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Tom tit ;

Khoang san di kem-KSDK (nghia rong) hay kim loai di kem (nghia hep) la
nhirng khoang chdt tw nhién di kem véi cac khodng san chinh trong cdc tu khodng
cu thé, ma tai mot thot diém nao doé dwoc khai thac hodc chua dwoc khai thic do
Iy do kj thudt, kinh té, hodc do nghién ciru phat hién chwa day di. Nhiéu nudc coi
KSPK nhu la nhimg san pham phu (by-product) nham nhan manh y nghia kinh té
(thuc tién) cua khdi niém khoa hoc nay.

Theo thong ké trong tai nguyén khoang san Viét Nam (Trdn Vin Tri va nnk,
2000), ¢ Viét Nam c6 tat ca 73 mo va diém mo chi-kém thugc cdc nguon goc khac
nhau. Hau hét ching déu thuge loai mo nhé va trung binh voi tong trir luong tai
nguyén khoang 97 triéu tan. Chung phan b6 chii yéu o cac tinh mién nui phia Bic
Viét Nam, ddc biét tdp trung nhiéu & cdc tinh: Bdc Kan, Ha Giang, Tuyén Quang,
Thai Nguyén, Lai Chdu,... Lién quan voi cdac khoang san chinh la cac nguyén 16
khac nhie Ag, In, Bi, Cd,... Bdo cdo trinh bay cdc két qua nghién ciru vé thanh
phan di kém trong cdc mo chz kém mién Béc Viét Nam véi muc tiéu dva ra nhitng
khuyén nghi ban dau trong viéc su dung hop ly tai nguyén khoang san cua nuwcc
ta.

Abstract:

By-products (in general) or associated metals (in particular) are associated
minerals or elements with major ore products. There are about 73 lead-zinc mines
of different origins in Vietnam, in which associated by-products have not been
investigated. The paper presents newly research results on ores from lead-zinc
mines of North Vietnam, aiming to propose initial suggestions in sustainable uses
of mineral resources of Vietnam.

1. Mé déu
Khoang san, vé ban chét dia hoa, thuong 14 phitc hop (complex) ciia mot hoac vai
khoang vat chinh (hoac nguyén té) va cac khoang vat (hoac nguyén t6) dugc goi la di kém. Vi
du: trong cdc mo quang kim loai nhom sat (kim loai den-sdt, mangan, crom) thuémg ¢6 Ti, V,

Co, Zn, S, P. Trong cac mo quang kim loai mau thuong c6 Sn, Ni, Co, W, Mo, céac kim loai
quy hiém (Au, Ag, Pt, Pd...)) va nhiéu kim loai hiém khéc.
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Khoéng san di kém (nghia rong) hay kim loai di kem (nghia hep) la nhung khoang
chdt tu nhién di kem véi cac khoang san chinh trong céc tu khoang cu thé, ma tal mot thoi
diém nao dé duoc khai thac hoac chua dugc khai thac do ly do ky thuét, kinh té, hoac do
nghién ctru phét hién chua diy du. Noi dung cua khéi niém khoang san di kém hoan toan
tuong duong voi nd1 dung cua khai mem khoang san thu yeu (by-product). Tuy thudc vao
mirc do tien bo khoa hoc k¥ thudt, nhu cu sir dung va két qua nghién ciru, khodng san di kem
c6 thé trés thanh khoéang san chinh va nguoc lal.

Viéc nghién ciru va du béo trién vong khoang san di kém rat ¢ y nghia, khéng nhing
lam tang hiéu quad kinh t€ cua cong tac khai khoang ma con gitp dinh hudng cac céng nghé
khai thac, tan thu phu hgp nham phuc vu sir dung hop ly tai nguyén va bao vé moi trudng.
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Hinh 1. Phdn bé mét s6 mo chi — kém chinh vung Dong Bdéc Viét Nam

