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In 2021, CANADA developed a list of 31 MINERALS AND METALS
deemed critical to developing a low-carbon economy, maintaining
domestic industry and security, and providing exports to our global
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= <A 2021 bYP<-Y, baC PPPara'"<P? 31 ~vobdPo a
NA<LNAJ?> bPNroCb-P> P>NobUP?> Vb IN'C'"A bos<-aMMALbP>
Qeo?bAlLbP?, N> obURP> PPy oPA-bINdY, Ta PBNCLALLRP?
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Mining Makes It Happen! «rcaa-o* prLb> PBPLPPbOG-

MADE IN GANADA

baC 4"P PBIMPJSMBU

TAKETO THESKIES avAr racwa-rour

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
companies’ cutting-edge innovation and technology have that covered.

Critical minerals are essential to the aerospace industry, going into the
wide range of products made in Canada, including regional, business,
and firefighting aircraft; helicopters; and satellites.

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,
simulation and modelling technologies, and more.

Aluminum, Antimony, Chromium, Cobalt, Copper, Graphite, Gallium, Germanium,
Indium, Lithium, Magnesium, Manganese, Molybdenum, Nickel, Platinum Group
Metals, Scandium, Tantalum, Tin, Titanium, Tungsten, Vanadium, Zinc

dolL:4 ATHA2 AuLbY AYAIY, AalL ob? bPACA]-~
Pd-V:adad- QS'adlMbUY, Vb: dA> PCoJ Jad:, lNa
PCo dfdad- b-¥* PArsLbo?

FCY VPO~ AL bADIC™ AMSA- AIMPAA bLLL-0obCId~ PL baC,
boN% PCoP* byobCId~ Aad: PPACad: AU'PDJ I,

bPPy<NPL™ ovddot aCV-CdPdY AL ATYA@? bDP DU TbUM,
MPV: Ad baC <"P bCU' DU TbUR, AU~ <ARPY J"PA: NVMAA-Q?,
doPA-cY, oNcAA: ATHAD, MVAATYAQ? Ta PPAYAI bPob-adUP
bL’aPrALbRP.

Vb Fa NS o AlFSA: AJAJ? DU MbUL), U™ AI<3Mba?, PPo"Aba?,
NN, <PLPA bD>NP<KoPLbY, ATYAQ? bATZLLPY bDM I-<MbUP
<I<PPBd, LLCIAY LM Ta bPM<doPLbY, oNoQ aClLA A2,
bPPad<MbUP? MNa baAadlbuUm BJrba?, Na PYA~ UL

<=DraC, PNL-g, BPIryc d<=/, b->5, =AY, bIAYC, J3%C A2NYC SANYC Loy,
Lbo", L-=A'UaC <I'A"Poay, bLYb-ABP ALAD, "B2NYC, COCEDC M1, C*UovC,
Y, <anyec, @

A GLEAR MESSAGE
<%U A-CLAA"

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

5G

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
makeup. The electronic devices designed to receive those signals comprise
numerous critical minerals that enable high-speed performance and data,
along with vivid, high-resolution screens.

Aluminum, Cesium, Cobalt, Copper, Gallium, Indium, Lithium, Magnesium, Manganese,
Nickel, Platinum Group Metals, REEs, Tantalum, Tellurium, Tin, Tungsten, Zinc

Vb: BV- 21ST bAaPraLb APPAPAD PL<MPbU VP PCA
D>JPbUN A-CLAA- Fa LMPDA-Q? bPMdoPLbP (ICT)
b¥<CpP> rYv-bin

F Pood? bPCLCNILT wovdPdot ASY<NPLY bDPLAV<K"AQLD Ta
A-dAMALbY LPPDAY Ma A:CLAA- AILPMbobo’. ALAAdMba? Na <CPfba?

Fa PP>PA70dV-SP> @ DCIA: v»VPMbad, dI' Po'od? bPCKNI/]~ ~obd-do
bD>PA-LPALDY NPy oPLBP. AYJdUA-ZAY bBNyoPLbPY bPAUSTTBURP NalAMALbP?
ILPPrbUL? U2 bPCKNPL™ obd-dot VBLDJIPbUPY NPPKmCL<oPSP Ta
NP<YUab-P LPaUrMbaAd>.

J=DTaC, W€ d<=, b->3 bIALC ANYC SANYC L'orPyC, LPbo”, IA"P~oYy, bLYbI-ALP
ALAD, Vb aA™ bCb-P> J"PY, OOC=PC, UPEALC, M3, OO,

PEDAL TO THE METAL
D>C<oh
b>rD>UMACH
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boNY% co¥qA-c

AUTOMOTIVE MANUFACTURING IS VITALTO
THE CANADIAN ECONOMY

PC<a bPU"AC: LK~ PrPrA-P"AV-Lb?

