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IMPORTANT NOTICE

This notice is an integral component of the Kamoa-Kakula Integrated Development Plan
2020 (Kamoa-Kakula IDP20) and should be read in its entirety and must accompany every
copy made of the Technical Report. The Kamoa-Kakula IDP20 has been prepared using the
Canadian National Instrument 43-101 Standards of Disclosure for Mineral Projects.

The Kamoa-Kakula IDP20 has been prepared for lvanhoe Mines Ltd. (lvanhoe) by OreWin Pty
Ltd (OreWin); Wood plc (Wood); DRA Global (DRA); Stantec Consulting International LLC
(Stantec) and SRK Consulting (South Africa) Pty Ltd (SRK) as the Report Contributors. The
Kamoa-Kakula IDP20 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 IDP20. Each portion of the Kamoa-Kakula IDP20 is intended for use by
Ivanhoe subject to the terms and conditions 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 IDP20, by any third party, is at that party’s sole risk.

The conclusions and estimates stated in the Kamoa-Kakula IDP20 are to the accuracy stated
in the Kamoa-Kakula IDP20 only and rely on assumptions stated in the Kamoa-Kakula IDP20.

The Report Contributors have used their experience and industry expertise to produce the
estimates and approximations in the Kamoa-Kakula IDP20. 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 IDP20 will be prone to fluctuations with time and changing industry
circumstances.

The Kamoa-Kakula IDP20 should be construed in light of the methodology, procedures and
techniques used to prepare the Kamoa-Kakula IDP20. Sections or parts of the
Kamoa-Kakula IDP20 should not be read or removed from their original context.

The Kamoa-Kakula IDP20 is intended to be used by Ivanhoe, subject to the terms and
conditions of its contract with the Report Contributors. Recognising that lIvanhoe has legal
and regulatory obligations, the Report Contributors have consented to the filing of the
Kamoa-Kakula IDP20 with Canadian Securities Administrators and its System for Electronic
Document Analysis and Retrieval ("SEDAR").

OreWin Pty Ltd ACN 165 722 574
140 South Terrace Adelaide 5000
P +61 8 8210 5600 E orewin@orewin.com W orewin.com
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1 SUMMARY
1.1 Introduction

The Kamoa-Kakula Integrated Development Plan 2020 (Kamoa-Kakula IDP20) 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 Kolwezi District of Lualaba
Province, Democratic Republic of Congo (DRC). The Project is held by Kamoa Copper SA
(Kamoa Copper), a DRC company in which lvanhoe 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.

The previous Technical Report on the Project was the Kamoa-Kakula 2020 Resource Update
with an effective date in March 2020.

1.2 Kamoa-Kakula Integrated Development Plan 2020

The Kamoa-Kakula IDP20 provides updates to the Project Mineral Reserves and the studies at
Feasibility (FS), Prefeasibility (PFS) and Preliminary Economic Assessment (PEA) stages. The
following are the key features of the Kamoa-Kakula IDP20:

« Kakula 2020 FS (Mineral Reserve with a plant throughput rate of 6.0 Mtpa).

« Kakula-Kansoko 2020 PFS (Mineral Reserve with a plant throughput rate of 7.6 Mtpa).

« Kamoa-Kakula 2020 PEA (Plant expansion to 19.0 Mtpa, smelter, Kakula, Kansoko, and six
additional mines).

An overview of deposits included within the Kakula 2020 FS (outlined by blue dotted line),
Kakula-Kansoko 2020 PFS (outlined by purple dotted line) and Kamoa-Kakula 2020 PEA
(outlined by green dotted line) is shown in Figure 1.1.

Kakula and Kansoko are separate underground mines at Feasibility and Prefeasibility level of
development respectively. The Kakula 2020 FS and Kakula-Kansoko 2020 PFS study include
separate capital and operating costs and assumptions for underground mining, processing
plant and infrastructure.
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The Kamoa-Kakula 2020 PEA analyses a production case with an expansion of the Kakula
concentrator processing facilities, and associated infrastructure to 19.0 Mtpa and includes a
smelter and eight separate underground mining operations with associated capital and
operating costs. The details of the Kamoa-Kakula 2020 PEA are provided in Section 24. The
eight mines ranked by their relative net present values are:

« Kakula Mine (FS 6.0 Mtpa).

« Kansoko Mine (PFS 1.6 Mtpa to 6.0 Mtpa).
« Kakula West Mine (PEA 6.0 Mtpa).

« Kamoa North Mine 1 (PEA 6.0 Mtpa).

« Kamoa North Mine 2 (PEA 6.0 Mtpa).

« Kamoa North Mine 3 (PEA 6.0 Mtpa).

« Kamoa North Mine 4 (PEA 3.0 Mtpa).

« Kamoa North Mine 5 (PEA 1.0 Mtpa).

Figure 1.1 Kamoa-Kakula IDP20 Mining Locations
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Figure by OreWin Pty Ltd, 2020.
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The Kamoa-Kakula 2020 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 — and there is no certainty that the results
will be realised. Mineral Resources that are not Mineral Reserves do not have demonstrated
economic viability. The Kamoa-Kakula 2020 PEA includes a PEA level study of the whole
project including Kakula West and Kamoa North. Kakula West is separated from Kakula by
the West Scarp Fault and is planned as an independent mine. The Kakula West and the
Kamoa North Mines 1-5, PEA analyses have been prepared using the Mineral Resources
stated in the Kamoa-Kakula 2020 Resource Update.

The potential development scenarios at the Kamoa-Kakula Project include the
Kamoa-Kakula IDP20 development scenario shown in Figure 1.2. The Kakula decline
development is followed by the development of the stoping panels and construction of the
plant. The initial plant capacity of 3.8 Mtpa is expanded to 7.6 Mtpa as the Kakula Mine
ramps up to full capacity. Following this, the Kansoko Mine is brought into production and
the mines continue to ramp up to 11.4 Mtpa combined by Year-6. The next phase of
development described by the Kamoa-Kakula 2020 PEA is from Kakula West followed by five
new mines at Kamoa North to bring total production to 19.0 Mtpa.

Construction is well underway on the Kakula mine and the first 3.8 Mtpa module of the mill
with long-lead time orders placed for the second module, necessitating mine development
at Kansoko. The immediate decision for Ivanhoe and its partners is to Kamoa Copper will
make further decisions to determine the sequence for ramping up the production rate. A
site plan showing the locations of the mines and key infrastructure for Kakula and Kansoko
mines is shown in Figure 1.3. The Kamoa-Kakula IDP20 production and economic analysis
results are shown in Table 1.1.
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Figure 1.

2 Kamoa-Kakula IDP20 Long-Term Development Scenario
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Figure 1.3 Kamoa-Kakula IDP20 Site Plan
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Table 1.1 Kamoa-Kakula IDP20 Results Summary
Item Unit Kakula Kakula- Kamoa-
2020 FS Kansoko Kakula
2020 PFS 2020 PEA
Total Processed
Quantity Milled kt 109,975 235,157 597,621
Copper Feed Grade % 5.22 4.47 3.63
Total Concentrate Produced
Copper Concentrate Produced kt (dry) 8,542 19,948 42,818
Copper Concentrate - External Smelter kt (dry) 8,542 19,948 11,944
Copper Concentrate - Internal Smelter kt (dry) - - 30,874
Copper Recovery % 85.23 86.27 86.42
Copper Concentrate Grade % 57.32 45.49 43.76
Contained Copper in Conc. - External Smelter Mlb 10,795 20,006 13,251
Contained Copper in Conc. - External Smelter kt 4897 9,075 6,010
Contained Copper in Blister - Internal Smelter Mlb - - 27,641
Contained Copper in Blister - Internal Smelter kt - - 12,538
Peak Annual Recovered Copper Production kt 366 427 805
10-Year Average
Copper Concentrate Produced kt (dry) 496 622 1,043
Contained Copper in Conc. - External Smelter kt 284 331 248
Contained Copper in Blister - Internal Smelter kt - - 253
Mine-Site Cash Cost (Including Smelter) US$/Ib Cu 0.52 0.55 0.65
Total Cash Cost US$/Ib Cu 1.16 1.23 1.07
Key Financial Results
Peak Funding Us$Mm 775 848 784
Initial Capital Costs US$M 646 695 715
Expansion Capital Costs Us$M 594 750 4,461
Sustaining Capital Cost US$M 1,265 2,827 11,958
Mine Site Cash Cost US$/Ib Cu 0.62 0.64 0.92
Total Cash Costs After Credits US$/Ib Cu 1.26 1.44 1.28
Site Operating Costs US$/t Milled 58.73 52.95 62.44
After-Tax NPV8% US$M 5,520 6,604 11,117
After-Tax IRR % 77.0 69.0 56.2
Project Payback Years 2.3 25 3.6
Project Life Years 21 37 43
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1.3 Project Development

The initial plant capacity requires a ramp-up of mining operations to create pre-production
stockpiles that will be used for the processing plant to ramp-up to a steady state throughput
of 3.8 Mtpa.

Underground development is currently underway at Kakula via twin declines in the north
and a single decline in the south. Approximately 23 km of development had been achieved
by the end of September 2020. As of the end of September 2020, pre-production stockpiles
held approximately 27,000 t of contained copper, which is approximately 13% ahead of
schedule based on the Kakula 2020 FS. Underground infrastructure construction is in progress
with the first ventilation shaft complete, and three others shafts in various stages of
completion. The main decline dams and pump station have been completed. The decline
rock handling system including tips, bins, feeders and the main decline conveyor was also
recently completed, which. Once operational, the rock handling system will allow stope
development to commence once a main access drive connecting the north and south
declines is completed, targeted for November 2020. Surface infrastructure to support mining
activities at the north and south portals is functional with construction of permanent facilities
underway.

Basic engineering design for the first phase of project development was completed in

July 2019. Following the completion of basic engineering, the initial processing plant
capacity increased from 3.0-3.8 Mtpa. Phase 1 of the Project consists of a 3.8 Mtpa mine
and concentrator. The concentrator has been designed using a modular approach with the
second 3.8 Mtpa stream to be constructed as the mine ramps up, and subject to the
availability of funding. Work has commenced on the second stream, and equipment with
long lead items have been ordered.

Orders for all processing plant long lead items were placed in July 2019. These items include;
ball mills, flotation cells, crushers, HPGR (high-pressure grinding rolls), concentrate filter,
thickeners, and regrind mills. All long lead items have arrived on site as of the end of
September 2020, with the exception of the transformers. The plant earthworks and terracing
were completed at the end of 2019 and earthworks for surface infrastructure is well
advanced. Civil work for the processing plant is underway nearing completion, including
with the main focus areas being the stockpiles and mill foundations. The contract for the
supply, fabrication and erection of steel, platework, piping, and mechanical equipment has
been awarded and majority of the steel, platework and piping is on site and steel erection is
well advanced.

Several surface infrastructure facilities were completed by the end of 2019. These include the
main access road linking the mine to Kolwezi airport and the 1,000 bed Kakula village. Work
on the construction of the main power supply to the mine consisting of a 220 kV powerline
and substation is underway. The on-mine electrical infrastructure construction including sub
stations, transformers, and power lines have been designed and construction commenced.

The updated estimate of the project’s initial capital costs is approximately US$1.3 billion
(estimate 1 January 2019). This assumes commissioning of the processing plant in Q3’21. The
capital cost incurred by the Project during 2019 was US$309M and in the first half of 2020 was
US$243M.
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1.4 Property Description and Location

The Project is situated in the Kolwezi District of 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. lIvanhoe discovered the Kamoa copper deposit in 2008, and
the high-grade Kakula 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 drill 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 (May—October) and wet (November—April) 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, lvanhoe has successfully conducted exploration programmes on a year-round basis
over several years.

1.5 Project Ownership

The Project titles consists of three exploitation licences (Exploitation Permit No. 12873, 13025,
and 13026) which cover an area of 397.4 km?) title of the exploitation licences is held by
Kamoa Copper. The Exploitation Licences were approved 20 August 2012, and grant Kamoa
Copper the right to explore 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 15-year
periods, until the end of the mine’s life.

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

Gold Mountains (H.K.) International Mining Company Limited (49.5%) is a subsidiary of Zijin
Mining Group Co., Ltd (Zijin).

Crystal River Global Limited is a private company.
The relationship between Ilvanhoe, Zijin, and Crystal River Global Limited is governed by a
shareholder, governance and option agreement which provides for Kamoa Holding

Limited’s Board of Directors to make all key decisions regarding the development and
operation of the Project.
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1.5.1 Ownership History

In September 2012, a 5%, non-dilutable interest in Kamoa Copper was transferred to the
government of the DRC. This transfer was pursuant to the 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 Government. This
increased the DRC Government total stake in the Project to 20%.

The current effective ownership of Kamoa Copper and the Project is lIvanhoe (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 Government which holds a direct 20%
interest in Kamoa Copper.

1.6 Mineral and Surface Rights, Royalties, and Agreements

Land access for exploration programmes and project development completed to date has
been negotiated without problems. Where compensation has been required for exploration
activities, compensation has followed International Finance Corporation (IFC) and World
Bank guidelines.

Holders of mining rights are subject to taxes, customs and levies defined in the
2002 Mining Code for all mining activities carried out by the holder in the DRC.

On 9 March 2018, Law No. 18/001 amending the 2002 Mining Code was promulgated (the
2018 Mining Code). The revised regulatory and fiscal regime, which is applicable from
March 2018, does not consider the stability provisions granted to holders of existing mining
licenses and remains a point of contention between the mining industry and the DRC
Government.

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.
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1.7 Geology and Mineralisation

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 stratigraphically 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 overlain 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, N’Guba, 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 Congolese 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 N’Guba 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 (Kil.1.1.1), sandstone and siltstone (Kil1.1.1.2), and
clast-poor diamictite (Kil.1.1.3). The lowermost clast-rich diamictite (Kil1.1.1.1) unit generally
hosts lower-grade (<0.5% TCu) mineralisation. Most of the higher-grade mineralisation occurs
within the clast-poor diamictite (Ki1.1.1.3) unit, or in the sandstone and siltstone (Kil.1.1.2)
interbeds that are locally present between the clast-rich (Kil.1.1.1) and clast-poor (Kil1.1.1.3)
diamictites. At Kamoa, mineralisation thicknesses at a 1.0% Cu cut-off grade range from
2.3-21.6 m (for Indicated Mineral Resources). At Kamoa North, a locally developed zone of
high-grade copper mineralisation, known as the Bonanza Zone, dips at approximately 40°,
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 <1-24.0 m (for Indicated Mineral Resources)
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 pyrite 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 (CuzS), bornite (CusFeSs) and
chalcopyrite (CuFeS>), with chalcocite being the dominant mineral. At Kakula,
mineralisation thicknesses at a 1.0% Cu cut-off grade range from 2.9-42.5 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
localised. 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 hypogene.

1.8 Exploration

Exploration was undertaken in the current Project area by the Tenke Fungurume Consortium
between 1971-1975. Although a localised regional stream-sediment sampling may have
been performed, no information is available from this study.

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 driling, and 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 km2 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 ground gravity, ground magnetics and
“Excalibur” 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 supported
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 studies such as ground
gravity, ground magnetics and “Excalibur” airborne 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 of the Wood Qualified Person (the Wood 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 lvanhoe’s deposit genetic and
affinity interpretations 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 additional work is warranted in the Project area.
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1.9 Drilling

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 1 November 2018,
and the model was completed as of 10 November 2018.

Core holes have been used for geological modelling, and those occurring within the mining
lease and in areas of mineralisation (drillholes on the Kamoa, Makalu and Kakula domes are
excluded) have been used for resource estimation.

As at 18 September 2020, there were 2,159 core holes drilled within the Kamoa-Kakula
Project. The Kamoa Mineral Resource estimate of January 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
354 drillhole intercepts (one intercept per drillhole).

The 807 holes not included in either the January 2020 Kamoa or the November 2018 Kakula
estimate were excluded because they were abandoned, unmineralised holes in the dome
areas, unsampled underground cover, metallurgical, 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), 79 drillholes have
been completed inside of the modelled area at Kamoa. An additional 85 drillholes at Kakula
have been completed after the closure of the database on 1 November 2018, primarily for
geotechnical purposes, or as infill drilling in close proximity to the current underground
development.

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 the mineralised units ranges from 0-100%
and averages 95%. Visual inspection of the Kamoa core by the Wood QP documented the
core recovery to be excellent. All completed holes are surveyed by an independent
professional surveyor SD Geomatique using a differential GPS which is accurate to within

20 mm. As of 20 January 2020, only three drillholes used in the Mineral Resource estimate
(DKMC_DD1580, DKMC_DD1600 and DKMC_DD1621) lacked an independently surveyed
collar position.

The Kakula drillhole collars have been surveyed by SD Geomatique and E.M.K. Construction
SARL. As of 1 November 2018, there were no outstanding collar surveys being used in the
Kakula Mineral Resource estimate. Visual inspection of the Kakula core by the Wood QP
documented the core recovery to be excellent.

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

downhole survey data collected in the core drill programmes are sufficient to support
Mineral Resource estimation at Kamoa and Kakula.
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1.10 Sample Preparation, Analyses, and Security

Whole core is logged by the geologist on major lithological intervals, until mineralised
material or a “zone of interest” (ZI) such as a lithology that is conventionally sampled (e.g.
the Kamoa Pyritic Siltstone) is encountered. The Zl is logged on sampling intervals, typically
1 mintervals (dependent on geological controls). Within any ZI, the geologist highlights
material that is either mineralised or material expected to be mineralised and that could
potentially support a Mineral Resource estimate. This is highlighted as “zone of assay” (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 2010-2018 drilling. ALS Limited is
1SO:9001:2008 registered and 1SO:17025-accredited. Check sample selection for the 2019
and 2020 drilling is currently being prepared.

Sawn drill core is sampled on 1 m intervals, or shorter intervals where necessary, to honour
geological contacts. The sawn core is then crushed to nominal 2 mm using jaw crushers. A
quarter split (500-1,000 q) is pulverised to >90% - 75 um, 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 analysis 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 Wood QP, the sampling methods are acceptable, are consistent with

industry-standard practices, and are adequate for Mineral Resource and Mineral Reserve
estimation, and suitable for mine planning purposes.
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1.11 Data Verification

Wood reviewed the sample chain of custody, quality assurance and control (QA/QC)
procedures, and qualifications of analytical laboratories. Wood is of the opinion that the
procedures and QA/QC control are acceptable to support Mineral Resource estimation.
Wood also audited the assay database, core logging, and geological interpretations on a
number of occasions between 2009-2020, including during site visits conducted by the
Wood QP, and has found no material issues with the data as a result of these audits.
Independent witness sampling and assaying programs conducted by Wood were found to
be consistent with lvanhoe’s original sampling and assaying.

In the opinion of the Wood 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.

1.12 Metallurgical Testwork

The Kamoa-Kakula resource has a long history of metallurgical testwork (2010-2015)
undertaken by various parties, which focussed 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).

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 3.96-8.19%.

Following the successful preliminary testing of the Kakula samples, additional drill core
material was tested in 2017 and 2018 for a prefeasibility 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 (HPGR) 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 reject comminution
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 various samples, as
required at the time.

The recovery estimate for the Kakula 2020 FS is based on the test information generated by
the final duplicate testing of the Kakula 2019 PFS flow sheet, as well as the Kakula variability
campaign. The recovery model is based on a final product grade of 57.32% Cu. The
average Cu recovery over the life of mine to produce a 57.32% Cu concentrate was
determined as 85.23% from a 5.22% Cu head grade.
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1.13 Mineral Resource Estimates

The Kamoa and Kakula resource models are based on the same 3D estimation
methodology. The location 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 six
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 of 1% TCu.

To account for the undulations of the deposits and ensure that the vertical grade profiles
between drillholes align during estimation, drillhole composites and blocks were transformed
vertically or “dilated” 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 for 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 Mineral Resources cover an area of 55.2 km? (Indicated
Mineral Resource) and 21.8 kmz2 classified as Inferred Mineral Resources. The deposit remains
open laterally.

At a 1% copper cut-off, the Kakula Mineral Resources cover an area of 21.7 km? (Indicated
Mineral Resource) and 5.6 km2 classified as Inferred Mineral Resources. The deposit remains
open laterally, and the southern parts of the Kamoa-Kakula exploitation licence area is
virtually untested.

For reporting Mineral Resources, Wood used a 1% TCu cut-off grade as a base case. This
choice of cut-off is based on many years of experience on the Zambian Copperbelt at
mines with similar mineralisation such as Konkola, Nchanga, Nkana, and Mufulira where the
1% cut-off is considered a natural cut-off. The 1% TCu cut-off is also a “natural” 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. To test the 1% cut-off grade for the purposes of assessing
reasonable prospects of eventual economic extraction, Wood performed a conceptual
analysis.
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Figure 1.4 Kamoa-Kakula Exploitation Licence, Showing the Kamoa, Kakula, Kakula
West, Kamoa North Bonanza Zone and Kamoa Far North Mineral Resource
Areas.
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1.13.1 Kamoa-Kakula Mineral Resource Statement

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

10 November 2018. On 10 February 2020, the inputs used in assessing reasonable prospects
of eventual extraction and the drill data inputs were reviewed to ensure the estimate
remained current. There are no changes to the estimate as a result of the review, and the
estimate has an effective date of 10 February 2020.
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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.
lIvanhoe holds an indirect 39.6% interest in the Project. Mineral Resources are reported
inclusive of Mineral Reserves. Mineral Resources that are not Mineral Reserves do not have
demonstrated economic viability. Table 1.3 summarises the Kamoa Mineral Resource at a
range of cut-off grades with the base case cut-off of 1.0% TCu highlighted in grey. Table 1.4
summarises the Kakula Mineral Resource at a range of cut-off grades with the base case
cut-off of 1.0% TCu highlighted. Mineral Resources in Table 1.3 and Table 1.4 are not additive
to the Mineral Resources in Table 1.2.

Table 1.2 Kamoa and Combined Kakula Indicated and Inferred Mineral Resources
Deposit Category Tonnes Area Copper Vertical Contained | Contained
(millions) (km2) (%) Thickness Copper Copper
(m) (kt) (billion lbs)
Indicated 760 55.2 2.73 5.0 20,800 45.8
Kamoa
Inferred 235 21.8 1.70 4.0 4,010 8.8
Indicated 627 21.7 2.74 10.3 17,200 37.9
Kakula
Inferred 104 5.6 1.61 6.7 1,680 3.7
Total Kamoa- Indicated 1,387 77.0 2.74 6.5 38,000 83.7
Kakula
Project Inferred 339 27.4 1.68 45 5,690 12.5

1. Ivanhoe’s 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 under the
supervision of Gordon Seibel, a Registered Member (RM) of the Society for Mining, Metallurgy and Exploration
(SME), who is the Qualified Person for the Mineral Resource estimate. 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 Mineral Resources at
Kakula were estimated as of 10 November 2018, and the cut-off date for the drill data is 1 November 2018. On
10 February 2020, the inputs used in assessing reasonable prospects of eventual extraction and the drill data
inputs were reviewed to ensure the estimate remained current. There are no changes to the estimate as a result
of the review, and the estimate has an effective date of 10 February 2020. Mineral Resources are reported
using the CIM 2014 Definition Standards for Mineral Resources and Mineral Reserves. Mineral Resources are
reported on a 100% basis. lvanhoe holds an indirect 39.6% interest in the Project. Mineral Resources are
reported inclusive of Mineral Reserves. Mineral Resources that are not Mineral Reserves do not have
demonstrated economic viability.

2. Mineral Resources at Kamoa are reported 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 assumptions
of a copper price of US$3.00/lb; employment of underground mechanised room-and-pillar and drift-and-fill
mining methods; and that copper concentrates will be produced and sold to a smelter. Mining costs are
assumed to be US$27/t, and concentrator, tailings treatment, and general and administrative costs (G&A) are
assumed to be US$17/t. Metallurgical recovery for Kamoa is estimated to average 84% (86% for hypogene and
81% for supergene). At a 1% TCu cut-off grade, assumed net smelter returns for 100% of Mineral Resource blocks
will cover concentrator, tailings treatment, and G&A costs.

3. Mineral Resources at Kakula are reported using a TCu cut-off grade of 1% TCu and a minimum vertical thickness
of 3 m. There are reasonable prospects for eventual economic extraction under assumptions of a copper price
of US$3.10/Ib, employment of underground, mechanised, room-and-pillar and drift-and-fill mining methods, and
that copper concentrates will be produced and sold to a smelter. Mining costs are assumed to be US$34/t, and
concentrator, tailings treatment, and G&A costs are assumed to be US$20/t. Metallurgical recovery is assumed
to average 83% at the average grade of the Mineral Resource. lvanhoe is studying reducing mining costs using
a controlled convergence room-and-pillar method. At a 1% TCu cut-off grade, assumed net smelter returns for
100% of Mineral Resource blocks will cover concentrator, tailings treatment and G&A costs.

4. Reported Mineral Resources contain no allowances for hanging wall or footwall contact boundary loss and
dilution. No mining recovery has been applied.
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5. Tonnage and contained-copper tonnes are reported in metric units, contained-copper pounds are reported in
imperial units, and grades are reported as percentages.
6. Approximate drillhole spacings are 800 m for Inferred Mineral Resources and 400 m for Indicated Mineral

Resources.

7. Rounding as required by reporting guidelines may result in apparent summation differences between tonnes,
grade and contained metal content.

Table 1.3 Kamoa: Sensitivity of Mineral Resources to Cut-off Grade
Cut-off Tonnage Area Copper True Contained Contained
(% Cu) (Mt) (km?) (%) Thickness Copper Copper
(m) (kt) (billion Ibs)
Indicated Mineral Resource
5.0 44 4.5 6.14 3.5 2,690 59
4.5 67 6.7 5.65 3.6 3,800 8.4
4.0 107 10.4 5.13 3.7 5,490 121
35 171 16.4 4.61 3.7 7,890 17.4
3.0 256 24.0 4.15 3.8 10,700 235
25 369 32.8 3.73 4.1 13,700 30.3
2.0 504 415 3.33 4.4 16,800 37.0
15 655 49.4 2.97 4.8 19,400 42.8
1.0 760 55.2 2.73 5.0 20,800 45.8
0.5 1,185 59.4 1.99 7.3 23,600 52.0
Inferred Mineral Resource
4.0 1 0.1 5.47 34 55 0.1
35 4 0.5 4.12 3.1 177 0.4
3.0 13 1.5 3.51 3.1 441 1.0
25 30 35 3.08 3.0 910 2.0
2.0 58 6.5 2.66 3.2 1,540 34
1.5 113 11.9 2.20 3.4 2,480 55
1.0 235 21.8 1.70 4.0 4,010 8.8
0.5 680 314 1.01 8.0 6,860 15.1

1. Ivanhoe’s Vice President, Resources George Gilchrist, a Fellow of the Geology Society of South Africa and
Professional Natural Scientist (Pr. Sci. Nat) with the South African Council for Natural Scientific Professions
(SACNASP), estimated the Mineral Resources under the supervision of Gordon Seibel, a Registered Member
(RM) of the Society for Mining, Metallurgy and Exploration (SME), employee of Wood, who is the Qualified
Person for the Mineral Resource estimate. The effective date of the estimate is 30 January 2020 and the cut-off
date for drill data is 20 January 2020. Mineral Resources are reported using the CIM 2014 Definition Standards for
Mineral Resources and Mineral Reserves. Mineral Resources are reported on a 100% basis. lIvanhoe holds an
indirect 39.6% interest in the Project. Mineral Resources are reported inclusive of Mineral Reserves. Mineral
Resources that are not Mineral Reserves do not have demonstrated economic viability.
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2. Mineral Resources are reported 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 assumptions of a
copper price of US$3.00/Ib, employment of underground mechanised room-and-pillar and drift-and-fill mining
methods, and that copper concentrates will be produced and sold to a smelter. Mining costs are assumed to
be US$27/t. Concentrator, tailings treatment, and general and administrative costs (G&A) are assumed to be
US$17/t. Metallurgical recoveries are expected to average 84% (86% for hypogene and 81% for supergene). At
a 1% TCu cut-off grade, assumed net smelter returns for 100% of Mineral Resource blocks will cover processing,
tailings treatment and G&A costs.

3. Reported Mineral Resources contain no allowances for hanging wall or footwall contact boundary loss and
dilution. No mining recovery has been applied.

4. Depth of mineralisation below the surface ranges from 10-1,320 m for Indicated Mineral Resources and
20-1,560 m for Inferred Mineral Resources.

5. Approximate drillhole spacings are 800 m for Inferred Mineral Resources and 400 m for Indicated Mineral
Resources.

6. Rounding as required by reporting guidelines may result in apparent summation differences between tonnes,
grade and contained metal content.

7. This table is not additive to Table 1.2
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Table 1.4 Kakula: Sensitivity of Mineral Resources to Cut-off Grade
Cut-off Tonnage Area Copper True Contained Contained
(% Cu) (Mt) (km2) (%) Thickness Copper Copper
(m) (kt) (billion Ibs)
Indicated Mineral Resource
5.0 77 59 7.48 4.5 5,730 12.6
4.5 91 7.0 7.04 4.5 6,440 14.2
4.0 109 8.3 6.58 4.6 7,200 15.9
3.5 132 9.9 6.09 4.7 8,060 17.8
3.0 167 11.8 5.50 5.0 9,180 20.2
25 218 14.3 4.85 54 10,600 23.3
2.0 318 17.5 4.02 6.5 12,800 28.2
15 435 19.6 341 7.9 14,900 32.7
1.0 627 21.7 2.74 10.3 17,200 37.9
0.5 939 22.6 2.08 14.9 19,500 43.0
Inferred Mineral Resource
4.0 1 0.1 4.41 3.3 33 0.1
35 2 0.2 4.04 3.6 67 0.1
3.0 5 0.4 3.52 3.9 168 0.4
25 10 1.0 3.10 3.7 324 0.7
2.0 22 2.0 2.64 3.9 583 1.3
15 45 3.7 2.18 4.3 974 21
1.0 104 5.6 1.61 6.7 1,680 3.7
0.5 257 7.9 1.08 11.7 2,770 6.1
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lvanhoe’s Vice President, Resources George Gilchrist, a Fellow of the Geology Society of South Africa and
Professional Natural Scientist (Pr. Sci. Nat) with the South African Council for Natural Scientific Professions
(SACNASP), estimated the Mineral Resources under the supervision of Gordon Seibel, a Registered Member
(RM) of the Society for Mining, Metallurgy and Exploration (SME), employee of Wood, who is the Qualified
Person for the Mineral Resources. The Mineral Resources at Kakula were estimated as of 10 November 2018 and
the cut-off date for the drill data is 1 November 2018. On 10 February 2020, the inputs used in assessing
reasonable prospects of eventual extraction and the drill data inputs were reviewed to ensure the estimate
remained current. There are no changes to the estimate as a result of the review, and the estimate has an
effective date of 10 February 2020. Mineral Resources are reported using the CIM 2014 Definition Standards for
Mineral Resources and Mineral Reserves. Mineral Resources are reported on a 100% basis. lvanhoe holds an
indirect 39.6% interest in the Project. Mineral Resources are reported inclusive of Mineral Reserves. Mineral
Resources that are not Mineral Reserves do not have demonstrated economic viability.

Mineral Resources are reported 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 assumptions of a
copper price of US$3.10/Ib, employment of underground, mechanised, room-and-pillar and drift-and-fill mining
methods, and that copper concentrates will be produced and sold to a smelter. Mining costs are assumed to
be US$34/t. Concentrator, tailings treatment and general and administrative (G&A) costs are assumed to be
US$20/t. Metallurgical recovery is assumed to average 83%. lvanhoe is studying reducing mining costs using a
controlled convergence room-and-pillar method. At a 1% TCu cut-off grade, assumed net smelter returns for
100% of Mineral Resource blocks will cover concentrator, tailings treatment and G&A costs.
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3. Reported Mineral Resources contain no allowances for hanging wall or footwall contact boundary loss and
dilution. No mining recovery has been applied.

4. Depth of mineralisation below the surface ranges from 12-1,373 m for Indicated Mineral Resources and
61-1,397 m for Inferred Mineral Resources.

5. Approximate drillhole spacings are 800 m for Inferred Mineral Resources and 400 m for Indicated Mineral
Resources.

6. Rounding as required by reporting guidelines may result in apparent differences between tonnes, grade and
contained metal content.

7. This table is not additive to Table 1.2.

1.13.2 Factors Which May Affect the Resource Estimates

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 underground
development in progress at Kamoa and Kakula.

