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H Rare Earth Elements He
Li || Be BI[C|IN]J Ol F|[Ne
Na||Mg AL SI|L P IS | CH|Ar
K||Ca|] Se | Ti||V||Cr|/Mn[|Fel|Col||Ni||Cul[Zn||Ga||Ge|]|As||Se || Br ]| Kr
Rb|| Sr - Zr |[[Nb||Mo]| Tc [{Ru ][RR || Pd || Ag||Cd|| In ||Sn||Sb]| Te || | ||Xe
Csi[Bal|l * ||Hf||Ta|[W]|Re||Os]| Ir || Pt]|Au|[Hg]|| TI [[Pb]|| Bi ||Po|| At ][Rn

Fri[Ra|| ** || Rf ||Db||Sg || Bh||Hs|{Mt|]|Ds || Rg|{Cn|[|uUut|| FI |{Uup|| Lv [|Uus||Uuc

La| Ce| Pr [Nd Pm Sm Eu Gd .--....
Bk || Cf [| Es No|| Lr

Ac||Th{[Pafl U [|Np||Pu]|[Am]|[Cm Fm||Md

Light Rare Earth Element . Heavy Rare Earth Element

msﬁaﬁmﬁﬂsznaugqaﬁmmmn laun Scandium (Sc) Yttrium (Y) uag nzj:uLanthanides: Lanthanum (La), Cerium (Ce),
Praseodymium (Pr), Neodymium (Nd), Promethium (Pm), Samarium (Sm), Europium (Eu), Gadolinium (Gd), Terbium (Tb),
Dysprosium (Dy), Holmium (Ho), Erbium (Er), Thulium (Tm), Ytterbium (Yb), Lutetium (Lu)

(ﬁm: Map of Ivy League schools, https://vnis.edu.vn/en/united-states/ivy-league-schools-why-called-the-ivy-leagues/)
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https://sciencenotes.org/wp-content/uploads/2015/09/RareEarthElements.png
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The Wide-Ranging Applications of REEs in Modern Technology

?*,4" Nd, Dy, Tb, Er
ke ) .'le Gd Y I Electronics and Communication Nd. Pr. La. Ce
@ _“i Sl ® Smartphones and Computers v .

Medical and Biotechnology | ® Fiber Optic Communication | Clean Energy and Environmental Protection

N . 5
® Magnetic Resonance Satellite Communication & Wi owes ® Solar Cells

Imaging (MRI) T ® [lectric Vehicles ® Catalytic Conversion
® Cancer Treatment

REEs
/ l m La, Y, Pr, Nd, Ce

Nd, Dy, Er
de:,._ and Military g Gd, La, Ce, Yb New Materials and Industrial Applications
: ® Alloys ® Acrospace
@ Guidance Syst Yy P
. N?glh?%iziof'ls I Energy Storage and Conversion ® Steel Industry @ Glass and Ceramics
Equipment ® Nuclear Energy

® Hydrogen Energy
® Thermoelectric Materials

nsthussmennlulsauaiunieg
(#1311: https://doi.org/10.3390/molecules29194624)
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HOW RARE EARTHS

POWER U.S. DEFENSE

' F-35 FIGHTER JET ARLEIGH BURKE VIRGINIA-CLASS SUBMARINE
DDG-51 DESTROYER

=

—=g=u Guided missiles
& |asers used to determine targets
algs, Orive motors & Advanced radar systems
& Missile guidance systems 4'600 KG
#4 Propulsion
8 Orive motors

ase== Tomahawk missiles
@ FRadar systems
&% Drive Motors

imports come from China

2'600 KG Over 70% of LS. rare earth

RARE EARTHS USED (KG)

l

l.]a KG KEY RARE EARTH ELEMENTS
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EXCLUSIVE DATA FARTHER
VISUAL
" BENCHMARK  sorce oo (o) L2k uusr
banchimarkr inerals. com Mineral Intelligence

faagnenisiusieinilysunsarunisssiudsemea
(1311: www.visualcapitalist.com/visualizing-how-rare-earths-power-u-s-defense/)

NUN:

Canada’s Untapped Rare Earth Mining Potential: 15.2 Million Tonnes, https://discoveryalert.com.au/news/rare-earth-elements-
modern-manufacturing-2025/

How Rare Earths Power U.S. Defense, www.visualcapitalist.com/visualizing-how-rare-earths-power-u-s-defense/