1,358,657 VEHICLES

In 2020, the Canadian Aerospace
Industry contributed

Tb-~ 2020 bYP<-, boNY? AMYA-cAA:
<JoPA-c P<PNCA

OVER $22 BILLION
TO CANADA'S GDP

a1 $22 Asav bacC
©oYAA- <Q-GQAD

OVER 207,000 JOBS
TO THE CANADIAN ECONOMY

avr 207,000 <op'AV-A-Qd
P>PCLbo? DL baC
<oPAQ? b<PNobUP

According to the

Canadian Wireless
Telecommunications Association,
in 2020, that industry contributed

PAPD BPL boNY? Vb ba<AQrP
LPPDA Q> bLLL-0obCI-7, b~
2020, >P<PNaad:-

UPTO

$70.7 BILLION
TO CANADA'S GDP
dda’

$70.7 A=A% bacC

~oYAA- <Q-gAA»

The Canadian Vehicle Manufacturers’ Association stated this

G0 B0 G0 G0 G0
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require numerous critical minerals.

bPCLCNP™ ovdPo.

<aNnyc, #n

OVER 500,000 JOBS

—
\— The auto industry is responsible for direct and indirect jobs across
Canada. Vehicles are Canada's second largest export by value.

d<4-01500,000 d0PA-2

DC<LoQA: doPA-c" Aad: <LPL AP Na <oq <oPA-Q?
b>PLbPY TPV-bIM balC. PCLoA bDUMAC: PL baC 4"PY oJU™
L~ TC"A <<b> 4"P> bPNevaybod-,

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

DC<oRY bDPBPUMAC: DPAILKPNbUL? bPCLKCNPL™ oobddo
VD>ryoQ DUMAC: Vb PA-oMA]~ DCLoRY aCV-CdP]d Vb
Ndrb-od™ Ma bYy<CP LLYbI-P AL'Ad? Ta bl \L7AbP?
NA<AD. Vb bA-a<PALbP? bAIFAUPY DC<o AlYA-a? <<MMbU
AYdU a2C ba<AQUTC: dolPRY, Vb AL VDI DUMAC: aab

d=Praf, <PNL-o, BPIyc, b->3 ed<v, SANYC L\alvC Lbo", IA"Pcao,
bLYbI-ABbPY AJ-Ad?, Vb oA~ bCb-P J"PY, "bINYC, UDEALC, M2,

number of vehicles was produced in Canada in 2020, contributing
over $16 billion to the GDP.

1,358,657 BC<o.

boNY? BPC<oNY bDUMAC: bLLL0bC I~ PAPD] MDV- CH2
Fod' bP>UAC: DCLoA DL baC <"PY b~ 2020, ve>r
APAVASLDY A< $16 ASAY 0oYAA- <Q-0QA2,

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

“olumbite
b-=p<¥/

Canada Arm 2
Credit: NASA

bNVCY: NASA

SUPPORTING
CLOSE TO

600,000 JOBS

DAIdrvbad: ddat

600,000 <opa-a?

© Canadian Space Agency,

baC PNVMAA2 2 © boNy?
PPAYAT bdobCld-,

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

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.

baC 4"P* vo7d-Po’ NTa AL-Ad? bPr7obUP> BNP<PNobU, bA2 VC PPMroLd-q9
Pooo¥QA-cad, AL Ad b4 VPNPeo?Ad-— UNKLI. 4"PA- AQda? bPNobUP? baC
PAPD-r PAT<PNaad: dPo’ bPIr oo?bAa.od-y, bBSMrbrd-m, <<P bP>rb>Jroupd
Fa bBPBU/PbUPY AdD-Ad® Ta dPob bBNobUP? V-N d4-v*1 100 <<b> Q"P2,

CANADIAN CRITICAL MINERALS boN% bPC<N/]-~ co¥d-Po

CANADA ALSO MANUFACTURES AND EXPORTS PRODUCTS THAT
INCORPORATE CRITICAL MINERALS baC <"P* F'a PMrBJMbUd? Fa dbLP
doJS'dCdA]- bPCLCP]~ dPo

S

75%

IS

/
GARING FOR

THE PLANET

VbaV-Cb-* 4'"P

CLIMATE CHANGE IS CONSIDERED ONE OF THE BIGGEST THREATS
FACING OURWORLD bn Ay ADU <o ACY%° V:-bolL L4~ do~ b
acYooClrA-VLb 4P

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.

Vb: CY PPIbrbU BV- booMyY, baC AU~ Fa dCPY 120 <b2 "M, P<PNoNALbo?
MbA-UAa I~ Vb NCb-o® GHG (bAN><-<MALbY) AYAM bALKUN V-N 2050 dovP<-o’. DL
baC <"P* Ao obolb? VDU MbUY b<Yb' AVdU b>NyoPLbY, Fod' 82% AYdU b>NobU' Vb
bA-cMALL' Vb byLb' GHG, P<b-"Abo® b>N<oPLb AYdU, Fa oM Fa ALY bD>NPA-JANALLY
AYdU <<>aAd? b]<CP? (PV). Vbr vnd~™ PYA™ d<4-U"1 @CV-Cb? AYJU, AL LG~ A dodC®
P<%Pab- Al'YA2 bD>NP<KoPLbY bbA:UAcbU" Vb PPad-~ NyLb' bA:cMALbY C>M<AVoldaod?
MPCbP> bPCLCP? cvo7d-Po.