- Delineation drill programs 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.

- 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 faulted down (with variable offsets). A
spiral decline was developed to accommodate the offsets, and re-established mining
on the mineralisation.

- The Kakula southern and northern declines and associated development are
expected to join towards the end of 2020. This will provide a complete section across
the deposit to further study the structural geology of the Kakula deposit.

« Assumptions used to generate the data 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. 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.
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« Assumptions used to generate the data for consideration of reasonable prospects of
eventual economic extraction for the Kakula deposit.

- A controlled convergence room-and-pillar technique is being studied which provides
the opportunity for reduced costs.

- Metallurgical recovery assumptions at Kamoa.

- Metallurgical testwork at the Kamoa deposit indicates the need for multiple grinding
and flotation steps. Variability testwork has been conducted on only portions of the
Kamoa deposit. Additional variability testing is needed to build models relating
copper mineralogy to concentrate grade and improve the recovery modelling
especially for supergene mineralisation.

« Metallurgical recovery assumptions at Kakula.

- Metallurgical testwork at the Kakula deposit indicates the need for fine mainstream
grinding and additional fine grinding of concentrate. Low entrainment cleaning
proved to be beneficial to the flow sheet in terms of grade and silica control.

- Arecovery model has been developed based on correlations obtained from
preliminary variability testwork to determine the relationship between mass pull and
concentrate upgrade ratio.

- Preliminary testwork on the Kakula West material indicated that the material can be
successfully upgraded using the Kakula 2019 PFS flow sheet.

- Further testwork on the Kamoa material indicated that the Kansoko and Kakula
material can be processed in a common concentrator circuit.

« Exploitation of the Kamoa-Kakula Project requires building a greenfields project with
attendant infrastructure. Changes in the assumptions as to operating and capital costs
associated with the proposed development may affect the base case cut-off grades
selected for the Kamoa and Kakula Mineral Resource estimates.

- Commodity prices and exchange rates.

« Cut-off grades.

1.14 Targets for Further Exploration

Specific targets for further exploration are not currently defined at Kamoa-Kakula. The
eastern boundary of the Mineral Resources at Kamoa is defined solely by the current limit of
drilling, at depths ranging from 600-1,560 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
mineralisation is common. Beyond these drillholes the mineralisation and the deposit are
untested and open to expansion.

At Kakula, the western and south-eastern boundaries of the high-grade trend within the

Mineral Resources are defined solely by the current limit of driling. There is excellent potential
for discovery of additional mineralisation.
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1.15 Mineral Reserves
1.15.1 Kamoa-Kakula Project Mineral Reserve

The Kamoa-Kakula Project Mineral Reserve includes ore from both the Kakula Mine on the
Kakula Deposit and Kansoko Mine at the Kamoa Deposit. The tonnes and grades were
calculated for the mining blocks, and allowances for unplanned dilution and mining
recovery were applied to calculate the Mineral Reserve Statement. The total Probable
Mineral Reserves are summarised in Table 1.5.

Table 1.5 Kamoa-Kakula Project Mineral Reserve
Classification Ore Copper Contained Contained
(Mt) (%) Copper Copper
(Mlb) (kt)
Proven Kakula Mineral Reserve - - - -
Probable Kakula Mineral Reserve 110 5.22 12,665 5,745
Proven Kansoko Mineral Reserve - - - -
Probable Kansoko Mineral Reserve 125 3.81 10,525 4,774
Total Proven Mineral Reserve - - - -
Total Probable Mineral Reserve 235 4.47 23,190 10,519

1. Effective date of the all Mineral Reserves is 8 September 2020.

2. Mineral Reserves are the total for the Kakula and Kansoko Mines.

3. The copper price used for calculating the financial analysis is long-term copper at US$3.10/Ib. The analysis has
been calculated with assumptions for smelter refining and treatment charges, deductions and payment terms,
concentrate transport, metallurgical recoveries, and royalties.

4. For mine planning, the copper price used to calculate block model net smelter returns (NSRs) was US$3.10 for
Kakula and US$3.00/1b for Kansoko.

5. An elevated cut-off of US$100.00/t NSR was used to define the stoping panels. A marginal cut-off of
US$80.00/t NSR was used to define ore and waste.

6. Indicated Mineral Resources were used to estimate Probable Mineral Reserves.

Tonnage and grade estimates include dilution and recovery allowances.

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

~

1.15.2 Kakula 2020 Mineral Reserve

The Kakula 2020 Mineral Reserve is defined by a feasibility level study. The Mineral Reserve
targeted in the mine plan focused on maximising the grade profile for a 6.0 Mtpa full
production rate for 15-years, a 4-year ramp-up, plus an 85% extraction and recovery
allowance. As such, a range of net smelter return (NSR) cut-offs were evaluated that
identified a targeted resource of approximately 110 Mt at the highest NSR.

Tonnes and grades were calculated for the mining blocks, and allowances for unplanned

dilution and mining recovery were applied to calculate the Mineral Reserve. The Kakula
2020 FS Probable Mineral Reserves are shown in Table 1.6.
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Table 1.6 Kakula 2020 FS Mineral Reserve

Classification Ore Copper Contained Contained
(Mt) (%) Copper Copper
(Mlb) (kt)
Proven Mineral Reserve - - - -
Probable Mineral Reserve 110 5.22 12,665 5,745
Mineral Reserve 110 5.22 12,665 5,745

1. Effective date of the Kakula Mineral Reserves is 8 September 2020.
2. The copper price used for calculating the financial analysis is long-term copper at US$3.10/Ib. The analysis has
been calculated with assumptions for smelter refining and treatment charges, deductions and payment terms,
concentrate transport, metallurgical recoveries, and royalties.
3. For mine planning, the copper price used to calculate block model NSRs was US$3.10/1b.
4. An elevated cut-off of US$100.00/t NSR was used to define the stoping panels. A marginal cut-off of US$80.00/t
NSR was used to define ore and waste.
5. Indicated Mineral Resources were used to estimate Probable Mineral Reserves.

o

Tonnage and grade estimates include dilution and recovery allowances.

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

1.15.3 Kansoko 2020 Mineral Reserve

The Kansoko Mineral Reserve estimate is defined by a prefeasibility study.

The reserve focused on utilising the 7.6 Mtpa processing capacity. As such, a range of NSR
cut-offs were evaluated to develop the reserve statement to get approximately 125 Mt at
the highest NSR. This strategy provides opportunities for either a longer mine life or ramping
up to higher production rates to utilise more of the resource. The final life-of-mine (LOM)
schedule resulted in 18-years with a production rate of 1.6 Mtpa and 15-years at a full
production of 6.0 Mtpa.

Tonnes and grades were calculated for panels, and allowances for unplanned dilution and

mining recovery were applied to calculate the Probable Ore Reserves. The total
Mineral Reserves for the Kamoa 2020 PFS are summarised in Table 1.7.

Table 1.7 Kamoa 2020 PFS Mineral Reserve

Classification Tonnage Copper Contained Contained
(Mt) (%) Copper Copper
(MIb) (kt)
Proven Mineral Reserve - - - -
Probable Mineral Reserve 125 3.81 10,525 4,774
Mineral Reserve 125 3.81 10,525 4,774

1. Effective date of the Kamoa Mineral Reserve is 8 September 2020.
2. The copper price used for calculating the financial analysis is long-term copper at US$3.10/Ib. The analysis has
been calculated with assumptions for smelter refining and treatment charges, deductions and payment terms,
concentrate transport, metallurgical recoveries and royalties.
3. For mine planning, the copper price used to calculate block model net smelter returns (NSRs) was US$3.00/Ib.
4. An elevated cut-off of US$100.00/t NSR was used to define the stoping panels. A cut-off of US$80.00/t NSR was
used to define ore and waste for the mine plan.
5. Indicated Mineral Resources were used to estimate Probable Mineral Reserves.
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6. Tonnage and grade estimates include dilution and recovery allowances.
7. The Mineral Reserves reported above are not additive to the Mineral Resources.

1.16 Kakula 2020 FS

lIvanhoe has developed twin declines at the Kakula Mine. Once in production, one will be a
service decline for the transport of personnel and materials into the mine, and the second
will be a conveyor decline for rock handling and transport of personnel and materials out of
the mine. The base case described in the Kakula 2020 FS is the construction and operation of
an underground mine, concentrator processing facilities, and associated infrastructure. The
Kakula 2020 FS production is planned to be 6.0 Mtpa ore with a mine life of 21-years.

1.16.1 Kakula 2020 FS Mining

The Kakula 2020 FS mine desigh access is via a pair of declines on the north side and a single
decline on the south side of the deposit. One of the north declines will serve as the primary
mine access while the other will include the conveyor haulage system. The conveyor decline
has dimensions of 7 m W x 6 m H, and the service decline has dimensions of 5.5 m W x 6 m H.
The south decline will serve as a secondary operational ingress/egress and will facilitate
critical early mine development. The south decline has dimensions of 7.5 m W x 6 m H. From
the bottom of the north and south declines, a pair of perimeter drifts will be driven to the
east and west extremities of the deposit and will serve as the primary accesses to the
production areas. These drifts will also be used as the primary intake and exhaust ventilation
circuits and will connect with a series of intake and exhaust ventilation shafts. The primary
ore handling system will include perimeter conveyor drifts and load-out points along the
north side of the deposit. The perimeter conveyor drifts will terminate at the main conveyor
decline. Connection drifts between the north and south perimeter drifts will provide access
and ventilation to the planned mining areas. Mine access and primary development are
shown in Figure 1.5. The mining methods for the Kakula deposit are drift-and-fill using paste
backfill and room-and-pillar. The paste backfill system wiill utilize a paste plant located on
surface connected to a distribution system that includes a surface pipe network connected
to bore holes located at each connection drive on the North side of the orebody.
Approximately 99% of the deposit will be mined using drift-and-fill; with the exception of a
room-and-pillar area close to the north declines, which will be mined in the early years of
production. Table 1.8 shows the Kakula 2020 FS Mineral Reserves by mining method.

Table 1.8 Kakula 2020 FS Mineral Reserves by Mining Method

Production by Mining Method Tonnes (Mt) Metres (km) NSR ($/t) Cu (%)
Ore Development 11.0 105 243.12 5.22
Drift and Fill 80.4 938 240.31 5.16
Pillar Extraction 17.2 197 263.11 5.64
Room and Pillar 1.4 17 161.61 3.52
Total 110.0 1,257 243.18 5.22

Rounding may result in apparent differences between tonnes and, grade.
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Figure 1.5 Kakula 2020 FS Mine Development
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Figure by Stantec, 2020.

1.16.2 Kakula 2020 FS Process

The Kakula concentrator are constructed in a phased approach with two 3.8 Mtpa modules
to finally have a capacity of 7.6 Mtpa.

The flow sheet for the Kakula concentrator is shown in Figure 1.6. The Kakula concentrator
design incorporates a run-of-mine stockpile, followed by cone crushers operating in closed
circuit with vibrating 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% (Pso) 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 (um). The milled slurry 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 the 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 upgraded in the scavenger cleaner circuit.
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The concentrate produced from the scavenger cleaner circuit, representing roughly 15% of
the mill feed, is re-ground to a Pso of 10 um prior to final cleaning in the low entrainment
scavenger recleaner stage. The scavenger recleaner concentrate is then combined 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 cleaner tailings are combined
and thickened prior to being pumped to the backfill plant and/or to the tailings storage
facility. Backfill utilizes on average 40% of tailings and the remaining 60% will be pumped to
the tailings storage facility.

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

85%, producing a high-grade concentrate grading 57% copper. Kakula also benefits from
having very low deleterious elements, including arsenic levels of 0.02%.
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Figure 1.6

Kakula Process Block Flow Diagram
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1.16.3 Kakula 2020 FS Transport

During the initial production years, the North South corridor between southern DRC and
Durban or Richards Bay in South Africa is considered the most attractive and reliable export
corridor. Bagged concentrate product will be packed on site and transported by truck to
Ndola in Zambia, where it will be loaded onto trains and transported to the Durban or
Richards Bay port. Alternatively, it is possible to transport concentrate to the ports of Dar es
Salaam in Tanzania, or Walvis Bay in Namibia.

In addition an export road (Katonoto export road) is under construction that will allow export
trucking to be done via a main export road connecting to the west to the Angolan rail /
road network and the ports of Lobito or Luanda.

On-site infrastructure is planned to support the import / export logistics including a large
secured truck park area, bonded yard for customs clearing, weigh bridges, and product
sampling systemes.

A new 30 km access road has been constructed by Kamoa from Kolwezi to the Kakula Mine.
This road has been designed for high traffic volumes and for relatively high speeds. It is a
gravel road, but the foundations are suitable for later asphalting of the road. This road wiill
provide a direct link to the main road to Lubumbashi and other industries in the region
including a copper smelter and cement plants. This road will also reduce commuting times
between Kolwezi and Kakula to 30 minutes, making it feasible for much of Kakula’s labour to
commute daily from Kolwezi.

1.16.4 Kakula 2020 FS Results

The Kakula 2020 FS describes the initial phase of the Kakula development and presents the
first Mineral Reserve for the Kakula Deposit. The Kakula 2020 FS evaluates the development
of a 6.0 Mtpa underground mine and surface processing complex at the Kakula Deposit. The
development scenario of the Kakula Mine on the Kakula Deposit is shown in Figure 1.7.

The Kakula 2020 FS has an average annual production rate of 284,000 t of copper at a mine
site cash cost of US$0.52/Ib copper and total cash cost of US$1.16/Ib copper for the first ten
years of operations. The preproduction capital cost of US$646M for this option would result in
an after-tax net present value at an 8% discount rate (NPV8%) of US$5.52 billion.
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Figure 1.7 Kakula 2020 FS 6.0 Mipa Development Scenario
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Figure by OreWin, 2020.

A summary of the key results for the Kakula 2020 FS scenario are:

« Very-high-grade initial phase of production is projected to have a grade of 7.1% copper
in Year-4 and an average grade of 6.2% copper over the initial 10-years of operations,
resulting in estimated average annual copper production of 284,000 tonnes.

« Annual copper production is estimated at 366,000 tonnes in Year-4.

« Initial capital cost from July 2020, including contingency, is estimated at US$646M.

o Average total cash cost of US$1.16/lb of copper during the first 10-years.

- After-tax NPV, at an 8% discount rate, of US$5.5 billion.

« After-tax internal rate of return (IRR) of 77.0%, and a payback period of 2.3-years.

« Kakula is expected to produce a very-high-grade copper concentrate in excess of

50% copper, with extremely low arsenic levels.

For the Kakula 2020 FS the Kakula mill would be constructed in two phases of 3.8 Mtpa each
as the mining operations ramp-up to full production of 6.0 Mtpa, which leaves spare
capacity in the mill of 1.6 Mtpa. The first module of 3.8 Mtpa commences production in
Q3’21, and the second in Q1°23.
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The life-of-mine (LOM) production scenario provides for 110.0 Mt to be mined at an average
grade of 5.22% copper, producing 8.5 Mt of high-grade copper concentrate, containing
approximately 10.8 bilion pounds of copper. The economic analysis uses a long-term price
assumption of US$3.10/Ib of copper and returns an after-tax NPV at an 8% discount rate of
US$5.5 billion. It has an after-tax IRR of 77.0% and a payback period of 2.3 years. The
estimated initial capital cost, including contingency, is US$646M. The capital expenditure for
off-site power, which is included in the initial capital cost, includes a US$36M advance
payment to the DRC state-owned electricity company, SNEL, to upgrade Mwadingusha
hydropower plants to provide the Kamoa-Kakula Project with access to clean electricity for
its planned operations. Construction activities at Mwadingusha, which will supply 72 MW of
power, are nearing completion. The work is being led by Stucky Ltd., of Switzerland; the
advance payment will be recovered through a reduction in the power tariff.

Key results of the Kakula 2020 FS for a single 6.0 Mtpa mine are summarised in Table 1.9.
Table 1.10 summarises the financial results. The mining production statistics are shown in
Table 1.11. The Kakula 2020 FS 6.0 Mtpa mill feed and copper grade profile for the LOM are
shown in Figure 1.8 and the concentrate and metal production for the LOM are shown in
Figure 1.9.
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Table 1.9 Kakula 2020 FS Results Summary
Item Unit Total
Total Processed
Quantity Milled kt 109,975
Copper Feed Grade % 5.22
Total Concentrate Produced
Copper Concentrate Produced kt (dry) 8,542
Copper Concentrate kt (dry) 8,542
Copper Recovery % 85.23
Copper Concentrate Grade % 57.32
Contained Copper in Concentrate Mib 10,795
Contained Copper in Concentrate kt 4,897
Peak Annual Recovered Copper Production kt 366
Ten Year Average
Copper Concentrate Produced kt (dry) 496
Contained Copper in Concentrate kt 284
Mine-Site Cash Cost US$/Ib Payable Cu 0.52
Total Cash Cost US$/Ib Payable Cu 1.16
Key Financial Results
Peak Funding US$M 775
Initial Capital Costs US$M 646
Expansion Capital Costs Us$Mm 594
Sustaining Capital Cost Us$Mm 1,265
Mine Site Cash Cost US$/Ib Payable Cu 0.62
Total Cash Costs After Credits US$/Ib Payable Cu 1.26
Site Operating Costs US$/t Milled 58.73
After-Tax NPV8% US$M 5,520
After-Tax IRR % 77.0
Project Payback Period Years 2.3
Project Life Years 21
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Table 1.10 Kakula 2020 FS Financial Results

Discount Rate (%) Before Taxation After Taxation

Undiscounted 16,761 11,595

4.0 11,258 7,832

Net Present Value (US$M) 6.0 9,381 6,544

8.0 7,892 5,520

10.0 6,698 4,696

12.0 5,729 4,024
Internal Rate of Return (%) - 86.3 77.0
Project Payback Period (Years) - 2.3 2.3

Table 1.11 Kakula 2020 FS Production and Processing

Item Unit Total LOM Years 1-5 Years 1-10 LOM
Average

Total Processed

Quantity Milled kt 109,975 4,638 5,345 5,237

Copper Feed Grade % 5.22 6.56 6.21 5.22

Total Concentrate Produced

Copper Concentrate Produced (;rty) 8,542 454 496 407

Copper Concentrate ((‘.ll(:y) 8,542 454 496 407

Copper Recovery % 85.23 85.54 85.58 85.23

Copper Concentrate Grade % 57.32 57.32 57.32 57.32

Contained Copper in Concentrate

Copper Mlb 10,795 574 626 514

Copper kt 4,897 260 284 233

Payable Copper in Concentrate

Copper Mlb 10,444 555 606 497

Copper kt 4,737 252 275 226

Payable Copper

Copper Mlb 10,444 555 606 497

Copper kt 4,737 252 275 226
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Figure 1.8 Kakula 2020 FS Process Production
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Figure 1.9 Kakula 2020 FS Concentrate and Metal Production
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The annual and cumulative cash flows are shown in Figure 1.10 (annual cash flow is shown
on the left vertical axis and cumulative cash flow on the right axis).

Figure 1.10 Kakula Mine Projected Cumulative Cash Flow
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Figure by OreWin, 2020.

Figure 1.11 shows the average mine-site cash cost during the first 10-years of the

Kakula 2020 FS on Wood Mackenzie’s industry cost curve. This figure represents mine-site
cash costs that reflect the direct cash costs of producing paid copper incorporating mining,
processing and mine-site G&A costs.

Figure 1.12 shows the C1 pro-rata copper cash costs of the Kakula 2020 FS on Wood
Mackenzie’s industry cost curve. This figure represents C1 pro-rata cash costs that reflect the
direct cash costs of producing paid copper incorporating mining, processing, mine-site G&A
and offsite realisation costs, having made appropriate allowance for the costs associated
with the co-product revenue streams.

For both charts, the Kamoa-Kakula IDP20 was not reviewed by Wood Mackenzie prior to
filing, and information was sourced from public disclosures.

Table 1.12 summarises unit operating costs. Table 1.13 provides a breakdown of revenue and
operating costs. Capital costs for the project are detailed in Table 1.14.
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Figure 1.11 2020 Mine-Site Cash Costs (Includes All Operational Costs at Mine Site)
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Figure 1.12 2020 C1 Copper Cash Costs
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Table 1.12 Kakula 2020 FS Unit Operating Costs

Payable Cu (US$/Ib)
Years 1-5 Years 1-10 LOM Average
Mine Site 0.48 0.52 0.62
Transport 0.32 0.32 0.32
Treatment and Refining Charges 0.11 0.11 0.11
Royalties and Export Tax 0.20 0.20 0.20
Total Cash Costs 1.12 1.16 1.26

Table 1.13 Kakula 2020 FS Revenue and Operating Costs

Total LOM Years 1-5 Years 1-10 LOM Average
(USSM) (US$/t Milled)
Revenue
Copper in Concentrate 32,348 369.71 350.90 294.14
Gross Sales Revenue 32,348 369.71 350.90 294.14

Less: Realisation Costs

Transport 3,383 38.76 36.73 30.77
Treatment and Refining 1,199 13.74 13.01 10.90
Royalties and Export Tax 2,106 24.10 22.85 19.15
Total Realisation Costs 6,689 76.60 72.59 60.82
Net Sales Revenue 25,660 293.12 278.31 233.32

Site Operating Costs

Underground Mining 4,280 35.38 38.58 38.92

Processing 1,470 14.12 13.37 13.37

General and

Administration 758 7.60 7.04 6.89
SNEL Discount -294 -2.39 -2.55 -2.67
Customs Duties 245 2.13 221 2.23
Total 6,459 56.85 58.65 58.73
Net Operating Margin 19,201 236.27 219.66 174.59
Net Operating Margin (%) 74.83 80.61 78.93 74.83
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Table 1.14 Kakula 2020 FS Capital Costs

Capital Costs (US$M) Initial Expansion Sustaining Total
Capital Capital Capital (Ussm)
(US$M) (US$M) (US$M)

Underground Mining

Underground Mining 131 202 538 871

M|n|'ng Infrastructure and Mobile 38 16 362 216

Equipment

Capitalised Pre-Production 76 - - 76

Subtotal 246 218 899 1,363

Off-site Power

Power Supply Off Site 36 - - 36

Subtotal 36 - - 36

Concentrator and Tailings

Plant 123 128 70 320
Tailings 13 26 88 127
Subtotal 136 154 157 448
Infrastructure

Surface Infrastructure 69 101 14 184

Other Infrastructure - - _ _

Subtotal 69 101 14 184
Indirects

EPCM 35 17 0 53
Owners Cost 66 a7 - 114
Customs Duties 8 18 40 66
Closure - - 82 82
Subtotal 110 83 122 315
Capital Expenditure Before Contingency 596 556 1,193 2,346
Contingency 50 38 72 159
Capital Expenditure After Contingency 646 594 1,265 2,505

Totals have been rounded.
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Table 1.15 Kakula 2020 FS Copper Price Sensitivity

After Tax NPV (US$M) Copper Price (US$/1b)

Discount Rate 2.00 2.50 3.00 3.10 3.50 4.00 4.50
Undiscounted 4,225 7,519 10,911 11,595 14,353 17,532 19,928
4.0% 2,828 5,072 7,370 7,832 9,704 11,852 13,457
6.0% 2,334 4,227 6,156 6,544 8,117 9,918 11,256
8.0% 1,935 3,551 5,190 5,520 6,857 8,384 9,513
10.0% 1,609 3,005 4,413 4,696 5,845 7,153 8,116
12.0% 1,340 2,558 3,779 4,024 5,022 6,154 6,982
15.0% 1,018 2,028 3,031 3,232 4,052 4,977 5,649
IRR (%) 385 57.9 74.0 77.0 88.9 100.4 106.9

1.17 Kakula-Kansoko 2020 PFS

The Kakula-Kansoko 2020 PFS is a combined schedule comprising of the Kakula 2020 FS

(6.0 Mtpa) and a Kansoko 1.6 Mtpa schedule. The mine design for Kansoko is the same as
what had been previously called the Kamoa 2019 PFS. Costs were updated using the
Kakula 2020 costs as a basis. Ivanhoe has developed twin declines at the Kansoko Mine on
the Kansoko areas of the Kamoa deposit. In production, one will be a service decline for the
transport of personnel and materials into the mine, and the second will be a conveyor
decline for rock handling and transport of personnel and materials out of the mine. The
Kansoko Mine on the Kamoa Deposit has a Mineral Reserve that was previously stated in the
Kamoa 2019 PFS.

1.17.1 Kakula-Kansoko 2020 PFS Mining

A probable combined Mineral Reserve of approximately 235.2 Mt grading at 4.47% Cu has
been defined in the Kakula and Kansoko mines. The overall mining rate is 7.6 Mtpa,
constraining Kansoko to 1.6 Mtpa until Kakula is depleted, at which point the mining rate at
Kansoko increases to reducing to 6.0 Mtpa for the remainder of the mine life after the
completion of Kakula. The mine design and schedule for Kakula is that of the Kakula 2020 FS.
The Kansoko ore zones occur at depths ranging from approximately 60-1,235 m. Access to
the mine will be via twin declines. Main declines and ventilation raises are shown in

Figure 1.13. Mining will be performed using the room-and-pillar mining method in the
mineralised zone between 60-150 m and controlled convergence room-and-pillar for
mineralised zones below 150 m.
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Figure 1.13  Kakula-Kansoko 2020 PFS Kansoko Mine Access and Ventilation
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Figure by Stantec, 2017.

The room-and-pillar method will be used in the mineralised zone between 60-150 m, to
minimise the risk of surface subsidence. Continuing room-and-pillar mining below 150 m is
required in selected areas for production ramp-up. A controlled convergence room-and-
pillar test panel will be completed before additional controlled convergence room-and-
pillar panels will be approved for mining.

The production development of the room-and-pillar method will be in a grid-like fashion,
using 7.0 m wide drifts. Panel sizes were defined using the same criteria as the controlled
convergence room-and-pillar method as discussed below. The room development will run
parallel to the strike of the panel for dips less than 20°, with belt drives running at an acute
angle to the room drifts, to ensure the grade of the production drifts remains at a maximum
of 12°. Where the dip is greater than 20°, the rooms will be developed slightly off the strike, to
accommodate the acute angle between the room development and the belt drives. Long-
term stability is required in the room-and-pillar mining areas to allow access while in
production, as the mining front begins at the access and progresses toward the ends of the
panel. These room-and-pillar mining areas, designed to prevent subsidence, will remain
accessible if maintained and ventilated.
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Controlled convergence room-and-pillar mining is based on the strength and strain
parameters of the rock that makes up the mining panel supporting pillar or technological
pillars and includes the following parameters:

Ore zone depths below 150 m.
Strength of the immediate roof (i.e., roof bolting and handling of the rock burst threat).

Strength and strain parameters of the rocks within the roof of the extraction panel
(i.e., the slow bending above the extraction space and in the workings).

Technological pillars (pillars between rooms) designed to work in the post-destruction
strength state to maximise ore extraction.

KGHM CUPRUM Ltd - Research and Development Centre (Cuprum) developed the
controlled convergence room-and-pillar methodology (2016, 2017a, 2017b) at its mines in
Poland and are the technical contributors to its adaptation for the Project.

Controlled convergence room-and-pillar in the post-destructive state is based on a modified
Labasse hypothesis (1949). The pillar height-to-width ratio should be within the range of
0.5-0.8 m. This ensures the progressive transition of the technological pillars into the post-
destructive strength state, enabling a smooth roof-bending strata (destressed and
delaminated rock mass) above the workings.

The Kansoko development schedule initially is 1.6 Mtpa creating a combined 7.6 Mtpa for
the Kakula-Kansoko 2020 PFS. The Kansoko schedule then focuses on establishment of
necessary mine services and support infrastructure to set up the initial production mining
areas and ramp-up to 6.0 Mtpa ore production and associated development waste.

Mine development is broken down into the following three main phases:

Phase 1: Development of the Declines to the Main Ore Bins.

Phase 2: Room-and-Pillar Mining and Controlled Convergence Room-and-Pillar Test
Panel.

Phase 3: Development of Centrale and Sud.

Table 1.16 shows the Kansoko LOM production summary.

Table 1.16 Kansoko LOM Production Summary

Production by Mining Method Mined (kt) | Metres (m) NSR ($/t) Cu (%)
Ore Development 10,665 114,205 146.20 3.34
Room-and-Pillar 3,397 36,743 243.27 5.29
Controlled Convergence Room-and-Pillar 111,120 813,559 167.86 3.81
Total 125,182 964,507 168.06 3.81
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The following criteria were applied over the mine life for scheduling purposes.
« Proximity to the Main Accesses and Early Development.
« High-grade and Thickness.
« Ventilation Constraints.
« Mining Direction.
« 300 m Gap Distance between Two Adjacent Panel Fronts.

« Application of a Declining Cut-off Grade.

Using the strategy above, appropriate panels were targeted and scheduled to achieve the
highest possible grade profile during ramp-up and full production.

Kansoko underground infrastructure involves several components such as ore and waste
handling systems, dewatering, maintenance shops, fuelling, ventilation, concrete and
shotcrete facilities, refuge stations, etc.

Power will be available from the state-owned utility Société Nationale d'Electricité (SNEL),
transmitted at 33 kilovolts (kV) from Kolwezi to the consumer substation located at the mine.
Power will be distributed on the mine at 11 kV and 690 volts V), both on surface and
underground. The mine’s maximum demand, including a 20% contingency, is expected to
be 38.6 megavolt ampere (MVA) at a power factor of 0.85.

1.17.2 Kakula-Kansoko 2020 PFS Process

The Kakula-Kansoko 2020 PFS process plant is similar to the Kakula flow sheet and consists of
a 7.6 Mtpa Run-of-Mine (ROM) concentrator incorporating staged crushing, ball mill grinding
and flotation. The output of the process plant is copper concentrate which is sold to external
smelters. ROM material from Kansoko will be trucked to Kakula, where it will be introduced to
the circuit via the bulk reclaim tip system at a rate of 1.6 Mtpa.

The Kakula-Kansoko concentrator design incorporates a run-of-mine stockpile, followed by
cone crushers operating in closed circuit with vibrating 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% (Pso) 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 pm. The milled slurry 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 the 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 upgraded in the
scavenger cleaner circuit.
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The concentrate produced from the scavenger cleaner circuit, representing roughly 15% of
the mill feed, is re-ground to a Pso of 10 um prior to final cleaning in the low entrainment
scavenger recleaner stage. The scavenger recleaner concentrate is then combined 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 cleaner tailings are combined and thickened prior to
being pumped to the backfill plant and/or to the tailings storage facility. Backfill utilizes
about half of tailings and the remainder will be pumped to the tailings storage facility.

1.17.3 Kakula-Kansoko 2020 PFS Transport

A phased logistics solution is proposed in the Kakula-Kansoko 2020 PFS. Initially the corridor
between southern DRC and Durban in South Africa is viewed as the most attractive and
reliable export route. As soon as the railroad between Kolwezi and Dilolo, a town near the
DRC-Angolan border, is rehabilitated, production from the Kamoa-Kakula Project is
expected to be transported by rail to the port of Lobito in Angola.

1.17.4 Kakula-Kansoko 2020 PFS Results

The Kakula-Kansoko 2020 PFS is a combined schedule comprising of the Kakula 2020 FS
(6.0 Mtpa) and a Kansoko 1.6 Mtpa schedule. The Kakula-Kansoko 2020 PFS maintains the
development of the Kakula Deposit as a stand-alone 6.0 Mtpa mining and combined

7.6 Mtpa processing complex. The combined LOM production scenario schedules 235.2 Mt
to be mined at an average grade of 4.47% copper, producing 20.0 Mt of high-grade
copper concentrate, containing approximately 20 billion pounds of copper.

The economic analysis uses a long-term price assumption of US$3.10/lb of copper and
returns an after-tax NPV at an 8% discount rate of US$6.6 billion. The Kakula-Kansoko 2020 PFS
has an after-tax IRR of 69.0% and a payback period of 2.5 years. The LOM average mine site
cash cost is US$0.64/1b of copper.

The estimated initial capital cost, including contingency, is US$695M. The key results of the
Kakula-Kansoko 2020 PFS are summarised in Table 1.17. Table 1.18 summarises the financial
results.

