olumbite

English and Ojibway

CANADA'S MINERALS AND METALS SECTOR CONTRIBUTES, NOT ONLY TO THE I

7 N Yea N - i
p 4 < b O' D \,\ b Q_ Q ; Ay SUCCESS OF OUR OWN ECONOMY, BUT ALSO TO ECONOMIES AROUND THE WORLD.

Natural Resources Canada states that the sector supplies ores, concentrates, and
semi-fabricated and fabricated metal and mineral products to over 100 countries.

In 2021, CANADA developed a list of 31 MINERALS AND METALS - % _ W A5 i ~ baC 4Pb ~obdrab bs A-dAda bdobCl<E <PNGA-<b, b:Ae VC ProYacdb
deemed critical to developing a low-carbon economy, maintaining £ . PooY¥A-Acas, Cd 9-Aad Peayq-dE UNKbIe VaC:dC, 4P-A Qdae b>eNobUPa

baC PAPD-db VAr<PNa-:d¢ dro® beoo?bAaoc b, bP>JSMbA-dC, VP bP>JS MbUP

domestic industry and security, and providing exports to our global
b4 bDULMrbUPe A-dAde b4 drobb bBPNobUPe 1-4u/1 100 V<b? dPe,

partners. Called “critical minerals” these minerals and metals are,
or can be, produced in Canada. They are necessary for:

Renewable Energy Technologies
Manufacturing

Aerospace and Defence

Information and Communications Technology
Agriculture

Health and Life Science Applications
Infrastructure

Tb <AL 2021 bPPoA:c<b, baC DPPSALae 31 o dlab

b4 NA]dAde bPMNa<CPa NAYbUPa oAd boJsdaMMALbroPe . .
qbal cabblac-<b, N<oblbUpPe PPdoPblde, b4 PhaNalalbs ¥,
Ny -ACL-Aa-C b-ACoPIN<C AS'obUa bPCLNICC ol ab, b
Dd oo dlob bga AIAde, QL b4 CPPe DU NbU-de baC <Pb,
NPPAa<LCPa AC“:

bahA d<CPe A“dUQ-Ae NPAT<oPLbb

bAM>UMbUPa qQdae 2 o

A“<P’Mbae b4 aClLA-Ae : ' : CANADIAN CRITICAL MINERALS boNY%e bPC<NIC ~ob-dlab
:AeCLQ-Ae b4 PPI-Aae bDJSMbUPe

PNA-A Qdae

LPP-A aaedPArq-A doP-Aae

LPC-A <doP-Aae

Mining Makes It Happen! 1voa-acb BarLbe PBALAPAQG-<B!

M ﬂ n [ I N ﬂ " N “ D “ CANADA ALSO MANUFACTURES AND EXPORTS PRODUCTS THAT

bQ.C qpb DQPD\."pr | i o | INCORPORATE CRITICAL MINERALS baC dPb b4 CS/PU'MrbU-de b4 bLPb
»

doJS'dC-d b bPMra<<Nnr-d¢ d/ob
\\,

75%
Canada Arm 2

© Canadian Space Agency, "
Credit: NASA \
baC PNVeCe 2 © boNye
N PSdb b<lobCUdC,

bNVaCt: NASA

TAKETO THESKIES avare racs-arsus

BEFORE AN AIRCRAFT TAKES TO THE SKIES,
EXPERTISE GOES INTO ITS DESIGN, CONSTRUCTION,
AND OPERATING AND SUPPORT SYSTEMS

According to the Aerospace Industries Association of Canada, Canadian Fa Tk LR &
companies’ cutting-edge innovation and technology have that covered.

In 2020, the Canadian Aerospace

Critical minerals are essential to the aerospace industry, going into the Industry contributed
wide range of products made in Canada, including regional, business,
and firefighting aircraft; helicopters; and satellites. 7b AAL 2020 bPPo-Ac-db, boNye

A“L/Nbo doP-Acb P<PNocA
Also produced are numerous aircraft parts, including engines, navigation
systems, specialty alloys, landing gear, air traffic control systems and

equipment, computer equipment and software, defence systems, OVER $22 BILLION
simulation and modelling technologies, and more. TO CANADA'S GDP ° °
Aluminum, Antimony, Chromium, Cobalt, Copper, Graphite, Gallium, Germanium,
Indium, Lithium, Magnesium, Manganese, Molybdenum, Nickel, Platinum Group 14Ul $22 Ac7e baC
Metals, Scandium, Tantalum, Tin, Titanium, Tungsten, Vanadium, Zinc oA <-QoQ-Aa
doL-4 AFGAD < A9<Plbe AuLbd A“AMY, Aal OVER 207,000 JOBS
oba DPQaCrb -4-Varq-dqb doe QS 'a-bdb, d<o TO THE CANADIAN ECONOMY
>PCobPJDad, b4 PCo b-AMda‘d -V-Vo NPAlsLbob qb 207.000 <40PAV-Aqe
I

