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TOM TAT

Céac mé dét hiém kiéu hép phu ion trong vé phong héa la mét trong nhiing loai hinh khoéng sén chién

Iwoc 6 gia tri cao va céng nghé khai thac tuyén don gidn, da duoc phét hién va khai théc rong réi tai
Trung Quéc, Myanmar va gén day la Viét Nam. Bai bao nay trinh bay mét hé théng 6 nhém tiéu chi nhan
dang dia chat-méi trurong phuc vu cong téc diéu tra, thdm do va danh gia tiém ndng maé dat hiém trong
vé phong héa, bao gém: (1) Béc diém da me, (2) Pia hinh—dia mao, (3) Chi s6 bién déi héa hoc, (4) Piéu
kién khi hau, (5) Thanh phan khoang véat sét hdp phu, va (6) Dang tbn tai ciia REE va phuong phép nhan
dang hién truong.

Théng qua téng hop céc ngudn tai lidu trén thé gidi va div liéu thuc dia tai Viét Nam, bai viét nhan
manh vai tro dnh hwéng cta da me felsic giau REE, khi hau nhiét déi—cén nhiét doi am kéo dai, dia hinh
dbi thodi, qua trinh phong héa va sw hién dién ctia cac khoang vat sét c6 kha nang trao dbi ion cao
(kaolinit, halloysit, illit...) dbi véi sw hinh thanh dat hiém trong vé phong héa. Bdng thoi, bai béo ciing dé
xuét mét s6 tiéu chi phu nhw dé day téng phong héa, chi s6 HREE/LREE, Ce/Ce*... gitp hé tro danh gié
va du béo tiém ndng quéng héa. Két qua nghién ctru nay gép phan xay dung khung tiéu chi chuén hoa,
phuc vu dinh hwéng cdng tac diéu tra va dénh gia tai nguyén dat hiém tai Viét Nam trong béi cdnh nhu
cau dat hiém toan cau ngay cang gia tang

Tw khéa: Pat hiém hép phu ion, vé phong héa, REE, tiéu chi nhan dang, khoéng vat sét, phong hda

nhiét doi

1. DAT VAN DE

D4t hiém 14 t&n goi chung cGia nhédm 17 nguyén
t6 thudc cac nguyén té lantan (15 nguyén té tir La
dén Lu), cong v&i yttri (Y) va scandi (Sc), ¢6 tinh
chét héa hoc twong tw nhau va thwdng phan bd
ddng hanh trong tw nhién. Ching ton tai dwéi hai
dang chinh: trong cac khoang vat dat hiém va duoi
dang hép phu ion trong vé phong héa. V&i déc tinh
tr tinh, quang hoc va xuc tac dac trung, dat hiém
da dwoc ng dung rong rai trong nhiéu linh vuwc
cong nghiép truyén thong nhw luyén kim, héa dau,
ché tao thay tinh, gom s, cling nhw cac linh vue
cbng nghé cao va quoc phong.

Website: https://tapchi.hoimovietham.vn

@ Hé6i Khoa hoc va Cong nghé Mé Viét Nam

Sau Héi nghi COP26 (Hoi nghi lan thir 26 cta
cac Bén tham gia Cong wéc khung cla Lién Hop
Qubc vé Bién dbi Khi hau), khi nhiéu quéc gia cam
két dat mirc phat thai rong bang 0 vao nam 2050,
vai trd clia dat hiém cang tr& nén quan trong trong
qua trinh chuyén dbi nang lvgng toan cau. Cac
nganh cong nghiép ma&i noi nhw san xuét pin, xe
dién, tudc bin gié, ban dan, thiét bj dién ttr, hang
khong vi tru va cong nghé y sinh déu phu thudc
vao nguon cung dat hiém on dinh, dac biét la nhom
dat hiém nang (HREEs), vbn chi yéu khai thac tw
cac mo kiéu hap phu ion.

