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The Lo Gam structural zone is recognized as a crucial area for the
occurrence of lead-zinc deposits in Northeast Vietnam, encompassing the
distinguished territories of Cho Dien and Cho Don. Specifically, within the
Cho Don area, the Na Bop-Pu Sap area emerges as particularly
noteworthy owing to the considerable scale and quality of its lead-zinc ore
deposits. In order to comprehensively investigate the geological attributes
and lead-zinc mineralization phenomena prevalent in Na Bop-Pu Sap, a
suite of analytical techniques including petrographic analyses,
mineralogical examinations, scanning electron microscopy (SEM), and
ICP-MS were employed. Furthermore, stable isotope investigations and
single mineral sphalerite analyses were conducted to assess the origin of
metal constituents and the physicochemical conditions conducive to ore
genesis. The Na Bop-Pu Sap area is under the influence of the NW-SE fault
system, with the ore structure predominantly manifesting as bands and
veins aligned parallel to the foliations of hosted rock. This configuration
suggests a close association between the formation of lead-zinc ore and
the foliation processes occurring within the shear zones. The assemblage
of ore minerals within the region primarily comprises galena, sphalerite,
pyrite, pyrrhotite, and arsenopyrite. Integration of S and Pb isotopic
analyses alongside single mineral sphalerite assessments reveals that the
ore-forming solutions emanate from both magmatic activity and
sedimentary sources, with lead-zinc ore deposition occurring at
temperatures ranging from low to medium. Projections suggest that the
Na Bop-Pu Sap mining area may exhibit relative degrees of erosion
extending to depths of approximately 600 meters below the existing
terrain surface. This comprehensive examination of the ore
characteristics in the Na Bop-Pu Sap mine area yields invaluable insights,
thereby advancing our understanding of the potential for deep-seated
lead-zinc mineral resources within the Northeastern Vietnam.
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Boi canh dia chat, dic diém qudng héa va trién vong chi-kém
khu vuc Na Bop-Pu Sap, Cho Don, Pong Bac Viét Nam
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Ttr khéa:

Cho Don,

bic diém quing hoa,
Dong Béc Viét Nam,
Mo Na Bop-Pu Sap,
Trién vong chi-kém.

D& cdu triic L6 Gadm dwroc xem nhw mét trong nhitng khu vire quan trong vé
khodng héa chi-kém & viing Péng Bdac Viét Nam voi 2 ving noi tiéng, do la
Cho Pién va Cho Don. Trong viing Cho Pon, khu viec Na Bép-Pu Sdp dwoc
xem la mdt trong nhirng khu vurc cé quy mé va chdt lwong qudng chi-kém
ddng dwoc quan tdm. D€ nghién civu ddc diém dia chdt, qudng hoa chi-kém
Na Bép-Pui Sdp, cdc phdn tich thach hoc, khodng twdng, hién vi dién tir quét
(SEM) va ICP-MS dworc thwce hién. Ngodi ra, cdc nghién ctru dong vi bén va
phan tich don khodng sphalerit ciing dwoc téng hop phuc vu ddnh gid ngudn
kim loai va diéu kién hoa ly tao quang. Khu vwec Na Bép-Pu Sdp dwoc khéng
chébéi hé théng dirt gy Tay Bdc - Pong Nam (TB-PN). Cdu tao qudng dang
ddi va mach song song véi phién dd vdy quanh va phdt trién chu yéu theo
ranh gidi gitva cdc phién cho thdy qud trinh thanh tao qudng chi-kém lién
quan chdt ché dén qud trinh ép trwot ctia ddi truwegt trong khu vwe. T6 hop
cdc khodng vdt qudng trong khu vuec chii yéu gém galenit, sphalerit, pyrit,
pyrotin, arsenopyrit. Két quad téng hop tai liéu dong vi S, Pb va phdn tich don
khodng sphalerit cho thdy nguon dung dich tao qudng dén tir hoat dong
magma va dd trdm tich, véi nhiét dé tao qudng Pb-Zn thudc nhiét dé thap
dén trung binh. Mitc d béc mon twong doéi & khu mé Na Bop-Pu Sdp dw kién
6 thé ton tai dén dj sdu khodng 600 m so véi bé mdt dia hinh hién tai.
Nghién citu ddc diém qudng héa mé Na Bop-Pu Sdp cung cdp théng tin gid
tri va thiic ddy sw hiéu biét hon vé trién vong khodng sdn chi-kém dn sdu &
viing Péng Bac Viét Nam.

© 2024 Trwong Pai hoc Mo - bia chat. T4t ca cic quyén dwoc bao dam.

*Tdc gid lién hé

E - mail: khuongthehung@humg.edu.vn

1. Mé dau

Mbi mot kiéu mé hoidc nhém kiéu mé twong
dong dwgc nhian dang bdi dic diém dia chit-
quang héa. Do d6, nghién ctru dic diém dia chit-
quang héa cho phép xac 1ap md hinh nguoén goc
mo. Mo hinh nguén géc mo6 quang, nhw mét kiéu
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gidi thich sy xuat hién, ciu tric va phin bé quang
trong mot mé khoang. Diéu nay dwa trén tong hop
thong tin vé ciu tric va méi trueong thach hoc cta
mo quang, hinh thai thin quang, sy bién d6i nhiét
dé va tinh phan déi, nguén goc vat liéu va dung
dich tao quang, tudi da va quy luat hinh thanh
(Misra, 2000; Pirajno, 2009; Khuong va nnk,
2023b). Ap dung kién thic chi tiét tir nghién ctru
vé m6 hinh mé quang dac trung, ta ¢ thé str dung
né dé tim kiém mo6 quiang mdi, xac dinh loai
khoang san cu thé cin tim, dw bdo dic diém dia
chat va quy mé ctia mo, 1ap ké hoach dau tw va
chién lwgc tim kiém moé khodng cu thé, dic biét la
nhirng mo6 4n. M6t mo6 hinh mo khodng hoan chinh
c6 thé chi ra cac dic diém tir phan dinh dén phin
day ctia mé (nhw bién déi nhiét dich, ciu tric-kién
tao, sw phan tan cac nguyén t6 chi thi va nhiéu yéu
t6 khac), tir d6 cho phép xac 14p cac diu hiéu tim
kiém va dy doan kha nang ton tai quang hoa duwdi
siu. Nhitng hiéu biét nay la co sé ly ludn dang tin
cly cho viéc nghién ctru cic kiéu mo cling nhw ciu
tric khong ché quang hoa khu vue.

Quang chi-kém & Viét Nam tip trung nhiéu
nhit trong cic ciu truc dia chit Paleozoi ving
Dong Bac Bo, dic biét 1 trong c4u truc L6 GAm
hodc trén ranh gidi gitra cu tric L6 GAm va ciu
trdc Pha Ngit, ma vé mét kién tao thudc dai uén
nép ria khdi Bic Viét Nam-Nam Trung Hoa (Trén
va nnk, 2009; P6 va nnk, 2005; 2010; Tran va
nnk., 2004; 2010). Trong cac ciu tric nay, cac
thanh tao dia chat chira khodng hoda chi-kém la cac
hé ting tram tich carbonat, luc nguyén-carbonat
tudi Paleozoi sém-trung véi hang chuc tu khoang
chi-kém c6 quy m6 mo hodc diém quing phin bd
trong 2 vung quang cha yéu dwoc goi la ving
quang Cho Dién va Chg Pon. Trong d6, cdc mé Na
Bop-Pu Sap, Liing Vang, Ba B6, Na Tum thudc vé
vung quang Cho bon.

Theo mot s6 quan diém trudc day, chi-kém
khu virc Chg Pon lién quan véi cac da granit phirc
hé Phia Bioc (Nguyén, 1982; Nguyén va nnk,
2010). Trén co s& nghién ctru thach dia hoa, cac
thanh tao granit phirc hé Phia Bioc dwoc xép vao
nhém granitoid tao nui, thudc loai granitoid va
cham luc dia (CCG) (Hoang va Dwong, 2004), hoac
tham chi dwoc gin véi hoat dong magma lién quan
v&i plume manti (Nguyén va nnk,, 2002; Tran va
nnk, 2011). Tuy nhién, mét s6 nghién ctru gan day
lai cho rang quing chi-kém mo Na Bdp-Pu Sap c6
thé dwoc thanh tao lién quan ngudn goc véi cac da

granit & dwdi sau tudi co6 hon phirc hé Phia Bioc
(Tran va nnk, 2010; Khuong va nnk., 2023a).
Chinh vi vay, viéc nghién ctru chi tiét va toan dién
didc diém quang hoa chi-kém trong khu vuc gop
phan 1am sang t6 ngudn goc va trién vong khoang
san an, siu la can thiét.

Nghién ctru lwa chon khu vire Na Bop-Pu Sap
nhw mot khu vire chuén cho viéc nghién ctru dic
diém quang hoa (tip trung quing sunfua), mo
hinh nguén géc mé va du bio trién vong khoang
san dwdi sau, tir dé dinh hwdng cho cong tac tim
kiém, tham do khoang san chi-kém 4n, siu trong
khu vic Cho Don.