APD-<b AAL b<Ial<C A“<PMbe doP-Ae bLL-A dobCl<C DBL baC, PLPCLAao e PPL baC

boNYe doPdbab bdobCl<C ‘Aad o >PAaCa-d AS'LN<C. <oP-Aae bP<PNobUPa
bPCLNPAC oy dlob eC-VNbidb AAL A“</Mbae bCS DS MbUPe, ]

MYV Ad baC <dPbd bCLBUITbUPe, Cd b4 <AP® JP-A NVara-Aqa, /]

doP-Acd, oNTAA A“<IPbe, bPS<YdAUL b4 <Ih PSdd bUNLJIUPe

bL’aPrALbPe,

GARING FOR
THE PLANET

Vba-VrouUb P

CLIMATE CHANGE IS CONSIDERED ONE OF THE BIGGEST THREATS
FACING OURWORLD bo<<bo AU-V<b JAlM achaNe CLJS/DMALLY
PCPlrac?®

Nad Ao <NobNe A“</Mbo A<IAde DU MbUe, Cd LMo“blMbae,
PPoAbace, AdNde, >o-Ac PPadLMbe, A“</Mbae bAlYLbPa bDN
a-bPe I<KNCbe, LLbCAL JI<MCbe b4 bPNoPLbb, oNcQ aClLA-Aae,
PPad<MAAae b4 bahAadlMbUPe PJMA-Aae, b4 Ay dCPYe,

doral, deNiLo, bGIYL, d-<et, b>S, bP<HC, bebl, JSLabl, ANyl cNyL, LoayL,
Labo®, ‘Le<Ual, ATy, bLob-<dAbPe A-<IAde, SbeNyl, CaCol, Ne, CrUTYL,
CabiNa, <aNyL, Jab

A GLEAR MESSAGE 5G
<bPC-be :AaCL9-Ae

THE 21ST CENTURY HAS SEEN AN
EXPLOSION OF INFORMATION AND
COMMUNICATIONS TECHNOLOGY (ICT)
USAGE AROUND THE WORLD

To fight that threat, Canada, along with over 120 countries, has committed to reach net-zero GHG
(Greenhouse Gas) emissions by 2050. Canada is already a world leader in the production of clean
electricity, with 82% of electricity generated coming from non-GHG-emitting sources, including
hydroelectricity, nuclear power, and wind and solar PV (Photovoltaic) power installations. But more
power will be needed, especially as we move to cleaner transportation. The transition to a net zero
future depends on the availability of critical minerals.

PPrbrbUb D>V baohab, baC Cd b4 dCPYe 120 <be JPe, P<PNoNAb NMb-QUATbUL
PC-bPob GHG (bAN><<NraLbd) A“AMe bALKUb -VN 2050 doPPo-Ac-<b, DBL baC <Pb
dou obolbe VDU bUL 82% b<4bb A“dU GHG bD>N<doPLbd, PP<PYbo A“dU, b4 oNe b4

Numerous critical minerals go into the equipment that transmits and
receives communication and data signals. From cables to broadcast towers
to networks that send radio signals, critical minerals are integral to their

. . 9 9 o Q 8 b b A© . L . . ©
makeup. The electronic devices designed to receive those signals comprise According to the :‘Jbﬂ . Z[ir‘qipil\r‘:ibcb Ar‘j;; i:p/t\’[c_llj\zc‘ Elif‘glpc;l_(:/).b:gq:bijl 2:‘\:"[1 <‘p°l7(|:_bV:b:J bAA erch', L
o . . . . . . o . «/\Q il . .
numerous critical minerals that enable high-speed performance and data, Canadian Wireless ool <1agr‘c Coe bpcz-r‘r‘bﬂ - ) -2 . Q Yol o
along with vivid, high-resolution screens. Telecommunications Association, — olac ~o ab.
in 2020, that in ntri \__/
Aluminum, Cesium, Cobalt, Copper, Gallium, Indium, Lithium, Magnesium, Manganese, 020, that dUStry contributed