HYDROELECTRIC POWER, produced by turbine blades turned by flowing
water, is reliable and cost-effective. It is the world's largest source of renewable
electricity generation, and Canada was the world's fourth largest hydropower
% producing country in 2020. Hydropower from Canada's rivers provide nearly 60%
/‘ of our electricity. Copper, Aluminum, Zinc

P<b-"Abo" bPMdoPLbY AYdU, AL DN7oPLE? J'A VPob:aoLd:~ AlML-:aMbo?, bV"A
doPLB? Fa bA2 IC'"A PaPUN IMPV: LI~ VIn' 4"PbY bBPNobUY bPV-><CY A¥dU
b>NPdoPLbY, Na baC 4"PY ol PNobolb' DL MNod* b7ACbIb LI~ VIyn' P<b!Abo®
b>N<oPLb' AVdU" b~ 2020. DL b>N<doPL’ AYdU baC DPAM DPLb> ab’/ 60% P<"Abo®
bD>NPdoPLbY AYdU. DAIAY, <=DTat, P

WIND TURBINES use the power of the wind to generate electricity. Between
2011 and 2021, global wind energy capacity nearly quadrupled. In 2021, Canada
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

Pob-arMba? >NPIKC boNt PBNbMNobUY AYdU. b~ JA 2011 <da 2021, TPV-bin
bYACbIb bP<IKMId~ Pob-arMba? Ab’ du IK-U"1 o' PBNaPI<MMbU, b 2021,
DL baC hbh: PPNPobolbd b7<CP oM bBNBUPbUY AYdU. PA-MBU DL TPV-bI oN?
b>P>UMbUY AYdU bdobCld-™, PV:bl™ aCV-Cb2 M>aPId~ PobardMbaNd' o' [od®

AT PYAPR PHCA Pobradysd-™ VN ob? Aol CA7PAabc MPNADCIK~ Vb NPA-cMALbo.
DNAY, L2AUQS, 4EbMaf, Vb aA™ bCh-p> <Py, o2

S

27 SOLAR PHOTOVOLTAIC (PV) TECHNOLOGY converts the sun's energy
ﬂ to electricity. Solar PV provided 3.1% of global electricity generation in 2020, the
0_0O third-largest renewable electricity technology behind hydropower and onshore

wind. In 2020, Canada ranked 22nd in the world for installed solar energy capacity.
Copper, Gallium, Germanium, Indium, Molybdenum, Titanium, Platinum, Tellurium, Zinc

AP bBPA-JAMALLY AVdU <<>aAd> b<d<CP> (PV) Dr>SBLEY AYdU APC b<-U~. DV:
<<>aA PRPDIDLD? 3.1% TPV-bM AYdU b= 2020 bR+, o'\ P>Noborllb? Vv <"PobY
b>NobU* bPV-Y<CY AYdU bPN<oPLbY AT A2 P<"Abo bD>M<oPLb' N'a Pob-arllbo?
b>N<oPLbY AYdU. Tb-= 2020, baC D>PYAPYE> 22 DL MPV-bM bAIDL~ DV-:o' <<>aAd?
bI<CP, PAAY, bIAYS, USLobC, AXNYC, L-2A'UQS, CYUAYC, '5<NaCl, USDSALC, o

ﬁ mix. Nineteen Canadian CANDU reactors provide 15% of Canada's non-GHG-
[a
construction. The International Atomic Energy Association expects world nuclear

% NUCLEAR ENERGY is an important part of Canada’s economy and energy
emitting sourced electricity in 2019. About 440 nuclear power reactors around
the world provide 10% of the world's electricity; over 50 reactors are under
[ ] generating capacity to double by 2050 to meet the net-zero emissions goal. Copper,
Iron, Nickel, REEs, Uranium

PP<Prbo A¥%JU L~ PCLKC DL baC ~o%AAc Ta AYJULKLPMbo). vbrly' boNy> CANDU
PP<Prbo AYJdU LNPV<"Aba? DPr>JSrbU? 15% Mod* baC Vb bA-:oraLb't GHG AYdU

TJb= 2019. << @2C 440 Pr<PPbo AYdUbLId? TPV-bIN 4v<2 VBNry<CcpP> 10% >NrCLaLb?
MPV-blrt A¥dU bv<C, <<-,1 50 CPaD? LPV<"Aba? bolLPD>SPbUM. MPV-bI JC-m
b<-bA:Lb' LLK-0PA? DCh<Cad- Vbl PPKPYba AYdU bPNyoPLbY AcgY gu: I<-J1
MPyo<d<CP> 2050 dovP<-* PUAcbUY Vb PA:cMPALb' bbA:UACbUY. Dh<AY, <192, b-ATbALY, Vb
QA bCb-P Py, ¥EPYC

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

Vb PA:a<r/qd:-~ PC<oA (ZEVs) CodkM'd<- doob’. baC DA-Yo DJSP 100%
bPa NPSMAC: DUPCLa’ JA VN 2035 C"P-\. PAPDL MTPV-bIM b-bA-Lb' LLL-0PA?,
Py 10 =AY Vb bbhoAMAC: DCLoRY PAYKNMAD bo>as 2020, Vb- v»d~ 230
M<A% CaCV-CdrP<d dA 2030 do%P<d PUASW Vb MPA-a<MaLb). P>A-o<d- Db >C<oq

CdoTPPbCAC Y, TANYC 1752 Jol PR b~ AY<NPA bdPa<AQUTC: BPCLoAh\ <PNL-o, d<-=,
=49, TANYC bIATBALY, Lol C, '=dNaCf, Vb aA™ bCbP> "PY, COC=PC, UPEALC, M2, <aNyC, @/



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

Jb> d=Plac lNa /2" dPoc?, PL baC 4"P* PMoborLb?
VLILITP/Lb: NlNa VAlrYobU" aad<dP/c9A lNa Jda"dPoc9A-d.

bpc< n Hq o Na&q .H G\ baC 4"P* CPL-<C"AV: I'PV-bI do? VOrou!