While production is at the 1.6 Mtpa rate ore will be moved to surface with haulage trucks
and hauled to the Kakula processing facility. Once the production ramps up to 6.0 Mtpa ore
will be moved to the surface via conveyor and transferred on to an overland conveyor to
the Kakula processing facility.
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Table 1.17 Kakula-Kansoko 2020 PFS Summary
Item Unit Total
Total Processed
Quantity Milled kt 235,157
Copper Feed Grade % 4.47
Total Concentrate Produced
Copper Concentrate Produced kt (dry) 19,948
Copper Recovery % 86.27
Copper Concentrate Grade % 45.49
Contained Copper in Concentrate Mlb 20,006
Contained Copper in Concentrate kt 9,075
Peak Annual Contained Metal in Concentrate kt 427
10-Year Average
Copper Concentrate Produced kt (dry) 622
Contained Copper in Concentrate kt 331
Mine Site Cash Cost Us$/Ib 0.55
Total Cash Cost Us$/Ib 1.23
Key Financial Results
Peak Funding Us$m 848
Initial Capital Cost Us$Mm 695
Expansion Capital Cost US$M 750
Sustaining Capital Cost US$M 2,827
LOM Average Mine Site Cash Cost US$/Ib Cu 0.64
LOM Average Total Cash Cost US$/Ib Cu 1.44
Site Operating Cost Us$/t Milled 52.95
After-Tax NPV8% UsS$Mm 6,604
After-Tax IRR % 69.0
Project Payback Period Years 2.5
Project Life Years 37
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Table 1.18 Kakula-Kansoko 2020 PFS Financial Results

Discount Rate (%) Before Taxation After Taxation

Undiscounted 27,805 18,373

4.0 15,562 10,422

Net Present Value (US$M) 6.0 12,179 8,204

8.0 9,757 6,604

10.0 7,967 5,415

12.0 6,608 4,505
Internal Rate of Return (%) - 78.5 69.0
Project Payback Period (Years) - 2.5 25

Table 1.19 Kakula-Kansoko 2020 PFS Production and Processing

Item Unit Total LOM Years 1-5 Years 1- LOM
10 Average

Total Processed

Quantity Milled kt 235,157 5,536 6,568 6,356

Copper Feed Grade % 4.47 6.20 5.87 4.47

Total Concentrate Produced

Copper Concentrate Produced kt (dry) 19,948 542 622 539
Copper Concentrate kt (dry) 19,948 542 622 539
Copper Recovery % 86.27 85.61 85.84 86.27
Copper Concentrate Grade % 45.49 54.21 53.27 45.49

Contained Copper in Concentrate

Copper Mlb 20,006 648 730 541

Copper kt 9,075 294 331 245

Payable Copper in Concentrate

Copper Mib 19,356 627 706 523

Copper kt 8,780 284 320 237

Payable Copper

Copper Mib 19,356 627 706 523

Copper kt 8,780 284 320 237
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Table 1.20 Kakula-Kansoko 2020 PFS Capital Costs
Capital Costs (US$M) Initial Expansion Capital (US$M) Sustaining Total
Capital Kakula Kansoko to Capital (Ussm)
(USSM) 6.0 Mtpa / 1.6 Mtpa (USSM)
7.6 Mtpa
Plant
Underground Mining
Underground Mining 158 202 97 1,068 1,525
Capitalised Pre-Production 76 - - - 76
Mining Mobile Equipment 55 43 17 922 1,036
Subtotal 289 245 114 1,990 2,638
Off-site Power
Power Supply Off Site 36 - - - 36
Subtotal 36 - - - 36
Concentrator and Tailings
Plant 123 128 - 135 386
Tailings 13 12 - 240 265
Subtotal 136 139 - 375 651
Infrastructure
Plant Infrastructure 69 101 - 14 184
f(:;);lxzyor Kansoko to : : : 95 95
Subtotal 69 101 - 109 279
Indirects
EPCM 37 15 9 0 62
Owners Cost 67 47 4 - 117
Customs Duties 8 23 0 89 120
Closure - - - 81 81
Subtotal 113 85 13 170 380
ggggg;’:fg”d“”'e Before 642 571 126 2,644 3,984
Contingency 52 41 12 183 288
gggg?;’;%i”d““re After 695 612 139 2,827 4,272
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Figure 1.14 Kakula-Kansoko 2020 PFS Process Production
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Figure 1.15 Kakula-Kansoko 2020 PFS Concentrate and Metal Production
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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).

Figure 1.16 Kakula-Kansoko 2020 PFS Mine Projected Cumulative Cash Flow
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Figure by OreWin, 2020.

Table 1.21 Kakula-Kansoko 2020 PFS Copper Price Sensitivity

After Tax NPV (US$M) Copper Price (US$/1b)

Discount Rate 2.00 2.50 3.00 3.10 3.50 4.00 4.50
Undiscounted 4,758 10,753 17,101 18,373 23,487 29,393 33,873
4.0% 2,847 6,181 9,714 10,422 13,275 16,560 19,031
6.0% 2,241 4,871 7,648 8,204 10,448 13,026 14,957
8.0% 1,774 3,911 6,156 6,604 8,419 10,498 12,047
10.0% 1,409 3,188 5,044 5,415 6,915 8,631 9,902
12.0% 1,117 2,629 4,194 4,505 5,770 7,212 8,274
15.0% 781 2,000 3,247 3,495 4,501 5,644 6,480
IRR (%) 29.5 49.2 66.0 69.0 81.0 93.0 99.8
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Figure 1.17 compares the capital intensity for large-scale copper projects. The figure shows
projects identified by Wood Mackenzie as recently approved, probable or possible projects
reported with nominal copper production capacity in excess of 200 ktpa (based on public
disclosure and information gathered in the process of routine research by Wood
Mackenzie). The estimates are based on public disclosure and information gathered by
Wood Mackenzie. Kakula-Kansoko is based on the capital costs incurred in 2019, the capital
costs incurred in the six months ended 30 June 2020 and the estimated initial and expansion
capital costs from 1 July 2020 in the Kakula-Kansoko 2020 PFS. Kakula-Kansoko’s first 10 years’
average annual production of copper in concentrate are considered to be its nominal
copper production. The Kamoa-Kakula IDP20 was not reviewed by Wood Mackenzie prior to
filing.

Figure 1.17  Capital Intensity for Large-Scale Copper Projects
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Figure by lvanhoe, 2020. Source: Wood Mackenzie.
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1.18 Kamoa-Kakula 2020 PEA

The Kamoa-Kakula 2020 PEA analyses a production case with an expansion of the Kakula
concentrator processing facilities, and associated infrastructure to 19 Mtpa and includes a
smelter and eight separate underground mining operations with associated capital and
operating costs. The locations of the eight mines and the boundaries for the FS, PFS and PEA
cases are shown in Figure 1.18. The details of the Kamoa-Kakula 2020 PEA are in Section 24.

The eight mines ranked by their relative net present values are:
Kakula Mine (FS 6.0 Mtpa).

Kansoko Mine (PFS 1.6 Mtpa to 6.0 Mtpa).

Kakula West Mine (PEA 6.0 Mtpa).

Kamoa North Mine 1 (PEA 6.0 Mtpa).

Kamoa North Mine 2 (PEA 6.0 Mtpa).

Kamoa North Mine 3 (PEA 6.0 Mtpa).

Kamoa North Mine 4 (PEA 3.0 Mtpa).

Kamoa North Mine 5 (PEA 1.0 Mtpa).

Figure 1.18 Kamoa-Kakula IDP20 Mining Locations
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The Kamoa-Kakula 2020 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 and there is no certainty that the results
will be realised. Mineral Resources that are not Mineral Reserves do not have demonstrated

economic viability.

The potential development scenarios at the Kamoa-Kakula Project include the
Kamoa-Kakula IDP20 development scenario shown in Figure 1.19.

Figure 1.19 Kamoa-Kakula IDP20 Long-Term Development Scenario
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Figure by OreWin, 2020.

A site plan showing the locations of the mines and key infrastructure for Kakula and Kansoko
mines is shown in Figure 1.20.
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The Kamoa-Kakula 2020 PEA as part of the Kamoa-Kakula IDP20 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 certainty
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 2020 PEA represent
forward-looking information. The forward-looking information includes 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 2020 PEA.
Readers are cautioned that actual results may vary from those 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.

Additional studies are required to evaluate feasibility and the timing of increasing plant

feed. Also, a sensitivity analysis is required to evaluate feasibility and the timing of an on-site
smelter to produce blister copper at the mine site.
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Figure 1.20

Kamoa-Kakula IDP20 Site Plan
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1.18.1 Kamoa-Kakula 2020 PEA Results Summary

The Kamoa-Kakula 2020 PEA assesses an alternative development option of mining several
deposits on the Kamoa-Kakula Project as an integrated, 19 Mtpa mining, processing and
smelting complex, built in three stages. This scenario envisages the construction and
operation of eight separate mines: first, an initial 6.0 Mtpa mining operation would be
established at the Kakula Mine on the Kakula Depaosit; this is followed by a subsequent,
separate 6.0 Mtpa mining operation at the Kansoko Mine using the existing twin declines
that were completed in 2017; a third 6.0 Mtpa mine then will be established at the Kakula
West Mine. As the resources at the Kakula, Kansoko and Kakula West mines are mined out,
production would begin sequentially at five other mines in the Kamoa North area to
maintain throughput of 19 Mtpa to the then existing concentrator and smelter complex.

Each mining operation is expected to be a separate underground mine with a shared
processing facility and surface infrastructure located at Kakula and Kansoko. Included in this
scenario is the construction of a direct-to-blister flash (DBF) copper smelter with a capacity
of one million tonnes of copper concentrate per annum.

A summary of the key results for the Kamoa-Kakula 2020 PEA scenario are:

« Very-high-grade initial phase of production is projected to have a grade of 6.8% copper
in the first year of production and an average grade of 5.13% copper over the initial
10-years of operations, resulting in estimated average annual copper production of
501,000 tonnes.

« Initial capital cost, including contingency, is estimated at US$715M.

« Average total cash cost of US$1.07/Ib of copper during the first 10-years, including sulfuric
acid credits.

« After-tax NPV, at an 8% discount rate, of US$11.12 billion.

« After-tax internal rate of return (IRR) of 56.2%, and a payback period of 3.6-years.
The estimated initial capital cost, including contingency, is US$715M.

The Kamoa-Kakula 2020 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 and there is no certainty that the results
will be realised. Mineral Resources do not have demonstrated economic viability and are
not Mineral Reserves. Table 1.22 summarises the financial results. Key results of the
Kamoa-Kakula 2020 PEA are summarised in and Table 1.23. The mining production statistics
are shown in Table 1.24. The Kamoa-Kakula 2020 PEA 19 Mtpa mill feed and copper grade
profile for the life-of-mine (LOM) are shown in Figure 1.21 and the concentrate and metal
production for the LOM are shown in Figure 1.22. Table 1.25 summarises unit operating costs.
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Table 1.22 Kamoa-Kakula 2020 PEA Financial Results

Discount Rate

Before Taxation

After Taxation

Undiscounted 56,564 37,844

4.0% 29,097 19,416

Net Present Value (US$M) 6.0% 21,816 14,520

8.0% 16,756 11,117

10.0% 13,136 8,681

12.0% 10,476 6,891
Internal Rate of Return (%) - 66.4 56.2
Project Payback Period (Years) - 34 3.6
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Table 1.23 Kamoa-Kakula 2020 PEA Results Summary for 19 Mipa Production

Item Unit Total

Total Processed

Quantity Milled kt 597,621

Copper Feed Grade % 3.63

Total Concentrate Produced

Copper Concentrate Produced kt (dry) 42,818
Copper Recovery % 86.42
Copper Concentrate Grade % 43.76
Contained Copper in Concentrate - External Smelter Mlb 13,251
Contained Copper in Concentrate - External Smelter kt 6,010
Contained Copper in Blister - Internal Smelter Mlb 27,641
Contained Copper in Blister - Internal Smelter kt 12,538
Peak Annual Recovered Copper Production kt 805

10-Year Average

Copper Concentrate Produced kt (dry) 1,043
Contained Copper in Conc. - External Smelter kt 248
Contained Copper in Blister - Internal Smelter kt 253
Mine-Site Cash Cost Us$/Ib Cu 0.65
Total Cash Cost Us$/Ib Cu 1.07

Key Financial Results

Peak Funding Us$m 784
Initial Capital Cost Us$m 715
Expansion Capital Cost UsS$Mm 4,461
Sustaining Capital Cost US$M 11,958
LOM Average Mine Site Cash Cost US$/lb Cu 0.92
LOM Average Total Cash Cost US$/lb Cu 1.28
Site Operating Cost US$/t Milled 62.44
After-Tax NPV8% US$M 11,117
After-Tax IRR % 56.2
Project Payback Period Years 3.6
Project Life Years 43
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Table 1.24 Kamoa-Kakula 2020 PEA Production and Processing

Item Unit Total LOM Years 1-5 | Years 1-10 LOM
Average

Total Processed

Quantity Milled kt 597,621 6,227 11,394 13,898

Copper Feed Grade % 3.63 5.95 5.13 3.63

Total Concentrate Produced

Copper Concentrate Produced kt (dry) 42,818 613 1,043 996
Copper Concentrate - External Smelter | kt (dry) 11,944 413 443 278
Copper Concentrate - Internal Smelter | kt (dry) 30,874 200 600 718
Copper Recovery % 86.42 85.98 86.44 86.42
Copper Concentrate Grade % 43.76 52.02 48.38 43.76

Contained Copper in Concentrate - External Smelter

Copper Mib 13,251 496 548 308

Copper kt 6,010 225 248 140

Payable Copper in Concentrate - External Smelter

Copper Mlb 12,820 480 530 298

Copper kt 5,815 218 240 135

Contained Copper in Blister - Internal Smelter

Copper Mlb 27,641 204 557 643

Copper kt 12,538 92 253 292

Payable Copper in Blister - Internal Smelter

Copper Mib 27,558 203 555 641

Copper kt 12,500 92 252 201

Payable Copper

Copper Mib 40,378 683 1,085 939

Copper kt 18,315 310 492 426
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Table 1.25 Kamoa-Kakula 2020 PEA Unit Operating Costs

Item Payable Copper (US$/1b)
Years 1-5 Years 1-10 LOM Average

Mine Site 0.56 0.57 0.81
Smelter 0.04 0.08 0.11
Transport 0.29 0.24 0.23
Treatment and Refining Charges 0.10 0.08 0.07
Royalties and Export Tax 0.19 0.18 0.17
Total Cash Costs 1.18 1.15 1.40
Sulfuric Acid Credits 0.04 0.09 0.12
Total Cash Costs After Credits 1.14 1.07 1.28

Figure 1.21 Kamoa-Kakula 2020 PEA Process Production
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Figure by OreWin, 2020.
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Figure 1.22 Kamoa-Kakula 2020 PEA Concentrate and Metal Production
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Figure by OreWin, 2020.

Table 1.26 provides a breakdown of revenue and operating costs. Capital costs for the
project are detailed in Table 1.27.
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Table 1.26 Kamoa-Kakula 2020 PEA Revenue and Operating Costs

Total LOM Years 1-5 Years 1-10 LOM Average
(USSM) (US$/t) Milled

Revenue
Copper in Blister 85,430 101.06 151.08 142.95
Copper in Concentrate 39,713 237.97 143.89 66.45
Acid Production 4,930 4.38 8.23 8.25
Gross Sales Revenue 130,074 34341 303.20 217.65
Less: Realisation Costs
Transport 9,132 31.62 23.03 15.28
Treatment and Refining 2,941 10.68 7.83 4.92
Royalties and Export Tax 7,038 21.00 16.74 11.78
Total Realisation Costs 19,111 63.30 47.60 31.98
Net Sales Revenue 110,963 280.11 255.60 185.67
Site Operating Costs
Underground Mining 21,070 39.57 35.26 35.26
Processing 8,811 13.82 14.02 14.74
Tailings 67 0.26 0.15 0.11
Smelter 4,464 4.58 7.48 7.47
General and Administration 1,767 8.30 5.28 2.96
SNEL Discount -292 -3.43 -2.57 -0.49
Customs Duties 1,426 2.55 2.48 2.39
Total 37,313 65.66 62.10 62.44
Net Operating Margin 73,650 214.45 193.50 123.24
Net Operating Margin (%) 66.37 76.56 75.71 66.37

Totals have been rounded.
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Table 1.27 Kamoa-Kakula 2020 PEA Capital Costs

Capital Costs (US$M) Initial Expansion Sustaining Total
Capital Capital Capital (Ussm)
(US$M) (US$M) (US$M)

Underground Mining

Underground Mining 156 995 5,620 6,772

g;:iigaqlngstructure and Mobile 68 299 2251 2,618

Capitalised Pre-Production 78 - - 78

Subtotal 302 1,295 7,872 9,468

Power and Smelter

Smelter Total - 635 368 1,003

Power Supply Off Site 36 - - 36

Subtotal 36 635 368 1,039

Concentrator and Tailings

Plant 124 646 345 1,115
Tailings 15 26 550 591
Subtotal 139 672 895 1,706
Infrastructure

Plant Infrastructure 69 536 678 1,283
Other Infrastructure - 353 145 498
Overland Conveyors - 118 66 183
Rall - 72 84 156
Subtotal 69 1079 973 2,120
Indirects

EPCM 37 111 35 184
Owners Cost 70 63 - 132
Customs Duties 9 137 361 507
Closure - - 308 308
Subtotal 116 311 704 1,130
Capital Expenditure Before Contingency 661 3,991 10,811 15,464
Contingency 53 470 1,147 1,670
Capital Expenditure After Contingency 715 4,461 11,958 17,134

Totals have been rounded.
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Figure 1.23 compares the reported copper production in 2025 for the 20 highest producers
by paid copper production. The Kamoa-Kakula 2020 PEA production is from the projected
peak copper production which occurs in Year-8. Figure 1.24 shows the top 10 largest new
greenfield copper projects defined as the 10 largest greenfield copper projects classified by
Wood Mackenzie as “base case” or “probable” and ranked by nominal copper production
(with the Kamoa-Kakula 2020 PEA and Kakula 2020 FS respective first 10 years’ average
annual production of copper in concentrate considered to be its nominal copper
production). The estimates are based on public disclosure and information gathered by
Wood Mackenzie.

The Kamoa-Kakula IDP20 was not reviewed by Wood Mackenzie prior to filing.

Figure 1.23 2025 Predicted World Copper Producer Production
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Figure by lvanhoe, 2020. Source: Wood Mackenzie.
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Figure 1.24  World Copper Producer Production and Head Grade
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Figure by lvanhoe, 2020. Source: Wood Mackenzie.

The after-tax net present value (NPV) sensitivity to metal price variation is shown in Table 1.28
for copper prices from US$2.00-US$4.50/1b.

The annual and cumulative cash flows are shown in Figure 1.25 (annual cash flow is shown
on the left vertical axis and cumulative cash flow on the right axis).
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Table 1.28 Kamoa-Kakula 2020 PEA Copper Price Sensitivity
After Tax NPV (US$M) Copper Price (US$/Ib)
Discount Rate 2.00 2.50 3.00 3.10 3.50 4.00 4.50
Undiscounted 8,839 21,888 35,185 37,844 48,517 60,961 70,509
4.0% 4,620 11,251 18,056 19,416 24,876 31,243 36,089
6.0% 3,351 8,357 13,495 14,520 18,640 23,446 27,089
8.0% 2,422 6,323 10,320 11,117 14,318 18,054 20,876
10.0% 1,733 4,855 8,046 8,681 11,231 14,210 16,453
12.0% 1,213 3,771 6,374 6,891 8,968 11,393 13,214
15.0% 655 2,619 4,603 4,996 6,573 8,416 9,794
IRR (%) 21.1 37.8 53.2 56.2 67.3 79.9 89.0
Figure 1.25 Kamoa-Kakula 2020 PEA Projected Cumulative Cash Flow
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Figure by OreWin, 2020.

1.18.2 Kamoa-Kakula 2020 PEA Mining

Mining methods in the Kamoa-Kakula 2020 PEA are assumed to be a combination of the
controlled convergence room-and-pillar mining method, drift-and-fill with paste fill mining
method, and room-and-pillar mining method.
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At Kakula Mine the mining method is drift-and-fill as described in the Kakula 2020 FS, at the
Kansoko Mine the mining method is controlled convergence room-and-pillar method. At
Kakula West there is a combination of drift-and-fill and controlled convergence
room-and-pillar.

Selection of the mining method was dictated by mining height and dip. The controlled
convergence room-and-pillar method was selected for heights greater than 3 m and less
than 6 m, and dip less than 25°. The drift-and-fill with paste fill was selected for heights
greater than 6 m. The drift-and-fill with paste fill method was also selected for heights greater
than 3 m and less than 6 m, and dip greater than 25°.

At the Kamoa North Mines the mining method selected is controlled convergence room-
and-pillar. The Kamoa-Kakula 2020 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 and there is no certainty that the
results will be realised. Mineral Resources do not have demonstrated economic viability and
are not Mineral Reserves.

1.18.3 Kamoa-Kakula 2020 PEA Processing and Infrastructure

The Kamoa-Kakula 2020 PEA scenario assumes that the project proceeds with first
completing the Kakula 7.6 Mtpa process plant, built in two stages of 2 x 3.8 Mtpa, followed
by a series of 3.8 Mtpa plant expansions to take the concentrator stream at the central
complex’s processing capacity to 19 Mtpa. The Kamoa-Kakula 2020 PEA has processing and
infrastructure facilities that include:

« A 19 Mtpa combined processing facility complete with surface crushing and screening,
milling, and flotation, consisting of five 3.8 Mtpa concentrator streams, a smelter, and
associated infrastructure located at the Kakula Mine area.

« The Kakula Mine and dedicated surface infrastructure on the Kakula Deposit.

« The Kansoko Mine on the Kansoko Sud and Kansoko Centrale areas of the Kamoa
Deposit; including associated overland conveying systems.

- Dedicated surface infrastructure including associated overland conveying systems at
Kakula West Mine and Kamoa North Mines 1-5.

The Kakula process plant will be the first of five 3.8 Mtpa circuits to be located at the central
processing complex. The Kakula concentrator (Central Complex Concentrator 1) includes a
15,000 t ROM stockpile to feed a 7.6 Mtpa Run-of-Mine (ROM) concentrator based on
staged crushing and screening, followed by two stage series, ball milling. The ball miling
product is upgraded in the flotation circuit, which is designed to produce two different
concentrate products, i.e. a high-grade and a medium-grade product. These two
concentrate products are combined to form the final concentrate.
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The Kakula design allows the Central Complex Concentrator 1 to be built into two phases to
be aligned with the mine production schedule. Phase 1 will treat 3.8 Mtpa in line with the
mine ramp up and the throughput will be doubled during Phase 2 to 7.6 Mtpa. Refer to
Section 24 for more detail on the Kakula design. A high-level block flow diagram of the
Central Complex Concentrator 1 is presented in Figure 1.26.

Following the ramp-up of Central Complex Concentrator 1 to 7.6 Mtpa, the complex will be
expanded by the addition of the Central Complex Concentrator 2 at the Kakula Mine Area.
Central Complex Concentrator 2 will be based on the Kansoko circuit design. The expansion
from 6-15.2 Mtpa will also be completed in a two phased approach, as dictated by the
mining plan, with a final 3.8 Mtpa expansion.

Concentrate will be conveyed from the adjacent concentrator complex into a concentrate
shed located in the smelter complex.

The Kamoa-Kakula 2020 PEA also includes the construction of a smelter complex, based on
Finnish-based Outotec’s direct-to-blister furnace technology which is suitable for treating
Kakula-type concentrates with relatively high copper/sulfur ratio, and low iron. China Nerin
Engineering acted as the main engineering consultant with Outotec providing design and
costing for propriety equipment, including the DBF furnace, waste heat boiler, and the slag
cleaning electric furnace. The smelters design capacity is 1,000 ktpa of concentrate feed.

Concentrate is first dried in a steam dryer and sent to the DBF where it is smelted in the
reaction shaft with oxygen-enriched air to produce molten slag containing oxide minerals,
blister copper and sulfur-dioxide (SO>) rich off gas. The oxidation reactions provide a portion
of the heat required to melt the charge, with external fuel (in the form of pulverized coal
and fuel oil) used to supplement the energy demand. Molten slag and blister copper collect
in the DBF settler and are intermittently tapped (drained from the furnace) via dedicated
tapholes. DBF slag, still containing appreciable amounts of copper, is further treated using
metallurgical grade coke in an electric slag cleaning furnace (SCF) to recover oxidized
copper in the form of blister. The SCF slag is slow cooled, crushed, milled, and processed by
flotation to recover residual copper in the form of slag concentrate, which is recycled back
to the DBF. The SO:-rich off-gas is de-dusted, dried, and sent to a double-contact-double-
adsorption acid plant for production of high strength sulfuric acid which is sold to the local
market.

An on-site smelter offers numerous cost savings, including treatment charges, certain taxes
and transportation costs. In addition, the sale of the sulfuric acid by-product would generate
additional revenue. Sulfuric acid is in short supply in the DRC and is imported for use in
processing ore from oxide copper deposits.
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Figure 1.26

Central Complex Concentrator 1 Block Flow Diagram
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1.19

1.19.1

Interpretation and Conclusions

Mineral Resource Estimate

Mineral Resources for the Project have been estimated using core drill data, have been
performed using industry best practices (CIM, 2003), and conform to the requirements of
CIM Definition Standards (2014).

Wood has checked the data and estimation methodology used to construct the resource
models (Datamine macros) and has validated the resource models. Wood finds the Kamoa
and Kakula resource models to be suitable to support prefeasibility 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 programs 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.

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 faulted down (with variable offsets). A
spiral decline was developed to accommodate the offsets, and re-established mining
on the mineralisation.

The Kakula southern and northern declines and associated development are
expected to join towards the end of 2020. This will provide a complete section across
the deposit to further study the structural geology of the Kakula deposit.

« Assumptions used to generate the data 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. 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.

19013KKIDP20_201022rev0.docx Page 68 of 627



K 2 OreWin

« Assumptions used to generate the data for consideration of reasonable prospects of
eventual economic extraction for the Kakula deposit.

- A controlled convergence room-and-pillar technique is being studied which provides
the opportunity for reduced costs.

« Exploitation of the Kamoa-Kakula Project requires building a greenfields project with
attendant infrastructure. Changes in the assumptions as to operating and capital costs
associated with the proposed development may affect the base case cut-off grades
selected for the Kamoa and Kakula Mineral Resource estimates.

« Commodity prices and exchange rates.

o Cut-off grades.

1.19.2 Kamoa-Kakula IDP20

The Kamoa-Kakula IDP20 includes an update of the Kamoa-Kakula (Kakula and Kansoko)
Mineral Reserve and updates of the preliminary economic assessment (PEA) including
analysis of the Kakula West and Kamoa North Mineral Resource.

The Kakula 2020 FS has identified a Mineral Reserve and development path that has
confirmed significant value in the Kakula Deposit.

The Kakula-Kansoko 2020 PFS indicates the combined Kakula and Kansoko mine plans using
the same 7.6 Mtpa processing facility of the Kakula 2020 FS generates significant value.

The analysis in the Kamoa-Kakula 2020 PEA indicates that the potential development
scenarios for the Kamoa-Kakula project could include expansions and on site smelting that
could provide potential additional project values. Considerable ongoing and additional
studies need to be undertaken to define the development sequence and production rates
including mining methods, plant sizing and location for the deposits, and identify the project
potential.

1.20 Recommendations
1.20.1 Further Assessment

The lvanhoe now has three areas within the Kamoa-Kakula Project (Kamoa, Kakula and
Kakula West) that warrant further assessment and are at different stages of study and
development. Kakula is a very high grade Mineral Resource that is separate to Kamoa and
could be developed as a separate mine and processing facility, and given this, further study
should be undertaken. The Kamoa-Kakula 2020 PEA has identified potential development
scenarios for Kamoa and Kakula deposits that suggest expansion of the initial project. The
next phase of detailed study should be to prepare a feasibility study on Kansoko. A whole of
project approach should be undertaken to optimise the project and to take the project
through the study phases to production. The key areas for further studies are:
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« The Kakula 2020 FS has identified a Mineral Reserve and development path for the
Kakula Deposit. It is recommended that studies at Kakula continue and incorporate a
five year mining plan. This will include optimisation of the mine plan and monitoring of
actuals against the budgets and design needs to be undertaken as the mine moves from
development to production.

« The Kakula-Kansoko 2020 PFS has identified a Mineral Reserve. It is recommended that
studies at Kansoko be progressed to feasibility study. The Kansoko study work needs to be
prepared for feasibility and execution. This includes detailed plans and development of
systems and procedures for of the controlled convergence room-and-pillar mining
method.

« The Kamoa-Kakula 2020 PEA indicates that there is potential value in a central processing
facility, on site smelting and expansions in production. In order to identify this potential,
further study will be needed. It is recommended that these studies are undertaken using
a whole of project approach into the long term options to maximise the efficient
extraction of the Kamoa-Kakula Mineral Resources.

The three stages of the project provide a development plan. As development continues
each stage of the project should be analysed and redefined.

1.20.2 Drill Programme

Extensive driling has been completed at Kamoa and Kakula, and the goal of establishing
sufficient Indicated 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 mine development, and to define the edges
of the higher-grade material. While exploration drilling will continue, the drilling will focus on
targets elsewhere within the Project and continue at Kamoa North to better define the
recently-discovered high-grade corridors. The drill plan is expected to adjust as ongoing
results become available. Wood has recommended further driling of 17 km at a cost of
$2.0M.

1.20.3 Processing Plant

Extensive metallurgical testwork have been conducted on the Kakula deposit which
includes variability testing, locked cycle testing as well as mini pilot plant runs.

It is recommended to conduct 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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2 INTRODUCTION
2.1 Ivanhoe Mines Lid

lvanhoe Mines Ltd (lvanhoe) 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. lvanhoe has focused 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. lIvanhoe also holds interests in prospective mineral properties
in the DRC and South Africa. These include an extensive, prospective a land package of
~3,000 km2 in the Central African Copper belt adjoining the Kamoa-Kakula Project, known as
the Western Foreland.

The Kamoa copper deposit discovery was made by Ivanplats Limited. lvanplats Limited
changed its name to lvanhoe Mines Limited in 2013. For the purposes of this Report, the
name “lvanhoe” refers interchangeably to lvanhoe’s predecessor companies, lvanplats
Limited, lvanhoe Nickel and Platinum Ltd., and the current subsidiary companies. Advancing
the Kamoa-Kakula and Platreef Projects from discovery to production is a key near-term
objective.

lvanhoe owns a 39.6% interest in the Kamoa-Kakula project through 49.5% interest in Kamoa
Holding Limited (Kamoa Holding).

2.2 Terms of Reference

The Kamoa-Kakula IDP20 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 Kolwezi District of 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 west 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 IDP20:

« OreWin Pty Ltd.: Overall Report preparation, Kakula 2020 PEA analyses, Kakula and
Kamoa North underground mining, Kamoa-Kakula combined production schedules, and
financial models.

« Wood PLC: Geology, drilhole data validation, and Mineral Resource estimation for
Kamoa and Kakula.

« SRK Consulting South Africa (Pty) Ltd.: FS and PFS Mine geotechnical recommendations.
« Stantec: Kakula 2020 FS and Kansoko 2020 PFS underground mine design.
« Golder Associates Pty Ltd: Paste backfill, hydrology, hydrogeology, and geochemistry.

« DRA Global: Process and infrastructure.
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Epoch Resources (Pty) Ltd: Tailings Storage Facility (TSF).

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.

KGHM Cuprum R&D Centre Ltd: Mine design, review the controlled convergence room-
and-pillar mining method.

Paterson and Cooke: Processing testwork.

Outotec Oyj: Processing testwork.

This Report uses metric measurements. The currency used is U.S. dollars (US$).

2.3

Quualified Persons

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:

Bernard Peters, B. Eng. (Mining), FAusiIMM (201743), employed by OreWin as Technical
Director - Mining was responsible for: Sections 1.1 to 1.6, 1.16, 1.16.3, 1.16.4, 1.17, 1.17.3,
1.17.4,1.18,1.18.1, 1.18.2, 1.19, 1.20, 1.20.1; Section 2; Section 3; Section 4; Section 5;
Section 6; Section 19; Section 20; Sections 21.1, 21.2, 21.2.3, 21.3, 21.3.3, 21.4; Section 22,
Section 23; Sections 24.1 to 24.5, 24.7; Section 25.2; Section 26.1; Section 27.