The centre of many fast growing applications in the modern world, https://meteoric.com.au/about/
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Tuionumey 2025 Sjuradulssnmadianisasesnusmenuaissents ieneulaniduazte
SrfumalulaBainansss amalunsasonuumdnuamennludianign anasesrsnn shlunseny
nomlagunuiiilan uasilngnansnsunuenyssmaiuusenasssiunisaaunsaiu eendlsiian
ndsandvennawnanmsalludioufiguieu 2025 n1sasesnisnduunifusiesasngy Tagdingn
Reuters ¥o9amiys  T1891UIINTARNUIIMANUTIINIINTulUSansgn  iinduile 660% (353
wedndilufousiquisu 2025) Welflsufuideungquaiay 2025 unseRunsasoenvalandinsmng1vIs

Weauillud 2024 §1 38% agnoulniuiawansznuiidinieyannisnenrsinvesguniu
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China's rare earth magnet exports to the U.S. surged in June
Exports to the U.S. tumbled in April and May

1,000

Jan

Note: Unit in metric ton

mswdsunlasvasnisaseanuumanusmenandulugeanigs Tud 2025
(#131: https://www.reuters.com/world/china/chinas-exports-rare-earth-magnets-us-surge-june-2025-07-20/)

N

Rare-earth elements, www.usgs.gov/publications/rare-earth-elements

Rare Earths Statistics and Information, www.usgs.gov/centers/national-minerals-information-center/rare-earths-statistics-and-
information

China’s Rare Earth Arsenal: Strategic Control Through Technology, Trade, and Environmental Calculus,
https://rareearthexchanges.com/news/china-ree-dominance

China's exports of rare earth magnets to the US surge in June, https://www.reuters.com/world/china/chinas-exports-rare-
earth-magnets-us-surge-june-2025-07-20/
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sovunlinwasfefuan uenansinileladion (Nd) uarsmadleladion (Pr) Sudussrusznoundn
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Rare earth element (REE) demand is distributed across all regions; heavy
REEs are primarily mined in Asia—Pacific and processed in China.

Demand, mining, and separation supply for light and heavy rare earth elements (REEs) by region,
metal contained, kilotons, 2035

# China (additions per historical growth) [l China [ North America [l Western Europe [ Middle East and Africa
M Asia—Pacific (excl China) [l Rest of world

Light REEs

150

Heavy REEs

- N
Miri 7 Largest heavy-REE resources outside of Asia—Pacific in
ining _ /‘ Greenland, but mine start up times are 7-10 years

—

AUABINTSMIEINUsEInumanTuu Tuniing sy Tneaduaugavasnainazdusgiunisinniiaddudssmadu
(#11: https://www.mckinsey.com/industries/metals-and-mining/our-insights/powering-the-energy-transitions-motor-circular-rare-
earth-elements#/)

10 15 20 25
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TnelavogelaauiifndsuuiieifovemsnuineimansuasmalulaBmmsiavoslssmadu  (the
Japan Agency for Marine-Earth Science and Technology: JAMSTEQC) MNUsTauAUEUST izUU‘ﬁ%
annsaussulaaulageds 350 dunetunieludiouunsan 2027 Tassnsifeidunrumensiuadausn
voslanlunisatauasuissiussmmenantaadlansiadn  wasduaunilwesniuneignsluisning
vosulumsimuuasmdnussnmenniglulssma weasawndlygumufisundussilanudoiy
Arwilunuusunagfisgmans Tnswumneauauiuamod snnwailsnsgsia Tasansi

fedannaoanuLwINIRIUTEINARY 9 WU anigewsnn Amdsdinaurassindidgyuenyes el
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3081399 Chikyu fifinisuaseneadlulafiadinziadn 5,500 wns Weafaussiamien
(M1: https://asia.nikkei.com/spotlight/supply-chain/japan-to-begin-extracting-deep-sea-rare-earths-next-year)

nu:

Powering the energy transition’s motor: Circular rare earth elements, https://www.mckinsey.com/industries/metals-and-
mining/our-insights/powering-the-energy-transitions-motor-circular-rare-earth-elements#/

Japan to begin test mining rare-earth mud from seabed in early 2026,
www.reuters.com/markets/asia/japan-begin-test-mining-rare-earth-mud-seabed-early-2026-2025-07-04/
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Feasasunslsmmenslaifaluensefantasindnyuluy (Hard-disk drives: HDD) wazuiuuseniy
ansalunisstafa  wmsgrulioduninsgiussniguasunislesiguieiniiniunissiofassnedid

