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TYPES OF MINERALS

® LLIC NON-METALLIC ENERGY NERALS
Introduction l B
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Mica, salt, potash ‘ Coal, petroleum,
= -

nickel, cobalt etc. bauxite etc. platinum etc. limestone, marble,

Minerals: natural concentrations of solid, liquid, or gaseous substances in the
Earth’s crust, with sufficient concentration, grade, or quality to be economically
extracted and utilized for human benefit

Critical minerals: essential in use and subject to supply risks (National
Research Council, 2008).

U.S. Geological Survey (USGS): critical minerals as materials vital to a
nation’s economy and security, characterized by vulnerable supply chains and
essential roles in manufacturing

European Commission: raw critical raw materials hold significant economic
value and face a substantial risk of supply interruption

Strategic materials generally emphasize defense-related uses more strongly.
(e.g. the Colorado Geological Survey differentiates them from critical minerals
based on their supply risk during wartime)

In practice, the industry defines strategic metals essential for defense and
heavy industries, while critical metals refer to constrained domestic availability.

Regardless of how the terms are defined, both strategic and critical minerals
play essential roles in economic stability and national security.
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Periodic table showing critical minerals
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Where Critical Minerals
Are Being Regulated

Key policies related to critical minerals for the
energy transition by country (as of Dec. 2023)
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METALS

COUNTRY

CHINA

PRECIOUS

CRITICAL

y

Strategic
metals

BATTERY

BRAZIL

VIETNAM

YAA Rare earth elements, cobalt, lithium
22 Nickel, bauxite, iron ore

22 Rare earth elements, tungsten

12 Nickel, copper, platinum

6.9 Rare earth elements

3.2 Lithium, cobalt, rare earth elements
1.8 Lithium, cobalt, rare earth elements
1.5 Platinum, chromium, vanadium

1.2 Nickel, cobalt, lithium

Uranium, copper, rare earth elements

Rare earth elements, lithium,
graphite (none currently produced)

https://pubs.usgs.gov/periodicals



https://pubs.usgs.gov/periodicals/

Examples of some strategic minerals and their uses

Cobalt: batteries for electric vehicles (EVs) and other technologies.

Lithium: batteries for EVs and other energy storage devices.

Rare Earth Elements (REEs): magnets, electronics, and other
advanced technologies.

Tin: industrial and military applications

Tungsten (Wolfram): high-temperature
alloys and cutting tools.

Beryllium: aerospace and nuclear
technologies.

Gallium: used in semiconductor
technology and LEDs.

Germanium: fiber optics and
semiconductors.

Uranium: used as fuel for nuclear
reactors.

Other examples: iron ore, coal, lead,
zinc, barite, gold, antimony, silver,
graphite, etc.



Global production of critical and strategic
raw materials ((RM/SRM)
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Production in Metric Tons

Global Production of Rare Earth Elements (1995 — 2022)
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Source: Geology.com, “REE: Rare Earth Elements and their Uses,” https.//geology.com/articles/rare-earthelements/.
The data for this graph are from the U. S. Geological Survey (USGS).



The 1dentification of strategic minerals depends on resource potential and
national development strategy.

Each country defines its own list of strategic and critical minerals based on its
resource potential, supply capacity and stability, industrial development stability,
development goals, and national security considerations.

Recently, policymakers have broadened the definition of “critical” minerals to
encompass those essential for the transition to clean energy.

The U.S., Europe, and Japan remain heavily reliant on imports and are
consequently vulnerable to supply chain disruptions.

China dominates both production and refining of rare earths, L1, and Co.

Political stability is a crucial factor in the supply of critical minerals, as many
regions around the world face trade tensions, along with conflicts and armed
disputes between nations and territories.

Strategic and critical minerals lie at the intersection of national security,
technological advancement, and the global transition to clean energy
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Project status, as at 31 December 2022

i Operating mine

£ Mine - under development/care and maintenance

[ Mineral deposit

Mineral deposits included cortain reparted crifical mineral resowrces

Background image: 1:1 million scale Surface Geology of Australia (2012) with
background magnelics (greyscale, 0.5 vertical derivative of total magnetic intensily).

| 1 1 1 1

Australian Critical Minerals Strategy 2023-2030 (https://www.industry.gov.au)
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Piatinum Group Elements (PGE), +/- Cobalt
Scandium, +/- Cobalt, +/- PGE

Graphite

Helium

Indium

Lithium, +/- Tantalum, +/- Niobium

Magnesium

Manganese ore

Heavy Mineral Sands (HMS) - Titanium, Zirconium
HMS - Titanium, Zirconium, REE

Rare Earth Elements (REE)

