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Abstract

Rare-carth Dongpao deposit iscstim-luhsawpmoumeo(munhdmtu(k%)h
Vietnam with sround 4.38 million tons of total REE oxide. REE-bearing ores can be
distinguished into prinsary and weathered ores. The primary ores comprise carbonatite and
vein-type ores exhibat high REE concentrations (vein-type ore), the weathered ores
comprise weathered syenite and weathered vein-type ore. The vein-type ore samples show
{hat tse main REE-bearing minerl is bastnasite with high REE concentration from 39,704
1 131,188 ppm. While the carbonatite samples show that the main REE-bearing mineral
is synchysite, the REE concentration is from 9,122 to 15,048 ppm. The weathered vein-
type ore commonly occurs on the outcrop of the Dongpso area; these samples have REE
concentrations from 31,832 to 33,786 ppm and contain predominant oxidized REE
minerals, The REE concentration in the weathered syenite is much lower from 1,892 w
2,656 ppm. But the heave rare earth clement concentration is higher (668 - 919 ppm)
Wudw&noflhcuwhaedvdmypcm(zu - 288 ppm). Banite and fluorite are
the principal gangue mincrals associated with REE in the primary and weathered vein-
type ores. Mineralization is pancipally enriched by hydrothermal processes, and then the
peimary vein-type ore was weathered to become friable ore. Weathering of REE carbonate
minerals can lead to diverse pathways, including precipitation of hydrated carbonates such
as Lantbanite under CO=rich, near-newtral to alkaline conditions, incorporation into
phosphates like Florencite in the presence of available P and Al, and oxidation of Ce to
form Cerianite, producing a Ce anomaly. They remain in the ore veins or are transported
and partly redistributed in the weathered layers.



HANOI UNIVERSITY OF MINING AND GEOLOGY
SUSTAINABLE MINING AND CRITICAL MINERAL PROCESSING FOR ENERGY TRANSITIONS SYMPOSIUM

DEVELOPMENT OF REE MINERALIZATION IN THE
DONG PAO DEPOSIT, LAl CHAU, VIET NAM: INSIGHTS FROM
MINERALOGY, FLUID INCLUSIONS, AND
TRACE-ELEMENT GEOCHEMISTRY

PhD. Bui Thanh Tinh

Hanoi, 2026



1. Introduction

REE applications
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Fig 1. REE and their associated applications




1. Introduction

Global REE reserves
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Fig 2. Distribution of major rare earth reserves by country as of 2022.



1. Introduction
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1. Introduction

History of exploration in the Dong Pao deposit

o Dong Pao deposit was discovered in 1959 (Vlaxov I.Ia et al, 1960).

o Conducting exploration projects in 1980s (Hirano et al., 1996); 2000s
(Fuijii et al., 2010). ; 2010 (Nguyen, 2010).

,,,,

». . o REE mineralization is reported to be hosted in syenite, carbonatite,
metasomatized limestone (country rocks), and weathered profile on the

top of the units.

o The latest exploration reports showed seven promising orebodies with

, iR € _ a total REO resource of > 4.7 Mt, >24.5 Mt barite, and >13.7 Mt
Fi 4 The utco in the orth of hé- Dong Pao dep‘o:c,it;  fluorite (Nguyen, 2010).
Vietnam. 8



2. Geology
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Geology of northern
Vietham

The Don Pao deposit is located
in the north of Vietham, in the
Son La-Lai Chau Zone (
geologically between the Red
River Fault Zone and Song Ma
Suture Zone)

The Son La — Lai Chau zone is
an extensional region formed
during Cenozoic strike-slip
tectonics between the south
China and Indochina blocks
(Chung et al., 1997).

Fig 5. Geological setting of north Vietham showing the tectonic location of Son La — Lai Chau Zone



2. Geology

Geology of The Dong Pao deposit

o The alkaline rocks of Dong Pao
includes syenites, and
carbonatites emplaced at ca.
51Ma (Li et al 2023)

o The alkaline rocks are
surrounded by limestone

o 60 orebodies are located in the
Dong Pao area named F1, F2 —
F60

o F3 is the richest orebody (Fujii
et al. 2010; Li et al. 2023)

Legend
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Alkaline volcanics

Dong Pao Syenite Complex

Intrusive rocks:
Alkali syenite, quartz syenite

Cretaceous

Sandstone, silt marl,
siltstone, claystone

Triassic

Shale, sandstone,
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Dong Giao Formation
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Fig 6. Geological map of the Dong Pao deposit
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2. Geology

Geology of the Dong Pao deposit .
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Fig 7. Occurrence of REE
orebodies in the Dong Pao
deposit.

a) A cross-section of F3 orebody
modified from JICA & MMAJ
(2002). MIVD20 drill hole location
is shown.

b) A cross-section of F9 orebody
(This study).

c) A sketch of F1 orebody (JICA &
MMAJ, 2002).

d) A sketch of F4 orebody (JICA &
MMAJ, 2002).
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Methods

Fieldwork and collecting samples

Sample preparation

Making thin sections, polishing sections, pulverizing samples

XRD, SEM-EDS

Mineral
identification

EPMA

XRF, ICP-MS

Fluid inclusion

Quantitative
analysis of
elemental

compositions in
minerals

Bulk and trace
elemental
analysis

Salinity &
Homogenization
temperature
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3. Results-Rock description
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Figure 8. Hand-specimen photos of a) Calcite carbonatite and b) Metasomatized calcite carbonatite rich in fluorite.
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3. Results-Rock description

