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The paper introduces a number of new research results on the
characteristics of lead - zinc ores in Phia Dam - Khuoi Man areas based
on the application of traditional geological methods, combining the
method of researching material composition and method statistical
maths. In the study area, there are two forms of ore bodies with
characteristics described as below: the first form consists of ore bodies
developed along the stratabound bedding surface, are mainly distributed
in either anticlinal structures (i.e. Phia Dam region) or cuesta (i.e. Khuoi
Man region) and the second form consists of ore bodies in lodes, filled in
cracks or zones of fracture along the northwest - southeast faults.
Primary ore minerals are mainly galena, sphalerite, pyrite, chalcopyrite,
etc. and gangue minerals are calcite, dolomite, and quartz. Ore structures
are nests, veins, disseminated veins, banded, speckled, or sometimes
breccia - like ones. The relevant and controlling factors of lead-zinc
mineralization in Phia Dam - Khuoi Man region are the northwest -
southeast fault system and the lithostratigraphy. Ores are of either
mesothermal or epithermal deposits (temperatures varies from 162 to
308 degrees Celcius), with a specific symbiotic combination of quartz -
sphalerite - galena - chancopyrite.
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Phia Dam - Khudi Man.

Bai bdo gidi thidu mot sé két qud nghién ciru mai vé ddc diém qudng héa
chi - kém khu vyc Phia Dam - Khudi Man trén co s& dp dung phwong phdp
dia chdt truyén thong, két hop phwong phdp nghién ctru thanh phan vt
chdt va phuong phap todn théng ké. Khu vuwre nghién ctru ton tai hai kiéu
hinh thdi thdn qudng: Kiéu thir nhdt, gom cdc thdn qudng phdt trién theo
mdt I6p dang gid tdng, phdn bd trong cdu triic nép 16i ( khu Phia Bdm) hodc
dang don nghzeng (khu Khuéi Man); kiéu thit hai, gom cdc than qudng
dang mach, Iap ddy cdc hé théng khe nirt, déi ddp vé phdt trién doc dirt
gay phuong tdy bdc - déng nam. Khodng vit tao quang nguyén sinh chu
yéu la galena, sphalerit, pyrit, chalcopyrlt khoang vdt phi qudng gom
calcit, dolomit, thach anh. Quding cé cdu tao dang 6, gan mach, mang mach,
mach xdm tdn, dai, dém, doi ché dang ddm két. Yéu t6 lién quan va khong
ché qudng hoa chi - kém trong khu vuc Phia Bdm - Khuéi Man la hé thong
durt gdy phu’o'ng tdy bdc - dong nam va yéu té thach dia tang. Quang co
nguon goc nhiét dich nhiét do trung binh dén thdp (162 - 308°C), véi t6 hop
cong sinh khodng vat ddc trung thach anh - sphalerit - galena -
chancopyrit.

© 2020 Truong Pai hoc Mo - Pia chét. Tat ca cac quyén duoc bao ddm.

1. Mé& dau

Chi, kém la khoang san kim loai co ban, la

vung c6 tiém nang 1én nhat vé quéng chi - kém cta
nwéc ta. Vi vay, trong giai doan 2000 - 2015, da co
nhiéu cong trinh nghién ctru vé sinh khoang va

