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1 SUMMARY

IAMGOLD Corporation’s Project Development Group was mandated to conduct a feasibility
study regarding the expansion project of the Niobec mine, located in the province of Québec in
Canada. The mining method selected from previous studies is underground mining by block
caving.

This technical report was prepared to comply with the disclosure and reporting requirements of
National Instrument 43-101 (NI 43-101) and form 43-101F1. The mineral estimation is based on
the CIM standards.

This report has been prepared using data obtained from diamond drilling, geotechnical
investigations, vendor quotations, and data contained in several technical reports.

1.1 Property Description and Ownership

The Niobec underground mine is currently in operation and is located about 13 kilometres
northwest of Ville de Saguenay. The property covers a total area of 8,858.93 hectares, including
two mining leases, No. 663 and No. 706 and 201 exploration claims. Mining leases have been
renewed until 2015. A third mining lease covering future expansion area is underway for
approval by MRN.

An agreement dated August 31%, 2011 between Niobec Inc. and IAMGOLD Corporation granted
IAMGOLD Corporation 100% of the beneficial rights to all the non-niobium mineral rights

located on the Niobec property.

1.2 Geology and Mineral Resource

The Niobec deposit is mainly defined from drill core and is in operation since 1976. The deposit
is a part of the Saint-Honoré alkaline complex, the carbonatite is an igneous rock made up of at
least fifty percent of carbonate mineral (calcite, dolomite, etc.). The economic mineralisation is
formed of ferrian and sodic pyrochlore. Additionally, geological contacts are progressive. The
ore is defined in terms of percentage of Nb,Os. Since 2011, the drillhole database has been
increased to a total of 4,060 drillholes and 194,558 sampling intervals assayed for Nb,Os
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Table 1.2: Mineral reserve estimate

Reserve category Tonnes Nb,O.
(000) Grade
Proven 0 0.00
Probable 416,420 0.41
Total 416,420 0.41
1. CIM definitions were followed for Mineral Resource Estimates
2. Mineral Reserve was estimated by Daniel Vallieres Eng., Manager Underground Projects lamgold.
3. Mineral Reserve estimated at US$45/kgNb
4. Shut off NSR value of $26.29/t
5. Mining factors, metallurgical recoveries and conversion incl.
6. 6.1 Mt at 0.32% Nb,0; of development were included in the reserve as dilution due to the fact they will be

processed.
1.4 Mining

The Niobec mine currently produces about 2.4 Mtpy of ore, using an open-stope mining
method. Block cave mining is contemplated to increase the annual production to 10 Mt. In
order to facilitate the transition from the current mining method to block caving and to allow a
faster cave implementation, it is planned to mine the western part of the deposit using an
double-sided inclined cave layout, initiated by sub-level caving. Afterwards, a more typical
horizontal cave layout is planned to continue ore extraction in the eastern part of the orebody.

Geotechnical domaining was performed by Itasca using available lithological and geotechnical
information, as well as geotechnical data specifically acquired for the feasibility. Several
detailed analyses on cave growth, fragmentation, subsidence, etc. were conducted by ltasca
and reviewed by SRK. The results show that it will be possible to sustain continuous caving from
the proposed cave footprint. Primary fragmentation is predicted to be quite coarse (>20% of
fragments >2 m®) in the first year of full production. Then, fines migration and secondary
fragmentation act to push this percentage below 10%. Numerical modeling was also conducted
to estimate the extents of the subsidence zone and the mud rush potential. Several
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instrumentation systems are planned to closely monitor the cave propagation and the
expansion of the subsidence zone.

Two new shafts are planned for the access to the cave operation. A total of 94 km of lateral
development and 10 km of vertical development is planned for the realisation of the entire
expansion project. The existing mine infrastructure will be used until 2018 and then, a complete
set of new underground infrastructure will be required, including a crushing complex, several
ore passes and ore silos, a loading station, a pumping station, workshops, etc.

1.5 Metallurgy and Processing

The size of the mine expansion and the future production level require the construction of a
new concentrator and a new convertor. Their design is based on the actual process which has a
capacity of 2.4 Mtpy. The 37 years of processing ore experience and results are adapted to the
required needs of supporting an increase in production to 10 Mtpy. However, the conventional
ball mill and rod mill grinding circuit would be replaced by a SAG mill and a ball mill.

Metallurgical test work has been carried out in order to properly design the new processing
facilities. Because of the long history of the operation, the testwork program was focused on
the areas affected by changes to the process flowsheet and/or equipment types. Niobium
pentoxide (Nb,Os) recovery, at the concentrator, was estimated based on a statistical analysis
of the historical data from the actual operation. However, to compensate for the lack of
historical data in the range of feed grades estimated for the expansion project, laboratory
testwork have been done on selected samples. Low grade ore bulk samples have also been
processed in the actual plant with success.

1.6 Infrastructure

With the mining method contemplated, new surface infrastructure is required, including an
administration building complete with workshop and warehouse, an access road, water supply
infrastructure, etc., for which the feasibility engineering was conducted by SNC-Lavalin and
internal IAMGOLD engineering. Two new head frames for production and service shafts will be
required, which were designed and estimated by Genivar. No interruption in production is
planned. This therefore implies that most of the current infrastructure will be in use during the
construction phase.
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New tailings storage facilities (TSF) will also be required. A location approximately four
kilometres west of current infrastructure was selected and additional geotechnical
investigations were carried out. The required capacity is 445 Mt, corresponding to a total
volume of 263 Mm>. The TSF will be built in four to five phases to allow for progressive
restoration, minimize wind erosion and the quantity of water to be managed as well as enable
design adjustments if required. It will be built using the same concept currently in use at
Niobec, with dikes composed of compacted tailings. In addition, it is planned to surround the
TSF with a peripheral soil-bentonite slurry wall, anchored into the underlying clay.

1.7 Environment and Social

The Niobec expansion project is subjected to the Québec and the federal environmental
assessment (EA) processes. Both processes are independent and are conducted at the same
time. The environmental and social impact study, a key document for both EAs, was filed to the
MDDEFP and CEAA in early 2013. Both EA processes are on-going and expected to be
completed by the end of 2014.

Numerous sustainable development initiatives have been integrated in the project design,
including the development and implementation of a community engagement and consultation
process very early in the project development phase. To date, the project appears to be well
accepted and supported by the community and the local politicians.

There are no very high or high negative environmental or social impacts associated with the
expansion project. The main negative impacts of the expansion project are classified as
medium impacts and relate to the acquisition of private properties, to the loss of 650 ha of
wetlands and the potential modification of the groundwater flow around the block caving area.
A potential increase in the risk around the TSF and the block caving area may also be associated
with the expansion project and requires to be further studied. On the other hand, the
expansion project will have numerous positive impacts, for the community. It would maintain
490 existing jobs and create 170 new ones and generate significant economic benefits for the
local and regional community as well as for the local, provincial and federal governments.

An extensive impact mitigation and environmental monitoring program will be implemented.
Wetland and fish habitat loss compensation programs will be implemented as well. A
preliminary mine closure plan was developed, including the implementation of a progressive
TSF revegetation strategy, starting as early as year 1 of the deposition of tailings.
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Table 1.5: Block caving project — result summary

(M CDN$) CANI-4
Throughput 10 Mt
Tonnes (000) 416,420
Grade (Nb205) 0.41%
Recovery 52.7%
Nb Production (000's kqg) 613,028
Mine Life 45
Avg. Production (000's kg) 14,610
Revenue 29,848
Costs 10,871
Initial Capital 1,796
Sustaining Capital 1,060
Total Capital 2,856
Pre-tax NAV (8%) 2,745
After-tax NAV (8%) 1,590

Table 1.6: Internal rate of return

Internal return

(o)
rate (%) 15.1%

Table 1.7: Disclaimed cash flow

Discount Rate CF (M CDN$)

0.00% 10,309
2.00% 3,076
6.00% 1,590
10.00% 1,014
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2 INTRODUCTION

2.1 Scope and Terms of References

IAMGOLD Corporation’s Project Development Group was mandated to conduct a feasibility
study regarding the expansion project of the Niobec mine, located in the province of Québec in
Canada. The mining method selected from previous studies is underground mining by block
caving.

This technical report was prepared to comply with the disclosure and reporting requirements of
National Instrument 43-101 (NI 43-101) and form 43-101F1. The mineral estimation is based on
the CIM standards.

This technical report is at the feasibility stage. Therefore, the accuracy of the estimates is +15%
for the operating and capital costs All costs and financial information are based on the fourth

quarter of 2013 and are expressed in Canadian dollars, unless otherwise indicated.

2.2 Sources of Information

This report has been prepared using data obtained from diamond drilling, geotechnical
investigations, vendor quotations, and data contained in several technical reports. All the
references are available in Item 27.

Geological data in this report comes from different sources. Over the 37 years of mining at
Niobec, internal documents (internal Gems database, internal reports, historical maps and
drilling data, etc.) provided numerous information to the geology department.

2.3 Qualified Persons and List of Consultants

The following groups at IAMGOLD have collaborated in the preparation of this report, under the
supervision of the Project Development Group:

e Niobec mine employees;
e Marketing Group;

e Health, Safety, Sustainability and Environment Groups.
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Area measurements

1 hectare =100 m by 100 m = 2.47 acres

1 square kilometer =247.1 acres = 0.3861 square miles

Weight
1 metric tonne (tonne) =2,204.6 pounds = 1.1023 short tons (tons)
1 kilogram (kg) = 2,205 pounds = 35.274 ounces (oz) = 32,151 Troy ounces

2.5 Acronyms and Abbreviations

The following is a list of the most commonly used acronyms and abbreviations in this report.

AMQ: Association Miniére du Québec (Québec Mining Association)
BAPE: Bureau des Audiences Publiques en Environnement (Public Hearing Office)
BM : Ball mill

BTU: British Thermal Unit

CBMM: Companhia Brasileira de Metalurgia e Mineragao

CAGR: Compound Annual Growth Rate

CCME: Canadian Council of Ministers of the Environment

CEAA: Canadian Environmental Assessment Agency

CofA: Certificate of Authorization

DCF: Discounted cash flow

DFN: Discrete Fracture Network

DFO: Department of Fisheries and Oceans (Canada)

EA: Environmental assessment

EEM: Environmental Effects Monitoring

ESIA: Environmental and Social Impact Assessment
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EQA: Environment Quality Act (Québec)

FCA: Free Carrier

FeNb: Ferroniobium

FF: Fracture frequency

HC: Horizontal cave

HR: Hydraulic radius

HSLA: High Strength Low Alloy

HVAC: Heating, Ventilation & Air Conditioning

IC: Inclined cave

IRR: Internal rate of return

LEED: Leadership in Energy and Environmental Design
LOM: Life of mine

MDDEP : Ministére du Développement Durable, de [I’Environnement et des Parcs

(Sustainable Development, Environment and Parks Ministry) (Québec)

MDDEFP:  Ministére du Développement Durable, de I’Environnement, de la Faune et des Parcs

(Sustainable Development, Environment, Wildlife and Parks Ministry) (Québec)

MRMR: Mining Rock Mass Rating - Laubscher

MRN: Ministére des Ressources Naturelles (Québec)
NPV: Net Present Value

Nb,Os: Niobium pentoxide

OK: Ordinary Kriging

QA-QC: Quality assurance - quality control

QP: Qualified Person

RCM: Regional County Municipality

REBOP: Rapid Emulation based on Particle-Flow-Code
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REE:

RMR:

RQD:
SAG:
SLC:

SRM:

TCLP:

TDR:

TSF:

TSS:

UCS:

Wi-Fi:

CFM:

ft:

gpm:
HP:

km:
I/s:
m:
mm:
M:
My:

m/d:

Rare earth element

Rock Mass Rating - Bieniawski
Rock Quality Designation
Semi-autogenous grinding
Sub-level caving

Synthetic Rock Mass

Toxicity Characteristic Leaching Procedure
Time Domain Reflectometry
Tailing Storage Facilities

Total suspended solids
Uniaxial Compressive Strength
Wireless Fidelity

Cubic feet per minute

day

feet

Gallon per minute

Horse power

hour

kilometre

litres per second

metre
millimetre
Millions

Millions of years

metre per day
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m>/s:
m>/d:

ppm:

tph:
tpd:

tpy:

cubic metre per second
cubic metre per day
parts per million
second

tonne

tonne per hour

tonne per day

tonne per year

Update on Niobec Expansion

December 2013

2-6



NI 43-101 Technical Report

3 RELIANCE ON OTHER EXPERTS

3.1 Other Data Source

The technical material considered in the present report is based on data produced by IAMGOLD
and other sources. In the production of this report, the authors have used information from
technical reports produced by different consultants. Item 27 provides a full list of reference
documents used in preparing this report. The list of principal consultants is as follows:

e [tasca Consulting Group Inc.: Rock mechanics, Block caving mining;

e SRK Consulting: Rock mechanics, Block caving mining;

e Dennis Laubscher: Block caving mining;

e Roche Itée Groupe-Conseil / ASDR Solutions: Loading station and shafts;
e ASDR Solutions: underground crushing complex;

e 3DS Geovia: Cave production scheduling;

e SENES Consultants Limited: Radon assessment;

e SNC-Lavalin Inc.: Tailings storage facility, Service building, Processing facility;
e Groupe Qualitas Inc.: Geotechnical investigations;

e Genivar Inc.: Headframes, Environmental and social impact assessment;
e Cegertec WorleyParsons : Access road, sanitary sewer line;

e Transfert Environnement et Société: Social acceptability approach;

e Roskill: Marketing.

3.2 Limited Responsibility of the Authors

The authors responsibility is limited to using the data collected by IAMGOLD. The authors do
not take any responsibility for the quality of the data that was historically produced by
IAMGOLD, other than the customary verification done to comply with the NI 43-101 rules.