Wy LieranAunsasusUaiunaslugnanssudidnnseing

Magnet grinding
swarfs

Shredded

hard disk drwa ’
91 Magnetic '
properties

20 =100 0 10 20 30
Magnetic Field (kOe)

Acid-free
dissolution
recycling

LA
n

Rare earth
oxide

Magnet

ribbons Bare cacth
metal ingot

maEnanswu'aumss‘lsvLﬂau,smmnmElmsanmaanlaummaaLvsmmnaanmn% LLNL‘Wﬁﬂ
Lwawa61L‘fluLLumaniwuamaaﬂmmuwaanumsmmuaﬂuﬂiummu
(‘mn https://doi.org/10.1557/543577-022-00301-w)
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nu:

Department of Defense Awards $5.1 Million to Recover Rare Earth Elements From Recycled Electronic Waste,
https://www.defense.gov/News/Releases/Release/Article/4033048/department-of-defense-awards-51-million-to-recover-rare-
earth-elements-from-rec/

Using Standards to Promote the Reuse of Rare Earth Materials, https://www.epa.gov/vcs/using-standards-promote-reuse-rare-
earth-materials

MP Materials and Apple Announce $500 Million Partnership to Produce Recycled Rare Earth Magnets in the United States,
https://mpmaterials.com/news/mp-materials-and-apple-announce-500-million-partnership-to-produce-recycled-rare-earth-
magnets-in-the-united-states
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NUN:

Montana tech researchers at forefront of efforts to bring rare earth element mining, processing to u.s. shores,
https://mtech.edu/news/mnews/2023/06/montana-tech-researchers-at-forefront-of-efforts-to-bring-rare-earth-element-mining-
processing-to-u.s-shores.html

Rare Earth Elements (REE), www.usgs.gov/programs/mineral-resources-program/science/science-topics/rare-earth-elements-ree

Critical Materials Innovation Hub, https://learn.mines.edu/cmi/

Not So “Green” Technology: The Complicated Legacy of Rare Earth Mining, https://hir.harvard.edu/not-so-green-technology-
the-complicated-legacy-of-rare-earth-mining/

Center for Critical Minerals, https://www.c2m.psu.edu/
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USGS Annual Publications Mineral
Commodity Summaries 2025
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Salient Statistics—United States: 2020 2021 2022 2023 2024°
Production:*
Mineral concentrates? 39,000 42400 42,500 41600 45,000
Compounds and metals® — 120 95 250 1,300
Imports:® 4
Compounds 6,510 7,690 10,700 8920 8,000
Metals:
Ferrocerium, alloys 270 330 385 259 220
Rare-earth metals, scandium, and yttrium 363 580 487 476 80
Expu'ts:*-“
Ores and compounds 40,000 44,200 45900 20,700 43,000
Metals:
Ferrocerium, alloys 626 825 1,520 817 1,100
Rare-earth metals, scandium, and yitrium 25 20 24 63 320
Consumption, apparent, compounds and metals® 6,490 7,900 10,200 10,100 6,600
Price, average, dollars per kilogram:®
Cerium oxide, 88.5% minimum 2 2 1 1 1
Dysprosium oxide, 99.5% minimum 261 410 382 330 260
Europium oxide, 99.99% minimum 3 3 30 27 27
Lanthanum oxide, 99.5% minimum 2 2 1 1 1
Mischmetal, 65% cerium, 35% lanthanum 5 6 T 5 5
Neodymium oxide, 99.5% minimum 49 98 134 78 56
Terbium oxide, 99.99% minimum 670 1,346 2,051 1,298 810
Employment, mine and mill, annual average, number 185 293 350 450 570
Net import reliance’ as a percentage of apparent consumption:®
Compounds and metals 100 >85 >85 >85 a0
Mineral concentrates E E E E E

*Estimated. E Net exporter. NA Not available. — Zero.

'Data include lanthanides and yttrium but exclude maost scandium. See also the Scandium and Yitrium chapters.

*Excludes monazite concentrates for 2021-24.

*In 2023 and 2024, reported production includes that for praseodymium and neodymium compounds in California and rare-earth compounds in
Utah. Other rare-garth compounds were produced in California, but data were not in the reported totals shown. Total domestic production in 2023
and 2024 was 1,920 tons and 7,600 tons, respeclively.

*REQ equivalent or content of various materials were estimated. Source: U.S. Census Bureau.

“Defined as production + imports — exports.

tSource: Argus Media Group, Argus Mon-Ferrous Markets.

"Defined as imports — expons.

%ln 2020, all domestic production of mineral concentrates was exported or held in inventory, and all compounds and metals consumed were
assumed to be imported material.