nguyén liéu c6 y nghia quan trong trong phat trién
kinh té€ quéc dan. Nhu ciu vé quang chi - kém trén
thé gidi néi chung, & nwéce ta noi riéng dang ngay
mot gia ting. Pong Bic Viét Nam dwoc danh gia la
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danh gia trién vong quing chi - kém viing ddng bac
Viét Nam (Hoang Vin Khoa, nnk, 2000; D6 Quéc
Binh, 2005; Nguyén Anh Tu4n, 2014); trong d6 c6
khu vwc Phia Dam - Khu6i Man. Mic du khu vuc
Phia Dam - Khudi Man da duoc dau tu tham do tir
nim 2017, nhwng dén thoi diém hién tai van chwea
c6 cong trinh nao nghién ctru chuyén siu vé dac
diém quang héa va danh gia tiém nang tai nguyén
Pb-Zn va khoang san di kém trong khu vuc. Do do,
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viéc nghién ctru nham danh gia diy du va toan
dién vé dic diém quang hda, lam co s& khoa hoc
cho viéc danh gia tiém nang tai nguyén va dinh
hwéng cong tac danh gia, tham do quang chi - kém
va khodng san di kém; dic biét d6i véi cac than
quang chi - kém ton tai dwdi sdu trong khu vuee la
hét strc can thiét. Bai bao gidi thiéu mét s6 két qua
nghién ciru méi vé dac diém quing hda va két qua
danh gia trir lwong, tai nguyén qudng chi - kém
khu virc Phia Dam - Khudi Man, tinh Bic Kan. Bai
b4o nham céng bd mot s6 két qua nghién ctru méi
dat dwoc trong qua trinh thi cong dé 4n tham do
quang chi - kém khu virc Phia Pam - Khuéi Man tir
nam 2017+2020 do Céng ty trach nhiém hiru han
Ngoc Linh dau tw (Nguyén Phuong, 2020).

2. Khai quat vé dic diém dia chat

Dién tich nghién ctru nam trong nép 16i Phia
Pam, thudc phan dong nam déi Lé6 GAm (Mai Thé
Truyén, 1997; D6 Qudc Binh, 2004; Nguyén
Phwong, 2020). Tham gia vao ciu tric dia chit
khu mé c6 cac thanh tao tir Paleozoi dén Dé ti,
gom hé ting Coéc X6 (D1cx22), hé ting Ban Pap
(D1-2 bp) va hé bé tir khong phan chia (Q).

Trong khu vuc chwa phat hién cac thé magma
xam nhép. Hoat dong kién tao xdy ra kha manh
mé. Khu virc Phia Pdm - Khu6i Man nam gan chon
trong nép 16i Phia Pam, truc nép 16i kéo dai
phuong tdy bac - dong nam, dwgc ciu thanh bdi
cac thanh tao carbonat thudc tip 2, hé ting Céc X6
(D1cx22) (Hinh 2-a, 2-b). Nép 16i bi phitc tap hda
bé&i cac nép udn bac cao hoic cic nép oan. Trong
khu vue da xac 14p dwoc 3 hé thong dat giy co
phwong khac nhau (Hinh 1); trong d6, hé thong
durt gdy phuong tiy bic - dong nam (dirt giy Ban
Lim - Phia Ddm va dt giy Liing Thom - PAc Nam)
la cau tric thudn lgi khéng ché va lién quan dén
qua trinh tao quang chi - kém trong khu vuec.

3. Phwong phap nghién ciru

3.1. Phwong phdp dia chdt truyén théng, két
ho’p thu thdp, tong hop va xir ly tai liéu

- Thu thip, tong hop tailiéu, danh gia do tin ciy
clia cAc nguon tai liéu thu thap dwoc tir cic ngudn
tai liéu co trudece.

- Lo trinh khdo sat dia chat, thu thip tai liéu &
cac vét 10 tw nhién, hao, khoan va lay b sung mot
s6 mAu phan tich (14t méng, khoang twéng).

3.2. Cac phwong phdp nghién civu thanh phdn
vdt chdt qudng

D€ nghién ciru thanh phan vt chit quing,
ngoai tong hop tai liéu phan tich thanh phin vit
chit (thanh phan khoang vét, thanh phan héa hoc)
trong cac nghién ctiru trwdec, cac tac gia da 1y va
phan tich b sung mét s6 loai miu sau:

- Phén tich khodng twéng dwéi kinh hién vi
phan cwc phan quang Carl Zeiss-Axio-ScopeAl,
ngudn sang halogen dé xac dinh thanh phin
khodng vat quang, cdu tao, kién tric quang,...

- Phan tich miu 14t mong dudi kinh hién vi
phdn cuc truyén qua dé xac dinh thanh phin
khodng vat tao d4, ciu tao, kién tric cia da chira
quang va da & vach, tru than quang.