The authors have found the quality of the data to be in good standing. There is no reason to
doubt or further investigate its validity based on the evidence available at the time of writing
this report. The present report intends to comply with the NI 43-101 rules regarding the
production of a Technical Report.
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3.3 Reasonable Data Verification

The authors did verify data available from IAMGOLD and from the different consultants. To the
authors knowledge information used in this technical report is considered to be of sufficient
quality to comply with a NI 43-101 technical report and provides the desired level of accuracy
for a feasibility study.

The resource QP is of the opinion that the drill hole and assay database for the Niobec mine
used for the feasibility study is of sufficient quality to permit the completion of a NI 43-101
Mineral Resource and Mineral Reserve Estimate and provides the basis for the conclusions and
recommendations stated in this technical report.
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Figure 4.1: Niobec mine property location
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Table 4.1: List of mining leases and claims of Niobec Inc.

. . Registered owner
g{:; it Ify tr?fle Title no. Status sggstratlon Expiry date (S;'Jgace (name, number and
percentage)
22D11 BM 663 | Active 19750116 20150115 79.93 | Niobec Inc. (88562) 100 %
22D11 BM 706 | Active 19800605 20150604 49.52 | Niobec Inc. (88562) 100 %
22D11 CDC 2336095 | Active 20120316 20140315 56.98 | Niobec Inc. (88562) 100 %
22D11 CDC 2345953 | Active 20120522 20140521 56.98 | Niobec Inc. (88562) 100 %
22D11 CDC 2384493 | Active 20130423 20150422 57 | Niobec Inc. (88562) 100 %
22D11 CDC 2345958 | Active 20120522 20140521 56.92 | Niobec Inc. (88562) 100 %
22D11 CDC 2350438 | Active 20120611 20140610 56.97 | Niobec Inc. (88562) 100 %
22D11 CDC 2366143 | Active 20121009 20141008 57.03 | Niobec Inc. (88562) 100 %
22D11 CDC 2345950 | Active 20120522 20140521 57.01 | Niobec Inc. (88562) 100 %
22D11 CDC 2353527 | Active 20120629 20140628 57.04 | Niobec Inc. (88562) 100 %
22D11 CDC 2198165 | Active 20100105 20160104 57.04 | Niobec Inc. (88562) 100 %
22D11 CcbC 2350432 | Active 20120611 20140610 56.93 | Niobec Inc. (88562) 100 %
22D11 CDC 2350420 | Active 20120611 20140610 56.95 | Niobec Inc. (88562) 100 %
22D11 Ccbc 2350419 | Active 20120611 20140610 56.95 | Niobec Inc. (88562) 100 %
22D11 CcbC 2345954 | Active 20120522 20140521 56.93 | Niobec Inc. (88562) 100 %
22D11 CDC 2352045 | Active 20120621 20140620 56.98 | Niobec Inc. (88562) 100 %
22D11 CcbC 2345955 | Active 20120522 20140521 56.92 | Niobec Inc. (88562) 100 %
22D11 CDC 2350437 | Active 20120611 20140610 56.93 | Niobec Inc. (88562) 100 %
22D11 Ccbc 2350434 | Active 20120611 20140610 56.93 | Niobec Inc. (88562) 100 %
22D11 CDC 2365458 | Active 20121002 20151001 57.03 | Niobec Inc. (88562) 100 %
22D11 CDC 2381806 | Active 20130311 20150310 57.03 | Niobec Inc. (88562) 100 %
22D11 CcbC 2350429 | Active 20120611 20140610 56.94 | Niobec Inc. (88562) 100 %
22D11 CDC 2345944 | Active 20120522 20140521 57.03 | Niobec Inc. (88562) 100 %
22D11 CDC 2372550 | Active 20121210 20141209 57.02 | Niobec Inc. (88562) 100 %
22D11 CDC 2353533 | Active 20120629 20140628 57.01 | Niobec Inc. (88562) 100 %
22D11 CDC 2365460 | Active 20121002 20151001 57.01 | Niobec Inc. (88562) 100 %
22D11 CDC 2345951 | Active 20120522 20140521 57.01 | Niobec Inc. (88562) 100 %
22D11 CDC 2235742 | Active 20100601 20140531 57.04 | Niobec Inc. (88562) 100 %
22D11 CcbC 2350418 | Active 20120611 20140610 56.95 | Niobec Inc. (88562) 100 %
22D11 CDC 2350426 | Active 20120611 20140610 56.94 | Niobec Inc. (88562) 100 %
22D11 CDC 2345957 | Active 20120522 20140521 56.92 | Niobec Inc. (88562) 100 %
22D11 CDC 2350430 | Active 20120611 20140610 56.93 | Niobec Inc. (88562) 100 %
22D11 CDC 2351947 | Active 20120620 20140619 57 | Niobec Inc. (88562) 100 %
22D11 CDC 2350422 | Active 20120611 20140610 56.94 | Niobec Inc. (88562) 100 %
22D11 CDC 2366165 | Active 20121009 20141008 57.02 | Niobec Inc. (88562) 100 %
22D11 CDhC 2369515 | Active 20121106 20141105 57.03 | Niobec Inc. (88562) 100 %
22D11 CDC 2353604 | Active 20120703 20140702 57.04 | Niobec Inc. (88562) 100 %
22D11 CDC 2345960 | Active 20120522 20140521 56.92 | Niobec Inc. (88562) 100 %
22D11 CDC 2384122 | Active 20130416 20150415 57.04 | Niobec Inc. (88562) 100 %
22D11 CDC 2350446 | Active 20120611 20140610 56.96 | Niobec Inc. (88562) 100 %
22D11 CDC 2350425 | Active 20120611 20140610 56.94 | Niobec Inc. (88562) 100 %
22D11 CDC 2314300 | Active 20110930 20150929 57 | Niobec Inc. (88562) 100 %
22D11 CDhC 2314301 | Active 20110930 20150929 57 | Niobec Inc. (88562) 100 %
22D11 CDC 2353532 | Active 20120629 20140628 57.01 | Niobec Inc. (88562) 100 %
22D11 CDC 2352006 | Active 20120620 20140619 56.99 | Niobec Inc. (88562) 100 %
22D11 CDC 2352005 | Active 20120620 20140619 56.99 | Niobec Inc. (88562) 100 %
22D11 CDC 2353528 | Active 20120629 20140628 57.03 | Niobec Inc. (88562) 100 %
22D11 CDhC 2381807 | Active 20130311 20150310 57.02 | Niobec Inc. (88562) 100 %
22D11 CDC 2350441 | Active 20120611 20140610 56.97 | Niobec Inc. (88562) 100 %
22D11 CDC 2314298 | Active 20110930 20150929 57.01 | Niobec Inc. (88562) 100 %
22D11 CDC 2198159 | Active 20100105 20160104 57.05 | Niobec Inc. (88562) 100 %
22D11 CDC 2350435 | Active 20120611 20140610 56.93 | Niobec Inc. (88562) 100 %
22D11 CDhC 2350417 | Active 20120611 20140610 56.95 | Niobec Inc. (88562) 100 %
22D11 CDC 2345946 | Active 20120522 20140521 57.02 | Niobec Inc. (88562) 100 %
22D11 CDC 2351882 | Active 20120619 20140618 57 | Niobec Inc. (88562) 100 %
22D11 CDC 2363247 | Active 20120910 20140909 57.04 | Niobec Inc. (88562) 100 %
22D11 CDC 2345959 | Active 20120522 20140521 56.92 | Niobec Inc. (88562) 100 %
22D11 CDC 2350443 | Active 20120611 20140610 56.96 | Niobec Inc. (88562) 100 %
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. . Registered owner
gﬂ; Set ny t[?fle Title no. Status saegelstratlon Expiry date (Sﬂgace (name, number and
percentage)
22D11 CDC 2350427 | Active 20120611 20140610 56.94 | Niobec Inc. (88562) 100 %
22D11 CDC 2345945 | Active 20120522 20140521 57.03 | Niobec Inc. (88562) 100 %
22D11 CDC 2350416 | Active 20120611 20140610 56.95 | Niobec Inc. (88562) 100 %
22D11 CDC 2235741 | Active 20100601 20140531 57.04 | Niobec Inc. (88562) 100 %
22D11 CDC 2350414 | Active 20120611 20140610 56.95 | Niobec Inc. (88562) 100 %
22D11 CDC 2353530 | Active 20120629 20140628 57.02 | Niobec Inc. (88562) 100 %
22D11 CDC 2350415 | Active 20120611 20140610 56.95 | Niobec Inc. (88562) 100 %
22D11 CDC 2336096 | Active 20120316 20140315 56.98 | Niobec Inc. (88562) 100 %
22D11 CDC 2345949 | Active 20120522 20140521 57.01 | Niobec Inc. (88562) 100 %
22D11 CDC 2353529 | Active 20120629 20140628 57.02 | Niobec Inc. (88562) 100 %
22D11 CDC 2345948 | Active 20120522 20140521 57.02 | Niobec Inc. (88562) 100 %
22D11 CDC 2369514 | Active 20121106 20141105 57.04 | Niobec Inc. (88562) 100 %
22D11 CDC 2350424 | Active 20120611 20140610 56.94 | Niobec Inc. (88562) 100 %
22D11 CcbC 2353531 | Active 20120629 20140628 57.01 | Niobec Inc. (88562) 100 %
22D11 CcDC 2345952 | Active 20120522 20140521 56.99 | Niobec Inc. (88562) 100 %
22D11 Ccbc 2198164 | Active 20100105 20160104 57.04 | Niobec Inc. (88562) 100 %
22D11 CDC 2353534 | Active 20120629 20140628 47.32 | Niobec Inc. (88562) 100 %
22D11 CcDC 2198158 | Active 20100105 20160104 57.05 | Niobec Inc. (88562) 100 %
22D11 CcbC 2384494 | Active 20130423 20150422 56.99 | Niobec Inc. (88562) 100 %
22D11 CcDC 2345947 | Active 20120522 20140521 57.02 | Niobec Inc. (88562) 100 %
22D11 CbC 2366144 | Active 20121009 20141008 57.03 | Niobec Inc. (88562) 100 %
22D11 CDC 2350433 | Active 20120611 20140610 56.93 | Niobec Inc. (88562) 100 %
22D11 Ccbc 2198162 | Active 20100105 20160104 57.04 | Niobec Inc. (88562) 100 %
22D11 CDC 2351948 | Active 20120620 20140619 57 | Niobec Inc. (88562) 100 %
22D11 CcDhC 2372548 | Active 20121210 20141209 57.04 | Niobec Inc. (88562) 100 %
22D11 CDC 2372547 | Active 20121210 20141209 57.05 | Niobec Inc. (88562) 100 %
22D11 CcDC 2384495 | Active 20130423 20150422 56.98 | Niobec Inc. (88562) 100 %
22D11 CDC 2369516 | Active 20121106 20141105 57.02 | Niobec Inc. (88562) 100 %
22D11 CDC 2350445 | Active 20120611 20140610 56.96 | Niobec Inc. (88562) 100 %
22D11 CcDC 2372549 | Active 20121210 20141209 57.03 | Niobec Inc. (88562) 100 %
22D11 CcbC 2350421 | Active 20120611 20140610 56.95 | Niobec Inc. (88562) 100 %
22D11 CcbC 2325939 | Active 20111130 20151129 57.04 | Niobec Inc. (88562) 100 %
22D11 CDC 2372551 | Active 20121210 20141209 57.01 | Niobec Inc. (88562) 100 %
22D11 CcbC 2198160 | Active 20100105 20160104 57.05 | Niobec Inc. (88562) 100 %
22D11 CDhC 2350442 | Active 20120611 20140610 56.96 | Niobec Inc. (88562) 100 %
22D11 CDC 2350428 | Active 20120611 20140610 56.94 | Niobec Inc. (88562) 100 %
22D11 CcbC 2350440 | Active 20120611 20140610 56.97 | Niobec Inc. (88562) 100 %
22D11 CDC 2351884 | Active 20120619 20140618 56.99 | Niobec Inc. (88562) 100 %
22D11 CcbC 2336097 | Active 20120316 20140315 56.98 | Niobec Inc. (88562) 100 %
22D11 CDhC 2314299 | Active 20110930 20150929 57.01 | Niobec Inc. (88562) 100 %
22D11 CDC 2353526 | Active 20120629 20140628 57.05 | Niobec Inc. (88562) 100 %
22D11 CcbC 2351883 | Active 20120619 20140618 56.99 | Niobec Inc. (88562) 100 %
22D11 CDC 2353605 | Active 20120703 20140702 57.04 | Niobec Inc. (88562) 100 %
22D11 CcbC 2350436 | Active 20120611 20140610 56.93 | Niobec Inc. (88562) 100 %
22D11 CDhC 2365459 | Active 20121002 20151001 57.02 | Niobec Inc. (88562) 100 %
22D11 CcbC 2345956 | Active 20120522 20140521 56.92 | Niobec Inc. (88562) 100 %
22D11 CDC 2355462 | Active 20120718 20140717 57.01 | Niobec Inc. (88562) 100 %
22D11 CDC 2383045 | Active 20130326 20160325 57.03 | Niobec Inc. (88562) 100 %
22D11 CcbC 2350431 | Active 20120611 20140610 56.93 | Niobec Inc. (88562) 100 %
22D11 CDC 2369513 | Active 20121106 20141105 57.04 | Niobec Inc. (88562) 100 %
22D11 CDhC 2351949 | Active 20120620 20140619 57 | Niobec Inc. (88562) 100 %
22D11 CDhC 2351950 | Active 20120620 20140619 56.99 | Niobec Inc. (88562) 100 %
22D11 CDC 2350423 | Active 20120611 20140610 56.94 | Niobec Inc. (88562) 100 %
22D11 CcbC 2198163 | Active 20100105 20160104 57.04 | Niobec Inc. (88562) 100 %
22D11 CDC 2198161 | Active 20100105 20160104 57.05 | Niobec Inc. (88562) 100 %
22D11 CcbC 2350444 | Active 20120611 20140610 56.96 | Niobec Inc. (88562) 100 %
22D11 CDhC 2350439 | Active 20120611 20140610 56.97 | Niobec Inc. (88562) 100 %
22D11 CDhC 2352044 | Active 20120621 20140620 56.99 | Niobec Inc. (88562) 100 %
22D11 CcbC 2366145 | Active 20121009 20141008 57.02 | Niobec Inc. (88562) 100 %
22D11 CDC 2384496 | Active 20130423 20150422 3.79 | Niobec Inc. (88562) 100 %
22D11 CcbC 2384497 | Active 20130423 20150422 15.81 | Niobec Inc. (88562) 100 %
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. . Registered owner
gﬂ; Set ny t[?fle Title no. Status saegelstratlon Expiry date (Sﬂgace (name, number and
percentage)
22D11 CDC 2384498 | Active 20130423 20150422 18.32 | Niobec Inc. (88562) 100 %
22D11 CDC 2384499 | Active 20130423 20150422 16.58 | Niobec Inc. (88562) 100 %
22D11 CDC 2384500 | Active 20130423 20150422 16 | Niobec Inc. (88562) 100 %
22D11 CDC 2384501 | Active 20130423 20150422 15.05 | Niobec Inc. (88562) 100 %
22D11 CDC 2384502 | Active 20130423 20150422 14.07 | Niobec Inc. (88562) 100 %
22D11 CDC 2384503 | Active 20130423 20150422 5.2 | Niobec Inc. (88562) 100 %
22D11 CDC 2341431 | Active 20120418 20140417 41.68 | Niobec Inc. (88562) 100 %
22D11 CDC 2341432 | Active 20120418 20140417 30.07 | Niobec Inc. (88562) 100 %
22D11 CDC 2341433 | Active 20120418 20140417 15.8 | Niobec Inc. (88562) 100 %
22D11 CDC 2341434 | Active 20120418 20140417 10.61 | Niobec Inc. (88562) 100 %
22D11 CDC 2341435 | Active 20120418 20140417 11.59 | Niobec Inc. (88562) 100 %
22D11 CDC 2341436 | Active 20120418 20140417 39.97 | Niobec Inc. (88562) 100 %
22D11 CDC 2341437 | Active 20120418 20140417 22.11 | Niobec Inc. (88562) 100 %
22D11 CDC 2341438 | Active 20120418 20140417 3.34 | Niobec Inc. (88562) 100 %
22D11 CcDC 2341439 | Active 20120418 20140417 7.36 | Niobec Inc. (88562) 100 %
22D11 CDC 2341440 | Active 20120418 20140417 2.38 | Niobec Inc. (88562) 100 %
22D11 CDC 2336098 | Active 20120316 20140315 9.48 | Niobec Inc. (88562) 100 %
22D11 CcDC 2336099 | Active 20120316 20140315 8.75 | Niobec Inc. (88562) 100 %
22D11 CDC 2336100 | Active 20120316 20140315 7.37 | Niobec Inc. (88562) 100 %
22D11 CcDC 2336101 | Active 20120316 20140315 6.42 | Niobec Inc. (88562) 100 %
22D11 CDC 2336102 | Active 20120316 20140315 5.46 | Niobec Inc. (88562) 100 %
22D11 CDC 2336103 | Active 20120316 20140315 4.5 | Niobec Inc. (88562) 100 %
22D11 Ccbc 2336104 | Active 20120316 20140315 3.55 | Niobec Inc. (88562) 100 %
22D11 CcbC 2336105 | Active 20120316 20140315 2.56 | Niobec Inc. (88562) 100 %
22D11 CcDhC 2330701 | Active 20120125 20160124 8.54 | Niobec Inc. (88562) 100 %
22D11 CDC 2330706 | Active 20120126 20160125 1.96 | Niobec Inc. (88562) 100 %
22D11 CcDC 2198149 | Active 20100105 20160104 12.34 | Niobec Inc. (88562) 100 %
22D11 Ccbc 2198150 | Active 20100105 20160104 13.34 | Niobec Inc. (88562) 100 %
22D11 CDC 2198151 | Active 20100105 20160104 14.31 | Niobec Inc. (88562) 100 %
22D11 CcDC 2198152 | Active 20100105 20160104 15.29 | Niobec Inc. (88562) 100 %
22D11 CcbC 2198153 | Active 20100105 20160104 16.27 | Niobec Inc. (88562) 100 %
22D11 CcbC 2198154 | Active 20100105 20160104 0.54 | Niobec Inc. (88562) 100 %
22D11 CDC 2198155 | Active 20100105 20160104 17.26 | Niobec Inc. (88562) 100 %
22D11 CcbC 2198156 | Active 20100105 20160104 11.14 | Niobec Inc. (88562) 100 %
22D11 CDC 2198157 | Active 20100105 20160104 41.07 | Niobec Inc. (88562) 100 %
22D11 CDC 2198143 | Active 20100105 20160104 42.4 | Niobec Inc. (88562) 100 %
22D11 CcbC 2198144 | Active 20100105 20160104 7.41 | Niobec Inc. (88562) 100 %
22D11 CDC 2198145 | Active 20100105 20160104 8.42 | Niobec Inc. (88562) 100 %
22D11 CcbC 2198146 | Active 20100105 20160104 9.4 | Niobec Inc. (88562) 100 %
22D11 CDC 2198147 | Active 20100105 20160104 10.4 | Niobec Inc. (88562) 100 %
22D11 CDC 2198148 | Active 20100105 20160104 11.63 | Niobec Inc. (88562) 100 %
22D11 CL 5044599 | Active 19891123 20151122 20 | Niobec Inc. (88562) 100 %
22D11 CL 2687601 | Active 19671026 20150913 20 | Niobec Inc. (88562) 100 %
22D11 CL 2712071 | Active 19671026 20150913 40 | Niobec Inc. (88562) 100 %
22D11 CL 2712122 | Active 19671026 20150914 40 | Niobec Inc. (88562) 100 %
22D11 CL 2713212 | Active 19671026 20150924 40 | Niobec Inc. (88562) 100 %
22D11 CL 2713221 | Active 19671026 20150924 40 | Niobec Inc. (88562) 100 %
22D11 CL 2713222 | Active 19671026 20150924 40 | Niobec Inc. (88562) 100 %
22D11 CL 2713231 | Active 19671026 20150925 40 | Niobec Inc. (88562) 100 %
22D11 CL 2713232 | Active 19671026 20150925 40 | Niobec Inc. (88562) 100 %
22D11 CL 2713241 | Active 19671026 20150925 40 | Niobec Inc. (88562) 100 %
22D11 CL 2713242 | Active 19671026 20150925 40 | Niobec Inc. (88562) 100 %
22D11 CL 2713251 | Active 19671026 20150925 40 | Niobec Inc. (88562) 100 %
22D11 CL 2713252 | Active 19671026 20150925 40 | Niobec Inc. (88562) 100 %
22D11 CL 2713362 | Active 19671026 20150925 40 | Niobec Inc. (88562) 100 %
22D11 CL 2713371 | Active 19671026 20150925 40 | Niobec Inc. (88562) 100 %
22D11 CL 2713372 | Active 19671026 20150925 40 | Niobec Inc. (88562) 100 %
22D11 CL 2713442 | Active 19671026 20150925 40 | Niobec Inc. (88562) 100 %
22D11 CL 2713451 | Active 19671026 20150925 40 | Niobec Inc. (88562) 100 %
22D11 CL 2713452 | Active 19671026 20150925 40 | Niobec Inc. (88562) 100 %
22D11 CL 2713461 | Active 19671026 20150925 40 | Niobec Inc. (88562) 100 %
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Figure 4.2: Niobec property claims and mining leases (NTS Claim Map 22D/11)
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Figure 4.3: Niobec Inc. landholding acquisition process
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Figure 4.4: Simplified permitting flow process
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5 ACCESSIBILITY, CLIMATE, LOCAL RESOURCES, INFRASTRUCTURE AND PHYSIOGRAPHY