Theo thong ké trong Tai nguyén khoang san Viét Nam (Tran Van Tri va nnk, 2000), &
Viét Nam c6 tat ca 73 mo va diém mo chi- kém thudc cac ngudn goc khic nhau. Hau hét
chung déu thude loai mo nho va trung binh voi tong trit lvong tai nguyén khoang 97 triéu tan.
Chuing phan bé chu yeu & cac tinh mién nti phia Bac Viét Nam, dic biét tip trung nhiéu & cac
tinh Dong Bic nhu: Bic Kan, Ha Giang, Tuyén Quang, Thai Nguyén, Lang Son,..(hinh I).
Trong nhing nam trudce day, viéc nghién ciu danh gia trién vong clia cac nguyén té di kém
con chua duge quan tdm dung muc. Rét nhiéu mo di duge khai thac tir hang tram nam nay
nhu Cho Pién, Cho Don song cho dén nay san pham cua khai thac va ché bién quang chu
yéu van la cac nguyén to quéng chinh (chi, k€m). Cac nguyén to di kém trong quang chi (bac),
kém nhu In, Cd.. hau nhu chua duge dé cap dén. Cong tac tuyén, luyén quang con yéu, phan
I6n 1a xuat tinh quang thanh phim ma trong do, gia tri cua cac nguyén tb di keém trong quing
chinh khong dugc tinh dén. Viéc nghién ciu cac thanh phan di kem nham lam tdng gid tri cua
quing, dinh hudng stir dung cong nghé tién tién hon 1a mét yéu ciu cép bach dat ra hi€n nay.
Bai bdo trinh bay cac két qua nghién ciru mai vé thanh phan di kém trong mét sé mo chi —
kém dién hinh ¢ Pong Bac Viét Nam nhim cung cdp mét cii nhin méi, danh gid méi vé
nguén tai nguyén kim loai co ban cua Viét Nam,
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I1. Dic diém dia chat va quiing hoéa chi - kém MBVN

Hién nay ton tai hai quan diém chinh vé kiéu mo (thanh hé quang) chi- kém (da kim) ¢
Viét Nam:

_ Cac mo chi - kém Viét Nam thudc vé cac kiéu quing da kim nhiét dich nhiét do tu
trung binh dén thap lién quan dén cac hoat dong magma granitoit thoi ky hoat hoa magma-
kién tao MZ-KZ [Nguyén Vin Nhan, 1983].

- Cac mo chi - kém Viét Nam thudc vé hai nhém mo chinh: nhém mo dang 16p (nhiét
dich - trAm tich, gia tang), thuong 1a da nguon gdc va da chu ky thanh tao, lién quan dén dai
sinh khoang Hecxini va nhom mo nhiét dich nhiét do trung binh- thap, lién quan toi cac hoat
déng magma granitoit thoi ky hoat hod MZ-KZ [Dinh Vin Dién, 1983, Tran Vin Dirong,

V.V. Ratkin 1983, 1990].

Tuy nhién, theo cac tai liéu nghién ciru mdi (trong d6 c6 cac tai ligu cua tap thé tac
gia), bai bao su dung kiéu phan chia céc loai hinh khoang héa chi ké€m trén co s¢ cac dau hiéu
vé ngudn gdc va da vdy quanh [7ai nguyén khoang san Viét Nam, 2000] . Cac mau thu thap
nghién ciru thudc cac mo Cheg DPdn, Cho Dién, Lang Hich, Na Son, ndm trong céc kiéu quang
hoa sau:

* Quing hoa chi kém trong cac da luc nguyén- carbonat:

Cac mo Pb-Zn déu phan bd trong cic cau tric ubn nép bao quanh khoi nang Song
Chay. Phan 16n quang hoa tép trung trong cac nép 16i dia phuong. Cac cu tric ndy thudc &
phan ven ria cua dai ubn nép ria craton Duong t. Hoat dong magma & khu vuc nay chu yéu
thudc vé giai doan Permi — Trias, dugc coi la hoat dong bién cai ven nén lién quan téi plume
Emeishan.

- Quang hoa sphalerit-galenit-pyrit kiéu Cho Pén, Cho Pién:

Quang hda tap trung trong cac da tram tich luc nguyén - carbonat, chi yeu 1a trong da
vo1 phén 16p, dd voi dolomit ¢6 xen cac 1op da phién thach anh- sericit & phan trén va dudi
ting da voi chua quang hodc ranh gidi gitra da voi va da phlen sericit. Cac than quang dang
via, thau kinh ciu tao dac sit hoac xam tan day voi thé nam chinh hop vai tang da voi chua
chung (phuong vi huong déc va goc cam cua than quang gan nhu trung véi thé ndm cla tang
da voi).

Tap hop khoang vat quing dic trung gém: galenit, sphalerit, pyrit, arsenopyrit;
khodng vat mach la canxit va thach anh. Trong galenit chita Ag v6i ham lugng 2,7kg/Téan
[Trdn Van Tri va nnk, 2000].