3.3. Phwong phdp trong phong

DE xtr ly tai liéu phan tich, cic tic gia s dung
phwong phap toan théng ké mét chiéu va hai
chiéu.

- Phwong phap toan théng ké mot chiéu: Trong
thuc té, do so liéu thu thap dugc thuong rat nhiéu
va hon don. Do d6, dé c6 hinh anh téng quat vé dai
twong nghién cty, s6 liéu thu thip phai dwoc xir
ly, tdng hop, trinh bay, tinh todn nham danh gia do
tin cAy va tinh dai dién cia cic mau thu thap. Dong
thoi cho phép khai quat héa dwoc dic trung tong
thé vé déi twong nghién ciu. M6 hinh théng ké
mot chiéu cho phép mo ta quy luit phin b thong
ké va xac dinh gia tri trung binh, phwong sai, hé s6
bién thién cta thong sé dia chit thAn quing nao
dé. Vi du: Ham lwong Pb, Zn, chiéu day cta thian
quing hodc ddi khoang héa nham dam bao tinh
sat thuc, hiéu qua va khong chéch. Phwong phap
xac dinh cac gia tri dic trung thong ké (gia tri
trung binh, phwong sai, hé s6 bién thién) cta tip
mAu nghién ctru.

- Mb hinh théng ké hai chiéu: St dung nham
xac dinh moi quan hé twong quan gitra cac thong
sO dia chit thin quang v&éi nhau. M6i quan hé
twong quan gitta cac thong sé nghién ctru (ham
lwong hoac ham lwong véi chiéu day than quang)
xac dinh theo cong thirc:

n 1yn n
Zi:1 xiyi_z Zi:l Xi Zi=1 Yi

(1
J[ vy xiz_l(zln:1xi)2][z?:1 yiz_%(zlnﬂ 3’1')2]

n

)

Ry, =

Trong d6: x;;yi - Lan lwot la gia tri ciia nguyén
t6 (hodc do sAu phan bé - Z) x va y tai mau (diém)
thit i; n - s6 mau (diém) nghién ctru.
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Néu ry,> 0 thi x va y c6 méi quan hé twong quan
thuln; ry<0, gitta x va y c6 mdi quan hé twong
quan nghich; khi |ry| = 0,7 - 1, thi x va y c6 mdi
quan hé rat chat ché véi nhau, nguoclai |ry| —0,
thi gitra x va y dwgc xem la khong c6 méi quan hé
v&inhau.

4. Két qua va thao luian

4.1. Bdc diém qudng héa chi - kém khu vwrc Phia
Ddm - Khudi Man

4.1.1. Bdc diém hinh thdi - cdu triic cdc thdn qudng
chi - kém

Cac than qudng chi - kém trong khu vuc kha
phtrc tap va da dang. Hinh thai than quang nguyén
sinh va than quang thit sinh cé nhitrng dac trung
riéng. Quang thit sinh phat trién han ché va & phin
néng, quing nguyén sinh phat trién tir trén mat
dén do6 sau khac nhau; ngoai ra, trong khu vuc
nghién ctru con gdp thin quing an, siu da dworc
phéat hién va ghi nhan trong cac 16 khoan tham do
(LK.81.1, 85.2). Trong dién tich nghién ctru da xac
dinh va khoanh néi dwgc hang chuc than quing
cong nghiép, ky hiéu tir TQ1 dén TQ10; trong dé
khu Phia Pam c6 05 than quang (ky hiéu tir TQ6
dén TQ10), khu Khuoi Man cé 5 thian quang (ky
hiéu tir TQ1 dén TQ5) va mot s6 thian quing ¢ quy
mod nhd, ham lwong thip, khéng dat chi tiéu cong
nghiép. Két qua nghién ctru da phan chia dwoc 02
dang quang sau:

- Quéing nguyén sinh: Dang mach, mach thiu
kinh va dang via, it hon 1a dang bwéru, dang 6. Theo
tai liéu do dia vat ly va cac 16 khoan tham do
(Nguyén Phuong, 2020), da xac dinh ngoai cac
than quang 10 trén mat, trong khu vuc nghién ctru
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Hinh 2-a. Mt cdt tuyén 16- khu Khuéi Man
(Nguyén Phwong, 2020).
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con tén tai cac than quang an, sdu cach bé mat dia
hinh hién tai tir 100+150 m (Hinh 3).