2. So irgre vé béi canh dia chdt khu vwee Chor Don
va khu mé Na Bop-Pu Sdap

Khu virc Cho P6n nam vé phia tdy nam tinh
Bac Kan, m6 Na Bop-Pu Sap thudc dia phan xa
Bang Lang, huyén Cho Don, cich thi trAn Bang
Liing vé dong nam ttr 3+3,5 km (Hinh 1).

Theo Nguyén va nnk. (1974), Tang va nnk.
(2016), khu virc Chg Dén ndi chung, mé Na Bop-
Pu Sap ndi riéng chi yéu bao gom tram tich luc
nguyén xen carbonat thudc phan hé ting duwdi, hé
tAng Coc X6 (D1-D2e cx1). Cac thanh tao trdm tich
c6 phuong kéo dai gan DB-TN, cim vé dong va
bong Nam vi goc déc thay doi tir 25+459.

Cac thanh tao ctia hé ting Coc X6 phan thanh
2 tap. Tap 1 (D1-Dze cxi1) dwoc phét trién & phia
tAy ciia Na BOp v&i thanh phén chid yéu la da phién
thach anh, thach anh-sericit. Tap nay c6 phwong
kéo dai gan BN, cAm vé dong, it chira cic than
quang chi-kém. Tap 2 (D1-Dze cx12) chiém hau hét
dién tich nghién ctru, bi phan ct béi nhiéu hé
thong ddt gay. Tap 2 gobm nhiéu 16p da voi bi bién
déi va thay déi theo thanh phén thach hoc tir dwdi
1én trén, gobm 8 16p da. Lop 1 dén 16p 8 c6 thanh
phan va ciu tric khac nhau, bao gobm da phién
thach anh, da vo6i, thach anh-sericit va khoang hoa
Pb, Zn.

Khu virc nghién ctru c6 hai hé théng dut gay
gom TB-DN va DB-TN. Hé théng dirt gdy TB-DN la
hé théng dirt gy 1o, cit qua cac tp da, tao thanh
khéi riéng biét. Dt gdy xuit hién trong ciu tric
da voi va tao diéu kién thuln loi cho viéc hinh
thanh cac mach Pb, Zn. Hé théng d&t gay DB-TN:
phat trién manh mé, bam sat dén toan bd ciu tric
mo. Hé théng nay 1am dich chuyén va phirc tap héa
cu tric mo va thin quang.
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Cl Hé dé tir khong phin chia: Cuoi, ting, dam, soi, san, cit, bot, sét, travertin

- Phitc hé Cho Don: Sienit, granosienit hat vita va nho

- Phiic hé Phia Bioc:Granit biotit dang phorphyr, granit biotit, granit aplit, pegmatit

- Phitc hé Viii Chisa: Gabro, gabrodiorit

Tap 2: Di voi, di voi bi hon héa mivw xim, xim den phin I6p mong den vitn
doi Khi co chita bitum, graphit, xen it phién voi - sét, vo silic, vi - sericit
4% chia ho &, chuyen tiep lén di hoa mau tring hat deu tir vira den kin, phin
£2 1o day den dang khoi, ciu fao soc i, 43 hoa dang di gom cic dai xim, iring.
i
l:] 32 Tap1: Di phicn voi ericit, xen phién sét - sericit,
i voi, di v silic m 1 den phin ip mong
Tap 4: Di phien thach anh-seric, cit ket, bot ket voi phan phicn,
D i phién séf voi 6 I6p chi graphit mau den xen it 1p, thiu kinh &4 voi
Sét, i voi dolomit phin 6p wong den vira.
Tap 3: Cit ket dang quazit, it bot ket mau xim sing xen di phien thach anh
¢ sericit, da phien thach anh - sericl - clorit xim xanh.

Tap 2: Di phien thach anh - sericit - clorit mau xim, xim luc, & phien silic den chuyen len d.
phicn thach anh sericit. D phien sericit graphit den xen cit bot ket, & phien silic voi sericit,
& voi sific phin giai, i voi sét phin kip mong.

Tap 1: D phien thach anh sericit xen cic I6p cit ket, c6 xuat hién eic p di voi mong

Khong lién tuc hoac dang thiu kinh, chuyén lén di phien thach anh - sericit - clorit

i xim, xim luc. Da phien silic den.

Tap 2: Da pien thach anh sericit, di phien sét sericit den xen di phien silic, cit ket,
bot ket, cit bot ket tuf, thau Kinh da voi, di voi sét

Ranh gidi dia chat: Dit gay: a- Xac dinh; b Du doin: - Bi phit
B a- Xiic dinh; b D doin A

) 5 . 2 Dong phong va goe doc cua bop (a),
2= vusrcipns siite VG| e

a Goc doc v hang dich E _F‘ ; :
20 | chuyén cia it giy | Domg mat cit dia chit
Do siu ton tai thin quang
| %% Tang di voi phin gii dinh dau gw 30m - chic chin
300m - du bio
LgZ”"| Tamgcit két dang quarzit dénh diu Di cau triic khong che quang boi chi-kem
khu vuie Cha Don (Sh
@ Thin quang chi-kém sulfua v s6 hiéu e o {Nenr: some)
Y1 awxic dinh; bedu doin

Than quang chi - kém oxit va so hiéu

Khu mé Na Bop-Pi Sip

Hinh 1. So d dia chdt khu vwre Cho Pon, Bdc Kan va vi tri mé Na Bép-Pu Sdp (Nguyén va nnk., 1974; Tdng va nnk.,
2016).

Cac thanh tao magma chi xudt16 mét s6 chém
da syenit, granodiorit thudc phirc hé Chg Pon
(EK2-Ecd), cac da bi bién doi manh.

Nhin chung, khu mé Na Bép-Pu Sap dwoc
khdng ché béi 2 hé théng dirt gdy chinh. Hé théng
dit gdy TB-DN va BB-TN tao diéu kién cho viéc
hinh thanh cic mach Pb, Zn. Cac hé théng dit gay
khac gy dich chuyén va tao ciu tric phic tap cho
mo.

3. Thu thap mau va phwong phap nghién ciru

3.1. Thu thdp mdu

Téng 15 mAu lat méng, 20 mAu mai lang va
05 mau SEM dwoc thu thap va phan tich & mé Na
B6p-Pu Sap. Thém vao d6, 06 mau quing chi-kém
dwoc thu thip tai moong khai thic cia mé Ba Bo
va Na Tum dé phéan tich danh gia d6 sdu boc mon
than quang, trong d6 khu mé Na Tum 14y 02 mau
quing sunfua, khu Ba B6 04 mau quing sunfua.
Ngoai ra, cac s liéu nghién ctru truedce cling dugc
tong hop, tinh toan va x ly phuc vu cho viéc
nghién ctru dic diém quang héa chi-kém khu mo
Na Bop-Pu Sap.

3.2. Phwrong phdp nghién civu va tong hop tai
liéu

Trén co s& cac cong bd vé quang hdéa Pb-Zn
khu vire Cho Pon ciing nhw cac két qua nghién ctiru
cta chinh nhom tac gia vé phan tich dong vi bén
(S, Pb), tit ca dwoc tdng hop, phan tich gép phan
lam sang t6 ngudn kim loai quang.

3.3. Phwong phdp nghién civu thanh phdn vt
chdt qudng

3.3.1. Phdn tich thanh phdn khodng vdt va héa hoc
qudng

DE nghién ctru thanh phan khodng vt va hoa
hoc ctia quang chi-kém (gom cac nguyén t6 chinh,
nguyén t6 hiém vét va cac nguyén t6 vi lwong), cic
mau cuc dwgc chuin bi mai thanh cac 1at mong va
danh bong tai Truwong Pai hoc M6 - Dia chat. Kinh
hién vi (Carl Zeiss - Axio Scop. A1) va kinh hién vi
dién tir quét (SEM) két hop véi phé X-ray tw phat
(EDS) (Quanta 450, Cong ty FEI, Hillsboro, Hoa
Ky) dwoc st dung ban dau gitp xac dinh, lwa chon
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mau va danh gia khodng vat quing mot cach tot
nhit c6 thé.

Cac nguyén to chinh, nguyén t6 vét va nguyén
t0 vi lwong clia 08 mau quing chi-kém dwoc lua
chon, phan tich bang phwong phap ICP-MS trén
thiét bi Agilent 7700x tai Trung tim Phin tich va
thi nghiém cac nguyén t6 phdong xa, Lién doan Dia
chat Xa-Hiém. Qua trinh chuin bi mau tuan theo
Tiéu chuin co ban cta Viét Nam (TCCS 01/XH:
2012). Gi¢i han phat hién cho hiu hét cac nguyén
t6 12 mot phian ty (ppb).