- Quang hod galenit-sphalerit kiéu Lang Hich:

Cac mo va diém quang thudc kiéu nay phan bé trong cac da luc nguyén - carbonat c6
tudi Paleozoi va Mezozoi & cac ving Lang Hich (Thai Nguyén), Y Nhan (Tuyén Quang)...
Cac d4 carbonat dugc thanh tao trong bdi canh ria luc dia thu dong [Tran Van Tri va nnk,
2000]. Quéang hoa chi-kém c6 khi chua ca barit thuong gap dudi dang 16p trong dd carbonat
va c6 khi dang xuyén cat, nhung bao gio ciing duoc khdng ché trong tang da carbonat.

Thanh phian khodng vat quing bao gdm: sphalerit, galenit, pyrit, it arsenopyrit,
chancopyrit. Ham luong trung binh cua cac kim loai nhu sau: Zn—7,71%; Pb-3,46%; Cd-
0,051%.

* Quing hoa chi kém trong cic da tram tich - nui lira:

- Quang hoa galenit-sphalerit-chancopyrit-pyrotin kiéu Na Son:
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Cac mo va diém quang kiéu nay phan bd trong mét ria luc dia tich cuc cua vi luc dia
Viét Bic tudi Paleozoi [Tran Van Tri va nnk, 2000] dugc lap day bdi cac thanh tao da vou
silic, d4 phién sét silic va trdm tich-nti lua thanh phan trachyryolit, ryolit thudc hé tang Phia
Phuong (S2-Dpp). Ching bi cdc xam nhép syenit porphyr, granosyenit thugc phurc hé Pia Ma
tudi Paleozoi sém-giita va cac dai mach ¢6 cung thanh phan xuyén cat.

Quang hoa trong vung rat da dang, cung Vol chi-k&m la sat, pyrit-pyrotin; thuong thi
co su chuyen tiép ludn phién (tr dudi Ién) la: sat, pyrit-pyrotin va trén cung la chi-ké€m. Cac
mo va diém quing cua kiéu quing hoa nay gdm: Na Son, Ha Vinh, Sang Than, Suéi Thau,
Ban Lin, Ta Pén, Khudi Man, Liing Liém, Liing Pang... tao thanh mét déi kéo dai theo
phuong TB-DN dai hang tram kilomet trung v&i phuong cua céu tric chung. Trong s6 cac mo
va diém quing trén thi hai mé Na Son va Ta Pan da duoc thim do danh gia trit luong.

Mo Na Son (huyén Vi Xuyén, Ha Giang) bao gdm hai déi quang:

- 61 quang thir nhét la mét déi khoang hoa dang tang voi cac dau hiéu ve ngudn goc
nhiét dich-trAm tich dong sinh vdi cac khoang hoa sit va pyrit- pyrotin. C6 the xép déi quang
thir nhat & mé Na Son vao kiéu khoang hoa conchedan-da kim nguén gbc nhiét dich-trdm
tich. O ddy c6 4 than quing dang tang, via nam trong tap da carbonat xen phun trao kiém. Cac
than quang chi-k&m keéo dai hang ngan mét theo phuong a vi tuyén, chiéu day tir vai mét dén
vai chuc mét. Ham luong kim loai phd bién & mic: Zn-4,11%; Pb-1,54% [Trin Van Tri va
nnk., 2000].

- Ddi quang hai 1a mot than quang dang mach xuyén cit cac da carbonat kéo dai theo
phuong tay bac, chiéu dai 800m, day 10-20m. Thanh phan khoang vat quang goém: pyrit,
pyrotin, galenit, sphalerit, chancopyrit; khoang vat thu yéu gém: chancozin, bornit, quang
ddng xam, enargit, prustit, canfindit. Quing ¢ cau tao khéi, xdm tan. Ham luong kim loai c6
ich phd bién 6 mirc: Pb-20%, Zn-4%; Ag-1600g/T.

II1. Mau thu thip va phwong phap phan tich

Pé danh gia chi tiét va toan dién vé cac thanh phan di kém trong quang chi kém, cac
mﬁu nghién ciru duge thu thap tr cac mo Cho Pdn, Cho Dién, Lang Hich va Na Son, bao
gém céc loai sau: 1/ Mau quing nguyen khai; 2/ Mau tinh quang chi (Pb); 3/ Mau tinh quang
k&m (Zn); 4/ Mau dudi thai sau khi tuyén; va 5/ Mau hé thai tuyén.