- Quang th sinh: Thwdong phan b6 & phan 16
via, hodc 14p day cac hang, phéu karst, quing thi
sinh phin bo rit han ché trong khu vuc nghién
ctru va chi c6 y nghia khi khai thac cung quang géc.

Cén c vao hinh thai thin quang va mdi quan
hé gitta quang v&i da vay quanh cé thé chia cac
than quang thanh 2 kiéu hinh thai - ciu tric chinh
la than quing d&i mach, mach thiu kinh phan bd
dang gia ting va than quang dang mach don lé
xuyén cat da vy quanh.

- Ki€u thir nhat: Bao gom cac thin quang phat
trién theo mat1ép, dang gia ting, phan bd trong da
tram tich carbonat bi dolomit hda, thach anh hoa,
phéan bé hai bén canh cta nép 16i Phia bam (khu
Phia Pam, Hinh 3), hodc trong ciu tric don
nghiéng (khu Khu6i Man, Hinh 2-a). Than quang
cam don nghiéng vé phia ty, tAy - tdy nam, it vi tri
cam vé tay - tdy bac (bac khu Khudi Man), goc d6c
thay déi tly thudc vao thé nam cta 1ép da (tap da)
chira quang, phd bién tir 20+300 (khu Phia Pam,
Hinh 2-b) dén 40+60° (khu Khuéi Man, Hinh 2-a).
Trong khu vuc Phia Pam - Khudi Man, cic than
quang dang gia ting thuwdong c6 quy mé 16m. Chiéu
day than cong nghiép thay déi tir 0,5+0,6 m dén
2+3m, ¢6 noi dén 5+7 m, kéo dai hang tram mét
theo dwong phwong (Hinh 1) va 30+40 m dén vai
tram mét theo hwéng déc (Hinh 2 - b). D6 siu ton
tai thdn quang cach bé mit dia hinh hién tai tir
70+100 m.

- Kiéu thir hai: Gom cac thin quang dang mach,
mang mach xuyén cit da vy quanh, thuwdng phat
trién theo hé thong khe nirt doc cac dirt gay nho,
déidap ve, phan bd chi yéu & khu Phia Dam. Than

MAT CAT TUYEN 63- KHU PHIA DAM 720m

(Nguyén Phuwong, 2020).
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Hinh 3. Mt cdt dia chdt tuyén 81- khu Phia Pdm (Nguyén Phwong, 2020).

quiing cdm déc (65+800°) va huwdmng cam phu thudc
hwéng cdm cia hé théng khe nitt tich chira quing
hodc déi dap v kién tao phat trién doc dut gay,
than quing cdm ddc (Hinh 2-a). Trong khu vuc
nghién ctru, cic thin quang thudc kiéu hinh thai -
cu tric nay thwong c6 ham lwgng Pb + Zn kha
cao, nhung quy mo nho. Chiéu day tir vai cm dén
0,5 m, it khi trén 1,0 m, kéo dai theo dwong
phwong khoang tir 20+30 m dén 40+50 m (Hinh
1),

Hai kiéu than qudng trén thwong gin b6 mat
thiét véi nhau; tuy nhién, wu thé vé so lwgng va
quy md 1a cac than quing dang gia tang (kiéu thi
nhét). Tai mét s6 vi tri & khu Phia Dam, gip cac
than quing dang mach xuyén cit d4 viy quanh
phat trién theo hé thong khe nit phat trién doc
cac dat gay thwong di cung véi kiéu gia ting, tao
thanh than quang c6 hinh dang kha phitc tap.