5.1 Accessibility

The Niobec mine is located near Ville de Saguenay and in the municipality of Saint-Honoré; it is
therefore easily accessible via existing paved roads. Airlines fly to and from Ville de Saguenay
and Montréal on a daily basis. It is a two hour-drive from Québec City and a five hour-drive
from Montréal.

5.2 Topography and Climate

The topography is relatively flat around the mine area, with an average altitude of 144 m above
sea level. The Niobec mine is located in an agroforestry type landscape consisting of large peat
lands, farmlands and woodlands. The site is adjacent to the Shipshaw River and is characterised
by the presence of the Riviére aux Vases, a vast network of waterways.

The climate of Ville de Saguenay area is temperate, with warm summers and cold winters. The
average annual temperature is 2.3°C, with average daily temperatures ranging from -16.1°C in
January to 18.1°C in July. The average total annual precipitation is 951 mm, which peaks in July
(123 mm) and is at its minimum level in February (51 mm). Snow falls from October to April,
mainly between November and March reaching a maximum in December, with an average of
82 cm (equivalent to 67 mm of water).

This information is based on data collected at the Bagotville weather station between 1971 and
2000, as reported by Climat Québec (www.climat-quebec.qgc.ca).

5.3 Local Resource and Infrastructure

Niobec is located near Ville de Saguenay, which has a population of approximately 150,000
inhabitants. The city has schools (of all school levels including university), hospitals, government
departments, various suppliers, etc. A pool of skilled labor is available, as well as in
neighbouring municipalities and villages.
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Niobec benefits from having nearby water sources and hydropower provided by the regional
power grid. Existing facilities include a headframe, a concentrator of niobium pentoxide
(Nb,0Os), a ferroniobium (FeNb) concentrate converter and related facilities on surface.

Update on Niobec Expansion December 2013 5-2






NI 43-101 Technical Report

Table 6.1: Mining production history

Production (processed)
vear Tonnes (Mt) | Grade(% Nb,0O;) | Recovery (%)
1976 0.34 0.81 52.0
1977 0.35 0.69 66.8
1973 0.56 0.70 65.5
1973 0.58 0.67 65.1
1980 0.61 0.62 65.0
1981 0.71 0.59 67.3
1982 0.75 0.64 67.5
1983 0.44 0.65 62.3
1954 0.e7 0.72 60.0
1985 0.77 0.69 60.6
1986 0.75 0.70 66.4
1987 0.63 0.70 63,0
1953 0.91 0.71 60.5
1989 0.80 0.70 62.8
1990 0.79 0.71 60.4
1991 0.80 0.70 60.2
1992 0.82 0.68 59.3
1993 0.81 0.70 59.9
1994 0.81 0.69 39.1
19395 0.80 0.72 57.9
1996 0.81 0.70 58.8
1997 0.83 0.68 57.8
1998 0.82 0.69 58.2
1993 0.82 0.71 58.3
2000 0.91 0.66 54.6
2001 1.10 0.71 58.4
2002 1.22 0.69 58.3
2003 1.29 0.70 54.7
2004 1.33 0.71 54.1
2005 1.45 0.66 56.7
2006 1.60 0.66 584
2007 1.62 0.65 60.7
2008 1.79 0.62 57.9
2009 1.75 0.61 58.2
2010 1.86 0.61 56.3
2011 2.11 0.57 55.6
2012 2.19 0.55 58.6
Total 37.41 0.66 59.13
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Table 6.2: History of reserves at Niobec over the years

. Reserves (M tonnes) Resources (M tonnes) Preduction (processed) Diamond drilling
Proven Probable Total Measured Indicated Meas.+ind. Infered Total (M) Mb:Os (%) | Recovery (%) (ft)

1976 - - 7.1 - - - - 71 0.34 0.21 52.00 41,059
1977 - - 6.3 - - - - 6.3 0.55 0.69 66.80 39,396
1973 - - 6.9 - - - - 6.9 0.56 0.70 65.50 57,310
1979 - - 9.6 - - - - 9.6 0.58 0.67 65.10 73,913
1980 - - 12.0 - - - - 12.0 0.61 0.62 65.00 85,283
1981 - - 11.9 - - - - 11.9 0.71 0.59 67.30 85,365
1982 - - 11.8 - - - - 11.8 0.75 0.64 67.50 78,317
1983 - - 11.4 - - - - 1.4 0.44 0.65 62.30 36,444
1984 - - 10.7 - - - - 10.7 0.67 0.72 60.00 57,880
1985 - - 10.9 - - - - 10.9 0.77 0.69 60.560 49,116
1986 - - 11.1 - - - - 11.1 0.75 0.70 66.40 58,209
1987 - - 10.9 - - - - 10.9 0.63 0.70 63.00 40,900
1988 - - 11.0 - - - - 11.0 0.91 0.71 60.50 42,226
1989 - - 10.8 - - - - 10.8 0.80 0.70 62,80 31431
1950 - - 10.1 - - - - 10.1 0.79 0.71 60.40 36,550
199 - - 10.2 - - - - 10.2 0.80 0.70 60.20 40,481
1992 - - 10.3 - - - - 10.3 0.82 0.62 59.30 38,720
1993 - - 9.9 - - - - 9.9 0.81 0.70 59.90 49 567
1994 - - 9.2 - - - - 9.2 0.81 0.69 59.10 35,280
1995 - - 8.4 - - - - 8.4 0.80 0.72 57.90 24,005
1996 - - 11.8 - - - - 11.8 0.81 0.70 58.80 16,404
1997 - - 11.4 - - - - 114 0.83 0.68 57.80 11,456
1993 - - 10.5 - - - - 10.5 0.82 0.69 58.20 39,884
1999 - - 10.2 - - - - 10.2 0.82 0.71 58.30 53172
2000 - - 11.5 - - - - 11.5 0.91 0.66 54.60 52,012
001l 117 Bs 18.2 15 03 18 18 36 1.10 0.71 58.40 45,909
2002 17.8 6.0 23.8 0.0 0.0 0.0 2.1 21 1.22 0.69 58.30 51,156
2003 7.3 5.3 22.6 ND ND N/D WD 8.3 1.29 0.70 54.70 44,946
2004 16.1 8.2 24.3 ND ND N/D WD 4.4 1.33 0.71 54.10 32,47
2005 15.0 6.5 21.5 15.0 6.5 213 4.4 25.9 1.45 0.66 56.70 29,115
2006 13.5 6.3 19.8 13.5 6.3 188 6.8 26.6 1.60 0. 66 58.40 40,289
2007 10.2 6.2 16.4 10.2 8.6 188 15.3 341 1.62 0.65 60.70 40,322
2008 11.4 121 23.5 11.4 121 235 28.8 52.3 1.79 0.62 57.90 43,195
2009 g4 237 321 g4 237 321 7.9 70.0 1.75 0.61 58.20 54858
2010 16.6 28.1 45.7 16.6 45.7 623 59.7 122.0 1.86 0.61 56.30 56,972
2011 0.0 419.2 419.2 235.3 250.2 485 5 155.4 640.9 211 0.57 55.60 81,161
2012 0.0 416.4 416.4 286.0 343.9 528 9 B7.7 G97.6 219 0.55 58.60 184,379
Total - - - - - - - - 374 0.66 58.13 1.889,263
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7 GEOLOGICAL SETTING AND MINERALISATION

7.1 Regional Geology

Rocks from the Saguenay region belong to the Grenville Province of the Canadian Shield
(Stockwell, 1964). Based on Dimroth et al. (1981), these rocks are divided into three distinct
litho-structural units.