Céac mau thu thap dugc gia cong tai Vién Dia chat — Vién KHCN VN. Bot mau duoc
gui di phan tich bang phuong phap ICP-OES va ICP-MS tai Trung tdm phan tich - Vién Dia
chét va Khoang vat hoc Novosibirsk — Vién Han lam Khoa hoc Nga va Actlabs Canada.

IV. Két qua nghién ciru vé thanh phan di kém trong quing chi — kém MBVN

Ham luong trung binh cua cac nguyén té chinh (chi, k&m) va cac nguyén t§ di kem
(Ag, As, Bi, Cd, Cu, Fe, Ga, Ge, In, Mn, Mo, Sb, Se, Sn, Te) trong quang nguyén khai, tinh
quang chi, tinh quang kém, dudi thai sau tuyén va thai hd ruyén thudc cac mod khu vuc Cho
bién, Cho Dén, Lang Hich va Na Son duoc trinh bay trong bang 1.

Déi voi cdc thanh phan chinh trong quang la chi va kém, tuong quan ham luong gitra
chi va kém c6 nhirng dac trung riéng biét, ty 1€ chi/kém thudc cac khu mo khac nhau dao dong
trong khoang rong. Trong quang nguyén khai, khu viee Cho Pén dic trung co ty 1€ Pb/Zn cao
nhét (3,65), cac khu vuc khac ty 1€ Pb/Zn thuong <1 (0,06: Cho Pién; 0,50: Lang Hich; 0.90:
Na Son, bang I). Cac $6 l1€u phan tich duodi thai sau tuyen va ho thai cho thay van con mot
lugng 1on chi va kém (bang 1) do khong thu héi hét duoc trong khéu tuyén (Pb: 2000 — 5000
ppm, Zn: 4000 — 7000 ppm), ca biét trong dudi thai va hé thai mé Lang Hich, ham lugng chi
va kém con kha cao (Pb: 14835 va 4788 ppm, Zn: 24731 va 12958 ppm) (bang 1). Nhu vay,
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cac hé thai tuyén ¢ cac khu mo can dugc coi nhu 1a mét ngudn tai nguyén thir cap va c6 thé
tai sur dung nhu mot ngudn quang nghéo khi co diéu kién trang bi cong nghé tuyén mai, tién

tién hon.

Cac nguyen 16 hiém di kem trong quang nguyén khai ctia cdc mé, ciing co nhing dic
trung riéng biét. Khu vue Cho Doén dic trung ¢6 ham luong Indi bac va bismuth cao nhat
(In=75.83 ppm, Ag=157.75 ppm, Bi= 99.08 ppm, bang 1, hinh 2). Quang nguyén khai cua
khu viuc Chg Dién dac trung bdi ham lugng tuong ddi cao cua cadmi (Cd = 527 ppm), ham
lugng bac va In trung binh (In = 15.38 ppm, Ag= 52.13 ppm, bang 1, hinh 2). Quang nguyén
khai cua Lang Hich c6 ham lugng cadmi cao nhat, 1én tdi 794 ppm (bang I, hinh 2), ham
luong bac trung binh (Ag = 51.6 ppm), Indi rat thap (In = 0. Ippm). So vai cac khu vuc trén,
quang nguyén khai cua Na Son déc trung bét ham lugng cadmi thap (Cd = 76.03 ppm), ham
lugng bac va Ga kha cao (Ag = 65.3 ppm, Ga = 33.4 ppm, bang I, hinh 2). Trong tinh quang,
ham lugng cua cac nguyén té di kem ciing tang cao ty [€ thuan voi cac nguyén t quang chinh
(bang 1). Trong tinh qudng chi, cac thanh phan di kém tap trung véi ham luong 1ém l1a bac
(Ag=100 - 148 ppm, bang 1), bismuth (Bi = 3.23 — 831 ppm, bang 1, hinh 2). Cac két qua
nghién cuu microzond va kinh hién vi dién tr quét mdi cuia dé tai cho thay su ton tai cua cac
bao thé khoang vat sphalerite, tetraedrite chira bac, bournonite chira antimony (Sb) va dong,
cassiterite va stannite chira thiéc trong galenite va sphalerit [Tran Tuan Anh et al., 2009].
Trong tinh quang ké&m, cac nguyén t6 dugc lam giau la In, Cd, va Ga (bang 1). Van con mot
lugng 16n cac nguyén to di kém trong dudi thai va hé thai, nhu In (Cho Pén: 8.5 ppm; Cho
Pién: 3.4 ppm), Cd (29 — 84 ppm, bang 1, hinh 2), bac (Ag = 4.85 — 27.59 ppm, bang 1, hinh
2). Mét diém dang chu y nira l1a trong dudi thai cua mé Na Son, ham luong Ga cao dang ké
(Ga = 37.57 ppm, bang I, hinh 2), cho thdy Ga & moé Na Son khéng di kem v6i tinh quang
kém. Cac két qua nay cho thdy cén c6 nhirng nghién ctru chi tiét hon vé thanh phan cac
khoang vat quiang, nham phuc vu cho dinh hudéng cac cong nghé thu hdi tét hon.