4.1.2. Thanh phdn vdt chdt qudng

- Thanh phan khodng vt quang: Trén co s&
tong hop tai liéu cé trwde (PO Qudc Binh, 2005;
Nguyén Van Niém, 2010; Nguyén Anh Tuén, 2014;
Nguyén Phuwong, 2020) va két qua phan tich mau
b6 sung, cho thiy trong khu virc khoang vt quing
nguyén sinh cht yéu la sphalerit, galena, pyrit,
chalcopyrit; khoang vat thr sinh cé geothit,
covelin, anglesit. Khoang vat phi quang chu yéu la
calcit, thach anh, dolomit. Dac diém cac khodng vt
nhu sau:

+ Cac khoang vat quang nguyén sinh gom:

Galena (PbS): Trong miu c6 ham lwong
khodng 0,2+40%. Galena ton tai & dang hat va tip

hop hat tha hinh véi kich thuéc hat 0,01+1 mm.
Ching phan b6 tip trung thanh 6 nhé hodc xam
tan thanh dam hat khong déu trong nén da. boi
chd galena 14p day theo vi khe nitt trong pyrit hodc
trong da tao thanh cic vi mach. & mét vai vi tri
quan sat rd galena dang bi anglesit gdm mon thay
theé.

Pyrit (FeSz): Trong miu ham lwong dat 20%
trén toan mit mau mai lang chi quan sat thdy mot
vai vi hat pyrit & dang hat tha hinh, ntra ty hinh va
tw hinh véi kich thwéce hat 0,03+1 mm. Ching
phéan bd xam tan rai rac trong nén da (Hinh 9).

Tai mot s6 mau bat gdp mot s6 hat pyrit da bi
geothit thay thé gin nhuw hoan toan, chi con sét lai
tan dw cda pyrit.

Sphalerit (ZnS): C6 ham lwong khoang 0,2+15%,
ching chu yéu ton tai dwédi dang hat tha hinh véi
kich thwéc hat 0,05+0,6 mm, do6i khi c6 nhirng hat
6 kich thwéc 1 mm. Ching xam tan cung pyrit,
galenit hat nhé trén nén phi quing. D6i chd
sphalerit tao thanh vi mach theo vi khe nitt cia da
(Hinh 10).

Chalcopyrit (CuFeS;): Gip trong miu véi ham
lwong khong dang ké dén khodng 4%, ching cha
yéu ton tai dwdi dang cac vi hat tha hinh xam tan
tan man trén nén phi quing v&i kich thwéc hat
(<0,02+0,4) mm.

Pyrotin (FeS): Trong mAu gip vai vi hat
pyrotin tha hinh xdm tan trong nén phi quang
cung chalcopyrit véi kich thwéc hat <0,1 mm.

+ Cac khoang vat quang thir sinh:

Covelin: Gap trong mau véi ham lwong thap,
chiing 12 san pham oxy héa truc tiép tir chalcopyrit.
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Hinh 4. Méu KT.HT27: Galena (Ga) tao vi mach
xuyén cat pyrit (Py) va xdm tdn trén nén dd.

4

Hinh 6. Mau KT.L
héng cua dd.

Covelin ton tai & dang tp hop vi tinh thay thé gam
mon tir ven ria tao riém mong bao quanh mot s
hat chalcopyrit. Goethit: G3p trong mau véi ham
lwong tir thip dén khoang 0,5%, ching chi yéu la
san phdm oxy hda tir pyrit. Goethit ton tai & dang
tip hop keo hodc vo dinh hinh thay thé gdm mon,
d6i khi thay thé hoan toan cho mat s6 hat pyrit tao
kién trdc hat gid hinh. Mot phan goethit 14p day
mot s6 vi 16 hdng va vi khe nitt cia da tao thanh
cac 6 nho, vi mach phan b6 khong déu trong da.