Limestone
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Figure 9. Hand-specimen photos of a) altered limestone, b) hydrothermal
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4. Results-Rock description

Weathered profile
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3. Results - Rare earth mineralization styles and Genisis of the REE
Dong Pao deposit
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Figure 11. A schematic sketch outlining the genesis of the Dong Pao deposit. 1o



(

3. Results Metasomatlzed carbonatite (F3)

,h
il

Apatite (Ap), [Cas(PO,);F]

Carbocernaite (Cac) [Ca(Sr,Ba,REE)(CO,),],
Strontianite (Str) [SrCO4],

Phlogopite (Phl) [KMg;(Si;Al)O,4(F,0H),]

The metasomatized carbonatite is
characterized by the replacement of
calcite by barite (Brt) [BaSO,], fluorite
(FI) [CaF,], Celestine (Cel) [SrSO,],
and rare earth carbonate minerals such
as synchysite-(Ce) [Ca(Ce,La)(CO,),F].

BED-C 15.0kV WD15.0mm Std.-P.C.49.6 HighVac x8

Carbonatite-derived late-stage fluids are

* responsible for the formation of Ba-Sr-
i ! P! ! REE mineralization in carbonatite
I 1ok i ol 17 complexes (Zaitsev et al., 1998; Wall et
9 | al., 2001; Giebel et al., 2017; Mitchell and
- - - . F: Fresh Gittins 2022; Louvel et al., 2022;
OA‘i 04l ole | M: Metasomatized Bhattacharjee et al,, 2024). .
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3. Results - Metasomatized limestone (other orebodies)

na
-4
15.0kv WD10.0mm Std.-P.C.76.5 HighVac. X230

The limestone is heavily metasomatized to
form metasomatized limestone contains
dolomite overprinted by the assemblage of
WM: Weakly Metasomatized barite, fluorite,

bastnasite-(Ce) (Bsn), [(Ce,La)(CO,)F],
parisite-(Ce) [Ca(Ce,La),(CO;)sF,].

M: Metasomatized

o The metasomatic limestone is intruded by
hydrothermal veins, which contain fluorite,
barite, bastnasite-(Ce), xenotime [Y(PO,)].

18
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3. Results - Mineralogy description

Weathered carbonatlte (F3)
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Back-scattered electron images of weathered carbonatite (F3) in the Dong Pao deposit. Barite (Brt) quartz
(Qtz), muscovite (Ms), gibbsite (Gbs).

Bastnasite (Bsn), [REE (CO;)F];  Cerianite (Ce-oxide), [Ce*+,Th)O,];  Florencite (Fir), [CeAl;(PO,),(OH)cl.
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3. Results - Mineralogy description

_Weathered soil on top vqf syenite (F9) (Brown soil)

T8

"1"._ > b » L

D10.0mm Std.-P.

50pm

Back-scattered electron images of weathered soil on top of syenite (F9) in the Dong Pao deposit.
Bastnasite (Bsn), [REE (CO5)F];  cerianite (Ce-oxide), [Ce**,Th)O,]; florencite (FIr), [CeAl;(PO,),(OH)].
Gorceixite (Gex) [BaAl;(PO4)(PO;0H)(OH)s];  Monazite (Mnz), [REE(PQO,)].
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3. Results - Mineralogy description
Fluorite-rich oiI‘ (F9) (Purpl oil)

» » b

- -
.7 HighVac.

Back-scattered electron images of fluorite-rich soil (F9) in the Dong Pao deposit.
Barite (Brt), bastnasite (Bsn) [REE (CO5)F], fluorite (FI), hematite (Hem) and manganese oxides (Mn-Pb-oxide).
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3. Results - Mineral chemistry

Carbonatite hosted Metasomatized limestone zone hosted
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Chondrite-normalized REE patterns of REE minerals in F3, F7 and F9 orebodies of the Dong Pao deposit. The
data is based on EPMA analysis and normalized after McDonough and Sun (1995).



3. Results - Geochemistry
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3. Results - Weathering effect

Carbonatite hosted 0=
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This material contains Ce-rich minerals such as cerianite [Ce**, Th)O,]; florencite (Ce) [CeAl;(PO,),(OH)], and
bastnasite-(Ce) [(Ce,La) (CO5)F], although some bastnasite is enriched in La [bastnasite-(La)] [La (COs)F].
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3. Results - Weathering effect

Metasomatized limestone hosted
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3. Results — Fluid inclusion

Homogenization Temperature (°C) Salinity (NaCl, wt.%)
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3. Origin of metasomatic fluids

Fluorine-rich fluid
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4. Contribution

o The Dong Pao deposit features two distinct styles of rare earth element (REE) mineralization:

1. Metasomatized limestone: This mineralization style results from the interaction of fluorine-rich fluids with
limestone. It is characterized by abundant lenticular orebodies situated between syenite and limestone (as seen

in F9) and serves as an analogue to skarn deposits.

2. Metasomatized carbonatite: This style arises from the interaction of carbonate-rich fluids with

carbonatite, it occurs within calciocarbonatites that intrude the syenite (in F3).

o Weathering processes have played a significant role in upgrading the REE ore and redistributing REE concentrations

within the weathering profile on top of orebodies.

o The study clarifies the mineralogical composition of each REE mineralization type, providing a foundation for mineral

processing, mining operations, and deposit management in the Dong Pao.

o This study confirmed the high REE prospectivity of the Dong Pao deposit (up to 13% TREO), and the occurrence of
HREE in the metasomatized limestone mineralization (4,958 ppm) and in the weathering profile on the top of

orebodies (up to 919.5 ppm).
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