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Tém tdt: Nghién citu da ap dung phuong phdp phan tich mang tuong
quan nham lam ré moi quan h¢ giira cac nguyén to dat hiém, urani (V)
va thori (Th) trong cac mau qugng dat hiém tai khu viec Thén Thau — Ta
Chu Phung (Lai Chau). Téng cng 296 mau quang goc va 147 mau
quang phong hoa da dwogc phan tich ham luong bang phwong phap ICP-
MS. Két qua cho thdy: trong quang géc cé 119 cap nguyén té thé hién
Méi twong quan, trong dé 114 cdp twong quan thudn Va5 cdp twong
quan nghich; mdt dé mang dat 0,78, phan anh cdu trac lién két chat che
gia cac nguyén to. Poi véi quang phong héa cd 109 cip fiong quan
giira cac nguyén té (gom 101 thugn, 08 nghich), mdt dé mang giam con
0,71; diéu d6 cho thay cdu tric mang bj suy gidm duwéi tic dong cia qua
trinh phong hoa.

Trong quang goc, cac nguyén to Th, Dy, Er, Y, Gd, Nd giz vai tro trung
tam, thé hién nguon gac ngi sinh; Th 1a nit chi dao, la nguyén to dong
vai tro chi thi dja hoa trong khoanh ving duw bao trién vong quangdat
hiém goc theo két qud tim kiém dia hda nguyén sinh. Trong quang phong
hoa, Cau tric mang thay doi r rét, cac nguyén to Sm, Eu, Gd va Sc tro
nén néi bdt, véi Sc thay thé vai tro trung tam cua Th, cac nguyén to nay
c6 vai tro chi thj trong tim kiém quéng REE phan bé trong vé phong héa
(quang thi sink). U c6 dg trung tam rat thap, cho thdy xu hwdéng phan
tan manh cua cac nguyén té ndy trong méi trirong oxy hoa.

1. Gi&i thiéu chung
1.1. Dgt vin dé

diém phan b, cac qué trinh thanh tao khoang
san, lafd thong tin quan trong trong xay dung
mo hinh dy bao quiang hoa. Vi su phat trién

Phan tich twong quan giita c4c nguyén té
dong vai tro quan trong trong nghién ctru dia
chat, dic biét 1a trong linh vuc tim kiém
khoang san. Céc két qua nghién ctu trong bai
bao nay s& gép phan cung cip thém thong tin
cho céc nha dia chat trong viéc danh gia dic

cua khoa hoc may tinh va thong ké, phan tich
tuong quan ngay cang dugc nghién cuu
chuyén sau hon nhd vao phuong phap phéan
tich mang tuong quan (correlation network-
CN). Trong hai thap ky qua, cac cong cu tur

75



khoa hoc mang va ly thuyét d6 thi da duoc
uwng dung thanh cdng vao phén tich dit liéu dia
chat. Mot ma tran twong quan c6 thé dugc
biéu dién dudi dang mang twong quan, trong
d6: Cac nat dai dién cho cac nguyén t6 va céc
canh thé hién méi lién két gitra ching, dugc
xac dinh dya trén muc do twong quan cua
tng cip nguyén t5. Phan tich mang tuwong
quan cho phép trich xuat théng tin hitu ich tur
dir liéu, chang han nhu xac dinh dang tuong
tac gitra cac nguyén td, tirc 1a cau trdc to chirc
va muc do lién két giira cac nguyén té trong
mang, hoic danh gia vai tro va tam quan trong
cia tirng nguyén té trong mang tuong do.
Ngoai ra, phén tich twvong quan c6 y nghia rat
quan trong trong dia chat va tim kiém khoéang
san nhu:

+ Xac dinh to6 hop nguyén t6 dic trung:
xac dinh dugc to hop cac nguyén té co xu
hudng di cung trong thanh tao khoang san nao
d6, 1a co s& dé Ilya chon cac nguyén t6 cé gia
tri trong tim kiém khoang san (ddu hiéu dia
hoa) bang phuong phap dia hoéa, dy bao
khoang san di ciing khoang san chinh; dong
thoi ciing 1a co s¢ dé khoanh dinh céc khu vuc
c6 tiém ning khoang san theo két qua diéu tra,
danh gia khoang san bang phuong phap dia
héa. Vi du: Th, U thuong lién quan cac
nguyén té6 dat hiém (REEs) trong quing
carbonatit hodc pegmatit; do do d6 c6 thé sir
dung phwong phap dia vat Iy xa dé tim kiém
quang dat hiém.

+ Hiéu vé qué trinh tao quang, nhan dién
cac qua trinh dia chat lién quan qué trinh tao
quing nhu: nhiét dich, phong héa, bién chit
hay két tinh tir magma, qua d6 gidi thich co
ché tap trung nguyén té ‘trong khoang san. Vi
du: Néu cac nguyén té dit hiém co twong
quan chat ché véi Th, U trong quang goc,
nhung mdi tuong quan nay giam dan trong
quing phong hda, cd thé phan anh sy tai phan

bd nguyén to trong qué trinh phong héa (Nash,

2010; Huang et al., 2020).

Phan tich tuong quan giita c4c nguyén to
dong vai tro quan trong trong nghién cuu dia
chat va tham do khoang san, dac biét trong bdi
canh xtr ly dir liéu da bién, vai sé luong lon.
Véi sy phat trién cua khoa hoc may tinh va
cac phuong phéap thong ké hién dai, phan tich
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mang tuong quan (correlation network
analysis) ngay cang dugc tng dung rong rai
dé khai thac hiéu qua thdng tin tir cac tap dit
liéu dia hoa hoc.

+ Dy béo khu vuc c6 tiém nang khoang
san: Phan tich twong quan nguyén tb gilp xay
dung cac md hinh t6 hop nguyén t6 dic trung
cho tung kiéu khoang héa. Khi cac té hop nay
dugc phat hién ¢ cac khu vuc chua duoc khao
sat chi tiét, chiing c6 thé dong vai trd nhu tin
hiéu giéan tiép (proxy) dé du bao kha nang ton
tai khoang san. Céch tiép can nay cho phép
mé rong pham vi thim do, hd tro dinh hudéng
cobng tac khao sat thuc dia mot cach co co sé
khoa hoc hon (Bonham-Carter, 1994; Wang et
al., 2020).

+ T6i wu hoa chuong trinh thim do va
phan tich miu: Dya trén cac mbi tuong quan
chat ch& gitra mot sé nguyén t6, c¢d thé lya
chon cac nguyén to chi thi (pathfinder
elements) dai dién cho nhdm nguyén t6 clng
nguodn gdc hoic cung chiu anh huong cua mot
qua trinh dia chat nhat dinh. Diéu nay gidp rat
gon s6 lugng nguyén t5 can phan tich trong
qua trinh tham do, tir d6 tiét kiém chi phi va
nang cao hiéu qua khoanh ving trién vong. Vi
du, trong cac h¢ dat hiém, cac nguyén t6 nhu
Ce, La hodc Y thuong dugc str dung nhu chi
thi cho nhdm REE nhe (Hou et al., 2005;
Chakhmouradian & Wall, 2012).