The first unit is a gneiss complex, which further divides into three groups (I, Il & Ill), depending
on the increase in structural complexity, from newest to oldest. All rocks from Group | were
metamorphosed and deformed during the Hudsonian orogeny (1,735 My). Rocks from Group |l
were formed after this orogeny or during a non-orogenic period of felsic magmatism. Group Il
includes dykes of granitic and amphibolite composition, which are parallel to anorthosite
contacts.

The second unit is represented by anorthosite batholiths and charnockite-mangerite, exhibiting
structures and well-preserved igneous textures. Anorthosite formation began during a period of
extension of the earth's crust and continued into the Grenvillian orogeny, 935 My ago. The final
formation likely occurred at the end of this orogeny (Roy et al., 1986), but its age remains
uncertain.

The third unit is characterised by calc-alkaline intrusions that intersect the bedrock. The
mineralogy of these intrusions is an amphibolite high metamorphism facies (Dimroth et al.,
1981). At the beginning of the Paleozoic Era (or at the end of the Precambrian Era), a tectonic
extension system enabled the development of the rift of the St. Lawrence River. This period of
tectonic extension was accompanied by normal faults, dome formations and igneous alkaline
activity (Kumarapeli and Saull, 1966), including the formation of the Saint-Honoré alkaline
complex, along the Saguenay Graben. This fault zone is an important geologic structure for
other alkaline complexes, such as the Crevier complex (host of Ta-Nb deposit of the same
name, located 175 km to the north-west). The Saint-Honoré carbonatite is located in the core of
the alkaline complex and is said to be about 650 My old (Valley and Dubuc, 1970).

A marine transgression during the Ordovician Period (about 470 My) led to the erosion of the
Saint-Honoré carbonatite, developing a karst system and the deposition of a clastic horizon 1 to

5 m thick at the base of a subhorizontal succession of shales and limestones. In the Saguenay
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5) A cone sheet of barren red feldspathic dolomitic carbonatite (C9) mineralisation
mapped from south to the mine. This unit is red and has massive texture, it’'s composed
of hematite, feldspars, pyrite and magnetite. The colour is due to an intense oxidation of
primary ferruginous minerals. Up to 30% of xenolith and syenite are included in this

unit;

6) Cone sheets of phlogopite calcitic carbonatite (C4) mapped in the east and north end of
the region. This unit is composed of calcite, dolomite, phlogopite, magnetite, chlorite

and apatite;

7) A cone sheet of a non-mineralised pyroxene calcific carbonatite (C6), mapped southeast
of the mine. This unit has a massive texture with medium grain size, C6 is composed of

calcite, aegerine and magnetite;

8) A circular outer ring containing feldspathic and feldspathoidal alkaline rocks mainly

syeneite (S1), urtite and ijolite;

9) Finally, a mass of cancrinite syenite, nepheline and garnet (S2) located at the south-east

of the complex of Saint-Honoré.

Rocks immediately surrounding the complex are made up of magnetite diorite as well as
hypersthene syenite. Bedrock carbonatization is interpreted as the product of metasomatic
alteration related to the intrusion of the carbonatite (Gagnon, 1979).
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Figure 7.2: Local geology of the alkaline complex
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7.2.1 Mineralogy and Mineralisation

The main minerals in the Niobec deposit are carbonates (50%), oxides (magnetite, hematite)
(10%), silicates (biotite, chlorite) (10%), apatite (10%), sulfides (1%) as well as fluorite, barite
and zircon (1%, collectively).

Niobium minerals in a bipyramidal shape are scattered throughout the carbonatite. These
minerals are fine-grained (0.2 mm to 0.8 mm in diameter) and not easily visible to the naked
eye. They are commonly associated with geological units with higher content in accessory
minerals such as magnetite, biotite and apatite (facies C3b, C3c and C3a).

The ore is analysed in terms of percentage of Nb,Os. The mineralised lenses located on the
northern edge of the deposit are characterised with the presence of hematisation, which seems
to decrease in intensity with depth. Lenses farther south of the deposit are contained in a more
calcitic carbonatite with syenite xenoliths.

The mineralisation mainly includes ferric-pyrochlores, sodic-pyrochlores and columbite as Nb
bearing minerals. The mineralogical characteristics, the alteration and the mineralisation type
greatly influence metallurgical recovery, which can vary between 30% and 70%.

The mineralised envelopes vary from 45 m to 185 m in width (north to south), and can reach
close to 760 m in length. The areas have a known vertical extension of about 750 m. The
deepest completed drillholes (down to block 12, close to a depth of 1,280 metres) show
mineralisation at equivalent grade to those of the current mine production. The deposit has a
sub-vertical dip.

The average grades of major mineralised envelopes are 0.44% to 0.51% Nb,Os. Considering the
block caving method, the definition of high grade mineralised envelopes is no longer necessary
because all carbonatite will be mined. Potential mineralised zone remains open at depth.
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8 DEPOSITTYPES

This part is taken from the volume « Geology of Canadian Mineral Deposit Types, Chapter 24 »
(Richardson et Birkett, 1995).

Carbonatite-associated deposits include a variety of mineral deposits that occur within and in
close spatial association with carbonatites and related alkalic silicate rocks. Carbonatite-
associated deposits are mined for rare earth elements (REEs, niobium, iron, copper, apatite,
vermiculite, and fluorite. By-products include barite, zircon or baddeleyite, tantalum, uranium,
and in the unique Palabora carbonatite of South Africa, platinum group elements, silver, and
gold. In some complexes, calcite-riche carbonatite is mined as a source of lime to produce
Portland cement, and in Europe, carbonatites have produced lime and iron for hundreds of
years (Dawson, 1974; Deans, 1978; Bowden, 1985)

Carbonatites are igneous rocks which contain at least 50% modal carbonate minerals, mainly
calcite, dolomite, ankerite, or sodium- and potassium-bearing carbonates (nyerereite and
gregoryite) Other minerals commonly present include diopside (in early carbonatites — e.g.,
Bondzone, Oka, Québec), sodic pyroxenes or amphiboles, phlogopite, apatite, and olivine. A
large number of rare or exotic minerals also occur in carbonatites.

Carbonatites occur mainly as intrusive bodies of generally modest dimensions (as much as a
few tens of square kilometres), and to a lesser extent as volcanic rocks (flowsand derived
deposit), which are associated with a wide range of alkali silicate rocks (syenites, nepheline
syenites, nephelinites, ijolites, urtites, pyroxenites, etc.) (Bowden, 1985; Barker, 1989).
Although carbonatites are invariably associated with alkali rocks; the inverse relationship does
not necessarily hold (Moller, 1989b). Carbonatites are generally surrounded by aureole of
metasomatically altered rocks called fenites produced by reaction of country rock with
peralkaline fluids released from the carbonatite complex (Morogan, 1994).

Carbonatite-associated deposits can be subdivided into magmatic types. Magmatic deposits are
formed through processes associated with the crystallsation of carbonatites, whereas
metasomatic deposits form by the reaction of fluids releases during crystallisation with pre-
existing or country rocks. Spatially distinct niobium and rare-earth element (REE) mineralisation
at the Niobec mine, Québec, are examples of magmatic and metasomatic mineralisation.
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Carbonatite-associated deposits contain the majority of the known reserves of niobium in the
world. Apatite and magnetite, and by-product baddelevite or zircon, are also derived from
magmatic carbonatite deposits. The Palabora carbonatite is unique in that it hosts large
economic concentrations of copper (Palabora Mining Company Limited, mine Geological and
Mineralogical Staff, 1976; Eriksson, 1989).

Carbonatite-associated deposits account for a significant portion of world REE production and
contain most known reserves.

Other commodities produced more rarely from carbonatite-associated deposits include:
fluorite, vermiculite, vanadium and baddeleyite. Some carbonatite deposits are enriched with
uranium and thorium, but low U/Th ratios generally make them uneconomic (Le Bas, 1987).
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Figure 9.1: High resolution magnetic map (Grenier, 2013)
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The drill rig is positioned at the specified location and aligned using backsight and foresights the
dip of the drillhole is controlled by using a protractor. Surveyors periodically check the
alignment of the holes directly on the diamond drills for quality control. When completed, all
holes are surveyed by surveyors using a rod they fit inside the drillhole. Correction on the
localisation and direction are made in the database.

The collected core is placed in wooden boxes and brought back to the surface and then stored
near the core shack. Completed drillholes are sealed with cement on the first 14 ft. If water
flows from a drillhole, the hole is sealed with a mechanical plug before being cemented.

Since 2010, drillhole orientation tests have been performed using the Reflex EZ-AQ Kit; in
previous years, this deviation (down hole) was measured by an acid test, performed every 100
or 150 ft.

Despite the use of small caliber drilling, recovery usually exceeds 95%.
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Table 10.1: Annual quantities of diamond drilling at Niobec

Years Drilled by Drilled feet
1976 SOQUEM 41,059
1977 SOQUEM 39,396
1978 SOQUEM 57,310
1979 SOQUEM 73,913
1980 SOQUEM 85,283
1981 SOQUEM 85,365
1982 SOQUEM 78,317
1983 SOQUEM 36,444
1984 SOQUEM 57,880
1985 SOQUEM 49,116
1986 Cambior Inc. 58,209
1987 Cambior Inc. 40,900
1988 Cambior Inc. 42,226
1989 Cambior Inc. 31,481
1990 Cambior Inc. 36,550
1991 Cambior Inc. 40,481
1992 Cambior Inc. 38,780
1993 Cambior Inc. 49,567
1994 Cambior Inc. 35,280
1995 Cambior Inc. 24,005
1996 Cambior Inc. 16,404
1997 Cambior Inc. 11,456
1998 Cambior Inc. 39,884
1999 Cambior Inc. 53,172
2000 Cambior Inc. 52,012
2001 Cambior Inc. 45,909
2002 Cambior Inc. 51,156
2003 Cambior Inc. 44,946
2004 Cambior Inc. 32,471
2005 Cambior Inc. 29,115
2006 IAMGOLD 40,289
2007 IAMGOLD 40,322
2008 IAMGOLD 43,195
2009 IAMGOLD 54,858
2010 IAMGOLD 56,972
2011 IAMGOLD 81,161
2012 IAMGOLD 194,379
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Figure 10.1: Typical vertical drilling section (238+00E +25 ft.)
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Figure 10.2: Plan view of the drillholes (Level 1450 +25 ft., -150 ft.)

10.2 Approach and Sampling Procedure

For mineral resource estimations, the sampling of niobium mineralisation is limited to samples
collected by diamond drilling. At the core shack, core boxes are opened and laid out by geology
personnel. Detailed description of the drill core is then carried out by experienced and qualified
personnel under the supervision of the geology department. Drilling description data are
recorded into an electronic format using GEMS Logger software.
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10.3 Description of Drill core

After the drill cores are laid out and aligned, the staff measures the recovery and the RQD (Rock
Quality Designation). RQD is calculated, without taking into account core pieces less than 10 cm
long. It should be noted that the calculated RQD is generally underestimated when drill core
sizes AQ (2.70 cm) and BQ (3.65 cm) are used, the RQD system being based on the NQ core size
(4.75 cm). Nevertheless, RQD values at Niobec are generally above 80%, indicating good quality
rock, and appear to be higher with the BQ drilling diameter now being used.

The drill core is then described in geological terms, while the geological units are defined and
the main minerals are quantified. Percentages of magnetite, hematite, biotite, apatite, pyrite,
ankerite and fluorite are systematically recorded.

Since niobium mineralisation is finely disseminated, the entire core is systematically assayed,
usually at a 10 feet interval. When geology warrants it, samples can obviously be smaller or
larger, but the interval is never bigger than 12 ft. Sampling intervals (from, to) are noted by the
geologist and are codified according to the lithology and mineralogy. Finally, the drill hole
number, collar coordinates, azimuth, dip, final depth, down hole survey, and assays results are
included in the electronic log description.
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11 SAMPLE PREPARATION, ANALYSES AND SECURITY

11.1 Drill Core Sampling

Following the drill core description, as explained in Item 10, the entire core is sampled following
the intervals defined by the geologist. The core is then broken into pieces of suitable length,
which are then bagged with a tag number. Sample bags are finally brought to the mine
laboratory.

Prior to 2011, all core boxes were returned underground to be reused. Since summer 2011, a
minimum of one hole by section is stored for possible research. Retained holes are split in two
halves with a core saw and stored on site. Yearlong access to the half drillholes is possible.

11.2 Security Measures

The drill cores remain on the mine property and under the supervision of the Geology
Department at all times. The recovery from diamond drilling is excellent. The entire core is
analysed. Verification of data from before 2011 is impossible as there are no cores remaining
from this time frame. This does not present a risk since the Niobec mine has been in production
for a long time (over 37 years) and the average grade of the deposit is well known. There is no
uncertainty as to the presence of niobium mineralisation.

