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Introduction

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. 

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



Introduction

Critical mineral lists of selected countries

United States Australia China

Canada
Japan

India



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

Strategic 

metals

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


• 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. 

Examples of some strategic minerals and their uses





Global Production of Rare Earth Elements (1995 – 2022)

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 identification 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, Li, 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

. 



Australian Critical Minerals Strategy 2023–2030  (https://www.industry.gov.au)



Top Producers of Select Critial Minerals, 2023

(www.investmentmagazine.com.au)



(www.investmentmagazine.com.au)



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

Global critical minerals demand in the STEPS



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



https://bigrockexploration.com/2019/04/what-
makes-minerals-strategic-critical/



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.

Strategic minerals in Vietnam 
Mineral resources are naturally accumulated useful minerals 

or substances that exist in solid, liquid, or gaseous form within 

the Earth's crust or on its surface, including minerals and useful 

substances found in mine tailings



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/QĐ-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.



(Tran Van Tri et al, 2009)

Major REEs 

occurrences



Potential Strategic Minerals in Vietnam: location, type, reserve, status

(Ministry of Education and Training of Vietnam, unpublished 2025)



Resources & Reserves of some Strategic Minerals in Vietnam

(Ministry of Education and Training of Vietnam, unpublished 2025)



(World Mining Data 2025)

Production of Mineral Raw Materials



22
(International Union of Pure and Applied Chemistry (IUPAC), 2022)

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 is very important, due to its high value among the REEs.

Rare Earth Elements in Vietnam



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

• Heavy Rare Earths (HREEs) – Gd, Tb, Dy, Ho, Er, Tm,Yb, Lu

• Sc (21) and Y (39) are sometimes included as HREEs.  But Y is commonly 

more abundant than the lanthanide HREEs combined  

                                                                            or

• Light Rare Earths (LREEs) - La, Ce, Pr, Nd

• Middle Rare Earths (MREEs) - Sm, Eu, Gd, Tb, Dy

• Heavy Rare Earths (HREEs) - Ho, Er, Tm, Yb, Lu

23

Grouping of REEs

LREEs

LREEs

MREEs HREEs

HREEs

*Note, Pm is unstable.

*

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



(Wantanabe, 2024)

REE Deposits

1. Carbonatite Deposits
2. Ion-Adsorption Clay Deposits
3. Pegmatite Deposits
4. Sedimentary Deposits
5. Coal Ash and Byproducts
6. Lateritic (Weathered) Deposits
7. Volcanic and Hydrothermal Deposits



1. Consumer electronics: high-

performance components for devices: 

smartphones, laptops, and flat-screen 

TVs.

2. Electric vehicles (EVs): The production 

of EVs and their batteries heavily depends 

on REEs, especially for permanent 

magnets used in the motors.

3. Renewable energy: Wind turbines 

use magnets made from neodymium, 

dysprosium, and other REEs. Solar 

energy technologies also require 

certain REEs.

Applications of REEs

4. Military: high-performance defense 

technologies like radar systems, missile 

guidance systems, and jet engines.

5.  Medical: imaging technologies and in cancer 

treatment research

7.  Other morden appliations



REEs demand & sources
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• China dominates current world REE production. 

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

(U.S. Geological Survey, 2019)

REE demand by country

(2020)

REE demand by application

(2020)

(Industrial Rare Metals 137, (2021))



REEs production

(Baolu Zhou et al. 2017)

Global production of REEs (1950 -2000)

The distribution of global REEs
by principle deposit type and country 

(www.en.wikipedia.org
)



REE deposits and occurrences around the world



Production and reserves of REEs in the World

(USGS, 2025)



Country leading in mine production of REEs worldwide in 2024 

(in metric tons REO)

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



• Research and exploration since 1950s

• Vietnam is 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)

 

REEs Resources in Vietnam



1) Hydrothermal 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 in 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 is 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 in 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/m3

 - 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/m3

 



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). 

HREEs

 - Yen Phu deposit (Yen Bai province)

HREE-oxide/Total REE-oxide: ~ 30%. 

- Muong Hum (Lao Cai province)

HREE-oxide/Total REE-oxide: ~ 22%.



Major REEs deposits in Vietnam

(Hop & Huan 2016; Tran Kim Phuong, 2014



Dong Pao mine
- In the northwest of Vietnam (Tam Duong district, Lai Chau province)

- Conducted in 1986 (Vietnam and Germany).

- Area of ~ 12 km2   with 60 ore bodies. Most of the large ore bodies at the 

margins of Dong Pao syenite block of Pu Sam Cap complex.