3.3.2. Xdc dinh nhiét dé ddng hda bao thé tir don
khodng sphalerit

Frenzel va nnk. (2016) da chi ra rang ham
lwong cua Ga, Ge, Fe, Mn va In trong don khoang
sphalerit dwoc kiém soat manh mé béi nhiét do
cda dung dich; két qua x ly théng ké theo phan
tich yéu t6 chinh (PC) cho thiy, yéu t6 chinh dau
tién cda tip dir liéu (PC1*) c6 moi twong quan rat
chat v&i nhiét do dong hda cla cac bao thé chit
l6ng (T) (R2 = 0.82, P < 2x10-16). Mdi quan hé giira
PC1*va cac nguyén to trong don khoang sphalerit
dworc thé hién nhw sau:

0.22 0.22
CGa X CGe J

PCl*:In [ C0.37 % CO.ZO > CO.ll (1)
Fe Mn In

Vi Cea, Cge, Cre, Cvn, Cin 1an Iwvot 1a ham lwong
Ga (ppm), Ge (ppm), Fe (%), Mn (ppm) va In
(ppm) trong don khoang sphalerit.

Cong thirc biéu dién mdi quan hé giita nhiét
d6 dong hoa bao thé (T) va yéu té chinh (PC1%):

T (°C) =- (544 +7.3) x PC1" + @

(208 +10)

3.4. Phwong phdp dw bdo trién vong qudng chi-
kém

3.4.1. Nghién ctru cdu tric dia chdt

bia ting: Cic dung dich nhiét dich mang
khoang héa sau khi dwoc tach ra tir 10 magma di
chuyén Ién phia trén gip moéi trwong thuin loi sé
két tinh va thanh tao cdic mé quang. Nghién ctru
cac da chira quang tai tirng khu mo sé gitip xac
dinh dwoc cac tap da, loai da c6 méi trueong hda ly
thuin lgi cho qua trinh két tinh quang hoéa cta
tirng khu mo. Cac tip da nay phai phat trién sau
thi mai ton tai cac than quang siu.

Magma: hau hét cac mo nhiét dich néi chung
va cac thanh tao quang chi-kém sulfua néi riéng
déu dwoc két tinh tir cic dung dich nhiét dich tach
ra tir cic thé, 10 magma. Viéc nghién ctru méi quan
hé vé thanh phén, thudc tinh, khong gian, thoi gian
clia quang héa vi cac thé magma giup xac dinh
dwoc ngudn goc quang héa. Mirc @6 béc mon cia
cac thé magma lién quan dén quang héa cé thé xac
dinh dwgc mirc d6 boc mon ciia than quang va kha
nang ton tai dwdi sdu cia ching.

C4u truc - kién tao: cac dut giy, déi dap vor
dong vai tro 1a kénh dan dung dich tao quing ddng
thoi cling 1a noi tich tu, 1ap day quang hba. Cac nép
uén, cac kién tric vom nhé trong mot phirc nép 16i
la noi thuin lgi cho viéc tp trung nhiéu loai quing
héa nguon goc nhiét dich. Cac nép uoén, cac vom
nang nho thwong di kém véi cac hé théng dirt gay
kéo theo bac I, tao nén vi tri thuan loi cho viéc tap
trung quang, nhat 1a phan canh cta nép uén, ria
cacvom nang. Vi vay, viéc nghién ctru cac hé thong
dirt gdy sau, cac hé thdng cong sinh va cac ciu tric
nép uén doéng vai tro quan trong trong cong tac
nghién cru quing héa an su.

3.4.2. Ddnh gid theo hinh thdi kich thwéc than
qudng va dang cw tru

Trén co s& cac tai liéu nghién ctiu vé chiéu
day, chiéu dai theo duwong phuwong, chiéu sau theo
hwéng déc ctia cic than quang trong hang tram
moé nhiét dich xdm nhdp volfram, fluorit,
molibden, vang, dong, thiéc va uranium trén thé
gidi; Lir (1984) da xac lap dwoc mdi twong quan
gitra chiéu dai theo dwong phuwong (1) véi chiéu
siu theo hwéng doc (h) cla cac than quang nhiét
dich, tinh toan dwoc hé s6 (k) ctia cac thong s6 nay
theo cong thirc:
h

k=I (3)

Theo cong thitc (3), Lir (1984) da tinh toan
hé s6 k = 0,3 cho quing héa chi-kém c6 dang mach.
T kich thwéc theo dwong phwong clia cac than
quang chi-kém tai khu vuc Na Bop-Pu Sap cho
phép tinh todn twong doi do siu ton tai cua cac
than qudng chi-kém. Tuy nhién, do dac tinh caa
cac than quang chi-kém thwong khong kéo dailién
tuc, tinh 6n dinh thip nén d€ danh gia chinh xac do
sdu ton tai quang hda can danh gia téng thé doi
quang hoa.
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3.4.3. Ddnh gid theo dj sdu béc mon

Sw thay ddi diéu kién ldng dong quing theo
phuwong thiang dirng 12 mot trong nhitng nguyén
nhan quan trong nhit dan dén viéc hinh thanh cac
thanh tao khoang vat qudng c6 thanh phin khac
nhau. M0t trong nhitng phwong phap danh gia do
sdu phan b6 cac than quang chi-kém la tinh toan
sw phan bd theo chiéu thing dirng clia cAc nguyén
t6 tao quang, tir d6 tinh toan hé s6 boc mon thin
quang theo cong thirc dé xudt cia Beue va

Grigoryan (1975) nhw sau.
Pb X Zn X Ba
== " 4
K, Co X Ni X Sn ®

Trong do: K - hé s6 b6c mon; Pb, Zn, Ba, Co,
Ni, Sn - ham lwgng cac nguyén t6 (ppm); K, < 0,1
dwdi déi thanh tao quang; 0,1 < K, < 10.000 trong
déi thanh tao quang; K, > 10.000 trén déi thanh
tao quang. Tuy nhién, dé xac dinh d6 su béc mon
than quang ngoai hé s6 K, nguwoi ta stt dung két
hop v&i hé s6 K sau.

==55f¥l—‘ 5)
+7Zn

Theo Beue va Grigoryan (1975) thi mtrc do
b6c mon than quang (K,) twong quan nghich véi
hé s6 K nay. Két qua tinh toan hé s6 b6c mon cta
tirng khu mo c6 thé xac dinh dwgc mirc d6 boc
mon va kha nang tén tai quang héa.

4. Két qua va thao luan

4.1. Cdu tric khong ché qudng héa chi-kém

Cac thian quang Pb-Zn mo6 Na Bép-Pu Sap
dwoc dinh vi theo hé théng dit gdy phwong TB-
DN, day 1a hé théng drt gdy lom, cat qua cac tAp da
va tao diéu kién thuin loi cho viéc hinh thanh cac
mach Pb, Zn (Hinh 2A). Viéc quan sat thiy quang
chi-kém c6 ciu tao chinh dang dai, thiu kinh va
mach song song vi cac phién da viy quanh, bién
dang gion déo, phat trién chi yéu theo ranh gidi
gitra cac phién (Hinh 2B, C). biéu nay chirng minh
quang c6 kién tric dong kién tao, goi y quang chi-
kém dwoc hinh thanh cing qua trinh xiét ép cac da
cacbonat tao khoang tréng dé dung dich nhiét dich
chira quang tiém nhap vao. Do vay, cac than quang
chi-kém mo Na B6p-Pu Sap dwoc nhin dinh thanh
tao c6 thé lién quan dén qua trinh ép trwot ctia déi
dut gay phwong TB-DN trong khu vue.

4.2. Hinh thdi, kich thwdrc than qudng, cdu tao
qudng

Theo Pao (2011), trong khu virc mo, da xac
dinh dwoc 3 than quang (TQ.1, TQ.2, TQ.4) va 8
than khoang hoa chi kém (TK.3; TK.5; TK.6; TK.7;
TK.8; TK.9; TK.10; TK.11).

Than quang 1 (TQ.1): phan b6 phia nam khu
vue nghién ctru véi chiéu dai khodng 700 m, kéo
dai theo phwong gan bic nam, cim vé dong véi
goc doc thay doi tir 25+550. Tiép xuc chit ché véi
da voi bién doi, dolomit hod. Bién d6i nhiét dich
lién quan dén dolomit ho4, clorit hoa, dolomit hoa
manh mé (Hinh 34, B). Ranh gidi than quang va da
vay quanh ro rang, ham luwgng Pb va Zn trung binh
127,78 ppm va 7,27 ppm.

Thin quidng 2 (TQ.2): phin b6 & Pu Sap,
khoang 1000 m phia bac TQ.1; chiéu dai khoang
100+120 m theo phwong TB - PN (Hinh 3A). Than

100 pm

Hinh 2. Cdc dang cdu triic khéng ché qudng Pb-Zn & khu mé Na Bép-Pu Sdp: A-Mdt trwot dirt gdy phwong TB-
DN, B-Bién dang déo uén nép chita qudng & phdn dinh hodc vom nép uén (dnh chup dwédilo cho & cost +320
m), C-Kién triic qudng ddng kién tao quan sdt dwdi dnh ldt mdng. Chik viét tat: Do-Dolomit, Or-Qudng Pb-Zn

sunfua, Ser-Sericit.
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A TQ.2 [ Cusi, cat, bét (D¢ tir) e B 110
LeTQ. usi, cat, bot (Dé tu e
'l Tap trén: Da phién thach anh-sericit, 380m —
1 da vai phan Iop méng, dolomit hoa
50 5o,
___________ (Devon som) 7 sl A
C] Tap dudi: Ba phién thach anh-sericit
S xen ké da voi phan 16p (Devon som)
Pu Sap Syenit, granodiorit (Paleogen)
[ Ranh gioi dia chat 360 -
Bt gay xac dinh va dy doan
Séng, suodi
Thé ném ctia da va géc déc =3
Than quang Pb-Zn va sb hiéu 340 -
[ Lo khai thac
[[&] L3 khoan tham do
[e—] Pudng mét catAB
320 H
300 H
R =z
w0 [
sy,
“ .