Nickel, Platinum Group Metals, REEs, Tantalum, Tellurium, Tin, Tungsten, Zinc

PAPD-b boNye ba<AQXoPe ooooo| HYDROELECTRIC POWER, produced by turbine blades turned by flowing
PPo-Aac b-ACoPIN<C Tb AL water, is reliable and cost-effective. It is the world's largest source of renewable
BBV 215T bAaPalbUb PP.oAG-Ae PAGL,Y -V-A< 2020, P<PNo9-<Ib electric.ity generatign, and Canada was the world's fourth largest hydropower
% producing country in 2020. Hydropower from Canada's rivers provide nearly 60%
VBJSrbUPe -AaCLQ-Ae b4 PPI-Ace bPMdoPLbPe /‘ of our electricity. Copper, Aluminum, Zinc
(ICT) b<<CPa ¢-Vbr® UPTO SUPPORTING
P<Abob bPM<doPLbb A“dU, PedoPLbe J:ANb bPo-bad\<¢ AMJolMbab, oAl JoPLbe
<No<b B>d bPMa<N<C o7 dlob DeDUNbUde bD>N<oPLbd b4 $70.7 BILLION CLOSETO b4 b:Ae oA N<alraLbb. >V AR VInb 4Pbb b>NobUb bP-V JI</MbUb A“dU
LPo“bLbb PPD-Ae b4 -A2CLA-A <I<MCbae. ALAAIMbae b4 <CPMbae b4 TO CANADA'S GDP 600,000 JOBS bD>N<oPLbY, b4 baC Pt o+ Plobolbe Fodd bIACLIbY JAP VIvmbd P<Abob b>N<oPLbd
bDe JodLMV4yPe AFPeNA-A v»VPMbae, TDL VUSPCLMNbAC oo dlab [ [ A2dU T-b 2020. DDL bP>P<oPLd AdU baC DPArt Deflbe Qb 60% P<Abob b>N<oPLbb
b-ADPALLE P<oPLbPe. A“dU-AYAe b>P<LoPLbPe MAJAMALBPe Baflbe Q-4 DAMAJbCa-d <ddab A“dU. BHAAb, 4oral, Pab
V<No<C¢ bPCLNIC o dPab b DS NbUPe NMPLHCLoPLbPe b4
NP<bPa-bPe L’aUr’MbaAde. $70.7 NAc%a baC 600,000 JoP-Aae
oA <-Qgq-Aa WIND TURBINES use the power of the wind to generate electricity. Between
dolal, Wbt d-<eC, b>5, bevk. Aeivt, Nyt Looryh, Laboh, ATy, bL2b-dAbPe 2011 and 2021, global wind energy capacity nearly quadrupled. In 2021, Canada
AANGe, QAT bydoPe qPb, CaCol, Uonst, Ne, Catte, gao ranked ninth in the world for installed wind energy capacity. According to the
Global Wind Energy Council, the world needs to install wind power three times
faster over the next decade to meet our net-zero goals. Copper; Molybdenum,
- Aluminum, REEs, Zinc
P[D"l 'I'n 'I'HE M['I'"l AUTOMOTIVE MANUFACTURING IS VITAL TO Po-barMbae JI<MbU PoNeb VDafLbb A“dU. Tb A 2011 ddab 2021, MYV bACbIbb
bPILMDC PorbarMbae Ab du A< o BP aePd<Mad. Tb 2021, baC vabh
THE CANADIAN ECONOMY Pobo“blLbe bJ<CPe oNe bBMPBUMALbd A“dU. PAPD:-b [P-Vblt oNe bD>N>JUMALbd A“dU
PC<L<o4LWb BC<ohb bb,dbo-A<dC AP PP-ADPALbA b<lobCC, [P*Vble JaC-VC-ba P>aPI<IC PobarMbande o Fade << PKIAR PHCA

Pobad.dC VN obe dalCAA>abd PPNADCIC MAcMALbYob, DL<AL, -Lc<Ual, <dolal, AP
bC-bPoPa <Py, Jab

bD>JS'dboA-C boNve ~oba-Ach

\'l

. o &
\ » SOLAR PHOTOVOLTAIC (PV) TECHNOLOGY converts the sun's energ
V! Y
@ @ @ @ @ 1 ,358,657 VEHICLES ’ o . \\a“ZOO %\ to electricity. Solar PV provided 3.1% of global electricity generation in 2020, the
The Canadian Vehicle Manufacturers’ Association stated this & third-largest renewable electricity technology behind hydropower and onshore

@ @ @ @ @ number of_vghicles was produced in Canada in 2020, contributing O0-0 wind. In 2020, Canada ranked 22nd in the world for installed solar energy capacity.
over $16 billion to the GDP. 14 |—| Copper, Gallium, Germanium, Indium, Molybdenum, Titanium, Platinum, Tellurium, Zinc
@ @ @ 1,358,657 PC<ohb

boNbe D>C<oRb bDU<boA<C b-ACOPIN-<IC PAPD<Ib Cla
bP>US<dboAC BPC<oRd balC <IPb, PD>af -ADPALbe q-<1U 1
$16 Acve o%AA <-QoQ-Ac,