REE, Zirconium, Nicbium, +/- Hafnium, Lithium, Tantalum, Gallium
Rhenium

Silicon

Tungsten

Titanium

Titanium, Vanadium

Vanadium



Top Producers of Select Critial Minerals, 2023
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Mining (2019)

=
- Russia
Canada J
China
+.Cuba I India 8 Philippines
s Indonesia
Brazil D.R. Congo = New Caledonia
Chile— = Australia
Argentina
Percent of Global Production
M Lithium I Cobalt M Nickel M Graphite
60% - Australia 70% - DR. Congo 26% - Indonesia 68% - China
19% - Chile 5% - Russia 16% - Philippines 10% - Brazil
9% - China 4% - Cuba 109% - New Caledonia 4% - Canada
7% - Argentina 4% - Australia 10% - Russia 4% - India
Total metric tons 84,700 128,700 2133000 = ~"---=
Russia
Ca;ulada Norwayg @ Finland l
. i}
China Japan
I .
Chile— .Argentina Australia
Percent of Global Refinement
M Lithium W Cobalt M Class 1 Nickel
60% - China 72% - China 21% - Russia
30% - Chile 9% - Finland 16% - China
. . 10% - Argentina 4% - Canada 15% - Japan
(www.investmentmagazine.com.au) — 4% Norway 13% - Canada

Total metric tons 66,100 162,900 1,171,300



Global critical minerals demand in the STEPS

Copper (Mt) Lithium (Mt Li) Nickel (Mt) Cobalt (kt) Graphite (Mt) Rare earths (kt)
e 1.3x ® ° ’ ® °
o .
4.7x o 2

20

- 120 -

2024 2030 2040 2024 2030 2040 2024 2030 2040 2024 2030 2040 2024 2030 2040 2024 2030 2040
m Energy technologies Other uses APS o NZE
IEA. CC BY 4.0.
Notes: STEPS = Stated Policies Scenario; Mt = million tonnes; kt = kilotonnes; APS = Announced Pledges Scenario; NZE = Net Zero Emissions by 2050 Scenario.

The figures for copper are based on refined copper (excluding direct-use scrap). Those for rare earth elements are for magnet rare earth elements only. Growth rates
(in blue) are between 2024 and 2040.

Global Critical Minerals Outlook 2025 (https://iea.blob.core.windows.net)



Geographical distribution of mined or raw material production
for key energy minerals in the base case

Copper Lithium Nickel Cobalt Natural graphite Rare earths
100% Rest of world
Brazil
80% m United States
m Myanmar
. . Madagascar
60% ®m Mozambique
Russia
. Philippines
40% . o Indn:;sia
®China
20% m Peru
DRC
m Chile
2024 2035 2024 2035 2024 2035 2024 2035 2024 2035 2024 2035 Australia
EA. CC BY 4.0.

Notes: DRC = Democratic Republic of the Congo. Graphite extraction is for natural flake graphite. The figures for rare earth elements are for magnet rare earth
elements only. The figure depicts the value of the top three producing countries in a given year.

Global Critical Minerals Outlook 2025 (https://iea.blob.core.windows.net)
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Strategic minerals in Vietnam

Mineral resources are naturally accumulated useful minerals bl A CHAT
or substances that exist in solid, liquid, or gaseous form within E@EETR ANG SAN
the Earth's crust or on its surface, including minerals and useful (HIEN HANH)

substances found in mine tailings

Strategic/critical minerals are essential minerals that serve the sustainable
socio-economic development and the strengthening of national defense and
security (Law No. 54/2024/QH15 — Law on Geology and Minerals)

Strategic minerals: essential minerals used in clean energy technologies such
as wind turbines, solar panels, electric vehicles, and energy storage systems. They
are also key raw materials for high-tech industries such as electronics, aerospace,
defense and security, and advanced materials

Strategic minerals: not only a driving force for development but may also
become a focal point of geopolitical competition and conflict in the future.

This necessitates sustainable strategies for exploration, extraction, and
management to support global green development goals.



Vietnam rich in mineral resources/strategic minerals: REEs, bauxite, nickel,
copper, cobalt, antimony, bismuth, manganese, tin, tungsten, phosphate, fluorite,
lithium, and graphite.

But, yet to have a clear list of strategic minerals and complete supply chain
from upstream (exploration, mining, beneficiation) to downstream (extraction,
refining, and advanced material production). Focusing solely on upstream
technologies while neglecting midstream and downstream technologies reduces
added value and limits the country’s ability to attract investment and facilitate
technology transfer from international corporations.