+ Panh gia muc d6 bién do6i thir sinh va
chat luong quang: Khi khoang vat chira quang
chiu anh huéng cua cac qua trinh phong hoa,
nhiét dich hoiac bién chat, sy tai phan bd
nguyén t c6 thé 1am thay doi cac mdi quan hé
twrong quan ban dau gitra chdng. Viéc so séanh
mang tuong quan giita cac nhdm mau khac
nhau (vi du: da gdc va quing phong hoa) cho
phép danh gia mic do bién ddi, huéng tai
phan bd nguyén té va nhing thay ddi vé chit
lwong quang. Mot vi du dién hinh 1a sy giam
tuong quan giita CAC nguyén t dat hiém voi
Th va U trong c&c hé phong hoa laterit, phan
anh qua trinh raa trdi Th-U trong diéu kién
phong hoa déi néng am (Nash, 2010;
Sanematsu et al., 2013).

Trong bai bdo nay, tac gia ap dung phuong
phép phan tich mang twong quan (CN) dé
danh gia murc do twong quan giira cAc nguyén



t6 dat hiém, urani va thori trong quing dat
hiém gdc va quing phong héa. Muc tiéu
nghién ciru 1a so sénh médi quan hé tuong quan
giira cac nguyén t dat hiém ¢ hai loai quing
tu nhiéni quang khac nhau. Truc quan héa su
thay ddi cua tirng cap nguyén td, xac dinh céc
nguyén té déng vai tro quan trong trong tim
kiém, danh gia quing dit hiém trén co so
phén tich mang tuong quan trong tai khu vuc
Thén Thau - Ta Chu Phing, Lai Chéau. Két
qua nghién ctu s& gop phan 1am rd hon vé dic
diém quang hoa cua khu vuc, hd tro cong tac
thdm do va dinh hudng khai thac khoang san
hiéu qué hon.

1.2. Dic diém dia chat

Dia tang: Khu vuc nghién ciu thudce doi
cdu truc Song Pa - T4 Lé [6, 7], véi cac
thanh tao dia chit chinh bao gém hé tang
Vién Nam (T vn), hé tang Na Vang (P, nv),
hé tang Ban Diét (Py bd), hé tang Ban Pép

CHi DAN
o Lop phu B2 tu

Phuc hé Y& Yén Sun: Syenlt, granosyenlf,
granlt blot, diorlt vé granodlorit

a-uT by

T i Eé tdng vién nam: bozan, Wufit, tuf dung nham,
3 trachyt porphyr, ryolit perphyr vé tuf cglomerat.
Py Hé tdng na vang: Dé& vol, dé véi hat nhd

P He tdng Ban Digt
1= by phign sét-silic, dé phién silic caf két, bot ket
Hé téng Bén Pép

Di-obp; Dé sl phan IGo ddy, Tt dd val s2t, daval slie,

H& tdng Nam Pio: Bé phlsh sét - Serftclt ; bét két,

D BPE cat k&t cat két dong, quoralt , sét val

op
PP sp dé phién thach onh-felspot- mica, quarzit biotit

| DIém quéng dét hiém

Phidc hé& Ba Vi: Pyroxen, gabro, gebrediaba, dicka

Phlc hé&j sin @uyén: Plegiogneis amfiben-biotit, amfibelit gneis - bictit,

(D1, bp) va phuc hé Sinh Quyén (PP sq) [5].
Céc thanh tao nay cha yéu ton tai dudi dang
dai hep, kéo dai theo phwong Tay B4c - Pong
Nam va duoc khéng ché boi hé théng dut
gdy cung phuong.

Magma: Trong khu vuc nghién cau, céc
thanh tao magma chi yéu bao gom da
pegmatit va aplit thuéc pha muon caa phic hé
Y& Yén Sun (G/Eys). Ngoai ra, con co su Xuit
hién cia nhiéu loai d4 mach xuyen cit trong
hé tang Na Vang va Si Phay, pho bién nhat 1a
cac da minet hat nho va minet hat lon.

Kién tao: Khu vuc nghién ctutrai qua lich
sir phét trién dia chat lau dai, qua nhiéu giai
doan kién tao phuc tap. Cac thanh tao dia chat
dong vai tro chu dao trong cau tric khu vuc
da bi chia cat, bién dang manh mé& dudi tac
dong cua nhiéu hé thong dat gay, tao nén céc
khdi cdu tric phuc tap. Hé théng dut gly
chinh ¢6 phuong Tay Béc - Dong Nam.

M6 déit hism/’
Béc Ném Xe

Mé dét higm -8
Nam Nam Xe

Hinh 1. So d6 dja chdt khu viec Thén Thau-Ta Chu Phiing, Lai Chau ty I¢ 1: 50.000 (tham khdo
ter nhoém to Phong Tho)

Dic diém khoéang san dat hiém: Quang gbc
chu yéu chia cac khoang vat bastnasite,
allanite, parisite, thorite va xenotime, phan b
trong cac da bién chat trao ddi sang mau. Cac

loai d4 chira quang bao gom dé bién chat trao
dbi calcit - flogopit - thach anh c6 quang dat
hiém, barit, ciing cac thau kinh d4 bién chat trao
d6i sam mau (biotit - felspat - calcit; biotit -
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phlogopit - calcit; pyroxen - amphibol - calcit -
phlogopit; felspat - calcit - thach anh - phlogopit
- pyroxen, V.v.) thugc hé ting Na Vang.

Quéng phong hoa dugc hinh thanh tur qua
trinh phong héa quang gdc [1]. Duéi tac dong
cua qua trinh phong hoa tai chd, quang gbe
dat hiém dan bi phan huy, din dén sy giai
phdng cac ion REE (rare earth elements) va
tich tu thir sinh trong 16p vo phong hoa. Cac
khoang vat dit hiém nguyén sinh phd bién
nhu bastnisite, allanite va parisite bi pha v&
cau trdc, tao diéu kién cho cac ion REE duoc
hip phu hoic két tua dugi nhiéu dang khoang
vat thur sinh. Trong mdi truong phong hoa dac
trung boi pH trung tinh dén axit nhe va giau
Fe-Mn, céc dang ton tai chinh cua dat hiém
tht sinh gom (1) dang hap phu ion — noi céc
ion REE3* gan két yéu trén bé mat khoang sét
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nhu kaolinite, halloysite hoac montmorillonite
thong qua trao doi ion; (2) dang hydroxyt va
oxit-hydroxyt — nhu cerit (CeO,), Nd(OH); va
Y(OH)s3, hinh thanh khi dung dich phong hoa
bo hoa hoic hoi kiém; va (3) dang carbonate,
phosphate hoac sulfate tht sinh — gém cac
khodng nhu  kozoite, synchysite va
rhabdophane [(Ce,La)PO,-H,0], két tinh tir
dung dich giau REE trong nhiing diéu kién
dac biét. Quang phong hoéa thuong Xuét hién
trong 16p vo phong hoa phu trén da gde, ¢o
mau vang nau dén nau do, ciu truc roi rac, dé
khai thac, va dugc dénh gia cao vé mat kinh té
do thuan loi trong tuyén tach va ché bién so
vé6i quing gdc. Su hinh thanh cac khoang vat
thi sinh nay thé hién rd qua trinh bién doi
khoang vat hoc phuc tap trong hé phong hoa
dat hiém.

Anh 1. Quang dat hiém goc basnezzt du’ol kinh hién vi phan cuc AXIOkOp 40 - 02 nicon. Nguoi
chup Nguyén Thi Hong Hanh-Trinh Purc Thién [1]. Ghi chd:qudang: manhetit

2. Phwong phap nghién ciu

2.1. Co so phwong phdp

Phan tich mang tuong quan gilta Cac
nguyén té 1a cong cu hitu hiéu trong nghién
ctru dia chat, dac biét trong tim kiém va danh
gid khoang san dat hiém. Phuong phap nay
giGp nhan dién mdi quan hé dia hoa giita cac
nguyén to, 1am sang to qua trinh hinh thanh —
bién d6i quang va xac dinh cac nguyén tb chi
thi khoéng san.