PPAb bDef-AJAMrALbe A“dU d4WrbaAdb bd<CPa (PV) DerPDsDLbe A“dU PPN b<dndoC
<A4PbaAb P> DLbe 3.1% MP-Vbre A2dU b 2020 bPPo-Ac:db, v P>Nobolba

VIund 4Pbb b>aNabUb bP-VIKCh A“dU bPNPdoPLbb AM-Ae -Aa P<Abobd bP>M<oPLbb

b4 Po-barMbob bD>NP<LoPLbb A“dU. T:b 2020, baC DPIAPba 22 [P-Vblb b<lal<IC No
<J4LMbaAde b]d<CPa, PH<Ab, bcbt, JSLaobt, Aenbl, -Lc<Ual, CrUebL, <c.Nal, UsnbL, Jab

p OVER 500,000 JOBS NUCLEAR ENERGY is an important part of Canada's economy and energy
\—y The auto industry is responsible for direct and indirect jobs across mix. Nlneteen Canadlarj ,CA,NDU reactors provide 15% of Canada’s non-GHG-
Canada. Vehicles are Canada’s second largest export by value. n 0 emitting sourcgd eIec;tnaty in 201 9.1About 440 .nuclear power reactors around
the world provide 10% of the world's electricity; over 50 reactors are under
construction. The International Atomic Energy Association expects world nuclear
<-4 500,000 dofP-Aaa [_] generating capacity to double by 2050 to meet the net-zero emissions goal. Copper,
DC<o/A doP-Acb PIeM<Kaa<d AMr<b b4 doqQ <oPA-V-Aae Iron, Nickel, REEs, Uranium

[P?-Vble baC Pb, BPCLoNe b dbo AC baC dPb g LU
o/A]d V<be dPa bP>Noo9ao b,

PPr<PPbo A“dU JAN PPa<Ce PPL balC ~o9-Act b4 A“dULLNCbo®, TCS vmabd
boNye CANDU Pr<prbo A“dU LNM-V<Abae DarP>srbU<le 15% Modb baC b-AcMAlLblob
GHG A“dU b 2019. <</ LPov» 440 PNP<PPbao A“dUblde P-Vblt %<le V<ILCPa

10% D>eNalalbe MP-Vblre AdU b<<Cb, <-<1,1 50 CPloe LMV<Abae baP“P DU bUPa,
[P-Vblre -Cre b-<db-ALbb b<l'a ¢ PC-tn,<Cad IY-Vble Pr<prba A“dU bPN<oPLbb Ao
oo <1 Po<d<LCPa 2050 o PPo-Ac<b PUAcbUb MAcMALblob bb-QUATbUL, B>L-<IAb, sSa,
b-<IASBALY, JAP bC-broPa Pb, YPabL

The automobile industry relies on critical minerals. Transitioning to environmentally
friendly vehicles demands lighter auto bodies and parts using high-strength steel and
aluminum alloys. Cleaner transportation uses electric or hybrid vehicle batteries,
which require numerous critical minerals.

Aluminum, Antimony, Chromium, Copper, Graphite, Lithium, Magnesium, Manganese, Nickel,
Platinum Group Metals, REEs, Scandium, Tellurium, Tin, Vanadium, Zinc

ZERO-EMISSION VEHICLES (ZEVs) are the way of the future. Canada

aims to have ZEVs make up 100% of new cars registered by 2035. According to

the International Energy Association, there were 10 million electric cars operating
4 globally at the end of 2020, but 230 million by 2030 are needed to meet zero
emission goals. Those vehicles rely entirely on batteries; lithium-ion batteries

currently power most electric vehicles. Antimony, Cobalt, Graphite, Lithium, Nickel,
Magnesium, Platinum, REEs, Tantalum, Tellurium, Tin, Vanadium, Zinc

DC<ohe bbe DUdboAC ILMPbA<b bPMa<N-C
~o7<dlob, Dedoq DS <dbo-A<b MAcMAd-b DCL<ohb
JaC-VCdP<db NdP-barb b4 bd<CPa MPLYb-IPa A-IJAde
b4 b-<dUZAbPa AIAde, b-Aa</AlLbloP> bAIAUPe DC<Lo
A7 Aae A<PPbU A“dU AL bLbAQUTe-C dolPhb, AAL
bbe DU dbo-A<C V<be bPNa<<N/<C ~oao7<lob,