Gordon Seibel, SME Registered Member (2894840), Principal Geologist, Wood plc, was
responsible for: Sections 1.7 to 1.11, 1.13, 1.14, 1.19.1, 1.20.1, 1.20.2; Section 2.2 to 2.6;
Section 3; 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 11.12; 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 2; Section 10.6; Section 16.1; and
Section 16.2; Section 27.

Jon Treen P. Eng (Mining), PEO (90402637), employed by Stantec Consulting International
LLC as Mining Business Line Leader, was responsible for: Sections 1.15, 1.16.1, 1.17.1,
1.19.2, 1.20.1; Section 2; Section 15; Section 16.3, 16.4; Sections 21.1, 21.2.1, 21.3.1, 21.4;
Section 25.3; Section 26.3; Section 27.

Marius Phillips, MAusIMM (CP 227570), Vice President Process, DRA Global, was
responsible for: Sections 1.12, 1.16.2, 1.17.2,1.18.3, 1.19, 1.20, 1.20.1, 1.20.3; Section 2;
Section 10.7; Section 11.3; Section 13; Section 17; Section 24.6; Section 25.4; Section 26.4;
Section 27.

Alwyn Scholz, B.Eng., MSc, Pr.Eng, ECSA (20150110) employed by DRA Global as Study
Manager, was responsible for: Section 1.19, 1.20, 1.20.1, Section 2; Section 18; Sections
21.1,21.2.2,21.3.2, 21.4; Section 25.5; Section 26.5; Section 27.
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24 Site Visits and Scope of Personal Inspection

Site visits were performed as follows:

Mr. Bernard Peters visited the site from 15-17 February 2010, from 27-30 April 2010, on

15 November 2012, from 12-14 September 2015, from 24-25 October 2016, on

28-29 June 2017 and from 6—8 August 2018. The site visits included briefings from Ivanhoe
Mine Ltd. geology and exploration personnel, site inspections of the Kansoko decline portal
and box-cut and the Kakula decline and box-cut, sites for mining, plant and infrastructure,
discussions with other QPs and review of the existing infrastructure and facilities in the local
area across the project.

Mr. Gordon Seibel visited the Project from 9-10 February 2011, from 5-8 November 2011,
from 12-14 November 2012, from 18-22 January 2016, and from 7-8 February 2020. During
the site visits, Mr. Seibel inspected drill core, reviewed drill collar locations of new drilling in
the field, took independent witness core samples, inspected the on-site sample preparation
facility, and observed the sampling methodology and security measures from drill stem to
laboratory pickup. The site visits also included discussions of geology and mineralisation
interpretations with lvanhoe’s staff, focusing on deposit strike, dip, and faulting geometries.
On his February 2020 visit, Mr. Seibel checked drillhole locations at Kamoa North, inspected
drill core from the Bonanza Zone, and included a visit underground at Kakula to view the
exposed portions of the Kakula orebody.

Mr. William Joughin visited the site from 10-13 July 2017 and 13-16 August 2018 to review the
geotechnical core logging and to inspect the ground conditions and support in the Kansoko
decline and Kakula box-cut and decline during construction. The site has been visited by
personnel from SRK Consulting each of whom prepared a report on the site visit. The visits
were undertaken on the dates as shown in Table 2.1.

Mr. Jon Treen visited the Kamoa Project site from 31 October-1 November 2013 and the
Kamoa and Kakula sites from 6—8 August 2018. During the first visit, Mr. Treen inspected drill
core, reviewed the drill core process, and inspected drills in operation on the site. Further
inspection on the site of diamond drillhole collar locations, portal location, and tailings
locations occurred. During the second visit, Mr. Treen inspected both declines at Kamoa
and at Kakula. He also inspected drill core and the geotechnical core for the first ventilation
raise. Both visits included briefings from the Ivanhoe geological site management and
project engineers. Mr. Treen also visited the KGHM operations in Poland to review the
controlled convergence room-and-pillar mining method. The visit, from 26-28 January 2016,
involved reviews of Lubin Mine, Runda Mine, and a review with their technology group
Cuprum.
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Mr Marius Phillips from DRA Global have not visited the site due to travel restrictions caused
by COVID19, however the following DRA Global personnel visited the Kakula site:

Mr. Thys de Beer, Project Manager for Kamoa Kakula project employed by DRA Global,
visited the site from 19-23 August 2019 and 12-14 November 2019. The site visit by

Mr. de Beer included briefings from lvanhoe personnel, site inspections of the Kakula
decline portal and box cut, potential areas for mining, monthly construction progress
meetings, plant and infrastructure, and a review of the existing infrastructure and facilities
in the local area around the Kakula site.

Mr. Danie Oosthuizen, Senior Civil Project Engineer for Kamoa-Kakula project employed
by DRA Global, has visited the Kakula site on the following occasions:

11-18 September 2019, 15-22 January 2020 and 9-13 February 2020. The site visit by Mr.
Oosthuizen included site inspections of the existing infrastructure, new infrastructure
currently being constructed at the Kakula site, discussions and meetings with Earthworks,
Civils and SMPP contractors, airport road, discussing infrastructure design philosophies,
and drawing reviews with site team.

Mr. Alwyn Scholtz, Study Manager for Kamoa-Kakula project employed by DRA Global,
has visited the Kakula site from 18—-23 August 2019 and between 6—7 August 2018. The site
visit by Mr. Scholtz included site inspections of the Kakula declines, surface workshops,
raise boring sites, offices, camps, roads, surface water settling dams, and other surface
buildings.

Each of the above team members has provided briefings on their visits and conditions at the
project to the two DRA Global QPs.

19013KKIDP20_201022rev0.docx Page 74 of 627



¥ 2 OreWin

Table 2.1

SRK Site Visits

Person

Dates

Purpose

Jarek Jakubec

27 April-1 May 2010

Initial project geotechnical review.

Wayne Barnett

21-25 July 2010

Review progress in geotechnical
characterisation and field work
recommended by SRK in March 2010; and
formulate an opinion on the structural
deformation of the deposit and how it could
impact the geotechnical characterisation
of the deposit.

Ryan Campbell and
Ross Greenwood

22-27 June 2011

Undertake QA/QC on current geotechnical
logging practices. Alan Naismith and SRK
Lubumbashi representatives were also on

this visit.

Ross Greenwood and
Desiré Tshibanda

5-12 August 2011

Geotechnical logging QA/QC.

Wayne Barnett

12-17 August 2011

Review the structural geology model
development; review and update based on
new drill core and orientated core
measurements.

Ross Greenwood

12-19 February 2012

Geotechnical data collection QA/QC.

Wayne Barnett

13-17 June 2012

Carry out additional drill core observations
and review the structural logging protocol in
order to prepare the structural model to be

derived for the Prefeasibility geotechnical

study.

Desmond Mossop

18-20 November 2014

Geotechnical Review of the Kansoko Box-
cut, Portals and Decline Ground Control.

Shaun Murphy

July 2015

Geotechnical Review of the Kansoko
Decline Ground Support review.
Recommendations.

Quallity control. Decline Ground Support

Rory Bush 25 July-01 August 2016 Recommendations.
Quallity control. Geotechnical logging for
Rory Bush 11-21 November 2016 the Kakula Decline Ground Support

Recommendations.

William Joughin and
Denisha Sewnun

10-13 July 2017

Geotechnical Review of the Kansoko
Decline and Kakula box-cut Ground
Support. Recommendations. Quality control.

William Joughin, Joseph
Muaka and Philani
Mpunzi

13-16 August 2018

The ground conditions and construction of
the box-cut inspections underground
conditions review, QA/QC on core logging.

Shaun Murphy and
Denisha Sewnun

11-15 November 2019

Quallity Control on geotechnical logging,
assessment of the underground ground
conditions at the mine site, rock sampling.
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25

Effective Date

The Report has a number of effective dates, as follows:

2.6

Effective date of the Report: 13 October 2020.

Date of the database closure Kamoa Mineral Resource estimate: 20 January 2020.
Date of the database closure Kakula Mineral Resource estimate: 1 November 2018.
Date of Mineral Resource estimate for Kamoa: 30 January 2020.

Date of Mineral Resource estimate for Kakula: 10 February 2020.

The Mineral Resources at Kakula were estimated as of 10 November 2018. On

10 February 2020, the inputs used in assessing reasonable prospects of eventual
extraction and the drill data inputs were reviewed to ensure the estimate remained
current. There are no changes to the estimate as a result of the review, and the estimate
has an effective date of 10 February 2020.

Date of the Mineral Reserve estimate for Kamoa: 8 September 2020.
Date of the Mineral Reserve estimate for Kakula: 8 September 2020.

Date of the supply of legal information supporting mineral tenure: 23 March 2018.

Information Sources and References

Reports and documents listed in Section 3 and Section 27 of this Report were used to support
preparation of the Report. Additional information was provided by Ilvanhoe 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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3 RELIANCE ON OTHER EXPERTS

The QPs, as authors of Kamoa-Kakula IDP20, 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.

3.1 Mineral Tenure

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 Kamoa Copper SA
and legal experts for this information through the following documents:

« Kamoa Copper SA: Kakula 2020 FS Section 19 Property Description and Location,
October 2020.

« Emery Mukendi Wafwana & Associates, SCP., 2016: Validity of (i) The exploration permits
relating to The Mining Project of Kamoa; (i) The Kamoa exploitation permits; (iii) The
transfer of 45 of rest of The Kamoa exploration permits of Kamoa Copper SA to
lvanhoe Mines Exploration DRC SARL, addressed to lvanhoe 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 supplied 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: Kakula 2020 FS, Section 19 Property Description and Location,
October 2020.

This information was used in Section 4 of the Report, and Section 14.13 for assessment of
reasonable prospects of eventual economic extraction.

3.2 Surface Rights

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: Kakula 2020 FS, Section 19 Property Description and Location,
October 2020.
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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.

3.3

Environmental and Work Programme Permitting

The QPs have obtained information regarding the environmental and work programme
permitting status of the Project through opinions and data supplied by experts retained by
lvanhoe, 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: Kakula 2020 FS, Section 19 Property Description and Location,
October 2020.

Kamoa Copper SA: Kakula 2020 FS, Section 18 Environmental and Social, October 2020.

African Mining Consultants, 2009: Greater Kamoa Project, The Democratic Republic of
the Congo, Environmental 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 — 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 — 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 August 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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3.4 Taxation and Royalties

The QPs have fully relied upon, and disclaim responsibility for, information supplied by
lvanhoe 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 the calculation
of the Super-profits tax, 10 August 2020.

« Ivanhoe Mines Ltd.: Email Re: Updated Taxes and Royalties to OreWin, 3 October 2020.

« Kamoa Copper SA: Kakula 2020 FS, Section 19 Property Description and Location,
October 2020.

This information was used in Section 22 of the Report and Section 14.13 for assessment of
reasonable prospects of eventual economic extraction.
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4 PROPERTY DESCRIPTION AND LOCATION
The Kamoa-Kakula Project is situated in the Kolwezi District of 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 10°46’S and longitude 25°15’E. The Project
location is shown in Figure 4.1.

Figure 4.1 Project Location Map
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Figure by Ivanhoe, 2016.

4.1 Project Ownership

lvanhoe owns a 49.5% share interest in Kamoa Holding Limited (Kamoa Holding), an
lvanhoe-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’ 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 lIvanhoe, Zijin Mining 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, lvanhoe and Zijin each hold an indirect 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 wiill transfer 300 Class A shares in the capital of Komoa Copper SA -
representing 15% of Kamoa Copper SA’s share capital — o 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 SA’s 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 DRC 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$1.24 billion on

31 December 2019), and 100% of any financing of the project 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 confirmed 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 SA’s 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 shareholders’ 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 SA’s 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
DRC’s special law N0.14/005 dated 11 February 2014, determining the tax, customs,
parafiscal tax, nhon-tax revenues and currency exchange regime applicable to
collaboration agreements 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 accordance 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.

4.2 Property and Title in the Democratic Republic of Congo
4.2.1 Introduction

A summary of the mining history of the former Katanga region is presented below, and is
adapted from André-Dumont (2013) and from Law No0.007/2002 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 number 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 with the formation of the

Union Miniére du Haut Katanga in 1906 and first industrial production of copper in 1911, from
I’Etoile (Ruashi), a very rich copper oxide deposit located a few kilometres from Lubumbashi.
Just prior to 1960, the DRC was the world’s fourth largest producer of copper and supplied
55% of the world’s 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 social 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 Carrieres et des Mines, now called
Gécamines SA (Gécamines). Despite controlling rich mineral deposits, the state company
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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422 Mineral Property Title

The following summary on mineral title is adapted from André-Dumont (2013) and from the
Mining Code.

All deposits of mineral substances within the territory 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 declaring 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 Mines, 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 monitoring 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 service 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 (mandataire en mines et carriéres) 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 eligible 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 applicant 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 uniform quadrangles, or cadastral
squares, typically 84.95 ha in area, which can be selected as a “Perimeter” 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 relating 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 Mining 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) consists 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.

42.3 Recent Amendment of the Legal Framework Governing Mining Activities and
Local Procurement

When the 2002 Mining Code was introduced, the DRC Government indicated that after a
10-year period, a review would be undertaken.

Law No0.18/001 dated 09 March 2018 amending and completing the 2002 Mining Code
brought significant changes to the legal regime governing mining activities, including,
without limitation, numerous issues, such as:

« Amendment of the stability guarantee set out by Article 276 of the 2002 Mining Code,
with potential financial consequences for Kamoa Copper SA.
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Kamoa Copper SA and Kamoa Holding, as well as the owners of the shares of Kamoa
Holding, consider that in spite of the above mentioned amendment of the 2002 Mining
Code and with regard to international law, they remain entitled to the 10-year stability
guarantee granted by Article 276 of the 2002 Mining Code.

However, since Law No0.18/001 came into force, the DRC has applied the more stringent
tax requirements adopted therein to all mining companies, including Kamoa Copper SA.
Kamoa Copper SA, Kamoa Holding and the owners of the shares in Kamoa Holding
contest this approach and rely on, inter alia, the DRC’s contractual commitments and
the stability guarantee.

In the interim, until such time as this issue is finally resolved, Kamoa Copper SA pays the
taxes imposed by the DRC, under duress. This is done solely for the purpose of preventing,
as far as possible, the damages that could result from sanctions imposed on Kamoa
Copper SA, while clarifying that such payments cannot be considered as a waiver to
any of the rights of Kamoa Copper SA and in particular the stability guarantee.

Increased tax and customs requirements, reinforced by the breach by the deviation from
the stability guarantee.

Law No0.18/001 inserted, without limitation, (i) a special tax on capital gains on the sale of
shares whereby the tax administration is entitled to submit the capital gain on the sales of
shares of an entity that has mining assets in the DRC, regardless of the actual territory
where the transaction is entered into and (ii) a special tax on excess profits defined as
the profit resulting from the increase of 25% of the commodities prices compared to
those mentioned in the bankable feasibility of the project.

Also see the comments in Section 4.2.8 below concerning royalties.

Increased importance of the commitments made vis-a-vis local communities on social
and environmental aspects, the respect of the commitments made concerning social
obligations in accordance with the schedule set out in the cahier des charges to be
negotiated and entered into being a new condition to maintain the validity of the
mining rights. Law N0.18/001 also inserted an obligation to pay an annual contribution of
0.3% of the turnover for community development projects. Kamoa Copper SA is in the
process of finalising the cahier des charges with a target to have it approved, subject to
potential delays that could notably result from the consequences of the global
COVID-19 outbreak.

Increased requirements concerning local procurement insofar as pursuant to the Mining
Code, subcontractors, in the meaning of the Mining Code, must be DRC legal entities
with Congolese financing (a capitaux congolais). Subject to further clarifications to be
adopted, Kamoa Copper SA understands from the recitals of Law N0.18/001 that it
means DRC companies having the majority of their share capital being directly held by
Congolese individuals.

In addition, subcontracting activities, in the meaning of the Mining Code, must be
performed in accordance with Law N0.2017-01 dated 08 February 2017 determining the
rules applicable to subcontracting in the private sector (Subcontracting Law).

19013KKIDP20_201022rev0.docx Page 85 of 627



K 2 OreWin

These new rules increase the costs of the Project and could be considered as being
contradictory, without limitation, to the stability guarantee to which Kamoa Copper SA is
entitled. It is also incongruent with Article 273 f of the Mining Code, which provides that
mining companies holding mining rights are free to import goods, services as well as
funds necessary to their activities subject to giving priority to Congolese businesses. This
priority must be given for all contracts in relation to the mining project, provided that the
Congolese business offer equivalent conditions in terms of quantity, quality, price,
delivery deadlines and payment.

Kamoa Copper SA is nevertheless doing its best efforts to ensure voluntary compliance
with the new requirements, without waiving its rights under the stability guarantee and
the share transfer agreement. This includes ongoing and increasing development of
local suppliers and voluntary compliance with laws regarding main contractors and
subcontractors.

Kamoa Copper SA also monitors the regulatory provisions adopted or to be adopted to
ensure, as far as possible, adequate enforcement of the relevant legislative
requirements.

Kamoa Copper SA however notes that the new authority governing subcontracting in
the private sector (ARSP) requires all subcontractors to be approved by ARSP and to pay
5% of their contract to ARSP. There are nevertheless pending issues concerning who are
the subcontractors and subcontracting agreements concerned by these expectations
from ARSP, the legality of which is currently challenged by several businesses in DRC.

There is a pending engagement, initiated in February 2020 by the Government of DRC
that should result shortly into new regulations aiming at clarifying the implementation of
the Subcontracting Law.

Increased requirements on local processing and transformation of exploited mineral
substances.

More stringent rules applicable to the transfer of interests in DRC projects.
Increased obligation to repatriate in DRC sale proceeds (when in production).

The obligation to transfer an additional 5% of the shares in the share capital of the
company upon each renewal of the exploitation permits.

Among the risks resulting from this new legal and regulatory framework, one can also
mention, without limitation, the risks associated to:

The minerals substances declared as being strategic substances that can be changed
anytime by a decree from the Prime Minister deliberated in Council of Ministers, upon an
opinion from the relevant sectorial Ministers, the royalty applicable to such strategic
substances being 10%.

Pursuant to Decree No0.18/042 dated 24 November 2018, cobalt, germanium and
colombo-tantalite (coltan) were declared as being “strategic mineral substances”.

The mining products for sale that must be compliant with the nomenclature set out by
the applicable regulations that could possibly change, from time to time, by DRC
Government.

19013KKIDP20_201022rev0.docx Page 86 of 627



K 2 OreWin

o On 16 February 2019, the Ministry of Mines and the Ministry of Finances in particular
signed an interministerial order amending Article 5 of the interministerial order dated
21 November 2018 setting out the nomenclature of mining products for sale (produits
miniers marchands) (hereinafter referred to as the “Interministerial Order”) as follows:

- The export of concentrates of copper is prohibited.

- The provisions of points 1 and 2 of point VI relating to simple concentrate and of
point 1 of point VIl relating to mixt concentrate of the appendix to the Interministerial
Order only apply for local sale.

« However, on 20 March 2019, the Minister of Mines signed a letter, copying the Minister of
Finances, explaining that after consultation with the Ministry of Finances, a moratorium
going up to the resolution of the energy deficit issue was granted to mining companies
producing notably concentrates of copper and clarifying that an assessment would be
performed every semester by the Mine Department together with mining companies to
consider the opportunity of lifting or maintaining this moratorium. The Minister of Mines
nevertheless highlighted the absolute necessity for mining companies producing
concentrates of copper to do what is necessary to obtain, from their treatment process,
more elaborated mining products for sale in order to enable them, as well as the State,
to obtain better returns on mining production.

« In spite of the absence of amendment of the Interministerial Order, the export ban was
lifted in practice on the basis of the Minister of Mines dated 20 March 2019 and
companies continued exporting copper concentrates.

- By aletter dated 22 February 2020, the new Minister of Mines informed mining companies
that the copper concentrate export ban will resume as from 22 August 2020 considering
the existing capacity of transformation of the production of copper concentrates within
DRC.

« Itseems that DRC considered for this purpose the current production and not the
production to come (such as the one from Kamoa Copper SA).

« There are technical issues for the Project related to this Government’s objective and
associated concerns for Kamoa Copper SA that are currently examined and will be
addressed through engagement with DRC in a timely manner.

There are also a number of new requirements, such as the obligation to build a building for
the registered office, the obligation to have a share capital reaching at least 40% of the
required financial resources or distinct mines that remain unclear. However, subject to
contrary interpretations from local courts and administrations, Kamoa Copper SA’s current
view is that those new requirements should not currently apply to Kamoa Copper SA.

Kamoa Copper SA, Kamoa Holding and the owners of the shares of Kamoa Holding
consider that Kamoa Copper SA should be protected against most adverse changes
impacting the rights attached to its mining rights, including the right to export mining
products and the tax regime applicable to such mining rights with regard to the 10-year
stability guarantee Kamoa Copper SA is entitled to in accordance with Article 276 of the
2002 Mining Code and the share transfer agreement entered into between the DRC and
Kamoa Holding. They nevertheless note the current contrary interpretation adopted by the
DRC government.

19013KKIDP20_201022rev0.docx Page 87 of 627



K 2 OreWin

424 Exploration Permits

An exploration permit, as defined in the Mining Code, grants to its holder the exclusive right
to perform, within the perimeter over which it is established and during its validity period,
exploration works of mineral substances classified in mines for which the exploration permit
was granted and associated substances if the holder applies for the extension of the
exploration permit to these substances.

Under the Mining Code, exploration permits are granted for a term of five years and are
renewable once for the same term.

No individual exploration permit can exceed a surface area of 400 km2. One person and its
affiiated companies cannot hold more than 50 exploration permits in the DRC, and the total
granted area for all exploration permits within the DRC may not exceed 20,000 km?2.

Although applications are not subject to technical or environmental review, the applicant is
subject to a requirement to prove appropriate financial capacity.

Renewal application automatically requires a 50% ground relinquishment.

In other respects, under the Mining Code the holder of an exploration permit is authorised to
take samples of the mineral substances within the Perimeter indicated on the exploration
permit for analysis or industrial assays in the laboratory or plant of holder’s choice.

However, the holder of an exploration permit must file at the Department of Geology of the
Ministry of Mines a control sample (échantillon témoin) of all sample or samples batches
taken within the Perimeter covered by the title.

An exploration permit holder can convert part of the permit into an exploitation permit or a

small-scale exploitation permit and still maintain the rights to explore on the remainder of the
exploration permit, subject to conditions laid out in the Mining Code.
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425 Exploitation Permits

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.

Granting of an exploitation permit 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, accompanied
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 holder’s 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 probable 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 project’s environmental and social impact study
(ESIS) and environmental and social management plan (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-a-vis the local communities affected by
the project’s 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 evidence 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, grants 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 exploitation permit was granted, and associated
substances if the holder has applied for an extension.
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In addition, it entitles, without restriction, the holder to:

11.
12.
13.

14.

15.

16.

Enter within the exploitation perimeter to proceed with mining operations.
Build the facilities and infrastructure required for mining exploitation.

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.

Dispose (disposer), transport and freely market the products for sale originating from
within the exploitation perimeter.

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.

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 holder’s 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 will 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 previously transferred.

Not breached its tax, non-tax (parafiscal) and customs obligations.

Undertaken to comply with the cahier des charges defining the social responsibility
vis-a-vis the local communities affected by the project’s activities.

Pursuant to Article 85 the Mining Code, the trading of mining products which originate from
the exploitation permit is “free”, meaning that the holder of an exploitation permit may sell
its products to customers of its choice, at “prices freely negotiated”.
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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 holder 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 manufactures 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 mining 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 referred to
as a “tax on the area of mining concessions” (taxe sur la superficie sur les concessions
minieres).

An additional duty (Article 199 of the 2002 Mining Code) (droit superficiaires annuel par
carré), meant to cover service and management costs of the 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 held, and whether the mining right is an exploration
or exploitation mining right. In this Report, this tax is referred to as annual superficiary rights”.

426 Surface Rights Title

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 private 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, other than that required for the operation.

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 industrial 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 aimed
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
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Minister of Mines for Lualaba, Kamoa Copper SA is in the process of preparing a letter to the
relevant authorities to confirm, as soon as practically possible, that the Province Governor’s
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 rent 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.

4.2.7 Environmental Regulations

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 rehabilitation 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.
However, when DPEM examined Kamoa Copper SA’s new draft updated ESIS filed on

23 December 2019, it raised certain queries regarding the validity of the financial
guarantees previously filed for the 4 last instalments.

Kamoa Copper SA is in the process of addressing the queries of the DPEM in this respect in
order to have its new draft updated ESIS promptly approved.

With regard to DRC’s expectations and in order to mitigate risks, Kamoa Copper SA also
applied for an authorization covering all its currently operated classified facilities, as well as
its classified facilities planned in the near future, as well as for clearing authorisations (permis
de déboisement) and paid, under duress, the taxes required by the relevant administrations,
while they were, in Kamoa Copper SA’s view, legally challengeable. Kamoa Copper SA is
actively following those applications 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.
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Exploration Permit

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.

Exploitation Permit

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 activities 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 environment.

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 2-year environmental audit

concerning Exploitation Permits No. 12873, 13025 and 13026 was thus filed on 07 June 2018
and Kamoa Copper SA is in the process of preparing the new 2-year environmental audit.

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 described in the relevant laws and
regulations.

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 promotion and social service, a certificate of release of
environmental obligations can be obtained.
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428 Royalties
A company holding an exploitation permit is subject to mining royalties.

Pursuant to the 2002 Mining Code, the mining royalty is due upon the sale of the product
and is calculated at 2% of the price received of non-ferrous metals sold less the costs of
transport, analysis concerning quality control of the commercial product for sale, insurance
and marketing costs relating to the sale transaction.

The holder of the exploitation permits should benefit from a tax credit equal to a third of the
mining royalties paid on products sold to a transformation entity located in the National
Territory. Mining royalties paid may be deducted for income tax purposes.

Amendments to the 2002 Mining Code were nevertheless adopted by the above
mentioned Law N0.18/001 dated 09 March 2018.

Pursuant to Law N0.18/001, 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 product 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 increased to 3.5%
instead of 2% for non-ferrous and/or base metals and 10% for strategic substances.

At the date of this Report, copper products that Kamoa Copper SA intends to sale and
export are not listed among the strategic mineral substances.

Pursuant notably to Article 276 of the 2002 Mining Code and insofar as Kamoa Copper SA
holds mining rights that were valid when Law No.18/001 entered into force, Kamoa Copper
SA, Kamoa Holding and the owner of the shares of Kamoa Holding consider that Kamoa
Copper SA is entitled to the 10-year stability guarantee covering the tax regime applicable
to its mining rights for the royalties payable in relation to the products from these mining
rights.

Kamoa Copper SA nevertheless notes the contrary interpretation from DRC and its
administrations on similar issues and the opinion from Kamoa Copper SA, Kamoa Holding
and the owners of the shares in Kamoa Holding is that in the event DRC would impose
Kamoa Copper SA the forced enforcement of the above mentioned more stringent tax rules
resulting from Law N0.18/001 for products covered by the stability guarantee and within the
stabilised period, this would constitute a breach to the stability guarantee to which Kamoa
Copper SA is entitled to.
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4.3 Mineral Tenure

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.

Table 4.1 Permit Summary Table
Exploitation Grant Expiry Mineral/Metal Rights Granted Number of Area
Permit (PE) Date Date Cadastral (ha)*
No. Squares
Silver, Bismuth, Cadmium,
Cobalt, Copper, Iron,
12873 20 Aug 19 Aug Germanium, Nickel, Gold, 62 5,207.67
2012 2042 ) .
Palladium, Platinum, Lead,
Rhenium, Sulfur and Zinc.
Silver, Bismuth, Cadmium,
Cobalt, Copper, Iron,
13025 20 Aug 19 Aug Germanium, Nickel, Gold, 204 17,135.69
2012 2042 ) .
Palladium, Platinum, Lead,
Rhenium, Sulfur and Zinc.
Silver, Bismuth, Cadmium,
Cobalt, Copper, Iron,
13026 20 Aug 19 Aug Germanium, Nickel, Gold, 202 16,972.25
2012 2042 . .
Palladium, Platinum, Lead,
Rhenium, Sulfur and Zinc.
Sub Total 39,315.61

*The above-mentioned areas are approximate and subject to GIS verification.
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Figure 4.2

Project Tenure Plan
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lIvanhoe 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-condition 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.
lvanhoe advised the QPs that the required payments for 2019 and 2020 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.

4.4 Surface Rights

At the effective date of this Report, Kamoa Copper SA holds no surface rights in the Project
area. However, subject to the comments set out in Section 4.2.6, Kamoa Copper SA is
authorised to occupy the parcels of land required 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 exploration 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 covered 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 km2 required for the Kansoko mine as
required by the DRC law to enable the 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 relocate after complete field compensation
and land replacement. The field compensation, 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 fence can easily access their fields. Kamoa Copper
SA could consider in the future applying for prohibition areas (zones d’interdiction) where
the activities and/or circulation of third parties will be prohibited for the areas required for
the Kansoko and Kakula 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.

4.5 Property Agreements

There are no property agreements in place that are relevant to the Technical Report.

19013KKIDP20_201022rev0.docx Page 97 of 627



K 2 OreWin

5 ACCESSIBILITY, CLIMATE, LOCAL RESOURCES, INFRASTRUCTURE AND
PHYSIOGRAPHY

5.1 Accessibility
5.1.1 Air

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.

5.1.2 Road

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 south 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.

5.1.3 Rail

Until 2012, the rail line of approximately 740 kmn 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 agreement
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. Implemented 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 system 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 rolling stock to manage increased demand. TFR is a

South African government-owned company.
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A large port such as Durban exports bulk, break-bulk and containers fed by block trains of
100 or more wagons (railcars).

The condition of, and access to, the current rail infrastructure in the DRC makes rail a less
viable option for inbound Project logistics.

5.2 Climate

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-south-
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).

5.3 Local Resource and Infrastructure

The Project is currently developing infrastructure required to support mining and processing
operations. More than 23 kilometres of underground development has been completed at
the Kakula Mine, and the Project has issued purchase orders for the long-lead mining and
processing equipment. The first oversized loads of equipment for the processing plant arrived
at the mine on February 21, 2020. Initial copper concentrate production from the Kakula
Mine is scheduled for the third quarter of 2021.

54 Power

The bulk power supply is sourced from SNEL (La Société Nationale d’Electricité), the national
power utility of the Democratic Republic of Congo. Capacity from the national grid is
reserved through a partnership project between SNEL and lvanhoe Mines Energy DRC, a
subsidiary of Kamoa Holding Ltd. The partnership project is the rehabilitation of six turbine
generators at the Mwadingusha hydropower plant in south east DRC. The Mwadingusha
Dam, impounds the Lufira River creating the Mwadingusha Reservoir, and the facility was
originally commissioned in 1930. Once completed, the fully upgrade and modernisation
project is expected to restore Mwadingusha to its installed capacity of about 71 MW. After
completion and hand over, HPP Mwadingusha will supply electrical energy to the Congo
National Grid as well as to the copper mining activities at the Kamoa-Kakula project by
lvanhoe mines. The project is funded by lIvanhoe Mines Energy DRC on a loan agreement
with SNEL that will be repaid on a 40% discounted consumption charge.
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5.5 Physiography

The Project area is at the edge of a north-north-east to south-south-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, Kansoko, 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 local communities. Wetland areas
in the general Project area include dambos (water-filed depressions), marshes, and wet
plateau sands.

The Project is generally well vegetated with Central Zambezian Miombo woodland,
characterised by broadleaf deciduous woodland 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 watercourses.

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.

The most common vegetation disturbance is agriculture, and in particular the practice of
slash-and-burn cultivation. 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
species threatened by extinction were found in the Project area during the surveys.

5.6 Comments on Section 5

The existing and planned access, infrastructure, availability of staff, the existing power,
water, and communications facilities, the methods whereby goods 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 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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6 HISTORY

During the period between 1971-1975, the Tenke Fungurume Consortium (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 helicopter-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 ground 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 that 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 mineralised zone and footwall sandstone in drillhole DKMC_DDO019, 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., 2009) and the estimate was updated in 2010, 2011,
2012, 2013, 2016, 2017, 2018, 2019, and has now been updated in 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).

The Kansoko Mine has a Mineral Reserve that was previously stated in the Kamoa 2016
Prefeasibility Study (Kamoa 2016 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 production 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
Kakula 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 Kamoa Mineral Reserve
and updates of the PEA on the Kakula Mineral Resource. The production rate assumption at
each deposit has increased from 4.0 Mtpa to 6.0 Mtpa, and the total combined production
rate has increased from 8.0 Mtpa to 12.0 Mtpa. The Mineral 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.