Trong quing dat hiém nguyén sinh, céc
nguyén té6 REE (La-Lu, Y) thuong lién két
chat véi Th va U — phan anh nguén géc noi
sinh va khoang hoa granit. Khi phong hda, cau
trdc mang bi bién doi, céc nguyén té nhu
LREE c¢6 xu hudéng bi raa trdi, trong khi

78

HREE, Y va Th thuong tich tu lai. Qua trinh
nay lam thay d6i twong quan giira CAC nguyén
t6 va cho phép danh gid mirc do bién doi
khoang vat [...].

Phan tich mang twong quan khong chi hd
trg xay dyng md hinh dy béo phan bé quing
dva trén t6 hop nguyén t6, ma con c6 ung
dung trong khai thac va ché bién khoang san.
Trong khai thac, hiéu duoc ciu tric lién két
gitp lya chon phuong phap phu hop voi loai
quang (gbc hay phong héa). Trong ché bién,
phan tich mang gilp téi wu hoa quy trinh
tuyén va xtr 1y, dac biét trong kiém soat phong
xa (Thva U).

Trong nghién ciru nay, s liéu dau vao bao
gom két qua phén tich ham luong cac nguyén



t6 dat hiém (REE) va mot s6 nguyen t6 phong
xa (Th, U) trong 296 mau quang goc va 147
mau quang phong hoa. Cac mau dugc phan
tich bang phuong phép ICP-MS (Inductively
Coupled Plasma Mass Spectrometry), cho phép
xac dinh chinh xac ham lueong vét cua 18
nguyén té, bao gom: La, Ce, Pr, Nd, Sm, Eu,

Gd, Th, Dy, Ho, Er, Tm, Yb, Lu, Sc, Y, Thva U.

Céc sb liéu sau phan tich dugc téng hop va
xt ly théng ké so bd, bao gom gia tri trung
binh (Mean), do léch chuan (Standard
Deviation), gia tri nho nhat — Ién nhat (Min—
Max), trung vi (Median), hé sb léch
(Skewness) va d6 nhon (Kurtosis). Céc théng
ké nay gitp danh gia phan bd cua dir ligu va
phat hién nhiing sai léch hoic bat thuong
trong tap hop mau.

Pé xac dinh méi quan hé twong quan giita
cac thong sé dia chat, nguoi ta thuong st
dung hé s6 twong quan cdp (Pearson’s
product-moment correlation coefficient). Day
la mot chi s6 thong ké do luong muc d va
chiéu hudng cia mdi quan hé gitra hai bién
lién tuc x va y. Vé mat toan hoc, hé sb tuong
guan c3@p - Pearson (r) dugc xac dinh theo
cong thic:

2 i) —Y)

I’x,y: " Ll = (1)
> 6—x)? /Z(yi -y)?
i=1 i=1
Trong do: xi, Vi ... Hé s twong quan r dao

dong trong khoang tir -1 dén +1. Khi r >0 hai
bién c6 mbi twong quan thuan;. nguoc lai, khi
r<0, hai bién c6 mbi twong quan nghich. Gia
tri r cang tién gan dén +1, muc d twong quan

thuan hozc nghich gitra hai bién cang chit cha.

Y nghia thong ké cia hé sb twong quan r
duoc kiém dinh théng qua suy dién thong ké.
Gia tri thong ké kiém dinh (t-statistic)
dugc tinh theo céng thuc:
rvn-2
-
Vi-r

Trong d6 r: 1a hé sé tuong quan Pearson
n 1a s6 luong quan sét (c& mau)

t=

t: tuan theo phan phéi Student véi bac tu
do n —2 (degrees of freedom).

Gi4 tri t nay duoc S0 sanh véi gia tri toi
han ty, tir bang phan phoi Student.

Néu [tI< ty: hai bién (nguyen t6) khong co
mdi tuong quan ; nguoc lai, néu [tI> t, quan
gitra hai bién c6 quan hé tuong quan.

~Qua trinh phan tich mang twong quan tur
két qud phan tich twong quan da bien dugc
thuc hién theo bon budc sau:

+ Bién tap va chuan bi dit liéu diu vao cho
tirng nhdm nghién ctu.

~+ Tinh toan ma trén twong quan giira cac
bién.

+ Xay dung mang ludi tuong quan tir ma
tran tuong quan, dya trén gia tri twong quan
cua tung cap bien.

+ Phan tich cac dic diém cua mang tuong
quan dugc tao ra [2].

Phan tich mang lu6i bao gom viéc tinh
todn cac théng s6 quan trong nhu: s6 luong
cdp twong quan, mat d6 mang ludi, gia tri
trung tdm va xac dinh cac nhan to c6 vai tro
guan trong trong mang. Tu d6, dac diém
twong quan cua cac nhom nghién ciu dugc
lam r6, bao gém nhom nguyén té trong quang
géc (nhém quang gdoc) va nhoém nguyén td
trong quang phong héa (nhom quang phong
hoa).

2.2. Két qud va thdo lugn

2.2.1. Dgc diém phan bé thong ké céc
nguyén to theo két qua phéan tich ICP — MS

a. Tdp mdu qugng goc

S6 ligu dau vao la két qua phan tich ICP-
MS cuaa 18 nguyén to (La, Ce, Pr, Nd, Sm, Eu,
Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, Sc, Y, U, Th)
trong 296 mau. Ket qua xtr ly thong ké duoc
the hién ¢ bang 1.

b. Tdp mau quéng phong héa

Tap miu bao gom két qua phan tich ham
luong (ppm) cua 147 mau, gom 16 nguyén to
dat hiem (Sc, Y, La, Ce, Pr, Nd, Sm, Eu, Gd,
Th, Dy, Ho, Er, Tm, Yb, L,u) va,2 nguyén to
phong xa (Th, U). Céc thong so déec trung
thong ké dugc tinh todn va tong hop trong
Bang 2.
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Bang 1. Cac thdng so thong ké tdp mdu quang goc