— 380m

40m

Déidap vo

phuong TB-BN [~ 360

|- 340

- 320

TQ1
- 300

Da phién thach anh-mica

Ba voi, dolomit - 280

Da véi bi bién chét thanh dolomit
chira khoang héa chi-kém

nan,

Dai ca nat, dap vé phuong TB-DN - 260

Put gay du doan
Hao tham do va sb hiéu

S6 hiéu 16 khoan
D6 cao miéng (m)

- 240

Than quang chi-kém

Thén quéng chi-k&m oxit 6 cao gap da vich (m)

Do cao gap da tru (m)

Than quéng chi-kém sunfua nghéo L. 220m

Than quang chi-kém da khai th S ;
Y G0N S, SR O e 52.2m Chiéu sau day I3 khoan (m)

Hinh 3. A - So do dia chdt md chi-kém Na Bép-Pu Sdp va vi tri duing mdt cdt AB; B - Mt cdt dia chdt theo
dwong AB va thdn qudng chi-kém TQ.1 dang gid tdng (Pao, 2011).

quang dang mach, 1p day khe nit, phat trién
trong cac hang karst. Bién d6i nhiét dich da vay
quanh quang gom dolomit ho4, clorit hoa. Kién
tric quidng da dang tir tha hinh dén ty hinh, thay
thé gdm mon. Ham lwgng Pb va Zn thay doi, trung
binh la 3,78%.

Than khoang ho4 3 (TK.3): nam & phia bac,
cach TQ.1 khodng 150 m; chiéu dai khoang 50+60
m theo phwong PB-TN. Thin quang dang lap day
khe nitt, quang sunfua da bi phong hoa thanh
quang oxit.

Than quing 4 (TQ.4): ndm & phan trung tAm
khu vurc nghién ctru, khodng 400 m phia bic TQ.1;
chiéu dai khoang 50+60 m theo phwong TB-DN.
Quing nam dang déc dirng xuyén cat da voi bién
doi va dang 1ap day khe nirt.

Théan khoang hoa 5-11 (TK.5-11): da dang vé
vi tri, hinh dang va bién d6i nhiét dich. Cac thin
khoang ho4 nam gan chinh hgp trong cac da véiva
da phién thach anh-sericit. Hiu hét cac than
khoang cling chira cac khoang vat quang sunfua,
phén trén bi phong hoa thanh quéng oxit.

Phan tich héa hoc: ham lwong Pb, Zn, Pb+Zn
thay ddi déu trong cac thian quing va than khoang
hoa. Trung binh toan md, ham lwong Pb va Zn
thudc loai quang vira.

Ciu tao quang: trong qua trinh nghién ctru
mAu mai lang tai cic than quing mé Na Bop-Pu
Sap, da dwoc xac dinh cac kiéu ciu tao kién tric
quang nhw sau:

C4u tao dai, thiu kinh dac xit: quang c6 ciu
tao chinh dang dai, thiu kinh va mach song song
voi cic phién da vay quanh, phat trién cha yéu
theo ranh gidi gitra cic phién (Hinh 2C). Bao gobm
cac dai don khoang sphalerit hodc pyrit c6 ciu
trdc ciu. Két cdu chu yéu la cac dai dworc két tinh
xen ké, hodc dai pyrotin trong 16p da voi dolomit
hat min. Khoang vat ciia nhém nay thwong cé kién
truc hat tha hinh kich thwéc 16m, bi ca nat va ép
manh.

C4u tao mach va mach xam tan: dic trung cho
tat ca cackhoang vat quang. Mach xam tan thuong
xudt hién, cho thiy qua trinh bién chit va thay thé
da va quang.

C4u tao xam tan day, 6 dic xit: hinh thanh do
bién chit va trao doi thay thé gitra da va quing tir
giai doan truérc.

C4u tao keo: cac khoang vit biéu sinh trong
déi oxy hoa (goetit) thuong co kién tric tAim hat
tha hinh, hat ntra tw hinh. Quing thwong c6 kién
trdc tAm hat, hat ntra tw hinh va thay thé gam mon.
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Kién trdc hat tw hinh: dic trung cho tinh thé
dwoc két tinh tw do tlr chat néng chay hodc dung
dich khi-nwéc hdu magma. Thwong thiy & cac
khoang vat thanh tao sém nhuw pyrit, arsenopyrit,
¢6 hinh thoi, vudng van, kich thuéc lon.

Kién truc hat nira tw hinh: dic trung cho cac
khodang vat két tinh chwa hoan chinh, ¢ mét ranh
gidi ro rang nhung con cac mat khac chwa hoan
chinh, 1ap day. Pho bién & tit ca cac khoang vit
quing trong mAu.

Kién tric hat tha hinh: dang tinh thé€ méo mé,
goc canh khong phat trién. Két qua cia qua trinh
két tinh trong dung dich nhiét dich. Phé bién trong
tAp mau va thwong xudt hién & nhiéu khoang vat
quang.

4.3. Pdc diém qudng hoa
4.3.1. Thanh phdn vdt chdt qudng

* Khoang vat quang
Khoang vat quing nguyén sinh: la nhiing
khodng vat pho bién (>5%) bao gom galenit, pyrit,

[A]
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pyrotin, sphalerit; chém 1+5% c6 arsenopyrit;
duéi 1% cbé Chancopyrit, marcazit, hematit,
argentit, tetraedrit, tennantit va casiterit (Hinh 4).

Galenit (PbS): la khoang vat quan trong vé
mat cong nghiép, thwong di kem véi sphalerit,
Chancopyrit va pyrit trong mach thach anh hoac
da voi bi hoa hda. Galenit c6 mat trong hiau hét cac
mAu véi nhiéu dang khac nhau, chiém khoang
20+30% khoang vat quang. Xac dinh dwgc hai thé
hé galenit, galenit thé hé I (galenit I) va galenit thé
hé II (galenit II) (Hinh 4C).

Sphalerit (ZnS): khoang vat cé trong nhiéu
mAu quiang, chiém t&i 25+30% tong khoi lwgng;
thuong c6 mau den, ndu sAm, nau xam. Sphalerit
c6 hai thé hé, d6 1a sphalerit I va sphalerit II.

Pyrit (FeS;): diy 1a khoang vat pho bién trong
quang, chiém ty 1é 16m; c6 ba loai gdbm pyrit I, pyrit
II va pyrit III. Pyrit thwong bi dap v, ca nat va cé
tan dw ctia khoang vat phi quang (Hinh 4B).

Arsenopyrit (FeAsS): c6 mat véi so lwong it,
thwong cong sinh véi pyrit va pyrotin. Tinh thé c6
dang hinh tim lang try, ban thoi, dang hat nho.

[ -
00 39 52 65 78 91 104 17

Lsec: 470 Cnts 0,000 keV Det: Octane Pro Det

130

Spot 2

rn—

00 13 26 ) s2 65 78 o1 104 17 130

Lsec 480 Cnts 0,000 keV Det: Octane Pro Det

Hinh 4. Qudng chi-kém sunfua thdn qudng TQ.1 mé Na Bép-Pu Sdp: A-Quding sunfua xdm tdn trong dd voi,
B-Khodng vt pyrit, pyrotin duwéi kinh khodng twéng, C-Mdu phan tich SEM thé hién khodng vt galenit
(Spot 1), pyrit/pyrotin (Spot 2), pyrotin va sphalerit (Spot 3), canxit (Spot 4).
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Pyrotin (Fey.1Sx): phd bién v&i hai loai pyrotin
[ va pyrotin II. Pyrotin I thwong cdng sinh véi
arsenopyrit va pyrit, c6 dang 6 dic xit. Pyrotin II
thwong két hop véi thach anh va canxit, nia tw
hinh.

Chancopyrit (CuFeS;): c6 mat trong mot s6
mau, nhung ty 1&é khong dang ké Thuong tip
trung dang tha hinh hoZc xam tan khong déu trong
da.

* Khoang vat thit sinh: Goetit va hydro goetit
phat trién ven ria hat pyrit, tao kién tric gam mon
thay thé. Anglesit, seruxit hinh thanh ven ria hat
galenit dudi dang dwong riém, thwong thay thé
hoan toan.

4.3.2. bd bién doi

Cac ddi khoang hoa Pb-Zn chu yéu xuat hién
trong cac d&i bién déi nhiét dich véi mirc do khac
nhau.

