurgical drilled 

core sample at a grade of 7.1% Cu. The flow sheets used during the sample preparation was 

modified throughout the campaign to prioritise the production of the var ious samples, as 

required at the time.  

The Kamoa -Kakula  2023 PFS recovery estimate for Kakula material is based on the historical 

Kakula 2019 PFS flow sheet development testwork, historical Kakula variability campaign, as 

well as current operating data. Th e recovery model is based on a final product grade of 

50.0% Cu. The average Cu recovery over the life-of -mine  to produce a 50.0% Cu concentrate 

was determined as 86.3% from a 4.42% Cu head grade.  



 

22005KKIDP23_230316Rev1.docx Page 14 of  650 

 

Between 2010 and 2015 a series of metallurgical testwo rk programme s, defined as 

Phases 1 to 5, were completed on Kamoa drill core sample and focu ssed on metallurgical 

characterisation and flow  sheet development, for processing the hypogene and supergene 

material. During this period the ore body was expanded, leading to major changes to mine 

schedules and associated processing schedules. Given that the new schedules indicated 

that the supergene mineralisation accounted for less than 10% of the orebody, the focus 

shifted to the hypogene ores. These campaigns pro vided input to the development of a MF2 

type flow  sheet and the necessary metallurgical understanding to support the 2012 PEA and 

subsequent Technical Reports, ahead of the Kamoa 2017 PFS.  

In preparation for the Kamoa 2016 PFS and the increased capacity Ka moa 2017 PFS, the 

Phase 6 samples were selected, and the associated metallurgical evaluation was conducted 

during 2014 , and 2015 , at Expert Process Solutions (XPS) Laboratories. The Phase 6 samples 

best represent ores to be processed, according to the earl y years of the Kamoa PFS mine 

schedule. It is noted that many of the Phase 2 and Phase 3 samples are relevant to the 

current Kansoko PFS mine schedule. The Phase 6 campaign developed the IFS4a flow sheet,  

which was confirmed as the final flow  sheet for Kan soko, specifically tailored to the 

fine -grained nature of the material.  

In 2018, XPS tested the performance of the Kamoa Phase 6 signature plot composite sample, 

on the Kakula PFS flow sheet , to compare performance of the sample to the IFS4a flow  sheet. 

The Kamoa Phase 6 signature plot composite sample achieved a final Cu recovery of 86.6% , 

while producing a concentrate at 36.2% Cu , and 13.0% SiO2. This was poorer than the 

sampleõs performance on the IFS4a flow sheet which achieved 89.3% Cu recovery , while 

producing a product at 36.7% Cu , and 9.1% SiO2. The reduction in recovery was attributed to 

aging of the sample, as was evident during further testwork to evaluate the effect of mine 

water on the flotation response.  

Changes in performance can be attributed  to the following variances between the Kamoa 

and the Kakula flow  sheets: 

¶ Better performance on the Kakula rougher/scavenger and high -grade cleaning circuit 

due  to changes in aeration  methods and additional collector (Cu losses to rougher 

tailings reduced from 5.6% to 4.8%).  

¶ Inferior performance in the Kakula scavenger circuit due to repositioning of the regrind 

stage (increase in scavenger  cleaner and scavenger recleaner tailings Cu losses from 

5.0% to 8.6%). 

It did however indicate that the Kakula and Kamoa material have a similar metallurgical 

response and that the selected concentrator flow sheet  is common to both ore bodies.  

The Kamoa -Kakula  2023 PFS includes for the treatment of Kamoa material in the origi nally 

developed IFS4a flow  sheet. The recovery  estimate for Kamoa material is based on the 

historical flow  sheet development work. The average Cu recovery over the life-of -mine to 

produce a 37.0% Cu concentrate was determined as 87.0% from a 3.49% Cu head grade.  



 

22005KKIDP23_230316Rev1.docx Page 15 of  650 

 

The Kamoa and Kakula resource models are based on the same 3D estimation methodology. 

The location s of the resource models are shown in relation to the context of the broader 

Project in Figure 1.4. 

The Kamoa resource model was controlled using 11 domains based on a combination of 

stratigraphy and a mineralised envelope. The Kakula resource model was controlled using 

seven domains based  on a combination of stratigraphy and a mineralised envelope. For 

both Kamoa and Kakula, the mineralised envelope was defined using an approximate 

cut -off grade / threshold  of 1% TCu. 

To account for the undulations of the deposits and ensure that the vertic al grade profiles 

between drillholes align during estimation, drillhole composites and blocks were transformed 

vertically or òdilatedó to a constant thickness that matched the maximum thickness of the 

mineralisation. This method aligns the top, middle and bottom of the mineralised intervals 

horizontally for variography and grade estimation using ordinary kriging (OK). This preserves 

the important vertical grade profile and mineralogical zonation to allow vertical optimisation 

during mine design. To adjust f or local changes in the trend of the mineralisation laterally, 

geological controls were used to locally adjust the search orientations during estimation using 

a Datamine process known as dynamic anisotropy.  

At a 1% copper cut -off , the Kamoa (Indicated Mine ral Resource) , covers an area of 55.2  km 2 

and the Inferred Mineral Resource  covers an area of 21.8  km 2. The deposit remains open 

laterally.  

At a 1% copper cut -off , the Kakula Measured Mineral Resource cover s an area of 2.2 km 2, the  

Indicated  Mineral Resource covers an area of 21.7  km 2, and the Inferred Mineral Resource  

covers an area of 5.5  km 2. The deposit remains open laterally, and the southern parts of the 

Kamoa -Kakula exploitation licence area are virtually untested.  

For reporting Minera l Resources, MSA used a 1% TCu cut -off  grade as a base case. At mines 

on the Zambian Copperbelt such as Konkola, Nchanga, Nkana, and Mufulira , a  1% cut -off  is 

considered a natural cut -off . The 1% TCu cut -off  is also a ònaturaló cut -off  for the Kamoa and 

Kakula deposits, with most intervals grading a few tenths of a percent copper above and 

below the selective mineralised zone (SMZ) composite , and well over 1% Cu within the SMZ 

composite. MSA further tested  the cut -off  grade using reasonably assumed cost and  revenue 

assumptions based on PEA inputs.  
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Ivanhoe,  2023. 

 

The effective date of the estimate for Kamoa is 30 January 2020 and the cut -off  date for drill 

data is 20 January 2020. The Kakula Mineral Resources were estimated as of 

14 December  2022. On 31 December 2022, the model was depleted to account for annual 

production, and the Mineral Resource has an effective date of 31 December 2022.  

Total Mineral Resources for the Kamoa -Kakula Project are summarised in Table  1.2 using a 

1.0% TCu cut -off , a minimum vertical height of 3  m, and are reported on a 100% basis. 

Ivanhoe holds an indirect 39.6% interest in the Project. Mineral Resources are reported 

inclusive of Mineral Reserves. Mine ral Resources that are not Mineral Reserves do not have 

demonstrated economic viability.  



 

22005KKIDP23_230316Rev1.docx Page 17 of  650 

Deposit  Category  Tonnage  

(Mt) 

Area (km 2) Copper (%)  Contained 

Copper  

(kt)  

Contained 

Copper 

(billion lbs)  

Kamoa  

Measured  - - - - - 

Indicated  760 55.2 2.73 20,800 45.8 

Inferred  235 21.8 1.70 4,010 8.8 

Kakula  

Measured  90 2.2 3.13 2,810 6.2 

Indicated  540 21.7 2.65 14,300 31.6 

Inferred  75 5.5 1.60 1,200 2.6 

Total Kamoa -

Kakula 

Project  

Measured  90 2.2 3.13 2,810 6.2 

Indicated  1,300 76.9 2.70 35,100 77.4 

Inferred  310 27.3 1.68 5,210 11.5 

1. Ivanhoeõs Vice President Resource, George Gilchrist, Professional Natural Scientist (Pr. Sci. Nat) with the South 

African Council for Natural Scientific Professions (SACNASP), estimated the Mineral Resources that were 

reviewed by Jeremy Witley, Pr.Sci.Nat SACNASP, FGSSA, who is the Qualified Person for the Mineral Resource 

estimate. The cut -off  date for drill data for the Kamoa estimate is 20 January 2020. The cut -off  date for the drill 

data for the Kakula estimate is 20 July 2022, with the assay table upda ted as of 13 December 2022. On 

31 December 2022, the Mineral Resource was depleted to account for annual production; the Mineral 

Resource has an effective date of 31 December 2022. Mineral Resources are reported using the CIM 2014 

Definition Standards for Mineral Resources and Mineral Reserves. Mineral Resources are reported on a 100% 

basis. Ivanhoe holds an indirect 39.6% interest in the Project. Mineral Resources are reported inclusive of Mineral 

Reserves. Mineral Resources that are not Mineral Reserves d o not have demonstrated economic viability.  

2. Mineral Resources are reported for Kamoa using a total copper (TCu) cut -off  grade of 1% TCu and a minimum 

vertical thickness of 3  m. There are reasonable prospects for eventual economic extraction under the follo wing 

assumptions: copper price $4.00/lb; employment of underground mechan ised drift -and -fill mining methods; 

copper blister and concentrates will be produced and sold; average metallurgical recovery is 87.5%; mining 

costs are assumed to be $38/t; concentra tor, tailings treatment, and general and administrative costs are 

assumed to be $15/t; smelter, refining and transport costs are assumed to be $13.5/t of ore at the cut -off  grade; 

royalty of 3.5%, export tax of 1% and concentrate tax of $100/t  NSR /t conce ntrate.  

3. Mineral Resources are reported for Kakula using a total copper (TCu) cut -off  grade of 1% TCu and a minimum 

vertical thickness of 3  m. There are reasonable prospects for eventual economic extraction under the following 

assumptions: copper price $4. 00/lb; employment of underground mechan ised drift -and -fill mining methods, 

and that copper blister and concentrates will be produced and sold; average metallurgical recovery is 85.5%; 

mining costs are assumed to be $38/t; concentrator, tailings treatment, and general and administrative costs 

are assumed to be $15/t; smelter, refining and transport costs are assumed to be $9.5/t of ore at the cut -off  

grade; royalty of 3.5%, export tax of 1% and concentrate tax of $100/t  NSR /t concentrate.  

4. Reported Mineral R esources contain no allowances for hanging wall or footwall contact boundary loss and 

dilution. No mining recovery has been applied.  

5. Tonnage and contained copper tonnes are reported in metric units, contained copper pounds are reported in 

imperial units, and grades are reported as mass percentages.  

6. Approximate drillhole spacings are 800  m for Inferred Mineral Resources, 400  m for Indicated Mineral Resources, 

and 100  m or underground exposure for Measured Mineral Resources . 

7. Rounding as required by reporting guidelines may result in apparent summation differences between tonnes, 

grade and contained metal content.  
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Areas of uncertainty that may materially impact the Mineral Resource estimates include:  

¶ Drill spacing:  

- The drill spacing at the Kamoa , and Kakula deposits , is insufficient to determine the 

effects of local faulting  or rift geometries  on lithology and grade continuity 

assumptions. Local faulting could disrupt the productivity of a hig hly mechanised 

operation. Ivanhoe plans to study these risks with the underground development in 

progress at Kamoa and Kakula.  

- Delineation drill programmes at the Kamoa deposit will have to use a tight 

(approximately 50  m) spacing to define the boundaries of mosaic pieces (areas of 

similar stratigraphic position of SMZs) in order that mine planning can identify and deal 

with these discontinuities. At the Kakula deposit, the mineralisation appears more 

continuous compared to Kamoa.  

- In the Kakula south develo pments, minor offsets across growth faults have been 

encountered, but adjustments to the mining methods have allowed the mining to 

follow the steeper dips of the mineralisation across the faults.  

- In the Kakula northern access drive, a larger growth fault w as encountered where the 

mineralisation of the south side of the fault was faulted down (with variable offsets). A 

spiral decline was developed to accommodate the offsets, and re -established mining 

on the mineralisation.  

¶ Assumptions used to generate the da ta for consideration of reasonable prospects of 

eventual economic extraction for the Kamoa deposit:  

- Mining recovery could be lower and dilution increased where the dip locally increases 

on the flanks of the domes , or across localised folds.  

¶ Metallurgical r ecovery assumptions at Kamoa:  

- Variability testwork has been conducted on portions of the Kamoa deposit , and 

therefore the average recoveries used in the cut -off  grade for assessment may differ 

from actual performance. Areas of supergene mineralisation are likely to require 

different metallurgical parameters, however these areas make up only a small part of 

the deposit.  

¶ Metallurgical recovery assumptions at Kakula:  

- Operational performance has confirmed study testwork results regarding recoveries 

and concentr ate grades.  

- There is no supergene mineralisation currently identified at Kakula that requires a 

dedicated recovery model separate from the hypogene recovery prediction method.  

- Further testwork on the Kamoa material indicated that the Kansoko and Kakula 

mat erial can be processed in a common concentrator circuit.  

¶ Commodity prices and exchange rates.  

¶ Cut -off grades.  
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Specific targets for further exploration are not currently defined at Kamoa -Kakula. The 

eastern boundary of the Mi neral Resources at Kamoa is defined solely by the current limit of 

drilling, at depths ranging from 600 ð1,560 m, along a strike length of 10  km. Some of the best 

grade widths of mineralisation occur here, and in addition, high -grade bornite dominant 

minera lisation is common. Beyond these drillholes the mineralisation and the deposit are 

untested and open to expansion.  

At Kakula, the south -eastern bounda ry of the deposit  within the Mineral Resources is defined 

solely by the current limit of drilling. Large portions of the licence area south of Kakula remain 

untested and there is potential  for discovery of additional mineralisation.  

 

 

A Mineral Reserve h as been created for each deposit within the Kamoa -Kakula  2023 PFS, 

which consists of Kakula, Kakula West, Kamoa 1, Kansoko Sud, and Kamoa 2. The min e design 

and scheduling focu ssed on maximising the grade profile at full production rate, with 

emphasis on f urther maximising grade early in the mine life. The tonnes and grades were 

calculated for the mining shapes, and allowances for unplanned dilution and mining 

recovery were applied to calculate the Mineral Reserve Statement. The total Probable 

Mineral Reser ves are summarised in Table  1.3. 

Only the Indicated portion of the Mineral Resources was used in estimating the Mineral 

Reserve. The Mineral Reserve is entirely a Probable Mineral Reserve that was converted from 

Indicated Mineral Resources. The effective date of the Mineral Reserve statement is 31 

December 2022. The Kamoa 2022 Mineral Resource estimate with an effective date 

31 December  2022 was not compl eted in time to allow it to be included in the 

Kamoa -Kakula  2023 PFS. 

The increase in Mineral Reserves since the 2020 Mineral Reserve in the Kamoa -Kakula 

Integrated Development Plan 2020  can be attributed to an increased height (7.5 m) of the 

second lift a t Kakula, the redefining of mine boundaries at Kamoa, and the addition of 

Kakula West and Kamoa 2.  

The Mineral Reserve will be impacted by changes in revenue, costs, and other parameters. 

The elevated cut -off grades used to define the Mineral Reserve are a  buffer against increases 

in costs or reduction in grade or recovery. The methodology used to define the Mineral 

Reserve has resulted in the highest grade mining zones being identified to be mined first; this 

means that if the parameters vary positively or  negatively, then it is likely that the mine plan, 

including the order of mining, will not change significantly.  
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Classification  Ore (Mt)  Copper (%)  Copper  

(Conta ined Mlb)  

Copper  

(Contained kt)  

Proven Mineral Reserve  ð ð ð ð 

Probable Mineral Reserve  472 3.94 41,055 18,622 

- Kakula  138 4.79 14,580 6,613 

- Kakula West  90 3.87 7,647 3,469 

- Kamoa 1  121 3.74 9,963 4,519 

- Kansoko Sud  38 3.70 3,088 1,401 

- Kamoa 2  86 3.05 5,778 2,621 

Probable Mineral Reserve  472 3.94 41,055 18,622 

1. The effective date of the Mineral Reserve statement is 31 December 2022.  

2. The long -term copper price used for calculating the financial analysis is $3.70/lb. The analysis has been 

calculated with assumptions for an on -site smelter and excess concentrate sold to external smelters. Realisation 

costs include refining and treatment charges, deductions and payment terms, blister and concentrate 

transport, metallurgical recoveries, and royalties.  

3. For mine planning, the copper price used to calculate block model Net Smelter Return (NSR) is $3.10/lb.  

4. An elevated cut -off  of $100.00/t  NSR was used to define the stoping blocks. A marginal cut -off  of $80.00/t  NSR 

was used for development . 

5. Indicated Mineral Resources were used to report Probable Mineral Reserves from the January 2020 Mineral 

Resource.  

6. Tonnage and grade estimates include diluti on and recovery allowances.  

7. The Mineral Reserves reported above are not additive to the Mineral Resources.  

8. Rounding may result in apparent differences between tonnes, grade, and contained metal content .  

 

The Kamoa -Kakula  2023 PFS analyses a production case with an expansion of the 

Kamoa -Kakula concentrator processing facilities, and associated infrastructure to 19.2  Mtpa, 

and includes a smelter, and five separate underground mining operations with associated 

capital  and operating costs. Overview of deposits included within the 

Kamoa -Kakula  2023 PFS (outlined by blue dotted line) is shown in Figure 1.5. 

The five mines are listed below:  

¶ Kakula Mine (PFS 9.2 Mtpa).  

¶ Kakula West Mine (PFS 6.2  Mtpa).  

¶ Kamoa 1 Mine (PFS 6.0  Mtpa).  

¶ Kansoko Sud Mine (PFS 2.0 Mtpa) . 

¶ Kamoa 2 (PFS 6.0 Mtpa).  
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OreWin, 2023.  