Vietnam aims to develop technologies for the mining, processing, and refining
of several important minerals such as bauxite and REEs (According to Decision
No. 866/QD-TTg on the “Approval of the Planning for Exploration, Mining,
Processing, and Use of Various Minerals for the Period 2021-2030, with a Vision
to 2050,”)

The application of modern technologies in management and processing not
only enhances resource value and reduces dependence on raw material exports
but also promotes the production of advanced materials, recycling, resource
conservation, and the development of a circular economy.
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Potential Strategic Minerals in Vietnam: location, type, reserve, status

=2 Mineral Major Distribution Areas Deposit Tvpe Proven Reserve Mining Status
Reserves tvpe
Bac Nam Xe_ Dong Pao, Nam Nam | Carbonatite-type Not wet mined on an
1 | REEs Xe (Lai Chau); Muong Hum (Lao | primary deposits, ~24 .96 million 121, industrial scale; under
Cai); Yen Phu (Yen Bai); coastal | titanium—zircon placer, | tons TRE:0: 333 exploration and auction
placer deposits 1on-adsorption type procedures
Ba To (Quang Ngai); pegmatite : S ) o
2 | Lithium (i) zones in Binh Thuan — Ninh Thuan: i?gmamﬁ adsorption i’éﬂfgm’f;} 333 | ot v “‘f!‘“‘fedt} “:idf*“
Central Highlands ype 12 aTo research and investigation
_ _ Son La (Ban Phuc), Cao Bang, | Uiide (BanPhuc). | 364600 tons 121, |Industrial mining at Ban
3 | Nickel (N1) Central Highlands laterite {Central Ni 333 Phuc; laterite resources
Highlands) remain untapped
. Associated with Ni, Cu . : i
4 | Cobalt (C Cao Bang, Son La, Ha Giang, Lao 4 chromite Not fully . Not mined independently;
© (Co) Cai, Thanh Hoa, Central Highlands S;ifn; chromt quantified recovered as by-product
5 | Urani Viet Bac. Northwest region, | Sandstone-hosted, vein, | Pa Lua: 0.031- 133 Notlyettr_mnediianl}f_ )
ranium (U) Central Vietnam volcanic rocks 0.095% UsOs exploration and survey
work conducted
. . Industrial-scale mining in
6 | Tungsten (W) Nui Phao (Thai Nguyen), Lao Cai E;iﬂhﬁ: wolframite "iﬂ,zféﬂs(‘:;ggit;nh:g) 121 operation (Masan High-
’ Tech Materials)
7 | Molybdenum (Mo 'gai?“}’ Ho. Kin Chang Ho (Lao |\ 1 denite veins :;j 000 tons 333 | Not yet mined
8 | Antimony (Sb) Quang Ninh, Tuyen Quang, Thanh S_b.—Au, Sb—quartz ~60.000 tons Sb 121, SI!:[E.I[—SCEIIE, intermittent
Hoa Veins 333 mining
. Laoc Cai, Quang Ngai, Tuven | Metamorphosed ~22 39 million Not vet mined on a large
® | Graphite (C) (Juang sedimentary deposits tons 333 scale
Coastal placer deposits (Binh . .. :
. : ; L . s 121, Mined jointly with
10 | Zircon (Zr) Thuan, Ninh Thuan, Quang Tn, | Titanium—zircon placer | ~87 million tons 3133 titanium placers

etc.)

(Ministry of Education and Training of Vietnam, unpublished 2025)




Resources & Reserves of some Strategic Minerals in Vietnam

Resources and

# Type of Mineral Unit Reserves Forecasted Resources Total
REEs Tons TRE:0s 3,472,347 16,349,207 19,821,554
2 | Bauxite 103 tons (ore) 3,084,674 6,465,328 9,550,002
Titanium — Ilmenite 10° tons (ore) 109,053 502,301 611,354
3 | Zircon 10° tons — — 82,426
4 | Lead, Zinc Tons 865,190 4,943.816 5,809,006
5 | Chromite 10° tons Cr20s 14,484 7,288 21,772
6 | Manganese 10° tons metal 3,989 6,779 10,768
7 | Tin Tons metal 23,251 125,198 148,449
8 | Tungsten (Wolfram) | Tons metal 172,908 136,499 309,407
9 | Antimony Tons metal 54,375 90,501 144,876
10 | Copper Tons metal 432,106 1,098,520 1,530,626
11 | Nickel 10° tons metal 612 3,454.5 4,066
12 | Molybdenum Tons 7,400 21,000 28,400
13 | Gold Kilograms 75,012.7 124,631 199,644
14 | Apatite 10° tons (ore) 126,247 1,854,257 1,980,504
15 | Graphite 10° tons 9,715 21,670 31,385

(Ministry of Education and Training of Vietnam, unpublished 2025)




Vietnam

Iron
Manganese
Nickel
Titanium
Tungsten

Antimony
Bauxite
Bismuth
Copper
Lead

Rare Earths
Tin

Zinc

Gold
Silver

Baryte
Fluorspar
Graphite
Kaolin
Phosphates
Salt

Zircon

Steam Coal

(t)
(t)
(t)
(t)
(t)

(t)
(t)
(t)
(t)
(t)
(t)
(t)
(t)

(kg)
(ke)

(t)
(t)
(t)
(t)
(t)
(t)
(t)

(t)

Nat. Gas (Mio m?)