Hién twgng bién do6i nhiét dich pho bién bao
gbm thach anh héa, canxit h6a, dolomit hoa va
sericit hod. P&i da bién doi thuwong cé chiéu rong
khéng 6n dinh.

Canxit hoa: phé bién trong cac da véi bi nit
né, dip v, dac biét 1a gan cac mach quing cé cac
doi khe nirt. Canxit thwdng tao thanh cac mach, vi
mach véi d6 day tir vai mm dén 20 mm. Cac tap
hop canxit thwong c6 dang hat 4n tinh, vi hat tha
hinh tir nh6 dén 16m.

Dolomit héa: xay ra manh mé trong da voi bi
ca nat, tao ra kién tric hat tw hinh, nira tw hinh, hat
bién tinh, thay thé. Mirc d6 bién doi dolomit cé thé
lam mit diu vét canxit, hodc nguwoc lai, bién doi
thanh da voi tai két tinh bi dolomit ho4.

Thach anh héa: xay ra muén nhéit trong cac
qua trinh bién déi, thwong chong 14n 1én cac hién
twong bién do6i khac. Tao thanh cac 6, dam, vi

mach, mang mach thach anh trén nén canxit,
dolomit. Thach anh cé dang hat tha hinh, lang tru
ntra ty hinh, it hon la dang lang tru tw hinh.

4.3.3. Nhiét dj tao qudng

Nhiét d6 tao quang chi-kém dwogc xac dinh tir
ham lwong cic nguyén té trong don khoang
sphalerit khu vuc Cho Don trinh bay & Bang 1.

Két qua tinh toan cho thiy nhiét d6 tao quing
chi-kém khu vuc Chg Don dao dong tir 193°C dén
215,80C, s6 liéu nay kha phu hop véi dit liéu nung
nd bao thé da cong bd trudc day (D6, 2005;
Nguyén, 2010). Diéu ndy ching té6 quing Pb-Zn
mo Na Bop-Pu Sap dwgc thanh tao trong khoang
nhiét d6 thap dén trung binh.

4.4. Ngudn géc quding
4.4.1. Nguon géc S va Pb trong qudng Pb-Zn

Theo Khuong va nnk. (2023a), két qua phan
tich déng vi S (Bang 2) cho thiy gia tri ca to phan
déng vi 634S tap trung trong khoang 0,1+6,8%o,
trong dé gia tri cho galenit 0,1+5,3%o, sphalerit
6,4+6,8%0, pyrotin 4,1+5,2%o, cac gia tri nay cé sw
bién thién khong 16m, ngu y cac khoang vat nay
dén tir mot ngudn tao quang. Gia tri déong vi S cia
t6 hop quang sunfua déu < 10%o, trong d6 c6 3 gia
tri cho galenit <1,5%o va tiém can 0%o chirng to
quang hoéa sunfua c6 thé lién quan dén ngudn siu
c6 thé tir cac hoat dong magma khu vurc va bi hon
nhiém béi cac d4 tram tich bién c6 thanh phan
carbonat vay quanh (Pirajno, 2009).

Két qua phan tich dong vi Pb (Bang 3) dworc
biéu dién trén biéu d6 Zatman va Doe (1981), cho
thiy quang hoa sunfua khu mé Na Bép - Pu Sap c6
xu hwéng nghiéng vé 16p vo dwédi (Hinh 5).

4.4.2. Thoi ky tao qudng

Bdng 1. Thanh phdn cdc nguyén td trong don khodng sphalerit (Trdn va nnk,, 2010) va nhiét do thanh tao qudng
ctia cdc mé chi-kém Cho Don dworc tinh theo cong cu do dia nhiét ké GGIMFis (theo cong thirc (1) va (2)) (Frenzel
va nnk, 2016).

* Tmax Tmin
Thanh phén héa hoc cic nguyén td trong don khoing sphalerit (ppm) PCl (°C) | (°Q)
Cd | Ga S Fe(%)|Zn(%)| In |Ge| Bi | Mn Cu Sn

Tén mo

BaB6 |2120| 1 |[333360]| 8,002 |57,933| 40 |30 80 | 650 - - 10,081 |214,2|193,0
Liing Vang 2040 | 110 | 333850 | 8,889 | 56,233 | 770 | 1 |120| 980 | 16530 | 90 |0,057|215,3|194,5
NaB6p | 1680 | 90 | 335630 | 9,546 | 55,268 | 450 | 1 | 50 | 5320 | 1970 | 360 | 0,049 |215,7 | 195,0
NaTum | 1690 | 70 | 334270 | 7,892 |57,423 1190 1 |110| 660 | 4650 | 3620 | 0,052 | 215,6 | 194,8
PuSap | 1740120336160 |10,055|55,176 1440| 1 |160]1400| 1550 | 250 | 0,047 | 215,8|195,1
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Bdng 2. Két qud phan tich dong vi * S%o (Khuong va nnk.,, 2023a).

S6 hiéu mau Vi tri 14y mau 8**5CDT%0
j ’ Galenit Sphalerit Pyrit
NB-PS.01 TQ.1,16 trén mat 4,8 6,4 5,2
NB-PS.02 TQ.1,16 trén mat 53 6,8 4,6
NB-PS.03 TQ.1,387 m 10 doc via 4,5 6,7 -
NB-PS.04 TQ.1,400 m 106 doc via - - 5,8
NB-PS.05 TQ.1,381 mlo docvia - 6,4 4,1
NB-PS.06 TQ.2,324 m1o docvia 1,3 - -
NB-PS.07 TQ.2,302 mlo docvia 0,1 2,5 -
NB-PS.08 TQ.2,296 m 10 doc via 0,7 3,2 -

Bdng 3. Két qud phan tich dong vi chi (Khuong va nnk.,, 2023a).

A x . A 208ph /204Ph 207ph /204Ph | 206Ph/204Ph Tu6i mé hinh
S6 hiéu mau Khoang vat 5 5 ) (Ma)
NB-PS.01 Galenit 39,142 15,730 18,564 510
NB-PS.01 Pyrit 39,425 15,815 18,632 424
NB-PS.01 Sphalerit 39,329 15,787 18,612 586
NB-PS.02 Galenit 39,196 15,746 18,578 531
NB-PS.02 Pyrit 39,501 15,836 18,651 448
NB-PS.02 Sphalerit 39,235 15,758 18,588 547
NB-PS.03 Galenit 39,356 15,794 18,615 598
NB-PS.03 Sphalerit 39,323 15,787 18,606 590
NB-PS.04 Pyrit 38,909 15,685 18,451 503
NB-PS.05 Sphalerit 39,333 15,789 18,605 595

Chul y: (*) Mt sai s6 bén ngoai ctia ty 1€ dong vi Pb la 0,1% cho 206Pb/204Pb, 0,15% cho 207Pb/204Pb va 0,2%
cho 298Pp /204Ph & mikc tin cdy 2 o

40

Upper crust
Lower crust

-
Pelagic  »
sediments =
39

2epp) 2% py

38

Galena
— Sphalerite

Pyrite

37 T T T T T T T
16.50 18.50 19.50
205pb/2%“Pb

20.50

15.90

Pelagic
sediments

Lower crust
NB-PS.01 Galena
NB-PS.02
NB-PS.03
NB-PS 04
" NB-PS.05
15.10 T T T T T T T

18.50 19.50
205pb/2%*Pb

— Sphalerite

— Pyrite

20.50

Hinh 5, Biéu do biéu dién gid tri dong vi chi va béi cdnh thanh tao qudng Pb-Zn mé Na Bép-Pu Sdp (Zartman
va Doe, 1981).

Két qua nghién ctu cho thdy quing chi-kém
khu mé Na B&p-Pu Sap c6 dic diém cla cac mo
nhiét dich trong cac da cacbonat. Qua trinh hinh
thanh khoadng héa chi-kém dwgc khong ché boi
cac doi dat gdy c6 biéu hién bién dang déo doc
theo cac khe nitt trong khu vic. Phan tich dong vi
lwu huynh va chi da tiét 16 rang nguon vat chat
cung cap lwu huynh cho sw hinh thanh quéng chi-
k&m bat ngudn tir mot ngudn dwédi sau lién quan

dén hoat déong magma tudi Neoproterozoi dén
Cambri & khu vuc Cho Don, két hop véi cac da
tram tich cacbonat & vé trai dat. Hé thong dit gay
phat trién trong vo trai dat hoat dong nhw cac
kénh dan dung dich nhiét dich trong cic da tram
tich Devon sém. Nhitng da nay bi ndng chay bédi
cac dong chit 16ng magma di chuyén lén, két hop
v&i dung dich quing va lang dong trong cac ciu
tric thuan loi.
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Quang chi-kém c6 ciu tao phan phién, vi uén
nép, dong chay va khic doi; ciu tric xuyén cat
clorit va pyrit nguén goc bién chit; cac hat
sphalerit giau sat,... Diéu nay chirmg té quing hda
dwoc hinh thanh trwdc bién chit va truwdc udn
nép, nghia la cac giai doan kién tao vé sau lam
phtrc tap hoa than quang.