 

The Kamoa -Kakula  2023 PFS assesses mining multiple deposits on the Kamoa -Kakula Project 

as an integrated, 19.2  Mtpa mining, processing , and smelting complex. Kakula Mine has been  

expanded to 9.2  Mtpa to  meet the Phase 1 and 2 concentrators requirements (9. 2 Mtpa), 

Kakula West will come begin production in 2029 to maintain Kakula concentrator capacity at 

9.2 Mtpa.  Kansoko Sud Mine, which is current being developed , and Kamoa 1 , and Kamoa 2 

mines , will fee d the Phase 3 Concentrator, planned for Q4õ24, at a capacity of 5.0  Mtpa. The 

Phase 4 Concentrator also planned at 5.0  Mtpa will be fed by Kamoa 3, Kamoa 4, Kamoa 5 , 

and Kamoa 6 mines. This would bring the Kamoa mining complex capacity to 10  Mtpa 

together with the Kakula Mining Complex at 9.2  Mtpa to have a combined output of 

19.2 Mtpa for the Kakula , and Kamoa mining complex.  
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The primary mining method for the Kamoa -Kakula deposits (drift -and -fill) was selected based 

on the results of a trade -off study which compared six different variations of drift -and -fill 

mining to identify the most suitable. The drift -and -fill method will be utilised as the primary 

mining method for all Kamoa -Kakula deposits. Identified mining areas with a dip greater than 

25° will be mined using the hanging wall access drift -and -fill (HWAD&F) method. To establish 

the drift -and -fill mining method, a pair of twin perimeter declines are driven at a defined 

offset to the extremities of each deposit. Twin connection drifts are then developed across 

the target orebody. The selected drift -and -fill mining methods are explained in detail in 

Section 16.2. 

Figure 1.6, Figure  1.7, Figure 1.8, Figure 1.9, and Figure 1.10, show the required mine layout to 

enable the drift -and -fill mining method for each deposit.  

 
OreWin, 2023.  
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OreWin, 2023.  

 
OreWin, 2023.  
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OreWin, 2023.  

 
OreWin, 2023.  
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A probable combined Mineral Reserve of approximately 472.28  Mt grading at 3.94% Cu has 

been defined in the Kamoa -Kakula mines. Table  1.4 summarises the LOM development and 

production results for each mine in the Kamoa -Kakula  2023 PFS. The output from the existing 

Kakula Mine is supported by a detailed rolling mine plan. Indicated production outputs from 

Kakula West, Kansoko Sud, Kamoa 1, and Kamoa 2 require detailed studies and planning at 

the execution level to be realised, an d although a PFS is a preliminary feasibility study the 

Kamoa -Kakula  2023 PFS more than adequately meets PFS definitions the NI  43-101 Standards 

of Disclosure for Mineral Projects.  

Kamoa -Kakula  2023 PFS Mining  

Description  Units Total Kakula  Kakula 

West 

Kamoa 

1 

Kansoko 

Sud 

Kamoa 

2 

Peak Production Rate  Mtpa  - 9.20 6.20 6.00 2.00 6.00 

Waste Development  

Waste Development - 

Lateral  
m 339,406 74,526 119,091 44,752 12,442 88,593 

Waste Development - 

Vertical  
m 39,216 16,766 11,496 6,042 1,632 3,281 

Total Waste Development  m 378,622 91,292 130,587 50,795 14,074 91,874 

Total Waste Development  kt  35,150 7,527 12,747 4,893 1,366 8,617 

Ore Production  

Ore Development Metres  m 123,554 53,598 9,011 45,388 11,917 3,639 

Ore Development  kt 13,540 6,699 854 4,494 1,154 339 

Drift-and -Fill Production  kt 444,517 117,282 88,727 116,349 36,658 85,500 

HWAD&F Production  kt 14,227 14,227 ð ð ð ð 

Total Ore Production  kt 472,284 138,207 89,582 120,843 37,813 85,839 

Cu Grade  % 3.94 4.79 3.87 3.74 3.70 3.05 

S Grade  % 1.80 1.34 1.27 2.48 2.65 1.75 

As Grade  % 0.0005 0.0001 0.0001 0.0005 0.0014 0.0011 

Fe Grade  % 5.32 4.86 4.88 5.83 6.19 5.43 

AsCu Grade  % 0.31 ð ð 0.35 0.23 0.28 

 

The following conditions were used in developing the LOM schedules:  

¶ Proximity to the main accesses and initial development.  

¶ High TCu grade and Tonnage . 

¶ Ventilation constraints . 

¶ Mining sequence constraints . 
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¶ Rock mechanics constraints . 

¶ Backfill constraints . 

Using the above strategy, appropriate mining blocks were targeted  and scheduled to 

achieve the highest possible TCu grade profile during ramp -up , and full production. Each 

mine contained underground infrastructure consisting of various components such as ore and 

waste handling systems, dewatering, maintenance shops, fuelling, ventilation, concrete and 

shotcrete facilities, refuge stations, etc.  

 

 

The Kamoa -Kakula  2023 PFS considers an increase in production capacity from 7.6  Mtpa up 

to a total of 19.2  Mtpa achieved by debottlenecking of Kakula Phase 1 and Phase 2 to 

9.2 Mtpa, and the phased addition of a further 10.0  Mtpa processing facility located at 

Kamoa.  

The processing capacity of each module of the existing Kakula concentrator will be 

increased from 3.8  Mtpa to 4.6  Mtpa, through several modifications and hydraulic upgrades, 

to increase the Kaku la complex processing capacity to 9.2  Mtpa.  

The new Kamoa concentrator will be constructed in a phased approach with two 5.0  Mtpa 

modules as the mining operations ramp -up to full production of 10.0  Mtpa.  

 

The flow sheet for the Kakula co ncentrator is shown in Figure 1.11. The Kakula concentrator 

design incorporates a run -of -mine stockpile, followed by cone crushers operating in closed 

circuit with vi brating screens to produce 100% passing 50  mm material that is stockpiled. The 

crushed ore is fed to the High -Pressure Grinding Rolls (HPGR) operating in closed circuit with 

wet screening, at a product size of 80% (P 80) passing 4.5  mm which is gravity fed to the milling 

circuit. The milling circuit incorporates two stages of ball milling in series , in closed circuit , with 

cyclone clusters for further size reduction , and classification to a target grind size of 80% 

passing 53  micrometres  (µm). The milled slu rry is pumped to the rougher and scavenger 

flotation circuit where the high -grade, or fast -floating rougher concentrate, and medium -

grade, or slow -floating scavenger concentrate, are separated for further upgrading. The 

rougher concentrate is upgraded in t he low entrainment high -grade cleaner stage to 

produce a high -grade concentrate. The medium -grade or scavenger concentrate together 

with the tailings from the high -grade cleaner stage and the recycled scavenger recleaner 

tailings are combined and further u pgraded in the scavenger cleaner circuit.  
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The concentrate produced from the scavenger cleaner circuit, is re -ground to a P 80 of 10  µm 

prior to final cleaning in the low entrainment scavenger recleaner stage. The scavenger 

recleaner concentrate is then comb ined with the high -grade cleaner concentrate to form 

final concentrate. The final concentrate is then thickened and pumped to the concentrate 

filter. Final filtered concentrate is then bagged for shipment to market.  The scavenger tailings 

and scavenger cle aner tailings are combined and thickened prior to being pumped to the 

backfill plant and/or to the tailingõs storage facility. Backfill utilises on average 40% of tailings 

and the remaining 60% will be pumped to the tailingõs storage facility. 

Based on extensive testwork  and current operation data , the concentrator is expected to 

achieve an overall recovery of 86.3%, producing a concentrate grading 50.0% copper. 

Kakula concentrate also benefits from having very low deleterious elements, including 

arsenic  levels of 0.02%. 

 

The Kamoa concentrator design is similar to the existing Kakula concentrator with the 

difference in the position of the regrind circuit, as per Figure 1.12. 

The Kamoa circuit incorporates a run -of -mine stockpile, followed by primary cone crushers 

operating in closed circuit with vibrating screens to produce 100% passing 50 millimetres  (mm) 

material that is stockpiled. The crushed or e is fed to the High -Pressure Grinding Rolls (HPGR) 

operating in closed circuit with wet screening, at a product size of 80% (P 80) passing 4.5  mm 

which is gravity fed to the milling circuit. The milling circuit incorporates two stages of ball 

milling, in series, in closed circuit, with cyclone clusters for further size reduction, and 

classification to a target grind size of 80% passing 53 micrometres (µm). The milled slurry is 

pumped to the rougher and scavenger flotation circuit where the high -grade, or fa st-floating 

rougher concentrate, and medium -grade, or slow -floating scavenger concentrate, are 

separated for further upgrading. The rougher concentrate is upgraded in the low 

entrainment high -grade cleaner stage to produce a high -grade concentrate. The 

med ium-grade scavenger concentrate together with the tailings from the high -grade 

cleaner stage are combined and re -ground to a P 80 of 10  µm prior to further upgrading in the 

scavenger cleaner circuit. The regrind circuit product is combined with the scavenge r 

recleaner tailings as feed to the scavenger cleaner circuit. Provision is made for the 

scavenger cleaner circuit to produce a medium -grade concentrate or low -grade 

concentrate, depending on the feed grade to the circuit. The medium -grade concentrate 

repo rts to the final concentrate, while the low -grade concentrate produced from the 

scavenger cleaner circuit reports for final cleaning in the low entrainment scavenger 

recleaner stage. The scavenger recleaner concentrate is then combined with the high -grade 

cleaner concentrate and medium -grade scavenger cleaner concentrate to form final 

concentrate. The final concentrate is then thickened and pumped to the concentrate filters. 

Final filtered concentrate is trucked to the Kakula smelter complex. The scavenger tailings 

and scavenger cleaner tailings are combined and thickened prior to being pumped to the 

backfill plant and/or to the tailingõs storage facility. Backfill will utilise approximately half of the 

tailings, with the remaining amount pumped to the taili ngõs storage facility. 

Based on testwork, the Kamoa concentrator is expected to achieve an overall recovery of 

87%, producing a concentrate grading 37% copper. Kamoa concentrate also benefits from 

having very low deleterious elements, including arsenic lev els of 0.03%. 
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The Direct -to -Blister Furnace (DBF) technology selected for the Kamoa smelter has greater 

oxygen and fuel consumption efficiency compared to other technologies, which helps to 

reduce the overall operating costs of the smelter. It requ ires fewer major equipment items 

than some competing processes, enabling it to offer competitive capital costs. Because of 

the highly oxidative environment in the reaction shaft of the DBF furnace, the resulting slag is 

relatively high in copper necessitat ing subsequent treatment in a slag cleaning furnace 

followed by a slag -mill-flotation circuit.  

The overall smelting process proposed for Kamoa -Kakula includes the following main steps:  

¶ Concentrate Handling:  

- Concentrate f ilter cake storage and blending.  

- Concentrate drying in a s team dryer with bag filter (baghouse) and dedicated 

exhaust stack.  

¶ Flash Smelting and Slag Cleaning:  

- Feed systems for concentrate , oxygen, diesel, coal, burnt lime and flue dust . 

- Direct to Blister Furnace (DBF)  with conce ntrate burner . 

- DBF waste heat boiler and electrostatic precipitator.  

- Fugitive gas collection and bag filter.  

- Electric Slag Cleaning Furnace with coke feed system, evaporative cooler and dust 

cyclones  for furnace offgas . 

- Blister copper tapping  from both DBF  and SCF, and transfer to anode furnace.  

¶ Anode Refining Furnaces : 

- DBF and SCF molten blister copper transferred to anode furnaces.  

- Rotary anode furnaces with air-cooled gas coolers.  

- Anode copper to dual casting wheels, containing up to 99.7% copper.  

- Anode  Furnace slag recycled to Slag Cleaning Furnace.  

¶ Sulfuric Acid Plant : 

- Double contact, double absorption process for maximum sulfur capture.  

¶ Flue Gas De sulfurisation : 

- All smelter gas streams treated in a de -sulfurisation  plant before discharge to ensure 

minimum SO 2 discharge well within IFC limits).  

- Including the following gas streams: acid plant tail gas, SCF gas, fugitive extraction 

system and anode refining furnace gas.  

- Desulfurisation  of combined gas stream with lime  scrubber , producing gypsum for 

disposal.  

- Wet electrostatic mist precipitator before discharging gas to the main smelter exhaust 

stack.  
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- Wastewater streams to a treatment plant.  

¶ Slag Flotation Circuit : 

- Slag slow cooling  in ladles breaking , crushing and milli ng.  

- Slag flotation  with related reagent systems . 

- Slag flotation concentrate and tailings dewatering and handling.  

- Slag concentrate re -cycled to DBF; Slag tails disposed to TSF.  

Blister and a node -grade  copper from the smelter will be sold, for refining by others.  
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Kamoa -Kakulaõs concentrate and blister copper products are transported by truck and 

exported via the ports of Durban in South Africa, and Dar es Sal aam in Tanzania, and to a 

lesser extent, Walvis Bay in Namibia, and Beira in Mozambique.  

The Phase 4 expansion in the Kamoa -Kakula  IDP23 includes the cost of a railway spur line from 

Kamoa -Kakula to the main railway line near Kolwezi, which will be used fo r an additional 

export route transport ing  copper products by rail from the mine to the port of Lobito in 

Angola once operational.  

 

The Kamoa -Kakula  2023 PFS analyses a production case with an expansion of the 

Kamoa -Kakula concentrator processing facilities, and associated infrastructure to 19.2  Mtpa, 

and includes a smelter, and five separate underground mining operations with associated 

capital and operating costs.  

The five mines are listed below:  

¶ Kakula Mine (9.2  Mtpa ). 

¶ Kakula West Mine (6.2  Mtpa ). 

¶ Kamoa 1 Mine (6.0  Mtpa ). 

¶ Kansoko Sud Mine (2.0  Mtpa ). 

¶ Kamoa 2 (6.0  Mtpa ). 

The combined LOM production scenario schedules 472  Mt to be mined at an average grade 

of 3.94% copper, producing 37.0  Mt of high -grade copper concentrate , containing 

approximately 35 billion pounds of copper.  

The economic analysis uses a long -term price assumption of US$3.70/lb of copper and  returns 

an after -tax NPV at an 8% discount rate of US$19.1 billion. The Kamoa -Kakula  2023 PFS has a 

payback period o f 1.6-years. The LOM average mine site cash cost is US$1.52/lb of copper  

and C1 cash cost is US$1.31/lb of copper . 

The estimated Phase 3 capital cost, including contingency, is US$3,037M. The estimated 

Phase 4 capital cost, including contingency, is US$1,5 53M. The key results of the 

Kamoa -Kakula  2023 PFS are summarised in Table  1.5, Table  1.6, Table  1.7, Table  1.8, Table  1.9, 

and Table  1.10 summarises the financial results.  

The Process Production schedule and concentrate and metal production is shown in 

Figure 1.14 (annual cash flow is shown on the left vertical axis , and cumulative cash flow on 

the right axis) and Figure 1.15, respectively.
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Item  Unit Total 

Total Processed  

Quantity Milled  kt 476,195 

Copper Feed Grade  % 3.94 

Total Concentrate Produced  

Copper Concentrate Produced  kt (dry)  37,802 

Copper Recovery  % 86.62 

Copper Concentrate Grade  % 43.05 

Contained Metal in Conc entrate  Mlb  35,875 

Contained Metal in Conc entrate  kt 16,273 

Annual Average (2023 -2024) 

Ore Milled  kt 9,106 

Copper Feed Grade  % 5.75 

Copper Concentrate Produced  kt (dry)  917 

Contained Copper in Concentrate  Mlb  1,004 

Contained Copper in Concentrate  kt 455 

C1 Cash Cost  US$/lb. payable  1.45 

EBITDA US$M 2,015 

Annual Average (2025 -2029) 

Ore Milled  kt 14,194 

Copper Feed Grade  % 5.30 

Copper Concentrate Produced  kt (dry)  1,431 

Contained Copper in Concentrate  Mlb  1,442 

Contained Copper in Concentrate  kt 654 

C1 Cash Cost  US$/lb. payable  1.15 

EBITDA US$M 3,522 

Annual Average (First 10 -Years)  

Ore Milled  kt 14,428 

Copper Feed Grade  % 4.94 

Copper Concentrate Produced  kt (dry)  1,379 

Contained Copper in Concentrate  Mlb  1,368 

Contained Copper in Concentrate  kt 620 

C1 Cash Cost  US$/lb. payable  1.22 

EBITDA US$M 3,151 

Key Financial Results  

Remaining Phase 3 Capital Costs  US$M 3,037 

Phase 4 Capital Costs  US$M 1,553 

Sustaining Capital Costs  US$M 5,583 

LOM Avg. C1 Cash Cost  US$/lb Payable Cu  1.31 

LOM Avg. Total Cash Costs  US$/lb Payable Cu  1.52 

LOM Avg. Site Operating Costs  US$/t Milled  72.75 

After -Tax NPV8% US$M 19,062 

Project Life  Years 33 
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Net Present Value (US$M)  

Discount Rate  Before Taxation  After Taxation  

Undiscounted  67,966 47,969 

4.0% 41,321 28,966 

6.0% 33,325 23,272 

8.0% 27,407 19,062 

10.0% 22,937 15,884 

12.0% 19,493 13,438 

Project Payback Period (Years)  ð 1.2 1.6 
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Item  Unit 2023-2024 2025-2029 First 

10-Years 

LOM 

Average  

Total Processed  

Quantity Milled  kt 9,106 14,194 14,428 14,430 

Copper Feed Grade  % 5.75 5.30 4.94 3.94 

Total Concentrate Produced  

Copper Concentrate Produced  kt (dry)  917 1,431 1,379 1,146 

Copper Recovery  % 86.97 87.02 87.02 86.62 

Copper Concentrate Grade  % Cu 49.67 45.70 45.01 43.05 

Copper in Concentrate  

Contained Copper  Mlb  1,004 1,442 1,368 1,087 

Contained Copper  kt 455 654 620 493 

Concentrate Smelted / Sold  

Concentrate Smelted (Kamoa)  kt (dry)  ð 1,133 936 861 

Concentrate Tolled (LCS)  kt (dry)  134 134 134 120 

Concentrate Sold  kt (dry)  783 164 310 165 

Payable Copper Sold  

Blister Anodes (Kamoa)  kt ð 496 396 353 

Blister Copper (LCS)  kt 64 65 63 55 

Copper in Concentrate  kt 376 80 147 75 

Payable Metal  

Copper  Mlb  971 1,411 1,336 1,064 

Copper  kt 440 640 606 483 

Note: The 2023 -2024 average includes approximately 20  kt of copper in concentrate that is processed by the Phase 3 

concentrator during the ramp -up period in 2024.  
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Capital Costs (US$M)  Phase 3 