Theo bao cdo ctia Cuc Diéu tra Dia chat Hoa
Ky (USGS, 2024), tdng tai nguyén va trir lwong oxit
dat hiém toan cau hién wéc dat khoang 120 triéu
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tan. Trong d6, Trung Qubc dan dau vadi 44 triéu tan,
tiép theo Ia Viét Nam (22 triéu tan), Brazil (21 triéu
tan), Nga (10 triéu tan), An Do (6,9 triéu tan), Uc
(4,1 triéu tan) va Hoa Ky (1,8 triéu tn). San lwong
khai thac toan cau ndm 2023 dat khoang 350.000
tan, tang 17% so v&i nam trwde, chi yéu dén ty
Trung Quéc.

Tai Viét Nam, cac hoat ddng tim kiém, danh gia
va tham do dat hiém da duoc trién khai tir nam
1956 dén nay nhung chd yéu tap trung loai hinh
mé dat hiém khoang vat (Péng Pao, Yén Phu, Bac
Nam Xe, Nam Nam Xe). Ttr nam 2010 tr& lai day
da quan tam dén dat hiém hap phu ion trong vd
phong héa nhw mé dat hiém Bén Dén. Sw phong
phl cac loai magma cong v&i diéu kién khi hau
nhiét d&i &m ctia nwéc ta. Day cé thé coi la cac tién
dé, déu hiéu dia chat thuan lgi cho sy hinh thanh
cuia kiéu khoang hoa dat hiém hap phu ion trong vé
phong hda trén da granit, granodiorit hodac cac
thanh tao magma axit khac.

Tuy nhién, hién nay Viét Nam van chwa cé mot
bd tiéu chi hoan chinh dé nhan dang va danh gia
kiéu khoang hoa dat hiém hap phu ion trong vé
phong héa. Biéu nay gay kho khan trong cong tac
diéu tra dia chat khoang san, xac dinh vung trién
vong va khoanh dinh tai nguyén mét cach hiéu qua.
Trén thé gidi, dic biét 1a tai Trung Qubc quéc gia
chiém ty trong Ién trong triv lwong va san lwong
dat hiém hap phu ion nhiéu nghién ctu da chi ra
rang cac tang phong hoa giau sét chiva dat hiém
hinh thanh trong diéu kién nhiét d&i &m trén da
granit c6 thé la muc tiéu giau tiém ndng néu duwoc
danh gia dung (Bao va Zhao, 2008; Xu et al., 2017,
Yang et al., 2013; Wu et al., 2020).

Do dé, nghién ctru nay dwoc thwce hién nham
xay dwng mét bd tiéu chi khoa hoc, dinh lvgng va
thuc tién d& nhan dang kiéu dat hiém hap phu ion
trong vé phong héa, théng qua viéc tdng hop cac
dac diém dia chat, dia héa, khoang vat hoc va bbi
canh dia tdng clia cac khu vuc nghién ctru dién
hinh, ddng thdi tham chiéu cac mé hinh da cong
bd trén thé gidi. Két qua nghién clru sé& gop phan
lam co s& khoa hoc cho céng tac tim kiém - tham
do va quan ly tai nguyén dat hiém tai Viét Nam.

2. PHUONG PHAP VA NOI DUNG NGHIEN CUU
2.1. Co s& khoa hoc va cach tiép can

Nghién ctru nhan dang cac mé dat hiém kiéu
hép phu ion trong vé phong héa dya trén co s& dac
diém dia chét, thach hoc, dia hoa va cac chi tiéu
khoang vat hoc clia d&4 me. Cac yéu té nhu loai
magma, thanh phén dia héa (2REE, HREE/LREE,
Eu/Eu*, Ce/Ce*), mirc d0 phong hoa (CIA, pH),
diéu kién khi hau, dia hinh va co ché hap phu dwoc
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xem la cac chi tiéu co ban dé danh gia kha néng
hinh thanh va lam giau dat hiém trong vé phong
hoa.

Céc tiéu chi dwoc tdng hop va danh gia dua
trén két qua phan tich mau da, dat phong hoa tai
Viét Nam va tham khao cac cong trinh nghién ctu
trong va ngoai nudc (Zhou et al., 2020; Chen et al.,
2020; Nguyén Van Hoa, 2021; Xu et al., 2017).