Wined / Processed /
1a"a¢v-<4->/ bBDSMAC /

CRITICALLY CANADIAN pc<c> bony>

Aluminum <1=>rac (Al) BC, OC

A lightweight, silvery metal refined from
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.
<.\I.\,I

babAbY, bJ:A"bAbY bPDUMAC: bPPNC™
DV: 1=Plac bA2 N<K-QAb-APCLL Ma
bA2 PPdVbY. VO VI-V:oobU', VDU >UY, AL LK~
ASY<O DCLOAY Ta ATYA@? bDUSMBUM, Ma I'b"AAA-TY,
AYdUAYANAAc Ta bAQ"AbUP? Qda?.

Antimony <>NL-o [Sh) N,

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
Stibnite tungsten steel. It goes into semiconductors,
nNiq%/ circuit boards, electric switches, fluorescent
lighting, and high-quality clear glass.

FaAPY, <-AN'A LBUKS'APY Vlia"D>™ AL bDNo™ ~obd?
"N'a” Fa MMa”, AV: PNL:oc Aa<N’ Vb PB>C LPUY add.
PCLC DV- AJAY AL bDUMAC: dolPRY, oNocAA: ILM"ba?
Fa OYM AJAdN. AL ASY<CO LPV<"Aba?, b>NPCI-dobUr
AYdU, AYdU C<:doba?, bPadlM7P> DAb-M MNa b<?Uab~
n<-U7AN

\‘&' 4
Bismuth AnL” (B) B, N1 S

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.

Bismuthinite
A"L’Na”

b VLYALY b<ALY ALAY VLIVb* <<badF~, V- AL’
Mbdbo AL bASYA™ A°LNQ* Ta ALY, Fa PNabo
VBPBJSbUN bLbU-M dPo-Cd-\. AL AL NobU by rbUr
LYPP, 1-V-JM"'P>3, Vb~ boPUP> AJL'Ad?, bA-MALb Ad> bLPUY,
ACVIAR, Ta <"PPB? dPad. AL Ta ASY<C Vb bAN>A-cd-
ALAD <ILM"ba2.

Gesium < [Cs) M,

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
Pollucite for atomic clocks, key to mobile networks,
>IPRY/ GPS, and the Internet.

IAN'AP VDAIAPPYT, ofPY Ta bA-

PL-QAdST, W€ TPVbIM bA2 aA™ %P2, AL
AJSTb'bo dPab* VILCY" b/ Ny~ ovd?? >EPRNY Ta
EVADY. AL AS7<NY <do"Abo >SAPoba? MNa w<’bo
ILPPbo?, Vb Fa PCLMMbU ACT Addba’ bDNDUMAC:,
LPPDOA-Q? bDMPD>IMbUR, PPof oAQ? GPS Ma LLCKAD
b>NP<oPLbP.

Chromium \=>r %< (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

and discolouration. Chromium alloys are used

Chromite to plate auto parts and appliances and as
\EDLY/ superalloys in jet engines. Chromium is also a
component of pigments used in paints, dyes,
and stains.

VAP, LYbIAPY 3D C ASYA
BASALAPSY a7<-P2 =DLY, bAD
P<Pb-APYD™ Ta JVYAPRY. 3DIYC bA»
NL26:APYEY AD-AY, bA2 NP APCLL Ta
bA2 P<Prab-r DL bPMB>JITbUP JILKMbaAd?
bD>P>UMAC: DCLoN Ta dCPY Db PPATSA:
NAl<olbad. AL Fa ASY<O bBUSMbUP
J'OAb"Aba?, dNPba?.

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.

. Gohalt o<-=~ (Co) ON, (C, NI, AB,

Cobaltite
d<-=C¥’

Pudvd JIAX, TABAPY, LYbIAPY, d<-¥ DA~ A-dAMALL?
Ma LYC DrBJrbyU CABAY Ta DRIAY blda"Abr™. LYC
Aa<NF d<= PPPYoPY™ bPV: a<AQUTC: dolPAY. Ta AL
ASY<NY bDSMBUY ADAND?, Vb b<Pbract, MFa bLYbJ-M
ILPPbaAd? Db b" PobarMba? AMSA: AT<ba? MNa
bD>US MU LLCIAD Ta doTPhY

Bopper >~<a-A™ (Cu) BC, MB, O,
(0C, NL, ON, QG, NL,

A soft, reddish-orange metal, copper is derived
from several minerals, including chalcopyrite
and chalcocite. With high ductility, malleability,
conductivity, and corrosion resistance, it is a
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.