Capital 

US$M 

Phase 4 

Capital 

US$M 

Sustaining 

Capital 

US$M 

Total 

US$M 

Underground Mining  

Underground Mining  543 684 2,747 3,974 

Mining Mobile Equipment  63 66 1,238 1,367 

Subtotal  607 750 3,984 5,341 

Power  and  Smelter  

Smelter Total  906 ð 165 1,071 

Power Infrastructure  84 134 ð 218 

Subtotal  990 134 165 1,289 

Concentrator  and  Tailings 

Process Plant  262 238 193 693 

Tailings 57 ð 404 461 

Subtotal  320 238 597 1,154 

Infrastructure  

General Surface Infrastructure  662 98 150 910 

Rail Spur ð 84 70 154 

Subtotal  662 182 220 1,064 

Indirects  

EPCM 127 141 5 273 

Owners Cost  83 ð 15 98 

Customs Duties  92 44 175 311 

Closure  ð ð 145 145 

Subtotal  302 185 340 826 

Capital Expenditure Before Contingency  2,880 1,488 5,306 9,674 

Contingency  157 65 277 499 

Capital Expenditure After Contingency  3,037 1,553 5,583 10,173 

Totals have been rounded.  
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US$/lb Payable Cu  

2023-2024 2025-2029 First 10-Years 

Mining  0.41 0.44 0.47 

Processing  0.16 0.15 0.16 

Smelter  ð 0.16 0.13 

Logistics 0.51 0.24 0.29 

Treatment, refining and smelter charges  0.24 0.12 0.14 

General and  Administration  0.13 0.10 0.09 

Sulfuric Acid Credits 1 ð ð0.07 ð0.06 

C1 Cash Cost  1.45 1.15 1.22 

Royalties and  Export Tax 0.29 0.21 0.22 

Total Cash Cost  1.74 1.36 1.44 

1 Acid Selling Price $150/  t Acid . 
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Total  LOM 2023-2024 2025-2029 First 

10-Years 

LOM 

Average  

US$M US$/t Milled  

Revenue  

Copper in Blister  110,500 60 333 265 232 

Copper in Concentrate  20,569 351 47 85 43 

Acid Production  2,618 ð 7 6 5 

Gross Sales Revenue  133,687 411 386 356 281 

Less: Realisation Costs  

Logistics 9,053 55 24 27 19 

Treatment, refining and 

smelter charges  
4,719 25 12 13 10 

Royalties and  Export Tax 7,417 31 21 21 16 

Total Realisation Costs  21,189 111 57 60 44 

Net Sales Revenue  112,498 300 329 296 236 

Site Operating Costs  

UG Mining  19,380 48 40 42 41 

Processing  7,167 17 15 15 15 

Smelter  5,298 ð 16 12 11 

General and  Administration  2,800 14 10 9 6 

Total 34,644 79 81 78 73 

EBITDA 77,854 221 248 218 163 

EBITDA Margin (%) 58.2% 53.9% 64.3% 61.3% 58.2% 

Note: The copper price used in the economic analysis is $3.80/lb. in 2023, $3.90/lb. in 2024, $4.00/lb. in 2025, $4.00/lb. 

in 2026 and a long -term copper price of $3.70/lb. from 2027 onwards.  
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OreWin, 2023.  

 
OreWin, 2023.  
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The annual and cumulative cash flows are shown in Figure 1.16 (annual cash flow is shown on 

the left vertical axis and cumulative cash flow on the right axis).  Kamoa -Kakula  2023 PFS 

c opper p rice sensitivit ies are shown in Table  1.11. 

 
OreWin, 2023.  

After -Tax NPV 

(US$M) 
Copper Price  - US$/lb 

Discount Rate  2.00 2.50 3.00 3.50 3.70 4.00 4.25 4.50 5.00 6.00 

Undiscounted  12,760 23,279 33,732 43,902 47,969 54,069 59,153 64,237 72,562 87,982 

4.0% 9,004 14,953 20,846 26,646 28,966 32,446 35,346 38,246 42,990 51,776 

6.0% 7,734 12,363 16,940 21,463 23,272 25,986 28,248 30,509 34,211 41,069 

8.0% 6,733 10,407 14,032 17,625 19,062 21,218 23,015 24,811 27,756 33,213 

10.0% 5,934 8,900 11,821 14,723 15,884 17,626 19,077 20,528 22,910 27,328 

12.0% 5,285 7,717 10,107 12,486 13,438 14,865 16,055 17,244 19,201 22,833 

15.0% 4,519 6,369 8,183 9,992 10,715 11,800 12,704 13,609 15,101 17,875 

Note: The copper price used in the economic analysis is $3.80/lb. in 2023, $3.90/lb. in 2024, $4.00/lb. in 2025, $4.00/lb. 

in 2026, and a long -term copper price of $3.70/lb. from 2027 onwards.  
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Figure 1.17 shows the C1 pro -rata copper cash costs of the Kamoa -Kakula  2023 PFS on Wood 

Mackenzieõs industry cost curve. This figure represents C1 pro-rata cash costs that reflect the 

direct cash costs of producing paid copper incorporating mining, processing, smelting, 

logistics and off -site realisation costs, having made appropriate allowance for the costs 

associated with the co -product revenue streams.  

The Kamoa -Kakula  2023 PFS was not reviewed by Wood Mackenzie prior to filing, and 

information was sourced from public disclosures.  

 
Ivanhoe, 2023. Source: Wood Mackenzie 2023 . 

Figure 1.18 compares the reported copper production in 2025 for the 20 highest producers by 

paid copper production. The Kamoa -Kakula  2023 PFS production and grade are based on 

average paid copper production and average copper feed grade during the first 10 -years.  

Figure 1.19 shows projected top 10 largest copper projects in 2025. T he ôCopper Head Gradeõ 

for the projects benchmarked by Wood Mackenzie reflects the average reserve grade. The 

estimates are based on public disclosure and information gathered by Wood Mackenzie.  

The Kamoa -Kakula  IDP23 was not reviewed by Wood Mackenzie prior to filing.  
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Ivanhoe, 2023. Source: Wood Mackenzie , 2023. 

 
Ivanhoe, 2023. Source: Wood Mackenzie , 2023. 
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The Kamoa -Kakula  2023 PEA analyses a production case of maintaining overall production 

rate of up to 19.2  Mtpa from the Kamoa -Kakula  2023 PFS with the addition of four new 

underground mines in the Kamoa area (called, Kamoa 3, 4, 5 , and 6). The additional four 

mines will extend the Kamoa -Kakula Copper Complex mine life by nine -year s. Overview of 

deposits included within the Kamoa -Kakula  2023 PEA (outlined by green dotted line) is shown 

in Figure 1.20. 

The nine mines are listed below:  

¶ Kakula Mine (PFS 9.2 Mtpa) . 

¶ Kakula West Mine (PFS 6.2  Mtpa) . 

¶ Kamoa 1 Mine (PFS 6.0 Mtpa) . 

¶ Kansoko Sud Mine (PFS 2.0 Mtpa) . 

¶ Kamoa 2 (PFS 6.0 Mtpa) . 

¶ Kamoa 3 (PEA 6.0  Mtpa) . 

¶ Kamoa 4 (PEA 6.0  Mtpa) . 

¶ Kamoa 5 (PEA 3.0  Mtpa) . 

¶ Kamoa 6 (PEA 1.0  Mtpa) . 

The Kamoa -Kakula  2023 PEA as part of the Kamoa -Kakula  IDP23 includes economic analysis 

that is based, in part, on Inferred Mineral Resources. Inferred Mineral Resources are 

considered too speculative geologically to have the economic considerations applied to 

them that would allow them to be categorised as Mineral Reserves, and there is no c ertainty 

that the results will be realised. Mineral Resources are not Mineral Reserves , as they do not 

have demonstrated economic viability.  

The results of the Kamoa -Kakula  2023 PEA represent forward -looking information. The 

forward -looking information inc ludes metal price assumptions, cash flow forecasts, projected 

capital and operating costs, metal recoveries, mine life and production rates, and other 

assumptions used in the Kamoa -Kakula  2023 PEA. Readers are cautioned that actual results 

may vary from th ose presented. The factors and assumptions used to develop the forward -

looking information, and the risks that could cause the actual results to differ materially are 

presented in the body of this Report under each relevant section.  
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OreWin, 2023.  

 

The Kamoa -Kakula  2023 PEA assesses a nine-year mine life extension of the Kamoa -Kakula 

Copper Complex, in addition to the Kamoa -Kakula  2023 PFS. This case includes the addition 

of four new underground mines in the Kamoa area (called Kamoa 3, 4, 5, and 6) and 

additional capital , and operating costs to bring plant feed from the Kamoa mines to the 

Kakula concentr ator by overland conveyors. This maintains the overall production rate of up 

to 19.2  Mtpa.  

The Kamoa -Kakula  2023 PEA is preliminary in nature , and includes an economic analysis that 

is based, in part, on Inferred Mineral Resources. Inferred Mineral Resourc es are considered too 

speculative geologically for the application of economic considerations that would allow 

them to be categorised as Mineral Reserves , and there is no certainty that the results will be 

realised. Mineral Resources do not have demonstrat ed economic viability and are not 

Mineral Reserves.  
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The primary mining method for the Kamoa -Kakula deposits (drift -and -fill), was selected based 

on the results of a trade -off study which compared six different variations of drift -and -fill 

mining to identif y the most suitable. The drift -and -fill method will be utilised as the primary 

mining method for all Kamoa -Kakula deposits. Identified mining areas with a dip greater than 

25° will be mined using the hanging wall access drift -and -fill (HWAD&F) method. To e stablish 

the drift -and -fill mining method, a pair of twin perimeter declines are driven at a defined 

offset to the extremities of each deposit. Twin connection drifts are then developed across 

the target orebody. The selected drift -and -fill mining methods are explained in detail in 

Section 16.2. 

 

The Kamoa -Kakula  2023 PEA processing facilities are as per the Kamoa -Kakula  2023 PFS and 

considers an increase in production capacity from 7.6  Mtpa up to a total of 19.2  Mtpa. This 

increase in production will be achieved by debottlenecking of the Kakula concentrator 

facility to 9.2  Mtpa, and the phased addition of a further 10.0  Mtpa processing facility 

located at Kamoa. The Kamoa -Kakula  2023 PEA has processing , smelting,  and infrastructure 

facilities that include:  

¶ A 9.2 Mtpa processing facility, complete with surface crushing and screening, milling, 

and flotation, co nsisting of two 4.6  Mtpa concentrator streams, a smelter, and associated 

infrastructure located at the Kakula Mine area.  

¶ A 10.0 Mtpa processing facility, complete with surface crushing and screening, milling, 

and flotation, consisting of two 5.0  Mtpa conce ntrator streams and associated 

infrastructure located at the Kamoa Mine area.  

¶ All associated infrastructure included in the Kamoa -Kakula  2023 PFS, with the addition of 

an overland conveyor from the Kamoa mines to the Kakula processing facility once 

Kakula and Kakula West mines are depleted , and 19.2  Mtpa production is sustained by 

Kamoa mines.  

¶ Smelter as per PFS to be operational at reduced capacity due to the feed material 

sourced from Kamoa mines only.  
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The Kamoa -Kakula  2023 PEA analyses a production case of maintaining overall production 

rate of up to 19.2  Mtpa from the Kamoa -Kakula  2023 PFS with the addition of four new 

underground mines in the Kamoa area (called, Kamoa 3, 4, 5 , and 6). The additional four 

mines will extend t he Kamoa -Kakula Copper Complex mine life by nine -year s. The nine mines, 

including four additional PEA mines are listed below:  

¶ Kakula Mine (PFS 9.2 Mtpa) . 

¶ Kakula West Mine (PFS 6.2  Mtpa) . 

¶ Kamoa 1 Mine (PFS 6.0  Mtpa) . 

¶ Kansoko Sud Mine (PFS 2.0 Mtpa) . 

¶ Kamoa 2  (PFS 6.0 Mtpa) . 

¶ Kamoa 3 (PEA 6.0  Mtpa) . 

¶ Kamoa 4 (PEA 6.0  Mtpa) . 

¶ Kamoa 5 (PEA 3.0  Mtpa) . 

¶ Kamoa 6 (PEA 1.0  Mtpa) . 

The combined LOM production scenario schedules 653  Mt to be mined at an average grade 

of 3.70% copper, producing 50.8  Mt of high -grade copper concentrate, containing 

approximately 45 .7 billion pounds of copper.  

The economic analysis uses a long -term price assumption of US$3.70/lb of copper and returns 

an after -tax NPV at an 8% discount rate of US$20.2 billion. The Kamoa -Kakula  2023 PEA ha s a 

payback period of 1.6 -years. The LOM average mine site cash cost is US$1.53/lb of copper  

and C1 cash cost is US$1.32/lb of copper . 

The estimated Phase 3 capital cost, including contingency, is US$3,037M. The estimated 

Phase 4 capital cost, including co ntingency, is US$1,553M. The key results of the 

Kamoa -Kakula  2023 PEA are summarised in Table  1.12, Table  1.13, Table  1.14, Table  1.15, 

Table  1.16 and Table  1.17 summarises the financial results.  

The Process Production schedule and concentrate and metal production are shown in 

Figure 1.14 (annual cash flow is shown on the left vertical axis and cumulative cash flow on 

the right axis) and Figure 1.15, respectively.
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Item  Unit Total 

Total Processed  

Quantity Milled  kt 657,428 

Copper Feed Grade  % 3.70 

Total Concentrate Produced  

Copper Concentrate Produced  kt (dry)  50,761 

Copper Recovery  % 86.45 

Copper Concentrate Grade  % 41.45 

Contained Metal in Concentrate  Mlb  46,384 

Contained Metal in Concentrate  kt 21,040 

Annual Average (2023 -2024) 

Ore Milled  kt 9,106 

Copper Feed Grade  % 5.75 

Copper Concentrate Produced  kt (dry)  917 

Contained Copper in Concentrate  Mlb  1,004 

Contained Copper in Concentrate  kt 455 

C1 Cash Cost  US$/lb. payable  1.45 

EBITDA US$M 2,015 

Annual Average (2025 -2029) 

Ore Milled  kt 14,194 

Copper Feed Grade  % 5.30 

Copper Concentrate Produced  kt (dry)  1,431 

Contained Copper in Concentrate  Mlb  1,442 

Contained Copper in Concentrate  kt 654 

C1 Cash Cost  US$/lb. payable  1.15 

EBITDA US$M 3,522 

Annual Average (First 10 -Years)  

Ore Milled  kt 14,428 

Copper Feed Grade  % 4.94 

Copper Concentrate Produced  kt (dry)  1,379 

Contained Copper in Concentrate  Mlb  1,368 

Contained Copper in Concentrate  kt 620 

C1 Cash Cost  US$/lb. payable  1.22 

EBITDA US$M 3,151 

Key Financial Results  

Remaining Phase 3 Capital Costs  US$M 3,037 

Phase 4 Capital Costs  US$M 1,553 

Sustaining Capital Costs  US$M 8,858 

LOM Avg. C1 Cash Cost  US$/lb Payable Cu  1.32 

LOM Avg. Total Cash Costs  US$/lb Payable Cu  1.53 

LOM Avg. Site Operating Costs  US$/t Milled  70.57 

After -Tax NPV8% US$M 20,224 

Project Life  Years 42 
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Net Present Value (US$M)  

Discount Rate  Before Taxation  After Taxation  

Undiscounted  86,453 60,760 

4.0% 46,742 32,708 

6.0% 36,329 25,342 

8.0% 29,096 20,224 

10.0% 23,899 16,544 

12.0% 20,049 13,818 

Project Payback Period (Years)  ð 1.2 1.6 
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Item  Unit 2023-2024 2025-2029 First 10-Years LOM 

Average  

Total Processed  

Quantity Milled  kt 9,106 14,194 14,428 15,653 

Copper Feed Grade  % 5.75 5.30 4.94 3.70 

Total Concentrate Produced  

Copper Concentrate Produced  kt (dry)  917 1,431 1,379 1,209 

Copper Recovery  % 86.97 87.02 87.02 86.45 

Copper Concentrate Grade  % Cu  49.67 45.70 45.01 41.45 

Copper in Concentrate  

Contained Copper  Mlb  1,004 1,442 1,368 1,104 

Contained Copper  kt 455 654 620 501 

Concentrate Smelted / Sold  

Concentrate Smelted (Kamoa)  kt (dry)  ð 1,133 936 945 

Concentrate Tolled (LCS)  kt (dry)  134 134 134 106 

Concentrate Sold  kt (dry)  783 164 310 158 

Payable Copper Sold  

Blister Anodes (Kamoa)  kt ð 496 396 374 

Blister Copper (LCS)  kt 64 65 63 47 

Copper in Concentrate  kt 376 80 147 69 

Payable Metal  

Copper  Mlb  971 1,411 1,336 1,081 

Copper  kt 440 640 606 490 

Note: The 2023 -2024 average includes approximately 20  kt of copper in concentrate that is processed by the Phase 3 

concentrator during the ramp -up period in 2024.  
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Capital Costs (US$M)  Phase 3 

Capital 

US$M 

Phase 4 

Capital 

US$M 

Sustaining 

Capital 

US$M 

Total 

US$M 

Underground Mining  

Underground Mining  543 684 4,922 6,149 

Mining Mobile Equipment  63 66 1,735 1,864 

Subtotal  607 750 6,657 8,013 

Power and Smelter  

Smelter Total  906 ð 215 1,121 

Power Infrastructure  84 134 ð 218 

Subtotal  990 134 215 1,339 

Concentrator and  Tailings 

Process Plant  262 238 307 807 

Tailings 57 ð 534 591 

Subtotal  320 238 841 1,398 

Infrastructure  

General Surface Infrastructure  662 98 236 997 

Rail Spur ð 84 95 179 

Subtotal  662 182 406 1,250 

Indirects  

EPCM 127 141 5 273 

Owners Cost  83 ð 15 98 

Customs Duties  92 44 260 396 

Closure  ð ð 145 145 

Subtotal  302 185 425 912 

Capital  Expenditure  Before  Contingency  2,880 1,488 8,544 12,912 

Contingency  157 65 314 536 

Capital Expenditure After Contingency  3,037 1,553 8,858 13,448 

Totals have been rounded.  
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Payable Copper (US$/lb)  

2023-2024 2025-2029 First 10-Years LOM Average  

Mining  0.41 0.44 0.47 0.58 

Processing  0.16 0.15 0.16 0.21 

Smelter  ð 0.16 0.13 0.17 

Logistics 0.51 0.24 0.29 0.26 

Treatment, refining and smelter 

charges  
0.24 0.12 0.14 0.13 

General and  Administration  0.13 0.10 0.09 0.07 

Sulfuric Acid Credits 1 ð ð0.07 -0.06 ð0.09 

C1 Cash Cost  1.45 1.15 1.22 1.32 

Royalties and  Export Tax 0.29 0.21 0.22 0.21 

Total Cash Cost  1.74 1.36 1.44 1.53 

1 Acid Selling Price $150/  t Acid . 
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Total  LOM 2023-2024  2025-2029  First 

10-Years 

LOM 

Average  

US$M US$/t Milled  

Revenue  

Copper in Blister  145,091 60 333 265 221 

Copper in Concentrate  23,967 351 47 85 36 

Acid Production  3,912 ð 7 6 6 

Gross Sales Revenue  172,970 411 386 356 263 

Less: Realisation Costs  

Logistics 11,585 55 24 27 18 

Treatment, refining and 

smelter charges  
5,816 25 12 13 9 

Royalties and  Export Tax 9,572 31 21 21 15 

Total Realisation Costs  26,972 111 57 60 41 

Net Sales Revenue  145,998 300 329 296 222 

Site Operating Costs  

UG Mining  26,274 48 40 42 40 

Processing  9,409 17 15 15 14 

Smelter  7,724 ð 16 12 12 

General and  Administration  2,985 14 10 9 5 

Total 46,393 79 81 78 71 

EBITDA 99,606 221 248 218 152 

EBITDA Margin  (%) 57.6% 53.9% 64.3% 61.3% 57.6% 

Note: The copper price used in the economic analysis is $3.80/lb. in 2023, $3.90/lb. in 2024, $4.00/lb. in 2025, $4.00/lb. 

in 2026 and a long -term copper price of $3.70/lb. from 2027 onwards.  