N

Rare Earths, https://pubs.usgs.gov/periodicals/mcs2025/mcs2025-rare-earths.pdf

MP Materials Reports Fourth Quarter and Full Year 2024 Results, https://mpmaterials.com/news/mp-materials-reports-fourth-
quarter-and-full-year-2024-results/?utm_source=chatgpt.com

Rare Earth Demand to Triple by 2035: Can the U.S. Catch Up with China?, https://carboncredits.com/rare-earth-demand-to-
triple-by-2035-can-the-u-s-catch-up-with-china/
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The hills of Cuprite, Nevada, appear pink and tan to the eye (top image) but they shine with mica, gypsum, and alunite among

other types of minerals when imaged spectroscopically (lower image). NASA sensors used to study Earth and other rocky worlds
have been tested there.
USGS/Ray Kokaly
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A11150015299Uk3579 A 1A39n15AU9nToUT¥e11 Geological Earth Mapping Experiment %38 GEMx

Wunsdrsanseinianieisnisanlnsalnd  (Airborne  spectroscopic  survey)  filugyiigalu

AVIRIS-Classic (Airborne Visible/Infrared Imaging Spectrometer) IﬂsmﬁﬂwﬁﬂmiﬁﬁﬂuLaqaLLGiaz‘uﬁﬂ
avnouLazgatuuadlusUuuuians Walfisufunaesidvarlufivesfiufios 3 w093 Ao Auns AT
wazdhdu wedesile imaging spectrometer Jannsonsadulamnnnin 200 wed swudwaenau
SuV\Iifleﬁmmuwéuaﬂmﬁu

TAsesn9398 GEMx Tasusniunisunseunt 2023 Tnddelavhunudituiiuuunsaunainan 190,000
a1snslua (500,000 Ans1aRlaluns) Thewwsnunie samzaznmauﬁma‘lvlﬁﬁlmﬂ 2025 Hiinn3d157a
11 200 Fls TAssnside GEMx azdnfiuninduian 4 9 aufed 2027 memuddeainiasenis Earth

Mapping Resources Initiative 483 USGS
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GEMx interface:
Spectroscopy animation

NASA's AVIRIS flies aboard a research plane in this animation, identifying minerals on the ground such as hectorite — a lithium-
bearing clay — by the unique wavelengths of light that they reflect. The different wavelengths, measured in nanometers, look
like colorful squiggles in the box on the right. Credit: NASA’s Conceptual Image Lab

wawﬁﬁ’amﬁmdﬂa§Wé’aammqma (National Energy Technology Laboratory: NETL) n3¢0524
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wialulagi¥eanidiye (Technology Commercialization Fund: TCF) 983n358NNNENIUANTT Tnele
LUUdNaeY Al ﬁﬁwuﬂmmjﬁﬁa Geoscience Artificial Intelligence & Assessment (GAIA) 493 NETL
LﬁaigqLLazi’mU%mmLL%ﬁmﬁw Soluunasdug wu vezauiu Juay mﬂiu‘[aﬁwmmwmiﬁsuiﬂm
\wdaifutaya X-ray fluorescence (XRF) Wagtayaniessdiingn on1smsraduussmddyuassn
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Meet Mineral Mappers Flying NASA Tech Out West, www.nasa.gov/science-research/earth-science/meet-mineral-mappers-
flying-nasa-tech-out-west

NETL and Partners Revolutionize Critical Mineral Discovery with Al-Powered Technology, https://netl.doe.gov/node/14969
Al Tool Speeds Up Critical Mineral Hunt, Boosting U.S. Supply, www.energy.gov/technologycommercialization/articles/ai-tool-
speeds-critical-mineral-hunt-boosting-us-supply
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Unleashing America’s offshore critical minerals and resources,
https://www.whitehouse.gov/presidential-actions/2025/04/unleashing-americas-offshore-critical-minerals-and-resources/

Trump signs 'deeply dangerous' order to fast-track deep sea mining, www.rnz.co.nz/news/pacific/559056/trump-signs-deeply-
dangerous-order-to-fast-track-deep-sea-mining

Japan proposes rare earth cooperation with US in trade talks,
www.mining.com/japan-proposes-rare-earth-cooperation-with-us-in-trade-talks/
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(https://mtech.edu/mining-engineering/)

Montana Tech Department of Mining Engineering

Butte’s mining history contributes to our You'll study with state-of-the-art technology. Study in the natien's enly on-campus underground

curriculum. mine.