Chalcopyrite
LEb-AZQY/

or'P?, TNdDRAY, AV: DASAY Ja"Abr aab ~o?ddob?, dU~
bb:A3]” Ta bId\”. bA2 PL-AAIST, AYdUAZAY DPBUS MU
Ma bA2 P<Pbrac?, MNPV AJAY LI~ TC'A b7<CY doPAc™
AYdUAYN DPDSMBULY, Ta Ad aab ALAPPMbR? Ta
<:b"AQ I<LPMba?, Ta b<7bP?

I<PMba?, Db> APIb bB>NyoPLbP

Germanite
JLa¥’ lenses, fibre optics, and solar cells.

Sphalerite
ngEpEqy’ used to make indium tin oxide, key to touch
screens, flatscreen TVs, and solar panels.

Spodumene
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.

Gallium b=Av< (Ga) ON,

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
<anys solar energy magnetic materials, and military

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

orPY VLA™ AIAY VPN~ <MY Ta P dPoby, DV
bEALC AP ASY<NPY bDPDSMbUP? 5G bPSdUN LLCAY,
LPPOADR, t»<Pbad, LNV<K"Aba?, AP1b" bDN<doPyP
LPV<"Aba?, Ta oNcAA: A<MMbad. AL Ta ASY<O
BPPPLAPYALBP NAPANbaAd?, NKLMbaAd?, LYPPA-
<ILPMba? Ma LYPPA: @ablMMAA-Q.

Germanium J=<o< (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

LYb'ARY, VI VLZAPY™ JACBAPY by ARY
ALNAY, J3do7C DS b AL 22 bDP
da"dPodr'” Vb v»nd™ AL Tbd'bo ~o7<d-Pob’
J3La” a <3PCY, Ta bJIA"BAPYT, 2V’
Fa DAAAY dPo. AL ASP<NP bDSMbUP
LPV<"Aba?, a bD>JTbUP PYPSdba?,
LPPDOA:cY/N Ta AYAI bDN<KoP4P
LLCAD.

Graphite »=<<>~ (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,

Graphite crucibles, electrodes, batteries, and fuel cells.
=<y’

or'PY IPoIAY bIAP <VSUT Db S
Mo o’ oCASY<MAL bPSUY DRAPTbd,
JoAbad? bASY<KCY BATAUR, I<"Aba?,
P PbaAd?, AYdUV<"Aba?, dalP-' Ta
AYdU doTPh\

Helium "A=AYc (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

Uraninite provides an inert protective atmosphere for
¥=da?/ making fibre optics and semiconductors,

and for arc welding.

bA? Mab, bA2 MTab DV: "AAYC b
bD>PB>UMBLEY b<VYPoY dalbl™ bASobUN
3ot Na C3A%C Aa<C DV: CPYMD?
baPAMALLP? Ta AYAIM bAarMbup?
<ILMrba?d, Na ALMPALL? VDM oCLALbY
o> MbUPY ALADYA? Ta dob-Adoba?
o <dbrAA-Q.

Indium A>N< (In] 0N, BE,

A silvery-white, lustrous metal, indium is
produced mainly as a co-product of the zinc
smelting process. Malleable and ductile, with a
low melting point, it acts as a superconductor
below a certain temperature. It is used in
semiconductors, alloys, and solders. It is also

IAN'AY Ta IVYAR DV AJAY AL DPDSPBU Y 42
boPboA~. orfPY Ta bA2 NL-Q o2Pr~, AL ASY<M<bo
AYdUAYA dob'AQobc Vb AD PuAPUN. AL AS <O
>N PBUPY dob'AQoba?d, AIAD? Ta a<AP/Mbad. AL

Fa ASY<O bBUSPbUY ANYE ALAY DY, bA[fobUY
LPaUPPbaAd?, LPaUrPMbaAd® Ta AZIIAD? DRSS MBULR,

Lithium =aN < (Li) 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

L™ babAbY ALAY FANYC AJIAY DPDSDLEY ">CMo Ta
EA>D3]” Ta AL 2ANYC P37 SACba? AL CblobU
bASBLS oo PCKC V7S NobUY bPV-LLAQAUSTC: ol PR
bY<MAC: LMPPDADN, bCADZ", AA, Ta AYdU bLJ-D/MbUN
b>NoALbY AP1b' Fa Pobrarba’. =ANC DPBSMOUL
<ILPMba? MbP? Ta MPLYbLPI. I=PTMac TANYC I Mba?
ASY<O bDUSMOUY ATHAR Ta AYdUCLa™ LYPP2 bDJMbUP3,
EANYC IO baCAMbUY PA"BUCIK:ADA? a dC
LFNolMbaAoA.

2 Magnesium L ovryc (M) |52
_. BE, BB, =0

j A light silvery-white metal, magnesium is found
in the minerals magnesite and dolomite, but
much is produced from seawater. One-third less

. dense than aluminum, it reduces the weight of
Dolomite . ! .
many products. Alloyed with aluminum, it goes
JEPpLY/

into aircraft and automobile construction. Other
uses include electronic devices, power tools,
medlical applications, and construction.