Petroleum

Total

(t)
(t)

Production of Mineral Raw Materials

2019

3663 400
106 000

112 680
4816

396

3 700 000
917
29240
12 500
300
6071

13 000

540
500

43 000
238003
3 500
100000
1346880
945 000
6 600

47 158 000
10200
11043 000

76693 305

2020

2136200
121 100

139760
5970

312

3 610 000
993
30780

14 100
700
7229

11 150

559
355

51500
219920
3700
100 000
606 650
1134 600
10700

44 598 400
9160
9650 000

69 781 766

2021

1850 300
147 000

156 000
11735

268

4 100 000
2 067
33930
16 350
1000

7 804

10 700

664
670

39 600
215027
1200
100 000
813 960
1208 100
30 400

48 315 600
7 460
9100 000

72129043

2022

1084 400
155000
0

156 210
10 817

517

3 500 000
1938

34 560
20 560
1300
8016
14420

1114
1451

42 000
217 975
500

50 000
711780
569 500
16 500

49 688 100
8080
8 580 000

72128495

2023

876 700
150 000
2100
114 500
7500

354

3 800 000
1148
295040
15870
1100
9079
20970

962
1744

48 500
145007
1100
50 000
895020
648 700
16750

47 258 700
7 468
8628 000

68 695 981

Change
19/23

-76.07
41.51

1.62
64.04

-0.51
2.70
25.19
-0.68
26.96
266.67
43.55
61.31

78.15
248.80

12.79
-38.65
-68.57
-50.00
-33.55
-31.35
153.79

0.21
-26.78
-21.87

Change
22/23

-19.15
-3.23

-26.70
-26.97

-23.79
-2.56
-40.76
-15.97
-22.81
-15.38
13.26
45.42

-13.64
20.19

15.48
-33.02
120.00
0.00
25.74
13.83
1.52

-4.89

-1.57
-3.92

(World Mining Data 2025)



Rare Earth Elements in Vietham

What are Rare Earth Elements?

Rare Earth Elements (REEs) include the lanthanides (57-71) plus Scandium (Sc) (21) and

Yttrium (Y) (21)
Yttrium (Y) occurs together with the lanthanides, Sc mostly does not

Sc 1s very important, due to its high value among the REEs.

1
1
H He
hﬂo&nﬂ hai
1001 l[l]l;rl
20,0002 2 Hay: 13 14 15 18 17 +0.0000
3 i atomic number 5 6 T a8 2 10
Li Be Symbol B C N o) F Ne
Ithiem barylium nama boron carbon nikmgen oxygen fluorine naon
L] B.0422 ‘sbridged standard 108 12011 14.007 A5 230 18906 20180
4006 40,0001 SO T weengh t +0.02 40,002 40,001 2 Qo & 0001 4 Qoo

INTERNATIONAL UNION OF
PURE AND APPLIED CHEMISTRY

(International Union of Pure and Applied Chemistry (IUPAC), 2022)



Grouping of REEs

* Light Rare Earths (LREEs) - La, Ce, Pr, Nd, Sm, Eu

* Heavy Rare Earths (HREEs) — Gd, Tb, Dy, Ho, Er, Tm,Yb, Lu Sz1c
* Sc(21)andY (39) are sometimes included as HREEs. ButY is commonly scandium
more abundant than the lanthanide HREEs combined *‘;;“‘
or Y
* Light Rare Earths (LREEs) - La, Ce, Pr, Nd .08

* Middle Rare Earths (MREEs) - Sm, Eu, Gd, Th, Dy
* Heavy Rare Earths (HREEs) - Ho, Er, Tm, Yb, Lu

57 58 59 60 62 63 64 65 66 67 68 69 70 71
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
lanthanum oerium raseodymium | neodymium samarium europium gadolinium terbium dysprosium holmium erbium thulium ytterbium lutetium
138.91 140.12 14091 14424 150.38 151.96 157.25 158.93 162.50 16493 167.26 168.93 173.05 174.97
+0.01 +0.01 +0.01 +001 +002 +0.01 +0.03 +001 +0.01 +0.01 +0.01 +001 +002 +0.01
LREEs HREEs
LREES MREEs HREEs