In summary, core samples collected at the drill site are gathered in closed wooden boxes, which
are then delivered to the surface core shack by the contractor, where the Geology department
personnel take over the responsibility of the samples. Logging and sampling take place at the
core shack, and assays are conducted in the onsite laboratory. At no time do the samples leave
the mine site. The site is fenced, monitored by closed circuit video cameras with a security
guard continuously stationed at the site entrance.

11.3 Sample Preparation and Analyses

Sample preparation and analyses are carried out under the responsibility of the internal 1SO-
9001 certified laboratory. All work procedures are detailed in writing, and internal and external
audits take place regularly.
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Figure 11.1: Sample preparation at Niobec

Figure 11.2: Diagram: description of X-ray fluorescence

The following elements are analysed on a regular basis: Nb,Os, SiO,, MgO, P,0s, Fe,03, CaO,
MnO, TiO,, ZrO,, and Al,0;. Nb,Os is the only element of economic interest, but others are
essential to estimate potential metallurgical recovery and for material blending during stope
mining that will be most suitable for processing at the plant.
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Table 11.1: Statistical duplicate assays in 2011-2012 - Pulp (% Nb,Os)

Assay #1 Assay #2

Number of samples 2,800
Minimum 0.0001 0.003
Maximum 3.34 2.83
Average 0.407 0.407
Median 0.35 0.34
Standard deviation 0.29 0.29
Variance 0.08 0.08

Correlation coefficient 0.997

R 0.994

Figure 11.3: Scatter diagram — Re-assay of pulp in 2011-2012

Update on Niobec Expansion

December 2013

11-5



NI 43-101 Technical Report

Table 11.2: Re-assay of coarse rejects, 2011-2012 statistics (% Nb,0s)

Assay # 1 Assay #2

Number of samples 3,000
Minimum 0.01 0.01
Maximum 2.90 2.77
Average 0.42 0.42
Median 0.36 0.36
Standard deviation 0.28 0.26
Variance 0.08 0.08

Correlation coefficient 0.981

R 0.962

Figure 11.4 Scatter diagram — Re-assay of coarse rejects in 2011-2012
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Table 11.4: Statistics for the standard DH X-1802

X-1802
Elements NB205 S102 P205 FE203 MNO TI02 ZRO2 CAO MGO AL203
Certified value 0.2 8.9 3.92 8.2 0.83 0.24 0.074 27 13.5 2.7]
Tolerance 1S 0.004 0.2 0.08 0.2 0.03 0.01 0.005 0.2 0.6 0.1
Coeficient of variation 2.00% 2.25% 2.04% 2.44% 3.61% 4.17% 6.76% 0.74% 4.44% 3.70%
Number of samples 114 114 114 114 114 114 114 114 114 114
Average value 0.209 8.780 3.939 8.124 0.835 0.237 0.095 26.843 13.298 2.648|
1STD 0.071 0.118 0.185 0.258 0.016 0.019 0.013 0.105 0.144 0.064
Coeficient of variation 34.05% 1.34% 4.69% 3.18% 1.97% 8.16% 13.64% 0.39% 1.09% 2.42%
% Difference on average 4.65% 1.34% 0.49% 0.93% 0.61% 1.17% 28.62% 0.58% 1.50% 1.91%
Figure 11.6: Diagram for the Standard DH X-1802
Table 11.5: Statistics for the standard DH X-1805
X-1805
Elements NB205 SI02 P205 FE203 MNO TI02 ZRO2 CAO MGO AL203
Certified value 0.97 7.8 5.8 10.5 0.79 0.3 0.22 27.2 12.5 2.07]
Tolerance 1S 0.01 0.2 0.2 0.2 0.03 0.02 0.02 0.2 0.6 0.1]
Coeficient of variation 1.03% 2.56% 3.45% 1.90% 3.80% 6.67% 9.09% 0.74% 4.80% 4.83%
Number of samples 159 159 159 159 159 159 159 159 159 159
Average value 0.969 7.740 5.687 10.468 0.792 0.291 0.227 27.143 12.433 2.085]
1STD 0.053 0.780 0.294 0.333 0.016 0.026 0.008 0.492 0.141 0.235
Coeficient of variation 5.44% 10.07% 5.17% 3.18% 2.01% 8.83% 3.39% 1.81% 1.13% 11.28%
% Difference on average 0.06% 0.77% 1.94% 0.31% 0.21% 2.89% 3.40% 0.21% 0.53% 0.73%
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Table 11.7: Statistics of 2011-2012 pulp samples re-assayed by COREM (% Nb,0s)

First assay Second assay
Number of samples 202

Minimum 0.03 0.03
Maximum 2.82 3.05
Average 0.49 0.47
Median 0.42 0.40
Standard deviation 0.40 0.41
Variance 0.16 0.17

Correlation coefficient 0.995

R 0.990

Figure 11.9: Scatter diagram — Pulp re-assayed by COREM in 2011-2012
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12 DATA VERIFICATION

The resource QP has visited the Niobec mine on several occasions before 2012. During his last
visit to the mine, in June 2012, the resource QP has checked the drilling procedure and also
visited the laboratory facilities. During these visits, the resource QP checked the following
points:

e drilling procedures, sampling, assay and QA-QC and data integration in the database;
® names, coordinates and orientations of drilling;

e data in the GEMS software for abnormal content and missing gaps or overlapping.

Drill hole collar, assay, survey, geology and recovery data were provided by Niobec as electronic
files in Microsoft Access database. These data files were imported into Gemcom GEMS software
and interrogated via GEMS validation functions. Key fields within critical drillhole database data
files were validated for potential numeric and alpha-numeric errors. Data validation, cross
referencing collar, survey, assay and geology files, was performed in GEMS to confirm depths of
drillholes, inconsistent or missing sample/logging intervals and survey data. No significant
errors were detected during data validation.

The resource QP is of the opinion that the drillhole and assay database for the Niobec mine
used for this study is of sufficient quality to permit the completion of a NI 43-101 mineral
resource and reserve estimate and provides the basis for the conclusions and
recommendations stated in this technical report.

The QP has compared results obtained in the resource estimate with the results estimated by
the resource geologist at Niobec. Estimates were done using the same estimation parameters,
block model and solids. The result shows that both estimates have given identical grade value
and almost identical tonnage value (0.7% difference for measured resource, 0.01% difference
for indicated resource and 0.29% for inferred resource).

Update on Niobec Expansion December 2013 12-1









NI 43-101 Technical Report

Table 13.2: Chemical composition of minerals at Niobec mine.

Mineral Na-Pyrochlore (%) PS?c;Iiﬂlr:)Crze(f’j/o) Columbite (%)
Nb,O5 65.76 68.6 71.08
Tay0s 0.11 N/A N/A

TiO, 2.75 3.46 3.74
ZrO, 0.33 N/A N/A
CaOo 16.59 11.66 0.62
Na,O 843 473 0.46
FeO 0.32 4.96 18.16
MnO 0.04 1.5 2.95
La,Os 0.08 N/A N/A
Nd,O3 0.16 N/A N/A
Cey05 0.34 N/A N/A
uo, 0.01 N/A N/A
ThO, 0.23 N/A N/A
TOTAL 95.15 94.91 97.01

The replacement is seldom complete and in fact, pyrochlore and columbite form a continuous
series. The Fe-enriched pyrochlore and columbite are usually found in altered ore, but are
present in unaltered ore where they are of primary origin.

The variable chemical composition has a major influence on mill production results. A portion
of black Fe-enriched pyrochlore and columbite at a certain pH, have different surface

properties from the sodium type of pyrochlore.

13.2 Metallurgical Testing

Metallurgical test work has been carried out in order to properly design the new processing
facilities. In reason of the long history of the operation, the testwork program has focused on
the areas affected by changes to the process flowsheet and/or equipment types. Crushing and
mainly SAG index have been done for proper equipment design and selection of the SAG mill.
Comparative test work between conventional grinding and classification presently used and
new grinding circuit using SAG/Ball mill was done in order to assess the possible impact on
niobium recovery. Because the head grade is lower than the historical value and niobium
concentrate quality is sensitive to impurities, laboratory metallurgical testing has been
performed to validate the niobium recovery and concentrate quality grade. Also, low grade ore
and crown pillar dilution material was processed in the plant to confirm laboratory results.
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13.3 Estimate of Metallurgical Recovery

The metallurgical recovery of niobium pentoxide (Nb,Os), at the concentrator, was estimated
based on a statistical analysis of the historical metallurgical recoveries obtained at the
concentrator. However, to compensate for the lack of historical data in the range of feed
grades estimated for the expansion project, laboratory testwork were done on selected
samples from different areas of the deposit. Low grade ore bulk samples have been also
processed in the actual plant with success. The main objectives of the work were to confirm
the historical grade/recovery curve and to verify if it is possible to achieve the quality
specifications for the concentrate. Nb,Os recovery is influenced by Nb,Os head grade,
impurities content in the ore and concentrate quality specifications. Average recovery for the
project for the concentrator is estimated at 52.5% Nb,0Os.

Converter process is similar to the actual, therefore, recovery was based on the current results
achieved with our process.
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Table 14.2: Tables and fields in the Niobec database

Table

Field

Forages_collet

Hole-ID
Maximum depth
XYZ coordinates of the collar

Forages_deviation

Distance
Azimuth
Dip

Geology

From

To
CODE_NIV1
DESC_NIV1
ROCKCODE

Forages_analyses

From

To
Echantillon_No.
N b205_%
Si0,_%
P,0s_%
Fe203_%
ZFOZ_%
TiO,_%
MnO_%
CODE_LOT

Forages_Lots

From

To
Length
Comp_ID

Forages_RQD

From

To
Length
REC_PER
RQD_PER

The drillhole database in Gemcom software contains 4,060 drillholes, 31,177 survey

measurements and 194,558 sampling intervals assayed for Nb,Os as dated December 31, 2012.

All necessary checks were completed to ensure that the database is without errors and can be

used for resource estimation.
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Table 14.4: Summary of overall carbonatite statistics - 20 feet composites

Composites Statistics 31/12/2012
Number of samples 95,420

Minimum (% Nb,Os) 0.00
Maximum (% Nb,Os) 5.65
Mean (% Nb,Os) 0.43
Median (% Nb;Os) 0.39
Variance 0.06
Standard deviation 0.25

Coefficient of Variation 0.59

14.5 Density

Historically, the Niobec mine used different densities for Zones 101 and 102 (2.92 t/m3) and
Zones 206 and 208 (2.78 t/m3), respectively located in the northern and southern parts of the
deposit. The average value of these four areas and the surrounding carbonatite equates to an
average density of 2.84 t/m3 used for this model.

Considering the rock types and mineralisation in the rock, these measures are considered
appropriate.

14.6 Variography

Variograms studies were conducted inside the carbonatite envelop for Nb,Os using the 20-feet
composite database. Results of the Nb,0Os have been used for interpolation of other elements.

In order to generate and model the variogram for each grade element, a standard step
approach was used and is summarised below:

- Review the orientation and the dips of the solids representing domains to be studied, to
help determine the best continuity directions;

- Generate and model variograms along the drillholes to help determine the nugget
effect;
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Table 14.8: Block model attributes

Model name

Description

Rock type Type of rock coding

Density Specific gravity

ROCHE_PCT Percentage of block filled by rock

AIR_PCT Percentage of block filled by air (already mined out)

Nb205 Ordinary Kriging Model (OK) - % Nb,0s

RECUP Metallurgical recovery estimated by lithological codes

KG/T Yield estimated per % Nb,0Os * RECUP/10

Si02 Model OK - % SiO,

P205 Model OK - % P,05

FE203 Model OK - % Fe,03

ZRO2 Model OK - % ZrO,

TIO2 Model OK - % TiO,

MNO Model OK - % MnO

CODELOT ::/t;:logical code used to calculate RECUP based on carbonatite

DIST AVG :;/aecllfzgoef t(il:tzlnoccek of composites used to estimate the Nb,Os

NbEOR Numbgr qf drillholes used to estimate the Nb,Os grade
contained in the block

CATEG Resource Classification

RendNb Historical yield calculated using metallurgical recovery curve
based on Nb,Os milled grade

Block_Var Block estimated variance

ID2 Model ID2 - % Nb,Os - Validation of OK
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lower grade estimate. The difference of 22% between composites and the blocks is mainly due
to the 2012 drillholes; in 2011 this difference was 12 % and 3% in 2010.

Table 14.9: Comparison between composite and interpolated grade

Grade of OK .
Grade of Model Difference Number of
Composites (% blocks
Nb,O5) . interpolated
(% Nb,O5s) (OK/Composites)
0.433 0.336 22% 372,354

14.10Resource Classification

Mineral resource is classified in accordance with the Canadian Institute of Mining standard (CIM
Definition Standards for Mineral Resources and Reserves, June 24, 2011).
classification is based on the soundness of various data sources, such as:

Resource

e Quality and reliability of drilling and sampling data;

e Distance between sample points (drilling density);

e Confidence in the geological interpretation;

e Continuity of the geological structures and continuity of the grades within these
structures;

e Variographic studies;

e Statistics of the data populated;

e In the case of a producing mine, the reconciliation between models and actual

production.

Niobec resource is classified according to the average distance of the composites used to
estimate the grades of the block model and the availability of reconciliation data. The Niobec
mine has a long history of good reconciliation between the reserves and the results obtained at
the mill.