Totals have been rounded.  
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OreWin, 2023.  

 
OreWin, 2023.  
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The after -tax net present value (NPV) sensitivity to metal price variation is shown in Table  1.18 

for copper prices from US$2.00 ðUS$6.00/lb.  

The annual and cumulative cash flows are shown in Figure 1.23 (annual cash flow is shown on 

the left vertical axis and cumulative cash flow on the right axis).  

After -Tax NPV 

(US$M) 

Copper Price (US$/lb)  

Discount Rate  2.00 2.50 3.00 3.50 3.70 4.00 4.25 4.50 5.00 5.50 6.00 

Undiscounted  13,765 28,112 41,731 55,323 60,760 68,915 75,710 82,506 93,703 104,102 114,500 

4.0% 9,315 16,385 23,190 29,989 32,708 36,787 40,187 43,586 49,149 54,300 59,451 

6.0% 7,902 13,155 18,235 23,312 25,342 28,388 30,927 33,465 37,616 41,459 45,301 

8.0% 6,822 10,849 14,756 18,661 20,224 22,567 24,520 26,472 29,667 32,625 35,583 

10.0% 5,980 9,149 12,231 15,312 16,544 18,393 19,934 21,474 23,998 26,337 28,675 

12.0% 5,308 7,859 10,342 12,825 13,818 15,308 16,549 17,791 19,829 21,719 23,609 

15.0% 4,526 6,431 8,287 10,143 10,885 11,998 12,926 13,854 15,383 16,803 18,223 

Note: The copper price used in the economic analysis is $3.80/lb. in 2023, $3.90/lb. in 2024, $4.00/lb. in 2025, $4.00/lb. 

in 2026, and a long -term copper price of $3.70/lb. from 2027 onwards.  

 
OreWin, 202 3. 
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Mineral Resources for the Project have been estimated using core drill data, have been 

performed using industry best practices (CIM, 2019), and conform to the requirements of CIM 

Definition Standards (2014).  

MSA has ch ecked the data and estimation methodology used to construct the resource 

models (Datamine macros) and has validated the resource models. MSA finds the Kamoa 

and Kakula resource models to be suitable to support Pre-feasibility  level mine planning.  

Areas of uncertainty that may materially impact the Mineral Resource estimates include:  

¶ Drill spacing:  

- The drill spacing at the Kamoa and Kakula deposits is insufficient to determine the 

effects of local faulting on lithology and grade continuity assumptions. Local  faulting 

could disrupt the productivity of a highly mechanised operation. In addition, the 

amount of contact dilution related to local undulations in the SMZ has yet to be 

determined for both deposits. Ivanhoe plans to study these risks with the declines 

currently in progress at Kamoa and Kakula.  

- Delineation drill programme s at the Kamoa deposit will have to use a tight 

(approximately 50  m) spacing to define the boundaries of mosaic pieces (areas of 

similar stratigraphic position of SMZs) in order that mine planning can identify and deal 

with these discontinuities. At the Kakula deposit, the mineralisation appears more 

continuous compared to Kamoa.  

- In the Kakula south developments, minor offsets across growth faults have been 

encountered, but adjustments  to the he mining methods has allowed the mining to 

follow the steeper dips of the mineralisation across the faults.  

- In the Kakula northern access drive, a larger growth fault was encountered where the 

mineralisation of the south side of the fault was faul ted down (with variable offsets). A 

spiral decline was developed to accommodate the offsets, and re -established mining 

on the mineralisation.  

¶ Assumptions used to generate the data for consideration of reasonable prospects of 

eventual economic extraction fo r the Kamoa deposit.  

- Mining recovery could be lower, and dilution increased where the dip locally 

increases on the flanks of the domes. The exploration decline should provide an 

appropriate trial of the conceptual room -and -pillar mining method on the Kamoa  

deposit in terms of costs, dilution, and mining recovery. The decline will also provide 

access to data and metallurgical samples at a bulk scale  that cannot be collected at 

the scale of a drill sample.  

¶ Commodity prices and exchange rates.  

¶ Cut -off grades.  
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The Kamoa -Kakula  IDP23 includes an update of the Kakula and Kamoa Mineral Reserve and 

updates of the preliminary economic assessment (PEA) , including analysis of the Kamoa 3, 

Kamoa 4, Kamoa 5, and Kamoa 6 Mineral Resource.  

The Kamoa -Kakula  2023 PFS has identified a Mineral Reserve and development path that has 

confirmed significant value in the  Kamoa and  Kakula deposit s. 

The Kamoa -Kakula  2023 PFS indicates the combined  Kakula, Kakula West, Kansoko Sud, 

Kamoa 1 , and Kamoa 2 mine plans using the 9.2  Mtpa Kakula processing complex, and 

10.0 Mtpa Kamoa processing complex, including on -site smelting, generates significant value.  

The analysis in the Kamoa -Kakula  2023 PEA assesses a nine-year mine life extension of the 

Kamoa -Kakula Copper Complex, in addition to the Kamoa -Kakula  2023 PFS. This case 

includes the addition of four new underground mines in the Kamoa area (called Kamoa 3, 4, 

5, and 6) to maintain the overall product ion rate of up to 19.2  Mtpa.  

 

Concentrator plant engineering and cost estimates were completed to a higher degree of 

detail and accuracy as required by PFS due to the availability of the current constructi on 

work ongoing and detail Phase 3 Basic engineering study that was completed prior to the 

Kamoa -Kakula  2023 PFS. 

Typically, a PFS will only include reasonably advanced process and mechanical designs and 

it is normal for a lot of the other design disciplin es to be preliminary for a PFS. The China Nerin 

Engineering Co. Ltd (òNerinó) design documentation was confirmed to be technically 

adequate for a PFS in all aspects. Some of the documentation had been prepared to a 

much greater technical extent, more refle ctive of a definitive feasibility study or for project 

implementation.  

 

 

The Kamoa -Kakula  2023 PFS described development scenarios for Kamoa, and Kakula, 

deposits that expand on the initial two phases of the project. The fi rst, Phase 3 is already 

significantly advanced and is to be followed by Phase 4 for a total processing capacity of 

19.2 Mtpa. A holistic approach should be undertaken to optimise the project value . The two 

additional phases identified in the Kamoa -Kakula  2023 PFS provide the current development 

plan  for the Kamoa -Kakula Mineral Resources . As development continues each stage of the 

project should be analysed and redefined.  
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The key areas for further studies are:  

¶ The Kamoa -Kakula  2023 PFS has identified a significant Mineral Reserve to be mined. 

Performance at the operation has successfully achieved production rates above those 

planned in the previous studies. The next study work should consider the timing and 

implementation of the Phase 4 project whic h is earmarked to be brought on -line once 

the Phase 3 project reaches steady state. The next study work should consider 

optimisation for increased production at rates above 20 Mtpa from the combined Kakula 

and Kamoa mines .  

¶ At Kamoa the groundwork to suppo rt bringing forward the timing of Phase 4 should be 

conducted. This should include further exploration drilling and upgrading of the Mineral 

Resources and targeted technical studies to support the Phase 4 project 

implementation . 

¶ The Kamoa -Kakula  2023 PEA indicates that there is potential value in extending the life of 

the Kamoa -Kakula  operation with the addition of Kamoa 3, Kamoa 4, Kamoa 5, and 

Kamoa 6 mines. To identify this potential, further study will be needed. These studies will 

be underta ken using a holistic approach into the long -term  options to maximise the 

efficient extraction of the Kamoa -Kakula Mineral Resources . 

 

Extensive drilling has been completed at Kamoa and Kakula, and the goal of establishing 

sufficient Indicate d Mineral Resources to support stand -alone mining operations at Kakula, 

Kakula West, Kansoko, and Kamoa North has been achieved. The future drill plan at Kakula is 

to continue infill drilling in support of the current , and planned,  mine development, and to  

define the edges of the higher -grade material.  

 

Extensive metallurgical testwork ha s been conducted on the Kakula deposit which includes 

variability testing, locked cycle testing as well as mini pilot plant runs.  

It is recommended to condu ct further variability testing on the Kamoa deposit to confirm the 

suitability of the IFS4a flow sheet, and to provide more information regarding the variability of 

the Kamoa mineralogy and the associated impact on concentrate grade and recovery.  

It is recommended to conduct more extensive testwork on the Kakula West , and Kamoa 

North deposits , to gain a better understanding of the grade -recovery profile when processed 

using the IFS4a and Kakula flow sheets.  
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Solar power with battery storage may be an  alternative to emergency diesel generators to 

be considered  in a study that examines battery capacity , and the importance of 

uninterrupted power supply for the smelter . It is accepted that use of burnt lime flux in the 

smelter instead of limestone will reduce power consumption. However, the hazards to 

operation and maintenance personnel of using burnt lime, and the potential consequences 

of the marked exothermic reaction if the material is wettened must be considered carefully in 

the detai led design , and operating practices to be developed for the smelter.  

Vendor project references for the combination of diesel burners and supplementary 

pulverised coal in a controlled flash smelting or DBF operation will provide more confidence if 

they can be obtained.  

The mass balance , as well as the number of equipment items in slag flotation , and product 

handling , should be investigated further to ensure that product grade objectives, recovery 

targets , and plant availability will all be achieved.  
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Ivanhoe Mines Ltd (Ivanhoe) is a mineral exploration and development company, whose 

principal properties are located in Africa. The Ivanhoe strategy is to build a global, 

commodity -diversified mining and exploration company. Ivanhoe has focussed on 

exploration within the Central African Copperbelt, and the Bushveld Complex.  

Ivanhoe currently has three key assets: the Kamoa -Kakula Project (the Project); the Platreef 

Project; and the Kipushi Project. Ivanhoe also holds interests in pros pective mineral properties 

in the DRC and South Africa. These include an extensive, prospective land package of 

2,400 km2 in the Central African Copper belt adjoining the Kamoa -Kakula Project, known as 

the Western Foreland.  

The Kamoa copper deposit discove ry was made by Ivanplats Limited. Ivanplats Limited 

changed its name to Ivanhoe Mines Limited in 2013. For the purposes of this Report, the name 

òIvanhoeó refers interchangeably to Ivanhoeõs predecessor companies, Ivanplats Limited, 

Ivanhoe Nickel, and Pla tinum Ltd., and the current subsidiary companies. Advancing the 

Kamoa -Kakula and Platreef Projects from discovery to production is a key near term 

objective.  

Ivanhoe owns a 39.6% interest in the Kamoa -Kakula project through 49.5% interest in Kamoa 

Holding Limited (Kamoa Holding).  

 

The Kamoa -Kakula  IDP23 is an independent NI 43 -101 Technical Report (the Report) prepared 

using the Canadian National Instrument 43 -101 Standards of Disclosure for Mineral Projects 

(NI 43-101) for Ivanhoe for the  Project located in the DRC.  

The Project is situated in the Mutshatsha territory in the  Lualaba Province, DRC. The Project is 

located within the Central African Copperbelt, approximately 25  km west of the provincial 

capital of Kolwezi, and about 270  km wes t of the regional centre of Lubumbashi. The Project 

includes the Kamoa and Kakula stratiform copper deposits.  

The following companies have undertaken work in preparation of Kamoa -Kakula  IDP23: 

¶ OreWin Pty Ltd.: Overall Report preparation, Kamoa -Kakula 2023 PEA analyses, 

underground mining, Kamoa -Kakula combined production schedules, and financial 

models.  

¶ The MSA Group : Geology, drillhole data validation, and Mineral Resource estimation for 

Kamoa and Kakula.  

¶ SRK Consulting South Africa (Pty) Ltd.: PFS Mine geotechnical recommendations.  

¶ Golder Associates Pty Ltd: Paste backfill, hydrology, hydrogeology, and geochemistry.  

¶ DRA Global: Process and infrastructure.  

¶ Epoch Resources (Pty) Ltd: Tailings Sto rage Facility (TSF). 
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¶ Kamoa Copper SA: Property description and location, ownership, mineral tenure, 

environmental studies, permitting and social and community and marketing.  

¶ China Nerin Engineering Co. Ltd: Smelter.  

¶ Paterson and Cooke: Processing testwork.  

¶ Outotec Oyj: Processing testwork.  

This Report uses metric measurements. The currency used is U.S. dollars (US$).  

 

The following people served as the Qualified Persons (QPs) as defined in National Instrument 

43-101, Standards of Disclosure  for Mineral Projects, and in compliance with Form 43 101F1:  

Qualified Persons:  

¶ Bernard Peters, B. Eng. (Mining), FAusIMM (201743), employed by OreWin as Technical 

Director - Mining was responsible for: Sections 1.1 to 1.6, 1.15 to 1.16.1, 1.16.3 to 1.17.1 , 

1.17.3, 1.18, 1.18.2, 1.19, 1.19.1; Section 2; Section 3; Section 4; Section 5; Section 6; 

Section 15; Section 16.2 to 16.3.7, 16.3.8.1, 16.3.8.2, 16.3.9, 16.4 to 16.4.7, 16.4.8.1, 16.4.8.2, 

16.4.9, 16.5 to 16.5.7, 16.5.8.1, 16.5.8.2, 16.5.9, 16.6 to 16. 6.7, 16.6.8.1, 16.6.8.2, 16.6.9, 16.7 

to 16.7.7, 16.7.8.1, 16.7.8.2, 16.7.9; Section 19; Section 20; Sections 21.1 to 21.2.1, 21.3; 

Section 22; Section 23; Sections 24.1 to 24.4, 24.6; Sections 25.2, 25.3; Sections 26.1, 26.3; 

Section 27.  

¶ Jeremy Witley, Pr .Sci.Nat., SACNASP, FGSSA, HOD, Mineral Resources, The MSA Group, 

was responsible for: Sections 1.7 to 1.11, 1.13, 1.14, 1.18.1, 1.19, 1.19.2; Section 2; Section 7; 

Section 8; Section 9; Sections 10.1 to 10.5, 10.8, 10.9; Section 11.1 to 11.2, 11.4 to 11.1 2; 

Section 12; Section 14; Section 25.1; Section 26.2; Section 27.  

¶ William Joughin, FSAIMM (55634), employed by SRK Consulting (South Africa) (Pty) Ltd as 

Corporate Consultant, was responsible for: Section 1.19; Section 2; Section 10.6; Section 

16.1; Sect ion 27.  

¶ Curtis Smith, B. Eng. (Mining), MAusIMM(CP) (311458), employed by OreWin as Principal 

Mining Engineer, was responsible for: Sections 1.1 to 1.6, 1.15 to 1.16.1, 1.16.3 to 1.17.1, 

1.17.3, 1.18, 1.18.2, 1.19, 1.19.1; Section 2; Section 3; Section 4; Section 5; Section 6; 

Section 15; Section 16.2 to 16.3.7, 16.3.8.1, 16.3.8.2, 16.3.9, 16.4 to 16.4.7, 16.4.8.1, 16.4.8.2, 

16.4.9, 16.5 to 16.5.7, 16.5.8.1, 16.5.8.2, 16.5.9, 16.6 to 16.6.7, 16.6.8.1, 16.6.8.2,16.6.9, 16.7 to 

16.7.7, 16.7.8.1, 16.7.8.2, 16.7.9; Section 19; Section 20; Sections 21.1 to 21.2.1, 21.3; Section 

22; Section 23; Sections 24.1 to 24.4, 24.6; Sections 25.2, 25.3; Sections 26.1, 26.3; Section 

27. 

