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Tém tit: Pong Vin la khu viee dwoe danh gid cé tiém nang vé khodng
héa da kim ¢ viing Péng Bic Viét Nam. Tong 890 mau dia héa tram
tich bun dday dwoc sir dung dé nghién ciru khodng héa da kim, qua dé
xac dinh cac di thwong Sn, W trong khu vuc. Bén canh do, phan tich
thong ké givp xdc dinh cdc di thiong dia héa ¢ khu vwee Pong Van.
Phwong phdp thong ké va phan tich cum dit liéu dia héa cho thdy cdc
nguyén 6 Pb, As, Bi, Li, Sn, W, Ta, Ce, Ag, Sb, va Be la cdac nguyén 6
chi thi tot, trong dé nguyén t6 Sn, W tudn theo phdn bé hinh hoc. Dua
trén quy tic 3 sigma, cdc di thwong dia héa vé ham leong cdc nguyén
16 Sn, W phan dnh sy tdp trung cua than khoang Sn, W trong vung. Phan
tich Trend dwoc dp dung nham xdc dinh s bién doi khéng gian va moi
quan hé giita cdc nguyén to chi thi tim kiém va cdc khu viee di thuong
dd cho thdy sw thay doi twong doi vé ham lwong ciia cdc nguyén to chi
thi va chiing cé thé duwoe coi la ¢6 quy ludt. Hon nita, d¢ phit hop ciia
cdc ham Trend thu dirge tiv cdc nguyén té Sn, W tudn theo mé hinh bé
mdt Trend bdc bon. Két qud ndy cho thdy cdc mé hinh Trend cé thé hitu
ich trong viéc nghién ciru cdc di thuong dia hoa va phan tich Trend
gip xdc dinh khu vuc tdp trung cua cdc nguyén 16 chi thi trong khu viec
Pong Vin. Ngodi ra, phan_tich thong ké cho thay tiem ndng ddng ké
trong viéc sir dung mau tram tich bin ddy dé diéu tra khodng héa da
kim. Thém vao d6, dit liéu dia héa cé thé givp danh gid cdc di thiwong
dia héa cia cdc nguyén t6 chi thi va ldp ban do trién vong khodng san
khu vue Déng Van, Dong Bdc Viét Nam.

1. M& dau

Céc di thuong dia hoa thuong xuét hién tai

thue hién, trong d6 phén tich thdng ké va phan
tich da bién dugc coi la nhiing phuong phap

nhiéu mo khoang san cho thiy céc gia tri khac
biét so vdi phong khu vuc. Ngoai ra, cac di
thuong dia hoa con cho phép xac dinh mgt md
khoang san. Trong qua trinh xtr Iy dir liéu dia
hoéa, cic mau c6 thé ham luong cao hon hoic
thap hon dang ké, duoc coi 1a di thuong
(Reimann 2000, 2005, Filzmoser 2005, Chen
vannk. 2015, Chen va nnk. 2019). Dé dam bao
bd mau dai dién va tranh nhan dién sai d6i
tugng nghién ctru, nhidu phwong phap di dugc
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phd bién nhat (Hawkes va Webb 1962,
Williams 1967, Beus va Grigorian 1975,
Reimann 2000, 2005, Filzmoser 2005, Chen
va nnk. 2015, Chen va nnk. 2019). Dya trén
cac gié tri ngudng (trung binh £ 3 SDEV (d0
léch chuan)) cho ting loai mo khoang san, cac
gia tri ngudng ctia mau c6 thé duoc str dung dé
xac dinh mot mo khoang san méi (Aitchison
1986, Rose 1991, Jolliffe 2002, Ghadimi va
nnk 2016, Chen va nnk. 2019).



Khu vuc Dong Vin nam vé ph1a Dong Bac
Viét Nam duoc coi 1a khu vuc trién vong vé
quang da kim (nhu Fe, Pb, Zn, Mn, Sn, W va
Au) (Tri va Khue, 2011, Hung va nnk
2020a,b). Hon nita, do thiéc, wolfram va vang
thuong di kém véi asen, chang han nhu cac mo
As-Sn-W-Au Nam Khi, Lang Xum, Lang M¢
va Lang Lup, khoang hoa nay dong vai tro
quan trong nhu mot ngudn cung cap kim loai
quy cho nganh cong nghiép (Graedel va nnk.,
2015). Tlr nam 1965 dén nay, khu vuc nay da
duogc khao sat ¢ cac ty 1€ ban dd tir 1:500.000
dén 1:50.000 phuc vu cong tac do v& ban do dia
chit va tim kiém khoang san (Dovjikov va nnk.
1965, Tinh va nnk. 1976, Truyén va nnk. 1977).
Tuy nhién, viéc thu thap miu dia chit va xir ly
s6 liéu dia hoa van chua di dé xéc dinh cac khu
vie trién vong khoang héa Sn-W. Do d6, can
thiét phai tién hanh thém cac nghién ciru tai khu
vuc Déng Van, bong Bic Viét Nam nham xac
dinh cac ving quang da kim moi.

Trong nghién ctru ndy, phén tich thong ké
da chiéu va phan tich Trend dugc sir dung dé

khao sat 890 mau dia hoa nham tim xac dinh
cac di thuong dia héa Sn, W tai khu vuc Dong
Van, bong Béc Viét Nam, qua d6 phat hién
céc diém quang Sn, W méi.