The measured resources are limited to the blocks estimated within a search radius of less than
75 ft. Usually corresponding to the areas where definition drilling was performed.
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Figure 14.3: Envelopes containing Mineral Resources
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Table 14.12: Tonnage vs. cut-off grade (Nb,0s) - Measured and indicated resources

Tonnage .| Nb,;Os per .
} Cumulativ Cumulativ| Nb,Os . .
CUT-OFF | Volume Density | per grade grade ) Si0; | Fe;03 | P05 | ZrO; | TiO; | MnO | CATEG
e tonnage e Nb;Os | contained
GRADE (%) range range

ft* x 1000 T/ Tx 1000 | Tx1000 (%) (%) kg x 1000 (%) (%) (%) (%) (%) (%) -
0.00 512 0.0804 41 657,806 0.04 0.41 2,674 1.08 5.96 1.11 0.07 0.10 0.95 2
0.05 32,162 0.0804 2,586 657,764 0.08 0.41 2,674 1.39 | 6.06 1.40 | 0.07 | 0.12 | 0.94 2
0.10 93,157 0.0804 7,490 655,178 0.13 0.41 2,671 1.98 6.85 2.08 0.07 0.13 0.91 2
0.15 224,403 0.0804 18,042 647,689 0.18 0.41 2,662 3.26 | 6.99 | 253 | 0.07 | 0.13 | 0.88 2
0.20 495,120 0.0804 39,308 629,647 0.23 0.42 2,630 5.96 6.99 2.65 0.07 0.13 0.83 2
0.25 902,088 0.0804 72,528 580,839 0.28 0.43 2,539 6.86 | 6.0 | 2.69 | 0.07 | 0.14 | 0.81 2
0.30 1,265,565 0.0804 101,751 517,311 0.33 0.45 2,338 7.66 6.87 2.70 0.07 0.14 0.80 2
0.35 1,344,723 0.0804 108,116 415,560 0.37 0.48 2,006 7.80 | 688 | 2.74 | 0.07 | 0.13 | 0.79 2
0.40 1,186,197 0.0804 95,370 307,444 0.42 0.52 1,601 7.78 7.01 2.83 0.07 0.13 0.79 2
0.45 897,814 0.0804 72,184 212,074 0.47 0.56 1,197 732 | 7.29 ] 288 | 0.07 | 0.14 | 0.79 1
0.50 612,456 0.0804 49,241 139,890 0.52 0.61 855 6.72 | 7.65 | 3.17 | 0.07 | 0.14 | 0.79 1
0.55 427,264 0.0804 34,352 90,648 0.57 0.66 597 6.09 8.02 3.35 0.07 0.14 0.80 1
0.60 261,636 0.0804 21,036 56,296 0.62 0.71 400 5.63 | 846 | 3.53 | 0.07 | 0.14 | 0.80 1
0.65 163,365 0.0804 13,135 35,260 0.67 0.76 269 5.28 9.06 3.65 0.07 0.15 0.80 1
0.70 102,916 0.0804 8,274 22,126 0.72 0.82 180 5.03 | 9.92 | 3.74 | 0.07 | 0.16 | 0.80 1
0.75 65,170 0.0804 5,240 13,851 0.77 0.87 121 4.86 10.91 | 3.87 0.08 0.18 0.80 1
0.80 39,303 0.0804 3,160 8,612 0.82 0.93 80 4.63 | 11.60| 4.02 | 0.08 | 0.18 | 0.81 1
0.85 22,596 0.0804 1,817 5,452 0.87 0.99 54 4.80 | 12.28 | 4.08 | 0.08 | 0.20 | 0.80 1
0.90 15,625 0.0804 1,256 3,635 0.92 1.05 38 5.02 | 1222 | 420 | 0.08 | 0.20 | 0.81 1
0.95 8,497 0.0804 683 2,379 0.97 1.11 27 5.66 | 11.56 | 4.05 | 0.08 | 0.19 | 0.81 1
1.00 21,602 0.0804 1,737 1,696 1.17 1.17 20 6.06 12.27 | 4.52 0.08 0.17 0.81 1
Total 8,182,173 | 0.0804 657,847 657,847 0.41 1.17 7,699 692 | 7.30 | 2.89 | 0.07 | 0.14 | 0.80 2
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Figure 14.4: Tonnage vs. cut-off grade (Nb,0s) - Measured and indicated resources
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Table 14.13: Tonnage vs. cut-off grade (Nb,0s) - Inferred resources

Tonnage .| Nb,;Os per .
} Cumulativ Cumulativ| Nb,Os . .
CUT-OFF | Volume Density | per grade grade ) Si0; | Fe;03 | P05 | ZrO; | TiO; | MnO | CATEG
e tonnage e Nb;Os | contained
GRADE (%) range range

ft* x 1000 T/ Tx1000 | Tx1000 (%) (%) kg x 1000 (%) (%) (%) (%) (%) (%) -
0.00 o] 0.0000 o] 70,167 0.00 0.36 255 0.00 0.00 0.00 0.00 0.00 0.00 0
0.05 957 0.0804 77 70,167 0.09 0.36 255 1.26 6.58 0.92 0.08 0.14 0.87 3
0.10 9,198 0.0804 740 70,090 0.13 0.36 255 1.71 6.24 2.05 0.07 0.10 0.94 3
0.15 27,841 0.0804 2,238 69,350 0.18 0.37 254 2.97 6.55 2.50 0.06 0.11 0.90 3
0.20 76,040 0.0804 6,114 67,112 0.23 0.37 250 7.45 6.96 2.65 0.06 0.13 0.81 3
0.25 157,364 0.0804 12,652 60,998 0.28 0.39 236 8.09 6.81 2.75 0.06 0.15 0.75 3
0.30 193,712 0.0804 15,574 48,346 0.32 0.42 201 7.70 6.71 2.75 0.06 0.15 0.74 3
0.35 147,452 0.0804 11,855 32,772 0.37 0.46 150 7.38 6.76 2.89 0.06 0.13 0.74 3
0.40 92,791 0.0804 7,460 20,917 0.42 0.51 106 7.63 6.72 3.04 0.07 0.12 0.75 3
0.45 62,847 0.0804 5,053 13,456 0.47 0.56 75 8.79 6.90 3.01 0.08 0.14 0.72 3
0.50 38,687 0.0804 3,110 8,403 0.52 0.60 51 8.74 6.91 3.26 0.09 0.16 0.72 3
0.55 22,154 0.0804 1,781 5,293 0.57 0.65 35 6.83 7.63 3.55 0.09 0.17 0.75 3
0.60 13,942 0.0804 1,121 3,512 0.62 0.69 24 4.59 8.84 3.77 0.08 0.18 0.78 3
0.65 11,617 0.0804 934 2,391 0.68 0.73 17 3.92 11.61 | 3.73 0.08 0.24 0.75 3
0.70 9,871 0.0804 794 1,457 0.72 0.76 11 3.40 | 12.73 | 3.83 0.08 0.25 0.77 3
0.75 5,510 0.0804 443 663 0.77 0.80 5 2.87 14.84 | 3.97 0.08 0.30 0.78 3
0.80 1,792 0.0804 144 220 0.82 0.86 2 3.59 | 13.17 | 3.90 0.09 0.27 0.83 3
0.85 640 0.0804 51 76 0.88 0.94 1 2.38 | 10.59 | 4.80 0.08 0.21 0.84 3
0.90 45 0.0804 4 25 0.92 1.06 0 2.97 | 12.61 | 4.54 0.09 0.24 0.75 3
0.95 53 0.0804 4 21 0.97 1.09 0 5.65 9.51 2.96 0.11 0.18 1.09 3
1.00 209 0.0804 17 17 1.12 1.12 0 5.36 11.86 | 2.50 0.10 0.19 1.53 3
Total 872,722 0.0804 70,167 70,167 0.36 1.12 784 7.38 7.03 2.89 0.07 0.14 0.76 3
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Figure 14.5: Tonnage vs. cut-off grade (Nb,0s) - Inferred resources
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Figure 14.6: Comparison of volumes used for the estimation of December 31, 2011 (green)
and the resources of December 31, 2012 (transparent brown)
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a mass mining method with limited control on dilution and ore recovery. Development and
undercut tonnes and grades were extracted from the geological block model. 6.1 Mt at 0.32 %
Nb,Os of development was threaten as dilution in the present calculation. The current mine
configuration do not allow sorting ore and waste; meaning every extracted tonne is ultimately
processed. Diamond drilling of this small remaining portion will be addressed in 2014. To the
opinion of the author, it is unlikely that this material will not be converted to measured &
indicated since it stand just under the reserves. The Niobec deposit has some exploration holes
down to 1,200 m and still remain open at depth. Moreover, the Niobec mine has the intent to
process this material during the transition period (over the next four years) in its existing
facilities.
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level, 5.2 m x 4.3 m extraction drifts are developed to serve as drawpoints. Production holes are
mostly vertical, 90 m long, with a 165 mm diameter, and predominantly drilled from the upper
level drifts.

Drift development is done by electro-hydraulic jumbo drills and ground support is installed
using mechanized equipment. Blasted material is loaded using LHD loaders and transported by
trucks to ore passes. The ore is then sent to jaw crushers located underground and finally
hoisted to the surface.

This current mining method is characterised by relatively low costs. It requires a mineralised
zone of significant dimensions and a relatively competent ground. The main disadvantage is

that mineralised pillars must be left in place permanently.

16.2 Transitional Mining Plan

Until the expansion scenario is made operational, the open-stope mining method must
continue to be used. Paste backfill cannot be contemplated during the transition period
because it significantly reduces metallurgical recovery at the plant and therefore would
negatively impact the block caving operation.

In the current Niobec's 5-year mining plan, open-stoping production gradually migrates to the
lower blocks. Because of the mining method, block 5 is left in place as a horizontal pillar
between blocks 4 and 6, from where most of the 5-year plan's production will come. In
addition, in order to facilitate the first steps towards block cave mining, no production in the
west sector of the lower blocks (4 and 6) has been scheduled.
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Figure 16.1: East-West section looking North of the current mine

16.3 Block Caving Mining Method

Block caving is an underground bulk mining method, usually applied to large and homogeneous
deposits. This mining method is capital-intensive but high production rates combined with low
operating costs, compared to other underground methods, make block cave mining a viable
alternative to open-pit mining. It is becoming more popular and is used successfully in several
large-scale mining operations around the world.

Caving methods take advantage of the natural jointing and defects present in the rock mass,
the stress induced fracturing, the limited resistance of the rock and the gravity. In general, a
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Figure 16.2: Niobec proposed cave layouts

16.4 Geotechnical

The rock mass must meet certain geotechnical criteria in order to be suitable for cave mining. In
2011, Golder Associates had undertaken some preliminary assessments to verify the
applicability of this mining method for the Niobec deposit. In 2012, Itasca Consulting Group was
mandated to follow up with more detailed analyses on cave growth, subsidence,
fragmentation, mud rush potential, etc. SRK Consulting was hired to review the geotechnical
assessments and provide technical assistance. A Geotechnical Review Board was also held in
June 2013; the objective of this external review was to examine the various technical aspects of
the geomechanical work completed by Itasca and supported by SRK.
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Then, synthetic rock mass (SRM) testing coupled with back analysis of stope back overbreak
have allowed to estimate the rock mass UCS between 9 MPa (weak domains) to 21 MPa (strong
domains).

Figure 16.4: Histogram of uniaxial compressive strength testing (carbonatite and syenite)

16.4.3 In Situ Stresses

Stress measurement campaigns were carried out in 1986 and 2000 by CANMET and Ecole
Polytechnique de Montréal, respectively. These experimental results were reviewed in 2011
and stress measurements taken at levels 1000 and 1450 were held for Golder’s preliminary
assessments. In 2013, two additional measurement campaigns were carried out at levels 2100
and 2400 by Ecole Polytechnique de Montréal, in order to have stress measurements at deeper
levels, closer to the planned underground infrastructure location.
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The total footprint dimension of Niobec orebody is approximately 600 m x 400 m (HR = 120 m)
and therefore caving potential exists. The inclined cave layout has a planned undercut
dimension of 140 m x 375 m, which is equal to a HR of 51 m.

Figure 16.5: Stability chart according to Laubscher (MRMR vs. HR)
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Il. Numerical Assessment

Itasca conducted caving simulations using FLAC3D. The results show that it will be possible to
sustain continuous caving to ground surface from the proposed inclined cave footprint
(HR =51 m). Although in situ stresses at depth are low, caving is encouraged by the
susceptibility to brittle spalling under low confinement (as evidenced by the stope back
overbreak experienced to date), the E-W orientation of maximum horizontal in situ stress
(generating higher cave back stresses being orthogonal to the long dimension of the cave) and
the large hydraulic radius (which limits arching, promoting low confinement conditions required
for spalling).

For the proposed inclined cave, the risk of cave stalling at depth is considered low, for
estimated rock mass UCS in the range of 9-21 MPa. The results of sensitivity analyses suggest
that the strength and brittleness of some lithological units located in the south of the inclined
cave footprint have the potential to impact cave shape and propagation. Mitigation measures
have been accounted for in this study, such as undercutting initiation point and sequencing and
close monitoring with TDR.

It should be noted that the presence of subhorizontal persistent veins was not considered
within the caving simulations but would further enhance caveability of the rock mass.

16.4.5 Subsidence Prediction

As cave mining takes place, subsidence effects appear progressively on surface and a crater is
expected to develop, gradually increasing in size over time. During feasibility, numerical
modeling was conducted by Itasca to determine the extent of the zone of influence. The crater
expected to develop at the bedrock surface assumes a roughly circular shape in plan. It
continues to grow as panels are developed to the east. If the maximum horizontal stresses
deviate from E-W (relative to Mine North), the crater could be more asymmetric in shape,
extending further out in the direction of minimum horizontal stress.

Once the cave breaks through to ground surface, the weaker overburden is expected to
collapse and erode further, extending the crater limits at ground surface beyond the crater
limits at the bedrock surface. Surface soils in the expected subsidence area were investigated
during geotechnical investigation campaigns. The thickness of overburden varies between 0 and
10 m in the northeast limit and up to 30 m in the southwest limit. In general, the overburden
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fragments produced by medium strength domains could be more than 1.3 m? in volume. Under
the higher cave back stresses in the middle of the column (30-40 MPa), these same domains
produce smaller fragment sizes (10-30% >1.3 m®). Weak domains produce less than 20%
>1.3 m® under a wide range of cave back stresses.