Colorado School of Mines dnuangnsszezduuaziisnfouniu Critical Materials Innovation Hub
ATOUARUINIVBAILANITIIMTB99UTINITNIUNTEUIUNTTARY lawn Nsada nswen Tannis uay

n153baLAa (https://cmi.mines.edu/)
SoltRAno SoHTIE O Critical Materials
MINES (\CMI Innovation Hub

Penn State University & Center for Critical Minerals @adi@iusinlulasenisuisesuazauideiie

o

n15isEAaINaufiukasNanasslaanauAuNIlY (https://www.c2m.psu.edu/)

'~ 3 PennState
& College of Earth . .
and Mineral Sciences ~ Center for Critical Minerals (C2M)
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(https://www.concord.edu/ree-center)

CONCORD Concord Materials & Rare Earth Element Analysis Center
Purdue University J98uaziauimalulaguan Returning rare earth element production

. VI to the United States
wssmeInuasnnd Ay ludnndve lomade

ReElement Technologies licenses Purdue critical mineral refining tech and
will begin production in late 2024

flasunsandnsUnsuazivusinsidanidvd
dmsundnsunlunain
(https://www.purdue.edu/newsroom/2024/Q2/
returning-rare-earth-element-production-to-the-

united-states)
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a a studying ways to purify | l
v, o o o rare earth elements :
IG]Ulﬂiunuﬁuuﬁuumﬂﬂiz%i?ﬂwa\‘ix‘ﬂuaw’iiﬂ necessary for smart

phones and other
technological devices

(https://www.unr.edu/nevada-today/news/2024/  chemicaingineering Associste

Professor David Cantu leads DOE-
supported project

rare-earth-elements-research)

Research & Innavation | February 20, 2024
Chris Matthews

From left, Maryarm Sarmaztel, David Cantu
and a5 3 ing

the P
elements.
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Critical Materials Innovation Hub

A The Critical Materials Innovation Hub is a U.S. DOE Energy Innovation Hub led:by Ames
NATIONAL LABORATORY
National Laboratory that seeks to accelerate innovative scientific'and\tectinelagical

solutions to develop resilient and secure supply chains for rare earth metals and other
materials critical to the success of energy technologies.
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University of Alberta s2uilaiu CVW CleanTech afulAsin1sidedanT 1.4 a1unoaa1suALInLie
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(https://thegatewayonline.ca/2024/08/u-of-a-works-with-cvw-cleantech-to-recover-rare-earth-minerals-from-oil-sands-waste/)
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J OF ALBERTA

CLEANTECH

Creating Value from Waste™

University of Saskatchewan {ilasin13An®1n15d15790a
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(https://www.nserc-crsng.gc.ca/NewsDetail-DetailNouvelles_eng.asp?ID=1529)
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University of Manitoba 101533 uagWaugaannediulssIndfyuasnien
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(https://research.ad.umanitoba.ca/mrt/pubapp/umfo_view.php?id=3290)

NN Alliance Missions - Critical

P University .
;% SNanttobi Minerals research

Natural Sciences and Engineering Research Council of Canada (NSERC)

University of Waterloo Huidesiunvaantuluansivenundng Additive Manufacturing
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(https://nserc-crsng.gc.ca/NewsDetail-DetailNouvelles_eng.asp?ID=1529)
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FACULTY OF ENGINEERING
Department of Mochanical
and Mechatronkes Engineering
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Critical Minerals Strategy grants

NU:

University of Alberta and CVW CleanTech announce partnership to recover rare earth elements essential for Canada’s
path to net zero, https://cvwsustainableroyalties.com/news/university-of-alberta-and-cvw-cleantech-announce-partnership-to-
recover-rare-earth-elements-essential-for-canadas-path-to-net-zero/

The Canadian Critical Minerals Strategy, https://www.canada.ca/en/campaign/critical-minerals-in-canada/canadian-critical-
minerals-strategy.html

Alliance Missions - Critical Minerals research, https://research.ad.umanitoba.ca/mrt/pubapp/umfo_view.php?id=3290
Canada and the United Kingdom work together to improve critical minerals mining and supply chains, www.nserc-
crsng.gc.ca/NewsDetail-DetailNouvelles_eng.asp?ID=1529
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https://www.canada.ca/en/campaign/critical-minerals-in-canada/canadian-critical-minerals-strategy.html
https://www.canada.ca/en/campaign/critical-minerals-in-canada/canadian-critical-minerals-strategy.html
https://research.ad.umanitoba.ca/mrt/pubapp/umfo_view.php?id=3290
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Where Are the World’s
Rare Earths?