QIbABY VIVLYAP <AbY, DV: L'\ord7C DNobU AL-Ad®
L'\o"<d” T'a JEPLY, v»nd~™ PP>'BLE? AL PPbIM. bA2 baq
JIAC PYAPR TRNBbABY AT A2 bASab I=PIMat, DPAPA-
bYANobP> TUD Ada? bDBUS MU, DPEJMbUL? d=blMaf, AL
bPDUIPOUN ATHAY Ta PCLD". AL la AUSY<CO ba<AQrpP?

> _ - j “‘/
Molybdenite
L-=AU%a%/

Garnierite I ' ! )
bEg43<s” 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.

Columbite
b-=D><Y’

Pentlandite
V272 CY

Bastnasite i ¢ .
<nrqiys the Earth’s crust but not in large concentrations.

Molybdenum L=AV>c< Mo
BC, ON,

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.

LVZAPY LU KARY ALAY DXNobU L-=A'Ua”, L-2A'Uac
DPNabo PAAADY Ta O bLalodr~. ALMALL? Vb
P<Pb-ac?, PLYBA-PALL Ma Vb PALAPCLLY bLYb-AbY
AN bDBUSPOUPY ALAPPMba?, IARY, LYPPA: Ada? Ta
bdU/ CblMaobUP, ATU bAJS>PMbUM PCLoY, Ta <aA>lMbad.

Nickel a-ArPar<a-A™ [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

LYb<'AR? Ta orfbAPY, I-A"PcyaAY PNobU AL b303]7
Fa V’2PC”, AL LYC AS<KrroU bBJrbUt b<I-AbAbY
ALY, aab dI<MMba?, Db LYPP ILMMba? Ma PSU>
IKPMba? Na AlFYA lFa PCLo" bDUSMBUM. AL Ta
bD>UMbUP? <hb'Aba? bAUSY<CPY AYJUA-

a<AQr/Mba?, Ma AL dolPiY bDUMAC:.

Nighium o< AvE (M) 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
containing niobium are used in jet engines
and rockets, beams and girders for buildings
and oil rigs, and oil and gas pipelines. It is
used in superconducting magnets for particle
accelerators and MRI scanners.

DXNobU ALAD bK< [a 'I73D>'e3, PV ovAYC
VAP, LBUAP, bAD PL-QAJY. avAZC LYbI-APYPALB?
ALAY AN Ta bA2 PQ-Cblm Ab-APYBY. JILMba?

b/ NobUP?> adAYC ASY<O PPATHAQY Ta AYA
bALLbY ATYAQd, ALAD? b7<CP bDUSMbUP> bAY<PUR
<'b"Aba? Ma dalblM bla"AbUM ATU, Fa PPALAPPMba?
bAaJSbALBUY b Ma ATU. AL Fa ASY<C bDUSMbUN
baPANALLY PPad<MNba? MNa v»<’ba.

Platinum Group Metals (PGMs)
bLVb-AbP> '=qNa.c|PGNs)
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 circuitry
with PGMs.

'=Nac (Pt), <=ANy< (Pd), =>NY%C (Rh), 3>No%C (Ru), AZANYC
(I Ta >ryc (Os) M>o bLVbK:AbP ALAd>, DPLLA-YLB?
bAS P dPobt Db I'A"BAP oY<'AY Ta DAIAYN Porod?
AN AS7<C LPV<"Aba? PC<o PdCbaAd? Vb I'C'A
PAP>]<PALbY. Ma Ao'od? bDJTbUP bAYdU a<AQXbUM,
Fa LPPOA©N Ma bCAD®", Ta bDLLPV-<"AQLLP? '=dNaCt

Potash <-cv (K]
oK,

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.

Potash
<-cv

bD>PLLAZP> AAD? Ta b<U CblMobUP?
>CPYC DV <CY L™ PCLKC b NobUY bBUS MUY
oCA-PMAA», VA-LPALLY PoCA-PMALLY PNba? Ma Vb
Mo>LbP> Ta Vb N<KUM,

Rare Earth Elements (REEs)
Vb aA~ bCb-pP> q"pr
ON,

A group of 15 lanthanide elements, along with
yttrium and scandium, REEs are abundant in

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.

Do-gd? 15 =<PCa? Ada?, Na Aood? 4+3A%C Ma "bXNYC,
A<AD?> Vb aA~™ bCb-P> 4"PY V-0 J-PCbIM v»hd™ bA-
QA TC"A P<-Pd7LbP. AV: LK~ bV-ol7LbY AL-AY <Vah7
fa AV- dah”. L™ <UVYADR <AN'A 1< 2C LbU <
AN, Do-od? Aa<lCo? PrBJSroU boAr A-dAMALLP,

a LYC DPry<C bbrM DU rbUPY LPPDADN Ta dCPY?
AYdUA- a<AANPbo <ALKMMba?, Na bAYdUA-YMbUP Ma Vb
bA-cMALbP? <I<KMMba? Db AL bPN<KoPLbP, brboPd-~
olPy F'a Pob-arMbad.

Scandium ~o>N<(Sc

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
alloys used in the auto and aerospace industries.