The Technical Report titled Kamoa-Kakula 2018 Resource Update with an effective date in
March 2018 included a restatement of the Kamoa-Kakula 2017 Development Plan.
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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
for Kakula, Kakula and Kakula West Mineral Resource updates, and the Kamoa-Kakula
2019 PEA considering an 18 Mtpa plant expansion.

The previous Technical Report was the Kamoa-Kakula 2020 Resource Update with an

effective date in March 2020. This included an update to the Kamoa Mineral Resource and
a restatement of the Kamoa-Kakula Integrated Development Plan 2019.
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7 GEOLOGICAL SETTING AND MINERALISATION
7.1 Regional Geology

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 consisting of older, multiply-deformed and
metamorphosed intrusions that are mostly of granitic affinity and supracrustal
metavolcanic—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, organic-rich, marine siltstones and shales. These
units (“Ore Shale”) 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 carbonate 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 N’Guba 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 Lufilian 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).

Figure 7.1 Geological Setting Central African Copperbelt
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All of the Mines Subgroup copper (x 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), N’Guba (Ng) and Kundulungu (Ku) Groups, (Figure 7.2). The N’Guba and
Kundulungu Groups were previously known as the Lower Kundelungu or

Kundelungu Inferieur (Ki), and Upper Kundelungu or Kundelungu Superieur (Ks) Groups
respectively. Geological and lithological descriptions by lvanhoe geologists, and thus in this
Report, use the earlier nomenclature.

Figure 7.2 Stratigraphic Sequence, Katangan Copperbelt
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7.2 Project Geology

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 Kakula 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 sandstones (Mwashya
Subgroup), and the overlying carbonaceous and sulfidic (reduced) Grand Conglomérat
diamictite (N’Guba 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 (Kil.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 substantial
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. 2013).

Andesite/dolerite sills occur as one or more, 5-80 m thick, apparently concordant tabular
bodies in the extreme northeast of the Project area. The Katangan rocks in the Project area
are weakly metamorphosed to lower greenschist facies. Alteration minerals 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 anticline and
second-order east-north-east-trending synforms occur at Kamoa and project towards
Kolwezi. Second-order west-north-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 (CuzS), bornite (CusFeSs) and chalcopyrite (CuFeSz). 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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Figure 7.3 Prospect Areas Within the Combined Exploitation Permits
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7.3 Kamoa Deposit
7.3.1 Lithologies

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 (Kil1.1.1.1), which is
overlain by a clast-poor diamictite (Ki1.1.1.3). Mineralisation is typically concentrated along
the basal contact of this clast-poor diamictite, or in a locally-developed intermediate
siltstone (Kil.1.1.2) that separates the two diamictite units. The Kil.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-trending 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 (Kil1.1.2), is developed above the diamictite units. Sandy or gritty layers are
developed within the siltstone, and conglomerate layers are locally developed 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 along the basal contact where the
clast-poor (Kil1.1.1.3) diamictite is absent.

The KPS is overlain by a thick sequence of diamictite with laterally discontinuous siltstone
layers (Ki1.1.3). The Kil.1.4 is a regionally developed bedded to laminated pyritic siltstone
with intercalations of sandstone and minor gritty pebbles. The Kil.1.4 is overlain by a thick
(>300 m) unit of clast-poor diamictite (Ki1.1.5). A relatively thick (average 24 m), distinctive,
cross-bedded sandstone separates the Kil.1.5 from the overlying Kil.1.6 diamictite, which is
similar in character to the Kil1.1.5.

The stratigraphic units generally dip gently at 5-20° 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 10-20° to the southeast, 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 at 15-40°.

7.3.2 Thickness of Stratigraphic Units

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 section 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.

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 nhumerous siltstone units,
comparable to the numerous siltstone units identified within the Kil.1.1 at Kakula.
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Figure 7.4 KPS (Kil.1.2) Vertical Thickness
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Figure provided by 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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Figure 7.5 Section from Kansoko Sud (SW) to Kansoko Centrale (NW)
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Figure provided by Ivanhoe, 2014, illustrating the thickening of units to the south-west; section line location is
indicated by dashed line in Figure 7.4Figure 7.5. Copper grades are shown as histograms, with red being >1% TCu.

7.3.3 Structure

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-northeast-trending West Scarp Fault forming the primary brittle
structure at Kamoa, with a west-side down-throw of approximately 200-400 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-south and the second set striking west-east, 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 0.5-2 m.
These occurrences often coincide with the high copper grades (>5% TCu) and have been
observed to align on the north-north west growth fault trend evident from changesin
thickness of individual stratigraphic units.
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Figure 7.6 Structural Model and Contours (masl) for the Roan-Kil.1.1 Contact at the
Kamoa Deposit
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Figure provided by Ivanhoe, 2020.

7.3.4 Mineralisation

Mineralisation at Kamoa has been defined over an irregularly-shaped area of 24 km x 14 km.
Mineralisation thicknesses at a 1.0% Cu cut-off grade ranges from 2.3-21.6 m (for Indicated
Mineral Resources). The deposit has been tested locally from below surface to depths of
more than 1,560 m, and remains open to the west, east, and south.
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At Kamoa, the clast-rich diamictite (Kil.1.1.1) is considered to be only weakly reducing, and
thus generally hosts only low-grade (<0.5% TCu) mineralisation. The intermediate siltstone
(Ki1.1.1.2) and clast-poor diamictite (Ki1.1.1.3) 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 is 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 consistently and predictably from one unit to
another (Figure 7.7).

Figure 7.7 Stratigraphic Section Showing Continuity of Mineralisation Near Base of
Ki 1.1.1.3 at the Kamoa Deposit (8807500N looking North)
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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 base of the clast-poor diamictite
(Ki1.1.1.3), 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 developed 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 the mineralisation has been identified across the Project (Figure 7.8).

Figure 7.8 Facies in Which Mineralisation Occurs
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Figure provided by Ivanhoe, 2016. Copper grades in percent, shown as red histograms if > 1% TCu.
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Foreland-hosted copper deposits such as the Kamoa deposit, typically show mosaic-
patterns in terms of grade, thickness and stratigraphic position. Detailed drilling (spacing
100 m or less) will often show that these mosaic pieces can be on the order of a kilometre in
extent with similar grades, thicknesses and stratigraphic positions. At their edges, there can
be significant changes to grade or thickness over a few hundred metres. The shapes of the
mosaic pieces are irregular, and the non-linearity of the edges does not support an
explanation by faulting, but rather may reflect the eH-pH conditions at the time of
deposition of the mineralisation and/or pre-mineralisation sulfide concentration in the
diamictite.

Two broad categories of lateral zonation are evident at Kamoa (hypogene and supergene);
however, within the hypogene, additional 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, chalcopyrite 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. When well
developed, the fine-grained bornite is visually recognised through a significant darkening of
the diamictite matrix. Chalcocite almost always occurs as fine-grained disseminations,
particularly within the intermediate siltstone (Kil1.1.1.2).

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
extend to depths of 250 m or more along fracture zones.

Since 2018, exploration has primarily focused 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, where copper grades regularly exceed 20% TCu. These very high
copper grades are believed to be the result of an east-west fault focussing copper-rich fluids
to interface with both the typical mineralised horizon at Kamoa and the overlying, highly-
sulfidic and reduced KPS (Kil.1.2; refer to Figure 7.9). This has resulted in a stacked
mineralised horizon, with the upper mineralised horizon hosted in the KPS (found in the
vicinity of hole DD1450) and a lower horizon with typical diamictite-hosted mineralisation.

Drill sections on 50 m sections on strike in the central section, and 100 m apart elsewhere 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 Bonanza 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 along an

approximately north-south trending fault where fluids have been focussed into a very
condensed sequence of basal diamictite and overlying KPS.
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Figure 7.9 Section Showing the Copper Grades at the Kamoa North Bonanza Zone
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Figure provided by Ivanhoe, 2020.

7.4 Kakula Deposit
7.4.1 Lithologies

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 Kil.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 Kil.1.1 are generally clast poor and
are typically silt-rich. Numerous siltstones are developed within the Kil.1.1, especially in the
lower half of the unit. Although these siltstones appear to be broadly continuous, there is no
clear correlation between any specific siltstone at Kakula and the intermediate siltstone
(Ki1.1.1.2) recognised at Kamoa. A key lithological unit recognised at Kakula is a laterally-
continuous basal 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 Kil.1.1 and the
development of high-grade mineralisation.

The shallowest portion of the Kakula deposit lies between the Kakula and Kakula northeast
domes and dips less than 10°. To the west, 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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7.4.2 Thickness of Modelled Units

The vertical thickness of the basal siltstone is thickest in the shallowest parts of the deposit,
with a very strong alignment along a trend striking approximately 120° (Figure 7.10).

The Kil.1.1 generally thickens to the west. The Kil.1.1 is considerably thicker than at Kamoa,
with vertical thicknesses varying from 180 m to over 400 m at Kakula West (Figure 7.11).
Locally the KPS has been entirely eroded where it crops out along the domes, and the
thickness for the Kil.1.1 could not be estimated. There appears to be no obvious control on
thicknesses of stratigraphic or lithological units relative to modelled brittle faults. These faults,
part of the West Scarp Fault system, appear to be later structures that offset the different
units.

A pronounced north-east orientation in thickness trends is evident at Kakula West, and this
observation has been incorporated into the search orientations used during grade
estimation.

Figure 7.10  Vertical Thickness of the Basal Silistone within the Kil.1.1 at the Kakula
Deposit

| ararsa E .'. g :: : E e . ’,a’r;;m

Kakula West ME Dame

Ka_lcula .

ATRI000 TR

Indicated Resource
WVeerical Thérknessimi

¢ o5 18 15 20 =? RAKUER Lictha
e =§
Kakula Deposit = E
Vertical Thickness (m) = ! ;
Basal Siltstone = 9 % g g amsasea

Figure provided by Ivanhoe, 2019. Vertical thickness estimated using an isotropic search.
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Figure 7.11 Vertical Thickness of the Kil.1.1 at the Kakula Deposit
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7.4.3 Structure

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 drape 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 extensional faults that
strike north-east and east-north east. Draping of stratigraphic units over these extensional
faults at the Kil.1.1-R4.2 boundary can occur with elevation differences greater than 50 m.
On the western edge of Kakula West, pronounced north east-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 ‘drapes’ across
the inverted normal faults. A strong foliation parallels the elongated dome structure at
Kakula West, particularly where the Kil.1.2 is close to surface.

Younger brittle structures are also observed at Kakula that locally offset the mineralisation
(Figure 7.12 and Figure 7.13). The most prominent of these faults trend north-north east and
are probably related to the West Scarp Fault. Additional observed structures in drill core
include steeply-dipping chaotic breccias and gouges, and cohesive “crackle” breccias.
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Figure 7.12  Structure Model for the Kakula Resource Area Showing Contours (masl) for
the Kil.1.1-R4.2 (Roan) Contact
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Figure provided by Ivanhoe, 2019.

Figure 7.13  Long Section of the North-West Kakula Area Illustrating Offset Across the
Modelled Faults
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Figure provided by Ivanhoe, 2018.

7.4.4 Mineralisation

The Kakula deposit is currently delineated over an area of 14 km by 5km. The vertical
thickness of the mineralisation at a 1.0% Cu cut-off grade ranges from 2.9 m to 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 southeast and west.
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At Kakula, the narrow (<3 m) clast-rich diamictite immediately above the Roan contact 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 the estimation for both Kakula and Kakula West.

Figure 7.14 Northwest to Southeast Section Through Kakula Illustrating the Numerous
Siltstone Units Developed Towards the Base of the Kil.l1.1
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Figure provided by Ivanhoe, 2017. Red bars indicate assay intervals grading = 0.5%.

Mineralisation at Kakula is dominantly hypogene chalcocite with gradual transition upward
to bornite. Bornite and chalcopyrite zones are not as well developed as at Kamoa, and
supergene chalcocite zones do not occur at Kakula. The chalcopyrite and bornite zones are
very narrow, with a very gradual transition downward from bornite to chalcocite, followed
by a zone that is typically within the basal siltstone, which is chalcocite-dominant

(Figure 7.15). Whilst still dominantly fine-grained, numerous examples of coarse to massive
chalcocite are evident in the highest-grade intersections. Chalcopyrite is observed in the
core, but typically occurs outside of the defined mineralised zone, except in peripheral
areas at Kakula West where the overall mineralised zone has narrowed, incorporating the full
zonation.
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Figure 7.15 Examples from Three Drillholes from Kakula of Vertical Mineral Zonation
Evident Based on TCu:S Ratios
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Figure provided by Ivanhoe, 2018.

In the south-eastern portions of Kakula, the highest-grade intersections trends 115° and aligns
with the different stratigraphic and lithological units. To the northwest, the mineralisation turns
to the west, with alignment along 105°. At Kakula West, well-developed growth faults control
the alignment of thickness and grade trends along variable north easterly orientations. The
orientations of the controlling growth fault features has been incorporated into the search
orientations used during grade estimation. The intensity of these controls and their
incorporation into the grade estimation are discussed in Section 14.

7.5 Comments on Section 7

The Wood QP notes the following:

« Mineralisation within the Project has been defined over an irregularly-shaped area of
28 km x 23 km. The mineralisation is typically stratiform, and vertically zoned.

« The understanding of the deposit settings, stratigraphies, lithologies, structures, sulfide
mineralogies, alteration and their controls on the mineralisation is well understood and
sufficient to support estimation of Mineral Resources and Mineral Reserves at Kamoa,
and Kakula.
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8

DEPOSIT TYPES

The mineralisation identified to date within the Project is typical of sediment-hosted stratiform
copper deposits. Such deposits can be hosted in either marine or continental (red-bed)
sediments. Major global examples of these deposits include the Kupferschiefer (Poland),
most of the deposits within the Central African Copperbelt (such as Konkola, Nkana,
Nchanga, Mufulira, Tenke-Fungurume, and Kolwezi), Redstone (Canada), and

White Pine (USA).

Common features of sediment-hosted copper deposits are (Kirkham, 1989; Hitzman et al.,
2005):

Geological setting: Intracratonic rift; fault-bounded graben/trough, or basin margin, or
epicontinental shallow-marine basin near paleo-equator; partly evaporitic on the flanks
of basement highs; sabkha terrains; basal sediments highly permeable. Sediment-hosted
stratiform copper deposits occur in rocks ranging in age from Early Proterozoic to late
Tertiary, but predominate in late Mesoproterozoic to late Neoproterozoic and late
Palaeozoic rocks.

Deposit types:

- Kupferschiefer-type: Host rocks are reduced facies and may include siltstone, shale,
sandstone, and dolomite; these rocks typically overlie oxidised sequences of
haematite-bearing, coarser-grained, continental siliciclastic sedimentary rocks
(red beds). As the host rocks were typically deposited during transgression over the
red bed sequence, these deposits tend to have exceptional lateral extents. The
Central African Copperbelt deposits are typical of the Kupferschiefer type.

- Red-bed-type: Isolated non-red rocks within continental red-bed sequences. Occur
typically at the interface between red (haematite-bearing) and grey (relatively
reduced, commonly pyrite-bearing) sandstone, arkose, or conglomerate. The
configuration of the mineralised zone varies from sheet-like, with extensive horizontal
dimensions, to tabular or roll-front geometries, with limited horizontal dimensions.

Mineralisation: Deposits consist of relatively thin (generally <30 m and commonly less than
3 m) sulfide-bearing zones, typically consisting of haematite—-chalcocite-bornite—
chalcopyrite—-pyrite. Some native copper is also present in zones of supergene
enrichment. Galena and sphalerite may occur with chalcopyrite or between the
chalcopyrite and pyrite zones. Minerals are finely disseminated, strata bound, and locally
stratiform. Framboidal or colloform pyrite is common. Copper minerals typically replace
pyrite and cluster around carbonaceous clots or fragments.

Mineralisation timing: Sulfides and associated non-sulfide minerals of the host rocks in all
deposits display textures and fabrics indicating that all were precipitated after host rock
deposition. Timing of mineralisation relative to the timing of host-rock deposition is
variable, and may take place relatively early in the diagenetic history of the host
sediments or may range to very late in the diagenetic or post diagenetic history of the
sedimentary rocks.
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« Transport/pathway: Porosity in clastic rocks, upward and lateral fluid migration; marginal
basin faults may be important; low-temperature brines; metal-chloride complexes.

- Metal deposition: Metals were characteristically deposited at redox boundaries where
oxic, evaporite-derived brines containing metals extracted from red-bed aquifers
encountered reducing conditions.

« Mineralisation controls: Reducing low pH environment such as marine black shale; fossil
wood, and algal mats are important as well as abundant biogenic sulfides and pyritic
sediments. High permeability of footwall sediments is critical. Boundaries between
hydrocarbon fluids or other reduced fluids and oxidised fluids in permeable sediments
are common sites of deposition.

« Alteration: Metamorphosed red-beds may have a purple or violet colour caused by
finely-disseminated haematite.

8.1 Comments on Section 8

Many features of the mineralisation identified within the Project to date are analogous with
the Polish Kupferschiefer-type deposits and the strata bound, sediment-hosted, Zambian Ore
Shale deposits, in particular the Konkola, Nchanga, Nkana, and Luanshya deposits.

Key features of the deposits include:
- Laterally continuous, have been drill tested over an area of 28 km x 23 km.

« Strong host-rock control and restriction of the mineralisation to a redox boundary zone
between oxidised footwall haematitic sandstone and reduced, sulfidic host diamictites
and siltstone-sandstone rocks.

« Presence of the replacement, blebby, and matrix textures that are typical of sediment-
hosted copper deposits.

« Vertical zoning of disseminated copper sulfide minerals from chalcocite to bornite to
chalcopyrite.

« Hypogene minerals are chalcopyrite, bornite and chalcocite, with the predominant
copper sulfide species varying spatially throughout the deposit. For example, deep
drilling along the Kansoko Trend has intersected mixtures of bornite and chalcocite.
Mineralisation at Kakula is predominately chalcocite.

« Occurrence of very fine-grained, bedded, disseminated copper sulfides in the
intermediate sandy siltstone unit (Kil1.1.1.2) within the basal diamictite, or within the basal
siltstone at Kakula, is typical of Zambian Ore Shale-style mineralisation.

The virtual absence of carbonate rocks and the absence of widespread silicification both as
host-rock alteration and in veins is atypical of the Mines Subgroup-hosted deposits of the
Katangan Copperbelt (e.g. Tenke-Fungurume). Locally minor dolomite replacement of
sulfidic clast rims in the basal diamictite and scattered tiny carbonate +/- quartz veinlets with
occasional sulfides can occur at the Kamoa deposit.

Exploration programmes that use a strata bound, sediment-hosted model are considered
applicable to the Project area.
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9 EXPLORATION

9.1 Grids and Surveys

Surveys to date are in UTM co-ordinates, using the WGS84 projection, Zone 35S.

In 2004, a topographic survey, as part of the airborne magnetic-radiometric survey was
flown over the Project, resulting in production of a topographic contour map that is

accurate to 12 m. lIvanhoe obtained higher resolution, light detection and ranging (LIDAR)
based, topographic data over the Project area in 2012.

9.2 Geological Mapping

Project mapping has been performed at 1:150,000, 1:100,000, and 1:5,000 scales where
outcrop permits. Over most of the Project area, there is little or no significant geological
exposure.

9.3 Geochemical Sampling

Geochemical and aircore drill sampling programmes were conducted as part of first pass

exploration and used to create vectors into mineralisation. Geochemical sampling
programmes included stream sediment, soil and termite mound sampling.

9.4 Geophysics

Geophysical surveys completed over the Project are summarised in Table 9.1. The survey
data are used in support of exploration vectoring in the Project area.
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Table 9.1

Geophysical Surveys

Survey Type and

Year Comment
Operator
Identified a number of magnetic lineaments that reflect
Airbome underlying structures. One structural set is interpreted to be a
o suture zone between the thrust and fold belt to the east and
geophysics; Fugro ) .
. 2004 stable Proterozoic sediments that have been draped over
Airborne Surveys . L )
(Pty.) Ltd domes and fill broad basins in the Project area. A second
Y- structural set relates to normal, post-mineralisation faults, which
appear to have large displacements.
Downhole
elec(:é:\(/l))rﬁg%netlc Orientation survey in three holes at Kamoa. Included natural
»>ap gamma, density, sonic, magnetic susceptibility, three
Geophysics 2011 : o o
. component magnetics, resistivity, conductivity, induced
Australia and B .
) polarisation and acoustic data (fractures).
Quik_Log
Geophysics
EM 0r|ent§1t|on 2011 Inconclusive results.
survey line
Ground magnetics 2011-2012 Used as a geology and structure mapping tool.
Ground gravity 2016 Eight lines at Kakula completed to help delineate the Kil.1.1—
R4.2 contact.
Downhple SUVEYs, 12 drillholes. Logged full wave sonic, dual density, resistivity
Quick Log 2016-2017 : :
. and gamma, collected acoustic televiewer (ATV) data.
Geophysics
Four regional scale lines completed to position the top of the
2D seismic: Hiseis 2017-2018 Roan, interpret broad-scale basin architecture and Ipcate
both known and unknown growth and younger brittle
structures.
Radiometrics Airborne radiometric surveys were completed over the
(Excalibur); ground planned Kakula tailings storage facility footprint. Ground
gravity and 2019 gravity, ground magnetics and airborne radiometrics were
ground magnetics conducted in the Kamoa North area to better understand the
(lvanhoe) controls of the very-high-grade mineralisation.

9.5 Petrology, Mineralogy, and Research Studies

Whole-rock major and trace element data were collected by Ivanhoe in 2009 from the
mineralised zone and footwall sandstone in drillhole DKMC_DDO019. Results indicated possible
K20 enrichment commensurate with potassic (feldspar—sericite) alteration.

A MSc thesis was completed in 2013 on the Kamoa stratigraphy, diagenetic and
hydrothermal alteration, and mineralisation. An accompanying paper has been published in
Economic Geology (Schmandt, et al, 2013).
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Two additional studies have been summarised in papers released in the journals
Sedimentology (Kennedy et al., 2018) and African Journal of Earth Science (Twite et al.,
2019). These studies highlighted the importance of syn-sedimentary growth faults and their
role in localising high grades (Twite et al., 2019), and the origin of the thick diamictite
packages as subaqueous debris flows (rather than primary glacial deposits) in response to
faulting and rapid subsidence of the basin (Kennedy et al., 2018).

lvanhoe, through the Laurentian-lvanhoe Mines Education partnership is part-funding two
PhD research projects and three MSc research projects on Kamoa-Kakula. Areas of research
include:

« Mineralising fluids of the Kamoa-Kakula deposits.

« The geologic history of the diamictite matrix at Kamoa-Kakula.
« U-Pb geochronology of the Kamoa-Kakula host succession.

« Stratigraphic and geochemical controls on Kamoa-Kakula.

« Re-Os geochronology of the Kamoa-Kakula ore minerals.

9.6 Exploration Potential

The Kamoa-Kakula Project area is underlain mainly by subcropping Grand Conglomérat
diamictite, the base of which occurs at the Kamoa and Kakula deposits, and thus the entire
area underlain by diamictite can be considered prospective for discovery of extensions to
the known mineralisation, and for new zones of mineralisation within this same horizon. With
more drilling, the exploration potential for expanding the area of known mineralisation that is
hosted in diamictite is excellent.

The eastern boundary of the Mineral Resource estimate at Kamoa is defined solely by the
current limit of driling, at depths ranging from 600-1,560 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 mineralisation is common. Beyond these drillholes the mineralisation and
the deposit are untested and open to expansion.

At Kakula, the western and south eastern boundaries of the high-grade trend within the
Mineral Resource estimate area are defined solely by the current limit of driling and the
deposit remains open in these directions.

In addition, and by analogy with the Zambian and Katangan districts of the Central African
Copperbelt, it is possible that multiple (stacked) redox horizons and associated stratiform
copper zones exist within the Roan sequence, hidden below the diamictite. Because of the
difficulty in detecting or predicting mineralisation below the diamictite footwall, Ivanhoe
considers that the most reliable means of evaluating this hypothesis is with wide-spaced
deep drillholes. This approach is predicated on the assumption that stratiform copper
deposits are laterally extensive, and occur at the kilometre scale.
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9.7 Comments on Section 9

The Wood QP notes:

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

« The research work that has been undertaken supports livanhoe’s genetic and affinity
interpretations for the Project area.

« The Project area remains prospective for additional discoveries of base-metal
mineralisation within diamictites around known dome complexes.

« Anomalies generated by geochemical and drill programmes to date support additional
work within the Project area.
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10 DRILLING
10.1 Introduction

Aircore, RC and core drilling have been undertaken since May 2006. Aircore and RC drilling
were used in early exploration to follow up identified anomalies. None of these drillholes are
used for resource estimation. Coreholes have been used for geological modelling, and
those occurring within the mining lease and in areas of mineralisation (drillholes on the
Kamoa, Makalu and Kakula domes are excluded) have been used for resource estimation.

As of 18 September 2020, there were 2,159 coreholes completed (Table 10.1). Collar
locations are provided in Figure 10.1.

The drillhole database used for the Kamoa resource estimation was closed on 20 January
2020. The 2020 Kamoa Mineral Resource estimate used 998 drillhole intercepts. Included in
the 998 drillholes are 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 resource estimation purposes. In these cases, only the parent hole is used during
Mineral Resource estimation.

The drillhole database used for the Kakula resource estimation was closed on
1 November 2018. The November 2018 Kakula Mineral Resource estimate used 354 drillhole
intercepts.

The 807 holes not included in either the Kamoa or Kakula estimates were excluded because
they were either abandoned, unmineralised holes in the dome areas, unsampled
underground cover, metallurgical, civil geotechnical or hydrological drillholes, or were
drilled after the closure of the various databases for estimation purposes.

Coreholes typically commence collecting cores at PQ size (85 mm), reducing to HQ size
(63.5 mm), and where required by ground conditions, further reducing to NQ size (47.6 mm).
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Table 10.1 Drilling Statistics per Drill Purpose for Coreholes (as of 18 September 2020)

Drill Purpose Count (Active) Metres (m)
Kamoa estimate (Jan 2020) 998 288,140.7
Kamoa (post-estimation) 79 17,498.8
Kakula estimate (Nov 2018) 354 196,549.8
Kakula (post-estimation) 85 35,014.8
Exploration 7 2,677.9
Domes 107 7,856.3
Metallurgy 132 13,996.2
Geotechnical 57 7,757.7
Civil Geotechnical 99 2,787.6
Condemnation 51 1,177.8
Cover Drilling 62 8,947.3
Hydrogeology 11 781.9
Abandoned 117 26,635.6
Total 2,159 609,822.2

Note: Wedge holes are counted as individual drillholes in this table, although the drill meterage only includes the
wedged portion of the drillhole. If a wedge hole used in the Mineral Resource estimate was wedged off an
abandoned parent hole, the full meterage from surface is assigned to the resource category and only the residual
portion assigned to ‘Abandoned’. ‘Exploration’ holes refer to those holes outside of the modelled Mineral Resource
area, or wedges drilled primarily for academic study. If a drillhole was drilled for geotechnical or metallurgical
purposes but has been used in the Mineral Resource estimate, it is classified as a resource drillhole.
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Figure 10.1  Mineral Resource Definition Drilling at Kamoa-Kakula
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Figure provided by Ivanhoe, 2020. ‘Other’ includes exploration drillholes, condemnation drillholes, cover drillholes

and permeability drillholes.
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10.2 Geological Logging

Standard logging methods, sampling conventions, and geological codes have been
established for the Project. Free-form description was allowed in the description section of
the drill log where any unusual features worthy of description were noted.

Prior to 2012, drill core, RC, and aircore chips were logged by a geologist, using paper forms,
which capture lithological, weathering, alteration, mineralisation, structural and
geotechnical information. Logged data were then entered into Excel spreadsheets using
single data entry methods. Since 2012, all logging data has been captured electronically
using acQuire software in the core yard, and these data are uploaded to the database
upon return to the office. A stand-mounted Niton XRF instrument has been used since 2007.
Pressed pellets of the prepared sample pulps are analysed to provide an initial estimate of
the amount of copper present in the drill core.

Coreholes were logged at the core shed located in Kolwezi until 2009; following this all
logging was moved to the Kamoa drill camp.

All drill core is photographed both dry and wet prior to sampling. All Kamoa core was
subject to magnetic susceptibility measurements; these are not currently being done on
Kakula core.

At Kamoa, one sample from each core run was subjected to specific gravity (SG), spectral
gamma and point load testing. For Kakula, each sample length is subjected to SG testing in
its entirety to ensure that every assay value has a matching SG value.

10.3 Recovery

Core recovery in the mineralised units at Kamoa and Kakula ranges from 0% to 100% and
averages 95% at Kamoa. Where 0% recovery has been recorded at Kamoa, this is likely due
to missing data, as logging does not indicate poor recovery.

Core recovery data at Kakula are generally good, averaging 89% within the mineralised
zone.

10.4 Collar Surveys

All drill sites are initially surveyed using a hand-held global positioning system (GPS)
instrument that is typically accurate to within about 7 m. Prior to finalisation of a resource
database, all outstanding collar surveys for completed holes that are to be included in the
estimate are surveyed by an independent professional surveyor, SD Geomatique or E.M.K.
Construction SARL, using a differential GPS which is accurate to within 20 mm.

10.4.1 Kamoa
As of 10 January 2020, only three drillholes (DKMC_DD1580, DKMC_DD1600 and

DKMC_DD1621) lacked an independently surveyed collar position. In these cases, the
planned coordinate positions are used.
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10.4.2 Kakula

All collars for holes used in the Kakula Mineral Resource estimate were independently
surveyed.

10.5 Downbhole Surveys
10.5.1 Kamoa

Corehole orientations ranged from azimuths of 0° to 360°, with downhole inclinations that
ranged from -5.0° to vertical. Most holes were vertical or subvertical, with only the
geotechnical drillholes (-45°) and cover drillholes (<-10°) at the Kansoko Sud and Kakula
declines being shallow. Downhole surveys for most drillholes were performed by the drilling
contractor at approximately 30 m intervals for 2009 driling and at a maximum interval 50 m
for 2010 through 2020 drillholes, using a Single Shot digital downhole instrument. Once the
hole was completed, a Reflex Multi Shot survey instrument was used to re-survey the hole to
confirm the Single Shot readings.

Several coreholes were not downhole surveyed. These holes were either short holes (total
depth less than 100 m) or abandoned holes, and the missing surveys do not materially
impact the Mineral Resource estimate.

10.5.2 Kakula

Downhole surveys for most drillholes were performed by the drilling contractor at
approximately 3 m to 6 m intervals downhole using a Reflex Multi Shot survey instrument. In
some instances, a Gyro survey instrument was used.

10.6 Geotechnical Drilling

Ivanhoe collects geotechnical and structural information from resource drillholes. Rock mass
characterisation has been carried out on 1,203 drillholes and used in the geotechnical
investigation. Samples were collected for laboratory testing of intact rock strength properties

from dedicated geotechnical drillholes or separate wedges drilled from resource drillholes.
Detalils are provided in Sections 16.1 and 16.2.

10.7 Metallurgical Drilling

The location and purpose of metallurgical drillholes at Kamoa and Kakula are detailed in
Section 13.
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10.8 Dirilling Since the Mineral Resource Database Close-off Date
10.8.1 Kamoa

The database contains 79 drillholes (17,498.8 m) that post-date the Kamoa resource
estimate database close-off date of 20 January 2020 (Figure 10.2). These holes were drilled
for resource purposes, either as infill drillholes, or resource expansion drillholes, or for
geotechnical and metallurgical purposes in the Kamoa North Bonanza Zone area.

Although a few of the newer drillholes are very high grade and may change the grades
locally, the majority of the holes are within the existing model and the Wood QP considers
that the new drilling should have no material effect on the overall tonnages and average
grade of the current Mineral Resource estimate.

10.8.2 Kakula

Between 1 November 2018 and 18 September 2020, Ivanhoe completed an additional
85 core drillholes (35,014.8 m) at Kakula. The collar locations of the coreholes are shown in
Figure 10.2. The core drillholes were drilled for exploration and infill purposes.