2. Dic diém dia chét viung Péng Van

Dai Song Hién thudc ving Pong Bic Viét
Nam, day la mot doi kién tao kéo dai khoang
200 km theo phuong Tay Bic - Déng Nam,
phd bién trim tich phun trao tudi Pecmi-Trias
va tram tich phun trao Trias hé ting Séng
Hién, it hon 1a d4 cacnonat - luc nguyén tudi
Paleozoi giita-mudn (Hinh 1). B6i Séng Hién
dugce xem 1a mot bon triing tach din ndi luc
tién Paleozoi mudn — Mezozoi sém lién quan
dén vom xam nhap Emeishan (Izokh va nnk,
2005; Hoa va nnk, 2008; Polyakov va nnk,
2009; Vladimirov va nnk, 2009) hoac 1a mot
bon triing sau cung tudi tién Paleozoi mudn —
Mezozoi sém dugce hinh thanh do sy tach dan
xdy ra bén trong mang Nam Trung Hoa do su
hop nhat cia mang Pong Duong va mang
Nam Trung Hoa (Hai va nnk, 2011).
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Hinh 1. Khu viee Pong Bdc trong binh do kié'q tric khu vue: A - So do kién tao viing dong bdc Viét Nam
(Dovjikov va nnk, 1965); B - So do dia chat khu vuc Pong Bac (hiéu dinh tie Truyén va nnk, 1977)
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Khu vuc Pong Vin thude doi Song Hién,
bong Bic Viét Nam (Hinh 1A), pho bién cac
da tram tich Trias gom phién sét voi, da voi
trung ca, bot ket, cat két tuf, phlen sét, cat két;
céc da tram tich tudi Devon, Cacbon va Pecmi
gém cudi Kkét, phién sét, d4 voi va cat két chira
voi. Cac trim tich tudi Cambri va Ordovic
cling ¢6 mat ¢ ria doi Song Hién. Xam nhap
gabro tudi Trias va granitoid chua rd tudi ciing
xuat hién ¢ phan trung tdm va phan phia tay
cia d6i nay (Tinh va nnk, 1976; Truyén va
nnk, 1977; Hinh 1B). Tram tich D¢ ti phan bd
hau hét doc theo cac thung liing véi thanh phan
chinh 1a cat két va cudi két. DGi dut giy truot
bang Cao Bang - Lang Son - Tién Yén ¢ phia
bac va dat giy nghich Duong Thuong - Du
Gia ¢ phia nam dong vai tro quan trong trong

viéc khong ché ciu tric cua doi Song Hién
(Dovjikov va nnk, 1965). D4 magma xam
nhap trong vung chiu anh huéng manh mé tir
cac dut gdy nay va cac hé thong dit giy nho
khac, ching gbp phan lam phuc tap hoa cau
trac khu vue Pong Van (Truyén va nnk, 1977).

Khu vuc Dong Vin c¢6 mot déi khoang hoa
da kim chinh, kéo dai tir tdy bac dén dong nam
va bao phu mdt dién tich khoang 1.190 km?.
D6i nay chii yéu bao gdm cac da trim tich
Trias (Tinh va nnk, 1976; Truyén va nnk,
1977; Hinh 1B). Theo céc nghién ctru di tién
hanh trén khu vuc Béng Vin, ham luong Sn,
W va As trong d6i khoang héa nay phan bd
khong dong déu va thudong khong c6 quy luat
cu thé (Truyén va nnk, 1977; Thz“'mg va nnk,
1988).
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Hinh 2. So dé vi tri cdc diém ldy mau tram tich bun day ¢ viing Pong Van, Pong Bdc Viét Nam
(diem mau den)

3. S6 liéu va phwong phap nghién ctru
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3.1. Thu thgp méu tram tich bin ddy



Cac ky thuat thim do dia hoa dé khao st cac
moé khoang san thuong sir dung mau tram tich
bun day. Trong nghién ctru nay, 890 mau dia
hoa tir tram tich bun day gan day da dugc thu
thap doc theo séng va sudi véi khoang cach 25—
50 m. Cac mau tram tich lay trén bé mat (46 sau
0-3 cm) duoc thu thap bang xéng dao tay tai tat
ca cac dlem (6 ca hai bén bo song) noi co dong
chay yéu, nhim 1ay vat liéu min va trAm tich
gan ddy. Mdi miu chira khoang 25-130 g trAm
tich bun d4y gan day, tily thudc vao kich thudc
hat ctia mau trdm tich (Hinh 2).

Céc bd mau duge xir ly dua trén cac dic diém
riéng biét cua trAm tich bun day trong khu vuc.
Ngoai ra, ham luong ctia 27 nguyén t6 da duogc do
bang phuong phap khdi phd khdi plasma cam ting
(ICP-MS), bao gom: Ag, As, Be, Ba, Bi, Cd, Ce,
Co, Cr, Cu, Ga, Ge, La, Li, Mo, Nb, Ni, Pb, Sb,
Sc, Sn, Sr, Ta, V, W, Y va Zn.

3.2. Chuyén déi dit ligu

Trong nghién ctru nay, tong cong 27
nguyén to (Ag, As, Be, Ba, Bi, Cd, Ce, Co, Cr,
Cu, Ga, Ge, La, Li, Mo, Nb, Ni, Pb, Sb, Sc, Sn,
Sr, Ta, V, W, Y va Zn) trong cac mau tram tich
bun ddy da dugc xu ly. Néu cac nguyén td
khong thé hién phan ph01 dbi xtng, do léch
(klem tra phan ph01 thong ké) thi cac nguyen
t6 duoc chuyén doi sang cac mo hinh khac de
danh gia phan phdi chuan cua tirng nguyén to
(Reimann va Filzmoser, 2000). Cu thé, muoi
moé hinh phan bé (hinh hoc, roi rac dic biét,
déu, tam giac, Pareto, nhi thirc, m, log chuén,
phan bd chuan va gamma) da duoc ap dung aé
dat dugc tinh chudn va chuyén ddi cho cac
bién sb léch (Aitchison, 1986; Egozcue va
nnk, 2003; Carranza, 2011).

3.3. Phén tich da bién

Cac phuong phap phan tich da bién dugc
str dung dé lam rd va giai thich méi tuong quan
giita nhiéu yéu t6 lién quan dén dir liéu thong
ké trong qua trinh dénh gia va thu thap sé liéu.

Phan mém Geostatistic 9.0 dugc st dung dé
phén tich cac hé sé twong quan va nghién ctru
phan nhém, hd trg danh gia mdi lién hé gitra cac
nguyén td ciing nhu sy phan nhém cta ching.
Muc tiéu cia phan tich cum 14 giam s luong
nhom con quan trong ctia cac dbi tuong hodc su
vat trong mot tap dir liéu lon. Viéc phan chia dir
liéu (nhém) dugc thyc hién dya trén sy tuong

ddng gitra cac ddi twong, xét theo cac dic tinh
duoc xac dinh trudc.

Nam 1963, Ward da gi6i thiéu mot ky thuat
phén cum phén cap tong hop, trong d6 tiéu chi
Iya chon cac cap cum dé két hop & mdi mirc dua
trén gia tri tdi wu cua mot ham muc tiéu.

Tri riéng (eigenvalues) va vector riéng
(eigenvectors) duge st dung dé biéu dién téng
quat ma trn hé s6 twong quan va ma tran hiép
phuong sai.