V. Mot 50 nhin dinh va két luan

Qua nghién ciru chi tiét vé thanh phan chinh va thanh phén di kém trong quang chi
kém tir cac kiéu mo khac nhau c6 thé thay rang:

I. Trong cac mo chi - kém mién Bic Viét Nam, ngoal thanh phan nguyén té quing
chinh con ¢6 chira nhiéu kim loai ¢6 ich, dic biét 1a kim loai hiém va quy hiém v6i ham luong
rat dang quan tam song con chua dugc nghién ciru danh gia ¢ muc do can thiét. V&1 xu hudng
ngdy cang tang nhu cau vé nguon nguyén liéu kim loai hiém va yéu cau su dung ton0 hop tai
nguy€n trén thé gidi, chung ta can day manh vigc dau tu trang thiét bi va trinh d¢ phén tich
nhim xac dinh rd hon trién vong cta ngudn loj tir khoang san di kém nay.

2. Lan déu tién da xac dinh dugc ¢ Viét Nam vé dang ton tai cia In trong quang chi -
kém, Ag, Sn, Sb. dang bao thé khodng vat trong quang. Ti ém nang khodng san di kem (In,
Cd, Ag,..) trong cac mo chi - k8m & mién Bac Viét Nam la rat kha quan, néu co cac bién phap

cong nghé thu hdi thich hop thi do 1a nguén tai nguyén quy bé sung dang ké vao ngudn tai
nguyén khodng san chung cua ca nudc.

3. Cac co nhing nghién ctru dénh gia déi véi cac day chuyén cong nghé tuyén khoang

hién tai dé ¢ nhimg b6 sung, diéu chinh va thay thé céng nghé thich hop nhim giam thiéu
thét thoat tai nguyén.
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4. Trong dudi thai va ho thai cta cac mo chi kém van con mét lugng kha cao cua cac
nguyén to quang va nguyén t6 di keém. Can phai coi cac hé thai cia cac mé 1a mét ngudn tai
nguyén thir cap cho tuwong lai, khi c6 diéu kién cong nghé phu hop, ¢6 thé tai khai thac.

5. Trong xu huodng sir dung téng hop tai nguyén trong giai doan hién nay, nghién ciru
khoang san di kem nham phat hién va danh gia mot cach day du hon vé trién vong kim loai
hiém- -quy hiém trong cac kiéu moé c¢6 y nghia khoa hoc va thuc tién quan trong phuc vu su
dung hop ly tai nguyén va bao vé moi truong. bay la huong nghién ctru can dugc day manh ¢
Vién KHCNVN do c6 nhitng uu thé vé trinh do, trang thiét bi va kha nang hop tac qudc té.

6. Can tang cuong diu tu nghién ciru cac cong nghé thu hdi thanh phan di kém cho cac
khoang san chinh ¢ Viét Nam.

V. Lol cam on

Bai bao la két qua nghién ctru cua dé tai khoa hoc cbng nghé cdp nha nudc
KC.08.24/06-10. Tap thé tac gia xin tran trong cdm on su giup d& cua cac doanh nghi€p khai
thac khoang san da tao diéu kién trong qua trinh khao sat thuc dia thu thap mau, Gs. Shunsho
ISHIHARA, Cuc DPia chit Nhat Ban, cac dong nghiép thudc Vién Dia chat va Khoang vat hoc
Novosibirsk — Vién HLKH Nga trong hop tic nghién ctru va phan tich mau.
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