M-Aa<PAr-b BPC<Lohb (ZEVs) Cod<Ndbo-A<b doaobe, baC >-Ado DS <e 100% bPa
PSadAe-C BUPC<Lab dA VN 2035 PPo-Ac b, PAPD-b [P-Vblt b-<db-ALbb b<Fal-<C,
PLy-db 10 Fcye b]A<CPob by BCLohb PIKNP-b bo>aoyb 2020, v»db 230 Fcye
CdaC-Volbo-A<b PUANL MAa<MALblob. BPd No PCL<ohb CLolTPPbCA b, cNyL J7%e
dolPKd b AIIKNZb blMfa<AQS Te-C PCLohb. deLo, d<eC bP<yC Nyl b-<IAbAbY,
LéarP7L, <cNal, AP bCbloPa Pd, CaCoL, Usnnbt, Ne, <aNbL, Jab

dolal, deN-Lag, bGryt, -b>s, bp<vC, —NyL, LbarPyl, Lebaoh,
AWy, bLb:<dAbPe A:dAde, JAM b7?oPe Pb, “beNyL,
Uonbt, Ne, <aNyl, dJab




i
FROM ALUMINUM TO ZINC, CANADA IS A GLOBAL LEADER
IN RESPONSIBLE AND SUSTAINABLE EXPLORATION AND MINING

CANADA CAN SHOW THE WORLD HOW IT'S DONE!

‘- CRITIGAL MINERALS

CA“d dolal b4 Peb JdPob, PPL baC 4P oborlLbe
V<ILIP/Lbb b4 VAIdobU®b aaaddl/ocQ:-Aa b4 Jadl/cq9-Ae,

bPCLNP € o7 dX/od

baC dPb CP-d<aCA-V PY:Vblt doe VIMbUbs!

Wined / Processed /
Ja<dPlo-<d// bbDJSrbAlc/

CRITICALLY CANADIAN pc<ce bonve

Bismuthinite
NASLCNaC

imported bauxite, aluminum is durable
and resists corrosion. Easily shaped, cast,
and machined, it is used extensively in the
automotive and aircraft industry, as well as in
Bauxite construction, electronics, and packaging.
.<byyC
aabAbe, JASbAbe bPDJSMbAC bPDNGC
D>V Jdolabl brAe M-<JQA-bAPCLBbY b4 b-Ae
NPdad“blLbb, -VaCa VDS NobUb, VDS >UL, AAL ocCAS<KCe
bDJS Aa-C DCLDNL b4 A“<PMbae, b4 <IbAQ-Aab,
A“dU-AYAQ-Acb b4 Da“PaMA-Ach.

Antimony <N -Lo (Sh) ML,

A lustrous, grey metalloid sourced mainly from
the minerals stibnite and jamesonite, antimony
is widely used as a flame retardant. It is an
important alloy metal in lead-acid and lithium-
ion batteries, multiple military applications, and
tungsten steel. It goes into semiconductors,

Stibnite
“N<a¥c circuit boards, electric switches, fluorescent
lighting, and high-quality clear glass.

MaAPY, IANA LbUKAPY daAbr bPeNoC oy drde YN<aC
b4 MMha’C, deN-Lo Aa<l<Prb’ NLPUPYob Qde. PMra<lCe D>V
NA<IAL bDSPbAC Ao PR, oNoAA I<MCbae b4 CebiNe
A<INAdb. AAL AS<KCe LMV<Abae, b>N<bdobUb A“dU,
A“dU <bdobae, bP:aAbPa DA-bMe b4 b<ZUIALL & <UYAb,

A crystalline, white metal that oxidizes to
multiple colours, bismuth is found in the
minerals bismuthinite and bismite, but mostly
recovered as a by-product of lead processing.

It is used in medicine, cosmetics, low-melting
alloys, fire detection/extinguishing systems, and
in bullets. Bismuth also substitutes for lead in
non-toxic alloys.

b-AVUYAbE b<I<ABL AIAL bLT“:bM <<bolla-d, D>V ASLC
PeNaboA bASKINAC ASLNQ¥C b4 ASLZC b4 DeNabo A

Germanite
JLa*c lenses, fibre optics, and solar cells.

Bismuth AsLc (Bi) BC, i\% )

A soft, silvery metal obtained from bauxite
and zinc ores, gallium is used in high-tech
applications such as 5G wireless networks,
smartphones, laser diodes, semiconductors,

Bauxite X ) o
.<biyyC solar energy magnetic materials, and military

devices. It is also useful in high-temperature
thermometers, barometers, pharmaceuticals,
and nuclear medicine tests.

orPY ABAPY AIAL bDeNob <KbRYC b4 PJeb JPobb, D>V
bt dPe ASKNY bBPB>JIMbUPe LLLCAY, PPI-Aohe,
u<lbae, LMV<Abae, PArbb bD>efdoPLbPa LNMV<Abae,
b4 oNoA-A I<MCbae. AAL b4 ASIKCe bPM PLAPYALbP
NAPANbaAde, NKLMbaAde, LPP-A JILMCbaa b4 L“PP-A
aa°dPAarq-Aae.