Top 10 countries with the greatest known reserves
™ of rare earths in 2024 (in million tonnes of REO)”
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* REO=rare earth oxide
Source: USGS
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(9 https://carboncredits.com/apple-to-invest-500-million-in-mp-materials-for-u-s-made-recycled-rare-earth-magnets/)
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Meteoric Resources NL Aclara Resources Inc. bag Viridis Mining and Minerals Ltd.
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Meteoric Resources USENEYY1R00@EINTIAY
15L§mﬁwu11ﬂ’iﬂﬂ’li Caldeira Rare Earth Project
lusg Minas Gerais UsznAUT3andsanniunge
dunswolud 2023 ﬁ?wﬁuamuﬂizmm 30 @
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e dudsadomuiiddalud 2025 wasiidmuned
azsuneaalsinuthsedumatsd 2025 wie
puil 2026 TagsoniseyiiRainuusnufifugua
WaLRUNU UIEN Meteoric Resources 319UHUNNT
NAnuarNIAeUlImnlonsasnanlasens

Caldeira Turien3mdswesd 2027 Fadeidunisisy
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wazkUIIURIEIAMIEINTUUTITE US¥M Meteoric

, R Resources §95ANUSINLDAUUSENLULATD MTM
159015 Caldeira Rare Earth Tuussimausida

(Fan: https://meteoric.com.au/calderia-project/)

Critical Metals ¥83a%35 88719038 Flash Metals USA Inc. iieluwnalula8 Flash Joule Heating #lu
nsatawssentndusz@nsan uwasidulinnedsuinaouuindu wenanil 1AsIN15m199 1w Alpha
ae Constellation U84 Rare Earths Americas gﬂLuuiiJﬁme ionic clay %ﬂLﬂuLLﬁaﬂLLiﬁﬂﬁlﬂﬂaﬁﬂﬂa’la
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Why Brazil Hasn’t Become a Rare Earth Powerhouse, www.questmetals.com/blog/why-brazil-hasn-t-become-a-rare-earth-
powerhouse

Meteoric to use MTM’s FJH technology at Brazilian rare earth project, www.mining-technology.com/news/mtm-critical-
metals-meteoric-caldeira

Rare earth startups eye $1 billion bounty from Brazil, www.mining.com/web/rare-earth-startups-eye-1-billion-bounty-from-
brazil/
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http://www.mining-technology.com/news/mtm-critical-metals-meteoric-caldeira
http://www.mining.com/web/rare-earth-startups-eye-1-billion-bounty-from-brazil/
http://www.mining.com/web/rare-earth-startups-eye-1-billion-bounty-from-brazil/
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Aclara Resources Ustmdgyviduauianduuidnudnussinmeinyiangd (Mixed Rare Earth
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Carina Project at a
gIQ nce BRAZIL

Start of operations: 2028 * Golss
BOLVIA
CHILE PARAGUAY

Average annual production Pilot Plant

o ﬁ ARGENTINA
191t Dy Tb (~13% of China's 2023 official production) perations

Q2-Q3 2025
Annual average Environmental Pre Feasibility
production Impact Assessment Study
4,736 tonnes of fotal Submission Q42025
rare earth oxides Q22025

PenCO MOdUIe QT O PARAGUAY

¢HILE
<6 m from th Port

glance - @ o

& Santlogo URUGUAY @ < 16 km from Concepeiin
2 . e (@) <2 m from frash wator
Start of operations: 2027 #lconcapln <k oy
‘\ (%) Noxt to 15t ctnss motrway
Extensive project covers Annual average production e g prokosslonglisgiliorce
Chilo erodit rating: A- JAL/ A

600 hectares 811 tonnes of total rare earth oxides erodlt rating:
Government Recognition Environmental Impact
One of 25 large projects included in Assessment
the government's "Industrial Submitted and processing
Strengthening Plan" for the Bio Bio
region.