New holes within the existing Indicated Mineral Resource estimate area are geotechnical or
infill drillholes in close proximity to current underground development that generally show
similar grades as the resource model, and the Wood QP considers that this new drilling
should have no material effect on the overall tonnages and average grade of the Indicated
Mineral Resource. The 13 new drillholes outside the Indicated Mineral Resource model,
however, may slightly increase the tonnage of the Inferred Mineral Resource and have
upside potential for Mineral Resource estimation when incorporated into an updated
model.
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Figure 10.2 Plan View Showing Kamoa-Kakula Drillholes Completed Since Construction
of the Respective Mineral Resource Models (at 1 March 2019)
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10.9

Comments on Section 10

The quantity and quality of the lithological, geotechnical, collar, and downhole survey data
collected in the core drill programmes is sufficient to support Mineral Resource and
Mineral Reserves. The Wood QP notes:

Examples of summary results and interpretations of drilling are illustrated in Figure 7.5,
Figure 7.7 to Figure 7.9, Figure 7.13 to Figure 7.15, and Figure 14.10.

Drill intersections, due to the orientation of the drillholes, are typically slightly greater than
the true thickness of the mineralisation.

Drillhole orientations are generally appropriate for the mineralisation style.
Core logging meets industry standards for sediment-hosted copper exploration.
Collar surveys were performed using industry-standard instrumentation.

Downhole surveys provide appropriate representation of the trajectories of the
coreholes.

Core recoveries are typically excellent.

The intercept selected as the “selective mineralised zone” can include both lower and
higher-grade mineralisation; however, the transition in grade from non-mineralised to
>1% Cu is usually distinct. Within the mineralised zone, grades typically remain above
1% Cu over the entire intercept.

No material factors were identified with the data collection from the drill programmes
that could affect Mineral Resource estimation.
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11

11.1

Ivan

SAMPLE PREPARATION, ANALYSES AND SECURITY
Witness Sampling

hoe collects and maintains “witness samples”, which are reference pulp samples

required by the Government of the DRC for all samples being sent out of the DRC for
analysis.

11.2

11.2

Sampling Methods

1 Geochemical Sampling

During early-stage exploration programs, the following samples were collected and used to
vector into mineralisation:

Stream-sediment samples were collected, dried and sieved. Sub-samples were submitted
for analysis.

Soil samples were collected from the B horizon depth (30-40 cm), dried and sieved. The
sieved sub-samples were submitted for analysis.

Aircore drill samples were collected from the base of each drillhole (one per hole).

Locations of all samples were recorded with a GPS. Geochemical information has been
superseded by diamond drill data.

11.2

.2 RC Sampling

RC samples were taken at 1 m length intervals and riffled down into two samples of
approximately 1 kg each in the field using a three-stage Jones riffle-splitter, one for
reference and one for homogenisation with the next metre sample, to create a2 m
composite sample.

11.2.3 Core Sampling

The core sampling procedure is as follows:

Sampling positions for un-oxidised core are marked (after the completion of the
geotechnical logging) along projected orientation lines.

Pre-February 2010, determination of the sample intervals took into account lithological
and alteration boundaries. The entire length of core from 4 m (or one core-tray length
whichever is convenient) above the first presence of mineralisation and/or the
mineralised zone was sampled on nominal whole 1 m intervals to the end of the hole,
generally 5 m below the Kil.1/R4.2 contact. Most intervals with visual estimates of
>0.1% Cu were sampled at 1.5 m intervals or less.
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After February 2010, the sampling of the KPS (Kil.1.2) and mineralised basal diamictite was
conducted as follows:

« The mineralised zone was sampled on 1 m sample intervals (dependent on geological
controls).

« The KPS (Kil1.1.2) was sampled every 1 m, and composites were made over 3 m for
analytical purposes. There is a 3 m shoulder left above the first visible sign of copper
mineralisation in each drillhole.

« After March 2011, 9 m composite samples were collected in the hanging wall, and the
prepared pulp was analysed by Niton. The results are used to characterise the
geochemistry of the hanging wall material.

« After August 2014, whole core was logged by the geologist on major lithological intervals,
until mineralised material or at a “zone of interest” (ZI) such as a lithology that is
conventionally sampled (e.g. the KPS) was encountered. Note that the KPS is not
routinely sampled at Kakula, as it occurs >100 m above the mineralised zone. The ZI was
logged on sampling intervals, typically 1 m intervals (dependent on geological controls).
Within any zone of interest, the geologist highlighted material that was either mineralised
or material that was expected to be mineralised. This “zone of assay” (ZA) was extended
to 3 m above and below the first sign of visible mineralisation.

« Sample numbers, core quality, and “from” and “to” depths were recorded electronically
on logging laptops and loaded directly into the acQuire database.

« Start and end of each sample was marked off.

« Core was halved for sampling purposes using an automated core cutter with diamond
saw. The cut line (for splitting) is typically offset from the core orientation line by 1 cm
clockwise looking downhole, with the half section that contains the core orientation line
retained in the core trays for geological logging and record purposes. The half-core
along the right-hand side of the projected orientation lines is sampled and sent to the
preparation laboratory. Oxide-zone samples were split using a palette knife.

11.3 Metallurgical Sampling
11.3.1 Kamoa

The Mintek metallurgical samples were selected from available coarse reject material
obtained from the corehole assay sample preparation. This material was prepared from the
sawn drill core and crushed to a nominal 2 mm using jaw crushers. A quarter split (500 g to
1,000 g) is pulverised and submitted for assay. The remaining coarse reject material was
retained.

The Xstrata Process Support (XPS) metallurgical samples were half HQ core; the core was
then individually crushed to -3.36 mm topsize, followed by blending and sub-sampling by
spinning riffler into 2 kg replicate test charges.

Upon receipt at the testing laboratories, all metallurgical test samples were placed in
refrigerated storage to inhibit oxidation.
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Samples collected in 2013 for Phase 4 (Open Pit) consisted of a mixture of whole PQ and
half PQ core. Comminution tests used sections of full core and half core, while metallurgical
tests were done on 2 x quarter core sections.

Phase 6 variability samples were collected from across the Kansoko area and are in
refrigeration awaiting testing.

11.3.2 Kakula

Three metallurgical PQ holes have been drilled at Kakula through the centre of the current
resource for preliminary comminution testwork.

Drilling of additional metallurgical PQ holes has been incorporated in the defined Kakula
resource area to represent early years of mining and also covering up to 15 years of
production. The additional PQ holes have been wedged for flotation flow sheet verification
and optimisation using Kakula material. PQ holes are used for comminution testwork, while
either HQ and/or NQ wedges are used for flotation testwork programmes.

11.4 Specific Gravity Determinations

SG measurements were performed using a water-immersion method by lvanhoe personnel.
Samples were conventionally weighed in air and then in water.

For Kamoa, density samples comprised a portion of solid core within a sample interval, and
selected at intervals greater than the sampling frequency. There is a total of 28,520 SG
measurements were performed on samples taken from drill core. Of these measurements,
there are 28,503 samples with SG values between 1.5 and 4.0.

For Kakula, all samples selected for copper analysis (from DKMC_DD1002 onwards) are also
measured for SG using the entire sample interval.

There is a total of 17,697 SG measurements that were performed on samples obtained from
remaining half core after the other half was prepared and sent to Bureau Veritas for analysis.
Of these measurements, there are 17,685 samples with SG values between 1.5 and 4.0.

11.5 Analytical and Test Laboratories

Two independent laboratories have been used for primary sample analysis;

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.

Genalysis performed soil and stream-sediment analysis for the Project for the period 2004 to
June 2005.

Subsequent to June 2005, all analyses, including drill samples, have been performed by
Ultra Trace, with Genalysis used as a check laboratory for 2009 core samples.
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ALS of Vancouver, British Columbia, acted as the independent check laboratory for drill core
samples from part of the 2009 programme and for 2010 through 2020 drilling. ALS is ISO:

9001:2008 registered and 1SO:17025-accredited.

Table 11.1 summarises the analytical laboratories names (past and present), dates used,
related project/prospect/deposit, and accreditation.

Table 11.1 Analytical Laboratories Used
Original Current Dates Used Project Accreditation Independent
Analytical Analytical of Ivanhoe
Laboratory Laboratory
Name Name
Genalysis Intertek 2004-2005 Kamoa - soll ISO 17025 Yes
Laboratory Minerals 2009 and stream-
Services Pty. Group (2007) sediment
Ltd. Kamoa -
portion of
check assays
Ultra Trace Bureau 2005- Kamoa and ISO 17025 Yes
Geoanalytic Veritas present Kakula - all
al Laboratory Minerals analyses
(2008)
ALS ALS 2009- Kamoa and ISO: Yes
present Kakula - 9001:2008
check assays and 1ISO17025

11.6 Sample Preparction and Analysis

A mobile sample preparation facility housed in shipping containers is based on the Kamoa
site and is used for all sample preparation. The laboratory is managed by Ivanhoe personnel.
All drill core samples collected prior to November 2010 were processed at a similar facility in
Kolwezi; subsequently (since drillhole DKMC_DD209) they have been processed at the
Kamoa-Kakula site facility.

The equipment at the Kamoa-Kakula facility includes two TM Terminator Jaw crushers, two
Labtech Essa LM-2 pulverisers, two riffle splitters and a rotational splitter. Sawn drill core is
crushed to nominal 2 mm using jaw crushers. A quarter split (500 g to 1,000 g) is pulverised to
>90% -75 um, using the LM2 puck and bowl pulverisers. A 100 g split is sent for assay; three

50 g samples are kept as government witness samples, 30 g for Niton analysis, and

approximately 80 g of pulp is retained as a reference sample. The remaining coarse reject
material is retained.
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About 5% (approximately one in 20) of the crushed samples have a 2 mm screen test
performed, and a further 5% at the pulverisation stage are checked using a 75 pm screen
test. Pulp bags of the pulverised material are then labelled and bagged for shipment by air
to Western Australia. From 2010, lvanhoe has been weighing the pulp samples and records
the weight prior to shipping. Certified reference materials (CRMs) and blanks are included
with the sample submissions.

11.7 Sample Analysis

In this report, two forms of copper assay methods are reported: total copper (TCu) and
sulfuric acid soluble copper (ASCu).

Since June 2005, all analyses, including drill samples, have been performed by Bureau
Veritas Minerals Pty Ltd (Bureau Veritas, formerly Ultra Trace Geoanalytical Laboratory), with
Genalysis acting as the check laboratory from 2005 to 2009. Commencing in 2010,

ALS (Vancouver) took over as the check laboratory.

Bureau Veritas acquired Ultra Trace in 2007. As the assay certificates for Kamoa were
certified by Ultra Trace, Wood refers to Ultra Trace in portions of this Report related to the
Kamoa deposit. Assay certificates for Kakula are certified by Bureau Veritas.

Diamond drillhole samples from 2008 to February 2009 were analysed for Cu, Zn, Co
(inductively-coupled plasma optical emission spectroscopy or ICP-OES), and Pb, Zn, Mo, Au,
Ag, and U (inductively-coupled plasma mass spectrometry or ICP-MS) using a 4 g subsample
of the pulp using an aqua-regia digest (Ultra Trace method AR105, (ICP-OES) or
AR305/AR001 (ICP-MS).

From January to July 2010, drill core samples were also analysed for Ca, Co, Cr, Cu, Fe, Mn,
Ni, S, and Zn (ICP OES), and Ag, As, Au, Ba, Bi, Mo, Pb, Se, Te, and U (ICP- MS) using a4 g
subsample of the pulp using mixed acid digest (Ultra Trace method ICP102 (inductively
coupled plasma atomic emission spectroscopy or ICP -AES) or ICP302/AR001 (ICP-MS).

Core drill samples from January 2010 onward were also analysed for acid-soluble copper
(ASCu) using a 5% sulfuric acid leach method at room temperature for 60 minutes; only 249
of the 6,640 samples obtained in 2008 and 2009 were submitted for ASCu analysis. The
sampling prior to 2010 was mainly in the Kamoa area. ASCu analyses were stopped during
the Kakula drill programme. Drilling was still ongoing at Kakula when driling recommenced
at Kamoa and so 19 of the earlier drillholes from this period (DKMC_DD1172 to
DKMC_DD1339W1) also lack ASCu data. The vast majority of holes for Kamoa from
DKMC_DD1372 onwards have ASCu data.

Samples taken subsequent to August 2010 were subjected to different analytical procedures
that were requested based on the sample stratigraphic location. Samples within the

KPS (Kil.1.2) were analysed for Cu, S (Ultra Trace method ICP102 - four-acid digestion with,
ICP OES), and As (Ultra Trace method ICP302, - four-acid digestion with ICP-MS). Samples
within the mineralised basal diamictite were analysed for Cu, Fe, S (Ultra Trace method
ICP102), Ag, and As (Ultra Trace method ICP302), although Ag analyses were discontinued in
2019.
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At Kakula, Bureau Veritas analysed samples for Cu, Fe, and S (BVM method ICP102 - using
four-acid digestion followed by ICP-OES) and for Ag and As (BVM method ICP302 -- four-
acid digestion with ICP-MS). ASCu analysis was performed on early drillholes by a 5% sulfuric
acid cold leach followed by ICP-OES. ASCu analysis has subsequently been discontinued by
lvanhoe. At Kakula, no ASCu results exist for drillholes DKMC_DD1024, DKMC_DD1025,
DKMC_DD1031, and DKMC_DD1033 onward.

Early drillholes (DKMC_930, DKMC_936 and DKMC_DD942) were also analysed for Au, Co, Pb,
Pt, and Zn.

11.8 Quality Assurance and Quality Control

Quallity assurance and quality control (QA/QC) samples are placed using between 5% and
7% insertion rate for CRMs, blanks and duplicates within the ZA, and between 3% and 5% for
the ZI. There are always at least two original samples before any new QA/QC insertion.

11.8.1 Blanks

Five materials, BLANK2005, BLANK2007, BLANK2008, BLANK2009, and BLANK2010 have been
used in the Kamoa QA/QC. BLANK2010 and BLANK 2014 are used at Kakula. The year
designations indicate the year the material for the blank was collected. A commercial low-
grade CRM (OREAS22D) is also used as a blank at Kakula.

11.8.1.1 Kamoa

BLANK2005 was produced from quartz-rich material in South Africa. BLANK2007 and
BLANK2008 were produced from quartz-rich material collected from a field location in the
DRC. BLANK2009 was collected in the Lualaba River, about 40 km from Kolwezi. BLANK2014
was collected from the same area as BLANK2009. The material in these bags was then
crushed to -2 mm ready for use as a blank in the pulverising stage of the sample
preparation.

Analysis conducted at the request of lIvanhoe’s consulting geochemist, Richard Carver
(Carver, 2009a) revealed this material has low concentrations of the target elements Cu and
Co, but the grades were not a concern.

BLANK2010 is a coarse silica material obtained from ALS; it is inserted into the sample
preparation stage prior to the crushing of samples.

One blank per 20 samples was inserted prior to the samples being pulverised. Blank samples
are now placed after visually-observed higher-grade mineralisation.
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11.8.1.2 Kakula

Blank2010 and BLANK2014 are used as coarse blanks for the Kakula drill programme. One
blank per 20 samples was inserted prior to the samples being pulverised. A pulp blank,
OREAS22D, was inserted after sample preparation as it was intended to monitor analytical
laboratory contamination. Blank samples are now placed after noted higher-grade
mineralisation. Due to higher-grade mineralisation at Kakula, pulp blanks are currently
inserted within very high grade zones.

11.8.2 Duplicates

A preparation duplicate was created for every 20th sample by taking a second split
following the crushing stage of the sample preparation. Duplicate samples are currently
placed within typical mineralisation.

11.8.3 Certified Reference Materials

Kamoa uses CRMs sourced from independent companies, Geostats Pty Ltd (Geostats) and
Ore Research (OREAS), both located in Australia, and African Mineral Standards (AMIS), a
division of Set Point Technology, located in South Africa. To date, a total of 63 commercially
available CRMs has been used at Kamoa, although there are 20 commonly used. CRMs
have been inserted by Ivanhoe personnel in Kolwezi, and since November 2010 have been
inserted by Ivanhoe personnel at the Project site. CRMs are inserted with a 5% insertion rate,
and the CRM published value is matched to the expected mineralisation grades. CRMs are
placed within mineralisation to best match the surrounding material.

For the Kamoa North drill programme, nine matrix-matched and three commercial CRMs
were used to monitor the accuracy of assay performance. Matrix-matched CRMs were
created using crushed materials taken from mineralised zones, were prepared by CDN
Resource Laboratories Ltd., and were certified by Mr. Dale Sketchley, P. Geo. of Acuity
Geosciences (Acuity). Commercial CRMs were purchased from OREAS, and AMIS.

Kakula uses six matrix-matched and commercial CRMs to monitor the accuracy of assay
performance. Matrix-matched CRMs were created and certified using the same procedure
described for Kamoa. Commercial CRMs were purchased from OREAS, and AMIS. The AMIS
CRM was not used between May 2017 and January 2018. Certified mean and tolerance
limits were derived from multi-laboratory consensus programs and are used for CRM
monitoring charts.
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11.9 Databases

In early 2013, lvanhoe implemented an acQuire data management database for storage of
all relevant electronic data. lvanhoe and Acuity have completed validations to ensure the
data integrity was maintained during the data transfer.

Project data previously stored in various digital files were migrated into the acQuire
database. Geological logs, collar, and downhole survey data are entered at the Kamoa
(site) office, and assay data are imported directly from electronic files provided by the assay
laboratory.

Where they exist from older drill programmes, paper records for all assay and QA/QC data,
geological logging and specific gravity information, and downhole and collar coordinate
surveys are stored in fireproof cabinets in Ivanhoe’s Kamoa site office. All paper records are
filed by drillhole for quick location and retrieval of any information desired. In addition,
sample preparation and laboratory assay protocols from the laboratories are monitored and
kept on file. Digital data are regularly backed up in compliance with internal company
control procedures. The backup media are securely stored off-site.

11.10 Sample Security

Sample security includes a chain-of-custody procedure that consists of filing out sample
submittal forms that are sent to the laboratory with sample shipments to make certain that
all samples are received by the laboratory. All diamond-drill core samples were processed
by the Kolwezi facility, or the onsite Kamoa-Kakula Project facility. Prepared samples are
shipped to the analytical laboratory in sealed sacks that are accompanied by appropriate
paperwork, including the original sample preparation request numbers and chain of custody
forms. On arrival at the sample preparation facility, samples are checked, and then sample
forms are signed. Sacks are not opened until sample preparation commences.

11.11 Sample Storage

Half and quarter core reference samples are stored in metal trays in a purpose-designated
core storage shed. The core storage comprises four lockable buildings with 24-hour security
personnel in place. A fifth storage facility has been constructed for storage of the Kakula
drillholes.

Prior to July 2010, sample rejects and pulps for core, RC, and aircore samples were
catalogued and stored in the Kolwezi compound. Since July 2010, all new core samples are
stored at a lockable storage facility at the Kamoa site camp. All historical core has been
moved from Kolwezi to the facility at the Kamoa site camp.
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11.12 Comments on Section 11

In the opinion of the Wood QP, the sampling methods are acceptable, consistent with
industry-standard practice, and adequate for Mineral Resource and Mineral Reserve
estimation purposes at Kamoa, and Mineral Resource estimation at Kakula, based on the
following:

Data are collected following company-approved sampling protocols.
Sampling has been performed in accordance with industry-standard practices.

Sample intervals of approximately 1 m for core driling, broken at lithological and
mineralisation changes in the core, are typical of sample intervals used for Copperbelt-
style mineralisation in the industry.

Samples are taken for assay depending on location, stratigraphic position, and
observation of copper mineralisation.

Sampling is considered to be representative of the true thicknesses of mineralisation. Not
all drill core is sampled; sampling depends on location in the stratigraphic sequence and
logging of visible copper-bearing minerals.

The specific gravity determination procedure is consistent with industry-standard
procedures. There are sufficient specific gravity determinations to support the specific
gravity values used in tonnage estimates.

Preparation and analytical procedures are in line with industry-standard methods for
Copperbelt-style copper mineralisation, and are suitable for the deposit type.

The QA/QC programme comprising blank, CRM, and duplicate samples, meets QA/QC
submission rates and industry-accepted standards.

Sample security has relied upon the fact that the samples were always attended or
locked in the on-site sample preparation facility. The chain-of-custody procedure consists
of filling out sample submittal forms that are sent to the laboratory with sample shipments
to make certain that all samples are received by the laboratory.

Current sample-storage procedures and storage areas are consistent with industry
standards.
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12 DATA VERIFICATION
12.1 Wood Verifications (2009-2020)

Between 2009 and 2020, Wood conducted multiple reviews of the data available to support
Mineral Resource estimation.

Reviews were conducted at the end of June 2009, at the end of July 2010 (Long, 2010,

Reid, 2010b), and monthly audits were performed from September 2011 to December 2012.
In 2013, audits were conducted in March (Yennamani, 2013a)), August and October
(Yennamani, 2013b). An audit was conducted in March 2014 (Yennamani, 2014), and in
December 2015 (Spencer, 2015). In October 2016, an audit was conducted on the

Kakula drillholes (Spencer and Reid 2016), followed by an audit in May 2017 (Spencer, 2017),
January 2018 (Reid, 2018a) and December 2018 (Reid, 2018b). An audit in support of the
current resource update was completed in February 2020 (Reid, 2020).

Reviews included checking of collar co-ordinates, drill collar elevations and orientations,
downhole and collar survey data, geological and mineralisation logging, assay and specific
gravity data. No significant errors were noted that could affect Mineral Resource estimation.

12.2 Kamoa Acid Soluble Copper Determinations

In 2009, African Mining Consultants selected approximately 431 samples for ASCu analysis at
Ultra Trace; of these samples, 97 were also submitted to Genalysis for ASCu determination.
The ASCu results are consistent with mineralogical observations in the drill logs, with higher
average values of soluble copper where the observation indicates the presence of
weathering, chalcocite of probable supergene origin, or copper oxide minerals such as
malachite or cuprite. Chalcocite and other sulfides are partially leached by ASCu assay
procedures. The ratio of acid soluble to total copper is low (0.15 is typical) in well mineralised
samples (e.g. Cu >0.5%).

Genalysis leach results were substantially lower than the Ultra Trace results. The protocol at
Genalysis used a much higher ratio of sample to acid; this will slow the reaction kinetics, and
has possible wetting issues (depending upon the robustness of the agitation and the
tendency of the pulp to clump).

The greater excess of acid used in the Ultra Trace protocol will dissolve more partially soluble
minerals. Hence Ultra Trace assays will report a higher ASCu content than will Genalysis
assays, due to the differing methods.

12.3 QA/QC Review

As part of the data verification above, Wood reviewed the QA/QC data or QA/QC reports
to ensure the assay data were of sufficient quality to support Mineral Resource estimation.

Wood personnel conducted periodic reviews of the QA/QC data between 2009 and 2013.
Since 2013, QA/QC data have been reviewed by Mr. Dale Sketchley, P. Geo. of Acuity
Geoscience Ltd. with the exception of the 2014 check assays, which were reviewed by
Wood. QA/QC verification is summarised in Table 12.1.
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Table 12.1

QA /QC Verification

Review
Type

Duration

Comment

Screen
tests

2009-2013

Conducted by both the sample preparation facility on-site and by Ultra
Trace. The crusher output specification is 70% passing 2 mm (10 mesh).
Only 10 results from 4,446 tests were below the specification of 70%
passing 2 mm. The pulveriser output specification is 90% passing 75 pm
(200 mesh). A total of 760 results from 4,212 samples were below the
specification of 90% passing 75 um. A review of the samples submitted
for re-pulverisation shows results of over 90% passing 75 um were
achieved.

CRMs

2009-2013

Sample submissions included packets of CRMs purchased from
commercial vendors OREAS, AMIS and Geostats. The primary CRMs are
from OREAS and AMIS.

The overall relative bias for the OREAS and AMIS CRMs is within 5%, and
the assay accuracy is sufficient to support Mineral Resource estimation
at Kamoa.

Kamoa
check
assays

2009-2014

Check assays that were performed prior to 2010 indicated that
Genalysis Cu results are three relative percent to six relative percent
higher than Ultra Trace for the three samples with copper grades
greater than 15% Cu. This degree of disagreement is acceptable.
Subsequent to 2010, Kamoa check assays were submitted to ALS
Vancouver). The Cu check assay results agree within 5%, which is
acceptable.

Kamoa
duplicate
assays

2009-2013

Coarse-reject (i.e. a second split of crusher output) duplicates were
included in all submissions to Ultra Trace. Precision of these results
indicates that better precision could be achieved by improving the
crushing and splitting steps of sample preparation. A total of 90% of the
pulp duplicate pairs having Cu greater than 1,000 ppm agree within
10%. The assay precision is acceptable for Mineral Resource estimation.

Blanks

2009-2013

Results for 1,882 blank samples were reviewed. lvanhoe concluded that
the blank material has low concentrations of the target elements Cu
and Co (Carver, 2009a). Though the results indicate to Wood that there
is likely some carry over contamination of Cu at the sample preparation
facility, the amount of contamination is not sufficiently high as to
materially affect project assay results, and thus Wood considers that
there is no significant risk to the Mineral Resource estimate.

Kamoa

QA/QC

review

2014

lvanhoe submitted 13 CRMs, blanks, and coarse reject duplicates as
part of their QA/QC programme as summarised in Acuity (2014). Wood
concluded that coarse reject duplicate results indicate adequate
precision, blank samples do not indicate any sample contamination,
and CRM results do not indicate any biases greater than 5%.
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Review Duration Comment
Type

Up to 20 May 2017, lvanhoe submitted nine commercial and six matrix-
matched CRMs, blanks, and coarse reject duplicates. Subsequent to 20
May 2017, four commercial and six matrix-matched CRMs have been
submitted. QA/QC was reviewed by Acuity (2017, 2018a, 2018b, 2018c,
2018d). Wood concluded that coarse reject duplicate results indicate

Kakula adequate precision. Blank samples show indications of carry-over
QA/QC 2016-2018 contamination however, the values are extremely low and do not
Review indicate any sample contamination material to the resource estimation.

Review of data subsequent to May 2017 show marked decrease in
carry-over contamination. Between May 2017 to November 2018, all but
one Kakula CRM returned values well within the + 2SD tolerance limits.
The effect of this one failure on the overall quality of data is not material.
CRM results indicate biases much less than 5%.

Acuity assessed data from 121 drillholes at Kamoa up to 31 December
2019 (Acuity, 2020). The failure rate for CRMs and blanks inserted at the
project site was very low and the documented failures were adequately

(Kgir?(gg 2020 addressed by re-assaying. Duplicate data compare well indicating a
Review high degree of repeatability. 170 samples from the Kamoa North

Bonanza Zone were above 15% TCu. At these elevated grades, an
independent check assay is required. Sample selection for the check
assays is in progress.

A number of check assay programmes were conducted. In each case, samples were
selected to be representative of five copper grade populations based on natural breaks:
extreme >15%; main >6.5%; lower >2.5%; halo >1.0%; and background >0.25%. All samples
were submitted to ALS Vancouver, where they were subject to the same digestion method
as Bureau Veritas. ALS Vancouver used a sodium peroxide fusion.

The initial programme consisted of a set of 196 representative routine samples from

50 drillholes completed between June 2009 and August 2016. A total of 20 matrix-matched
CRMs, 15 blanks, and 10 pulp duplicates was inserted with an emphasis on matching grades
and placing blanks after higher values.

A total of 277 samples was selected from 73 Kakula drillholes completed between
August 2016 and May 2017 (Acuity, 2018a). A total of 20 matrix-matched CRMs, 15 blanks,
and 10 pulp duplicates were inserted.

A total of 356 samples were selected from 130 drillholes completed at Kakula between
May 2017 and January 2018 (Acuity, 2018c). A total 25 matrix-matched CRMs, 15 blanks,
and 10 pulp duplicates were inserted with an emphasis on matching grades and placing
blanks after higher values.

The check sample assay programmes conducted by ALS Vancouver laboratory validated

the original Bureau Veritas copper assays within a normally-expected range of laboratory
variations.
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12.4 On-Site Visits

The Wood QPs visited the Project as outlined in Section 2.4. Table 12.2 summarises the data
validation and checks performed during the site visits.

Table 12.2 On-Site Data Verification

Review Type Dates Comment
2009, 2010, Used a hand-held GPS unit to check selected field drill collar
Field drill and 2011, locations. No errors were noted in the collar surveys, and all
collar check 2012, 2016, results were within the error margin of a hand-held GPS.
2017, 2020
2009. 2010 Logging details were noted, in general, to match the features
. ’ ’ that Wood staff, including the Wood QP, observed in the
Drill core 2011, 2012, . . e ) ) ) .
inspection 2016. 2018 inspected cores. The identification of lithological units, alteration
P 2(‘)20 ’ and sulfide mineralogy was considered by the Wood QPs to be
appropriate to provide support for resource modelling.
Sample The sample preparation facilities operated by African Mining
preparation 2009, 2010 Consultants in Kolwezi and supervised by Richard Carver were
facilities inspected. No material issues were noted.
Sample Inspected the Kamoa-site sample preparation facility. No
reparation 2011, 2012, material issues were noted
prepare 2016, 2017 '
facilities
Underaround Inspected underground connection drives at Kakula that have
. gro 2020 exposed the basal siltstone and chalcocite-dominant
inspection ) o
mineralisation.

12.5 Copper Grade Witness Sampling

Wood conducted copper grade witness sampling in 2009, 2010, 2011, 2012, 2016, and 2017.
The results of these check programmes are provided in Table 12.3.
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Table 12.3 Copper Grade Witness Sampling

Date Number of Samples Laboratory Comment

2009 21 half-core sample SGS Lakefield, The correlation between the
intervals from Kamoa were Canada. ISO laboratories was good. The ratio
re-sawn, and quarter-core 17025-certified; of the mean Ultra Trace to SGS
samples taken. Submission independent of assays for Cu was 1.01.
included CRMs and blanks lvanhoe

2010 22 half-core sample The correlation between
intervals from Kamoa were laboratories was found to be
re-sawn, and quarter-core ALS Vancouver good. The ratios of Ultra Trace to
samples taken. Submission ALS were 1.06 and 1.07 for Cu
included CRMs and blanks and ASCu respectively.

2011 (Feb) 11 half-core sample Assayed for total copper and
intervals from Kamoa were minor elements. These results from
re-sawn, and quarter-core Ultra Trace Ultra Trace were compared to
samples taken. Submission the original Ultra Trace results,
included CRMs and blanks and found to be acceptable.

2011 Eight half-core sample Comparable to the original Ultra

(Nov) intervals from Kamoa were Trace results; Wood’s Cu results
re-sawn, and quarter-core Ultra Trace were 4% lower than the original
samples taken. Submission assays, while the ASCu results
included CRMs and blanks were 2% higher.

2012 11 half-core sample Ultra Trace’s check sample results
intervals from Kamoa were averaged 10% lower than the
re-sawn, and quarter-core Ultra Trace original Ultra Trace assays.
samples taken. Submission
included CRMs and blanks

2016 Four half-core sample Confirmed the presence of
intervals from Kakula were copper mineralisation.
re-sawn, and quarter-core Bureau Veritas
samples taken. Submission
included CRMs and blanks

2017 20 half-core sample The check sampling showed
intervals from Kakula were good correlation with the original
re-sawn, and quarter-core Bureau Veritas assays and a ratio of
samples taken. Submission check/original of 1.02 for total
included CRMs and blanks copper.

12.6 Comments of Section 12

The Wood QP considers that the data verification programmes undertaken on the core
data collected from the Kamoa and Kakula deposits support the geological interpretations,
and the analytical and database quality.

Therefore, the collected data can support Mineral Resource and Mineral Reserve estimation
at Kamoa and at Kakula.
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13 MINERAL PROCESSING AND METALLURGICAL TESTING
13.1 Testwork Overview

The Kamoa (Kamoa/Kansoko) resource has a long history of metallurgical testwork (2010 to
2015) undertaken by various parties, which focussed 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 discovered the Kakula deposit, which has significantly higher
copper head grades, compared to the Kamoa deposit. Metallurgical testwork on the
Kakula deposit was initiated in 2016 with most of the subsequent focus since 2016 on the
Kakula deposit.

This report provides a summary of the historical testwork completed on the Kamoa deposit
for the Kamoa prefeasibility study and development of the IFS4a flow sheet. The
metallurgical testwork conducted on Kakula material for the Kakula prefeasibility and
feasibility studies is described in detail.