¶ Marius Phillips, MAusIMM (CP) (227570), Senior Principal Consultant ð Mineral Processing, 

employed by Stantec Australia Pty Ltd, was responsible for: Sections 1.12, 1.16.2, 1.17.2, 

1.18.3, 1.19, 1.19.3, 1.19.4; Section 2; Section 10.7; Section 11.3; Section 13; Section 17; 

Section 24.5; Section 25.4; Section 26.4, 26.5; Section 27.  
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¶ Alwyn Schol tz, B.Eng., MSc, Pr.Eng, ECSA ( 20150110 ) employed by DRA Global as Study 

Manager, was responsible for: Section 1.19; Section 2; Sections 16.3.8.3 to 16.3.8.10, 

16.4.8.3 to 16.4.8.10, 16.5.8.3 to 16.5.8.10, 16.6.8.3 to 16.6.8.11, 16.7.8.3 to 16 .7.8.9; Sections 

18.1 to 18.1.6, 18.1.8 to 18.2.3; Sections 21.1, 21.2.2 to 21.3; Section 25.5; Section 26.6; 

Section 27.  

¶ Andreas  Savvas, BSc Eng (Civil), MSc Eng, M.ASCE, MSAIMM, MIMMM (691401) employed 

by Epoch Resources as Project Director, was responsi ble for: Section 1.19; Section 2; 

Sections 18.1.7, 18.2.4; Section 27.  

 

Site visits were performed as follows:  

Mr. Bernard Peters visited the site from 15ð17 February 2010, from 27 ð30 April 2010, on 15 

November 2012, from 12 ð14 September 2015, from 24 ð25 October 2016, on 28 ð29 June 2017, 

from 6ð8 August 2018, from 7 -14 March 2022, from 10 ð17 June 2022, from 9 -19 August 2022, 

and from 30 October ð 4 Novemb er 2022. The site visits included briefings from KCSA and 

Ivanhoe Mine Ltd., geology and exploration personnel, exploration drill site inspection, 

underground inspections of the Kakula, Kansoko and Kamoa 1 mines, site inspections of the 

Kamoa 1 decline por tal and box cut and the sites for future mining, plant and infrastructure, 

discussions with other QPs and review of the existing infrastructure and facilities in the local 

area across the project.  

Mr. Curtis Smith visited the site from 7-14 March 2022, fro m 10ð17 June 2022, from 9 -19 August 

2022, and from 30 October ð4 November 2022. The site visits included briefings from KCSA and 

Ivanhoe Mine Ltd., geology and exploration personnel, underground inspections of the 

Kakula, Kansoko and Kamoa 1 mines, site ins pections of the Kamoa 1 decline portal and box 

cut and the sites for future mining, plant and infrastructure, discussions with other QPs and 

review of the existing infrastructure and facilities in the local area across the project . 

Mr Jeremy Witley visited  the Project from 15 ð22 August 2022. Mr. Witley went underground at 

both the Kakula and Kansoko mines, inspected drill core, observed active drill rigs in the field, 

inspected the on -site sample preparation facility, and observed the sampling methodology 

and security measures in place. The site visits also included discussions of geology and 

mineralisation interpretations with Ivanhoeõs staff, focussing on deposit strike, dip, and faulting 

geometries.   

Mr. William Joughin visited the site from 10 ð13 July 2017, 13ð16 August 2018, 3ð11 March 2022, 

and 31 October  ð 4 November 2022 to check geotechnical logging and inspect the ground 

conditions and support in the box -cuts, declines and areas with active mining and 

development at Kakula and Kansoko. The visits a lso included discussions with the on -site 

geotechnical team and a review of the geotechnical support being installed and the 

behaviour thereof over time.  

Mr. Marius Phillips from DRA Global attended site from 12 ð14 December 2022. Site visit 

included concen trator visit, review of concentrator operating data and metallurgical 

accounting.  Visited TSF, Laboratory and Smelter Site . 
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Mr. Alwyn Scholtz from DRA Global visited the site  on several previous occasions with the 

latest being from 10 June  ð 18 June 2022. Briefings between site personnel , and other QPõs 

visiting the site , was conducted , and he visited the Kakula mine underground , and surface 

operation, as well as Kamoa mine.  

Mr. Andreas  Savvas, Civil Engineer, visit ed  Kamoa -Kakula TSF site 22ð25 January 2019. His site 

visit included briefings with the geotechnical engineer undertaking the soils investigation of 

the TSF site, as well as inspections of the proposed TSF site.  

 

The Report has a number of effective  dates, as follows:  

¶ Effective date of the Report : 6 March 2023 . 

¶ Date of the database closure Kamoa Mineral Resource estimate: 20 January 2020.  

¶ Date of the database closure Kakula Mineral Resource estimate: 13 December 2022 

(database closed for acceptance o f new drillholes on 20 July 2022).  

¶ The Kamoa Mineral Resource has an effective date of 30 January 2020.  

¶ The Kakula Mineral Resource was depleted to account for annual production and has 

an effective date of 31 December 2022.  

¶ Date of the Mineral Reserve est imate for Kamoa: 31 December 2022. 

¶ Date of the Mineral Reserve estimate for Kakula: 31 December 2022 . 

¶ Date of the supply of legal information supporting mineral tenure: 23 March 2018.  

 

Reports and documents listed in Secti on 3 and Section 27 of this Report were used to support 

preparation of the Report. Additional information was provided by Ivanhoe personnel as 

requested. Supplemental information was also provided to the QPs by third -party consultants 

retained by Ivanhoe in their areas of expertise.  
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The QPs, as autho rs of Kamoa -Kakula  IDP23, have relied on, and believe there is a reasonable 

basis for this reliance, upon the following Other Expert reports as noted below. Individual QP 

responsibilities for the sections are listed on the Title Page.  

 

The QPs have not reviewed the mineral tenure, nor independently verified the legal status, 

ownership of the Project area, underlying property agreements, or permits. The QPs have fully 

relied upon, and disclaim responsibility for, information derived from Kamo a Copper SA and 

legal experts for this information through the following documents:  

¶ Kamoa Copper SA: Kamoa -Kakula 202 3 PFS Section 19 Market Studies and Contracts , 

March  2023. 

¶ Emery Mukendi Wafwana  & Associates, SCP., 2016: Validity of (i) The exploration permits 

relating to The Mining Project of Kamoa; (ii) The Kamoa exploitation permits; (iii) The 

transfer of 45 of rest of The Kamoa exploration permits of Kamoa Copper SA to Ivanhoe 

Mines Explorati on DRC SARL, addressed to Ivanhoe Mines Ltd.  

¶ Andre Dumont, H., 2013: Democratic Republic of the Congo: Report prepared by 

McGuireWoods LLP in Bourassa M.; and Turner, J., 2013 (eds): Mining in 31 jurisdictions 

worldwide 2013, Mining 2013, Getting the Deal Through, posted to 

http://www.mcguirewoods.com/news -

resources/publications/international/miningdrcongo.pdf.  

¶ Ivanhoe Mines DRC SARL, 2017, DRC Mining Code Review and Ministerial Decrees: 

Unpublished internal email prepared by Corporate Affairs Ivanhoe Mines  DRC SARL, 28 

June 2017.  

This information was used in Section 4.3 of the Report and Section 14.3 for assessment of 

reasonable prospects of eventual economic extraction.  

The QPs have also fully relied upon, and disclaim responsibility for, information suppl ied by 

Kamoa Copper SA for information relating to mineral tenure, ownership of the Project area, 

underlying property agreements, and permits through the following document:  

¶ Kamoa Copper SA: Kamoa -Kakula  2023 PFS, Section 4 Property Description and 

Location, March 2023 . 

This information was used in Section 4 of the Report, and Section 14.13 for assessment of 

reasonable prospects of eventual economic extraction.  

 

The QPs have fully relied upon, and disclaim  responsibility for, information supplied by Kamoa 

Copper for information relating to payment of land and surface rights taxes and payment 

due dates for 2009 2017 through the following document:  

¶ Kamoa Copper SA: Kamoa -Kakula  2023 PFS, Section 4 Property Description and 

Location, March 2023 . 
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This information was used in Section 4 of the Report, and Section 14.13 for assessment of 

reasonable prospects of eventual economic extraction.  

 

The QPs have obtained information regarding the environmental and work prog ramme 

permitting status of the Project through opinions and data supplied by experts retained by 

Ivanhoe, and from information supplied by Ivanhoe staff. The QPs have fully relied upon, and 

disclaim responsibility for, information derived from such experts  through the following 

documents:  

¶ Kamoa Copper SA: Kamoa -Kakula  2023 PFS, Section 4 Property Description and 

Location, March 2023 . 

¶ Kamoa Copper SA: Kamoa -Kakula  2023 PFS, Section 20 Environmental and Social, March 

2023. 

¶ African Mining Consultants, 2009: Greater Kamoa Project, The Democratic Republic of 

the Congo, Environmenta l Impact Assessment Scoping Study: Unpublished report 

prepared by African Mining Consultants for African Minerals (Barbados) Ltd., Sprl, dated 

June 2009.  

¶ Environmental Impact Study, by African Mining Consultants, dated April 2011, 

representing the original  Environmental Impact Study approved by DRC Government.  

¶ Environmental Social and Health gap analysis, by Golder dated March 2012: Report No. 

P1613890, containing the Environmental Social and Health gap analysis to assist in 

compiling the Environmental and Work Programme ñ Permitting.  

¶ Kamoa Stakeholder Engagement Plan by Golder, dated September 2012: Report No. 

11613890 11388 2 containing the Stakeholder Engagement Plan for the permitting of 

project components.  

¶ Environmental Social and Health Constraints, by  Golder dated August 2012: Report No. 

11613890 11594-4 ñ Environmental Social and Health Constraints and Design Criteria 

assisting in the permitting process.  

¶ Kamoa Environmental Social and Health Impact Assessment Scoping Study (Draft) by 

Golder dated Augu st 2013, containing the detailed scoping report for IFC ESHIA.  

¶ Kamoa Environmental Impact Study Terms of Reference (Draft) by Golder, dated August 

2013 which contains the Terms of Reference Report for DRC regulations as part of the 

permitting process.  

This information was used in Section 20 of the Report and Section 14.13 for  assessment of 

reasonable prospects of eventual economic extraction.  
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The QPs have fully relied upon, and disclaim responsibility for, information supplied by Ivanhoe 

staff and experts retained by Ivanhoe for information relating to the status of the current 

royalties and taxation regime for the Project as follows:  

¶ Tedrow Consulting, 2020: Letter from David Guarnieri and Thomas Jolivet to David Van 

Heerden regarding content of the bankable feasibility study required for th e calculation 

of the Super -profits tax, 10 August 2020.  

¶ Ivanhoe Mines Ltd.: Email Re: Updated Taxes and Royalties to OreWin, 28 January  2023. 

¶ Kamoa Copper SA: Kamoa -Kakula  2023 PFS, Section 4 Property Description and 

Location, March 2023. 

This information was used in Section  22 of the Repo rt, and Section  14.12 for assessment of 

reasonable prospects of eventual economic extraction.  
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The Kamoa -Kakula Project is situate d in the Mutshatsha territory in the Lualaba Province, DRC. 

It is located approximately 25  km west of the town of Kolwezi, and about 270  km west of the 

regional centre of Lubumbashi.  

The Project is centred at approximate latitude 10Á46õS, and longitude 25Á15õE. The Project 

location is shown in Figure 4.1. 

 
Ivanhoe, 2016.  

 

Ivanhoe owns a 49.5% share interest in Kamoa Holding Limited (Kamoa Holding), an Ivanhoe 

Zijin subsidiary that presently owns 80% of the Project. Zijin owns a 49.5% share interest in 

Kamoa Holding, which it acquired from Ivanhoe in December 2015 for an aggregate cash 

consideration of US$412 million. The remaining 1% interest in Kamoa Holding is held by 

privately -owned Crystal River Global Limited. A 5%, non -dilutable interest in Kamoa Copper 

SA was transferred to the DRC following the shareholders õ general meeting dated 

11 September 2012, for no consideration, pursuant to the DRC Mining Code.  
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On 11 November 2016, Kamoa Holding and the DRC, represented by the DRC Minister of 

Mines and Minister of Portfolio, signed, in presence of Ivanhoe, Zijin Mini ng Group Co., Ltd. 

and Kamoa Copper SA, a share transfer agreement that transferred an additional 15% 

interest in the Project to the DRC, increasing its total stake in the Project to 20%. As a result of 

the transaction, Ivanhoe and Zijin each hold an indir ect 39.6% interest in the Project, while 

Crystal River Global Limited holds an indirect 0.8% interest and the DRC holds a direct 20% 

interest in the Project.  

The share transfer agreement provides, without limitation, that:  

¶ Kamoa Holding will transfer 300 C lass A shares in the capital of Kamoa Copper SA ĭ 

representing 15% of Kamoa Copper SAõs share capital ĭ to the DRC, in consideration for 

a nominal cash payment and other guarantees from the DRC summarised below. In 

addition, the DRC owns 100 non -dilutable Class B shares, representing 5% of Kamoa 

Copper SAõs share capital. 

¶ The parties agreed that the 300 Class A shares shall be non -dilutable until the earlier of 

(i) five -years after the date of the first commercial production and (ii) the date on which 

the D RC ceases to hold all of its 300 Class A shares.  

¶ Kamoa Holding undertakes to provide all shareholder loans to Kamoa Copper SA and/or 

procure the project financing from third parties for the development of the Project.  

¶ Kamoa Holding and the DRC acknowledge that they shall not be entitled to any 

dividend on their shares in the share capital of Kamoa Copper SA before the repayment 

of 80% of all shareholder loans (which total approximately US$ 2.71 billion on 

31 December 2022), and 100% of any financing of the p roject by third parties.  

¶ The DRC confirmed that the Project will be developed with the support of the 

government of DRC and of its Ministry of Mines by Kamoa Copper SA with the current 

and future shareholders of Kamoa Holding.  

¶ The DRC acknowledged and conf irmed that all permits and mining rights currently held 

by Kamoa Copper SA in respect of the Project are at the date of the signature of the 

share transfer agreement valid and in good standing, without any defect and that 

Kamoa Copper SAõs mining rights are not subject to any cancellation or to any litigation 

or dispute, whatsoever and recognised and guaranteed the peaceful enjoyment of its 

mining rights by Kamoa Copper SA.  

¶ The DRC confirmed and guaranteed that the Project will not be subject to any taxes or 

duties other than those legally required by the applicable statutory and regulatory 

provisions.  

¶ The DRC acknowledged and agreed that the interests on the shareholdersõ loan that 

was the subject of the technical opinion from the Department of Mines  dated 

13 November 2015 will be compliant with the terms approved by this opinion.  

¶ At Kamoa Copper SAõs request and subject to the satisfaction of the applicable 

conditions, the DRC State shall provide its assistance to Kamoa Copper SA, its affiliates 

and subcontractors for the purpose of obtaining the advantages contemplated by the 

DRCõs special law No.14/005 dated 11 February 2014, determining the tax, customs, 

parafiscal tax, non -tax revenues and currency exchange regime applicable to 

collaboration agree ments and cooperation projects.  
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¶ Kamoa Holding will have a preference right, and right of first refusal on any proposed 

sale, transfer or any, direct or indirect sale, transfer or other disposal by the DRC of all or 

part of its 300 Class A shares in favour of a third party, in accordance with Article 13 of 

the articles of association of Kamoa Copper SA, the share transfer agreement clarifying 

the amendments of this provision to be adopted.  

¶ The share transfer agreement will be governed by and construed in acc ordance with the 

laws of the DRC. Any dispute will be subject to binding arbitration, conducted in the 

French language, in Paris, France, in full accordance with the Convention on the 

Settlement of Investment Disputes between States and Nationals of Other States. An 

arbitral decision will be subject to enforcement under the New York Convention of 1958, 

to which the DRC is a contracting party.  

 

 

A summary of the mining history of the former Ka tanga region is presented below and is 

adapted from André -Dumont (2013) and from Law No.007/2002 dated 11 July 2002 on the 

Mining Code (2002 Mining Code), as amended and completed by Law No.18/001 dated 

09 March 2018 (Mining Code).  

The DRC contains a numbe r of world class Mineral Resources, including copper, cobalt, 

diamonds, and gold. Significant deposits of zinc, germanium, tin, tungsten, columbium 

tantalum (coltan), and uranium are also present.  

The DRC has a long base -metal mining history, commencing wi th the formation of the Union 

Mini¯re du Haut Katanga in 1906 and first industrial production of copper in 1911, from lõEtoile 

(Ruashi), a very rich copper oxide deposit located a few kilometres from Lubumbashi. Just 

prior to 1960, the DRC was the worldõs fourth largest producer of copper and supplied 55% of 

the worldõs cobalt from deposits in Katanga. Following independence from Belgium in 1960, 

production gradually decreased due to a combination of factors that included political 

unrest, political and soc ial environments within the country, declining investment in 

infrastructure, and lack of capital (Goossens, 2009).  

In 1967, the DRC (then called Zaire) government nationalised private enterprise, creating the 

state owned mining company La Générale des Carrières et des Mines, now called 

Gécamines SA (Gécamines). Despite controlling rich mineral deposits, the state compa ny 

became unprofitable over time (Goossens, 2009). There followed, through war and 

disinvestment, a further destruction of general transport, energy, and telecommunications 

infrastructure.  

A number of mineral concessions were granted by the DRC government from 1997 to 2001 to 

companies that wished to enter joint ventures with Gécamines. During 2007, following the first 

democratic elections in decades, the government of the DRC announced an initiative to 

review the mining agreements granted between 1997 and 2006 for Gécamines properties. 

This review did not affect the Kamoa -Kakula Project.  
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The following summary on mineral title is adapted from André -Dumont (2013) and from the 

Mining Code.  

All deposits of mineral substances within the te rritory of the DRC are state owned. However, 

the holders of exploitation mining rights acquire the ownership of the products for sale 

(produits marchands) by virtue of their rights.  

The main legislation governing mining activities is the Mining Code, which  is clarified by the 

Mining Regulations enacted by Decree No. 038/2003 of 26 March 2003, as amended and 

completed by Decree No. 18/024 dated 8 June 2018 (Mining Regulations). These law and 

regulations incorporate environmental requirements.  