Carina Project Tuuszimausi@auas Penco Module Tuussimadavesussn Aclara Resources
(#131: www.aclara-re.com/carina-project Wag www.aclara-re.com/penco-module)
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uan91il V3N Viridis Mining and Minerals v3dmdnuieeamside loidaqueuinnssy walulad
LLazﬂ’lﬁlmﬁaLL%ﬁmma’m (Centre for Rare Earths Innovation, Technology and Recycling: CRITR)
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figalsann Colossus Project flaglnalfies Taufen1silefauinninainvoadognannnssy menmumg
funenudsiu Tssnuilyssvuihmuuiow waznszuiunmsiivaennnduiiunded Sensanadmasugia
mudsununsiusmenndunily wesatvayuilmnevesusdalunisarsedulneniunleguniu
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NU":

Our mine to magnet solution, www.aclara-re.com/about

How SRC Designed Proprietary Solvent Extraction Cells for REE Processing, www.src.sk.ca/blog/designing-solvent-extraction-
cells-rare-earth-element-supply-chain

Brazil’s First Rare Earth Hub Launched by Viridis Mining and Minerals, https://discoveryalert.com.au/news/rare-earth-hub-
brazil-viridis-2025-government-backing

https://discoveryalert.com.au/news/strategic-funding-initiative-brazil-ionics-2025/
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University of Sao Paulo 415398 1uKss191181n auunisfnuilaseasaaznaaudiveaussinm

g1 sauvianaluladnisuenus (https://www.usp.br)

Federal University of Santa Catarina fa1u338uayainusiniion1sndniiinananswazinaluladnig

ﬁﬁ@LLSIﬁ’WJW]EJ’]ﬂ (https://ufsc.br)

Fundacdo Centros de Referéncia em Tecnologias Inovadoras, Florianépolis ml,uumu"‘;%’sl,ﬁm

ﬁULLiﬁ’l@WlEﬂﬂLLaxﬂﬁiﬂizqﬂWT%dﬂu (https://fundacaocentros.org.br)

University of Brasilia 1n13@n91903an195583ne1uagd1539unauss1nmentuusda

(https://unb.br)

MagBras 1A54N13A21453UT058MINUMINGITUUATaNAMNTTY Tl Belo Horizonte Tagiin1siamun
Lsanundnuumananswazaiuayunalagunuwssgmientuusda

(https://discoveryalert.com.au/news/rare-earths-sample-brazil-magbras-partnership-2025/)

Earth System Science Centre/National Institute for Space Research @ua?mmmamszuﬂaﬂ

wazan1dunN1TIeeINIAR IRl lla euswlulasimTeigiiulssmeinwas duinaey

(https://www.inpe.br)
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Brazil Wanted America’s Help Mining Rare Earths. Then Came Tariffs, www.nytimes.com/2025/08/21/world/americas/brazil-
us-rare-earth-minerals-tariffs.html
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Reserves of rare earth elements

China has the largest reserves of rare earth elements in the world - 44 million metric tons, or
about half of the estimated global reserves.

- Reserves of rare earth elemenis

in metric tons
10M 20M  30M  40M

Greenland

Canada

United
States

India
Thailand

D Tanzania
Q| Brozily”

Australia
b "
L South

Africa

Note: Data through January 2025

By Jackie Gu « Source: United States Geological Survey

Map shows reserves of rare earth elements across the world, by country. Credit: Reuters.
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Useinalne
Mine production® Reserves'
2023 2024

United States 41,600 45,000 1,900,000
Australia 216,000 213,000 135,700,000
Brazil 140 20 21,000,000
Burma 243,000 231,000 NA
Canada — —_ 830,000
China 14255,000 14270,000 44,000,000
Greenland - - 1,500,000
India 2,900 2,900 6,900,000
Madagascar 122 100 122,000 NA
Malaysia 12310 12130 NA
Nigeria 127 200 213,000 NA
Russia 2,500 2,500 3,800,000
South Africa — — 860,000
Tanzania - - 890,000
Thailand 123,600 213,000 4,500
Vietnam 12300 12300 3,500,000
Other 1,440 1,100 NA
World total (rounded) 376,000 390,000 >90,000,000

World Resources: ' Rare earths are relatively abundant in the Earth's crust, but minable concentrations are less
common than for most other mineral commodities. In North America, measured and indicated resources of rare
earths were estimated to include 3.6 million tons in the United States and more than 14 million tons in Canada.

Substitutes: Substitutes are available for many applications but generally are less effective.

*Estimated. E Net exporter. NA Not available. — Zero.

'Data include lanthanides and yttrium but exclude most scandium. See also the Scandium and Yttrium chapters.

2Excludes monazite concentrates for 2021-24.

%In 2023 and 2024, reported production includes that for praseodymium and neodymium compounds in California and rare-earth compounds in
Utah. Other rare-earth compounds were produced in California, but data were not in the reported totals shown. Total domestic production in 2023
and 2024 was 1,920 tons and 7,600 tons, respectively.

*‘REOQ equivalent or content of various materials were estimated. Source: U.S. Census Bureau.