13.1.1 Metallurgical Testwork on the Kamoa Resource

Between 2010-2015 a series of metallurgical testwork programmes, defined as Phases 1-5,
were completed on Kamoa drill core sample and focussed 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 provided 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 Kamoa 2017 PFS, the
Phase 6 samples were selected and the associated metallurgical evaluation was
conducted during 2014 and 2015 at Xstrata Process Support (XPS) Laboratories. The Phase 6
samples best represent ores to be processed according to the early years of the Kansoko
PFS mine schedule. Itis 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 Kansoko, specifically tailored to the
fine-grained nature of the material.

13.1.2 Preliminary Metallurgical Testwork on Kakula Resource

The initial mineralogical and flotation testwork on the Kakula resource was conducted
during 2016-2017, 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
3.96-8.19%.
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Mineralogical work conducted by XPS in September 2016 indicated that the main Cu sulfide
mineral in the Kakula samples was chalcocite, with minor amounts of bornite and covellite.
Trace amounts of chalcopyrite was detected with very low amounts of oxides. The Kakula
sample was significantly higher in feldspar when compared to the Kamoa Phase 6 sample,
but lower in quartz, chlorite and mica. The average grain size of the Kakula composite 1
sample was slightly coarser than the Kamoa Phase 6 sample. The Kakula composite 3
however had a finer grain size, showing variation in the Kakula material grain sizes.

The initial flotation testwork was performed by Zijin on core samples DD996 and DD998, as
well as a composite sample of these cores (flotation composite sample 1). The flow sheet
used for testing was a modified version of the IFS4a flow sheet referred to as IFS4b (IFS4a flow
sheet with self-induced air addition). The composite sample achieved a copper recovery of
85.7% at a concentrate grade of 52.8% Cu. Following the successful testing of the flotation
composite 1 sample, new samples DD1005 and DD1007 (flotation composite 2), were tested
by Zijin in September 2016; to verify metallurgical characteristics of higher grade samples
and to reconfirm if the Kakula material was compatible with the IFS4b flow sheet. A copper
recovery of 85.0% at a concentrate grade of 55.6% Cu was achieved.

In September 2016, more drill cores DD1012 and DD1036 (flotation composite 3), were tested
by XPS to verify metallurgical characteristics of a higher grade sample and to reconfirm that
the material was compatible with the IFS4c flow sheet (IFS4b flow sheet with adjustments of
collector addition to cater for higher Cu in the sample). The flotation composite sample 3
achieved a copper recovery of 87.8% at a concentrate grade of 56.0% Cul.

13.1.3 Detailed Metallurgical Testwork on Kakula Resource

Following the successful preliminary testing of the Kakula samples, additional drill core
material was tested as part of the 2017-2018 Kakula PFS testwork campaign, which focussed
on flow sheet optimisation as part of the Kakula PFS. Testwork completed during 2017-2018
included various mineralogical studies, comminution parameter testing, flotation flow sheet
optimisation, HPGR testwork, concentrate and tailings thickening and filtration testing, bulk
material flow testwork, comminution variability testwork, as well as flotation variability
testwork.

Mineralogy studies by XPS indicated that both Kakula ore samples (2016 and 2017) tested
were chalcocite rich. The PFS composite sample had higher levels of bornite and
chalcopyrite compared to the 2016 flotation composite 3 sample. The main gangue
minerals were quartz, feldspar, micas and chlorite. The average grain size of the Cu sulfide
minerals in the Kakula PFS composite sample was finer than the Kamoa Phase 6 sample and
consistent with the 2017 flotation composite 3 sample.
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During 2017 and 2018, Mintek performed comminution characterisation testwork as well as
preliminary variability testwork on Kakula diamictite and siltstone samples from four and six
different drill cores respectively. Composite samples of the diamictite footwall and siltstone
footwall were also tested. CWi values ranged from 9.8-13.5 kWh/t, characterising the
material as soft with regards to crushing energy requirements. The abrasion index values
ranged from 0.01-0.06 g with a single footwall sample measuring 0.32 g, demonstrating low
abrasion tendencies of the material. The BRWi values varied between 16.1 kWh/t and

24.9 kWh/t, grouping the material in the hard to very hard classes, while the BBWi testing
grouped all the samples in the very hard class with values averaging 18.2 kwh/t for the
diamictite samples, and 17.5 kWh/t for the siltstone samples. SMC testing also classified two
samples tested as very hard, with Axb values averaging 23.0, indicating that the material
was highly competent and not amenable to Semi and/or fully Autogenous Milling. The
Kakula PFS samples tested had similar competency compared to the Kamoa Phase 6
material.

HPGR scoping and pilot plant testwork was conducted at ThyssenKrupp between

March 2018-October 2018 on diamictite and sandstone samples to determine key design
parameters. The ATWAL abrasiveness test confirmed the low tendency to abrasiveness. The
average SMALLWALL specific throughput was 285 ts/h.m3 at 3.0% feed moisture and a
specific grinding force of 2.5 N/mmaz. It was noted that an increase in specific grinding force
leads to a decrease in throughput - increasing the specific grinding force to 3.5 N/mm?2
resulted in a 9% decrease in throughput to 273 ts/h.m3. Higher grinding forces resulted in
higher power draw - the specific energy requirement increased from 1.8 kWh/t to 2.25 kWh/t
when increasing the specific grinding force from 2.5 N/mm2 to 3.5 N/mmz2. The effect of
increased moisture content was worse on the diamictite sample — an increase in moisture
from 3.0% to 5.0% resulted in a throughput reduction from 287 ts/h.m3 to 267 ts/h.m3 on the
diamictite sample, compared to a drop from 287 ts/h.m3 to 276 ts/h.m3 for the sandstone
sample. The effect of increased moisture content did not have any impact on the fineness
of the products produced. The effect of pre-screening the fines fraction from the HPGR feed
resulted in lower specific throughputs — 263 ts/h.m3 for the diamictite sample and 244 ts/h.m3
for the sandstone sample. The fineness of the products produced were similar for the two
samples tested.

Mintek further conducted BBWi and grindmill testing on HPGR crushed material. A grindmill
test is a batch milling test used to determine breakage and selection function parameters to
aid in mill design. The BBWi, at a 75 um closing screen, for the HPGR crushed ore, was
measured at 15.8 kWh/t for the diamictite sample and 16.9 kwWh/t for the sandstone sample,
which was between 5-8% lower compared to conventionally crushed material.

Bulk material flow testing was conducted by GreenTechnical in April 2018 to facilitate with
material handling designs.
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XPS conducted work on the Kakula material, to further optimise the IFS4c flow sheet,
following the successful results obtained during the preliminary work. Ten drill core samples
were composited to form the Kakula PFS development master composite at 6.13% Cu. The
scope of work included the baselining of the final grind target against the Kamoa Phase 6
IFS4c flow sheet, assessment of primary grind, and optimisation of pulp densities, reagents
and reagent additions, regrind circuit, and low entrainment (dilute) cleaning. The final grind
target remained at 80% passing 53 pm, as per IFS4c, however, modification was made to the
air addition method from self-induced to forced air. Further, the rougher flotation feed
density was increased without impacting on recoveries. Moving of the concentrate regrind
step from the scavenger cleaner feed to the scavenger recleaner feed, reduced the mass
reporting to the regrind circuit. A small increase in collector addition, to the scavenger
recleaner stage, together with an increase in scavenger recleaner residence time, was
needed to maintain recleaner recovery kinetics, as well as. Low entrainment cleaning
resulted in better selectivity of copper over silica in the concentrate products. The resultant
Kakula flow sheet achieved a final recovery of 85.6% Cu, while producing a concentrate
product of 57.3% Cu and 12.6% SiO2. This recovery is similar to the recovery achieved using
the IFS4c flow sheet, however, an improvement in the Cu and SiO2 grades were made.

Concentrate thickening testwork on a Kakula PFS final concentrate composite sample was
conducted during July 2018, at the Outotec Testing Facility in Sudbury, to determine the
optimum thickener design and operating parameters. Bench-top dynamic thickening tests
indicated that an underflow solids concentration of 72.5% could be obtained from a solids
flux rate of 0.25 t/m2h. Following the thickening testwork, Outotec conducted testwork to
determine the suitability of the Larox Pressure Filter and Fast Filter Press technology for
dewatering of the material. This testwork indicated that the concentrate product could be
successfully dewatered to within the targeted moisture of 8%, at high solid flux rates.

Tailings settling, rheology and pressure filtration work was conducted by SGS Canada, in
June 2018, to determine the optimum thickener design and operating parameters.
Flocculant scoping tests indicated that the Kakula PFS sample required sequential dosing of
BASF Magnafloc 380 followed by BASF Magnafloc 10. Results indicated that the tailings
sample could be thickened to 59% solids w/w at a thickening area of 0.22 m2/ (t/d). The
rheology work characterised the sample as a Bingham plastic with a CSD of 58.5% solids
(w/w) which corresponded to a yield stress of 42 Pa under un-sheared conditions, and 18 Pa
under sheared conditions.

13.1.4 Kakula Flotation Variability Testwork

Following the Kakula PFS testwork campaign, XPS conducted flotation variability testwork on
the individual drill core samples from which the PFS master composite sample was
constituted.

The samples tested varied from 2.6-9.2% Cu, with sulfur grades generally increasing with
increasing Cu grades. Fe, MgO, and Al2Os values were relatively constant over the range of
samples, averaging 5.0%, 4.0% and 13.5% respectively. The highest arsenic value measured
was 0.003% with the majority of the samples reported as below the instrument detection limit
of 0.001%.
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The mineralogical study indicated that the Kakula material is significantly higher in feldspar,
compared to Kamoa Phase 6 sample. A varying carbonate content over the samples were
noted. Chalcocite remained the main Cu minerals in all samples, with varying ratios of
chalcocite, bornite, and chalcopyrite across the samples. A single sample displayed
elevated levels of chalcopyrite. Sample DD1075W1 was the only sample with higher levels of
poor-floating Azurite detected and showed the lowest entitlement of sulfide Cu at 86%.

The Cu sulfide minerals that were free and liberated in the samples were low at
approximately 50%. This is consistent with expectations, given the fine grained nature of the
sulfides. The average Cu sulfide grain sizes varied significantly from 8-20 um across the
samples tested.

Results from the flotation testwork indicated that the chalcocite rich samples produced
similar results with Cu recoveries over 80% and SiO2 grades below 10%. The sample rich in
chalcopyrite only achieved an average grade of 47% Cu product at 81% Cu recovery, and
high SiO2 at 13.8%. Sample DD1075W1 was elevated in non-sulfide Cu and achieved the
lowest Cu recovery at 64.7%.

Overall, the samples tested across the Kakula deposit performed relatively consistently, on
the Kakula flow sheet. The Cu mineralogy is variable and ratios between chalcocite, bornite,
chalcopyrite and non-sulfide Cu are not consistent across the Kakula ore body. This
variability in mineralogy resulted in changes of final concentrate grade and froth
characteristics.

No correlation was noted between Cu feed grade and final Cu recovery but did impact on
the final mass pull to the product. It was observed that higher proportions of Cu were
recovered in the scavenger cleaner circuit as the head grade increased. The lower feed
grade samples presented poorer frothing characteristics, while the higher grade samples
benefited from longer retention times in the scavenger cleaner circuit. Given this, blending
of feed material to a feed grade from 4% to 6% Cu will be beneficial for operability.

13.1.5 Additional Metallurgical Testwork on Kakula Resource
Following the completion of the prefeasibility study, further testwork was initiated in
March 2019 as part of the feasibility study, and consisted of:
« A mini-pilot plant campaign including Jameson Cell testwork, conducted by XPS.
« Desliming cyclone testwork, conducted by Multotec, South Africa.
« Flocculant screening testwork, conducted by ChemQuest, South Africa.

« Various slimes and full tailings settling testwork, conducted by Outotec, Paterson &
Cooke, and Andritz.

« Concentrate regrind hydro cyclone and signature plot testwork, conducted by Grinding
Solutions.

« Flotation tests utilising underground mine water, conducted by XPS.
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Mineralogical assessment on the MPP sample indicated that the sample’s mineralogy was
similar to the PFS development composite sample and contained 12% Cu sulfide which
consisted mainly of chalcocite (89%) and bornite (8.8%).

Duplicate open circuit cleaner tests were performed to baseline the MPP composite against
the PFS flow sheet without any modification to reagent dosages, which reported a rougher
grade and recovery in line with the PFS results, however, the scavenger cleaner circuit
reported higher Cu losses. The final concentrate Cu recovery was noted as 79.6% at 64.3%
Cu and 8.9% SiO2. Another open circuit cleaner test was conducted during which the
reagent dosage was increased to cater for the higher sample head grade. The adjustment
in reagent dosing resulted in a final recovery of 85.6% Cu at a final product grade of 57.3%
and 14.9% SiOz.

A single locked cycle test was conducted to determine the effect of recirculating the
scavenger recleaner tailings back to the scavenger cleaner. The circuit reached and
maintained stability quickly once the recirculating loads were established. A total recovery
of 82.2% Cu, at a final product grade of 63.6% Cu and 9.9% SiO2 was recorded. Cu lost to the
rougher/scavenger tailings was noted as 8%, and in line with the open circuit tests. The Cu
losses to the scavenger cleaner tailings was slightly lower compared to the open circuit test
(9.8% compared to 11.5%). Overall, the locked cycle test increased the Cu recovery by 2.6%,
compared to the open circuit tests, at an increase of 1% SiO2 grade in the final product.

Rougher concentrate product produced during the third MPP run was used to demonstrate
the scale up of the low entrainment cleaning during bench scale testing, to the
performance using a pilot Jameson Cell unit. The high-grade cleaner Jameson cell test
compared well against the benchmark set in the open circuit tests. This single test indicated
that the single stage Jameson cell performance will be able to match the results produced
in the three stage bench scale dilute cleaning tests. A further Jameson cell test was
conducted on scavenger cleaner concentrate product to investigate the need for
concentrate regrind and scaling of the Jameson cell. The scavenger re-cleaner Jameson
cell upgraded cleaner scavenger concentrate — not subjected to regrinding — from 18.1%
Cu to 31.9% Cu, recovering just under 90% of the Cu. The first increment of concentrate
achieved a 48.7% Cu grade. It was noted that the Jameson cell run without regrind
matched the open circuit test which excluded the regrind step. Further, the exclusion of the
regrind step resulted in a much lower product grade and recovery. It is not recommended
to process the Kakula material without the regrind step.

During the flocculant screening and tailing thickening campaigns, it was noted that a
tailings thickening circuit, designed at a flux of 0.42 t/h/m2 could produce an underflow
product of 57% solids (w/w) when dosing 30 g/t SNF 45 VHM and 60 g/t SNF 910 SH, with an
overflow clarity of <100 mg/Il. Dosing of a coagulant is required to maintain a clear overflow
product.

The signature plot testwork reported an energy requirement of 20.14 kwh/t for the regrind
step to achieve a combined product of Pgo 10 pm.

The open circuit flotation testing utilising tap water and mine water yielded similar Cu
recovery and grades.
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13.1.6 Metallurgical Testwork on Kakula West Material

A single Kakula West sample grading 3.17% Cu was subjected to mineralogy and flotation
testing at XPS in 2018. The main Cu mineral in the Kakula West material was chalcocite,
followed by chalcopyrite and smaller amounts of bornite. The sample hosted higher levels of
chalcopyrite than the Kakula PFS sample, with similar levels of chlorites, quartz, and mica.
The Kakula West sample showed slightly lower feldspar levels when compared to the Kakula
sample, but with higher carbonates. The average grain size of the Kakula West Cu sulfide
minerals was noted as similar to the Kamoa Phase 6 sample - slightly coarser than the
Kakula PFS sample tested.

The Kakula West sample was tested in duplicate using the Kakula flow sheet and performed
well by achieving a final Cu recovery of 86.1% while producing a concentrate at 54% Cu
and 8.6% SiOz2. This indicates that the Kakula and Kakula West material can be treated in a
common concentrator circuit.

13.1.7 Kamoa Sample Performance on Kakula Flow Sheet

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 signhature plot composite sample achieved a final Cu recovery of 86.6%
while producing a concentrate at 36.2% Cu and 13.0% SiOz. This was poorer than the
sample’s performance on the IFS4a flow sheet which achieved 89.3% Cu recovery while
producing a product at 36.7% Cu and 9.1% SiO2. 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 concentrator to both.

13.2 Metallurgical Testwork on the Kamoa Resource

Between 2010-2015 a series of metallurgical testwork programmes were completed on drill
core samples of known Kamoa copper mineralisation. These investigations focussed on
metallurgical characterisation and flow sheet development for the processing of hypogene
and supergene copper mineralisation. Collectively this body of work culminated in the
derivation of a MF2 style concentrator flow sheet and performance predictions (cost and
concentrate production) as applied to support the PEA (2012).
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During this developmental period, the known area hosting mineralisation expanded
progressively, and this led to major changes to mine schedules and associated processing
schedules. As an example, over time, the supergene mineralisation became less dominant
and the testing focus shifted to hypogene mineralisation. Another example is that the
resource and reserve grades increased as better mineralised zones were identified. Such
learning and transitions are not uncommon for this style of mineralisation. The historic sample
selection and testwork, defined as Phases 1-5, provided the requisite 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 for the Kamoa 2017 PFS,
the Phase 6 samples were selected and the associated metallurgical evaluation was
conducted over 2014-2015 at Xstrata Process Support (XPS) Laboratories. The Phase 6
samples best represent ores to be processed in the early years (Year-1 to Year-15) of the
Kamoa PFS mine schedule, and the results will be summarised separately. Note however that
many of the Phase 2 and Phase 3 samples are relevant to the current Kamoa PFS mine
schedule.

A flow sheet was developed which was tailored to the fine-grained nature of the deposit.
The circuit relied on traditional milling to Pso of 53 um, followed by rougher and scavenger
flotation. The concentrate streams are treated separately. The rougher concentrate was
further upgraded in two cleaning stages to produce a first final concentrate stream.
Scavenger concentrate, rougher cleaner and rougher re-cleaner streams were combined
and ground further, to Pso of 10 um, in a regrind circuit. The regrind mill product was
upgraded in two scavenger cleaning stages to produce a second final concentrate stream.
The final concentrate stream is a combination of the rougher re-cleaner and scavenger re-
cleaner concentrate streams. The final tailings stream is a combination of scavenger rougher
tails, scavenger cleaner and scavenger re-cleaner tails streams. This flow sheet was
confirmed as the final flow sheet for Kansoko (Kamoa) and referred to as IFS4a. A summary
of the historic testwork record prior to 2014 follows.

13.2.1 Testwork Phase Definitions

The testwork programme were conducted primarily as comminution and flotation streams,
and QEMScan mineralogical work was conducted to support the tests. The laboratories
utilised and timing of these streams, within the five historical testwork phases, are shown in
Table 13.1.
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Table 13.1 Kamoa Historical Metallurgical Testwork

Phase Study Comminution Flotation Mineralogy Period Comment
. . SGS 2010-
1 Concept Mintek Mintek Johannesburg 2011 Grab Samples
2 SS/PEA Mintek Mintek/XPS XPS 2011~ | Representative
2012 Composites
2012- .
3 SS - XPS XPS 5013 Composites
4 SS Mintek XPS XPS 2013 Open Pit
. . 2013- Preliminary
5 SS/PFS Mintek XPS/Mintek XPS 2014 Variability

13.2.2 Kamoa Metallurgical Sample Locations

The drillhole locations that provided the historical Kamoa Phase 1-5 metallurgical samples.
Many of the phase samples are localised to distinct parts of the deposit, as it is now known,
an indication of the evolving mine schedules. The locations of Phase 1-5 samples only are
shown in Figure 13.1.

A number of the Phase 2 samples holes and a minority of the Phase 3 sample holes are in the
region of the Phase 6 PFS samples. As comminution testing was carried out by area, in

Phase 2, some useful information for the PFS was generated at the time. No comminution
testing was conducted on Phase 3 samples, which were used for flotation flow sheet
development work at XPS. Three out of five Phase 5 sample holes are co-located with the
area from which the Phase 6 samples were collected. Therefore, some Phase 5 results are
applicable to the PFS design. Note that there were six samples tested in Phase 5 given that
separate hanging wall and footwall samples were sourced and subjected to testing.
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Kamoa Metallurgical Sample Locations

Figure 13.1
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13.2.3 Kamoa Comminution Testwork

The Phase 1-5 Kamoa comminution test programme is summarised in Table 13.2.

Table 13.2 Comminution Programme, Sample Numbers Tested
Bench Scale Comminution Testwork Phase 1 Phase 2 Phase 4 Phase 5
1 SMC test 3 samples 8 samples 6 samples 6 samples
2 BRWI at 1180 um 3 samples 6 samples 1 sample 6 samples
at 212 um - - - 1 sample
at 106 um 3 samples 8 samples 6 samples 6 samples
3 BBWI
at 75 um 3 samples - - -
at 53 um - - 6 samples 6 samples
4 Ai 1 sample 8 samples 6 samples 6 samples
5 Cwi - - 6 samples 6 samples

13.2.3.1 Competence (SMC Test) Summary

The SMC test provides measures of rock competence and grindability and is typically used
for design of crushing and milling circuits, including AG/SAG milling. The range of Axb values
determined on samples of various rock classes at each test phase are compared in

Table 13.3.

Table 13.3 SMC Test Results as Axb Value Range
Phase Diamictites Oxide Pyritic Siltstone Sandstone
(Hypogene, (mineralised and (unmineralised,

Supergene and unmineralised, footwall)
unmineralised) hanging wall)

1 37-38 - 29 -

2 22-31 - 21-22 25

4 - 44-58 - -

5 17-28 - 28 30

The lower the Axb value, the harder (more competent) is the sample. Axb values below 30
indicate the sample has very high to extreme competence. Samples in the range 30-40 are
considered to have a high competence, whilst samples with a value above 40 have a
medium competence. For reference, as no historical Kamoa samples exhibited values this
high, samples with Axb values above 100 are considered incompetent.
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The Phase 1 samples were taken from near-surface fresh rock and exhibited competence
levels in the high range (diamictites) and at the “soft” end of the extreme range (hanging
wall, typically pyritic siltstone). Samples from deeper in the deposit tested during Phase 2
were almost all in the extreme competence range. A reported value of Axb =17 is amongst
the most competent materials measured by the SMC method. The Phase 5 results, therefore,
confirm the extreme competent nature of the Kamoa mineralisation (diamictites) at depth.

The samples tested in Phase 4 were selected because they represented likely open cut
starter pits and represent shallow and oxidised or partially oxidised mineralised zones. All
these samples fall into the medium competence range.

13.2.3.2 Fine Grindability Summary

The Bond Ball Mill Work Index test (BBWI) measures how difficult the sample is to grind from
approximately 3 mm down to 100 um. The index itself is a measure of the energy (kWh/t)
required to reduce the rock from infinite size to 100 um Pso.

The range of BBWI values determined on samples of various rock classes at each test phase
are compared in Table 13.4. Some samples exhibit different BBWI values depending on the
closing screen used in the BBWI test. Where such comparative tests have been done, the
results are shown separately.
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Table 13.4 BBWI Test Results as kWh/t Value Range

Phase Diamictites Oxide Pyritic Siltstone (mineralised and Sandstone (footwall)
(Hypogene, Supergene and unmineralised) unmineralised, hanging wall)
Closing 212 106 75 53 106 53 106 75 53 106 53
Screen (um)
1 - 155 15.7 - - - 16.3 14.6 - - -
2 - 13-17 - - - - 17-20 - - 16 -
4 - - - - 11-13 11.5-14.0 - - - - -
5 20 14.5-22.0 - 13.5-21.0 - - 15.1 - 134 14.5 15.2
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The Phase 1 and 2 samples are consistent with respect to BBWI and display slightly harder
than average ball mill grindability. There is a suggestion in the Phase 2 samples that the
hanging wall pyritic siltstone is harder than the diamictites. However, this is not the case with
the Phase 5 samples. The footwall sandstone sample had similar grinding properties to the
diamictites. The oxidised samples were consistently softer than the fresh samples.

In terms of sensitivity to grind size, fresh diamictite showed none, pyritic siltstone showed a
reverse trend (i.e. softening as the grind size reduced) to that expected, and oxide showed
only a slight hardening trend.

13.2.3.3

Coarse Grindability Summary

The Bond Rod Mill Work Index test (BRWI) measures how difficult the sample is to grind from
approximately 12 mm down to 1 mm. Like the BBWI, the index itself is a measure of the

energy (kWh/t) required to reduce the rock from infinite size to 100 um Pso.

The range of BRWI values determined on samples of various rock classes at each test phase
are compared in Table 13.5.

Table 13.5 BRWI Test Results as kWh/t Value Range
Phase Diamictites Oxide Pyritic Siltstone Sandstone
(Hypogene, (mineralised and (unmineralised,

Supergene and unmineralised, footwall)
unmineralised) hanging wall)

1 17-19 - 205 -

2 17-20 - 24.0 20.0

4 - 14 - -

5 18-22 - 16.1 15.7

The Phase 1 and 2 diamictites are similar, as is the underlying sandstone. BRWI values in the
17-20 range are slightly higher than average and indicate moderate difficulty in grinding
particles in a rod mill. The Pyritic siltstone result in Phase 2 of 24 kWh/t indicates a hard to very
hard rod miling sample. The Phase 5 results show that some of the diamictite has very high
BRWI values, and some of the bordering waste has relatively low values.

As few modern circuits contemplate rod mills, the index is most useful in providing an
indication of how sensitive the ball mill will be to the presence of oversize particles in the
feed. With BRWI values of 20 kwh/t the ball mill feed top size should be limited to about

8 mm. As BRWI values up to 24 kWh/t were obtained, consideration should be given to
generating even finer mill feed (a top-size of eight or even 7 mm) in the feed crushing stage.
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13.2.34

Crushability Summary

The Bond Crushing Work Index test (CWI) measures how difficult particles in the 50-75 mm
range are to crush. The test does not target a product size and is complete when the
particle breaks, regardless of product size distribution. Like the BBWI, the index itself is a
measure of the energy (kWh/t) required to reduce the rock from infinite size to 100 pm Pso
using crushing. Note that although producing 100 pm Pso material by crushing is not
practical, the definition is necessary for consistent application of the Bond comminution

energy equation.

The range of CWI values determined on samples of various rock classes at each test phase
are compared in Table 13.6.

Table 13.6 CWI Test Results as kWh/t Value Range
Phase Diamictites Oxide Pyritic Siltstone Sandstone
(Hypogene, (mineralised and (unmineralised,

Supergene and unmineralised, footwall)
unmineralised) hanging wall)

1 — — — _

2 — — - —

4 - 8-12 - -

5 9-20 - 16.4 9.4

The crusher work indices for shallow open pit samples are significantly lower than the deeper
fresh samples, as expected. The average CWI for oxide samples was only 10.3 kWh/t while
the diamictites averaged 15.9 kWh/t. It is notable that two of the four diamictite samples
were above 18 kWh/t.

13.2.3.5

Abrasiveness Summary

The Bond Abrasion Index test (Ai) measures how abrasive the sample is when it is in contact
with steel. The Ai value is used to estimate consumption of steel grinding media and wear on
liners of mills and crushers.

The range of Ai values determined on samples of various rock classes at each test phase are
compared in Table 13.7.
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Table 13.7 Ai Test Results Value Range
Phase Diamictites Oxide Pyritic Siltstone Sandstone
(Hypogene, (mineralised and (unmineralised,

Supergene and unmineralised, footwall)
unmineralised) hanging wall)

1 0.14 - - -

2 0.06-0.18 - 0.04-0.05 0.38

4 - 0.01-0.05 - -

5 0.04-0.27 - 0.15 0.08

The diamictites and the pyritic siltstone typically have Ai values less than 0.15 and all are
below 0.25. These results indicate very low to low abrasiveness. The oxides also have low
abrasion indices. The only sample with a high level of abrasiveness was sandstone.

13.2.3.6

Comminution Characterisation Summary

The four comminution properties measured are summarised in Table 13.8.

Table 13.8 Comminution Summary by Mineralisation Type
Phase Diamictites Oxide Pyritic Siltstone Sandstone
(Hypogene, (mineralised and (unmineralised,
Supergene and unmineralised, footwall)
unmineralised) hanging wall)
Competence Very High to Moderate Extreme Very High
extreme
Crushability Hard Medium Hard Medium-Soft
Grindability - fine Hard Soft Hard Hard
Grindability - Hard Soft Very Hard Hard
Coarse
Abrasiveness Low Low Low High

The high to extreme competence values means that Kamoa mineralisation is not amenable
to SAG or AG milling and that crushing is the preferred coarse particle breakage
mechanism. The grindability levels are suitable for conventional ball milling, and the BRWI
values indicate an 8 mm ball mill feed top-size is preferred.

The favourable abrasiveness values in mineralised material mean the ball and liner
consumptions will be low. Due care should however be taken to minimise dilution via the
abrasive footwall sandstone.
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13.2.4 Kamoa Flotation Testwork
13.2.4.1 Phase 1 (2010) — Mintek Laboratories South Africa

Mintek’s Phase 1 programme was performed on drill core samples from the Kamoa Sud area
of the deposit, and the tests, the first on Kamoa mineralisation, were designed to confirm
amenability of the copper sulfide mineralisation to recovery by flotation. Samples were
selected to represent what were the three important mineralised material types at the time.
These included Hypogene, Supergene and intervals where both Supergene and Hypogene
were present (Mixed). All samples were taken from a relatively shallow location close to the
southern edge of the Kamoa Dome that had been extensively driled and represented the
most significant resource area in late 2009. Sample selections were made from core already
drilled, logged, crushed, and sub-sampled for assay. Drillhole collar locations for the drilling
used in metallurgical sampling are included in Figure 13.1.

The samples were subjected to some basic bench scale testing including grinding, rougher
flotation, concentrate and tailings regrind and cleaner flotation optimisation. The separation
work was supported by chemical and mineralogical analyses.

This Phase 1 flotation programme indicated:

« The mineralisation was amenable to treatment by conventional sulfide flotation, but with
the provision that a significant amount of regrinding is required. Flotation recoveries were
lower than typical Copperbelt ores due to a non-floating copper sulfide population
locked in silicates at sulfide phase sizes of 10 um or finer.

- The economic copper minerals identified include chalcopyrite, bornite, and chalcocite.

« Copper concentrate of greater than 25% Cu was achievable for both the Supergene
and Hypogene mineralisation types tested.

« A MF2 rougher flotation scheme achieved slightly higher recoveries than a typical mill
float (MF1) arrangement.

« Cleaning of concentrates after dual regrinding to 20-30 um resulted in concentrate
grades in excess of 30%, but at only modest recoveries, with the best overall result being
32% copper at 73% recovery.

« A batch testing flow sheet (Figure 13.2), which included a second stage of regrinding on
middlings streams, was proposed as the go forward flow sheet concept.
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Figure 13.2 MF2 Dual Regrind Circuit Flow Sheet
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Image courtesy of Mintek, 2010.

13.2.4.2 Phase 2 (2010-2011) Mintek Laboratories South Africa and Xstrata Process
Support (XPS) Laboratories in Canada

The resource definition drilling had advanced since the commencement of the Phase 1
work to the extent that the Kamoa mineralisation had expanded considerably by mid-2010.
New samples were sourced from a range of locations with the aim of assessing comminution
properties (and their natural variability) and to ascertain the robustness of the conceptual
flotation flow sheet.

The flotation tests continued in development mode, on composite samples, and employed
a relatively simple “MF2” flow sheet milling to 80% passing 75 um, followed by rougher
flotation and two stages of concentrate cleaning. The rougher tails were then reground and
subjected to a scavenger flotation stage.

Phase 2 testing showed the:

« Mineralisation tested from other zones of the Kamoa deposit responded in a similar way
to the Phase 1 samples, confirming that the flow sheet development direction was
appropriate.

« Astrong inverse relationship was found between oxide copper content and ultimate
copper flotation recovery.
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- The low Hypogene concentrate grades confirmed that additional regrinding is necessary
to achieve target.

« Copperrecoveries to re-cleaner concentrate averaged only 66% for the supergene
samples and 81% for the Hypogene. Concentrate grades for the supergene averaged
32% copper, but the hypogene concentrate grade was significantly lower at
17% copper.

« Although significantly different copper concentrate grades were achievable for bornite
or chalcopyrite rich hypogene material (in line with sulfide stoichiometry), similar overall
copper recoveries were indicated.

The Phase 2 results provided a copper grade and recovery improvement to the Phase 1
result achieved with the same Master Composite, confirming both the appropriateness of
the flow sheet concept and the potential for further improvement with continued testing.