Dong thoi, phép quay Varimax dugc thuc
hién dé tang cudng tai trong nhan to. Phuong
phap ciia Ward dugc ap dung dé tién hanh
phan tich cum dwa trén hé s6 tuong quan
Pearson (hodc phan tich cum phén cap), va két
qua dugc biéu dién bang so d6 dendrogram.

3.4. Phén tich bé mt Trend

Phéan tich Trend duoc Davis (2002) mo ta
nhu mot phuong phap thong ké nham phan
tach dir liéu ban d6 thanh hai thanh phan, trong
d6 mot thanh phan 13 "tin hi¢u" mang tinh chat
dia 1y va thanh phan con lai 14 "nhiéu" mang
tinh chit cuc bo. Trong dia hoa, "bé mit Trend"
dugc st dung nhu mét ban ghi chép hodc
thuong dugc dung dé biéu dat cac thong s dia
hoa véi khai niém "Trend khu vuc" va "di
thuong cuc bg". Bé mit Trend dwoc dinh nghia
la mot ham cua vi tri dia 1y tai diém quan sat
(diém kiém soat). Cac bé mit Trend phu hop
voi dir lidu dia hoa c6 thé dugc bicu dién bang
phuong trinh mo6 hinh sau:

Zr = ¢ + L (1)

Trong do, Z1a bién tai diém k; ji = j(xiyx)
dai dién cho Trend va Ly 1a phan du tai diém
k. jx 1a mot gia tri cu thé cua bién j(xi,yx) vOi.

O(xXk, Vi) = aoo + aiox + agry + axx’ +

apxyt... + apgx’y? 2)

Cac hé s6 ao, a1, o1, a0, 11, .., apg dUOC 2O
1a cac yéu t6 dinh tinh trong mé hinh Trend.

Phén tich bé mit Trend chu yéu dua trén
thanh phan Ly (ban d6 phan du Trend hodc do
1éch Trend) dé phat hién cac di thuong ciu tric
Trend, nhdm xac dinh va phan biét cac di
thuong dia hoa, dia vat ly, cac nat quang kim
loai, hodc cac ciu trac dia chit nhu cac nép udn
béc cao, cac dirt gdy nho va nhiéu yéu tb khac.
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Thong thuong, x va y tao thanh mot hé toa
dd hinh chir nhat; tuy nhién, vi d¢ va kinh do
cling duogc su dung (Vistelius va Hurst, 1964).
Déi v6i cac ung dung cu thé, p+q<r, trong
d6 r biéu thi bac ctia bé mat Trend. Tuy thude
vao yéu cau cong viée ciing nhu dic diém va
tinh chat cia dbi twong nghién ctru, cac mod
hinh Trend bac mot (r=1), bac hai (r=2), bac
ba (r=3) va bic bén (r=4) duoc thyc hién.
Trong nghién ciru ndy, mo hinh Trend bac bon
cho phép nghién ctru dic diém ham luong cac
nguyén t6 chi thi dé thim do khoang san da
kim trong khu vyre Pong Vin.

Bén d6 bé mit Trend va phan du Trend thé
hién mot khai niém truc quan vé hinh thai, quy

trong mau dia hoa bun day giam dan theo thir
tu nhu sau: Pb> As>Bi>Li>Sn> W > Ta
>Ce>Ag>Sb>Be>Mo>La>Nb>Cr>
Ni>Cd>Y >Cu>Ba>Co>Sc>7n>Sr>
V. Pang chu y, cac nguyén td Pb, As, Bi, Li,
Sn, W, Ta, Ce, Ag, Sb va Be chiém hon 90%
tong ham luong, phan dnh mdi lién két r6 rang
v6i quing da kim. Do d6, cic nguyén té nay
c6 thé duoc lua chon lam chi thi cho cong tac
tim kiém khoang hoa da kim. Pic trung phan
bd théng ké cua nguyén t6 Sn, W va két qua
kiém dinh cho thiy chiing tuin theo quy luat
phan b hinh hoc (Bang 1, Bang 2).

Bang 1. Pdc trung thong ké ciia nguyén 16 Sn, W

khu vuc Pong Van

Ap 1AL ARs 1A . \ 2 , , Thong so Sn m) W (ppm
e 0, K0 0,00 TS 8 42 Ty (Vi) 134870151108
N . > A ; Trung vi (Median) 8,805 5,87
Vét‘ phan dinh hjnh hoc cuc bd cua doi tuong. Mode 49,07 48,02
Ve mit dia chat, cac hinh hoc cuc bo nay c6 D9 léch chuén 45,4845 61,1201
thé 1a cac ham luong di thuong cua cac nguyén Phuong sai 2068,839 3735672
to trong khu vuec. Heé s0 bién thién (%) 310,94 310,09
4. Két qua va thao luan B(fz 1éch (Skewnegs) 14,913 9,053
4.1. D didm phin bé thing k cia cde  Dgren furies) 252 00!
nguyen 1o , Gia tri 16n nhét 986,44 967,95
Keét qua nghién ctru thong ké cua Hung va
nnk (2022) cho thay ham luong nguyén to o )
Bang 2. Ket qua kiém dinh mé hinh phan bo thong ké cho nguyén to Sn, W
Mé hinh Db léch Chi binh Tuén theo kiém Tuén theo kiem )
. X Do léch ** . phwong dinh Chi dinh Kolmogorov- Tong hop
phéan bo thue té . (1,358) .
(18,307) binh phuwong Smirnov
Sn (ppm)
Hinh hoc 2,486 1 3,267 1-Yes 0,160 1-Yes 0,300
Gamma chuin 24,441 2 61,592 2-No 1,562 2-No 4,515
Loga chuén 61,402 3 164,788 3-No 3,412 3-No 11,514
Roi rac dac biét 104,029 5 459,352 4-No 7,294 5-No 30,463
Phén bé Pareto 115,827 6 487,814 5-No 7,537 6-No 32,196
Ham ma 94,306 4 606,050 6-No 6,356 4-No 37,7853
Nhi thire 287,065 10 926,397 7-No 20,737 10-No 65,874
Phén b6 chuén 266,722 9 2150,286 8-No 14,912 7-No 128,438
Tam giac 234,503 4426,587 9-No 17,320 8-No 254,552
Phén b6 déu 251,125 8 8564,185 10-No 18,822 9-No 481,669
W (ppm)
Hinh hoc 5,045 1 31,429 1-No 0,345 1-Yes 1,973
Gamma chuén 22,369 2 51,685 2-No 1,470 2-No 3,906
Loga chuén 32,496 3 88,052 3-No 1,889 3-No 6,201
Roi rac dac biét 58,635 4 147,230 4-No 3,282 4-No 10,459
Phan b6 Pareto 98,299 5 412,558 5-No 6,929 5-No 27,638
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Chi binh  Tuén theo kiém