Anglesit: Gip trong mau v&i ham lwong thap,
ching 1a san phidm th sinh cta galena, thwong
ton tai & dang tip hop keo va keo phan dai thay
thé hoan toan cho galena, déi khi ching ton tai
dwéi dang vanh riém bao quanh hodc doi khi gia
hinh theo mét sé hat galena. Nhiéu vi tri quan sat
ro0 anglesit thay thé gia hinh cho nhiéu hat galena
(Hinh 11).

K60.1/3(76m) Galena (Gal),
Sphalerit (Spl), Idp ddy trong cdc khe nitt, 16

e

_ £ Krikso0i2

Hinh 5. Méu KT.LK60.1/2 (75m) Galenia (Gal)
hat tha hinh, xdm tdn thanh ddm hat cting pyrit
(Py) trén nén phi qudng.

Hinh 7. Mdu KT.LK16.3/1 (7,5m) Sphalerit (Sph)
tao 6 thay thé gan két khodng vt tao dd va pyrit
(Py).

Ngoai cac khoang vat trén, trong cac than
quang chi - k&m con gdp barit, phan b dang 6, vi
mach.

- Thanh phan héa hoc quéng:

Két qua phén tich héa cho thiy cic nguyén té
tao quang chinh 1a Zn, Pb, con c6 mot s6 nguyén to
c6 ich di kém. Khu Phia bam: Pb dao dong tw
0,13% dén 23,23%, trung binh 3,26%, Zn dao
dong tir 0,18% dén 35,97%, trung binh 6,27%.
Khu Khu6i Man: Pb dao déng tir 0,05% dén
22,00%, trung binh 2,67%, Zn dao dong tw
0,02%+27,12%, trung binh 2,13%. Ham lwgng Pb,
Zn phan bo thudc loai khong déng déu dén dic
biét khong dong déu (Vc=98,3+191,6%).

Tong hop két qua phén tich ICP - MS cho thdy,
ngoai nguyén t6 chinh 1a Pb, Zn; trong quing con
c6 cac nguyén t6 di kem: As, S, Cu, Sb, Cd, Ag. Tuy
nhién, hAm lwong clia chiing trong cAc miu hau hét
déu <0,01% va phan bo thudc loai khéng 6n dinh.
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Bdng 1. Thit tw sinh thanh va té hop cdng sinh khodng vt qudng khu vwc Phia Ddm - Khudi Man.

Thoi ky tao Nhiét dich Bidu sinh
khoang
Giai doan tao
khoéng | II I11 I\%

T6 hop cdng sinh

Thach anh -pyrit

Thach anh - sphalerit

Thach anh - Cacil

Geothit -covenlin -

khodng vat - galena - chalcopyrit anglezit
Thach anh
Pyrit
Sphalerit
Galena
Chalcopyrit
Pyrotin | R
Cacil
Geothit
Covelin
Anglesit | 0 e
Cacnguyéntoddc | ¢ o o ca Pb, Zn, S, Fe, Si, Cu Si, Ca Fe, Pb, Cu
trung
C4u tao quang dic N Xam tan, mach, gdn | Mach, vimach14p | Keo, 16 héng, mang
Xam tan o n
trung mach, 6 day mach.
Kién tric quang Hat tu hinh Hat nira tw hinh, tw Hat tha hinh, hat Gia hinh, vanh
dac trung S hinh, tha hinh ntra tu hinh riém, keo, an tinh
Nhiét do thanh tao 162 - 3080C
Bién ddinhiétdich | Thachanhhoa | 1 1achanhhoa, Thach anh héa,
dolomit héa Calcit héa
Ghi chd: Khoang vt chd yéu ; Khoang vt thi yéu ; Khoang vat it gap .......

Cac nguyén to6 di kéem khong c6 y nghia, trir Ag
(40+200 ppm, trung binh 170+180 ppm) c6 kha
ning thu hdi trong tinh quang chi - k&m (Nguyén
Anh Tuin, 2014).