13.2.4.3 Phases 2 and 3 (2011-2013) - Xstrata Process Support (XPS) Laboratories in
Canada

Flotation testing for Phase 2 and Phase 3 was moved to XPS Laboratories in Sudbury Canada
during 2011.

A testwork programme was performed on drill core samples from all major areas of the
expanded resource, namely, Kamoa Sud, Kansoko Sud, Kansoko Centrale and Kansoko
Nord. Samples were also taken from Kamoa Ouest; however, this area did not form part of
the Kamoa 2017 PFS mine plan. Composites from the Mintek Phase 2 programme were
supplied to XPS to conduct comparative testing.

The composite samples were sized and subjected to mineralogical analysis using QEMScan.
Parallel chemical assays were performed on the size fractions to confirm the quantitative
nature of the mineralogical analysis.

Flow sheet development and optimisation testing continued during this phase. A flow sheet
known as the “Milestone Flow sheet” (Figure 13.3) was developed in Phase 2 that was
tailored to selective recovery of the finer grained sulfide component. Similar to Mintek, the
circuit relied on a mill-float-mill-float (MF2) approach to partially liberate particles, followed
by fine regrinding of concentrates to achieve a concentrate grade suitable for smelting.
Separate treatment of the primary and secondary rougher concentrates allowed for
separately optimised cleaner flotation for coarse (fast) and fine (slow) floating minerals.

The reagent suite for the Milestone flow sheet primary consisted of a 64:36 mixture of
Sodium Isobutyl Xanthate (SIBX) and dithiophosphate (Cytec 3477) added to the primary
and secondary roughers, as well as the cleaners. Niche reagents Cytec 3894 and

Cytec 5100 were added to the regrind mills to improve selectivity in the cleaners.
Dowfroth 250 was used as the frother, and mild steel balls were used in the laboratory mills.
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Figure 13.3 The Milestone Flow Sheet
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Figure by Hatch, 2013.

The Milestone flow sheet was tested on various composites from across the resource and
was able to achieve a copper recovery of 85.4% at a copper grade of 32.8% for hypogene
material, and a copper recovery of 83.2% at a copper grade of 45.1% for supergene
material.

In the first half of 2013 Phase 3 commenced, and the focus of development work shifted
towards a reduction in the silica content of the final concentrate, in order to produce a
higher quality concentrate for smelting. The ratio of SIBX to 3477 was adjusted to 85:15 to
reduce silica entrainment, and the grinding media was changed to stainless steel rods in
order to better simulate closed circuit ball milling with high chrome media. These changes
resulted in an improvement in both the copper recovery and grade, and a reduction in
silica from 19% to 13%.

The definitive flow sheet from this work stage was termed the “Frozen flow sheet” by XPS and
is shown in Figure 13.4.
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Figure 13.4  XPS Frozen Flow Sheet
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This Phase 3 testwork programme indicated:

« Although significant differences were apparent in the copper mineralisation, the samples
are relatively similar in terms of gangue mineralisation. The gangue minerals were
dominated by orthoclase, muscovite, quartz and chlorite.

- The Supergene and Hypogene materials include a fine-grained sulfide component with
more than 40% of the copper sulfide minerals having a grain size of less than 10 um.
Evidence of fine locked sulfides in silicate gangue within scavenger tails was also
confirmed by QEMScan analysis.

« Chalcocite exhibits poorer liberation than chalcopyrite and bornite, which can lead to
chalcocite losses in the scavenger tails and lower recoveries in the Supergene
mineralisation. However, chalcocite is often found in close association with chalcopyrite
rather than gangue minerals, so that ‘unliberated’ chalcocite can be recovered with the
other copper sulfide minerals in some cases.

« Small amounts of pyrite (3.4% and 1.3% respectively) were noted in the Hypogene and
Supergene composite samples. The pyrite content was determined to have been mostly
contributed from samples in the Kamoa Ouest area. This pyrite content was noted to
cause acidic flotation conditions which negatively affected metallurgical performance if
high chrome grinding media were not used, or if a pH modifier was not added.
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- In terms of copper mineralisation, the Hypogene samples tested were dominated by
chalcopyrite and bornite with relatively small amounts of non-floatable azurite (<4%). In
contrast, the Supergene samples tested were dominated by chalcocite and bornite and
contained a larger amount of non-floatable azurite (+10%). This non-floatable azurite is
partly responsible for the lower recoveries observed for Supergene mineralisation.

« No significant non-sulfide sulfur minerals were identified in the Supergene or Hypogene
samples such that total sulfur analysis could reasonably be assumed to be equivalent to
the sulfide sulfur analysis.

« Other thansilica, there are no penalty elements present that reach problematic levels in
the concentrate.

« Hanging wall and footwall material when mixed with the main mineralised material
tended to impact concentrate quality by dilution with silica.

13.2.4.4 Phase 4 XPS Flotation Testing

The Phase 4 samples were selected from drill cores emanating from proposed open pit areas
close to the Kamoa Dome and north of the Makalu Dome.

The flotation testwork showed recoveries were reasonable (80-87%) at concentrate grades
of between 18-25% Cu. The main problem arising from this work was contamination of the
concentrates with silica.

Open pit mill feed material does not form part of the Kamoa 2017 PFS mine schedule: thus,
these results do not influence the process conclusions.

13.2.4.5 Phase 5 Mintek Flotation Testing

For a flotation method to be considered reliable it must be repeatable at a separate
laboratory to the one that developed the flow sheet. Mintek was used to verify the
transferability of the XPS Frozen Flow sheet and to explore some additional process options.

The XPS and Mintek performance on the same samples is compared in Table 13.9 below.
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Table 13.9 Comparison of Test Procedure at Two Laboratories

Stage Value XPS Mintek Variation (%)

% Cu 4.38 4.13 -5.7

Feed % S 4.09 4.11 0.5
% Fe 6.95 6.60 -5.0

% Mass 41.7 38.70 -7.2

Rougher % Cu 9.94 10.00 0.6
Rec Cu 94.5 93.90 -0.6
% Mass 15.1 13.20 -12.6

Conggﬁ'ltrate % Cu 263 27.60 4.9
Rec Cu 90.8 88.20 -2.9

% Mass 849 86.80 2.2

Tail % Cu 0.47 0.56 19.1
Rec Cu 9.16 10.59 15.6

The three excessive variations were in the concentrate mass and in the tails copper grade
and distribution. The variations are magnified in the tails because of the low absolute values.
The concentrate grade variation is offset by Mintek achieving a lower concentrate recovery
and partially caused by Mintek’s lower feed grade.

The independent laboratory repeatability testing was successful, and the method is
considered transferrable and suitable for PFS design purposes, in the Frozen flow sheet form
or in later developed flow sheets having similar configurations.

Mintek conducted additional testwork but was unable to improve upon the performance
achieved by the Frozen Flow sheet. Mintek made the following observations:

« An MF2 circuit at a primary grind of Pso 150 um achieved higher rougher Cu recoveries as
compared to the MF1 circuit at the same grind.

« The effect of grind testwork indicated that the MF1 Pgo 150 um cleaner test utilising
coarser primary re-grind media had a potential to achieve the target specified for the
Phase 5 testwork. The test had overall copper recovery of 82.9% at a Cu grade of 38.0%
and SiO2 content of 9.5%. This test indicated that copper recoveries can be further
increased to obtain 85% copper recovery as the SiO2 content was below the specified
limit of less than 14%.

« The removal of the primary re-grind mill from the circuit will result in low Cu grades and
high SiO2 content in the final concentrate. This is as seen from the effect of
pre-classification, single re-grinds and selective cleaning tests.
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« The coarsening of the Pgo of the primary and secondary re-grind mill products resulted in
low Cu grades and high SiOz content in the final concentrate. This confirmed that the
optimum grind for the re-grind circuit was Pso of 15 pm and 10 um for primary and
secondary re-grind mills respectively.

. Effect of the alternate grind test indicated that milling finer in the secondary mill
increases Cu recoveries; however, this is accompanied by high SiOz entrainment. The
secondary cleaner circuit optimisation will be required to reduce SiOz entrainment.

Of these observations, the most important relates to the 150 um primary grind. A rougher
flotation recovery of more than 94% was achieved by grinding to 150 um Pgo and floating.
This compares to maximum recoveries at rougher stage of about 93%, achieved using the
Frozen flow sheet. The main penalty was additional mass recovery at the rougher stage. The
rougher concentrate mass increase at 150 um Pso was about 30% compared to the frozen
flow sheet.

This excellent recovery at 150 um opens the possibility for coarse primary grinding followed
by staged regrinding and flotation. Mintek conducted a cleaning test based on this premise
and achieved a concentrate grade of 34.9% Cu at a recovery of 84.3%. This compared with
Mintek’s baseline test result of 34.7% Cu at a recovery of 85.7%. Note, however, that the
coarser primary grind offers little practical advantage because both circuits consume about
26.5 kWh/t of new feed when all regrinding is included.

13.2.5 Kamoa 2017 PFS Design Testwork

To support the Kamoa 2017 PFS, samples were collected from probable mining areas. These
samples were subjected to comminution testing at Mintek and flotation testing at XPS.

13.2.5.1 Phase 6 Comminution Testwork — Mintek

Samples were collected for comminution testing. The samples consisted of hanging wall
composites, footwall composites and variability samples from what has been termed the
Minzone. Minzone refers to the single 6—-12 m thick mineralised zone which is a consistent
feature at all locations across the Kamoa deposit. Minzone samples have been prepared on
the basis that the entire mineralised zone from a given location will be mined and processed
together. Even if there are a variety of domain types within the Minzone at a particular
location, it will not be possible to mine and process them selectively.

The samples collected specifically for PFS testing in Phase 6 were taken from holes selected
on the basis of the 2013 PEA mine plan. The locations of these samples are shown in
Figure 13.5 together with the early PFS mining areas.

Samples from the 6A set have been used in comminution testing, and both 6A and 6B

samples have been used in flotation testing. The Phase 6 comminution results are shown in
Table 13.10.
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Figure 13.5  Dirill Collars for Phase 6A and 6B Samples
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Figure provided by Ilvanhoe, 2016.
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Table 13.10 Phase 6 Comminution Summary

Sample ID SG BRWi BBWi (KWh/t) ucs CwiI Ai A*b
(Mpa) | (kWh/t)
kWh/t | 53 um | 106 um | Avg. Avg. g
HW Sandstone Composite 2.43 10.8 14.6 154 36 9.1 0.07 -
HW Diamictite Composite 2.82 21.1 15.9 17.3 169 9.4 0.04 -

DD345 W3 Minzone Diamictite 2.83 215 18.1 20.8 162 10.9 0.11 -

DD357 W7 Minzone Diamictite 2.85 23.3 19.9 19.4 140 10.7 0.07 -

DD445 W2 Minzone Diamictite 2.85 22.8 18.8 194 178 10.8 0.07 -

DD858 W2 Minzone Siltstone 2.58 18.4 13.3 14.2 113 7.2 0.04 -

DD859 W2 Minzone Diamictite 2.77 22.2 181 17.3 202 10.4 0.04 -

DD860 W2 Minzone

sandstone 2.27 11.2 115 12.1 39 8.5 0.03 -
DD864 W2 Minzone Diamictite 2.74 19.6 16.9 16.3 122 7.8 0.03 -
FW Diamictite Composite 2.78 20.2 16.2 16.3 129 7.8 0.08 -
FW Sandstone Composite 2.76 20.4 18.3 18.8 296 20.3 0.38 22,5

These results are compared with the historical values in Table 13.11. Note that there was one
sandstone and one siltstone sample in the Minzone variability set, and that each of these
was only assigned a one eighth weighting when determining average properties for their
respective rock types. The hanging wall and footwall composites are each prepared from
core adjacent to the seven Minzone samples and were given a weighting of seven eighths
in the calculations.
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Table 13.11 Comminution Properties

Mineralisation Measure Phase 6 (PFS) Overall Historical Consistent
Type Average Value Summary
Axb - 17-38 -
BBWI (106 um) 17.7 13-22 Yes
BRWI 215 16-23 Yes
Diamictite
Al 0.060 0.04-0.27 Yes
Cwi 9.7 9-20 No
UCS 119 95-255 Yes
Axb - 21-29 Yes
BBWI (106 pm) 15.7 16-20 Yes
Siltstone BRWI 11.8 20-24 No
(Hanging wall) Ai 0.069 0.04-0.05 Yes
Cwi 8.9 16.4 No
UCsS 43 95 No
Axb 22.5 25 Yes
BBWI (106 um) 18.0 16 Yes
sandstone BRWI 19.3 20 Yes
(Footwall) A 0.334 0.380 Yes
Cwi 18.8 9.4 No
UCS 190 - -

There are four instances where the Phase 6 results are not consistent with the historical results.
Three instances are in hanging or footwall comparisons and are based on one or two results
in each instance; thus, these inconsistencies are not material for design thinking. The most
important mismatch instance is in the Minzone and it is the CWI value. According to the
seven Phase 6 samples the CWI is consistently in the range 7.2-10.9 kWh/t. In contrast the
four Phase 5 Minzone samples vary from 9-20 kWh/t. Of more concern is that the two

Phase 5 samples in the PFS mining zone (as all the Phase 6 samples are located in the

PFS mining zone) have CWI values twice that of the Phase 6 samples at 18.6 and 19.6 kwh/t
respectively.

The Kamoa 2017 PFS basis of design (BOD) used the comminution properties in Table 13.12.
An appropriately high CWI value has been selected.
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Table 13.12 Design Comminution Properties

BOD Selection Method
Axb 18.1 UCL90 + SD
BBWI (kwh/t) at 53 um 20.8 Maximum (diamictite)
BRWI (kWh/t) 23.3 Maximum (diamictite)
Ai 0.08 UCL90
CWI (kWh/t) 18.1 UCL90 + SD

The UCL90 is a statistically determined value from the available data and is explained
graphically in Figure 13.6. The points on the graph are the fourteen measured values for
Ai on underground samples (Phases 2, 5, and 6).

Figure 13.6 UCL90 Determination for Ai
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Image courtesy of Amec Foster Wheeler, 2016.

The mean value for the set is Ai = 0.063. The confidence limit is a measure of how confidently
the mean or average value has been measured by the testing actually performed. As more
samples are tested, the measurement of the mean value improves. Practically speaking, it
means that If the same number of samples were chosen and tested again for Ai from all the
available samples, then 9 times out of 10 (90% of the time) the mean result should fall within
the confidence limits. Therefore, the UCL90 is a reasonable estimate for a safe mean value,
where the mean is a required input for design.
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13.2.5.2 Phase 6 XPS Flotation Testing

The Phase 6 XPS testwork programme was designed to establish the performance of the
preferred flotation flow sheet on the ores that form the early years of Kamoa 2017 PFS mine
schedule.

Composites representing Year-0 to Year-4 were tested under the label Phase 6A, and

composites representing Year-5 to Year-15 were tested as Phase 6B as indicated in
Figure 13.7.

Figure 13.7  Drill Collars for Phase 6 Flotation Test Composite Samples
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The Phase 6 samples were prepared in sets containing a development composite (DC) and
two individual composites based on copper sulfide mineralisation classification. The
composite head assays are contained in Table 13.13.

Table 13.13 Phase 6 Flotation Test Composites

Phase Sample Cu (%) S (%) Fe (%) CaO (%) | Alz03 (%) | MgO (%) | SiO2 (%)
6A1 DC 3.67 2.21 5.21 0.65 12.5 2.77 63.3
6A Hypogene 3.57 3.08 5.43 0.28 13.0 2.82 61.5
Supergene 3.68 1.07 5.13 0.06 12.8 2.29 61.0
6B1 DC 3.27 2.57 5.52 3.97 12.2 3.93 63.4
6B Hypogene 2.99 1.70 4.64 0.71 12.6 3.51 62.7
Supergene 3.87 1.15 4.84 0.05 115 1.83 66.3

One distinguishing factor between the various composites is the ratio of copper to sulfur as
shown in Figure 13.8.

Figure 13.8  Copper to Sulfur Ratios in Phase 6 Composites
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Image courtesy of Amec Foster Wheeler, 2016.

19013KKIDP20_201022rev0.docx Page 177 of 627



¥ 2 OreWin

Normally, hypogene would have the lowest Cu:S ratio of the three composite types as it is
usually dominated by chalcopyrite and is likely to have some pyrite present. This is the case
for the 6A sample set. However, the hypogene and DC composite Cu:S ratios are opposite
to expectations. In the 6B sample set the copper mineralogy of the hypogene composite is
dominated by Bornite while the DC sample is dominated by chalcopyrite and pyrite.

Supergene mineralisation consists of sulfur poor copper minerals such as chalcocite and
covellite as well as sulfur free minerals such as malachite and azurite. The proportions of
these minerals present are clearly shown in Figure 13.8 This leads to the high Cu:S ratios
shown in Figure 13.9.

The Cu:S ratio anomalies for the hypogene and supergene composites are explained by the
QEMScan mineralogical analysis in Figure 13.9.

Figure 13.9 QEMScan Copper Mineralogy of Phase 6 Composites
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Image courtesy XPS, 2015.

Master sample is an alternative name for the DC sample. The DC samples both have a mix
of hypogene and supergene. The presence of supergene in the 6B Master sample is best
illustrated by the presence of azurite, which is always absent in Kamoa hypogene. The
purple band represents bornite which has a relatively high Cu:S ratio. It is the dominance of
bornite in the 6B hypogene sample that leads to its anomalous Cu:S ratio.
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The final flow sheet format used to test and compare these samples is termed by XPS the
“Integrated Flow sheet” or “IFS”. This is an MF1 or Mill-Float style circuit (as opposed to the
earlier MF2 circuits) and recovers both coarse (53 pm Pso) and fine (10 um Pso) concentrates.
The initial form of the flow sheet also has a rougher tails coarse scalping stage, a feature that
did not persist into the final test flow sheet or the Kamoa 2017 PFS flow sheet. A number of
versions of this flow sheet were tested, and the preferred configuration was termed IFS4. The
IFS4 flow sheet is shown in Figure 13.10. Each of the six primary Phase 6 composites was
tested using this flow sheet and the results are compared in Table 13.14.

Figure 13.10 XPS IFS4 Flow Sheet
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Image courtesy XPS, 2015.
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Table 13.14 Flotation Results - IFS4 Circuit

Composite Final Concentrate Tail Feed
Mass (%) | Cu (%) |Rec Cu (%)| SiO2(%) Fe (%) Cu (%) Cu (%)

DC 8.53 39.0 88.3 14.60 16.30 0.48 3.76

90:10 H: S 8.75 37.2 88.7 6.13 22.90 0.45 3.58

oA Hypo 8.98 35.7 90.0 4.92 23.40 0.40 3.56

Super 5.62 48.5 75.3 14.50 8.47 0.95 3.62

DC 8.14 37.0 92.3 7.62 22.70 0.28 3.26

6B Hypo 6.29 44.5 91.9 10.60 15.40 0.26 3.05

Super 5.96 46.5 69.4 15.80 10.60 1.30 3.99

15-year Comp 7.34 39.0 88.1 11.00 17.80 0.42 3.25

In the above tests the 6A supergene rougher flotation stage was slightly acidic and was
corrected to pH = 7 using lime. A repeat test was conducted in which no lime was added,
and rougher flotation proceeded at natural pH. These results are summarised in Table 13.15.

Table 13.15 Repeat of 6A Supergene Testing — no pH Adjustment to Rougher Flotation

Composite Final Concentrate Tall Feed

Mass (%) Cu (%) |Rec Cu (%)| SiO2 (%) Fe (%) Cu (%) Cu (%)

6A Super 5.49 51.9 76.1 13.6 9.09 0.95 3.74

The lack of lime in the test has improved both grade and recovery for the 6A supergene
sample. It is notable that the tailings grades are identical and, in general, these two results
using the one sample show that the repeatability of the test is excellent.

The flow sheet was simplified to what is termed the IFS4a configuration by removing the
53 um scalping of rougher tailings. This was done because the practical implications of
conducting this scalping step are not well represented in the test method for the following
reasons:

« Scalping would actually be carried out using cyclones which have poor efficiency
compared to screens, and more fines would be sent to regrinding and flotation.

« Scalping using cyclones would also result in a loss of some of the oversize to overflow due
to inefficiency.

« An alternative to cyclone scalping of the tailings would be to grind finer before the
roughers.
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« Inthe IFS4 circuits an average of 45% of the plant feed needs to be ground down to
10 um with the hypogene and composite samples and about 36% with the supergene
samples. These proportions compare with 25% and 21% respectively for non-scalping
circuits like IFS4a.

« These high regrind mass proportions increase even further with the use of cyclones to do
the scalping.

The complexity of scalping was removed from the design and testwork was repeated to
reflect the recommended PFS circuit. The IFS4a circuit is shown in Figure 13.11.

Figure 13.11 XPS IFS4a Flow Sheet - Basis of the Kamoa 2017 PS
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Image courtesy XPS, 2015.

All the tests were repeated with the IFS4a circuit and the results are shown in Table 13.16.
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Table 13.16 Flotation Results - IFS4a Circuit

Composite Final Concentrate Talil Feed
Mass (%) | Cu (%) |Rec Cu (%) | SiO2(%) | Fe (%) Cu (%) Cu (%)

DC 7.80 414 86.2 11.10 16.80 0.56 3.74

90:10 H: S 8.33 37.0 85.4 6.34 22.00 0.58 3.61

oA Hypogene 8.48 36.0 86.1 4.00 21.00 0.54 3.54

Supergene 5.25 53.5 72.3 13.50 13.40 1.14 3.89

DC 8.07 354 89.2 9.45 21.30 0.37 3.20

6B Hypogene 7.17 355 86.9 19.20 13.50 0.41 2.93

Supergene 6.02 41.2 65.3 19.30 9.65 1.40 3.80

Both the IFS4 and IFS4a tests have been included in this Report to demonstrate the
consistency of the test methods being used and to show the sensitivity of copper recovery to
the amount of fine grinding employed.

On average across the six test samples, the IFS4a flow sheet loses 3% Cu recovery compared
to the IFS4 circuit. The recovery loss will be traded off against the additional power
requirements and CAPEX for milling during the FS so that the most economically efficient
flow sheet can be selected. However, for the Kamoa 2017 PFS it has been assumed that the
benefits of the simpler IFS4a circuit outweigh the losses.

The IFS4a copper concentrate grade and recovery data from Table 13.16 has been plotted
in Figure 13.12.

Figure 13.12 Recovery vs Grade Plot for Phase 6 IFS4a Comparative Flotation Tests
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Image courtesy of Amec Foster Wheeler, 2016.
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As expected, hypogene samples generate relatively low concentrate grades with good
recoveries. The supergene samples generate much higher-grade concentrates but at a

significant recovery penalty. The recovery loss is due to copper being present in non-sulfide
copper minerals.

13.2.5.3 Copper Recovery vs Head Grade Model

To allow the prediction of copper recovery in the block model (mine planning) it is usually
necessary to develop a model relating copper recovery to head grade. The recovery
model from the previous Technical Report is presented in Figure 13.13, together with the
performance seen in the Phase 6 IFS4a tests.

Figure 13.13 Old Copper Recovery Model (TR 2013)
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Image courtesy of Amec Foster Wheeler, 2016.

The Phase 6 Hypogene results conform reasonably to the old model, but the supergene
response does not. To incorporate the Phase 6 results into the design and planning
calculations, improved recovery models are required. In the PEA (2012) a model was
developed based on non-floating copper and this has been revived and updated to match
the Phase 6 results. As can be seen in Figure 13.14, the new model better represents the

Phase 6 results. The new hypogene results were also modelled with less recovery drop-off
below 3% Cu.
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Figure 13.14 Updated Recovery Models Based on PFS Testing
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Image courtesy of Amec Foster Wheeler, 2016.

Compared to past models, the new model predicts similar recoveries from hypogene and
much lower recoveries from supergene. The lower recoveries for supergene are in line with
the test results and are partially the result of high variability in the composition of supergene
samples from one test phase to the next. Given that the Kamoa 2017 PFS ore schedule
includes the supergene composite samples tested in Phase 6, the modelled recovery
reductions are valid.

Supergene Recovery Variability

It is clear from Figure 13.14 above that supergene recovery is not well defined when it is
necessary to rely on a single dependency, in this case the head grade of copper. There will
be a recovery relationship with head grade, but the analysis shows that the recovery is more
dependent upon the proportion of the copper that is not floatable than the grade of
copper in the feed.

The block model contains acid soluble copper (ASCu) information, which allows copper
recovery predictions to be made for a subset of the supergene mineralisation type. It is only
necessary, at this stage of the project, to modify recovery in mineralised zones where the
supergene classification is the result of surface oxidation. It is not necessary if it is classified as
supergene due to alteration at depth from fluid originating from the sandstone beneath the
mineralised zone. Recovery from all “deep” supergene is calculated using the hypogene
recovery formula.
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In addition, in some intersections the surface oxidation has not been severe enough to
increase the proportion of ASCu above the threshold normally seen in hypogene samples,
which is in the range of 5-15% (it is thought that the ultra-fine component of the sulfide
mineralisation, especially chalcocite, is dissolving during the ASCu determination, but this is
yet to be confirmed). Consequently, an alternative recovery calculation is only applied for
near surface supergene having greater than 15% of total copper being ASCu.

For the Phase 6 testwork on hypogene and supergene samples, the relationship between

floatable copper in the feed (as mineralogically defined using QEMScan Analysis) and
copper recovery to concentrate is shown in Figure 13.15.

Figure 13.15 Prediction of Copper Recovery Using Mineralogy
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Image courtesy of Amec Foster Wheeler, 2016.

This strong relationship between recoverable copper and copper in sulfides is expected.
Almost all oxide copper minerals, together with native copper, are not readily floated in a
standard copper sulfide flotation chemical environment, which uses relatively low
concentrations of selective collectors.

13.2.5.4 Phase 6 Testwork — Signature Plot XPS

A signature plot is used to design and select an IsaMill by determining the specific energy
requirement for the regrind duty. It is necessary to generate 18 kg of representative IsaMill
feed material to conduct the test, and this was achieved by performing 39 modified IFS4a
(2 kg) flotation tests. As the full IFS4a flow sheet includes regrinding, it was necessary to
truncate the tests ahead of the regrinding stage at each point. The test format is shown in
Figure 13.16.
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Figure 13.16 Truncated XPS IFS4a Circuit
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Image courtesy XPS, 2015.

The 6A sighature plot composite was prepared separately from the other composites and
contained 4.35% Cu. The Cu:Sis 1.37 compared to 1.66 for the 6A DC sample indicating a
greater proportion of chalcopyrite in the copper mineral suite of the new composite.

Although the rougher feed was ground to a Pso of 53 um, the regrind mill feed was much
finer with a Pso of 34 um. The regrind feed contained 56% of material finer than 10 pum and 4%
of material coarser than 100 um. The regrind feed represented 30.8% of the new feed by
mass, higher than the 24% of mass estimated for the 6A DC composite. The higher mass is
partially driven by the higher feed grade and also increases because the Cu:S ratio is lower.

The IsaMill feed grade was relatively low at 6.6% Cu and contained almost half (47%) of the
copper in the test feed. The SG of IsaMill feed was measured at 2.98. Xstrata set the IsaMill
feed percentage solids at 41% to avoid viscosity problems potentially associated with a

10 um regrind target.
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The IsaMill feed sample was passed through the M4 IsaMill test unit multiple times, and
samples were taken of the product at each pass. The resulting signature plot is shown in

Figure 13.17.

Figure 13.17 IsaMill Signature Plot
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Image courtesy of Amec Foster Wheeler, 2016.

This result is based on the sample tested, and the specific grinding energy requirement for
other feeds will be dependent upon the Pso of the regrind feed and the mineralogy of the
feed. An analysis of the various Phase 6 tests showed that these factors, together with the
mass pull to be reground, vary considerably as summarised in Figure 13.18.
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Figure 13.18 Phase 6 Regrind Feed Variability
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Image courtesy of Amec Foster Wheeler, 2016.

Interestingly, across the four development composites and two hypogene samples the
energy per tonne of plant feed is somewhat independent of the test. This is because low
mass pulls tend to have coarse particle sizes while high mass pulls are finer. From the
Figure 13.18 data, a regrind power selection of 5 kWh per tonne of plant feed should be
sufficient to provide regrind capability in the Kamoa 2017 PFS circuit.

The supergene composites only require 3 kWh per tonne of plant feed but are not planned
to be mined or processed in isolation and will not be subjected to overgrinding.

13.2.5.5 Kamoa Phase 6 Variability Testwork

A programme of variability testwork has been planned for Kamoa using the samples
indicated in Figure 13.19 together with the Year-0 to Year-15 PFS mining areas.
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Figure 13.19 Planned Phase 6 Variability Samples
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Figure provided by Ivanhoe, 2016.

The variability sample selections provide good spatial representation of plant feed during
the proposed Kansoko mine plan period. However, due to shifting project priorities these

samples remain in refrigeration ready to be tested in the future.
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13.2.5.6 Kamoa Mineralogy

The Kamoa copper sulfide mineralisation exists in two basic modes regardless of copper
sulfide mineral. Coarse copper sulfides, some in the centimetre size range, are clearly visible
in the core. Many intermediate sized copper mineral grains are usually visible but any that
are clearly distinguishable can be considered coarse. The second mode of occurrence is a
pervasive “fog” of ultrafine copper sulfides throughout the matrix.

In the image below (Figure 13.20) can be seen a 2 cm-wide white clast within the grey
diamictite matrix, against which chalcopyrite has “mantled” during the sulfide deposition
phase. In the surrounding rock matrix there are smaller mantled clasts and visible blebs of
chalcopyrite (and other sulfides). What cannot be seen in the photograph is the dispersion
of 1-10 um (0.0001-0.001 cm) copper sulfides present throughout the grey matrix.

Figure 13.20 Typical Kamoa Hypogene Mineralisation in Diamictite
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Figure courtesy Amec Foster Wheeler, 2011.
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QEMScan, an automated particle analysis system, has been used to reveal the fine
mineralogical detail of Kamoa samples. Two rougher flotation tests were conducted on the
6A development composite by XPS, in which six concentrates were collected sequentially
after grinding the samples to Pso 53 um and 38 pum respectively. The QEMScan analysis was
used to derive the proportion of liberated copper in each of the concentrates, and the
results are summarised in Figure 13.21.

Figure 13.21 Copper Sulfide Liberation in Rougher Flotation
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Image courtesy XPS, 2015.

The highly-liberated copper sulfides are floated preferentially while the poorly-liberated
sulfides float towards the end of the test. It is also clear that at the finer grind size (+38 pum)
the overall liberation level is higher than in the 53 pm test.

Copper sulfide morphology in all Kamoa and Kansoko samples is consistent in that the
minerals are always present as both very coarse and very fine grains. The large proportion of
copper in fine sulfides is the reason for the strong liberation effect of grinding (measured
using QEMScan, XPS Laboratory) as shown in Figure 13.22.
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Figure 13.22 Phase 6 Hypogene Composite Liberation Analysis
80

70

60

50

40

30

20

Mass% of Cu Sulfide Mineralisation

10

212 106 53 38
Grind P80 um

w >059% Cu Sulfide (liberated particles)
w30 - 95% Cu Sulfide (middling particles)

e <30% Cu Sulfide (locked particles)
Image courtesy Amec Foster Wheeler, 2018: from XPS data, 2014.

At the fine grind Pso of 38 um, 27% of the copper sulfides remain unliberated. Almost half of
these are in the very poor grade “locked” class and are generally unavailable to recover in
flotation. If locked particles are recovered, they rarely survive the cleaning process and are
rejected to tails at some point in the flow sheet.

QEMScan also generates particle mineral maps and is able to group both minerals and
particles to assist in visual examination. Figure 13.23 is a liberation grid showing particle sizes
(vertical) and liberation classes (horizontal). Minerals have been grouped into six important
categories rather than the tens or even hundreds of minerals that are identified in the
original analysis. In these images there is very little “Other Cu” which includes minerals like
malachite and native copper. The main copper mineral class is CuFeS (yellow) which
consists of grouped chalcopyrite and bornite. The other copper mineral class is CusS (red)
which consists of grouped chalcocite and covellite. Note that the CuFeS and Cus classes
are both targets for recovery; thus the definition of liberation is based on a further grouping
of these two classes.
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Figure 13.23 Combined Copper Sulfides Liberation Map - Rougher Concentrates R3-R6
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