Tuén theo kiém

M(")Ahinl: D léch Do lécl: phwong dinh Chi dinh Kolmogorov- Téng hop
phan bo thect€  1$307)  binhphwong 0700 Smirnov
Ham mii 111,040 6 449,417 6-No 7,227 6-No 29,871
Nhi thirc 281,168 10 1223811 7-No 20,239 10-No 81,753
Phan b chuén 260,992 9 2059,889 8-No 14,689 7-No 123,336
Tam giac 231,131 7 4598,079 9-No 17,081 8-No 263,743
Phan bé déu 244,535 8 8120,654 10-No 18,324 9-No 457,075
Bdang 3. Ma trdn twong quan ciia cdc nguyén to chi thi trong tdp mdu tram tich (ppm)
Ag As Be Bi Ce Li Pb Sb Sn Ta W
Ag 1
As 0,032 1
Be 0,062 0,445 1
Bi 0,051 0205 0,711 1
Ce 0,026 0262 0,082 0,142 1
Li 0,044 0425 0,569 0,542 0,386 1
Pb -0,009 0,310 0,173 0,057 0,331 0,333 1
Sb 0,071 0,407 0,392 0,499 0,437 0,465 -0,027 1
Sm 0,006 0,623 0,645 0,213 -0,027 0,377 0,325 0,106 1
Ta -0,021 -0,019 -0,045 -0,036 -0,000 -0,078 0,110 -0,073 0,041 1
W 0,018 0438 0,588 0,412 -0,048 0,400 0,264 0,176 0,666 0,138 1

1,38

Pb 047

044

w 0,22 0,51

Két qua phan chia nhom cac nguyén tb dia
hoéa trong tram tich bun day ciing chi ra dugc
cac nguyén t6 lién quan dén khoang héa da
kim dugc biéu dién béi hai nhém con: nhom

Hinh 3. So do ghép nhém ham lwong cdc nguyén

16 (ppm) ¢ khu viee Pong Van. Céc con s6 ngu ¥

phan tich nhom lién hé voi khoang cdach dua trén
thudt toan ghép nhom Ward (Hung, 2022).

Be-Sn-W-Bi va & mirc d6 thap hon 1a nhém
Li-Pb. Pong thoi, ba nhom con khac, bao gdbm
As-Cd-Sc-Cr-Ce-La, Co-Ni-V va Ga-Ge-Ba,
khong lién quan dén su khoang hoa, ciing duoc
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phan biét. Cu thé, biéu d6 phan nhom ciing xac
dinh mot nhanh dia phuong Co-Ni-V, diéu nay
cho thiy rang Co, Ni va V khong phai 13 cac
thanh phan dong sinh cta quing da kim trong
khu vuc (Bang 3, Hinh 3).

Quy luat phan b6 cua cac nguyen t6 chi thi
khong tuén theo phén phdi chuan dugc chuyen
doi vé phan b hinh hoc, phu hop véi dic diém
phan b6 thong ké cuia Sn va W trong cac vanh
phén tan dia hoa thir sinh (Bang 2). Ham luong
tong thé ctia Sn va W cao hon gié trj trung binh
trong vo Trai dat (Sn" =2,5 ppm, W*=1,3 ppm
(Fortescue, 1992), trong khi ham lugng cia Sn
va W dao dong tir khong dong déu dén cuc ky
khong dong déu. Trén co sd ndy, cac di thuong
dia hoa khac nhau c6 thé duge xac dinh & quy
md dia phuong. Didu nay cho thiy Sn va W ¢o
thé hinh thanh cac di thuong dia hoa nguyén
sinh quy mo nho. Dit liéu nay co thé giup phat
hién cdc vanh phén tan dia hoa nguyén sinh, tir
d6 c6 thé sir dung dé xac dinh cac muc tiéu trién

vong cho khoang hoa Sn-W khu vire Pong Vin.

4.2. Mo hinh héa di thuwong dia héa

Trong khu vuc Dong Vin ton tai dong thoi
cd truong dia hoéa nguyén sinh va th sinh.
Trudong dia hoa nguyén sinh dugc hinh thanh
dong thoi véi qua trinh tao quang trong cac déi
khoang hoa, xung quanh than quang va céac doi
quang. Ham luong cac nguyén t6 tao quing
chinh va nguyén t6 di kém thudng cao hon so
v6i da vay quanh. Pham vi phan bd ctia truong
dia hoa nguyén sinh thuong 16n hon dang ké so
v6i than quing va d6i quing, phan bd xung
quanh cac than quing. Dya vao dic diém hinh
thai, kich thudc cua truong dia hoa nguyén sinh
c6 thé cung cap thong tin vé sy phan bd, 46 sau,
hinh thai, phuong kéo dai, goc ddc ciia than
qudng va muc do boc mon than quéng. Cac than
quang nguyén sinh co thé di bi 16 hodc con an
sau trong long dt.

Trén thuc té, than quang, déi khoang hoa
va truong dia hoa nguyén sinh c6 thé bi pha
huy va bién (101 dudi diéu kién ngoai sinh. Mot
s6 nguyén to va khoang vat co thé bi hoa tan,
rira troi va di chuyén, trong khi nhirng nguyén
t6 khac dugc tich ty va 1am giau. Qua trinh nay
dan dén su tai phan bd cac thanh phan vat chat
cua truong dia hoa tha sinh trong méi trudong

128

phong héa. Vi tri phan b cua trudng dia hoa
thir sinh c¢6 thé xuat hién trén bé mat dia hinh,
phu Ién cac than quang nguyén sinh hodc dich
chuyén vé phia dia hinh thip hon nhu céac
thung liing, va thuong c6 quy moé 16n hon than
quang. Truong dia hoa thir sinh c¢6 ¥ nghia
quan trong trong viéc phat hién vi tri ctia cac
than quing an trong khu vyc tim kiém khoang
san.