The Minister of  Mines supervises, without limitation, the Cadastre Minier (DRC mining registry), 

the Departments of Mines and Geology and the Department in charge of the protection of 

the mining environment (DPEM).  

The main administrative entities in charge of regulating  mining activities in the DRC, as 

provided by the Mining Code and Mining Regulations are, without limitation, the following:  

¶ The Prime Minister, who is notably responsible for enacting the Mining Regulations for the 

implementation of the Mining Code and de claring mineral substances as being a 

strategic mineral substance.  

¶ The Prime Minister exercises his rights by decrees, adopted in Council of Ministers, upon 

proposal of the Minister of Mines and, where appropriate, the relevant Ministers.  

¶ The Minister of M ines, who has notably jurisdiction over the granting, refusal and 

withdrawal of mining rights.  

¶ The Cadastre Minier is a public entity supervised by the Minister of Mines that is notably 

responsible for the management of the mining domain and mining rights.  It conducts, 

without limitation, administrative proceedings concerning the application for, and 

registration of, mining rights, as well as the withdrawal and expiry of those rights.  

¶ The Department of Mines is notably responsible for controlling and monito ring the 

performance of activities in relation to mines in accordance with legal and regulatory 

provisions in force.  

¶ The DPEM is notably responsible, in collaboration with the Congolese Agency for 

Environment, the national fund of promotion and social serv ice and, where appropriate, 

any other relevant body of the State, for implementing the mining regulations 

concerning environment protection and performing the environmental examination of 

environmental and social impact studies and environmental and social  management 

plans. These administrations are also notably responsible for controlling and monitoring, 

without limitation, the obligations of the holders of mining rights concerning health and 

safety and the protection of environment in the sector of mines.  

¶ The Chief of the Provincial Department of Mines also has, without limitation, authority to 

control and monitor mining activities in Province.  
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Under the Mining Code, the mining rights are exploration permits, exploitation permits, small 

scale exploitation permits and tailings exploitation permits.  

Foreign legal entities whose corporate purposes concern exclusively mining activities and 

that comply with DRC laws must elect domicile with an authorised DRC domestic mining and 

quarry agent (mandata ire en mines et carrières), and act through this intermediary. The 

mining or quarry agent acts on behalf of, and in the name of, the foreign legal entity with the 

mining authorities, mostly for the purposes of communication.  

Foreign legal entities are elig ible to hold only exploration mining rights. Foreign companies 

need not have a domestic partner, but a company that wishes to obtain an exploitation 

permit must transfer 10% (non -dilutable and free of any charge) of the shares in the share 

capital of the a pplicant company to the DRC State.  

The Mining Code provides for a specific recourse system for mining right holders through three 

separate avenues that may be used to resolve mining disputes or threats over mining rights: 

administrative recourse, judicial recourse, or national or international arbitral recourse, 

depending on the nature of the dispute or threat.  

The DRC is divided into mining cadastral grids using a WGS84 Geographic coordinate system 

outlined in the Mining Regulations. This grid defines unif orm quadrangles, or cadastral 

squares, typically 84.95 ha in area, which can be selected as a òPerimeteró to a mining right. 

A perimeter under the Mining Code is in the form of a polygon composed of entire 

contiguous quadrangles subject to the limits relat ing to the borders of the National Territory 

and those relating to prohibited and protected reserves areas as set forth in the Mining 

Regulations.  

Perimeters are exclusive and may not overlap subject to specific exceptions listed in the 

Mining Code and Min ing Regulations. Perimeters are indicated on 1:200,000 scale maps that 

are maintained by the Cadastre Minier.  

Within two months of issuance of an exploitation permit, the holder is expected to boundary 

mark the perimeter. The boundary marking (bornage) con sists of placing a survey marker 

(borne) at each corner of the perimeter covered by the mining title and  placing a 

permanent post (poteau) indicating the name of the holder, the number of the title and that 

of the identification of the survey marker.  

 

 

Pursuant to the Mining Code, exploitation permits are valid for 25 -years, renewable for 

periods that do not exceed 15 -years until the end of the mine's life, if conditions laid out in the 

Mining Code are met.  



 

22005KKIDP23_230316Rev1.docx Page 72 of  650 

Granting of an exploitation pe rmit is dependent on a number of conditions that are defined 

in the Mining Code, including:  

1. Demonstration of the existence of an economically exploitable deposit by presenting a 

feasibility study compliant with the requirements of the laws of the DRC, acco mpanied by 

a technical framework plan for the development, construction, and exploitation work for 

the mine.  

2. Demonstration of the existence of the financial resources required for the carrying out of 

the holderõs project, according to a financing plan for the development, construction 

and exploitation work for the mine, as well as the rehabilitation plan for the site when the 

mine will be closed. This plan specifies each type of financing, the sources of financing 

considered and justification of their proba ble availability. In all cases, the share capital 

brought by the applicant cannot be less than 40% of the said resources.  

3. Obtain in advance the approval of the projectõs environmental and social impact study 

(ESIS) and environmental and social management p lan (ESMP). 

4. Transfer to the DRC State 10% of the shares constituting the share capital of the company 

applying for the exploitation permit. These shares are free of all charges and cannot be 

diluted.  

5. Creation, upon each transformation, in the framework of a distinct mine or a distinct 

mining exploitation project, an affiliated company in which the applicant company holds 

at least 51% of the shares.  

6. Filing of an undertaking deed whereby the holder undertakes to comply with the cahier 

des charges defining the  social responsibility vis -à -vis the local communities affected by 

the projectõs activities. 

7. Having complied with the obligations to maintain the validity of the permit set out in 

Articles 196, 197, 198 and 199 of the Mining Code, by presenting:  

8. The eviden ce that the certificate of the beginning of works was duly delivered by the 

Cadastre Minier.  

9. The evidence of payment of the annual superficiary rights payable per squares (carrés) 

and of the tax on the surface area of mining concessions.  

10. Providing the evidence of the capacity to treat (traiter) and transform the mineral 

substances in the DRC and filing an undertaking deed to treat and transform these 

substances within the Congolese territory.  

The exploitation permit, as defined in the Mining Code, grant s to its holder the exclusive right 

to carry out, within the perimeter over which it is established, and during its period of validity, 

exploration, development, construction and exploitation works in connection with the mineral 

substances for which the ex ploitation permit was granted, and associated substances if the 

holder has applied for an extension.  

In addition, it entitles, without restriction, the holder to:  

1. Enter within the exploitation perimeter to proceed with mining operations.  

2. Build the faciliti es and infrastructure required for mining exploitation.  
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3. Use the water and wood resources located within the mining Perimeter for the needs of 

the mining exploitation, in complying with the norms defined in the ESIS and the ESMP.  

4. Dispose (disposer), transport and freely market the products for sale originating from within 

the exploitation perimeter.  

5. Proceed with concentration, metallurgical or technical treatment operations, as well as 

the transformation of the mineral substances extracted  from the deposit within the 

exploitation Perimeter.  

6. Proceed to works of extension of the mine.  

The exploitation permit expires at the end of the appropriate term of validity if no renewal is 

applied for in accordance with the provisions of the Mining Code , or when the deposit that is 

being mined is exhausted.  

For renewal purposes under the Mining Code, a holder must, in addition to supplying proof of 

payment of the filing costs for an exploitation permit and without limitation, show that the 

holder has:  

¶ Not breached the holderõs obligations to maintain the validity of the exploitation permit 

set out in Articles 196 to 199 of the Mining Code.  

¶ Presented a new feasibility study in accordance with the laws and regulations of the DRC 

demonstrating the existence of exploitable reserves.  

¶ Demonstrated the existence of the financial resources required to continue to carry out 

this project in accordance with the financing and mine exploitation work plan, as well as 

the rehabilitation plan for the site when the mine wi ll be closed. This plan specifies each 

type of financing considered and the justification of its probable availability.  

¶ Obtained the approval of the update of the ESIS and ESMP.  

¶ Undertaken to actively carry on with this exploitation.  

¶ Demonstrated the entry  of the project in its phase of profitability.  

¶ Demonstrated the regular and uninterrupted development (mise en valeur) of the 

project.  

¶ Transferred to the State, upon each renewal, 5% of the shares in the share capital of the 

company, in addition to those p reviously transferred.  

¶ Not breached its tax, non -tax (parafiscal) , and customs obligations.  

¶ Undertaken to comply with the cahier des charges defining the social responsibility vis -à -

vis the local communities affected by the projectõs activities. 

Pursuant to Article 85 the Mining Code, the trading of mining products which originate from 

the exploitation permit is òfreeó, meaning that the holder of an exploitation permit may sell its 

products to customers of its choice, at òprices freely negotiatedó. 
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However, pursuant to Article 108 octies of the Mining Code, the trading of the mining 

products that originate from exploitation perimeters must be done in accordance with the 

laws and regulations in force in DRC. This provision also specifies that the ho lder of an 

exploitation permit may sell its products to clients of its choice at fair price with regard to 

market conditions.  

However, in the case of a local sale, it can only sell its products to a legal entity exercising 

mining activity or to manufacture s having a link with mining activity. Mining products for sale 

must be compliant with the nomenclature set out by the relevant regulations.  

Under the Mining Code, a mining rights holder must pay in a timely manner a levy on the total 

surface area of his mi ning title (Article 238 of the Mining Code). Levies are defined on a per 

hectare basis and increase on a sliding scale for each year that the mining right is held, until 

the third year, after which the rate remains constant. In this Report, this levy is re ferred to as a 

òtax on the area of mining concessionsó (taxe sur la superficie sur les concessions mini¯res). 

An additional duty (Article 199 of the 2002 Mining Code) (droit superficiaires annuel par 

carré), meant to cover service and management costs of t he Cadastre Minier and the 

Ministry of Mines, and payable annually to the Cadastre Minier before 31 March, is levied on 

the number of squares held by a title holder. Different levels of duties are levied depending 

on the number of years a mining title is h eld, and whether the mining right is an exploration or 

exploitation mining right. In this Report, this tax is referred to as annual superficiary rightsó. 

 

The following summary on surface rights title is adapted from André -Dumont (2008,  2011), and 

from the Mining Code.  

The soil is the exclusive, non -transferable and lasting ownership of the DRC State (Law No. 

73 021 dated 20 July 1973, as amended by Law No. 80  008 dated 18 July 1980). However, the 

DRC State can grant surface rights to pr ivate or public parties. Surface rights are distinguished 

from mining rights, since surface rights do not entail the right to exploit minerals or precious 

stones. Conversely, a mining right does not entail any surface occupation right over the 

surface, oth er than that required for the operation.  
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The Mining Code provides that subject to the potential rights of third parties over the relevant 

soil, the holder of an exploitation mining right has, with the authorisation of the Governor of 

the relevant Province,  after opinion from the relevant department of the Administration of 

Mines notably within the perimeter of the mining right, the right to occupy the parcels of land 

required for its activities and the associated industries, including the construction of in dustrial 

facilities, dwellings and facilities with a social purpose, to use underground water, the water 

from non -navigable, non -floatable watercourses, notably to establish, in the context of the 

concession of a waterfall, a hydroelectric power plant aime d at satisfying the energy needs 

of the mine, to dig canals and channels, and establish means of communication and 

transport of any type. Kamoa Copper SA was granted with such an authorisation from the 

Governor of the Province on 23 July 2014. Kamoa Copper  SA nevertheless noted a typing 

error in one of the mining rights referred to in the above mentioned authorisation and 

subsequently to a meeting in this respect with the Provincial Minister of Mines for Lualaba, 

Kamoa Copper SA is in the process of prepari ng a letter to the relevant authorities to confirm, 

as soon as practically possible, that the Province Governorõs authorisation adequately covers 

the perimeter of Exploitation Permit No.13025.  

Any occupation of land that deprives the beneficiaries of land use and any modification 

rendering the land unfit for cultivation, entails, for the holder of mining rights, at the request of 

the beneficiaries of land use and at their convenience, the obligation to pay a fair 

compensation corresponding either to the ren t or to the value of the land when it is 

occupied, increased by the half. The mining rights holder must also compensate the 

damages caused by its works that it performs in the context of its mining activities, even when 

such works were authorised.  

Finally, in the event of displacement of populations, the holder of the mining right must 

previously proceed to the compensation and resettlement of the concerned populations.  

 

The following summary on environmental regulations is adapted from André -Dumont (2008, 

2011) and from the Mining Code.  

All exploration, mining and quarrying operations must have an approved environmental plan, 

and the holders of the right to conduct such operations are responsible for compliance with 

the rehabilitati on requirements stipulated in the plan. When applying for an exploitation 

permit, a company must complete an ESIS to be filed, together with the ESMP to be 

approved by the relevant authorities.  

On approval, the applicant must provide a financial guarantee for rehabilitation. This 

guarantee can be provided by means of a bank guarantee. Funds posted as guarantee are 

not at the disposal of the DPEM and are to be used for the rehabilitation of a mining site. 

Kamoa Copper SA complied with its obligation in this respect, in accordance with the 

instalments set out in the approved updated environmental impact study of the Project.  

Kamoa Copper SA updated ESIS was submitted in April 2022. The related environmental 

certificate is dated 13 July 2022. Kamoa Copper SA is  in the process of submitting a new 

updated ESIS to the authorities.  
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Kamoa Copper SA notably obtained in 2020 exploitation permits for its classified facilities  and  

applied in 2022 for updated exploitation permits covering new classified facilities , and is  in the 

process of addressing the request from clarifications received from the relevant 

administration. In the meantime, with regard to DRCõs expectations and in order to mitigate 

risks, Kamoa Copper applied for clearing authorisations (permis de déboisem ent) and paid, 

under duress, the related taxes as well as those related to classified facilities, required by the 

relevant administrations, while they were, in Kamoa Copper SAõs view, legally challengeable. 

Kamoa Copper SA is actively following its applica tions with the relevant administrations to 

ensure it is promptly granted with the authorisations applied for and paid for or to be paid for, 

when required by the relevant administrations . 

Each exploration permit in the DRC requires a mitigation and rehabilitation plan (PAR in 

French acronym). The PAR sets out the type of exploration activity in the area and describes 

what measures will be carried out to ensure impacts are minimised and any significant 

damage is repaired.  

The holder of a mining right submitted to the PAR must revise this initially approved plan:  

¶ When the changes in the mining activities justify an amendment of the PAR.  

¶ When a control and/or monitoring report demonstrates that the mitigation and 

rehabilitation measures planned in its PAR are no longer adapted and that there is a 

significant risk for the environment.  

Environmental obligations for conversion of an exploration permit to an exploitation permit 

under the Mining Code  require the preparation of an ESIS and an ESMP.  

The holder of a mining right submitted to an ESIS of the project must revise its initially 

approved ESIS and ESMP and to sign them:  

¶ Every five -years.  

¶ When its rights are renewed.  

¶ When changes in the mining a ctivities justify an amendment of the ESIS.  

¶ When a control and/or monitoring report demonstrates that the mitigation and 

rehabilitation measures planned in its PEMP are no longer adapted and that there is a 

significant risk of adverse impact for the enviro nment.  

The Mining Regulations also require an environmental audit every two -year period as from the 

date of approval of the initial ESIS. The report of the last two year environmental audit 

concerning Exploitation Permits No. 12873, 13025 and 13026 was thu s filed on 31 May 2022.  

Breaches with environmental obligations can lead to significant sanctions, including 

suspension of mining activities and confiscation of the financial guarantees, subject to strict 

compliance with the formalism and proceedings descr ibed in the relevant laws and 

regulations.  
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Upon mine closure, shafts must be filled, covered or enclosed. After a closure, environmental 

audit, and an in  situ audit by the DPEM, together with the Environment Congolese Agency, 

and the national fund of promo tion and social service, a certificate of release of 

environmental obligations can be obtained.  

 

A company holding an exploitation permit is subject to mining royalties.  

Pursuant to the 2018 DRC Mining Code were nevertheless adopted by the above -mentioned 

Law No.18/001 dated 09 March 2018.  

Pursuant to Law No.18/001, the holder of the exploitation permit is subject to a mining royalty 

whose basis (assiette) is calculated on the basis of the gross commercial value and must pay 

this royalty on any pro duct for sale as from the date of beginning of the effective 

exploitation.  

The mining royalty is calculated and payable at the moment of the exit of the extraction site 

or of the treatment facilities for expedition. The rate of the royalty is 3.5% for non -ferrous 

and/or base metals including copper . 

 

The Kamoa -Kakula Project consists of the Kamoa exploitation permits (Exploitation Permits No. 

12873, 13025 and 13026 which cover an area of approximately 39,316 hectares). A mineral 

tenure summary  table is provided in Table  4.1 and the mineral tenure locations are as 

indicated in Figure 4.2. The exploitation permits were surveyed and boundary marked 

together with the Cadastre Minier.  

Exploitation 

Permit (PE) No. 

Grant 

Date  

Expiry 

Date  

Mineral/Metal Rights Granted  Number of 

Cadastral 

Squares 

Area  

(ha)*  

12873 
20 Aug 

2012 

19 Aug 

2042 

Silver, Bismuth, Cadmium, Cobalt, 

Copper, Iron, Germanium, Nickel, 

Gold, Palladium, Platinum, Lead, 

Rhenium, Sulfur and Zinc. 

62 5,207.67 

13025 
20 Aug 

2012 

19 Aug 

2042 

Silver, Bismuth, Cadmium, Cobalt, 

Copper, Iron, Germanium, Nickel, 

Gold, Palladium, Platinum, Lead, 

Rhenium, Sulfur and Zinc.  

204 17,135.69 

13026 
20 Aug 

2012 

19 Aug 

2042 

Silver, Bismuth, Cadmium, Cobalt, 

Copper, Iron, Germanium, Nickel, 

Gold, Palladium, Platinum, Lead, 

Rhenium, Sulfur and Zinc.  