®Defined as production + imports — exports.

SSource: Argus Media Group, Argus Non-Ferrous Markets.

"Defined as imports — exports.

#ln 2020, all domestic production of mineral concentrates was exported or held in inventory, and all compounds and metals consumed were
assumed to be imported material.

®Includes Hong Kong.

“Gross weight. See Appendix B for definitions.

"'See Appendix C for resource and reserve definitions and information concemning data sources.

?Estimated based on reported import data for China. Source: Zen Innovations, Global Trade Tracker.

*For Australia, Joint Ore Reserves Committee-compliant or equivalent reserves were 3.3 million tons.

"“Production quota; does not include undocumented production.

U.S. Geological Survey, Mineral Commodity Summaries, January 2025

. LLN‘I«!‘ﬁLLﬁﬂQLL%é\iﬁ’lﬁlW']ﬂ’lﬂﬁ'ﬁﬂ\iﬁy’ﬂaﬂLL‘L;QG]']&I‘U?%WIH
(9131: https://cepa.org/article/rare-earths-can-we-de-risk-from-china/ waz https://pubs.usgs.gov/periodicals/mcs2025/mcs2025-rare-earths.pdf)
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nu:

Mine production of rare earths in Thailand from 2015 to 2024, https://www.statista.com/statistics/1294386/rare-earths-mine-
production-in-thailand/

Top 10 Countries by Rare Earth Metal Production, www.nasdag.com/articles/top-10-countries-rare-earth-metal-production
Satellite images show surge in rare earth mining in rebel-held Myanmar,
www.aljazeera.com/news/2025/8/7/satellite-images-show-surge-in-rare-earth-mining-in-rebel-held-myanmar
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Top ten destinations of China's rare earth magnets exports
in June

Exports surged in June from May

Country

9

10

Germany
United States
Vietnam
South Korea
Thailand
India

Poland
Japan
France

Hungary

June

205

172

159

132

105

103

M-0-M (%) Y-0-Y(%)
267 =25
660 -52

45 =17
421 =42
107 65

14 -15
738 -42
413 -32
218 -17
419 30

(ﬁm: https://www.reuters.com/world/china/chinas-exports-rare-earth-magnets-us-surge-june-2025-07-20/)
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¢ v a ' aw =~ ! & .
JUIAINTUNNRINYI/Y fnuigidussalnieniniazikuiuaanlan (Earthquake and Tectonic Geology
Research Unit: EATGRU) 994AMEINGNFEANT ﬁﬁﬂﬂ’]iﬁﬂmLLas"?Lﬂi’wmmaaLL‘iﬁmma’]ﬂiulwsJ YU T
granites uagpegmatites TUNUNAIG & VBIUIZNA

(http://www.eatgru.sc.chula.ac.th/Thai/research/pdf/paper/93.pdf)

UNNINYIABULTAIT ALTUNUIIAUNANTENUFWINABUVDUNLDILTTINMIEINLAL AT HYTIAEIVES
NunekaunLLazing TnaiinisiAusise1siihazImszran sty
(https://www.aljazeera.com/news/2025/8/7/satellite-images-show-surge-in-rare-earth-mining-in-

rebel-held-myanmar)

uAng1desssuans TnunsnuidetanaiataunznisUszgnalyeu (Thammasat University
Research Unit in Multifunctional Crystalline Materials and Applications: TU-MCMA) ¥83Aa4
Inermansuazinelulad ﬁﬁﬂﬂﬁmi’wﬁiﬂix‘iﬁ;’mwﬁﬂLLaSﬁﬂw’W’]mﬁﬂJﬁ’ami@JWf{U Co, %a&ﬁ'ﬁ@uismm
81N

(https://pubmed.ncbi.nlm.nih.gov/40396675/)

N9EN329gAEIMNTIY Tnsugaanssuiiug ukasnsuiiesus (Department of Primary Industries and
Mines: DPIM) aﬁuauumiﬁﬂmLL%S'WJW]EnﬂIﬂaﬁﬁqﬂmﬂﬂﬂﬁﬂm&iﬂwﬁmﬁxmﬁ U ﬁlj‘ﬂqlu Juau e
Lﬁ'uﬁ’ﬂamwéjﬂumiﬁ’]imLLazmsﬁﬂmﬁmLL%ﬁﬂqwﬂaﬁﬂIuﬂszLWﬂiwa
(https://www.bangkokpost.com/thailand/pr/3046117/tcma-dpim-support-rare-earth-study-

success)
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