*Note, Pm is unstable.
(International Union of Pure and Applied Chemistry (IUPAC), 2022)
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REE Deposits

Surface Weathering Sedimentation
Residual deposit, ion-adsorption deposit

P>

Hydrothermal ? 1
g Iron-oxides, phosphate vein

Peralkaline rocks,

Magmatic .
Carbonatite

Deep
part

1. Carbonatite Deposits

2. lon-Adsorption Clay Deposits
3. Pegmatite Deposits

4. Sedimentary Deposits

5. Coal Ash and Byproducts

6. Lateritic (Weathered) Deposits
7. Volcanic and Hydrothermal Deposits (Wantanabe, 2024)




Applications of REEs

1.

S.

7.

Consumer electronics: high-
performance components for devices:
smartphones, laptops, and flat-screen
TVs.

Electric vehicles (EVs): The production
of EVs and their batteries heavily depends
on REEs, especially for permanent
magnets used in the motors.

Renewable energy: Wind turbines
use magnets made from neodymium,
dysprosium, and other REEs. Solar
energy technologies also require
certain REEs.

. metallic state
Milital'y: high-perfomance defense é.‘l Fattiizer. Pigmenle.

Nugiear, Medical Tracers
technologies like radar systems, missile

guidance systems, and jet engines.
oxidized state

Medical: imaging technologies and in cancer
treatment research

CATALYST
& CHEMICAL
PROCESS

Other morden appliations (1113



REEs demand & sources

* China dominates current world REE production.

* New sources of REE production are needed for current and projected uses.

Others 3% Others 9% World REE Production
EU 4% r Phosphor 1%
USA 8% Ceramics 3% \ -
" M Australia

Class 8% m USA
oy 9 Burma
M Russia

M India
B Other

REE demand by country REE demand by application

(2020) (2020) (U.S. Geological Survey, 2019)
(Industrial Rare Metals 137, (2021))
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REQO (metric tons)

REEs production

150,000 Monazite era ' Mountain Passera ' Chineseera 'Post-Chinese
era
Since 2006 China tighten oy
rare earth export and production I’
‘\
——— World REO production
— = World REO demand \
.‘
100,000 !

S 2008 World
toar Aslaq 4 financial crisis
financial crisis

o
A
] 1
I I
1990's depression 4
’ \ |
U
1985 China export tax "
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1
R
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Global Production of
Rare Earth Oxides,
1950 - 2000

s (Baolu Zhou et al. 2017)

Other

The distribution of global REEs
by principle deposit type and country

: Other
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3%
i lon absorption
Sweden 5% \ - '%__ Other
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World REO resources
478.14 Mt

Total
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REE deposits and occurrences around the world
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Production and reserves of REEs in the World

World Mine Production and Reserves: Reserves for Russia, South Africa, the United States, and Vietham were

revised based on company and Government reports. 2 02 4 7 02 3
Mine production® Reserves'' Reserves®
2023 2024
United States 41,600 45,000 1,900,000 \ 2,300,000
Australia 216,000 213,000 135,700,000 # 194,200,000
Brazil 140 20 21,000,000 21,000,000
Burma 243,000 231,000 NA NA
Canada — — 830,000 830,000
China 14255,000 14270,000 44,000,000 44,000,000
Greenland — — 1,500,000 1,500,000
India 2,900 2,900 6,900,000 6,900,000
Madagascar 122,100 122,000 NA NA
Malaysia 12310 12130 NA
Nigeria 127,200 213,000 NA
Russia 2,500 2,500 3,800,000 21,000,000
South Africa — — 860,000 790,000
Tanzania - - 890,000 890,000
Thailand 23,600 213,000 4,500 # NA
Vietnam 2300 12300 3.500.000 22000000
Other 1.440 1.100 NA 280.000
World total (rounded) 376,000 390,000 >90,000,000 130,000,000

(USGS, 2025)




Country leading in mine production of REEs worldwide in 2024
(in metric tons REO)

China* 270,000
United States
Myanmar**
Australia
Thailand
Nigeria

India

Russia

Madagascar

Vietnam | 300

Brazil |20

Production in metric tons of rare earth oxide (www.statista.com)



REEs Resources in Vietham

Research and exploration since 1950s
Vietnam 1s believed to be a country with great potential for REEs
Hydrothermal origin, and concentrated in the Northwest region of
Vietnam.
As of origin, there are 3 types:

o Hydrothermal deposits:

o Ion absorption deposits

o Placement deposits: mainland and coastal placers
As of elemental composition, there are 2 groups:

o Light rare earth group (LREES)

o Rare earth heavy group (HREES)



1) Hpydrothermal deposits

- The Northwest area: Nam Xe North, Nam Xe South, Dong
Pao (Lai Chau province), Muong Hum (Lao Cai province), Yen
Phu (Yen Bai province) and a series of other REE mineralization
places 1n the region.