Chalcocite ( _ .
bedhAs 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

Tellurium u=>=Ay<(Te) 0N, ON,
0c,

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

bAYb-1a"AbA ™ DPBUPBbULD bDAIAPY™ P2, AV- UPD=EALC
SANALAY AAN AL ASY<NY bBLPbUP <<>aAd?
AYdU bD>P<oPLbY, b/AEY bDUMbUP, LLCIAd <<MMba?
Fa dCPY Qqdad. LK~ b<4b' UPDEALC AJAY CPASYKCO

b PbUN bDPYoPLEY tvi<-UPMba?, AL baV-MA-c lNa
oNagAA-Y><PMbaY, Vbr Fa V:N doob’ Qo»<NP]K~ NPrboPd~
JdolPAY,

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

bruGga’ in electric vehicles, solar energy systems, 5G

telecommunications, heat harvesting, hydrogen
production and in carbon capture catalysts.

IAN'ALAY P2 blda"AbrA™ AL dPob' bPD3lY/, DV- N
aab Aa<lNr. AL ASy<NY b MbUY P<'ADY, dda'"Ab? Ta
OOJIAQAI, IdbPAA, <CPMba? bPNMBJbUP, I<KMMba?
bD>AAPPBUR, doTPPbY db-a"Aba?, <b!'JAUA?, PPNLI
Vb PP>rbY, PC<or <<>aAd?, APDY bDPL-bA-LbY bDJS MbUP,
LPPDAQ? bDN<doPLbP, PPPAAI, <PPba> bDJUIbUN Fa oA
bPYoqbL.

Titanium c*U o< Ti) QC,

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
into titanium dioxide, used to improve whiteness

lImenite in products from toothpaste to paint to food
=AY’ 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.

LYbI-ARPY I-A"BAPY ALAY bDPNo™ AL
A¥la” Ta 3DCRE, AV C"Uo%C a2bAPY,

bA? N AAbAPYE™ Ta bA2 N4-Qo2Pr~. DV-
AN TCDY, PN PPAAUS! Ta PP 4N
FPL3. ba2bt DV AJIAY ASY<C bDSMbUN
AYAIN bAKLBPY ATYAQY. Ta Aood? dCPY
AJAJY AQda? bDND>USMBUM Db> A-ANba?,

bALAINbUN Dob Ma DU"A APIb,

Vanadinite
<aNa*’ strength steels for construction, auto parts,

heavy equipment, industrial tools, medical
devices, turbine engines, and military vehicles.
Emerging vanadium redox flow battery (VRFB)
technology is a promising way to store energy
from renewable sources.

Tungsten c2~n> (W]

A dense, silvery-white, lustrous metal, tungsten is
derived mainly from the minerals wolframite and
scheelite. It mostly goes into tungsten carbide,

Scheelite ideal for cutting and wear-resistant applications
SEQY in construction, metalworking, mining, and

oil and gas drilling. It also goes into alloys

and specialty steels; aerospace and defence
applications; electrical, electronic, heating,
lighting, and welding applications; and various
chemical applications.

P<LABL? Ta <AN'ALKARY AV O PXNa dPo’ bASYAL~
D[’ Ta JS'17. Aa<O VDMD>UMbUY <do"Aba?,
bPYP>MbAaod Ma Vb b<L-AAdYbP bY<CP> I:b"AQA-C?,
BALAIL bDUMBUY, da'dloV-A'g, ATU Ma b" Ja"AQA-cN
Vb Ta ASY<O bPSMbUPY AQAD KPP, ATYAY Ta
aCLAA- A<PMba?, ba<AAQrP, LLCIAD, PPPR?, - Uob, MNa
<ddbrAA: <ILMMbad.

Uranium <=v o< (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

Uraninite powers nuclear submarines and goes into
¥=doa?’ nuclear weapons.

MV VU L4~ bP<bABY AL AU Cb»

AN bS7LDY W34 3PYC [a 3]03d7.
IAN'ALK, I-V-aC"'AbU, ANAQobU Ma AYdUL2 Ta AL
ASY<O Pr<PPbo AYdU bDMDJIMbUN. AL Ta DPB>JMbU
M70PLLbY PPKPPbo dalAY PPMLa? Ta PP<PPbo
oNoAA-><Mba?.

Vanadium <on< V] L
ON,

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-

or'b, VIULZALY TANALS ASAY DV <oNyC DPBSDLD?
=D ANU Ma aab co7ddobt 48~ <oNa?” Ma b3oCY.
Qda? DrP>JSrbUd? AV: LK™ bLYbY ASAY bDP
DJSrbUP 4-b"AQA-cY, PCLat bDJMAC,, bdPb-P> bATAUP?
<oPLILMMba?, PNKoP I<KMMba?, LYPP I<KMMba?, J'ARY
Fa oNoQ D>CLONY, MPL Fa VBN DSMAC: dolPi (VRFB)
PSPV LZ<MAC: ba<AQUTC:.

ling #>~ (In) BC, MB, DN, OC, NB, VT, BG,
MB, ON, QC,

A blue-grey, metallic element, zinc is found
primarily in the mineral sphalerite. Most zinc

ILPPbaAd?, doPILMMba?, LYPPA: ILKMME? Ta d-b"AQA-c™.