REBOP was used to simulate draw from the inclined cave and to estimate how the primary
fragmentation from different domains and different cave back stresses mixes over time and
reports to the drawpoints. The percentage of fragments >2 m® is predicted to be greater than
20% in most drawpoints in the first year of full production due to the low stresses at which the
rock immediately above the undercut is expected to fail. Coarse primary fragmentation (more
than 20% >2 m3) is also expected near surface. After the first year, fines migration and
secondary fragmentation act to push the percentage of fragments >2 m3 below 10% in all
drawpoints due to fines being drawn in preference to coarse material or attrition.

16.4.7 Mud Rush Potential

The analysis of mud rush potential focused on identifying potential sources of fines and their
mud-forming potential in various sectors of the inclined cave. The most likely source of fines is
considered to be mixtures of ore fines and surface clay. In order to assess mud forming
potential, Itasca analyses focused on estimating the proportions of ore fines and clay that are
likely to exist in different sectors of the cave and determining whether the permeability of
these mixtures might make them susceptible to saturation within the lifespan of the cave.

Based on REBOP simulations conducted by Itasca, it is predicted that surface clay will enter
drawpoints in the southern half of the footprint towards the end of draw from the inclined cave
and that little to no clay will enter drawpoints in the northern part of the footprint. It is also
predicted that ore fines will be concentrated at drawpoints located near the perimeter of the
cave.

Combining these predictions of clay and ore fines entry, it is estimated that at the end of draw
from the inclined cave, clay could represent 4-12% of all muck drawn (11-34% of the fines) from
1/4 of the drawpoints (all located in the south end). Clay mixed with ore fines in these
proportions is estimated to have a hydraulic conductivity on the order of 0.05 m/day. This is
within the range of hydraulic conductivity considered necessary for a fine material to form a
mud.
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Figure 16.8: Cave footprint and layout selected

16.5.2 Mine Access

One access drift (5.2 mW x 5.2 mH) is planned to access the production zones and allow
circulation of personnel and equipment from and to the new shafts.

To access the inclined cave layout, two drifts are being developed from level 2100 and reach
the upper SLC level. One reaches the S-W part of the inclined layout. The second is coming from
the current production zone and reaches the middle of the inclined layout. From this drift, a
decline ramp gives access to each SLC level. This ramp will also be developed to reach the main
underground infrastructure and the new shafts. The horizontal cave area will also be linked to
this ramp.
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From 2018, SLC and cave mining would be used simultaneously to extract ore. SLC mining
should be completed before the end of 2019 and thus, the incline cave layout, with in-plan
drawpoint spacings of 15 m x 20 m, would be fully operational.

The ore is first transported from the drawpoints to the ore passes using 17 tonne LHD loaders.
Two discharge stations are proposed on each side of each sublevel. One station is equipped
with grizzlies and hydraulic rock breakers, to prevent blocking of ore passes. The other station
consists of a cone dump. For the bottom sublevel, both discharge stations will be equipped with

grizzlies and hydraulic rock breakers. Ore passes (5.2 m x 5.2 m) are vertical and reach the
haulage (train) level.

During the transition period, additional ore passes connecting to level 2400 are used and truck
haulage to the existing production shaft is planned.

Figure 16.9: Isometric view of the SLC and IC layouts
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Figure 16.10: Section views of the SLC and IC layouts
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extraction level located underneath. It is planned to initiate the cave from the south-east
extremity and to operate this layout as a panel cave, starting in 2024.

Figure 16.12: General layout of the Horizontal Cave
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During the HC operation, 17-tonne LHD loaders continue to be used to transport the ore from
the drawpoints to one of 16 ore passes (5.2 m x 5.2 m), located at the perimeter of the cave
footprint and equipped with grizzlies and hydraulic rock breakers. The ore passes are 25 m long
and reach the train level, where 30-tonne wagons are used to haul the ore to the crushing
complex. The train level requires an expansion.

16.5.4.1 Undercut Level

The undercut level consists of 24 parallel drifts (4.5 mW x 4.5 mH), oriented north-south and
spaced 15 m center to center. These undercut drifts will be used for drilling and blasting in the
same fashion as for the upper sublevel of the IC layout. An advanced undercut strategy was
held although the low stress regime coupled with the strong rock mass would allow a post-
undercut strategy.
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Figure 16.15: Secondary ground support (IC intersections and drawpoints)

Figure 16.16: Secondary ground support (HC intersections and drawpoints)
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16.5.6 Monitoring

A caving operation usually relies on several parallel systems to monitor the cave propagation
towards the surface, and subsequently the expansion of the subsidence zone. The behavior of
the local and regional rock mass in response to stress changes are also commonly monitored.
Use of the following systems is planned for Niobec:

e A micro-seismic system, consisting of 48 channels, is already being installed in the
current operation. In order to continuously monitor the seismic activity in response to
cave mining, it is planned to add 36 new channels to the system;

e Time Domain Reflectometry (TDR) cables are planned in 10 underground and 20 surface
drillholes, across the cave footprint;

e Five deep-hole extensometers, each 500 m long with 20 anchors, will be installed from
surface to monitor ground deformation around the cave footprint;

e Subsidence area will be monitored using survey prisms and robotic theodolites and also
periodic aerial photographs;

e Several 6m and 12 m long extensometers and instrumented cables will allow to
measure the rock mass response and deformation in the all production levels and mine
accesses as well as in major excavations;

e Smart markers are also planned to help understand material flow within the cave,
improve ore recovery and optimize SLC and drawbell drilling and blasting designs;

e Other instrumentation systems could also be used for some more specific situations,
such as convergence measuring, digital image processing, damage mapping, etc.

It should be noted that instrumentation systems mentioned above will be automated and
acquisition systems, using cables and/or wireless networks, will enable nearly real time
monitoring from the surface. Communication infrastructure has been accounted for, both
underground and on the surface. On surface, because of the winter conditions, instrumentation
will be located in atmosphere controlled huts, linked to a fiber optic network and to an electric
source.
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16.6 Mine Schedule

The development and the blasted production schedule was developed using MineSched
software. The cave production was developed using PCBC. Both of these softwares are a
product from GEOVIA, a branch of DASSAULT SYSTEMES. The development and blasted
production scheduling was performed by IAMGOLD employees. However, the PCBC schedule
was contracted to GEOVIA. The PCBC schedule result was transferred to IAMGOLD employees
to be inserted into the production mine plan.

The data was reported by month for 2013, by quarter the second year and annually for the
LOM.

16.6.1 Lateral Development

There is a total of 94 km of lateral development to be undertaken. This includes all the lateral
development required for the caving operation and the transition period using the current
mining method. Typical heading size is 5.2m x 5.2m. Some headings have different dimensions,
such as SLC levels (4.5 mW x 4.9 mH) and drawpoints and undercut levels in the horizontal cave
layout (4.5 mW x 4.5 mH).

Lateral development has started in 2013. Since the current mine is already partially developed
at level 2100, the upper level of the incline cave layout can be reached very quickly. In 2013,
development crews have started developing the upper SLC level. Meanwhile, other
development crews are progressing with a downward ramp towards the planned shafts. This
ramp will connect with all the four SLC levels and then goes on for a distance of 1 km to reach
the proposed shafts location.

In 2014, crews will continue developing the incline cave layout at a rate of 15 m/day. It is also
planned to continue developing towards the shafts and to start a descending ramp leading to
the train level and then to the shaft bottom. For these headings, development rates are
assumed to range between 4.2 m/day (single-heading) and 6.3 m/day (multi-heading).

The development of the major excavations near the shafts, such as crushing chambers, ore
silos, etc. should be completed by Q1-2017.
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Table 16.3: Mine Infrastructure Requirements

DESCRIPTION Incline Cave | orizontal
cave
Production shaft and stations — 992 m deep 1 0
Service shaft and stations — 928 m deep 1 0
Skip loading station 1 0
Main Fan station with SAS door 3 0
Ventilation doors with auxiliary fan 6 0
Ventilation doors with production fan 16 0
Development fan 10 0
Main pumping station 1 1
Cone-shaped sump 1 3
Main electrical stations — 25 kV 2 0
Electrical substations — 4.16 kV 17 10
Electrical distribution 3 3
Grizzly and hammer station 10 16
Cone dump and bumper 7 0
Trains loading station 10 16
Trains unloading station 1 0
Train pantograph and catenary installation 1 0
Crushing station 1 0
Crushing station silo 4 0
Permanent shotcrete line 1 0
Storage room 8 8
Electrical storage room 0 1
Service unloading storage bay 1 0
Explosives depot 1 0
Cap magasine 1 0
Fuel bay and lubricants station 1 0
Rail equipment garage/workshop 1 0
Mobile equipment garage/workshop (To be ready in 2019). Including :
Wash bay and sump 1 0
Workshop/offices/electrical and mechanical warehouse 1 0
Welding shop 1 0
Lubricants depot 1 0
Main bay 1 0
Tire depot 1 0
Lunch room/washroom 3 1
Refuge station 8 1
Process/potable water distribution 1 1
Monitoring/Communication/instrumentation/control 1 1
Detailed construction enginering 1 0
Existing mine dismantling (To be complete in 2019) 1 0
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Table 16.4: Shafts parameters

Both Shafts

8.1 m excavated diameter and an effective diameter of 7.5 m.

Use of friction hoists to reduce operating costs and environmental impact of the project.

Designed to reduce the risks of accidents related to rock falls.

Designed to serve as fresh air intake for the ventilation system of the mine.

In the lower part of the shafts, a ramp will connect both shafts.

A concrete layer of 305 mm (25 MPa) is planned for ground support and will also reduce the coefficient
of friction in this part of the ventilation circuit.

Production Shaft

992 m deep with stations at depth of 400 m and 810 m, and loading at 930 m.

Use of four 41 tonnes capacity skips. The skips are guided by cables to increase the speed and reduce
the use of metal or wooden structures.

A small cage with a maximum capacity of four people is intended to carry out shaft inspections and
serve as an emergency exit. Wooden guides on a metal frame are provided for this cage

Only one stop is planned for skips, at the loading station.

Pipes and conduits for compressed air, water, fuel, concrete, electricity and communications will be
installed.

25 kV cables to run down the shaft to feed the mine in electricity.

Service Shaft

928 m deep with stations at depth of 400 m, 810 m and 860 m.

Metal structures with steel guides are planned.

Enable entry and exit of production equipment without having to disassemble it.

A one-platform main cage, of 6.4 m x 3.4 m with a maximum capacity of more than 50 people.

A double-platform auxiliary cage, of 0.8 m x 2.4 m, with a capacity of about 30 people.

Pipes and conduits for compressed air, water, fuel, concrete, electricity and communications will be
installed.

Loading Station

Located between 917 m and 941 m deep.

Each hoist and loading station production line has a maximum capacity of 1,300 tph.
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16.7.2 Ventilation

The permanent ventilation system is designed to supply 705 m3/s (1,500,000 CFM). This air flow
rate was established to comply with requirements related to contaminants dilution, such as CO,
and radon. SENES Consultants were hired to verify that the designed air flow rate was sufficient
and adequate. Due to the high salinity level in the mine, air will enter through production and
service shafts to be exhausted through ventilation raises. This layout was established to
minimize the effects of corrosion on the hoisting infrastructure.

The global ventilation system consists of three primary fans installed in parallel, each providing
235 m®/s (500 kCFM). These fans are located on the main access level, between the shafts and
the production zone, and combine to transport intake air to the north side of the cave
production area. This layout also allows to keep a positive pressure within the cave production
area. In addition, two auxiliary systems are installed in the headframes to keep a positive
pressure within the shafts. Two heating systems of at least 72 MBtu/h are also planned to heat
the air to be sent underground.

Auxiliary fans and ducting will be used to ventilate the active headings, during development,
secondary ground support, drilling and blasting.

During the transition period, it is planned to have a total of 190 m>/s (400 kCFM) to ensure
adequate ventilation during development and pre-production activities. The air would be taken
from the current mine ventilation network and drawn from levels 2100 and 2400. This system
will be in place until the end of 2017, when one of the shafts will connect to surface.

During the steady-state production from the established cave operation, the ventilation system
will be required to supply 705 m?3/s (1,500,000 CFM). As stated before, fresh air will enter the
mine through the two shafts. It then flows through the extraction drifts, from North to South.
Ventilation raises are used to transfer this air down to the train level. For the Incline Cave
layout, the return air reaches the surface through the existing mine for the first years of
operation and then, from 2022, through two exhaust raises located to the North. For the
Horizontal Cave layout, the return air travels the train level from South to North to reach the
two exhaust raises.

A certain quantity of intake air is reserved to ventilate areas requiring an immediate and direct
exhaust to the return air network, such as maintenance shops, crushing rooms, etc.
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Figure 16.20: Diagram of the pumping system
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The water is collected by the mean of four conical settling sumps, two for the incline block cave
and two for the horizontal panel cave. Conical sumps are designed to separate the mud from
the water. The overflow of the collector sump is sent by the mean of a bore hole on the train
level while the mud are loaded on a rail car to be brought on surface for disposal. The water
from the overflow drains on the train level to two ponds located near the service shaft at a
depth of 900 m. Water can be accumulated for a period of eight hours (equivalent to a volume
of 1,440 m®). A pumping station equipped with three centrifugal pumps is used to send the
drainage water on the next stage.

Pumping station design on level 400 m is the same as the one near by the shaft on level 900 m.
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Table 16.5: Crushing complex — Design criteria

Crushing station requirements

Limited vertical height underground that requires to reduce the height of the crushers installation

Facilitate removal and prevent damage from scrap materials coming in the feed that can seriously
damage any of the equipment in the crushing line.

Facilitate transport and handling during installation, maintenance and repair to fit underground
conditions and space constraints.

Permit system redundancy at the crushing stage

Overall system production availability (each crushing station) will have to be over 70% of time (17 hours
/day).

Total crushing capacity is 1,800 tph.

Feed particle size is 600 mm, controlled by grizzlies at ore passes

Output particle size is required to be 150 mm.