Cac dau hiéu nit né do co ngdt, cdu tao dam
dan xen vé&i cac 16p hodc dai pyrit (marcasit) ciu
tao cau (cu tao keo két tinh va keo bién tinh) bi
dap v tao thanh cadc manh dam,... chirng t6 do tac
dong cta bién chit nhiét dong cling nhw bién chat
trao déi cta giai doan tao quang nhiét dich - bién
chat trao déi sau nay, loai quang nhiét dich - trim
tich bi thay déi nhiéu hodc toan bd ciu tao va kién
trdc ban dau. Ngoai ra, cac khoang vat thuong cé
kién trdc hat tw hinh (khoang vét giai doan sém
arsenopyrit), ntra tw hinh hodc tha hinh, ciu tao
dac xit, xam tan dang 6 dic xit, xam tan day hoac
xam tan mang mach c6 thé 1a té hop céng sinh dac
trung cho giai doan thanh da va bién chat cac than
quang hinh thanh vao giai doan nhiét dich - trim
tich trwedre do.

K&t qua phan tich ICP-MS cac miu Iy tir than
quang TQ.1 cho thidy ham lwong Pb vuot troi hon
so v&i Zn. Trai ngwoc voi diéu dé, ham lwgng Pb
lai thap hon so véi Zn trong thian quing TQ.2, nhw
trong bdo cdo cua Bui (2010). Piéu nay ngu y
quang hoa dwoc thanh tao trong nhirng diéu kién
héa ly khac nhau, nguyén nhan c6 thé giai thich do
quang héa bi anh hwdng ctia hoat dong kién tao vé
sau gay phirc tap vé thanh phan, nham 1an vé thoi
gian tao khodng. Hon nira, dir liéu nghién ctru vé
déng vi lru huynh va chi cho thiy nguén goc cta
cac vét liéu tao quang c6 moi lién hé chit ché voi
hoat dong magma xay ra & do sdu 1én hon la ching
dwoc tach ra tir cac da cacbonat vay quanh than
quang hodc qua trinh thoat khi dudi day bién.

4.5. Mé hinh nguén géc qudng chi-kém mé Na
Bép-Pu Sap

Khu mo6 Na Bop-Pu Sap dang chu y béi sy
hién dién ctia quang chi-kém khong chi trong cac
tng tram tich chinh ma con phan b6 trong cac khu
vyc dit gdy chira quang, diéu nay cho thiy méi
lién hé gitra cic ting chira quang, dit giy chira
quang va thin quang. Cac dic diém dia chit cta
mo c6 nhiéu diém twong dong véi mo kiéu MVT,
bao gbm béi canh kién tao, kiéu da chira quang,
kiéu bién ddi da vach va thanh phan khoang vt

(Bang 4; Tran va nnk, 2010; Nguyén va nnk.,
2010). Tuy nhién, mé Pb-Zn Na Bop-Pu Sap ciing
c6 mot s6 dic diém dia chit riéng biét khac véi cac
loai hinh mé MVT tiéu biéu, nhw ciu truc khéng
ché quang doc dao, dac diém thach hoc, m6i quan
hé véi da magma, Kién triic quang va tudi mé hinh
cta quang chi-kém va da vay quanh va nhiéu yéu
t6 khac (P6 va nnk,, 2010; Pham va nnk,, 2014).

Dwa trén ciu tao va kién truc ctia quang chi-
kém dwoc quan sat ngoai thuc dia va nghién ctru
trong phong thi nghiém cho thiy quing Pb-Zn
dwoc hinh thanh giai doan dong kién tao, noi phd
bién cac khoang vt sericit bi ép phién di cing véi
quang chi-kém (Hinh 2C), thiy rang mé chi-kém
Na B6p-Pu Sap khong c6 cac dic diém dién hinh
cia mo6 MVT hodc SEDEX ma chiing c6 méi lién hé
v&i ki€u mo chi-kém chira trong déi trweot. Quang
héa thé hién hai giai doan khoang héa chong khac
nhau, giai doan dong sinh hinh thanh cac than
quang chi-kém dang via chinh hop véi da vay
quanh, day la giai doan c6 dang dip ctia mé hinh
m6 ki€u SEDEX (D6 va nnk., 2005; 2010; Khuong
va nnk, 2023a). Giai doan khoang hoa sau lién
quan dén loai hinh nhiét dich bién chéit trao doi,
dung dich tao quing c6 kha nanglién quan dén cac
khoi granit dwdi sdu nhw mot s6 nghién cieu trwde
deé cap (Tran va nnk,, 2004; Nguyén, 2010).

4.6. Dw bdo trién vong qudng chi-kém mé Na
Bép-Pu Sdp

Quy m6 quang hoéa: Péi quang & Na Bép-Pu
Sap c6 quy mé kha 16m, phan 16 trén mét c6 chiéu
dai khoang 2000 m, chiéu rong 350 m (Hinh 1). Ap
dung cong thirc (3), do sau déi quang thuong
twong quan thuan véi quy mé (H = 0,3x/ véi [ 1a
chiéu dai (m) than quing hodc d&i quang), v&i
quan diém do thi chiéu siu ton tai d&i quing trong
khu mé c6 thé xudng dén 600 m so véi bé mat dia
hinh hién tai. D6 siu ton tai quang hoa nay thudc
khoang d6 su thanh tao mé quang kiéu mo hinh
SEDEX, dao dong tir 500+1000 m dwdi bé mat
(Andrew, 2015).

Biéu hién khoang san 4n, siu: theo két qua
thdm do cta Cong ty TNHH Hoang Nam Bic Kan
(2023), mot s6 vi tri thian quang chi-kém da gip &
d6 siu trén 100 m, chiéu siu gap quang l6n nhit
trong cac cong trinh khoan 1a 144,3 m (16 khoan
LK5-1) & khu Pu Chang nam ngay canh khu Na
Bop (phén kéo dai xuéng siu ctia d&i quang Pb-Zn
& khu Na Bop).
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Bdng 4. Bdng so sdnh ddc diém mé Na Bép-Pu Sdp véi mé SEDEX va MVT.
< i NS DA D M6 chi-kém sunfua dang khéi Mo chi-kém Kkiéu
Bdcdiém Mo Na Bop-Pu Sap trong trim tich (SEDEX) bén triing Missisipi (MVT)
- . QMu:_mg chi-kém 32 nghin HAu hét> 30 triéu tin; nhitumod | ., , . A x
Tri¥ lwgng va |tan; chira > 100 tridu tn quine: Chu y€u quang < 1 triéu tan;
ham lwong | Pb+Zn tir 6 dén 19%; Cul|,. . - quang Zn + Pb tlr 3+10%, dac biét khong
v 7, R PR Thong thwong Cu+Zn+Pb >|7,
hop phdn cé |khong c6 y nghia c6 Cu
P A .| 10%, Cu < 1%; A P . ,
ichdcdcmé |Phan phdi theo  hai|, . s : . |Phan phoi theo hai phwong thirc
o P Phan phoi theo hai phwong thire|
cuthé phuong thirc cta Zn: (Zn+| ctaZn: (Zn + Pb)
Pb) cta Zn: (Zn + Pb)

Kim loai dwoc
thu hoi hodc

Kim loai chinh: Pb, Zn

Kim loai chinh: Zn, Pb (+Cu
trong mot sd mo)

Kim loai chinh: Zn, Pb

tdp trung |ithon: Ag, Cd it hon: Cu, Ag it hon: Cd, Ag, Ge
Ddc diém ctia , . . . .
6 hop khodng Thach anh + arsenopynt + Pyrit/pyrotin + sphalerit + Spha'lerlt + gal.enlt + ﬂl.lorlt + bé'lrlt
Ay o J |pyrotin  + galenit + : i . *pyrit/marcasit + cancit/dolomit *
vat qudng va . . galenit + chancopyrit + barit. P
dd mach sphalerit + pyrit da phién silic

Chubi dd chira
qudng ddc
trung

b4 voi, da dolomit va da
phién sericit thudc tip 2 hé
tAng Coc X0

Tram tich bién tir ndng dén siuy,
tao thanh b&i manh vun va
cacbonat, kém theo cac thiu
kinh méng tuft; hinh thanh
thwong khong lién quan dén
tram tich mau do luc dia va traim
tich mudi.

PA cacbonat nwéc nodng, da
cacbonat dang nén (da voi va da voi
dang dolomit); quiing ndm trong da
voi dang dolomit hon la trong da
vOi.

Tuéi dd chira
qudng

Devon sém

Proterozoi sém dén Paleozoi
mudn; pho bién tudi Proterozoi
soém dén mudn

Proterozoi sém dén Jura, phd bién
trong Paleozoi

Bdn chdt cua
khodng héa

Khoang héa chinh hop vé&i
da voi, than khoang dang
mach, 14p day khe nirt,
hang karst, xuyén cat da
voi bién ddi

Chinh hop, thdu kinh x&p chong
clia sunfua dang khéi dang ting
(ddng sinh) ndm dudi mot doi
khodng héa khong dong nhit
(sau tao da).