- Ore bodies: veins, lenticulars, pockets, cutting through into
different rocks such as limestone, basic eruption, syenite, shale.

- REE-oxide: 1% - > 36%.
2) Ion absorption deposits
- In Ben Den, Bao Thang district, Lao Cai province.
- REE ores in the weathered crust of alkaline granite

- REE-oxide 0.0443 + 0.3233%, average of 0.1%.

- Low content, but mining conditions are favorable, ore
processing technology 1s simple



3) Placement deposits
- Mainland placer

+ The North of Bu Khang area (Pom Lau, Chau Binh and Ban Gio), Nghe
An province.

+ REE minerals: monazite, xenotime along with ilmenite and zircon.
+ Ore located 1n the riverbed sediments of the I and II levels.

+ Bu Khang granite block is the main supply sources of RE
mineral, with monazite of 0.15 + 4.8kg/m’

- Coastal placer

+ At Ky Khang and Ky Ninh, Cam Hoa, Cam Nhuong (Ha Tinh
province), Ke Sung (Thua Thien Hue province), Cat Khanh
(Binh Dinh province), Ham Tan (Binh Thuan province).

+ Many places of ilmenite placer ores containing REE minerals
(monazite, xenotime) with contents of 0.45 =+ 4.8kg/m’



LREEs

- Nam Xe South, Nam Xe North, Dong Pao mines and placer
deposits.

- Mainly bastnaesite (Nam Xe, Dong Pao, Muong Hum)
and monazite (Bu Khang Northern, coastal placer).

HREESs
- Yen Phu deposit (Yen Bai province)
HREE-oxide/Total REE-oxide: ~ 30%.

- Muong Hum (Lao Cai province)
HREE-oxide/Total REE-oxide: ~ 22%.
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Dong Pao mine

Main REE mines in Vietham

Legend

In the northwest of Vief
Conducted in 1986 (Vi

Area of ~ 12 km? wi
margins of Dong Pao s

REE- bearing rocks: F
varies mainly from ac
alkaline granite, syenite

Carbonatite type
REE minerals; mainly |
A type of "multi-metall
Many minerals associaf
REE-oxide (TR,0;): 0.
Reserves and resource
country’s total reverves
Methods for extraction
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== Devonian: silty sandstone, shale, limestone, which overlie

Quaternary

Paleogenes polassic and ultra—potassic rocks

Cretaceous: conglomerate, gritstone, sandstone,
rad silty shale containing gypsum

m Upper Permian: biotite granite, two-mica granite, basalt,
~ komatiite, picrite, rhyolite, dacite, trachyte, tuff

Lower-Middle Permian: basalt, andesile, dacite, rhyolite,

tuff, agglomerate, sandslone, shale, imestone

» Carboniferous-Permian: limestone, cherty limestona

siltstone, shale, chert, andesite, tuff, agglomerate

the Cambrian-Ordovician metamorphic formation

REE deposit Fault

separation -flotation
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Trassic: sandstone, sillstone, shale, imestone, conglomerate

Gelogical map of Song Da structure and locations of Dong Pao and Nam Xe mines (Tinh et al. 2025)



Nam Xe North mine L -

Main REE mines in Vietnam

Tp. Lai Chau

In the northwest of Vietnam (Phong Tho district,
Lai Chau province)

REEs accumulates in marble sets interlaced with shale rockb
and late Paleozoic mafic eruptions.

The ore 1s related to alkaline syenite, granosyenite and alkaline granite of the
Pusamcap - Putra Complex- Carbonatite type

REES formed in 2 ways: hydrothermal filling and exchange metamorphism; in
forms: veins, lenses, pockets, and dispersion

Ore formed by filling and injecting into the fracture systems, and
metamorphosing the surrounding rocks to create the ore zones.