B Bién S6 lugng | Trung binh Do léch  |Gid tri nhé Gié tri 16n Trung vi | Do léch | D6 nhon
) (N) (Mean) chuan (SD) |nhat (Min) | nhat (Max) | (Median) | (Skew) | (Kurt)
1| La 296 9.806,18 4.698,19 3.137,49 | 25.769,51 8.528,58 1,21 1,19
2 | Ce 296 17.142,33 6.925,83 4.808,57 39.828,42 | 15.871,65 0,86 0,13
3 Pr 296 1.712,72 759,79 565,48 4.529,37 1.544,55 1,22 1,21
4 | Nd 296 5.512,08 2.583,37 1.729,84 17.975,77 4.831,45 1,49 2,58
5 | Sm 296 475,99 328,23 24,38 2.367,23 418,28 1,60 4,27
6 | Eu 296 88,41 65,34 4,33 443,75 76,29 1,68 4,28
7 | Gd 296 336,66 238,87 23,31 1.280,85 283,03 1,52 2,55
8 | Tb 296 18,07 13,29 1,31 105,15 14,84 2,44 8,76
9 | Dy 296 45,06 30,99 1,98 292,61 39,37 2,91 18,04
10 | Ho 296 5,90 3,92 0,25 40,74 5,27 2,77 19,60
11 | Er 296 16,68 9,76 1,35 97,70 15,72 2,44 15,24
12 | Tm 296 1,40 0,98 0,05 10,36 1,22 2,96 21,74
13| Yb 296 8,07 5,51 0,37 52,55 7,06 2,36 13,58
14 | Lu 296 1,06 0,73 0,05 7,18 0,93 2,52 15,54
15| Sc 296 11,60 8,29 1,22 79,74 9,73 2,61 14,89
16| Y 296 223,56 132,18 9,88 1.125,92 208,51 1,74 7,27
17 | Th 296 393,38 325,29 8,26 3.012,35 306,24 2,95 15,71
18| U 296 58,56 87,89 1,06 1.050,47 32,71 6,56 62,14
Bang 2. Cac thong sé thong ké tdp mau quéng phong hoa
T Bién Sé lwong | Trung binh I—)@ léch Gia’} tri nhé Gigi tri 16n Trung vi | D06 1éch |DP0o nhon
s (N) (Mean)  |chuén (SD) | nhat (Min) | nhat (Max) | (Median) | (Skew) | (Kurt)
1 | La 147,00 10.359,60 | 6.256,71 3.137,49 | 39.523,06 8.554,72 2,27 5,95
2 | Ce 147,00 17.278,87 | 8.953,83 | 4.808,57 | 65.803,69 | 15.769,54 2,42 7,92
3 Pr 147,00 1.622,56 881,89 565,48 6.383,23 1.414,02 2,57 8,63
4 | Nd 147,00 5.038,96 2.672,32 1.729,84 | 20.142,93 4.472,11 2,65 9,562
5 | Sm 147,00 471,00 276,91 59,45 2.358,81 423,91 2,92 14,71
6 | Eu 147,00 91,43 60,03 12,63 570,31 84,01 3,82 25,99
7 | Gd 147,00 337,44 223,16 43,58 1.964,77 286,62 3,72 20,61
8 | Tb 147,00 19,71 15,70 3,43 167,73 17,75 5,97 51,57
9 | Dy 147,00 54,93 45,38 9,83 485,80 48,39 6,32 54,68
10 | Ho 147,00 6,97 4,05 1,37 40,74 6,54 4,00 30,77
11 | Er 147,00 18,41 9,79 3,84 97,70 17,85 3,63 27,13
12 | Tm 147,00 1,66 1,00 0,32 10,36 1,61 4,48 36,10
13| Yb 147,00 9,57 5,41 1,94 52,55 9,28 3,52 25,14
14 | Lu 147,00 1,24 0,71 0,24 7,18 1,19 4,01 30,69
15| Sc 147,00 14,98 8,62 1,53 79,74 13,26 3,21 19,85
16| Y 147,00 227,20 173,61 51,31 1.853,84 211,28 6,54 54,49
17 | Th 147,00 365,24 462,03 32,92 5.502,72 285,07 9,39 101,10
18| U 147,00 79,93 97,67 4,67 1.050,47 61,28 6,93 63,98
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2.2.2. Xay dung bang ma trdn twong quan

bé xay dung ma trén twong quan céc
nguyén t6 trén co sO két qua phan tich cac
mau quing goc va quing phong hoéa nhu dugc

thé hién ¢

bang 3, hinh 2 (quang géc), bang 4,

hinh 3 (quang phong hoa). Két qua phan tich
ma tran tuong quan co6 dién:

Bang 3. Ma trdn twong quan cdc nguyén té trong quang dat hiém goc

| sc| M Lal Ce Pr| Nd | sm Eul &d| Th| Dy | Ho Er| Tm| ¥h| Lu Th| vl
tmm|mmmee t]-m——- B H e R |- B e L - t]-m---- ----- H e e t]-mm--- o B e t]-mm—-- 3
sc | 1.000 0.122] -0.211| -0.204| -0.251| -0.248| -0.059| 0.014| -0.076] 0.145| 0.319] 0.395| 0.360| 0.458| 0.463| 0.476] -0.009| -0.058]
¥ | 0.122] 1.000| 0.263| 0.245/ 0.342| 0.366] 0.450/ 0.451| 0.529| 0.591| 0.649] 0.677| 0.674| 0.643| 0.642| 0.628] 0.505| 0.020]
La | -0.211| 0.269] 1.000| 0.887| 0.776] 0.638| 0.442] 0.318] 0.544| 0.236] 0.145| 0.089] 0.149| 0.003| -0.005| -0.016/ 0.312] 0.042]
Ce | -0.204| 0.245| 0.887| 1.000/ 0.915| 0.835| 0.647| 0.508] 0.693| 0.409| 0.198| 0.093| 0.195| -0.013| -0.016] -0.027| 0.521| -0.047]
Pr | -0.251| 0.342| 0.776] 0.915] 1.000| ©0.978| 0.803] 0.649| 0.819| 0.507| 0.253| 0.145] 0.289] 0.030| 0.038| 0.016/ 0.609| -0.081]
Nd | -0.248 0.366] 0.638| 0.835] 0.978| 1.000| 0.863] 0.722| 0.847| 0.565| 0.286| 0.169] 0.326] 0.053| 0.086] 0.043] 0.671] -0.112]
sm | -0.059| 0.450| 0.442| 0.647| 0.803| 0.863| 1.000] 0.901| 0.898| 0.717| 0.494] 0.392] 0.501| 0.285| 0.300| 0.279] 0.744] -0.043]
Eu | 0.014| 0.451] 0.318] 0.508| 0.649] 0.722| 0.901] 1.000| 0.786| 0.814| 0.626] 0.522| 0.586 0.411| 0.425| 0.403| 0.764] -0.046]
Gd | -0.076/ 0.529] 0.544] 0.693] 0.819] 0.847| 0.898] 0.786] 1.000| 0.698| 0.464| 0.366| 0.478| 0.262| 0.274| 0.252| 0.720| -0.062]
T | 0.145] 0.591] 0.236] 0.409/ 0.507| 0.365| 0.717| 0.814| 0.698| 1.000| 0.827| 0.721] 0.753| 0.621| 0.634] 0.603| 0.747| -0.082]
Dy | 0.319 0.649] 0.145] 0.198] 0.253| 0.286] 0.494] 0.626] 0.464| 0.827| 1.000| 0.932] 0.911| 0.863| 0.873| 0.837] 0.541] 0.010]
Ho | 0.395/ 0.677| 0.089] 0.093 0.145| ©0.169] 0.392] 0.522| 0.366] 0.721] 0.932| 1.000] 0.966| 0.973| 0.974| 0.953| 0.361] 0.040]
Er | 0.360/ 0.674| 0.149] 0.195 0.289] ©0.326] 0.501] 0.586] 0.478| 0.753| 0.911| 0.966] 1.000| 0.930| 0.%48| 0.916] 0.415] 0.017]
T | 0.458| 0.643| 0.003| -0.013/ 0.030| 0.053| 0.285/ 0.411] 0.262| 0.621| 0.863| 0.973| 0.930] 1.000| 0.981] 0.994] 0.233] 0.055]
¥b | 0.469| 0.642| -0.005| -0.016/ 0.038| 0.066] 0.300/ 0.425| 0.274] 0.634| 0.873| 0.974] 0.949| 0.981| 1.000| 0.973| 0.249] 0.055]
tu | 0.476/ 0.628| -0.016] -0.027| 0.016 0.043| 0.279] 0.403| 0.252| 0.603| 0.837| 0.953| 0.916| 0.994| 0.973| 1.000/ 0.219] 0.056]
Th | -0.009| 0.505| 0.312| 0.521] 0.609] 0.671| 0.744] 0.764] 0.720] 0.747| 0.541] 0.361] 0.415| 0.233| 0.249] 0.218] 1.000| -0.200]
U | -0.058 0.020] 0.042| -0.047| -0.081| -0.112| -0.043| -0.046| -0.062| -0.082| 0.010| 0.040| 0.017| 0.055| 0.055| 0.056/ -0.200| 1.000]