2.2. Béi twong va pham vi nghién ciru

Dbi twong nghién ciru bao gdm cac than quang
dat hiém hép phu ion phan bd tai Viét Nam (nhw
Bén Dén, Long Nan, Xém Gidu), déng thdi so sanh
véi cac mdé kiéu twong tw & Nam Trung Quéc,
Madagascar, Myanmar va Lao. Pham vi nghién
clru tap trung vao viéc xac dinh:

Déc diém da me (felsic granitoid, tuff, rhyolit) va
murc do bién dbi phong hoéa;

Thanh phan dia héa — khoang vat d&c trung
cho cac pha magma giau REE;

Céu truc dia mao, diéu kién kién tao va khi hau
chi phéi qua trinh phong héa:

Co ché giai phdng — hap phu ion REE trong méi
trwd'ng phong hoa.

2.3. Phwong phap nghién ciru
2.3.1. Phwong phép dia chat - thach hoc

M6 ta chi tiét dic diém thanh phan khoang vat,
cu tao, kién tric da me bang kinh hién vi phan tich
khoang twédng, thach hoc va phan tich SEM. Phan
loai kiéu @& magma (felsic—intermediate) dé& nhan
dién cac pha magma c6 tiém nang tao dat hiém.

2.3.2. Phwong phap dia héa

Phan tich ham lwong tong dat hiém (ZREE),
phén nhdém HRE[E/LREE, va chj sO dong Vi
(Eu/Eu*, Ce/Ce*) bang ICP-MS. Két hop xac dinh
chi s6 phong hoéa CIA (Chemical Index of
Alteration) theo cong thirc Nesbitt & Young (1982):

ClA= A*l203 x100
AL O, +CaO + Na,0+K,O

Trong d6 CaO* la phén oxit canxi da hiéu chinh

theo ham lwgng silicat bén.

2.3.3. Phwong phap héa ly va méi triroong

Do pH cuia d4t phong hoéa, phan tich dang tén
tai ca REE trong cac pha ran (kaolinit, halloysit,
illit) b&ng phwong phap chiét dung dich amoni
sulfat [(NH,),SO,]. Két hop phan tich méi trudng
khi hau — thay van nham danh gia tac dong cla
nhiét d8, lwong mua, dia hinh dén sy hinh thanh
mo.

2.3.4. Phwong phép téng hop — mé hinh héa
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Tich hgp cac di¥ liéu dia hoa, thach hoc va dia
mao dé xay dwng mé hinh tién héa magma va qua
trinh phong hoéa, déng thdi xac dinh méi lién hé
gilra cac pha magma granit—granosyenit va sy tich
tu REE trong I6p vé phong hoa.

3. KET QUA VA THAO LUAN
3.1. Bac diém da me va thanh phan dja héa

D4 me clia cac mé dat hiém hap phu ion tai Viét
Nam ch yéu la granit, granodiorit va rhyolit thuéc
hé magma felsic, giau kiém (K,O + Na,O = 6-
12%), ngheo Fe, Mg, Ca.

Tbng ham lwong dat hiém (SREE) dao déng tir
200-1000 ppm, ca biét dat dén >1000 ppm.
Phan bé cac nguyén t6 REE thudng tap trung trong
cac khoang vat nhw monazit, allanite, bastnasit,
xenotim, zircon va fluocarbonat Ca-Y, 1a nguén
cung cap REE chinh cho vé phong héa (Zhou et
al., 2020).

Trén mat

Cac moé chtra ham lwvong HREE cao thuwdng co
mat clia khoang vat gadolinit, xenotim, polycrase,
trong khi cac mé giau LREE thwong chira monazit
va bastnasit. Thanh phan dia héa cho thay cac da
thudéc hé calc—alkaline, dac trung cho diéu kién
hinh thanh trong méi treong déi hut chim hoac hau
va cham.

3.2. Kién truc dia mao va diéu kién kién tao

Cac mé dat hiém hap phu ion thweng phat trién
trong cac khu vuc dia hinh trung binh dén thap,
swon thodi hodc vai déi co tbc dd boc mon cham,
cho phép duy tri I6p phong héa day va 6n dinh.
Qua trinh phong héa héa hoc kéo dai trong diéu
kién khi hau 4m nhiét d6i tao diéu kién giai phong
va hap phu cac ion REE trong I6p sét kaolinit—
halloysit. O’ Viét Nam, cac than quang Bén Dén va
Long Nan phan bé trong dia hinh trung binh dén
cao (500-800 m), trén cac khéi granit cb Trias —
Cambri.