Germanium Js<t o>t (Ge) BC,

A hard, lustrous, grey-white, brittle metalloid,
germanium is mostly produced as a by-product
of zinc mining, but is also found in the minerals
germanite and argyrodite, and in silver, lead,
and copper ores. Its most common use is in
semiconductors, and it is also used in optical

L2b-IAPY, <IUIARY JA“BAPY buvAbe
NANY, JSHoyt DUSPbr AAL Peb bDef
daAbrC vudb AAL ASTbadbo A ~o7<dPobb
JSLa*C b4 J9PGCYC, b4 <IASBAPY, € b4
DRAAb dPob. AAL ASKNY bDJSMbUPe
LP-V<Abae, b4 bD>JSMbUP DPSdbac,
PPI-AcdAa b4 A“AT® bPe<doPLbPe
LLbCAde.

Graphite vp<>< (0] (L,

A soft, crystalline form of carbon, graphite
occurs in metamorphic rocks such as
schist and gneiss. Major uses include
high-temperature lubricants, brushes for
electrical motors, brake linings, gaskets,

Molybdenite
‘Lc<Ua¥c

Garnierite
bSo4P¥C

Asilvery-grey metal derived from the mineral
molybdenite, molybdenum is usually extracted
as a by-product of copper and tungsten mining.
It contributes corrosion resistance, strength,
toughness, and hardness to steel alloys used
for pipelines, jet engines, wind turbines,
pharmaceutical and chemical mills, tanker
trucks, and drills.

<JVUZAPY LbU<I<Abe AIA® DaflLbe Lc<Ua’C, ‘Lc<Ual
DeNobU PA<IAdd b4 CeSNe blaAbrC -ADPALbe
PoS/daCAP“brb, PLYb-AMALbE b4 PABAPCLBYob bL“b-<IAbd
NA<INde PDSMbUPe ALAPPMbae, <:ARb, LPP-A Qdae b4
bC-bblrobUPe, ATU bAUS>PMbUPe PC<Lorb, b4 <do>Mbae.

Nickel -aA“P - Ni]
BC, MB, ON, 0C, NL, AB, ON,QC, NL,

A hard, ductile metal, nickel occurs in minerals
such as garnierite and pentlandite. It largely
ends up in stainless steel, used in numerous
applications, from medical equipment to
kitchen appliances to aircraft and automobile
construction. It is also used as an alloying agent,
for electroplating, and in both nickel-cadmium
batteries and lithium-ion batteries.

L2b-dAbe b4 or'bAPY, AA“PT7ANd DefLbe AAL bSor“C
b4 VealcaCC AAL LY ASKKCa PBUSbUL b-IA“bAbP
AN, V<be J<MCbae, CA“d L“PP JI<MCbae b4

PSU> I<MCbae b4 A“<IMbe b4 DCL<oN PPUbUP, b4
bD>U MbUPe <hbAbae bAJSKIKCPe A“dU-A

a<AQrMbae, b4 dolPRb PDJS Aa-C.

Nigbium o< ABL(NE) 2
ON, O,

Derived from the minerals columbite and
pyrochlore, niobium is a lustrous, grey,
ductile metal. Niobium strengthens steel
and makes it more corrosion resistant. Alloys

Chalcocite ( _ .
LedhrC purity tellurium can be used for semiconductor

technologies used in medical imaging,
advanced security and military systems,
and for next generation solid-state batteries.

Cassiterite

|FEEEEm |
Aluminum <> (AI) BC, 0C Gallium b4 (Ga) ON, Molybdenum -Le<U . (Mo) Tellurium U~ (Te) 0N, ON,
A lightweight, silvery metal refined from Bﬂ, UN, U[},

Mainly a by-product of copper-bearing mineral
processing, tellurium is a silvery-white metalloid.
It has applications in solar panels, rubber
production, electronics, and more. Ultra-high

PA“b daAarc DD MbU<de bDAIAPIC e, 4 Uonbt
IANA AP AAL. AAL ASLKKNY PR PBUPe 4G MbaAde
A“dU bP>N<oPLbd, bPANbe bD>JMbUPe, LLLCAJ JI<MCbae
b4 dCPYe Qdaea. JAN bVbb Uobnbl AAb CPASIKCe