Dé nhén dién khoang hoéa da kim trong khu
vuc nghién ctru, cac so dd di thuong dia hoa
va phuong phap phéan tich Trend da duoc su
dung nhim mé hinh hoa mirc d6 bién thién
khong gian cua cac nguyén td trén co sd tai
liéu phan tich miu bun day khu vuec.

4.2.1. Ban do di thieong dia héa lién quan
dén cdc nguyén t6 chi thi

DPé mé hinh hoa trudng khong gian cua céc
nguyén t6 chi thi c¢6 gia tri nham phuc vu céng
tac tim kiém va phat hién quiang da kim méi
trong khu vuc Pong Vin, cac di thuong dia
hoéa thir cip cia cac nguyén té Sn, W duogc
thiét 1ap. Viéc xay dung cic so do di thuong
dia hoa ciia cic nguyén t6 nay nhim lam sang
td sy phan bd, ham lugng va muc d6 tich tu
cta cac di thuong dia hoa lién quan dén cac
than quing cu thé trong khu vuc nghién ctru
(Hinh 4). Trén co s& dd, cho phép giai thich va
lwa chon cac di thuong lién quan dén khoang
héa, dong thoi loai bo cac di thudong khong lién
quan dén khoang san.

Ngoai ra, cac ban dé Trend bé mit va Trend
du cua cac nguyén t6 chi thi trong vo phong
hoa va da goc cling dugc xay dung dé cung cap
thong tin ho trg cho viée danh gia khoang hoa.
Cac truong di thuong dia hoa cia cac nguyén
td chi thi duge xac dinh thong qua viéc 1ap ban
dd duong dang tri voi cac mirc ham luong
khac nhau, phi hop véi nén dia hoa va gia tri
di thuong cuc bo. Két qua xtr I thong ké duoc
str dung dé xac dinh gia tri nén dia héa theo
gia tri trung binh dia phuong va lya chon céac
ngudng di thuong bac mét (mean + 1 SDEV),
béc hai (mean + 2 SDEV) va bac ba (mean =+ 3
SDEV) (Bang 4, Hinh 4), trong d06, gia tri
trung binh va d6 léch chuan (SDEV) dugc tinh
toan theo phuong phap bién ddi hinh hoc.



Bang 4. Di thirong ham heong Sn, W khu viee Pong Van dua trén ngueong di thuong dwoc tinh theo do

1éch chuén tinh todn, do léch chudn ly thuyét, do léch chudn xde sudt

Nguyén to Phuong phip Giévtri Ph(‘)‘Ang, Di t{lwérng Di tl:u’(‘)'ng Di tl:u’(‘)'ng Dl
(ppm) vo nén bac 1 bac 2 bac3  thudong

Do 1éch chuén tinh toan

(CSD) 2,5 19 65 110 156 156
D6 léch chuan Iy thuyét

T 2,5 19 19 20 20 20

Sn (TSD)

Do 1éch chuén xac suét

(PSD) 2,5 19 38 57 76 76

Phan bd xac suat (PPD) 2,5 19 36 49 868 868
Do 1éch chuén tinh toan

(CSD) 1,3 19 81 142 203 203
D6 léch chuan Iy thuyét

W (TSD) 1,3 19 20 20 20 20
Do 1éch chuén xac suét

(PSD) 1,3 19 38 56 75 75

Phan bd xac suat (PPD) 1,3 19 37 75 856 856

Chii y: Gié tri vo Trai dat cia cac nguyén té chi thi (Sn"=2,5ppm, W*=1,3ppm) dugc ldy theo Fortescue

(1992).
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Hinh 4. Biéu do xudt hién cia Sn (4) va W (B) dva trén su"phan bé chiing & khu vue Pong Vin chi ra xdc
sudt ¢ ngudng di thuwong bdc 3 va gid tri phong (Hung, 2022)

Duya trén viéc thiét 1ap cac so do di thuong
dia hoa cua cac nguyén tb chi thi, két hop voi
cac tai liéu tham do dé kiém ching cac di
thuong dia hoa, ¢6 thé lya chon cac di thuong
dia héa lién quan dén khoang hoa va loai bo
cac di thuong khong lién quan dén khoang hoa
da kim.

Nhin chung, cac di thudng dia hoa cia cac
nguyén to Sn, W phan anh sy tip trung ciia
dong trong cac than quing thudc déi khoang
hoéa. Pham vi phan bo cta cac di thuong dia
hoéa ciia cac nguyén t chi thi thé hién rd su tap
trung tai khu vyc riéng biét (Hinh 5). Cac di
thuong dia hoa thuong c6 dang ding huong
hodc hinh elip keo dai theo phuong tay béc -
dong nam, phu hop v6i phuong phat trién cuia
d6i khoang hoa. Hau hét cac di thuong dia hoa

tring khép v6i khu vic phan bd cta hé tang
DPong Ping va hé ting Song Hién. Quy mé cac
di thuong dia hoa kha 16n véi hinh thai phtic
tap, didc biét cac di thuong dia hoa cia dong
nam gan doi khoang hoa, phan anh sy hién
dién cua cac than quang. Trong khi d6, cac di
thuong dia hoa khong lién quan dén khoang
héa thuong 1a két qua cua sy tich ty thr sinh
cuc b, tap trung trén cac sudn dia hinh thép
va chiu d&nh hudng manh cta hinh thai dia hinh
hién tai.

4.2.2. Phén tich bé mdt Trend

Dua trén két qua thu thap mau kim loai ctia
toan bo khu vuc (890 mau), nghién ctru nay da
xay dung cac mo hinh bé mit Trend bac mot,
béc hai va bac cao hon cho cac nguyén td Sn,
W. Cac mo6 hinh nay dwgc coi la chi thi truc
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tiép hodc gian tiép trong cong tac tim kiém
khoang hoa da kim tai khu vyc Béng Van. Két
qua thiét 1ap mo hinh bé mit Trend va cac mé
hinh lién quan phu hop véi cac nguyén t6 chi
thi (Bang 5). Céc di thuong dia hoa, so dd xu
huéng va sai 1éch xu hudng ctia cac nguyén to
dugc v& bang phan mém Surfer 13.0 (Hinh 6).