Strongly weathered at the upper part of the deposit. The weathering process
has relatively enriched the content of useful components, especially the content
of TR,0O;, Nb,Os,, creating a remnant weathering deposit

REE-oxide (TR,0;): weathered: 2.0+16.8%; primary 0.6+31.35%

Reserves and resources of REE of ~ 7,7m tones, accounted for 45% of the
country’s total reverves/resources

Methods for extraction and recovery: mainly flotation

Vudin



Main REE mines in Victn~o . B

Nam Xe South mine =«

In the northwest of Vietnam (1
Unlike Nam Xe North deposit,
formation surrounding the ore
Vien Nam Formation (P,-T, vr
colored rocks such as dark gra
of the Vien Nam formation inc
4 main ore bodies that extend .|
with a length of 100s m

Minerals: bastnaesite, parasite
REE-oxide (TR,05): 0.5+36
Reserves and resources of RE. [- by
country’s total reverves/resout wimeqticucia [ wessic vessn S,
Methods for extraction and re( s L] cueos s ;‘”’"”‘ o Pooene e
- Pu Sam Cap granite DTu Le zone: Crelaceous granile

D Permian limestane
ol gl T e e e O
A Sketch map showing location of the Song Da zone in northwest Vietnam (A);
Geological map of Nam Xe area, northwest (B) (Thuy Nguyen Thi et al. 2013)
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Yen Phu mine ¢ e

Main REE mines in Vietham

In the northwest of VB | s ting sengiea
Discovered in the ﬁ1 i o

Presence of HREEs .
A small area of abou ™ |

. L4 khoan tham do-

Deposits are distribu:
intrusive magmatic 1
REE-oxide (TR,0;)
Reserves and resour
the country’s total re

The Yen Phu rare ea
earth minerals are xc¢

Yen Phu rare earth n
mining and processi
Methods for extracti
separation -flotation

A Sketch geological map of Yen Phu mine with exploration network
(Luong Quang Khang, 2012)



Main REE mines in Vietham 2 N

Muomg Hum mine
In the northwest of Vietnam (Bat Xat district,
Lao Cai province) il e

Vurem

Accumulate in Neogene sedimentary formations. The ore is distributed in 2
lines extending along the valley from Muong Hum to Nam Pung.

Mainland placer deposit (eluvial- deluvial placer)

Minearls: monazite, bastnaesite, rhabdophane, cocdilit, okenite, thorium silicate
There are 9 main ore bodies

Presence of HREEs.

REE-oxide (TR,0;): as small as 1.0 — 3.18%

Reserves and resources of REE of ~ 129,207 tones, accounted for only 0.8% of
the country’s total reverves/resources



Main REE mines in Vietham

Coastal placers

- REEs 1n in coastal placer: mainly in minerals (monazite, xenotime, silicate
(orthite).

- Monazite and xenotime accumulated and located together with ilmenite, zircon,
rutile, and other heavy minerals in different proportions, forming large, small
deposits or ore occurrents (calculated in ilmenite). These ore occurrents and
mines are in the coastal sand including modern beaches and coastal sand dunes.

- The reserves of monazite - xenotime 1n some mines: ~ 303,000 tons

- During the production of ilmenite, zircon from coastal placers, monazite -
xenotime was recovered, with a content of 60 - 65 % TR,0;. C

- No complete assessment of the REE placer potential in coastal Vietnam

- Yearly, only exploited a few thousand tons of monazite ore with content of 35-
45% TR,0; 1n the central coastal placer " " e

- Note: Vietnam has 3,260km of coastline,

along which the main sand deposits containing ilmenite,

rutile, zircon and monazite B——



Potential REEs in Vietnam

IREO Reserves Area Number /
Mine / Occurrence Location Main mineral content characteristics of Remarks
(tons TREO) | (km?) .
(%) ore bodies

Bac Nam Xe Lai Chau ?ﬁgﬁ?gﬁ; famﬂe 0.6-3135| 7,707461 | 12.0 | 8main ore bodies ﬁsbsomated U. Th,
: Parisite, Bastnaesite : . Coufriue At
Nam Nam Xe Lai Chau (Light éEEs) 0.5-36.0 4,090,059 8.0 5 main ore bodies | (0.026-2.3%); U

(0.008-0.24%)
Bastnaesite, One of the largest
Dong Pao Lai Chau Synchysite, Barite, 0.5-39.0 | 4,381,873 60.0 16 large ore bodies | REE deposits in

Fluorite Southeast Asia
Monazite, 1.0-3.18 High heavy REE
Muong Hum Lao Cai Bastnaesite, (a.vg 1 '45) 129,207 3.0 3 ore bodies content: 25.6—

Samarskite T 36.4%

Fergusonite, 0.1-70 Light REEs:
Yen Phu Yen Bai Xenotime, Monazite, (a*;’g 1 1'2) 31,695 L.5 2 ore bodies 62.97%; Heavy

Allanite o REEs: 29.16%

. Various _ . o Predicted
Coastal placer Deposits Monazite, Xenotime, 3 308.195 200+ Distributed as potential ~2
(14 monazite deposits) coastal Titan, Zircon, Rutile ’ total coastal belts million tons of
provinces
placer resources
. Quang Nam,
IToyJ:;):((lséogtchglngjlay St::lang Ngai, | Ion-adsorption clays | 0.1 -0.111 31,695 7.9 dissi?jtltjirt?gn Large potential