P> MBbUL PBNLoPLEY 6 <Pbae, AAL ba'VNMA-Acb b4 oNocq
J<LNCba?®, b4 VN doobe Qod<N ¢ MLb<1oP<C JaP-b,

Tin N (Sn)

A silvery-white metal derived from the mineral
cassiterite, tin has multiple uses. It is used

for plating, coating, and polishing; solders;

flat panel displays; alloys such as bronze and
pewter; battery electrodes; dental applications;
marine applications; window glass making

b’ DP%¢C in electric vehicles, solar energy systems, 5G
telecommunications, heat harvesting, hydrogen
production and in carbon capture catalysts.
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Titanium c*u o (Ti) OC,

A hard silvery metal derived from the minerals
iimenite and rutile, titanium is lightweight,
corrosion resistant, and able to withstand
extreme temperatures. Most titanium is turned

Columbite

Pollucite
>ohvC GPS, and the Internet.
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Cesium S~ Cs) B,

Silvery gold, soft, and ductile, cesium is
extremely rare globally. It is found in granite
pegmatites containing the minerals pollucite
and lepidolite. Used in drilling lubricants and
radiation monitoring equipment, it is also vital
for atomic clocks, key to mobile networks,
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Chromium sy (Cr)

A lustrous, hard metal, chromium occurs mainly
in the mineral chromite. It is tarnish resistant
and takes a high polish. Chromium goes into
stainless steel, highly resistant to corrosion
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Cobaltite
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and discolouration. Chromium alloys are used
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Helium A5 (He)

A colourless, odourless gas, helium
is produced by the natural radioactive
decay of elements such as uranium and
thorium. It acts as a coolant for superconducting
magnets and satellite instruments, and it
provides an inert protective atmosphere for
<Pa’C making fibre optics and semiconductors,

and for arc welding.
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Indium A=n v (In) 0N, BC,

below a certain temperature. It is used in
semiconductors, alloys, and solders. It is also

screens, flatscreen TVs, and solar panels.
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Pentlandite
VaCc aC¥C

and oil rigs, and oil and gas pipelines. It is
used in superconducting magnets for particle
accelerators and MRI scanners.
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Platinum Group Metals (PGMs)
bL“b-dAbPa <c.Nal [PiMs]
ME, ON, OC, ON, OC,

Platinum (Pt), palladium (Pd), rhodium (Rh),
ruthenium (Ru), iridium (Ir), and osmium (Os)
make up the platinum group metals. PGMs
usually occur together in the same mineral
deposits, mostly associated with nickel and
copper. PGMs are largely used in catalytic
converters for automobile exhaust systems to reduce tailpipe
emissions, helping to improve air quality. Most electronic
devices, including cell phones and computers, contain
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cla¥c products. Lightweight titanium alloys are widely
used in the aerospace industry. As metallic
biomaterials, titanium and titanium
alloys are used for dental implants,
hip replacements,
and heart pacemakers.
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Scheelite

Tungsten casne (W]

A dense, silvery-white, lustrous metal, tungsten is
derived mainly from the minerals wolframite and
scheelite. It mostly goes into tungsten carbide,
ideal for cutting and wear-resistant applications
Serc in construction, metalworking, mining, and

oil and gas drilling. It also goes into alloys

and specialty steels; aerospace and defence

Chromite to plate auto parts and appliances and as Arigjcg;\ilvr?:r;Iluzzzusor?er?gljgd;#r:h:zinc circuitry with PGMs. applications; electrical, electronic, heating,
bGL¥C superalloys in jet engines. Chromium is also a procy y P L < L (P L (Pd L (Rh L (R L lighting, and welding applications; and various
combonent of piaments used in paints. dves smelting process. Malleable and ductile, with a cNat (P), <cnut (Pd), sNyt (Rh), sNavt (Ru), AnNYy Hermical applicati
o sptains P19 ! paints, yes, low melting point, it acts as a superconductor (IN b4 DATHL (Os) Mo bLob-<dAbPa AdAde, LL°® DaPlboa chemical applications.