202 16,972.25 

Subtotal  39,315.61 

*The above -mentioned areas are approximate and subject to GIS verification.  
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Kamoa Copper SA, 2020.  
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Ivanhoe advised the QPs that Ivanhoe had pro -rata paid the required annual superficiary 

rights for the Exploitation Permits to the DRC Government, as this pre -payment was a 

pre -cond ition of grant of the permits. The annual superficiary rights are due by 31 March of 

each year; Tax on the area of mining concessions is due by 31 January of each year. Ivanhoe 

advised the QPs that the required payments for 2021, and 202 2, were made for the three 

above -mentioned Exploitation Permits.  

Ivanhoe is also actively exploring in other areas of the DRC close to the perimeters of the 

mining rights constituting the Project.  

 

At the effective date of this Report, Kamoa Copper SA holds n o surface rights in the Project 

area. However, subject to the comments set out in Section 4.2.4, Kamoa Copper SA is 

authorised to occupy the parcels of land requir ed for its activities.  

Investigations with local administrations should be performed to clarify whether or not there 

are any holder of surface rights enforceable against third parties within the area of planned 

infrastructure.  

Land access for the explorati on programmes completed to date has typically been 

negotiated without problems. Where compensation has been required for exploration 

activities, compensation has followed DRC laws and regulations in all cases.  

The surface rights for the whole surface cover ed by the mining rights belongs to the DRC 

State. Kamoa has completed a process of compensation to communities and individual 

farmers for the loss of land and for fields inside the 7  km 2 required for the Kansoko mine as 

required by the DRC law to enable th e company to occupy this land.  

A similar process was performed for Kakula footprint inside 48  km² enclosing 129 households 

surveyed, out of whom 45 have been physically relocated after complete field 

compensation and land replacement. The field compensatio n, land replacement and 

physical relocation are in progress for the rest of households. 16  km of the mine area was 

fenced off.  

Kamoa Copper SA also planned a pathway for bikes as a deviation road so that people 

cultivating in the south area beyond the fenc e can easily access their fields. Kamoa Copper 

SA could consider in the future applying for prohibition areas (zones dõinterdiction) where the 

activities and/or circulation of third parties will be prohibited for the areas required for the 

Kansoko and Kaku la surface infrastructure that give the company the full legal right to 

occupy the relevant area and prevent any other parties occupying or entering the area.  

 

There are no property agreements in place that are relevant to the Technical Report.  
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The city of Lubumbashi in the DRC, located 290  km east of the Kamoa -Kakula Project, can be 

accessed by an international airfield. Alternatively, the international airport at the Zambian 

city of Ndola, 200  km south -east of Lubumbashi, can be used.  

The closest major township to the Project is Kolwezi, 25  km to the east. There are regular flights 

from Lubumbashi to Kolwezi, with the flying time being approximately 45 minutes.  

 

Kolwezi is connected to Lubumbashi and Ndola by road. Travel time by car, from Kolwezi to 

Lubumbashi, is currently four hours on a tarred road that has recently been refurbished and is 

in reasonable condition.  

Access to the Project area from Kolwezi is via a new gravel road built directly from Kakula, 

that joins the main Kolwezi -Lubumbashi tarred road at the Kolwezi airport, just so uth of the 

city. On -site, sealed gravel roads have been built between the Kamoa Camp, Kansoko Mine 

and Kakula Mine to facilitate access for drill rigs and construction equipment during the rainy 

season.  

 

Until 2012, the rail line of approximately 740  km between Ndola (border with DRC), and the 

Livingstone (border with Zimbabwe), was managed under concession by RSZ (Railway System 

of Zambia). This concession was revoked in September 2012, and is currently run under 

management of the Zambian government.  

The operation of the 470  km section between Bulawayo and Victoria Falls (Livingstone) on the 

Zambia border is carried out by the National Railways of Zimbabwe (NRZ) with NLPI Logistics 

(NLL) responsible for the financing and marketing of the line, per the a greement between NLL 

and NRZ. The 350 km railway line from Beitbridge (the border post between South Africa and 

Zimbabwe) to Bulawayo (the most industrialised city in Zimbabwe) was built in record time, 

with the construction phase lasting only 18 -months. I mplemented in Zimbabwe on a Build 

Operate -Transfer basis by Beitbridge Bulawayo Railway BBR, it is now run by the NRZ.  

Transnet Freight Rail (TFR) is the rail operator of the freight rail network in South Africa, and 

Transnet owns the assets. The railway s ystem has sections running at world class standards, 

maintaining high volumes over long distances. TFR has an investment plan based on a 

forecast volume increase and new rail customers, which includes an upgrade of the line and 

a purchase of additional rol ling stock to manage increased demand. TFR is a South African 

government -owned company.  
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As well as the north -south rail corridor, there is also a historical rail line connecting Kolwezi and 

the major DRC mining hub with the border town of Dilolo, approxima tely 420 km to the west, 

and a further 1,290 km from the DRC -Angola border to the port of Lobito, Angola on the 

Atlantic Ocean . The rail line passes near  the Kamoa -Kakula exploitation permits. While the 

DRC portion of the line is in dilapidated  condition, there are infrequent train services in 

operation. The Angolan side of the rail line was built by a Chinese consortium in 2014, and a 

30-year concession was awarded in November 2022 to a consortium including Trafigura Pte 

Ltd, Mota -Engil Africa and Vecturis  SA. 

 

The climate in the area follows a distinct pattern of wet, and dry seasons. Rainfall of 

approximately 1,225  mm is experienced annually in the region with the majority of rainfall 

events occurring during the period of October, through to March (the wet season), with peak 

precipitation being experienced between December to February. The dry season occurs 

from April to September. The average air temperature remains very similar throughout the 

year, averaging approximately 22°C. The average annual temperatures in the vicinity of the 

Kamoa deposit vary between 16°C and 28°C, with the average being 20.6°C. Winds at the 

Kamoa -Kakula Project are expected to originate from the east ðsouth -east 20% of the time 

and south -east 14% of the time. Wind speeds are moderate to strong, with a low percentage 

(11.25%) of calm conditions (<1  m/s).  

 

The workforce for the project is currently drawn from local villages, Kolwezi, Lubumbashi, other 

regions of the DRC, and internationally . The expatriate portion of the workforce is minimised 

and regulated. Transport is provided by KCSA from Kolwezi, and the local area, using buses 

and cars.  

The existing infrastructure at Kamoa supports the current underground mining and processing 

operatio ns for the Kakula, Kansoko Sud, and Kamoa 1 Mines, and the Phase 1 and 2 of the 

processing facility.  

 

The bulk power supply is sourced from La Soci®t® Nationale dõ£lectricit® (SNEL), the national 

power utility of the Democratic Republic of the Congo ( DRC). Capacity from the national 

grid is reserved through a partnership project between SNEL, and Ivanhoe Mines Energy DRC, 

a subsidiary of Kamoa Holdings Ltd.  

Ivanhoe Mines Energy DRC recently (2021) completed the rehabilitation of six turbine 

generators at the Mwadingusha hydropower plant (HPP) in south east DRC and restored the 

plant to its installed capacity of 78 MW during the construction, and commissioning, of the first 

phase of the Kamoa -Kakula  Concentrator. The securing of power for the Kamoa -Kakula  

Project is done by Ivanhoe Mines Energy DRC on a loan agreement from Kamoa with SNEL 

that will be repaid on a 40% discounted consumption charge.  
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For the Phase 3 upgrades, the Kamoa Board has agreed to extend the loan agreement with 

La Société Nationale d õ£lectricit® (SNEL), for the upgrade of unit 5 (G25) at Inga II 

hydropower plant (HPP) in the South west DRC.  

This unit will be capable to export 178 MW over a 1,700 km, 500 kV High Voltage Direct 

Current (HVDC) line to the Kolwezi area, where it is conve rted back into Alternating Current 

(AC) and tied into the 220 kV grid at the 220 kV SCK substation in Kolwezi. The SCK substation 

is a major 220 kV transmission station in the SNELõs southern network. Upgrading of the filter 

banks at Inga II, as well as at  SCK, will also be part of the loan agreement, in order to boost 

the HVDC lineõs transmission capacity. Part of this project include the installation reactive 

power compensation equipment at SCK 220 kV substation.  

The upgrading is part of a programme planned, to eventually overhaul, and power boost 

output. On completion of the upgrading programme, a combined total of 278 MW of 

long -term, clean electricity will be produced for the DRCõs national grid. 

However, to meet the power requirements of  the Phase 4 expansion, a total of 440 MW 

supply will be required. Refurbishing costs have been included in the study to refurbish 

another INGA plant turbine that will supply the Project with additional 178 MW over the same 

lines as described above, this w ill increase supply to 456 MW . 

 

The Project area is at the edge of a north ðnorth -east to south ðsouth -west trending ridge 

which is incised by numerous streams and rivers. The elevation of the Project area ranges from 

1,300 m to 1,540  m above sea  level (amsl), with current exploration activities in areas of 

elevation from 1,450  m to 1,540  m above sea level (amsl). The local topography of the Project 

is affected by the drainage catchments of the Mukanga, Kamoa, and Lulua Rivers , and the 

Kalundu, Ka nsoko, and Kabulo Streams.  

The Project lies just north of the watershed separating the Zambezi and Congo drainage 

basins. Mukanga, Lwampeko, Kansoko, and Kamoa are the main streams in the Project area. 

These are the main sources of potable water for the lo cal communities. Wetland areas in the 

general Project area include dambos (water -filled depressions), marshes, and wet plateau 

sands. 

The Project is generally well vegetated with Central Zambezian Miombo woodland, 

characterised by broadleaf deciduous woodl and and savannas interspersed with grassland, 

wetlands, and riparian forests. Grasslands on the Kalahari Sand plateau, together with 

riparian forests, are the most common vegetation type after Miombo woodland. Riparian 

forest dominates adjacent to watercou rses. 

There are no known migratory routes of endangered animal species within the Project area. 

Information gathered from interviews with local people indicates that the only protected 

species in the Project area are tortoises, which occur across the whole  area. The partially 

protected felis serval (serval) is also found within the area. Poaching has severely diminished 

the numbers of larger mammals.  
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The most common vegetation disturbance is agriculture, and in particular the practice of 

slash-and -burn cult ivation. There is currently little evidence of commercial logging, probably 

due to the poor road infrastructure. Woodland is only cleared or partially logged near villages 

where the need for agricultural land and firewood (charcoal) is greatest. No plant s pecies 

threatened by extinction were found in the Project area during the surveys.  

 

The existing and planned access, infrastructure, availability of staff, the existing power, water, 

and communications facilities, the methods whereby g oods could be transported to any 

proposed mine, and any planned modifications or supporting studies are reasonably 

well -established. There is sufficient area in the Project tenure to support construction of 

smelter plant, mining and disposal infrastructure . The requirements to establish such 

infrastructure are reasonably well understood by Ivanhoe. It is expected that any future 

mining operations will be able to be conducted year -round.  
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During the period between 1971 ð1975, the Tenke Fungurume Consor tium (consisting of 

Amoco, Charter, Mitsui, BRGM and L. Tempelsman, and operated as the Société 

Internationale Des Mines du Zaire (SIMZ), undertook grass -roots exploration over an area that 

extended south -west from Kolwezi , toward the Zambian border. A hel icopter -supported 

regional stream -sediment sampling programme was completed in 1971. No sample location 

information is available for any sampling that may have occurred within the confines of the 

current Project.  

In 2003, Ivanhoe acquired a significant gro und holding, including the permit areas that now 

comprise the Project. Work completed to date includes data compilation, acquisition of 

satellite imagery, geological mapping, stream sediment and soil geochemical sampling, an 

airborne geophysical survey tha t collected total field magnetic intensity, horizontal and 

longitudinal magnetic gradient, multi -channel radiometric, linear and barometric, altimetric 

and positional data, acquisition of whole rock major and trace element data from selected 

intervals of m ineralised zone and footwall sandstone in drillhole DKMC_DD019, and aircore, 

reverse circulation (RC) and core (DDC) drilling.  

A first-time Mineral Resource estimate was prepared by Amec (now known as Wood plc) for 

the Kamoa deposit in 2009 (Parker H., 200 9) and the estimate was updated in 2010, 2011, 

2012, 2013, 2016, 2017, 2018, 2019, and 2020.  

PEAs on the Kamoa deposit were prepared in 2012 (Peters et al., 2012), 2013 (Peters et al., 

2013), 2016 (Peters et al., 2016) and 2017 (Peters et al., 2018).  PEA on the Kamoa and Kakula 

deposits was also prepared in 2020 as part of a Kamoa -Kakula Integrated Development 

Plan 2020 (Peters et al., 2020).  

The Kansoko Mine has a Mineral Reserve that was previously stated in the Kamoa 2016 

Pre-feasibility Study (Kamoa 201 6 PFS). The base case described in the Kamoa 2016 PFS , is the 

construction and operation of an underground mine, concentrator processing facilities, and 

associated infrastructure. The base case mining rate and concentrator feed capacity is 

3 Mtpa. The prod uction rate was increased to 6.0  Mtpa and mining methods changed for the 

Mineral Reserve update, in the Kamoa 2017 PFS. The Kamoa 2016 Resource Technical Report 

was filed in November 2016 that included a first -time resource estimate for the Kakula 

deposit.  In January 2017, the Kakula 2016 PEA was filed. The Kakula 2016 PEA included an 

analysis of the Kakula deposit as a standalone operation, and a combined operation that is 

made up of the separate operations at the Kansoko Mine, and the Kakula Mine at the K akula 

deposit.  

The Kakula 2017 Resource Update was released in a Technical Report in June 2017, this was 

followed by the Kamoa -Kakula 2017 Development Plan , which was filed in January 2018. The 

Kamoa -Kakula 2017 Development Plan included an update of the K amoa Mineral Reserve, 

and updates of the PEA on the Kakula Mineral Resource. The production rate assumption at 

each deposit was increased from 4.0  Mtpa to 6.0  Mtpa, and the total combined production 

rate was increased from 8.0  Mtpa to 12.0  Mtpa. The Minera l Reserves for the Kamoa  2017 PFS 

increased as a result of an increase in production rate through a change to the controlled 

convergence room -and -pillar mining method.  
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The Technical Report titled Kamoa -Kakula 2018 Resource Update with an effective date in 

March 2018 included a restatement of the Kamo a-Kakula 2017 Development Plan.  

The Technical Report , titled Kamoa -Kakula Integrated Development Plan 2019 , with an 

effective date in March 2019 , included: Mineral Reserves for Kamoa, initial Mineral Reserves 

fo r Kakula, and Kakula West Mineral Resource updates, and the Kamoa -Kakula 2019 PEA 

considering an 18  Mtpa plant expansion.  

The Technical Report titled  Kamoa -Kakula 2020 Resource Update , with an effective date in 

March 2020 , included an update to the Kamoa Mineral Resource, and a restatement of the 

Kamoa -Kakula Integrated Development Plan 2019.  

The previous Technical Report was the Kamoa -Kakula Integrated Development Plan 2020 

with an eff ective date in October 2020. This included Mineral Reserves for Kamoa and Kakula, 

and the Kamoa -Kakula  2020 PEA considering a 19  Mtpa plant expansion.  
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The metallogenic province of the Central African C opperbelt is hosted in metasedimentary 

rocks of the Neoproterozoic Katanga Basin, an evolving intracontinental rift. The Katangan 

Basin overlies a composite basement consisting of older, multiply -deformed and 

metamorphosed intrusions that are mostly of gra nitic affinity and supracrustal metavolcanic ð

sedimentary sequences. The lowermost, continental siliciclastic rock sequences within the 

Katangan Basin were deposited in a series of restricted rift basins that were then overlain by 

laterally extensive, organ ic -rich, marine siltstones and shales. These units (òOre Shaleó) contain 

the bulk of the deposits within the Copperbelt (the Kamoa -Kakula deposit is, however, an 

exception to this). This horizon is overlain by what became an extensive sequence of mixed 

car bonate and clastic rocks of the Upper Roan Group (Selley et al., 2005). These rocks are 

overlain by thick diamictite (the base of which hosts the Kamoa -Kakula deposit), carbonate 

rocks and relatively monotonous, non -evaporitic siliciclastic rocks of the NõGuba and 

Kundulungu Groups. During this deposition, there was a progressive widening of the basin that 

resulted in younger strata being deposited onto the basement rocks at the basin periphery 

(Selley et al., 2018). Basin inversion occurred during the Lufi lian Orogeny, with the shape of the 

orogen defined by a convex -northward array of folds and reverse faults (the Lufilian Arc), that 

are clearly shown by the curvilinear outcrop patterns of Roan Group strata in the Katangan 

portion of the Copperbelt ( Figure 7.1). 

 
Source: Adapted from Schmandt et al (2013).  
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All of the Mines Subgroup copper (± cobalt) orebodies of the Katangan Copperbelt occur as 

mega fragments (écailles) up to kilometres in size, within a megabreccia. Kamoa occurs 

outside of this domain, with a far simpler structural configuration, similar in  style to the southern 

Congolese and Zambian portions of the Copperbelt, and in sharp contrast to the complex 

strain patterns of the neighbouring Kolwezi district.  

The Katangan  Supergroup within the Katanga Basin in the DRC sector is currently subdivided 

into the Roan (R), NõGuba (Ng) and Kundulungu (Ku) Groups, (Figure 7.2). The NõGuba and 

Kundulungu Groups were previously known as the Lower Kundelungu or Kundelungu Inferieur 

(Ki), and Upper Kundelungu or Kundelungu Superieur (Ks) Groups respectively. Some older 

images in this report may still use the earlier nomenclature.  
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The modelled Kamoa deposit is located in a broadly -folded terrane, with the antiform 

centred on the Kamoa, and Makalu domes. The central portions of Kak ula are located on 

the southern extension of this antiform, with Kakula West located on the top of a separate, 

but parallel, trending antiform. The domes form erosional windows exposing the redox 

boundary between the underlying haematitic (oxidised) Roan s andstones (Mwashya 

Subgroup), and the overlying carbonaceous and sulfidic (reduced) Grand Conglomérat 

diamictite (NõGuba Group), which comprises diamictites with minor interbedded sandstone, 

siltstone, and conglomerate. The mineralisation at Kamoa -Kakula is hosted towards the base 

of the Grand Conglomérat unit ( Ng1.1). 