Hedenbergite Other uses include ceramics, electronics, lasers,
"YU >=b¥’/ lighting, and radioactive isotopes.

is used to galvanize metals to prevent rusting.
Galvanized steel is used in many industries,

—
_— \
b>PB>LSTOU, boN' Pob-arlMba? (( (

Fa dCPY. DAKAY PUTPALD? ~
Voralb' bAS LIS boCAS PALS </

Sphalerite . _ : :
“\Fobod, ngEpEqy’ including agriculture, solar, automotive,

dM'pV: ra VvobUr BV Vb oA~ bCb-P>
<"PM Ab” VU'b? ASab? Ta TPbU AL ALPAD? bCSDJIMDLBR,
V- "2NYC Aa<Nd bMNb:t bAYdUV<"AAQLb' MNa
b VL7ABP AJ'Ad JI<MMbaAd? PCLa’ Fa AlYAQ?
bCU/ DU MbUPA. dCP? Ta AL ASY<O bBUSMbUP J-Abo
Qda?, ba<AA’MbUP? I<KNMba?, b<yU7UP> J-Uaoba?,

construction, and telecommunication. Zinc goes

into alloys for die-castings in the automobile,
electrical, and hardware industries, and into brass, bronze, and
nickel silver. About 30% of worldwide zinc production comes
from secondary or recycled zinc from such sources as scrap
galvanized steel and batteries.

Manganese L>bo [Mn)

Asilvery-white metal derived from the minerals
pyrolusite and manganite, manganese is the
fourth most widely used metal in the world. It
is essential to steelmaking, which uses 90% of

ST Fluorspar
=peng= (f] I

\ A non-metallic mineral also known as fluorite, N production, and to lithium-ion batteries for EVs QUoba? Mo bLPIALL' LUPPA: I<PPB,
fluorspar oceurs in numerous colours. It is used Pyrolusite and other renewable energy applications DurdVbe LbUL< AAY DY- @ AL DXNobU bASYA-
e in the metallurgical, ceramics, and chemical <EEDEPLY/ such as electricity grid storage. aL P NKEDEQY. DY ADAY ASYKC Vb Pdb-derAb

Fluorite industries. It is key to producing hydrofluoric Tantalum c>C=4c [-I-a] ADAY, DY ADAY TS o PPoPbldY ALY<Cd, -
IEpEqys acid, a commonly used commercial chemical; LUYAP <A DY ALAN O—\n0 PNAAGY. AP bBPBDLPbUY AYdU. BC<TAAD. J-b'AQAD

to processing uranium and aluminum; and to PNobU <7=PA Fa Lba¥, MB ' ' '

. . [a LPPDA-:cQA”. Ta Ao'od? bDJSMAC:
manufacturing enamels, glass, and fibreglass, DV- Lbo" od- Al'ob> Vy<PrbU MPV-bM = % oo ’ DC<ons AYGUIAS. Lo AdAdL? /\c')/_
as well as steel and Portland cement. DV: ALAN PCLC bBABS U bLYbI-Ab A rare, blue-grey, very hard metal, tantalum <lprFd,> ra [>5<1.}\\ Fa <A"bAY. Q2C 4 "

ALAY, @2C Ad Tod® 90% b>r>IIrbUy,
Fa bAUry<Ct 2ANYC dol PRy bASKIKMAC: AA Ta dCPY?

is almost always found with niobium in the

\ ! , : Ad 30 >392 [V-bM @\ b>Nabo™
minerals columbite and tantalite and is also

bA? NAPod bASLobUY 'ED3Y, 12p30<E

S SRR

: D>reV-7<"'q JbY bPSIIKCP ALAD? A
oCAPLY? aab Aarar. AL ASY<C baaA d<KCP AU <<MMba? Db AYdU b>MALoPLDN Tantalite obtained as a by-product of tin extraction. Fa dolPy I:I D
AAD LPeV-<<PPbad, <-Aba DS Mba?, CoCeqy” About half of all tantalum produced is used ’ I_l
Fa Cbbloba? bCS' DS MOUM. MPL LYC

by the electronics industry, making electricity
storage possible in miniature capacitors used
in aviation electronics, computers, and other
electronic devices.

b>P>UPbUN "1¥ED EBEAY AWb>, boCr<CY
U CblMroba?, bBM 4-V-SMAC: 3<%C e <PMaC MNa
b>PDUSMBUPY AL, K< U7Ad> Ta bP/ATBALRP, Ta
bLYbI-ALY ALAY Ta dPob>.
bA? aA™ 7™ D6uvdd, LbUKLKAPY, Mo LYbI-APY V-
ALAY OCC Qb’ Ch Thd: V2 P7LbY adAYC ASAD
d3KY a OC=” Vb a PP>PCAcbU bD>PB>S MU N2
AN Vb Ta JAC AV: [PV: OCE]C bPM>JbUN da?
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ba<AQ/MbUP’, bdb/PbUP AL AlMSA:cY, bCAD® a dCPY?
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Potash. Fabre Minerals: Vanadinite.
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