, 4
Bang 4. Ma trdn twong quan cdc nguyén to trong quang dat hiem phong hoa

| sc| Y| La ce| Pr| Nd | sm Eu| Gd| Th| Dy Ho| Er| n| Yb Lu| Th| ul
bt [ Hemeee oo Homoees Homoee- Rt Hooee- emee [y oo Homooes Hemeees I R oo H=meee- g
sc | 1.000| -0.151| -0.336/ -0.264| -0.295| -0.294| -0.231| -0.183| -0.299| -0.129| -0.043| 0,056 0.024| 0.136] 0.130| 0.162| -0.073| -0.224]
Y | -0.151| 1.000| 0.478| 0.456| 0.514| 0.53%| 0.659| 0.724| 0.644| 0.780| 0.864| 0.516] 0.495| 0.482| 0.452| 0.458 0.798| 0.103|
La | -0.336] 0.478| 1.000/ 0.947| 0.948] 0.903| 0.760 0.694| 0.823| 0.607| 0.424| 0.164| 0.222| 0.042| 0.006| -0.001| 0.450| 0.131]
Ce | -0.264| 0.456] 0.947] 1.000| 0.950| 0.920 0.793| 0.712| 0.851| 0.658| 0.462 0.126/ 0.192| 0.005| -0.038 -0.038| 0.530| 0.041|
Pro| -0.205 0.514| 0.948/ 0.950| 1,000/ 0.991| 0.896] 0.811] 0.912| 0.716/ 0.526/ 0.225| 0.297| 0.088| 0.053 0.038] 0.342| 0.031
Nd | -0.204| 0.538] 0.903| 0.920] 0.991| 1.000| 0.937| 0.852] 0.927| 0.746/ 0.565/ 0.251| 0.326/ 0.112| 0.080 0.061| 0.376/ 0.003]
sm | -0.231| 0.659 0.760/ 0.793| 0.896/ 0.937| 1.000] 0.932] 0.941| 0.813| 0.687/ 0.343| 0.400| 0.218] 0.196/ 0.175| 0.694| -0.006]
Eu | -0.183| 0.724| 0.694| 0.712| 0.811| 0.852| 0.932| 1.000/ 0.914| 0.883| 0.785/ 0.403| 0.439] 0.289] 0.274| 0.255| 0.756| -0.045]
Gd | -0.299] 0.644| 0.823) 0.851] 0,912 0.927] 0.%41] 0.914] 1.000| 0.846| 0.686/ 0,306/ 0.354| 0.182| 0.144| 0.140| 0.688| -0.016]
b | -0.128| 0.780| 0.607| 0.658 0.716| 0.746| 0.813| 0.883| 0.846/ 1.000/ 0.937| 0.517| 0.541] 0.428| 0.404| 0.392| 0.804| -0.075]
Dy | -0.043| 0.864| 0.424] 0.462| 0.526/ 0.565| 0.687| 0.785| 0.686| 0.937| 1.000/ 0.652| 0.653| 0.599] 0.582| 0.571| 0.780| -0.041]
Ho | 0.056| 0.516 0.164] 0.126] 0.225) 0.251] 0.343| 0.403] 0.306 0.517| 0.652/ 1,000/ 0.983| 0.980| 0.968/ 0.962| 0.131| -0.016]
Er | 0.024] 0.495] 0.222] 0.192] 0.297| 0.326] 0.400 0.439] 0.354| 0.541| 0.653| 0,983 1.000| 0.956] 0.949 0.936/ 0.119] -0.003
n | 0.136 0.482| 0.042] 0.005| 0.088| 0.112| 0.218/ 0.289| 0.182| 0.429) 0.599] 0,980 0.956] 1.000 0.990| 0.994| 0.068| -0.004
Yb | 0.130] 0.452| 0.006] -0.038| 0.053| 0.080] 0.196/ 0.274| 0.144| 0.404| 0.582] 0.968 0.949] 0.990 1.000/ 0.990| 0.047| -0.001|
Lu | 0.162| 0.458] -0.001| -0.038| 0.038 0.061| 0.175] 0.255| 0.140| 0.392| 0.571] 0,962 0.936/ 0.994| 0.990| 1.000| 0.041] 0.002]
th | -0.073| 0.799] 0.450] ©0.530| 0.542| 0.576| 0.694| 0.756| 0.688| 0.804| 0.780] 0.131] 0.119] 0.068| 0.047| 0.041] 1.000| -0.111]
U | -0.224| 0.103| 0.131] 0.041| 0.031] 0.003| -0.006| -0.045| -0.016| -0.075| -0.041] -0.016| -0.003| -0.004| -0.001| 0.002 -0.111| 1.000]

Bdng ma trdn twong quan trén cé thé dwoc biéu dién thdng qua biéu do, c&c biéu do dudi day
sau khi da logi bo cac cap twong quan khong co y nghia thong ké (P - value > 0.05).
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Biéu do twong quan céc nguyén té
trong quang phong héa
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Viéc xay dung ma trén tuong quan (Bang 3,
4) va bleu dd truc quan (Hinh 2, 3) da giup
lam rd mdi quan hé gita cac nguyén té dat
hlem va mét so nguyén tb di kém trong hai tap
mau: quing goc va quang phong héa. Cac két
qua thu dugc cho thiy nhitng dic diém ndi bat
nhu sau:

+ Trong ca hai tip mau, cac nguyén tb dat
hiém nhe (LREE: La, Ce, Pr, Nd, Sm) va dat
hiém niang (HREE: Gd, Tb, Dy, Ho, Er, Tm,
Yb, Lu) déu thé hién mdi twong quan thuan rat
manh (r > 0.9 trong nhiéu cap). Trong quing
géc (Bang 3, Hinh 2): sy phan nhém gita
LREE va HREE kha r6 rét, vai mic do twong
quan cao trong tirng nhém, nhung thap hon
gitra hai nhém. Trong quang phong héa (Bang
4, Hinh 3): mirc d6 twong quan khong chi cao
trong trng nhém ma con lan réng gitra hai
nhom, phan anh xu huéng doéng hda hanh vi

dia hoa do anh huong cua qué trinh phong hoa.

+ Yttrium thé hién twong quan chit véi cac
nguyén t6 HREE nhu Dy, Ho, Er, cho thay
hanh vi dia hoa twong dong va co thé dugc
xem nhu mot dai dién cia nhém HREE. Méi
tuong quan nay 6n dinh trong ca quing goc va
phong hoa, khang dinh vai tro dic biét cua Y
trong t6 hop cac nguyén té dét hiém.

+ Ba nguyén t5 Scandium (Sc), Thori (Th)
va Urani (U) thé hién xu hudng khac biét rd
rét: Sc ¢ hé sé tuong quan am hoac thap voi
REE trong ca hai méi truong, phan anh nguon

Quang goc

o _® o
®
@ @®

®

@®

gdc khac biét va khong cuing pha khoang vat
chira REE. Th va U ¢6 muc tuong quan yéu
trong quing géc, va mic du cé ting nhe trong
quang phong hoa (dac biét la véi LREE),
nhung nhin chung van thé hién xu huéng tach
biét, c6 thé do su dich chuyén khac nhau trong
moi truong phong hoa.