Khoang héa dang gia ting, tir dang
kh6i dén xAm tan, 14p vao cac
khoang tréng, thwomng nhat 1a gan
két cAc manh dam ctia d4 hon hop;
it hon c6 khodng héa dang thay thé.

Bién déi nhiét
dich

Bién d6i thach anh héa,
calcit hda, dolomit hoa,
sericit hoa va sw dip v& &
da tru.

Bién doi da tru khdng dong deéu,
trong nhiéu trueong hop thay dai
tir manh dén khong co.

Dolomit héa (khéng nhit thiét do
dung dich quang), silic hoa, tang do
két tinh illit.

Phadn doi kim

Khong rd rang, khong co

Cu =>7Zn => Pb => barit

Khong c6 cac kiéu phan doi dic

logi kiéu phan d&i dic trung trung
D6 mudi trung Dbinh|, i 200
Dung dich tao | (4.65:8.00% NaCl), nhigt| D0 MU0l cao (10:30% NaCl), |5 i 0 (5 1504 NaCl), nhiét do
M R . |nhiét do trung binh |, s .
qudng do trung binh (100+300°C) thap (thwong 100+1500C)
(193+215°C) )
Thung liing-rift, dirt gdy dong ba cacborl:a}t d;%ng nen th’a n dap Vo
e o . W ar | o S 2 sw thay doi twong da, mong cao va
Khoéng ché | DPa cacbonat dang nén, ditt | tram tich, bon triing méi trueong | P o
. [ ~ o 4 " ; vat nhon, dirt gay, bé mdt ranh gioi
khodng héa |gay khtt, da nguon thich hgp cho P
. . chuyén tiép da voi-da voi dang
kim loai. .
dolomit.
A Pong tram tich - trAm tich phun , . L os ,
M6 hinh |y anghéasautaodd  |khi dén dong tao da tir nuée| K148 hoa sau tao dd tir nude
nguon goc muoi viing vinh

mudi bon triing

Béi cdnh kién
tao

Chuwa rd rang

HAu hét rift ndi luc

Pai chorm nghich ria luc dia, bé traim
tich ndi luc (r1a)
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Do sdu boc mon than quing: dé€ danh gia toan
dién vé khu vuc nghién ciru, mot s6 than quang
chi-kém thudc khu vuc Cho Pon dwoc lwa chon
tinh toan. Ap dung cong thirc (4) cho phép tinh hé
s6 boc mon than quang chi-kém (K;) (Bang 5).

Két qua tinh todn cho thay hé sé K, thay déi
tir 79.106 dén 599.10¢ (Na Tum), 38.106 dén
4090.10¢ (Ba B6). V&i két qua nay cho thdy quing
chi-kém khu virc Cho Pon déc trung cho phan trén
déi thanh tao quang, khu Na Tum bi b6c mon
nhiéu hon so v&i Ba Bo. D€ tang sw tin ciy cho viéc
danh gia hé s6 K, hé s6 K theo cong thirc (5) dwoc
str dung két hop.

25

Xét theo chiéu tir mé Na Khit — Na Bop —» Na
Tum — Liing Vang — Pu Sap — Ba B6, mirc d6 bao
mon ctia moé Na Khit 12 16n nhat, nhé nhat 1a mé
Ba B0 (Bang 6). Két qua nay kha phu hop vé mat
cAu truc dia chat chung ctia khu virc Cho Don-Cho
bién, d6 1a ciu tric phirc nép 16i Phia Khao. Trong
cau truc nép 16i nay, mé Na Khat, Na B6p, Na Tum
nam & phan ria canh nép 16i va phan bd trong cac
thanh tao da vdi-luc nguyén cua hé ting Devon
sé'm-giira nén bi bao mon twong doi nhiéu. Nguoc
lai, mé Ba B6, Pu Sap nam gan trung tAm nép loi
hon nhwng phéin bd trong tip da cacbonat tudi
Devon sém, nam dwédi tAp da voi-luc nguyén nén
mitc d6 boc mon it hon (Hinh 6).

Bdng 5. Bdng tinh hé s6 béc mon thdn qudng (K,) mét s6 mé khu vwec Cho Bon.

A \ Nlia X Ham lwong kim loai trong quang (ppm) A x
Tén mo | S6 hiéu mau Pb 7n Ba Co Ni n Hé s6 K,
Na Tim NT.01 (sun.) | 145900 | 100800 | 642,85 12,67 13,5 698,71 79.10¢6

NT.02 (sun.) | 87400 51200 631,51 10,55 14,73 30,36 599.106
BB.01 (sun.) | 54900 | 209400 521,7 12,33 19,85 16,96 | 1445.10¢
Ba B BB.02 (sun.) | 3200 86200 | 1430,68 | 4,78 13,15 4,94 1271.10¢
BB.03 (sun.) | 414600 | 15100 | 1042,37 | 13,97 13,76 8,3 4090.108
BB.04 (sun.) | 61100 01800 882,87 9,26 15,76 17,29 38.10¢
Bdng 6. Két qud tinh todn hé s6 K ctia cdc mé thudc khu viee Cho Don.

TT Tén mo Hés6 K Y nghia béc mon

1 Na Khit 0,17 5

2 Na Bép 0,60 g =

3 Na Tam 0,66 @ o

4 Liing Vang 0,73 52

5 Pu Sap 0,79 8 o

6 Ba B 0,88 =

Bot két voi T~ ~I
_ Cit bot két Cét két dang quarzit E-h-i Di phie

Cat két voi K

Da phién TA - Sericit

Da phién sericit

~| DPi simg - Granat

Da voi

+ +

Di Granit

X X X

X X Di Diorit

Da dolomit

750

Da phién sericit voi

Da phién Silic

Da phién voi - silic - sericit

Hinh 6. Mdt cdt dia chdt theo dwdng EF (Hinh 1) thé hién sw phdn b6 cdc mé chi-kém trong cdu triic nép 16

Phia Khao khu vuc Cho Ddn, Bac Kan (Tdng va nnk., 2016).

1000 m
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Trén co s& phan tich ciu tric dia chit chira
quang chi-kém, dic diém quang héa va danh gia
trién vong quang chi-kém cho phép dw bao dién
tich khu virc Ba B6 - Na BOp c6 kha nang phat hién
quang chi-kém an, siu.

5.Kétluin

Két qua nghién ctru dic diém dia chat, quang
hoéa va trién vong quing chi-kém khu vuc Na Bop-
Pu Sap cho phép rit ra cac két ludn sau:

Hé thong dirt gdy phwong TB-DN déng vai tro
khéng ché ciu tric khu mé va tao diéu kién thuin
lgi cho hinh thanh mach chi-kém. Quang chi-kém
c6 kién trac doéng kién tao, noi pho bién cac
khodng vt sericit bi ép phién di cung véi quang
chi-kém. Diéu d6 dwa dén nhin dinh cac than
quang Pb-Zn c6 thé lién quan dén qua trinh ép
trwot ciia déi truegt phat trién theo phwong TB-DN
trong khu vuec.

Hinh thai, kich thwéc thidn quang, ciu tao
quang da dwoc xac dinh, véi s phan biét gitra cac
than quang TQ.1, TQ.2, TQ.4 va cac than khoang
hod TK.3 dén TK.11. Cic thidn qudng va thin
khoang hoa nay c6 phan b6 va kién tric dac trung,
déng gbp vao hiéu biét vé da dang ctia mo.

Phan tich héa hoc cia quing da cho thidy ham
lwong Pb va Zn thay doi déu trong cac than quing
va than khoang hoa. Ciu tao quang dwoc mo ta chi
tiét, bao gobm cau tao dai, thau kinh dic xit, cu tao
mach va mach xam tan, cu tao xAm tan day, 6 dac
Xit, cAu tao keo, kién tric hat tw hinh, hat ntra tw
hinh va hat tha hinh.

Nguon kim loai tao quang dwoc xac dinh trén
phén tich dong vi S, Pb. K&t qua cho thay kim loai
Pb, Zn dwoc tach ra tir cac da granit dudi sau,
thudc 16p vo dwdi. Nhiét do tao quang dworc xac
dinh tr phan tich don khoang sphalerit, két qua
cho thdy quang Pb-Zn khu mé Na Bép-Pu Sap
dwoc thanh tao & khoang nhiét d6 thap dén trung
binh (195-215,8°C).

M6 hinh nguén géc quang chi-kém mo Na
Bop-Pu Sap dwoc xdy dung dwa trén ciu tao va
kién tric quing, cling nhw dic diém dia héa va
dong vi bén. Mo c6 nhiéu dic diém twong dong véi
mo hinh SEDEX va MVT, nhwng cling c6 nhitng dac
diém riéng biét, chang han nhw ciu tric khdng ché
déc ddo va méi quan hé véi dd magma.