MNbAbe b4 IALA I<Abe PPV CetNe PeNabo A dXobb
BUS'ANC De<plC b4 S'c’C ASALCe PBJSbUPe <doAbae,
pPoP>NbaAde b4 b<AAd“ bl oe b]<CPa JbAQ-Ac®,
bAING < bD>USMbUL, AdAdba®, ATU b4 by 1aAQ-Acb®. b4
AS<IKCe PPIMBUPe AAD ILMCbe, A“K/Mbe b4 aCLAA

b-Aa Pdafa-be, BaPbSrbU-<de I<MCbaAd :
o aefa6h ParbJbUas e Qe baPPbUb, 0Py b4 brAa <dAgaPrid, AAL A< <lbo-A Potash -< c« K] Jercbas, LOARIMbas, LLOCAS, PJbs, ~dhdofbe, bf
BBMBLPbAIC BC<Db b4 dCPya CA“ i’ Qdbra-A <<MCbas,
Al Lroeian, o4 EorPoUpa A“dU-AZA 4o-bAAGHOb MPGAPULOE. AAL b4 ASY<Ca Sk
' bBASPbUPe dobAGobas, A<IAde b4 a<APlbas, ;

J'oAba>e, dNPbae b4 dCPYe <be
dNPba>e,

ON, NL,

A bluish-white, lustrous, hard metal, cobalt is
permanently magnetic and produced primarily
as a by-product of nickel and copper mining.
The leading use of cobalt is in the electrodes
of rechargeable lithium-ion batteries. It is also
used to produce magnetic, wear-resistant,

and high-strength alloys, such as those used

in gas turbine aircraft engines, and goes into
electronic devices and batteries.
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Bopper >~-<1A® (Cu) BC, VB, DN,
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A soft, reddish-orange metal, copper is derived
from several minerals, including chalcopyrite

Spodumene
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Lithium - (L) MB,

The lightest metal, lithium occurs in minerals
such as spodumene and lepidolite and in
lithium chloride salts dissolved in brine pools.
Its most important use is in rechargeable
batteries for cell phones, computers, EVs, and
energy storage produced by solar panels and
N>Clro wind turbines. Lithium makes alloys lighter and
stronger. Aluminum-lithium alloys are used

in aircraft and high-speed trains. In medicine,
lithium is used to treat depression and

bipolar disorder.
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Magnesium Lo (Mg) @ﬂ

Potash

Bastnasite
<hNCalh¥C

A group of minerals and chemicals that contain
potassium, potash is an important ingredient
in fertilizer, which supports plant growth,
increases crop yield and disease resistance,
and enhances water preservation.
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Rare Earth Elements (REEs)

AP bY/oPa pPL
ON,

A group of 15 lanthanide elements, along with
yttrium and scandium, REEs are abundant in
the Earth’s crust but not in large concentrations.
The most abundant source is the mineral
bastnasite, followed by monazite. Usually
high-lustre silver, silvery-white, or grey metals, REEs are used
mostly to make permanent magnets. They are key components
of cell phones and other electronic devices, and of energy
storage and clean energy technologies such as solar cells,
high-density batteries, and wind turbines.
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Uraninite
JPoa”C

Vanadinite
<aNa’c

Uranium <P oL (U] SK, ON,

One of the densest materials known,

occurs in the minerals uraninite uranium and
brannerite. It is silvery white, malleable, ductile,
and radioactive and is mostly used in the nuclear
power industry to generate electricity. It also
powers nuclear submarines and goes into
nuclear weapons.
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Vanadium <onL V) L
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A soft, shiny, silvery-white metal, vanadium
occurs in crude oil and numerous minerals,
including vanadinite and carnotite. Produced
mainly as a by-product, its main use is in high-
strength steels for construction, auto parts,
heavy equipment, industrial tools, medical
devices, turbine engines, and military vehicles.
Emerging vanadium redox flow battery (VRFB)
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major industrial metal. It goes into electrical
wires, plumbing, industrial machinery, and
construction materials, as well as clean
technologies, such as solar cells, wind turbines,
and EVs. Copper surfaces have been found to
kill infectious microbes in high-touch areas.
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Dolomite

in the minerals magnesite and dolomite, but
much is produced from seawater. One-third less
dense than aluminum, it reduces the weight of
5 5L5C many products. Alloyed with aluminum, it goes
into aircraft and automobile construction. Other
uses include electronic devices, power tools,
medical applications, and construction.
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Scandium sbenyL (Sg)

Often classified with REEs because of similar
properties and found in the same ore bodies,
scandium is principally used for solid oxide fuel
cells and high-performance aluminum-scandium
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acid, a commonly used commercial chemical;
to processing uranium and aluminum; and to
<cpP¥C manufacturing enamels, glass, and fibreglass,
as well as steel and Portland cement.

Fluorite
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Tantalite
CaCcc

Tantalum Cacct (Ta)
MB,

A rare, blue-grey, very hard metal, tantalum
is almost always found with niobium in the
minerals columbite and tantalite and is also
obtained as a by-product of tin extraction.
About half of all tantalum produced is used
by the electronics industry, making electricity
storage possible in miniature capacitors used
in aviation electronics, computers, and other
electronic devices.
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