+ So sanh giita quiang géc va phong hoéa
cho thay qua trinh phong héa di lam ting
dang ké muc d6 tuong quan gilra CAC nguyén
t6, hé s6 twong quan cap (1) gitra REE tang 1én
trong quang phong hoa, diéu d6 co thé cho
thdy qua trinh phong hoa di thic diy giai
phong ddng thoi cac nguyén té tir khoang vat
chu, 1am tang tinh dong hanh trong sy tich tu
thir sinh. Biéu d6 Hinh 3 thé hién rd cac vong
tron 16n, mau dé dam xuét hién nhiéu hon so
véi Hinh 2, minh hoa cho nhan dinh nay.

2.2.3. Phéan tich mang twong quan

Pé hiéu 13 hon vé& cau triic cia cac mbi
quan hé twong quan giita CAC nguyén t6 trong
quang dat hiém khu vuc nghién cuau, tac gia
tién hanh phan tich mang twong quan giita céc
nguyén tb dat hiém, urani, thori; dong thoi md
ta va so Sanh CAu tric mang twong quan giita
quang goc va quang phong hoa. Muc tiéu la
cung cap nhitng thdng tin chi tiét co co so
khoa hoc vé dic trung lién két ciia cac nguyén
t6 trong hai loai quing dat hiém (gdc, phong
hoa), tir 46 gop phan 1am sang to co ché hinh
thanh va méi lién hé giira cac nhém nguyén té.

Quang phong hoa
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Hinh 4. So dé Mang twong quan cdc nguyén té trong qudang goc va quéang phong héa
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Trong so d6 mang (hinh 2.3), cac nguyén
t6 dugec mo hinh hoa dudi dang mang tuong
guan gom hai thanh phan: cac nit (vertices)
dai dién cho nguyén té va céac lién két (edges)
thé hién méi twong quan giira cac cap nguyén
t6. Mai lién két co thé phan anh mirc d6 twong
quan (manh hoic yéu), cho phép nhan dién céc
tuong tac tiém an gitra cac nguyén to. Hién co
nhiéu phuong phap phan tich twong quan va
ghép nhém cac nguyén t5 co vai tro trong tim
kiém, tham do khoang san; mdi phuong phap
¢6 uu, nhugc diém khéc nhau. Trong bai bao

Bang 5. Két qua phan tich cac thong sé co ban
Mang tiwong quan cdc nguyén to trong quang
goc

Thuge tinh mang hrdi:
vertices = 18
directed = KHONG
hyper = KHONG
loops = KHONG
multiple = KHONG
bipartite = KHONG
tong s canh =119
canh bi thifu=0
canh khéng bi thidu =119
mét d6 =0.7777778
Thuéc tinh dinh:
tén dinh:
oid tri kidu ki te
18 tén dinh hop 18
Thudc tinh canh:
Huong:
i tri kidu kf tur
tom tat gia tri thude tinh:
Inv Pro

5 114
I
gia tri kidu 56
tom tat thude tinh:

Nhénhdt Q1 Trungvi Trungbinh Q3 Lénnhit
-0.2510 03185 05290 05334 0.7585 0.9940
sig:
gia tri kidu s6
tom tat thude tinh:
Nhéonhit Q1 Trungvi Trungbinh Q3 Lonnhét
0.000000 0.000000 0.000000 0.0007731 0.000000 0.036000

Mike 49 lign két:
Manh Yéu

66 53

Tur bang 5 va 6 ¢6 thé rat ra mot sb nhan
Xét sau:

- Trong quang géc, tong s cap tuong quan
la 119 (trong d6 c6 114 cdp tuong quan thuin
va 5 cap tuong quan nghich), cao hon so véi
quing phong hoéa, noi co tong cong 109 cap
trong quan (gobm 101 cip twong quan thuan
va 8 cap twong quan nghich).

nay, nhom téc gia chon phuong phap phén tich
Mang tuong quan, vi phuong phdp nay tinh
tryc quan va kha nang lam n6i bét cau tric téng
thé cua hé thong, bao gém ca cac mdi lién he
khong tuyén tinh va cd tinh di huéng. Céch
tiép can nay dac biét hitu ich trong viéc khao
sat sy khac biét va dac trung cta cdc nhom
nguyén t6 trong hai loai quang (gbc va phong
héa) dudi goc nhin mang hé thong.

Céc thong s6 vé mirc d6 tuong quan duoc
phan tich chi tiét trinh bay trong bang 5, bang 6.

Bang 6. Két qua phan tich cac théng sé co
ban mang twong quan cdac nguyén to trong
qUang phong hoa

Thuée tinh mang Twdi:
vertices = 18
directed = KHONG
hyper = KHONG
loops = KHONG
multiple = KHONG
bipartite = KHONG
téng s6 canh = 109
canh bi thiéu =0
canh khéng bj thiéu = 109
mat d6 = 0.7124183
Thudc tinh dinh:
tén dinh:
gié tri kiéu ky tw
18 tén dinh hop 1&
Thudc tinh canh:
Hudng:
gié tri kiéu ky
tom tat gid tri thudce tinh:
Inv Pro
8 101
r:
gié tri kiéu sé
tom tat thude tinh:
Nhé nhit Q1
-0.3360 0.4000 0.6070 0.5691
sig:
gié tri kiéu sé
tom tat thuée tinh:
Nhé nhit Q1 Trungvi Trung binh Q3 Ldn nhit
0.000000 0.000000 0.000000 0.002376 0.000000 0.049000
Mitre d& lién két:
Manh Yéu
68 41

Trung vi Trung binh Q3  Lén nhét
0.8510 0.9940

- Mat d6 mang tuong quan & quing gdc
(density = 0,78) cao hon so véi quang phong
hda (density = 0,71), cho thay quang gbc co
su lién két chat ch& hon giita cac nguyén to.
Mat do mang (network density) dugc tinh
bang ty Ié giira so lien két thyuc té (actual
edges) va téng sb lién két t6i da co thé c6 giita
cac nat trong mang (maximum possible
edges), theo cdng thuc:
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Density=

E
N(N—-1)
Trong d6: E 1a sé canh (cip twong quan)
va N 1a sé nat (s6 nguyén té tham gia mang).
Chi s6 mat do cang cao phan anh muc do

tuong tac giita CAC nguyén té cang chat ché
trong mang.

- V6i r > 0,5, trong quing goc cd 66 cap
tuong quan chat ch& (manh) va 53 cap tuong
quan yéu; con trong quing phong hda, cd 68 cap
twong quan manh va 41 cip tuong quan yéu.