- REE- bearing rocks: Paleogene Pusamcap-Putra Complex (intrusive magma 

varies mainly from acid to alkaline: alkaline syenite, alkaline granosyenite, 

alkaline granite, syenite) 

- Carbonatite type

- REE minerals; mainly LREEs; bastnaesite, barite minerals abundant 

- A type of "multi-metallic" complex ore that is very difficult to beneficiate. 

- Many minerals associated with REEs: Ca, Al, Fe, Si, S, Mn, Pb, Mg

- REE-oxide (TR2O3): 0.5- 39%

- Reserves and resources of REE of ~4.4m tones, accounted for 25.9% of the 

country’s total reverves/resources

- Methods for extraction and recovery: mainly combinations of gravity-magnetic 

separation -flotation

Main REE mines in Vietnam

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



Nam Xe North mine
- In the northwest of Vietnam (Phong Tho district, 

      Lai Chau province)

- REEs accumulates in marble sets interlaced with shale rocks 

      and late Paleozoic mafic eruptions. 

- The ore is 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 TR2O3, Nb2O5, creating a remnant weathering deposit

- REE-oxide (TR2O3): 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

Main REE mines in Vietnam



Nam Xe South mine
- In the northwest of Vietnam (Phong Tho district, Lai Chau province)

- Unlike Nam Xe North deposit, in Nam Nam Xe deposit, the geological 

formation surrounding the ore is mafic eruption sedimentary formations of the 

Vien Nam Formation (P2-T1 vn) which have been metamorphosed to form 

colored rocks such as dark gray, blue gray, greenish gray. The main components 

of the Vien Nam formation include hyalobasalt, plagiobasalt, andesitobasalt

- 4 main ore bodies that extend parallelly to each other along the west - northwest 

with a length of 100s m

- Minerals: bastnaesite, parasite, barite, calcite, dolomite, ankerite, magnetite

- REE-oxide (TR2O3): 0.5÷36

- Reserves and resources of REE of ~ 4.1m tones, accounted for 23.9% of the 

country’s total reverves/resources

- Methods for extraction and recovery: mainly flotation

Main REE mines in Vietnam

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)



Yen Phu mine
- In the northwest of Vietnam (Yen Bai province)

- Discovered in the first by aeronautical radio magnetic anomaly in 1961

- Presence of HREEs (

- A small area of ​​about 0.3km2 

- Deposits are distributed in the Song Mua formations and related to granitoid 

intrusive magmatic rocks of the Ca Vinh Complex

- REE-oxide (TR2O3): as small as 0.1 - 7% 

- Reserves and resources of REE of ~ 31,695 tones, accounted for just 0.2% of 

the country’s total reverves/resources

- The Yen Phu rare earth mine has a reserve of about 28,000 tons of REO. Rare 

earth minerals are xenotime in small content. 

- Yen Phu rare earth mine is the primary one of Vietnam to implement both 

mining and processing of REE ores. 

- Methods for extraction and recovery: combinations of gravity-magnetic 

separation -flotation

Main REE mines in Vietnam

A Sketch geological map of Yen Phu mine with exploration network

(Luong Quang Khang, 2012)



Muomg Hum mine
- In the northwest of Vietnam (Bat Xat district, 

     Lao Cai province)

- 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 (TR2O3): 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 Vietnam



Coastal placers

- REEs in 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 in some mines: ~ 303,000 tons

- During the production of ilmenite, zircon from coastal placers, monazite - 

xenotime was recovered, with a content of 60 - 65 % TR2O3. 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% TR203 in the central coastal placer

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

along which the main sand deposits containing ilmenite, 

rutile, zircon and monazite

Main REE mines in Vietnam



Potential REEs in Vietnam

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



(Dung et al. 2021)

REE Resources in Vietnam



(https://dantri.com.vn)

(https://vietstock.vn)

REE Exploration in Vietnam

(https://baolaocai.vn)



REE Resources in Vietnam

- 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 

is not large, but the distribution is concentrated in the placers, the exploitation 

conditions are simple.

- Other potential sources: Coal ash and byproducts (VN has potential of coal resources)

REEs in Vietnam Anthracite
Vietnam coal resources

(Allan Kolker, 2024) 



Strategic (REEs) Mineral Resources in Vietnam 

Pros 
• High potential of REE resources

• Strong global and domestic demand

• Considered a strategic priority

Cons 
• Outdated policies, technology, and human resources

• Insufficient investment

• Environmental concerns



Development of a Strategic Mineral (REE) Industry in Vietnam



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.

• Vietnam 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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