Although the term diamictite is often associated with glacial deposits, the diamictites of the 

Grand Conglomérat at Kamoa are interpreted as cohesive debris flows, with the sandstone 

and silt stone units the product of turbidity flows in a rapidly subsiding and evolving rift 

(Kennedy et al. 2018). The abundance of framboidal pyrite, which only forms under anoxic 

conditions, suggests there was little shallowing of the basin even with the substan tial 

sedimentary input (Kennedy et al. 2018). This pyrite played a critical role in providing the 

reductant for deposition of the copper sulfide mineralisation in the diamictites and siltstone 

units at the base of the Grand Conglomérat (Schmandt et al. 201 3). 

Andesite/dolerite sills occur as one or more, 5 ð80 m thick, apparently concordant tabular 

bodies in the extreme north -east of the Project area. The Katangan rocks in the Project area 

are weakly metamorphosed to lower greenschist facies. Alteration mine rals include 

carbonate, chlorite, sericite, potassium feldspar, and hematite.  

Two primary structural trends are evident on the Project and  are interpreted to be inherited 

from the underlying subbasin architecture. A first -order north -east -trending anticlin e and 

second -order east ðnorth -east -trending synforms occur at Kamoa, and project towards 

Kolwezi. Second -order west ðnorth -west -trending synforms occur at Kakula, broadly 

conforming to the trend of the regionally -developed Monwezi Fault zone of the central 

Congolese Copperbelt (Selley et al., 2018). Basin growth during deposition of the Grand 

Conglomérat is evident in a progressive thickening to the south -west.  

Mineralisation at Kamoa -Kakula has been defined over an irregularly -shaped area of about 

28 km x 23 km. Mineralisation is typically stratiform, and vertically zoned from the base upward 

with chalcocite (Cu2S), bornite (Cu5FeS4) and chalcopyrite (CuFeS2). The nature of the 

copper grade distribution is related to its stratigraphic position, proximity to the Roan aquifer 

(or structures that may have focussed fluid flow), and the localised development of 

lithological units. The earliest sulfide mineralisation at Kamoa -Kakula was deposited during 

diagenesis and formed abundant framboidal and cubic pyrite in the laminated siltstones 

(Schmandt et al, 2013). This pyrite mineralisation above the mineralised horizon could possibly 

be exploited to produce pyrite concentrates for sulfuric acid production (needed at oxide 

copper mines in the DRC).  

For reference to different areas within the Kamoa deposit, the Project area was divided into 

13 prospect areas that are referred to throughout this Report (refer to Figure 7.3). 
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Ivanhoe, 2020.  
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At Kamoa, haematite -bearing sandstone , and siltstone , of the Mwashya Subgroup (upper 

Roan Group) (R4.2) , form the oxidised lower strata. The pyritic rocks of the basal diamictite , 

and inter -bedded siltstone -sandstones form the reduced host rock (Twite et al. 2018). Two 

units are recognised within the basal diamictite, a clast -rich diamictite  (Ng1.1.1.1), which is 

overlain by a clast -poor diamictite ( Ng1.1.1.3). Mineralisation is typically concentrated along 

the basal contact of this clast -poor diamictite, or in a locally -developed intermediate siltstone 

(Ng1.1.1.2) that separates the two diam ictite units. The Ng 1.1.1.2 can frequently be a zone of 

intercalated siltstone, sandstone and diamictite, particularly to the south -west in the Makalu 

area where it more closely resembles the numerous siltstones developed at Kakula, or along 

north -west tre nding zones that may indicate the position of syn -sedimentary faults. Where 

intercalated layers are developed, mineralisation of the unit can be quite variable in 

response to the changes in the underlying lithologies, giving rise to complex grade profiles.  

A regionally developed, finely -laminated, pyritic siltstone known as the Kamoa Pyritic 

Siltstone, or KPS (Ng 1.1.2), is developed above the diamictite units. Sandy or gritty layers are 

developed within the siltstone, and conglomerate layers are locally dev eloped towards the 

base of the unit. Pyrite can range from fine to coarse -grained. The basal contact of the KPS is 

marked by very finely layered varves. Dropstones can be seen to cause soft -sediment 

deformation. At Kamoa, the KPS can host mineralisation al ong the basal contact where the 

clast -poor ( Ng 1.1.1.3) diamictite is absent.  

The KPS is overlain by a thick sequence of diamictite with laterally discontinuous siltstone 

layers (Ng1.1.3). The Ng 1.1.4 is a regionally developed bedded to laminated pyritic si ltstone 

with intercalations of sandstone and minor gritty pebbles. The Ng 1.1.4 is overlain by a thick 

(>300 m) unit of clast -poor diamictite ( Ng1.1.5). A relatively thick (average 24  m), distinctive, 

cross-bedded sandstone separates the Ki1.1.5 from the overlying Ng1.1.6 diamictite, which is 

similar in character to the Ng1.1.5. 

The stratigraphic units generally dip gently at 5 ð20° away from the Kamoa , and Makalu dome 

edges. The Kamoa , and Kamoa North areas , are particularly gently -dipping; Kansoko Sud , 

and Kansoko Centrale , generally dip at 10 ð20° to the south -east, with occasional steepening 

up to 30°. The steepest -dipping areas of the deposit are in Kansoko Nord, where units dip to 

the south or south -east a t 15ð40°. 

 

Vertical thickness trends in the different stratigraphic units indicate a variable orientations of 

the basin controlling structures that were active during sedimentation ( Figure 7.4), although 

north -west trending structures tend to dominate, with a general thickening of units to the 

south -west. The thickening is very obvious on a secti on line perpendicular to the thickening 

orientation, refer to Figure 7.5. These observed thickness trends have been incorporated into 

the search orientations used for  grade estimation.  
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In the south -west, the thickening of the diamictite units is also marked by the development of 

thicker siltstone -sandstone -siltstone units, or the development of numerous siltstone units, 

comparable to the numerous siltstone units identi fied within the Ng 1.1.1 at Kakula.  

 
Ivanhoe, 2020; black lines are the interpreted growth fault positions; the trace of the cross -section shown in  

Figure 7.5 is shown in the dashed black line.  
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Ivan hoe, 2014, illustrating the thickening of units to the south -west; section line location is indicated by dashed line in 

Figure 7.4. Figure 7.5. Copper grades are shown as histograms, with red being >1% TCu.  

 

Geophysical data and topographic expression provide the primary support for regional 

continuity of structural features, whilst drillhole data, and geotechnical logging, provide local 

information to characterise more localised structures. Four major structures have been 

recognised, with the north ðnorth -east trending West Scarp Fault forming the primary b rittle 

structure at Kamoa, with a west -side down -throw of approximately 200 ð400 m. These 

structures were used as boundaries to divide the mineralisation into structural zones, refer to 

Figure 7.6. 

The presence of very open folds at Kamoa are believed to account for offsets observed 

between drillholes that are not attributed to faults. Two sets of fold axes are observed, with 

one set striking approximately north ðsouth, a nd the second set striking west ðeast, or 

north -east. The intersection of these two orientations accounts for the domes and their 

undulations in shape.  

Microstructures are commonly observed in core, particularly in the finely laminated siltstone 

units. In rare cases, unusually steep bedding is identified to occur over intervals of 0.5 ð2 m. 

These occurrences often coincide with the high copper grades (>5% TCu) and have been 

observed to align on the north ðnorth -west growth fault trend evident from changes in 

thickness of individual stratigraphic units.  



 

22005KKIDP23_230316Rev1.docx Page 93 of  650 

 
Ivanhoe, 2020.  
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Mineralisation at Kamoa has been def ined over an irregularly -shaped area of 24  km x 14 km. 

Mineralisation thicknesses at a 1.0% Cu cut -off  grade ranges from 2.3 ð21.6 m (for Indicated 

Mineral Resources). The deposit has been tested locally from below surface to depths of 

more than 1,560  m, an d remains open to the west, east, and south.  

At Kamoa, the clast -rich diamictite ( Ng1.1.1.1) is considered to be only weakly reducing, and 

thus generally hosts only low -grade (<0.5% TCu) mineralisation. The intermediate siltstone 

(Ng1.1.1.2) and clast -poor  diamictite ( Ng1.1.1.3) are considered to represent significantly 

better reducing horizons and thus host the majority of the primary mineralised zone. Some of 

the most consistent and highest -grade intervals are intersected where the clast -rich 

diamictite i s absent, and the clast -poor diamictite rests directly on the Roan contact.  

The vertical position of mineralisation relates to the location of the reductant/s and proximity 

to the Roan aquifer. Although broadly stratiform, mineralisation does transgress stratigraphy 

when a lower reductant narrows or pinches out. Mineralisation is strongest, and the bottom 

loaded profile is best developed, when the reductant is in direct, or very close contact, to the 

Roan aquifer. The mineralisation moves consi stently and predictably from one unit to another 

(Figure 7.7). 

 
Ivanhoe, 2014. Copper grades in percent, shown as red histograms if > 1% TCu.  
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The nature of the copper grade distribution is related to its stratigraphic position , and the 

localised development of lithological units. Where the mineralisation is located on the Roan 

contact, the mineralised interval is thick, and has a very strongly -developed bottom -loaded 

profile. Where the mineralisation is located at the b ase of the clast -poor diamictite 

(Ng1.1.1.3), the profile is typically bottom -loaded (if no intermediate siltstone is developed), or 

complex if one or more siltstone layers are developed. In the Kansoko Sud and Makalu areas, 

numerous siltstone layers devel oped within the diamictite cause the grade profile to become 

bimodal or even top -loaded. Where the mineralisation is hosted at the base of the KPS, it is 

typically narrow (but often high -grade), with a middle -loaded profile. The stratigraphic 

position of t he mineralisation has been identified across the Project ( Figure 7.8). 

 
Ivanhoe, 2016. Copper grades in percent, shown as red histograms if > 1% TCu  

Continuity of higher -grade zones within these deposits is controlled by the local sub -basin 

architecture. Favourable sub -basin architecture, such as that a t Kakula, can produce very 

strong continuity in excess of 4  km in both the thickness of the host siltstone, and occurrences 

of elevated grade. Where controlling factors are more juxtaposed, mosaic -patterns in terms 

of grade and thickness can form in the or der of a kilometre in extent. At their edges, there 

can be significant changes to grade or thickness over a few hundred metres.  
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Two broad categories of lateral zonation are evident at Kamoa (hypogene and supergene); 

however, within the hypogene, additiona l lateral zonation is evident based on the relative 

abundance of chalcopyrite, bornite and chalcocite. The change from supergene to 

hypogene is generally transitional with a strongly developed vertical zonation evident in the 

hypogene.  

At Kamoa, chalcopyri te is the primary sulfide mineral, and usually occurs as fine -grained 

disseminations in the diamictite matrix. However, very coarse -grained chalcopyrite can form 

as elongated grains up to 5  mm in length rimming clasts or defining strain shadows to clasts. 

Bornite is typically fine -grained and disseminated in the matrix of the diamictite. Where well 

developed, the fine -grained bornite is visually recognised through a significant darkening of 

the diamictite matrix. Chalcocite almost always occurs as fine -grai ned disseminations, 

particularly within the intermediate siltstone ( Ng 1.1.1.2). 

Supergene zones, in close proximity to dome edges, are typically fine -grained chalcocite 

dominant with secondary native copper and cuprite. The supergene zone may locally 

exten d to depths of 250  m or more along fracture zones.  

Since 2018, exploration has primarily focussed on targets in the Kamoa North, and Kamoa Far 

North regions. Within the Kamoa North region, a new style of mineralisation was discovered at 

the Bonanza Zone, w here copper grades regularly exceed 20% TCu. These very high copper 

grades are believed to be the result of an east ðwest fault focussing copper -rich fluids to 

interface with both the typical mineralised horizon at Kamoa, and the overlying, highly -sulfidic 

and reduced KPS ( Ng 1.1.2; refer to Figure 7.9). This has resulted in a stacked mineralised 

horizon, with the upper mineralised horizon of limited lateral extent but at  a very high -grades 

hosted in the KPS (found in the vicinity of hole DD1450) and a lower horizon with typical 

diamictite -hosted mineralisation  with extensive lateral continuity . 

Drill sections 50  m apart on strike in the central section, and 100  m apart el sewhere in the 

Bonanza Zone have shown that the very high -grade mineralisation extends approximately 

600 m along strike west of the West Scarp Fault, and 1,500  m along strike east of the West 

Scarp Fault. At a 1.0% Cu cut -off , the true thickness of the Bon anza Zone ranges from <1  m to 

24.0 m (for Indicated Mineral Resources). The Bonanza Zone remains open to the west.  

Drilling in the Far North Zone has defined 2,500  m of high -grade copper mineralisation along 

an approximately north ðsouth trending fault, whe re fluids have been focussed into a very 

condensed sequence of basal diamictite and overlying KPS.  
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Ivanhoe, 2020.  

 

 

Sandstones of the Mwashya Subgroup of the Roan Group (R4.2) form the basal unit at Kakula. 

Kakula is located in an area where the basin has deepened, and the Ng1 .1.1 package is 

significantly thickened. The distinction of clast -rich and clast -poor diamictites at Kakula is not 

as clear as at Kamoa. The diamictites of the Ng1.1.1 are generally clast -poor  and are 

typically silt -rich. Numerous siltstones are developed within the Ng 1.1.1, especially in the lower 

half of the unit. Although thes e siltstones appear to be broadly continuous, there is no clear 

correlation between any specific siltstone at Kakula and the intermediate siltstone ( Ng1.1.1.2) 

recognised at Kamoa. A key lithological unit recognised at Kakula is a laterally -continuous 

basa l siltstone, developed just above the R4.2 contact. The basal siltstone is separated from 

the R4.2 contact by a narrow (often <1  m thick), yet persistently developed, clast -rich 

diamictite. In the central portions of Kakula, a strong correlation is evident  between the 

presence of the basal siltstone developed within the Ng1.1.1 and the development of 

high -grade mineralisation.  

The shallowest portion of the Kakula deposit lies between the Kakula , and Kakula north -east 

domes , and dips less than 10°. To the we st, dips gradually increase up to 15° towards the West 

Scarp Fault. To the east, the dip increases to >35° at the eastern edge of the resource 

estimate area.  
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The vertical thickness of the basal siltstone is thickest in the shall owest parts of the deposit, 

with a very strong alignment along a trend striking approximately 120° ( Figure 7.10). 

The Ng1.1.1 generally thickens to the west. The Ng1.1.1 is considerably thicker than at Kamoa, 

with vertical thicknesses varying from 180  m to over 400  m at Kakula West. Locally , the KPS has 

been entirely eroded where it crops out along the domes, and the thickness for the Ng1.1.1 

could not be estimated. A distinct zone of thickening within the KPS trends WNW -ESE across 

the eastern portions of the deposit, highlighting the rift controls during sedimentation; to the 

west, thickness patterns become more variable, reflecting the interaction of rift  controls in 

different orientations ( Figure 7.11). There appears to be no obvious control on thicknesses of 

stratigraphic or lithological units relative to modelled b rittle faults. These faults, part of the 

West Scarp Fault system, appear to be later structures that offset the different units.  

A pronounced eastðnorth -east orientation in thickness trends is evident at Kakula West, and 

this observation has been incorpora ted into the search orientations used during grade 

estimation.  

 
Ivanhoe, 20 23. Vertical thickness estimated using an isotropic search.  
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Ivanhoe, 20 23. Vertical thickness estimated using an isotropic search.  

 

The geometry of the Kakula deposit is strongly influenced by extensional faults. Because the 

faults were active during deposition, a number of sub -basins were formed across the axis of a 

broad doubly -plunging antiform, and lithological units appear to drap e across the 

extensional faults rather than having discrete offsets. Extensional faults have been noted in 

the south -east portion of the deposit, but do not appear well -developed.  

At Kakula West, a series of sub -basins have been formed adjacent to extensio nal faults that 

strike north -east and east ðnorth -east. Draping of stratigraphic units over these extensional 

faults at the Ng 1.1.1ðR4.2 boundary can occur with elevation differences greater than 50  m. 

On the western edge of Kakula West, pronounced north -ea st-trending extensional faults are 

evident, and elevation differences greater than 200  m (west block down) are observed in 

some areas.  

Basin inversion associated with the Lufilian Orogeny appears to have had the principal effect 

of producing low -amplitude folds, while amplifying and tightening the ôdrapesõ across the 

inverted normal faults. A strong foliation parallels the elongated dome structure at Kakula 

West, particularly where the Ng1.1.2 is close to surface.  

Younger brittle structures are also observe d at Kakula that locally offset the mineralisation 

(Figure 7.12 and Figure 7.13). The most prominent of these faults trend north ðnorth -east and 

are related to the West Scarp Fault. Additional observed structures in drill core include 

steeply -dipping chaotic breccias and gouges, and cohesive òcrackleó breccias. 
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Ivanhoe, 20 23.  

 
Ivanhoe, 2018.  
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The Kakula deposit is currently delineated over an area of 14  km by 5  km. The vertical 

thickness of the mineralisation at a 1.0% Cu cut -off  grade ranges from 2.9  m t o 42.5 m (in the 

indicated Mineral Resource area). The deposit has been tested locally from below surface to 

depths of more than 1,000  m and remains open to the south -east.  

At Kakula, the narrow (<3  m) clast -rich diamictite immediately above the Roan conta ct is 

only weakly -reducing , and thus has low copper grades. The basal siltstone overlying the 

clast -rich diamictite is a very strong reductant, contains very high -grades (>6% Cu), and 

accounts for the majority of the deposit. The lateral continuity of this  reductant allows for the 

unique lateral continuity of grades >6% TCu. The diamictite overlying the basal siltstone is 

clast -poor and is also a good reductant; however, it hosts low -grade copper mineralisation 

relative to the basal siltstone ( Figure 7.14). This relationship is considered to represent the 

distribution of the pyrite reductant prior to mineralisation and has been incorporated into the 

domaining used in th e estimation for both Kakula and Kakula West.  

 
Ivanhoe, 2017. Red bars indicate assay intervals grading Ó 0.5%. 






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