(Ministry of Education and Training of Vietnam, unpublished 2025)




REE Resources in Vietnam

. Ore-bearing Ore mineral Reseves/Resources %
Deposit e Content
rock composition (tones)
Syenite of the Bastnaesite, parisite
Dong Pao Pusamcap SIe, parisite, 0.5+39% TR20s 4,381,873 25.88%
lanthanide, orthite —
Complex
Bastnaesite, parisite, Weathered ores:
- - - 0
Limesone fhe | 7S st | 201657
Nam Xe North | Na Vang ynehysite, ‘ant ’ R _ 7,707,461 45.0%
Formation mariniakit, orthite, Primary ore:
monazite, Xenotime, 0.6+-31.35%
uranokiecxit, TR,0;3
Eruption rock of Parasite, phlogopite
Nam Xe Sourh | the Vien Nam » phiogopite, 0.5:36% TR,03 4,090,059 23.88%
; bastnaesite, lanthanide
Formation
Fergusonite, xenotime,
Shale of the monazite, samarskite,
Yen Phu Song Mua orthite, cheralite, 0.1+-7% TR,05 31,695 0.19%
Formation churchite,
rhabdophane, torbernite
Monazite, bastnaesite, 1.0+-3.18%
Muong Hum Neogene samarsKkite, TR20s 129,207 0.75%
sediments rhabdophane,
cordilyte, thorite, zircon
Biotite-sericite- Monazite, bastnaesite,
- =H —~ 00
Nam Pung quartz schists of rhabdophgne, cordilyte, | 0.1+9% TR,0Os 30,000 0.18%
the SaPa zircon, psilomelane,
formation apatite
Metamorphic . :
REE ores are sedimentary rocks M?_igtgemi’rggzﬁgp yrite,
into copper of the Lung Po and | DY & PY ’ 453,000 2.64%
: . bornite, garnet,
veins Sinh Quyen hedenberai i
formations edenbergite, orthite
Ot_her monaz_ite Quaternary Mogazite, xenotime, 0.15-4.8 kg/m? 303,446 1.77%
mines combined | sediments orthite Monazite
Total 17,126,741

(Dung et al.

2021)



REE Exploration in Vietham




REE Resources in Vietham

- The reserves and resources of REE ores in primary and weathered deposits in
Vietnam > 17 million tons of TREO, mainly in Lai Chau province.

- Primary and weathered REE deposits in Vietnam: large scale, the largest one is

Bac Nam Xe.

- The reserves and resources of monazite: ~ 7,000 tons. The volume of resources
1s not large, but the distribution is concentrated in the placers, the exploitation
conditions are simple.

A

(\

science for a changing worl

USGS

-

Rare Earth Elements in Coal and Coal Fly Ash

Vietnam coal resources
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- Other potential sources: Coal ash and byproducts (VN has potential of coal resources)
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Strategic (REEs) Mineral Resources in Vietnam

* High potential of REE resources
Pros  Strong global and domestic demand

* Considered a strategic priority

The CEO Magazing I

THE PROS
AND CONS
OF RARE
EARTH
ELEMENTS
MINING

* Outdated policies, technology, and human resources

Cons

* Insufficient investment

 Environmental concerns



Development of a Strategic Mineral (REE) Industry in Vietham

pumpsite Mining rrocess

The rare-earth industry can be divided into three

Dumpsite
Meul?lfaln

stages:
1. Upstream: Mining of rare-earth elements.

2. Midstream: Processing of elements into
separate oxides.

3. Downstream: Manufacturing of permanent

magnets and other components made with

rare earths.

End uses of rare earths include production of magnets, batteries,
catalysts, displays, and more.



Conclusions so far...

Strategic and critical minerals are in irreversible and rapidly growing
demand worldwide, especially for green technologies driving the clean
energy transition.

Amid rising demand and tightening supply, investment in research,
resource assessment, and recovery of critical minerals—particularly rare
earth elements (REEs)—is crucial for industrial development, resource
security, and national stability.

Vietham holds abundant strategic mineral resources, yet their potential
remains largely underexplored and undervalued. The country has not
established a clear list of strategic minerals to guide sustainable
investment, exploitation, and management. Small-scale REEs mining has
led to resource inefficiency and environmental harm.

Building a strong strategic and REEs mineral industry requires coherent
strategies, consistent policies, and dedicated investment in advanced
research, specialized training, and international collaboration to drive
technological innovation.



Thank You
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