Bdng 7. Gia tri phan tich cac 06 théng sé ddanh gid do trung tam (centrality) cua cac nguyén to
ddat hiém, U, Th trong qudng géc va quang phong héa

Céc thong sb phan tich do trung tim

17 |Nguyén | Loai Bac  |Khoang cich Vi tri Gia tri Luc Trung tam
t6 quing | (Degree) gan trung gian | riéng | Bonacich | thdngtin | Téng

(Closeness) | (Beetweeness) | (Eigen) | (BonPow) | (InfoCent)
1 Sc Gbc 12 0,74 1,45 0,20 2,28 5,09 21,76
2 Th Géc 16 0,94 1,87 0,27 -0,05 5,67 24,70
3| Dy Goc 16 0,94 1,87 0,27 -0,05 567  |24,70
4 Ho Gbce 14 0,85 1,02 0,24 -0,09 5,41 21,43
5 Er Gbc 16 0,94 1,87 0,27 -0,05 5,67 24,70
6 m Géc 12 0,77 0,42 0,21 -0,27 5,09 18,22
7 Yb Géc 12 0,77 0,42 0,21 -0,27 5,09 18,22
8 Lu Gbc 12 0,77 0,42 0,21 -0,27 5,09 18,22
9| Th Goc 16 0,94 17,45 0,26 -2,00 577  |3841
10 U Gée 1 0,50 0,00 0,02 -1,64 0,94 0,82
11 Y Gbce 16 0,94 1,87 0,27 -0,05 5,67 24,70
12 La Géc 12 0,77 0,42 0,21 -0,32 5,09 18,18
13 Ce Géc 12 0,77 0,42 0,21 -0,32 5,09 18,18
14| Pr Gée 13 0,81 0,60 0,23 -0,18 5,25 19,71
15| Nd Gbe 13 0,81 0,60 0,23 -0,18 5,25 19,71
16 | Sm Goc 15 0,89 1,45 0,26 -1,37 554 |21,78
17 Eu Gbe 15 0,89 1,45 0,26 -1,37 5,54 21,78
18 Gd Géc 15 0,89 1,45 0,26 -1,37 5,54 21,78
19 Sc  |Phong hda 9 0,680 16,63 0,15 -2,11 4,26 28,62
20 Y |Phong héa 15 0,850 2,74 0,28 -0,51 5,18 23,54
21 | La |Phonghoa 13 0,810 1,88 0,25 -0,82 4,95 20,07
22 Ce |Phong hoa 12 0,773 1,39 0,23 -0,78 4,80 18,41
23 | Pr_ |Phong héa 13 0,810 1,88 0,25 -0,82 4,95 20,07
24 Nd |Phong hoa 13 0,810 1,88 0,25 -0,82 4,95 20,07
25| Sm |Phong hoa 16 0,944 5,48 0,29 -1,17 5,32 26,86
26 | Eu |Phong hoa 16 0,944 5,48 0,29 -1,17 5,32 26,86
27 | Gd |Phonghoa 14 0,850 3,07 0,26 -0,84 5,08 22,43
28 Th |Phong héa 15 0,850 2,74 0,28 -0,51 5,18 23,54
29 | Dy |Phong héa 15 0,850 2,74 0,28 -0,51 5,18 23,54
30 Ho |[Phong héa 13 0,773 1,41 0,25 -0,87 4,93 19,49
31 Er |Phong hoa 14 0,810 1,97 0,26 -0,87 5,06 21,24
32 | Tm |Phong hoa 10 0,680 0,24 0,19 -0,82 4,43 14,72
33| Yb [Phonghoa 9 0,654 0,00 0,17 -0,79 4,22 13,26
34 Lu |Phong hoa 10 0,708 2,45 0,19 -1,45 4,46 16,35
35 Th |Phong héa 10 0,680 0,00 0,20 -0,08 4,44 15,24
36 ) Phong héa 1 0,415 0,00 0,01 -1,32 0,89 1,00
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Cac két qua nay ciing chi ra rang, cac
nguyén té dat hiém va cac nguyén té phéng xa
(U, Th) trong quang gdc c6 sy twong quan 6N
dinh hon so véi trong quang phong hoa. biéu
nay c6 thé dugc ly giai boi quang géc it bi tac
dong boi cac yéu té ngoai sinh, trong khi
quang phong hda chju anh huong manh mé tir
c4c yéu t6 moi truong nhu khi hau, nudc mit,
d6 pH va vat chit ngoai lai.

Ngoai ra, mang ludi twong quan cling cho
phép danh gia muc d6 anh huong cua tung
nguyén t trong mang lién két. Viéc danh gia
nay duoc thuc hién thong qua cac chi sé do
trung tam (centrality measures), bao gom céac
théng s nhu Degree, Betweenness, Closeness,
Eigenvector, Bonacich Power, Information, va
Harary Graph. Cac chi s6 nay duoc str dung
phd bién trong phan tich mang dé xac dinh
tam quan trong twong di cua cac nit trong hé
thong (Freeman, 1979; Bonacich, 1987;
Wasserman & Faust, 1994; Newman, 2010).
Bang 7 trinh bay két qua tinh toan va biéu

dién cac chi s6 nay cho céc nguyén té trong
quang géc va quang phong hoa.

Két qua phan tICh cho thay trong quang
gdc, nguyén té ¢d s diém trung tam cao nhat
la Th véi gia tri 38,4, tiép theo 1a'Y, Th, Dy va
Er, mdi nguyén té cé cing s6 diém Ia 24.7.
Piéu nay chi ra rang, trong quang gbc, Th
déng vai trd quan trong nhét trong mang
tuong quan, theo sau la cic nguyén to Y, Tb,
Dy va Er.

Trong khi d6, d6i véi quing phong héa,
nguyén té c6 sé diém trung tdm cao nhét 1a Sc
véi gia tri 28,6, tiép theo 1a Sm va Eu, mdi
nguyén t5 c6 cung sé diém la 26,8. Két qua
nay cho thdy trong quing phong hda, Sc cé
vai trd quan trong nhét trong mang tuwong
quan, sau d6 dén Sm va Eu.

Cac két qua nay duogc thé hién truc quan
qua cac biéu @6 (hinh 5, hinh 6, hinh 7 va hinh
8), gitip 1am rd hon vai trd cua ting nguyén to
trong C4C mang twong quan cua quing goc va
quang phong hoa.
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Hinh 5. Biéu do céc thong so mirc dg trung tam (centrality): Bac (Degree), Vi tri trung gian
(Betweenness), Khoang cach gan (Closeness), Gia tri riéng (Eigen vector), Luc Bonacich
(Bonacich power), Trung tam thdng tin (Information) cuza quang goc (dd) va quang phong héa

(xanh).
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Beetweeness BonPow
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Hinh 6. Biéu do hgp so sanh cac thong sé trung tAm cua qudng goc va quéng phong héa.

Quang géc

u

Quang phong hoéa
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u

Hinh 7. Biéu do6 mang twong quan va nguyén té chii dao - Qudng goc (Th); Qudng phong héa
(Sc).

2.2.4. Thao luan

Dua trén cac phan tich mang dia hoa (Bang
7) va biéu db tryc quan (Hinh 5- 8), nghién
ctru d3 gop phan 1am 16 dic diém phan bé va
vai tro trung tm cua cac nguyén to dat hiém,
U va Th trong quang géc va quang phong hoa
khu vic Thén Thau — Ta Chu Phung. Céc két
qua chinh dat dugc nhu sau:
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- Trong quing gbc, cac nguyén té nhu Th,
Dy, Er, Y, Gd déu c6 cac chi sb Degree,
Closeness va InfoCent cao (Bang 7, Hinh 5),
phan anh sy lién két manh giita ching trong
hé thong. Dac biét, Th co gié tri Betweenness
vuot troi (17.45) va dugce xac dinh la nat cha
dao (hub) (Hinh 7), didu nay cho thiy vai trd
trung tdm cua Th trong viéc két ndi cac
nguyén té dat hiém nhém ning trong mang.