Tang d4't phi
TAng phong héa hoan toan (laterit)
Tang phong héa yé&u (saprolit)

P4 gdc(granit X6m Gidu)

| Tang d4t phi

Chiéu sau (khodng 30m)

0,06 0,10 020 030
T8ng oxyt di't hi€m (%)

Hinh 1. Méi lién hé giira pha magma va qua trinh phong héa hinh thanh mé dat hiém hap phu ion

3.3. Mirc d6 phong héa va chi sé CIA

Gia tri chi sb CIA phan anh murc dd phong héa
va tich tu REE. Theo Nesbitt & Young (1982):

Giai doan dau: CIA = 60-70 — tang phong héa
nhe;

Giai doan trung binh: CIA = 70-80 — bt dau
gidi phéng REE;
) Giai doan manh: CIA > 80 — tich tu REE chu
yeu. ) .
Tai khu vic Bén DBén, CIA dao dong 62—-88%,
twong &ng v&i cac mirc phong héa trung binh dén
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manh; trong khi & Long Nan gia tri 66-92%
(Nguyén Van Hoa, 2021).

3.4. Anh hwéng cua pH va méi trieoong hap phu

Do pH quyét dinh dang ton tai va kha nang hap
phu clia REE.

pH thap (4.5-5.0): REE tbn tai dang hoa tan,
dé di chuyén;

pH trung binh (5.5-6.5): REE hap phu manh
Ién khoang sét;
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pH cao (>6.5): REE dé két tia, gidm kha nang
hép phu.

Cac khoang vat sét nhuw kaolinit, halloysit, illit,
muscovit déng vai trd hap phu chi yéu. Phan &ng
trao ddi ion dién hinh:

Clay— REE* +3NH; — Clay—(NH,)" + REE"

(solution)

Két qua thwc nghiém tai Trung Québc va Viét
Nam cho thdy kha n&ng hap phu cao nhét trong pH
5.5-6.5 va nhiét d6 trung binh 20-30°C (Wu et al.,
2020).

30°W 30°E 90°E

150°E

3.5. Diéu kién khi hau - yéu té quyét dinh phong
hoéa

Khi hau &m nhiét d&i gié mua dwoc xem la diéu
kién t&i wu cho sw hinh thanh mé dat hiém hap phu
ion. Cac yéu t6 thuan loi bao gébm:

Nhiét dé trung binh nam: 20-30°C

Lwong muwa: 1200-2000 mm/nam

Dia hinh cao, thoat nwérce tét, phong héa manh

Chu ky am — khd xen ké& thuc day qua trinh hoa
tan va tai hap phu.

150°W  90°W

30°N

0°
Thailand

Tﬂﬁlus Project

in Madagascar

30°S

=¥<=_REE deposits in
.% S. China
_Prospects in
e Philippines
® %
iy

30°W 30°E 90°E 150°E 150°W  90°W

Hinh 2. Sw phan bé ctia cac mé dat hiém hap phu ion trong vé phong héa trén thé giéi
— Sameshima & Watanabe, 2016

3.6. Phan b6 va dic diém dia héa REE trong dat Ty & LREE/HREE phan anh kiéu phong héa
phong héa khac nhau:

M6 giau LREE: lién quan dén qua trinh giai
phdng monazit—bastnasit;

Mé giau HREE: lién quan dén giai phéng
xenotim—gadolinit.

Phan tich m&u dat phong hoéa tai cac mé Bén
Dén va Long Nan cho thay:

Ham Iwvgng TR,0; dao déng 0.2—-1.1 wt%;

Nhém REE nhe chiém wu thé (55-57%),

Nhém REE nang chiém 43-45%.

Bang 1. Ty Ié REE nhe va ning trong cac mé dat hiém hap phu ion

TT Thanh phan Ham lwong (wt%) Ty 1é % vé&i TR,0;
1 TR,0; 0,20-1,1 100

2 Nhém nhe (LREE) 0,11-0,64 55-57

3 Nhom nang (HREE) 0,08-0,45 43-45
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3.7. Ty lé di thwong dong vi Eu/Eu, Ce/Ce**

Chi sb Eu/Eu* va Ce/Ce* phan anh muic do
phan di va mbi trwedng oxy héa — khtr.