Két qua kiém dinh murc do phu hop cua cac
mo hinh bé mit Trend ddi voi cac nguyén td
chi thi dwa trén hé sé twong quan bdi dugc
trinh bay trong Bang 5 & 6. Hé s6 twong quan
boi ciia mo hinh bé mit Trend déi véi cac

nguyén t& Sn, W nhin chung dugc tinh trén
0,4, dac biét dat t¢i 0,8 ddi véi nguyén t6 Sn.
Céc két qua nay cho thay mé hinh phan anh tét
mirc d6 phu hop cia xu hudng dbi véi cac
nguyén to chi thi. Phan tich bé miat Trend cho
thdy su thay ddi gitta cac mo hinh xu hudng
bac mot, bac hai, bic ba va bac bdn khong c6
su khac bi¢t 16n (Bang 5). Ngoai ra, cac thay
d6i tuyén tinh trong bé miat Trend va phuong
trinh Trend duoc thé hién rd trong su bién dbi
khong gian clia cac nguyén t6 trong khu vuc
nghién ctru.
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Hinh 5. So' d6 phin bé cdc dj thuong Sn, W (ngu ¥ trién vong khodng héa) 6 khu vue Pong Van (Hung, 2022)
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Hinh 6. Bé mat Trend bdc 1 cua su tdp trung ham heong Sn (%) (4), W (%) (E); Bé mat Trend bdc 3 ciia
sw tdp trung ham leong Sn (%) (B), W (%) (F); Bé mdt Trend bdc 4 cua sy tap trung ham lwong Sn (%)
(C), W (%) (G); Ma trdn phan duw ciia cdc nguyén t6 Sn (D), W (H)

Bdng 5. M6 hinh bé mdt Trend ciia ham lwong cdc nguyén té Sn, W

Nguyén Bé mit .
< : Ph trinh T
t6 (ppm) Trend wong trinh Trend
Bacl Sn=1261,61-38,66X-47,81Y
Bac2  Sn=-8501,35+3770,95X — 14565,28Y — 114,09X? + 380,56 XY + 438,65Y?
Biac 3 Sn =-33524804,44 + 3850964,52X + 377762,80Y — 143154,25X* - 68795,31XY
Sn 4 +91012,62Y% + 1734,38X3 + 1828,36X%Y —2243,53XY? - 2029,46Y?
Sn=-181053084,88 + 13251575,46X — 20676334,45Y — 10120,56X> +
Bic 4 2044594,64XY +4424424,01Y2 - 15816,37X> — 84205,79X%Y — 223426,74XY?
4c —244222,96Y3 +229,21X* +2062,51X3Y — 2594,35X?Y? +23572,12XY> —
16125,64Y*
Bacl W=1968,51 -63,11X-62,00Y
Bac2 W =-116414,86 + 13594,20X — 21122,80Y — 326,17X%+ 571,37XY + 591,84Y?
Biac 3 W =-43218152,97 + 4850691,92X + 987865,90Y — 179482,80X2 — 91904,22XY
W 4 +33022,87Y% +2186,95X3 + 2065,88X%Y — 1228,98XY? - 68,54Y
W =-177182997,00 + 13198265,23X — 21375674,56Y — 15268,50X> +
Bac 4 1940889,54XY +4758317,56Y2 — 15174,55X> — 85609,13X*Y — 190951,63XY?

—334108,35Y3 +228,05X* + 1907,35X3Y — 1494,54XY? + 18106,14XY> -
5627,95Y*

Bdng 6. Sw phi hop ciia cdc mé hinh Trend doi véi cdc nguyén t6 chi thi

Théng sb Sn Bac1 Bac 2 Bac 3 Bac 4
' ,Sl_r'blen ho? chung fheo 1841280.28
gia tri quan sat thuc té (SSt)
Swbién héa theo mo hinh Trend 3329559 74490,19  94221,38  1202357,59

(SSr)

Do léch su bién hoa bé mat

tru via gitra Trend va thyc té (SSp)

Sy phu hop ciia bé mit Trend
(100R?)

Hé sb twong quan (R)

1807984,69 1766790,09 1747058,90 638922,69

1,81 4,05 5,12 65,30

0,13 0,20 0,23 0,81
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Théng s6 w Bic 1 Bic2 Bic3 Bic 4
' ’SL_r.b1en ho? chung fheo 3324742.89
gia tri quan sat thuc té (SSt)
Su bién héa theo 63813,05 151449,.84 15851824  554080,73

md hinh Trend (SSr)
Do 1éch sy bién hoa bé mit
tru via gitra Trend va thyc té (SSp)

Sy phu hop cta bé mit Trend
(100R?)

Hé s6 trong quan (R)

3260929,83 3173293,05 3166224,65 2770662,16

1,92 4,56 4,77 16,67

0,14 0,21 0,22 0,41

Dé lwa chon md hinh bé mit Trend t6i uu,
nghién ctru nay xem xét sy phu hop cua phuong
trinh Trend va hé s6 tuong quan. Két qua cho
thay voi phuong trinh Trend bac 4 sy phi hop
ctia phuong trinh Trend va hé s6 twong quan cao
nhét (Bang 6). Do d6, nghién ctru da str dung mo
hinh bé mit Trend bac bon di v6i cac nguyén
t6 Sn, W tai khu vuc Dong Vin,

Mo hinh d¢ 1éch Trend hay mo hinh Trend
du cta timg nguyén té chi thi cling dugc xay
dung, phan anh murc do thay doi cua nguyén to
chi thi tai ting diém kiém soat so véi méd hinh
bé mit Trend. Ban dd d6 léch Trend giup xac
dinh tuong ddi cac khu vuc c¢6 ham lugng
quing cao. Vi tri ciia cac diém quing da biét
phu hop véi cac khu vie ¢6 d6 1éch lon (Hinh
6). Mot s6 khu vue c6 ham lwong nguyén té cao
nhung chua c6 biéu hién khoang san xung
quanh; do do, nhiing vi tri nay c6 kha nang la
trong tAm trong cac budc nghién ciru tiép theo.

* Y nghia théng ké cua phan tich Trend

Sau khi xac dinh phwong trinh bé mat
Trend, thong 1¢ 14 kiém dinh y nghia théng ké
ctia n6. Dua trén tong binh phwong, viéc tinh
phuong sai va phan tich phuong sai (ANOVA)
bang kiém dinh F cho phép danh gia ¥ nghia
théng ké ctia bé mat Trend. Két qua phan tich
phuong sai (ANOVA) trong trudng hop nay
dugc thé hién & Bang 7.