Tir hnh 6, nhan thay phan b chi s6 trung tam
trong quang goc c6 xu hudng cao hon va 6n
dinh hon so véi quang phong héa, cho thay hé

Quing gbc

thdng lién két noi sinh bén viing, it bi anh
huong boi moi truong.

Quéang phong hoéa

Hinh 8. Biéu do thé hién mirc dé tiwong quan ciia cac nguyén té trong quang goc va quang
phong hoa.

- Trong quang phong hoa, mac di mot sé
nguyén té nhu Sm, Nd, Gd, Eu van giit vai tro
kha quan trong (cé gia tri bac - Degree va
trung tam théng tin - InfoCent cao, Hinh 5),
nhung Vi tri trung gian - Bonacich Power va
gia tri riéng - Eigenvector giam rd rét) U gan
nhu bi t4ch biét khoi mang (Degree = 1), phan
4nh qua trinh phan rd lién két va that thoat
nguyén t6 trong diéu kién phong héa manh.
Sc tro thanh trung tam mang (Hinh 7), cho
thay qué trinh phong héa cé thé lam thay daoi
c4u trdc mang va vai trd caa cac nguyén td.

- So sanh téng quat gitra hai mang (Hinh 6)
cho thay: cac chi s6 nhu Closeness, Degree va
InfoCent trong quang phong hoa c¢6 xu hudng
giam nhe hodc bién dong nhiéu hon so voi
quang géc. Trén h|nh 8 cho thiy mang tuong
guan trong quang gbc c6 mat do lién két manh
hon, nguoc lai quing phong héa c¢6 xu hudng
hinh thanh cac cum nguyén t nho va lién két
yéu hon.

- Trong diéu kién noi sinh (quang gbc),
cac nguyén té dat hiém nhém ning va actinoid
c6 xu hudéng dong hanh, bén ving, céc

nguyén té co thé dugc dung 1am dau hiéu chi
thi trong tim kiém, tham do quing gbc. Trong
diéu kién phong héa, ciu tric mang thay doi,
mot s6 nguyén t6 bén hon (Sm, Eu) c6 thé tich
tu tha sinh, nguoc lai U va Th dé bi raa troi,
day 1a ddu hiéu dé tim kiém, diéu tra danh gia
quing dat hiém phan bé trong vo phong hoa
(quang phong hoa) va du bdo, khoanh dinh
dién tich c6 tiém niang phan bd quiang dit
hiém phong héa.

- Phan tich mang tuong quan va cac chi s6
trung tam cho thdy su khéc biét giira cAu tric
mang tuong quan gitra c4c nguyén t6 dat hlem
va nguyén té phéng xa trong quang goc va
quang phong hoa. Nhitng két qua nay khong
chi gop phan lam sang to dic diém dia hoa
cua hé dat hiém U — Th, ma con c6 y nghia
thuc té quan trong trong tiém kiém, diéu tra
danh gia va khoanh vuing trién vong quang dat
hiém; dac biét d6i véi quang phong hoa.

4. Két luan

Nghién cuu da tng dung phuong phap
phan tich mang twong quan dé danh gia dic
diém lién két gitra cac nguyén té dat hiém, U
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va Th trong quang gdc va quang phong hoa tai
khu vuc Then Thau — Ta Chu Phung. Két qua
nghién ctru rat ra mét so6 ket luan sau:

- Cac nguyén tér REE trong ca hai loai
quang déu cé su bien thién réng, dic biét &

quang phong héa (Ce, Nd, Th, Yb c6 Kurtosis >

20), phan &nh sy khong dong déu vé phan bd
va anh huéng manh cuaa qud trinh phong hda.

- Trong quing gdc, mang tuong quan cO
mat do lién két cao (density = 0,78), nhiéu cap
twong quan manh (véi 66 cap cé r > 0,5);
mang tuong quan trong quang phong hoa co
mat do thap hon (density = 0,71) va cau trdc
phéan tan hon. Th giir vai tro trung tdm trong
quing goc (Betweenness = 17.45, tdng
centrality cao nhat = 38.41), nguoc lai nguyén
t6 Sc la nit chi dao trong mang quing phong
hoa (téng centrality = 28.54), phan anh sy tai
phan b cua nguyén té ndy trong méi trudng
phong hoa.

- Trong quang gdc, cac nguyén tb Dy, Er, Y,
Gd va Th co gia tri Degree va Closeness cao,
cho thdy mang lién két kha chat ch& va 6n
dinh. Trong quing phong héa, cac nguyén té
nhu Sm, Nd, Eu va Gd van giit vai tro tuong
dbi quan trong, nhung véi mic do phan tan
cao hon; nguyén té U cd Degree = 1 va cac
chi s trung tam rat thap, phan anh xu huéng
tach roi khoi mang twong quan; diéu d6 co thé
ly giai do U co tinh di dong cao va dé bi rira
troi trong diéu kién oxy hoa.

- Phan tich mang tuong quan va cac chi s6
trung tdm chi rd su khac biét vé cau trdc mang
tuong quan gita CAC nguyén to dat hiém
véinguyén to phéng xa trong quang goc va
quang phong héa. Nhitng két qua nay khong
chi gop phan lam sang to dic diém dia hoa
cua hé dat hiém U — Th, ma con co y nghia
thuc tién quan trong trong tiém kiém, diéu tra
danh gia va khoanh ving trién vong, 1a co s&
dinh huéng diéu tra khoang san dét hiém; dic
biét d6i véi quang dat hiém phong hda trong
khu vuc nghién ctu néi riéng, trén lanh tho
Viét Nam (phan dat lién) noi chung.

L&i cdm on: Bai bao duoc hd tro boi dé
tai cAp Bo: Nghién ctu xay dung bo tiéu chi
nhan dang dét hiém trong vé phong hoa va dé
XUt quy trinh diéu tra, danh gia, Ma sb:
TNMT. 2024.02.01.
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Summary

Correlation network analysis of rare earth elements, uranium, and thorium in primary and
weathered rare earth ore in the Then Thau-Ta Chu Phung area, Lai Chau province

Trinh Duc Thien®, Trinh Dinh Huan®, Nguyen Van Lam? Hoang Van Dung*, Ngo Xuan Dac®"
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Abstract: The study applied correlation network analysis to clarify the relationships among rare earth
elements (REES), uranium (U), and thorium (Th) in rare earth ore samples from the Thén Thau — Td Chu
Phung area (Lai Chéau province). A total of 296 primary ore samples and 147 weathered ore samples were
analyzed for elemental concentrations using the ICP-MS method. The results show that, in the primary
ores, 119 elemental pairs exhibited correlations, including 114 positive and 5 negative correlations; the
network density reached 0.78, reflecting a tightly interconnected elemental structure. In the weathered
ores, there were 109 correlated elemental pairs (101 positive and 8 negative correlations), with the
network density decreasing to 0.71, indicating that the network structure was weakened due to
weathering processes.

In the primary ores, elements such as Th, Dy, Er, Y, Gd, and Nd played central roles, reflecting an
endogenous origin; Th was the dominant node and served as a geochemical indicator for delineating
primary rare earth ore prospects based on primary geochemical anomalies. In the weathered ores, the
network structure changed significantly, with elements such as Sm, Eu, Gd, and Sc becoming prominent,
and Sc replacing Th as the central element. These elements act as indicators for the exploration of REE
mineralization within the weathered crust (secondary ores). U exhibited very low centrality, indicating a
strong tendency for dispersion of this element in oxidizing environments.

Keyword: Correlation Network, Rare Earth, Then thau, Ta Chu Phung.
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