Nghién ctru vé d6 sdu boc mon cac thin
quang Pb-Zn khu vuc Cho Don cho phép du bao
trién vong quang chi-kém 4n, siu khu mo Na Bop-

Pu Sap. Quang hoéa Pb-Zn khu vuc nghién ctru cd
tiém nang kha 1én va quang héa ton tai dwdi sdu
la dang ké (khoang 600 m dwéi bé mét hién tai).
L&i cam on

Bai bao dwoc hd tro tir két qua nghién ctru

cia dé tai cdp BO Gido duc va Pao tao, ma sb
B2023-MDA-08.
Pong gop cua tac gia

Khwong Thé Hung - xay dung y tuwdng khoa
hoc, bd cuc va hoan thién bai bao; Ngd Xuin Dic -
phén tich dit liéu, diéu tra, khao sat; Ta Thi Toan -

danh gia va chinh stra; Phan Thi Thuy Dwong - xt

ly s0 liéu, bién tip hinh vé.

Tai liéu tham khao

Andrew, ], (2015). Sedimentary Exhalative Ore
Deposits (lecture note). 911Metallurgist.
https://www.911metallurgist.com/blog/sede

x-sedimentary-exhalative-ore-deposits
(accessing date: 5, 24, 2015).

Beue, A. A. & Grigoryan, S. V. (1975). Cac phwong
phap dia vat ly tim kiém va khai thac cic mo
khoang san ran. Nha xudt bdn Nhedra (tiéng
Nga).

Bui, V. S. (cha bién) (2010). Bao cido tham do
quang chi-kém khu vuc Na Bop-Pu Sap, huyén
Chon Don, tinh Bic Kan. Lwu triv Téng Cuc Dia
chdt va Khodng sdn Viét Nam, Ha Noi.

Dao, T. B. (2011). Nghién citu ddc diém va sw phdn
béd'sinh khodng chi-kém viing Viét Bdc, mién Bdc
Viét Nam. Luén an tién si, Dai hoc M6 - Dia chat,
Ha Noi, Viét Nam, 201 trang.

Pé, Q. B, Pam, Q. C, Kidu, T. C, Nguyén, M. H.,,
Nguyén, T. Q. (2005). Nghién ctru x4c 14p trién
vong quang chi-kém, vang va cac khoang san
khac di kém vung Phia Da - Na Cang, cac tinh
Cao Bang va Bac Kan. Luu trir Téng cuc Dia chdt
va Khodng sdn, 193 trang.

D6, Q. B, bam, Q. C,, Nguyén, C. b, Phung, Q. D,
Nguyén, T. H. L, Nguyén, T. Q,, V@, T. S. (2010).
Nghién ctru trién vong quing dong, chi-kém va
cac khoang san khac di kem dai quang Quan Ba
- Pac Nam céc tinh Ha Giang, Cao Bang va Bic
Kan. Vién Khoa hoc Dia chdt va Khodng sdn, 180
trang.



Khwong Thé Hiing va nnk./Tap chi Khoa hoc Ky thudt Mé - Pia chdt 65 (3), 13 - 28 27

Frenzel, M., Hirsch, T., Gutzmer, . (2016). Gallium,
germanium, indium, and other trace and minor
elements in sphalerite as a function of deposit

type - A meta-analysis. Ore Geological Review,
76,52-78.

Hoang, S. & Dwong, P. N. (2004). Phan loai
granitoid mién bic Viét Nam theo ché do kién
tao. Tap chi Pia chdt, 285, 11-12.

Khuong, T. H,, Le, X. T., Awadh, S. M,, Ta, V. T., Ngo,
X.D., Nguyen, K. D. (2023a). Geology, Pb and S
isotope geochemistry, and genesis of the Na
Bop-Pu Sap lead-zinc deposit in the Cho Don
area, Northeastern Vietnam. [raqi Geological
Journal, 56, 2, 164-177.

Khuong, T. H., Nguyen, V. D., Nguyen, T. C,, Pham,
N. S. (2023b). Geological and geochemical
characteristics of the Pac Lang gold deposits,
Northeastern Vietnam and their potential
prospects. Inzynieria Mineralna, 2(52), 311-
318.

Li,H, Wy, Q. H,, Evans, N.]., Zhou, Z. K., Kong, H., Xi,
X. S, Lin, Z. W. (2018). Geochemistry and
Geochronology of the Banxi Sb Deposit:
Implications for Fluid Origin and the Evolution
of Sb Mineralization in Central-Western
Hunan, South China. Gondwana Research, 55,
112-134.

Li, H, Xi, X. S, Sun, H. S, Kong, H., Wy, Q.,, Wy, C,,
Gabo-Ratio, J. A. S. (2016). Geochemistry of the
Batang Group in the Zhaokalong Area, Yushu,
Qinghai: Implications for the Late Triassic
Tectonism in the Northern Sanjiang Region,
China. Acta Geologica Sinica: English Edition,
90(2), 704-721.

Lir, I. V. (1984). Kich thwéc trung binh cia cac than
quang nhiét dich theo dwong phwong va
hwéng doc. Nha xudt bdn Nhedra (tiéng Nga).

Misra, K. C. (2000). Understanding mineral
deposits. Springer Dordrecht, XV, 845 pages.

Nguyén, K. Q. (chu bién) (1974). Pia chat va
khoang san to Bic Kan ty 1& 1:200.000. Trung
tdm théng tin Lwu trir va Bdo tang Pia chdt, Ha
Noi.

Nguyén, K. V. (1982). Tudi phong xa va tinh
chuyén hoa khoang ctia cac granit phirc hé Phia

Bioc trén co s& cac tai liéu dia hod va dong vi
chi. Tap chi Pia chdt, 154, 24-26.

Nguyén, V. N,, Mai, T. T, P§, P. N,, Nguyén, V. H,,
Nguyén, M. L, Doan, T. N. H, Nguyén, V. L.
(2010). Nghién ctru xac lap co s& khoa hoc dé
xay dung cdc m6 hinh thanh tao quang chi-kém
& mién Bic Viét Nam. Vién Khoa hoc Pia chdtva
Khodng sdn.

Nguyen, V. T, Ngo, P. A, Phung, V. D,, Pham, H. H,,
Vuong, M. S. (2002). New data on the Rb-Sr
isotopic age of granitoids from the Song Hin
complex. Journal of Geology, series B, 19-20,
103-107.

Pham, N. C, Ishiyama, D. Tran, T. A. (2014).
Mineralization of Indium in Northern Vietnam:
A Study on Mineralogy and Geochemistry of
the Na Bop and Lung Hoai Deposits in the Cho
Don and Cho Dien Mining Area. Acta Geologica
Sinica, 88(s2), 194-196.

Pirajno, F. (2009). Hydrothermal Processes and
Mineral Systems. Springer, 1249 pages.

Tang, D. N,, Chu, V. L, Nguyén, P. (2016). Panh gia
trién vong khoang san an, sdu (Pb-Zn, Au-Sb)
va cac khoang san khac & cac vung cé trién
vong thudc dong nam déi Lo Gam. Vién Khoa
hoc bia chdt va Khodng sdn.

Todt, W.,, Cliff, R. A, Hanser, A., Hofmann, A. W.
(1996). Evaluation of a 202Pb-205Pb Double
Spike for High-Precision Lead Isotope
Analysis. Geophysical Monograph Series, 95,
429-437.

Tran, T. A. (chu bién) (2010). Nghién ctru thanh
phan di kém trong cac kiéu tu khodng kim loai
co ban va kim loai quy, hiém c6 trién vong &
mién Bic Viét Nam nhidm nang cao hiéu qua
khai thac ché bién khoang san va bao vé moi
trwong. Pé tai md s6 KC08.24/06-10, B6 Khoa
hoc va Céng nghé, Ha N6i, 459 trang.

Tran, T. A. (2011). Bac diém khoang vét - dia hoa
va nguon géc cac mo chi-kém ciu tric Lo Gam,
mién Bac Viét Nam. Tap chi cdc Khoa hoc vé
Trdi ddt, 33(3DB), 393-408.

Tran, T. H. (cha bién) (2004). Piéu tra danh gia
tiém nang khoang san di kém trong mot s6 mo
chi-kém va dong & MBVN. Lwu tri¢ Vién Dia
chdt, Ha Noi.



28 Khwong Thé Hiing va nnk./Tap chi Khoa hoc Ky thudt Mé - Pia chdt 65 (3), 13 - 28

Tran, T. H,, Tran, T. A, Pham, T. D., Trén, Q. H., Bui, district, Jiangxi province, South China:
A N., Tran, V. H,, Pham, N. C. (2010). Khoang Constraints from geochronology,
san di kém trong cac kiéu quang chi-kém va geochemistry, mineral chemistry, and Sr-Nd-
ddng mién Bic Viét Nam. Tap chi cdc Khoa hoc Hf-Pb-S isotopes. Mineralium Deposita, 52(3),
vé Trdi ddt, 32(4), 289-298. 337-360.

Tran, V. T., Thai, Q. L., Phan, C. T. (2009). Tai Zartman, R. E, & Doe, B. R (1981).
nguyén khoang san Viét Nam. Cuc Dia chdt va Plumbotectonics - The model. Tectonophysics,
Khodng sdn Viét Nam, Ha Noi. 75,135-162.

Xu, B, Jiang, S. Y., Luo, L., Zhao, K. D., Ma, L. (2017).
Origin of the granites and related Sn and Pb-Zn
polymetallic ore deposits in the Pengshan