K3 thuat phan tich phuong sai ¢6 thé hitu ich
trong viéc lya chon bac cua bé mat Trend. Bang
7 thé hién két qua kiém dinh F qua cac budc, tir
bac 1 1én béc 2, tu bac 2 1én bac 3, va tir béac 3
1&n bac 4. Gia trj kiém dinh F tinh toan dé dénh
gia muc d6 cai thién dé khdp khi chuyén tir bac
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r 1én béac r+1 s& tiém can 1,0 néu phﬁn du cua
bé mit Trend c6 phan bd chuan va it twong
quan. Pi véi nguyén té Thiéc (Sn) mo hinh
béc 4 cho gia tri R? cao nhat (65,30%), ching
t6 kha niang giai thich bién dong dir lidu vuot
trdi so v6i cac bac thap hon; hé s trong quan
béc 4 dat R = 0,81, thé hién mdi quan hé manh
giita mo hinh va dir liéu thyc té. Phan tich
ANOVA cho gia tri F-test cia m6 hinh bac 4 (F
=117,35) 16n hon nhiéu so véi gia tri téi han
Fo0s) = 1,70, khing dinh tinh ¥ nghia théng ké
(p < 0,05). BO léch (SSp) giam manh tir
1807984,69 (bac 1) xuéng 638922,69 (bac 4),
cho thiy mo hinh bac 4 giam thiéu sai s6 hiéu
qua. Do vay, viéc chon mo6 hinh Trend bac 4
cho Sn 1a hop 1y vi kha ning giai thich bién
dong cao va do chinh xac vuogt trdi.

Dbi v6i nguyén t6 Wonfram (W) mé hinh
béc 4 ¢6 R? cao nhit (16.67%), du thip hon so
v6i Sn nhung van thé hién su cai thién dang ké
50 voi cac bac thap. Hé s6 tuong quan bac 4 dat
R =0,41, cho thdy mbi quan hé trung binh giira
md hinh va dit liéu. Phan tich ANOVA cho thiy
gia tri F-test cia mo6 hinh bac 4 (F=311,81) 16n
hon 10 rét so voi gia tri toi han Fes = 1,70,
khang dinh y nghia thong ké (p < 0,05). Do léch
(SSp) giam tr 3260929,83 (bac 1) xuong
554080,73 (béc 4) cling thé hién su giam thiéu
sai s6. Diéu d6 goi ¥ viéc lya chon mé hinh
Trend bac 4 cho W do kha nang giai thich dit
liéu tot nhat trong cac bac dwoc khao sat, du
hiéu suat thap hon so v&i Sn. Pang luu v, két
qua nghién ctru ciing thé hién mé hinh béac 4 cho
Sn ¢6 hiéu suit vuot tréi hon han so véi W,
phan anh sy khac biét trong tinh chat phan b



dia hoa cuia hai nguyén t6 nay trong tap dit liéu
(Bang 6 & 7).

Bdng 7. Phdn tich phuwong sai (ANOVA) va kiém dinh y nghia ciia be mdt Trend tir bic mét dén bdc bon
duwoc ap dung cho ham lwong cac nguyén to chi thi Sn, W

x . Téng . Binh phwong
Nguon phuong sai . Bac tu do . F-test  F(.05
binh phuwong trung binh
Nguyén té Sn
Tong binh phuong
X 1841280,28 890-1=889
toan phan (SSr)
Bé& mit Trend béac 1 (SSr1) 33295,59 2 16647,79 018 301
D9 léch Trend bac 1 (SSp1) 1807984,69 890-2=888 2036,02 ’ ’
Bé mat Trend bac 2 (SSk2) 74490,19 5 14898,04 T4 2
Do léch Trend bic 2 (SSp) 1766790,09 889-5=884 1998,63 ’ ’
Hbi quy d ia t3
o quy do s gla tang 41194,60 5-2=3 13731,53 687 2,61
bac tu do (SSr2-1)
Bé mat Trend béc 3 (SSks) 94221,38 9 10469,04 sr 180
D6 1éch Trend bac 3 (SSps) 1747058,90 888-9=879 1987,55 ’ ’
Hbi quy d ia t3
o quy do s gla tang 19731,19 9-5=4 4932,80 248 238
bac tu do (SSr3-2)
Bé mit Trend bac 4 (SSka) 1202357,59 14 85882,69
11735 1,70
D9 léch Trend bic 4 (SSps) 638922,69 887-14=873 731,87
Hoi quy do sy gia ting
X 1108136,21 14-9=5 221627,24 302,82 2,22
bac tu do (SSra-3)
Nguyén té W
Tbng binh phuong
e 3324742,89 890-1=889
toan phan (SSr)
Bé mat Trend bac 1 (SSki) 63813,05 2 31906,53 0.6 301
Do léch Trend bac 1 (SSp1) 3260929,83 890-2=888 3672,22 ’ ’
Bé mat Trend béc 2 (SSk2) 151449,84 5 30289,97
844 222
D9 léch Trend bic 2 (SSpy) 3173293,05 889-5=884 3589,70
Hoi quy do sy gia ting
X 87636,79 5-2=3 29212,26 8,14 2,61
béc tu do (SSr2-1)
Bé mit Trend béc 3 (SSks) 158518,24 9 17613,14 igo 18
Do léch Trend bic 3 (SSps) 3166224,65 888-9=879 3602,08 ’ ’
Hbi quy d ia t3
orquy co swgta tang 7068,40 9-5=4 1767,10 049 238
béc tu do (SSrs-2)
Bé mit Trend béc 4 (SSka) 2770662,16 14 197904,44 sl 170
D6 1éch Trend bac 4 (SSpa) 554080,73 887-14=873 634,69 ’ '
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Hoi quy do sy gia ting

R 2612143,92
béc tu do (SSra4-3)

14-9=5 522428,78 823,13 2,22

Nhin chung, cac mo hinh bé mit Trend méd
ta sy thay doi tuong ddi trong ham lugng ciia
cac nguyén td chi thi va co thé dugc xem 1a
pht hop (hé sé tuong quan boi (R) > 0,3)
(Bang 6). Tuy nhién, mé hinh bé mit Trend
bac bon ddi voi cac nguyén t6 Sn, W ¢6 thé
duoc coi 1a phu hop nhat véi dir liéu ham
luong Sn, W (R > 0,4). Cac mo hinh nay co
thé duogc sir dung dé nghién ctru di thuong dia
hoéa va phén tich Trend tap trung cta cac
nguyén t6 chi thi Sn, W. Do d6, mé hinh bé
mit Trend bac bdn hd trg hiéu qua trong viée
xéc dinh cac khu vie ¢6 cdu tric di thuong xu
huéng, vi tri quing, va cac diém c6 ham luong
cao, tir 6 nang cao hi¢u qua cong tac tim kiém
khoang san Sn, W khu vuc Dong Vin, Déng
Bic Viét Nam.