Eu/Eu* < 1: mbi trwdng oxy hda, dac trwng cho
qua trinh phong héa manh.

Ce/Ce* > 1: mbi trro'ng khir, dac tring cho tich
tu REE nhe.

Két qua tai cac mé Bén Dén va Long Nan cho
thay gia tri Eu/Eu* = 0,57-0,83, Ce/Ce* = 0,92—
1,06, chirng t6 REE dworc tich tu cha yéu trong diéu
kién oxy hoa yéu — trung binh, phu hop véi kiéu mé
hép phu ion.

4. KET LUAN

> Viét Nam & mét trong nhitng quéc gia cod
diéu kién tw nhién thuan lgi cho sw hinh thanh cac
mé dat hiém trong vé phong hda, dac biét 1a cac
mé dat hiém hap phu ion. Loai hinh mé nay mac
du c6 tbng ham lwong dat hiém (EREE) khéng cao,
song thuwong tap trung nhiéu nguyén t6 dat hiém
nang (HREE) c6 gié tri kinh t& cao, trong khi cong

> Bai viét da tbng hop va dwa ra bd 6 tiéu chi
nhan dang dia chat — méi trudng dé phuc vu hiéu
qua cdng tac didu tra, danh gia va tham do tai
nguyén d4t hiém trong vé phong héa, bao gdm: (1)
Dac diém da me; (2) Pia hinh — dia mao; (3) Chi s6
bién dbi hoa hoc (CIA, pH...); (4) Diéu kién khi hau
va thoi gian phong héa; (5) Thanh phan khoang vat
sét hap phu; (6) Dang ton tai ciia REE va phuong
phap nhan dang nhanh ngoai thuc dia;

> Bén canh dd, bai viét cling dé& xuat mot sb
tiéu chi phu bd sung nhw: dd day tAng phong héa,
chi s6 HREE/LREE, ty I& Ce/Ce*, mlrc d6 phat trién
hé théng khe nit, va sw hién dién clia hé théng
nudc ngam nhdm hé tr nhan dién nhanh ving cé
tiém nang tich tu d4t hiém hép phu ion;

» BO khung tiéu chi nay khéng chi mang y
nghia hoc thuat ma con co gia tri ’ng dung thyc
tién cao, gép phan dinh huéng cong tac thdm do
va danh gia tai nguyén dat hiém tai Viét Nam trong
bdi canh nhu ciu REE toan cau ngay cang tang,
dac biét cho cac nganh cong nghiép céng nghé cao

nghé khai théc va ché bién lai don gian, than thien V@ chuyen doinang luong 0

V@i moi trrong;
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ABSTRACT

lon-adsorption type rare earth element (REE) deposits in weathering crusts represent a strategic class
of mineral resources with high economic value and relatively simple mining and processing technologies.
These deposits have been extensively discovered and exploited in China, Myanmar, and more recently
in Vietnam. This paper presents a framework of six groups of geological-environmental identification
criteria to support the investigation, exploration, and assessment of the potential of REE deposits in
weathered crusts, including: (1) Characteristics of parent rocks, (2) Topography and geomorphology, (3)
Chemical alteration indices, (4) Climatic conditions, (56) Composition of REE-adsorbing clay minerals, and
(6) Forms of REE occurrence and field identification methods.

Through a synthesis of international literature and field data from Vietnam, this study emphasizes the
controlling roles of REE-enriched felsic parent rocks, long-term tropical to subtropical humid climates,
gentle hill topography, deep chemical weathering, and the presence of clay minerals with high cation
exchange capacities (kaolinite, halloysite, illite, etc.). In addition, the paper proposes several
supplementary criteria, such as the thickness of the weathering profile, HREE/LREE ratio, and Ce/Ce*
anomaly, to assist in the rapid evaluation of orebody potential. These findings contribute to the
development of a standardized identification framework for REE resources in Vietnam, in the context of
increasing global demand for rare earth elements.

Keywords: lon-adsorption REE, weathering crust, REE, identification criteria, clay minerals, tropical
weathering
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