From the 1,000 tonnes silos that act as a buffer before the primary crushers, the submitted
design was to split the ore into two crushing lines. Muck flow through each crushing line is as
follows:

1. Chute at the exit of ore pass from the train dumping stations will regulate the feed to

the crusher;

2. From the chute, the muck will flow through a feeder that will also regulate the feed to

the crusher;

3. Pan feeders with scalpers at the end side. This piece of equipment is acting as a muck
flow regulator and spreads the material. It is long enough to allow recuperation of scrap
material and metal by mean of a hydraulic grapple arm and an electromagnetic magnet.
The edge of the table is to be made of stainless steel or manganese alloy in order to
accept an electromagnetic magnet. The scalper helps reducing crushing cost and

improving productivity of crushers;
4. Jaw crusher of capacity of 900 tonnes per hour;

5. To allow remote operation, three cameras will be installed around each crushing line.
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The output material from the crusher stations will go directly into an ore pass of about 500

tonnes capacity, down to feed the loading stations. Every silo will be equipped with level

detection devices to obtain a real time status of the muck flow and to manage production and

equipment rate.

16.7.6 Maintenance Facilities

Maintenances facilities are located mainly in two areas:

Mobile equipment workshop, located at 810 m including: wash bay and sump,
workshop / offices / electrical and mechanical warehouse, weld shop, lubricants depot,

main workshop bay, four parking lots, and tire depot;

Rail/train equipment workshop, located at 860 m including: wash bay and sump,
workshop / offices / electrical and mechanical warehouse, weld shop, lubricants depot,

six parking lots and main workshop bay.

Design, construction schedule and costing of these infrastructures are based on the mobile

equipment workshop that is presently built underground on level 2400.

16.7.7 Service Facilities

For adequate service to the operation, several installations are planned:

A permanent slick line to facilitate delivery of shotcrete underground. Shotcrete loading

facilities will be located at a depth of 810 m near by the service shaft;

Many storage rooms strategically located to allow easy access to consumables for

construction, development and production;
One main electrical storage room to store electrical gear and cables (810 m deep);

Service unloading storage bay located near the service shaft (810 m deep) to facilitate

service cage loading and unloading. The storage bay can hold up to three service trips;

One main explosive depot and cap magasine, located near by the production shaft
(810 m deep);
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One main fuel bay and lubricants station located near by the production shaft and the

mobile equipment garage on level 810 m;

Four lunch rooms/washrooms located at the mobile equipment workshop, the train
equipment workshop, near the incline cave production zone and near the horizontal

cave production zone;
Refuge stations located according to laws and regulations;

Process/potable water distribution to where it is required.

16.7.8 Electrical

The mine electrical distribution is divided into two main areas:

e Sector 1: One 25 kV station located at 810 m to provide electricity to the production zones.

The station capacity is 15 MVA where transformers have a 2.5 MVA capacity each to allow

for redundancy and flexibility. During construction, a temporary 25 kV cable will get to the

station from surface through a borehole. Infrastructure below will be fed by this station:

The inclined cave and, eventually, the horizontal cave;
The whole train level located at 860 m;

The mobile equipment workshop and the train workshop;
Any small infrastructure around the mine;

Air lock doors and main ventilation fans;

Refuges stations and lunch rooms.

e Sector 2: One 25 kV station located at 900 m near the production shaft. The station capacity

is 10 MVA where transformers have a 2.5 MVA capacity each to insure redundancy. The

station will feed the main infrastructure listed below:

The loading station;
The main pumping station (depth of 900 m);

A 4.16 kV electrical substation to feed the main pumping station (depth of 400 m);
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- The train level unloading station;

- A 4.16 kV electrical substation to feed the crushing complex.

After construction, each of these 25 kV stations will be fed in electricity by 25 kV cable (type
350MCM) running down the service shaft. Every 600 linear metres, an electrical substation is
planned. A total of 27 substations are planned. From the 25 kV stations, the electricity
distribution to the substations will be made by the mean of type teck 3/0 cables at 4.16 kV. In
order to supply electricity to mine equipments, other substations will bring down the voltage to
600 V.

16.7.9 Communication, Instrumentation and Control Systems

Communication network backbone is a coaxial cable, identical to TV industry cable. It allows the
voice and data transmission at once as well as electricity supply for instrumentation and
controls connected to the backbone. The head line will be installed on surface and the coaxial
cable will run down the service shaft. The backbone infrastructure includes:

e amplifiers every 350 m;

e Wi-Fiantenna every 175 m;

e omnidirectional antennas (200) installed in the incline cave area and directional

antennas (88) installed in the horizontal cave area with a span of 1,000 m each.

Addition to the coaxial backbone, optic fiber (24 pairs) will run down the service shaft, through
the main infrastructures (i.e. workshops, crushing station, refuge stations, lunch rooms, offices,
loading stations). Optic fiber cables will be cast into the shotcrete to prevent damage and
preserves its integrity. It will also run along the access ramps to production zones and connect
with the backbone. The communication backbone, including the coaxial cable and the optic
fiber, will support:

e [P phone installation in strategic locations;

e Voice communication over radio, by the mean of personals radios units and slaves

radios units installed on equipment;

e Analogical and numerical data transfer;
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Figure 16.21: Communication and control systems
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Figure 17.1: Simplified Flow sheet of the process at the Niobec plant.

Table 17.1: Process design criteria

DESCRIPTION UNITS DATA
Mill availability % 93.0
Hourly rate t/h 1,250
Feed grade % Nb,Os 0.47
Recovery concentrator % Nb,Os 51.0
Recovery converter % Nb 97.0

Primary grinding

Number of Semi-Autogenous Grinding mill (SAG) # 1
SAG — Feed size Fgg pm 150,000
SAG - Installed Power kW 12,000

Secondary grinding

Number of ball mill (BM) # 1
BM — Final product Pgqg vl 105
BM — Installed Power kw 12,000
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17.2.1 Crushing, Stockpile and Reclaim

Primary crushing is done underground with jaw type crushers before being hoisted to the head
frame bins with 2,000 tonnes (2 x 1,000 tonnes) capacity. Apron feeders followed by sacrificial
belt conveyors (2) located under the head frame bins transfer the ore to the stockpile feed belt
conveyor. The 180,000 tonnes capacity (30,000 tonnes live) stockpile is covered to control dust
emissions. The ore is reclaimed from the stockpile with variable speed apron feeders (3) located
in the reclaim tunnel. Each feeder can supply the entire feed to the mill (1,250 t/h) but can be
operated simultaneously.

17.2.2 Grinding

The grinding circuit is composed of one SAG mill (12,000 kW) and one ball mill (12,000 kW).
Both mills are equipped with twin pinions and motors. The SAG mill discharge is screened. The
oversize is recirculated to the SAG feed via a belt conveyor. The undersize is combined with the
ball mill discharge and pumped to the classification circuit. The target grind is 105 microns. The
grinding circuit product feeds the desliming circuit.

17.2.3 Desliming

The desliming circuit is designed to remove fine material before flotation. This is done in two
steps of cyclone classification. The overflow of the primary desliming cyclones is fed to the
second cyclone stage. Overflow from the second stage is sent to the tailings tailing thickener.
The cyclones achieve a very efficient sizing by removing nearly all of the requested fines.
Underflows from both stages are combined and feed the carbonate flotation.

17.2.4 Carbonate Flotation

After the desliming, the slurry is conditioned in two agitated tanks in series. The carbonate
flotation has one rougher step and two cleaning steps. The flotation concentrate consists of
very fine calcite particles and medium size apatite. The carbonate flotation tailings are sent to
the tailings thickener.
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17.2.5 Dewatering

After carbonate flotation, the slurry is sent to cyclones in an arrangement similar to the
desliming circuit for dewatering. The slurry is first diluted and pumped to primary dewatering
cyclones. The overflow is pumped to the secondary dewatering cyclones. Overflow from the
second stage is sent to the tailings tailing thickener. The underflows from the two stages are
combined and diluted with water and send to the next processing step.

17.2.6 Magnetic Separation

The dewatering cyclone underflows are sent to a two stages magnetic separation to remove
magnetite mineral.

17.2.7 Pyrochlore Flotation

The non-magnetic material is pumped to conditioning tanks. The slurry is sent to a bank of
flotation cells where the pyrochlore is recovered. The rougher concentrate is further upgrade
with cleaning stages. The pyrochlore flotation concentrate is sent to sulphide flotation and the
tails are sent to the tailings pump box.

17.2.8 Sulphide Flotation and Leaching

The cleaned pyrochlore concentrate contains pyrite and phosphate minerals witch need to be
removed by flotation and a leaching stage.

17.2.9 Drying and Packaging

The final pyrochlore concentrate is pumped to disk filters and sent to a propane counter
current dryer. The dried product is stored into bins.

17.2.10 Converter
After the pyrochlore concentrate is dried, it is transferred to the converter where the material

is transformed into ferroniobium (standard grade). The niobium oxide is converted into FeNb by
using an aluminothermic reaction on a batch basis.
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The raw materials used in the reaction, apart from the pyrochlore concentrate, include
aluminium, a source of iron oxide (hematite or mill scale), quick lime and sodium nitrate. Each
element in the reaction is calculated to obtain the desired quantity of niobium contained in the
FeNb. The total batch size contains a total of 7,000 kg of raw materials to produce 2,500 kg of
ferroniobium.

After the raw material is well mixed and added to the reaction vessel (a vertical cylinder), the
reactor is placed under the fume collection/de-dusting system and the reaction is ignited. The
conversion process serves two basics functions: the reduction of niobium pentoxide
(pyrochlore) and iron oxide to produce ferroniobium metal and the separation of impurity
elements. The reaction is between the aluminium and the oxide materials. The reaction is
strongly exothermic and once it is ignited it cannot be stopped. The aluminothermic reaction is
summarised as follow:

6 NaNOs + 10 Al = 5 Al,03 + 3 Na,0 + 3N, + heat (1)
Fe,03 + 2 Al > AlL,O3 + 2 Fe + heat (2)

3 Nb,Os5 + 10 Al = 5 Al,O5 + 6 Nb + heat (3)

The iron will combine with the niobium to form ferroniobium metal and the alumina will be
collected as slag.

It only takes five minutes to liquefy all material at a temperature of 2,200°C. During the
following seven to eight minutes, separation of the alloy and slag occurs. After cooling, the slag
is brought back underground while the ferroniobium ingot is sampled and stored. The metal
ingots are selected and withdrawn from storage according to their chemical analysis and
customer’s requirements. They are then crushed and fed to a classification section where the
ferroniobium is packed to suit the customer’s product size specifications.

17.2.11 Tailings Disposal

Tailings from the pyrochlore and sulfide flotation report to a same pumping system to be
pumped to the tailings storage facility through 8 km of piping from the mill. All other tailings
are combined prior to be thickened and then pumped to the tailings management facility in a
separated pipeline. The thickener overflow is pumped to the recycled water pond.
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17.3 Technology and Risk Issues

The niobium recovery process will stay the same in terms of metallurgy. In terms of mill feed
grade reduction, the risk will come from increasing the concentration ratio requested to
achieve the concentrate grade and to control the concentrate quality.

The commissioning of an entirely new plant will need to be well planned and will pose the
highest risk. Sufficient time allocated for the commissioning will be requested to ensure a good
transition and to continue to produce ferroniobium to meet clients’ needs. The commissioning
will be more of a transitional and physical replacement. Experience of ore processing over the
last 37 years will help minimize and accelerate the commissioning time.
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18 PROJECT INFRASTRUCTURE

18.1 Site Infrastructure

18.1.1 Geotechnical Conditions

The foundation conditions for the site infrastructure were assessed by Groupe Qualitas inc
through geotechnical and hydrogeological campaigns conducted in 2013. The field work
consisted of 22 boreholes and 8 test pits located at the planned infrastructure location. More
specifically, boreholes, test pits, conductivity testing, geocamera surveys, soil resistivity
measurements and laboratory testing on soil and rock samples were undertaken. The objective
was to obtain more geotechnical data and to provide recommendations to SNC-Lavalin, Genivar
and IAMGOLD engineering charged with infrastructure engineering.

The soil stratigraphy is generally composed of approximately 0.4 m of organic cover, overlying a
silty clay with a thickness varying between 0.38 to 0.92 m, overlying a silty sand with a thickness
between 0.12 and 0.46 m. The bedrock have been intersected in each borehole and test pits
were between 0.5 to 4 m deep. The weathered part of the bedrock is estimated to have a
thickness varying between 0.12 to 1.86 m.

The silty clay is considered to exhibit a medium plasticity and to be firm and not sensitive. The
silty sand contains traces of gravel and is loose at surface and dense at depth. In general, the
bedrock at this location is a black shale, with a RQD varying from very poor near the surface to
good at depth. Three joint sets were observed in the core. During drilling, an odour of bitumen
was noticed in the black shale.

18.1.2 Access Road

A new access road to the mine site is required to minimize the effects of increased traffic and to
avoid heavy vehicle traffic in the municipality of Saint-Honoré. As a result, a new access road
will be built upstream of the expansion project, in order to be ready for the main construction
activities. Permits will be secured prior to the expansion project to build the access road as
soon as possible.

The new access road will be 5.6 km long and will link Martel Boulevard to the new Niobec
facilities. It will be built on the existing “Rang 7” trail up to near the existing tailings
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contain racking and shelving. The laboratories will have an area of 3,000 m? and will include the
metallurgy lab, the assay lab, the core lab and the environmental lab. Administrative offices will
be located on the second floor and have an area of 2,985 m?. The offices will cover all necessary
services such as administration, human resources, accounting, engineering, etc.

Figure 18.3: Service Building — 3D View
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Figure 18.4: Service Building — Plan View

The service building will be built following LEED principles, which is highlighted by the fact that
emphasis has been given to natural lighting and on energy efficiency. Intelligent building
controls for HVAC and lighting are planned.

The service building will be supplied with potable water by the municipality of Saint-Honoré
and sewage water will be treated in an on-site sewage treatment plant. The entire building will
be protected against fire with a sprinkler system.

18.1.5 Communications and IT systems

Communications and IT infrastructure will be available throughout all of the offices of the
service building. Network access in each of the offices and Wi-Fi access covering the whole
building are planned. A server room is planned for with the offices. New telephones will be
integrated to the existing IP telephone system. Communication with other buildings
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