Két qua khoanh dinh cac di thuong dia hoa
dua trén két qua phan tich théng ké va mé hinh
Trend (Hinh 5 & 6) cho thiy sy phu hop nhit
dinh voi két qua tim kiém khoang san cua cac
nghién ctru trude (Truyén va nnk, 1977; Thing
va nnk, 1988). Ngoai ra, nghién ctru cling chi
ra thém dugc mot sb dién tich khac co di
thuong khoang hoa Sn, W; déy la nhimg khu
vue can dugc cha y nghién ciru, kiém tra trong
thoi gian toi.

5. Két luan

Trén co sé 890 mau dia hoa, nghién ctru
nay da ap dung cac phuong phap phan tich
thong ké va Trend dé danh gia khoang hoa da
kim trong cac khu vuc Dong Vin, Pong Bic
Viét Nam. Cac két luan chinh duoc rat ra nhu
sau:

Két qua phan tich tan sudt xuat hién cho
thdy rang Pb, As, Bi, Li, Sn, W, Ta, Ce, Ag,
Sb va Be c6 mbi lién h¢ chat ché voi quang da
kim. Diéu nay ngu y rang cic nguyén t6 nay
¢6 thé duoc sir dung nhu cac nguyén t6 chi thi
tham do cho khoang hoa da kim. Hon nira, cac
di thuong 16n vé Sn va W da dugc xac dinh
trong khu vuc Dong Vin, cung cap ‘nhiing chi
dan quan trong nhat cho viéc tim kiém khoang
hoa da kim trong khu vuc. Két qua nghién ctru
trudc cling cho phép chia cac nguyén t6 trong
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cdc miu bun d4y thanh hai nhém: nhém lién
quan dén khoang hoa da kim (Be-Sn-W-Bi, &
murc do thép hon 1a cac nhom Li-Pb); va nhém
khong lién quan dén khoang héa (As-Cd-Sc-
Cr-Ce-La, Co-Ni-V va cac nhom Ga-Ge-Ba).

Phan tich Trend va sy phan b ciia cac viing
di thuong cuc bo doi v6i cac nguyén t6 chi thi
cho thay cic yéu té dia phuong cia Sn, W ¢6
su tuong ddng, phan anh mdi quan hé mat thiét
gitra khoang hoa da kim vé6i hé thong dut gdy
phuong Tay Bic - Pong Nam va cac khéi
granit trong khu vuec.

Cu01 cung, két qua phan tich thong ké dia
hoéa mau tram tich day cho thiy tiém ning
dang ké trong viéc tim kiém khoang héa da
kim nhé mdi lién hé véi céc di thudong cuc bo
dugc xac dinh trong qua trinh xir 1y thong ke.
Bén canh do, nghién ctru cling chi ra kha nang
t6n tai moéi twong quan khong gian tich cuc
giita sy xuat hién ciia khoang héa da kim vai
céc chi tiéu dia héa Sn, W. Diéu nay phu hop
v6i két qua phan tich thong ké cling nhu viéc
xéac dinh cac khu vuc trién vong dua trén gia
tri ngudng cua tap du heu dia hoa va phan tich
xu thé cua cac nguyén t6 chi thi.

L&i cam on

Bai bao dugc hoan thanh nho su hd tro cua
cong trinh diéu tra thim do quing sa khoang
thiéc - vonfram tai khu vuc Ta Phin va Ta Co
Van, xd H6 Quéang Phin, huyén Dong Van,
tinh Ha Giang do Lién doan dia chit Dong Béc
thuc hién.
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Summary

Analysis of Geochemical Data for Identifying Sn and W Anomalies in the Dong Van Area,
Northeastern Vietham

Khuong The Hung'*, Ngo Xuan Dac?, Do Van Vien®
! Hanoi University of Mining and Geology. 18 Pho Viem, Duc Thang, Bac Tu Liem, Ha Noi
2 Vietnam Institute of Geosciences and Mineral Resources. 67 Chien Thang, Van Quan, Ha Dong, Ha Noi
3 North-East Geology Division. Duong Canh Mang Thang Tam, Trung Thanh, Thai Nguyen
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Dong Van is an area that is assessed to have potential for polymetallic mineralization in the Northeast
of Vietnam. A total of 890 geochemical samples of bottom mud sediments were used to study polymetallic
mineralization, thereby identifying Sn, W anomalies in the area. In addition, statistical analysis helps to
identify geochemical anomalies in the Dong Van area. Statistical methods and cluster analysis of
geochemical data show that the elements Pb, As, Bi, Li, Sn, W, Ta, Ce, Ag, Sb, and Be are good indicator
elements, in which the elements Sn, W follow a geometric distribution. Based on the 3-sigma rule, the
geochemical anomalies in the content of Sn, W elements reflect the concentration of Sn, W mineral bodies
in the area. Trend analysis was applied to determine the spatial variation and relationship between the
searched indicator elements and the anomalous areas, which showed that the relative changes in the content
of the indicator elements and they can be considered regular. Furthermore, the fit of the Trend functions
obtained from the Sn, W elements followed the fourth-order Trend surface model. This result shows that
the Trend models can be useful in studying geochemical anomalies and that the Trend analysis helps to
determine the concentration areas of the indicator elements in the Dong Van area. In addition, the statistical
analysis shows significant potential in using bottom mud sediment samples to investigate polymetallic
mineralization. In addition, the geochemical data can help to evaluate the geochemical anomalies of the
indicator elements and map the mineral prospectivity of the Dong Van area, Northeast Vietnam. Keywords:
Sn-W mineralization, statistical evaluation, Dong Van, Vietnam.
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