4.1.3. Cdu tao va kién triic qudng

Quang nguyén sinh cé ciu tao chd yéu la dang
xam tan, gin mach, mang mach, 6, dim két. Trong
ciu tao dang mach va mang mach lap day, cac
mach giau galenit, sphalerit xen pyrit phan bd
khong déu trong da voi bi dolomit héa. Ciu tao gian
mach thwong tao thanh hé mach 1ap day khe nirt
hodc mat tach 16p (Hinh 4); ciu tao dang 6, dang
dam thwong tao thiu kinh quang gan dac sit (Hinh
5, 13). Cau tao dam két phat trién trong thin
quang lién quan dén déi dap vd; véi cdu tao xAm
tan, mach, cic khodng vat quing ndm xam tan
(Hinh 5) hoac theo vi khe nitt (Hinh 4, 6) phat
trién trong da voi, da voi sét bi dolomit héa, thach

anh héa hoac tao 6 (Hinh 7, 12, 13). Kién tric phd
bién 1a hat tha hinh, nita tw hinh va hat tha hinh
(Hinh 5).

4.1.4. Giai doan thanh tgo qudng héa

Téng hop két qud phan tich miu khoang
twdng, lat mdéng thach hoc, hdéa quang tir cac cong
trinh trwéc (Phung Qudc Tri, 2013; Nguyén Anh
Tuén, 2014) va mau phan tich bd sung, cho thdy
qudng Pb-Zn khu vwrc nghién ctru dwgc thanh tao
trong 2 thoi ky voi 4 giai doan tao khoang (Bang
1).

- Giai doan I: Giai doan dau cta thoi Ky nhiét
dich, thanh tao t6 hop cong sinh khodng vt thach
anh - pyrit;

- Giai doan II: Giai doan tao qudng san
phdm,thanh tao t6 hop cdéng sinh khoang vét
thach anh - sphalerit - galena-chalcopyrit;
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ok s fobio e KTVL.!:KMJ';
Hinh 8. Mdu KTVL.1-KM: Galena (gal) tdp
hop hat tha hinh xdm tdn tao ddm 6 trén nén
phi qudng.

100 pm

Hinh 10. M&u KTVL.2-KM: Pyrit, sphalerit,
galena hat tha hinh, tw hinh, xdm tdn trén nén
phi qudng.

¥ 2 WG &Y
Hinh 12. M4u 16 khoan 28.1 (22,7m-23m):
Qudng Pb- Zn cdu tao dang 6, mach xdm tdn
trong dd délomit hoa, thach anh héa bi ddp.

- Giai doan III: Thanh tao t6 hgp cong sinh
khoang vat thach anh - calcit két thic thoi ky nhiét
dich;

- Giai doan IV: Thudc thoi ky Biéu sinh, thanh
tao t0 hop cdng sinh khodng vat goethit -covelin -
anglesit.
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KTVL.1-KM

Hinh 9. MAu KTVL.1-KM: Pyrit hat tw hinh, nira
tw hinh xdm tdn trén nén phi qudng.

‘a * x) A
Hinh 11. Méu KTVL.3-KM: Galenit bi anglesit
gdp mon thay thé tao ddm 6 trén nén phi qudng.

Hinh 13. Mdu 16 khoan 24.1 (36,8m-37m): Qudng
Pb-Zn c6 cdu tao 6, mach di cuing thach anh xuyén
cdt dd véi délémit héa.

4.1.5. Ddc diém dd bién d6i canh mach

Quang chi - kém khu virc Phia Bam - Khudi Man
tap trung trong tip 2 cla hé ting Coc X6 (D1cx22).
Thanh phén chi yéu la da carbonat xen cacl6p sét
voi, voi sét hodc cac thiu kinh cat, bot két mau
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xam, xam den, xam loang 16. P4 c6 ciu tao phan
dai, phan 16p méng, phan phién, cdu tao 16 héng
thir sinh, kién truc hat tw hinh, nia tw hinh,... P4
chira quang la da vo6i hau nhw bi bién doi dolomit
héa, thach anh héa manh (Hinh 14, 15, 16, 17).

- Hién twong dolomit héa: Xay ra manh mé
trong d&i da voi hat nho bi dap vé. Déi da bién doi
c6 chiéu rong tir 200+300 m, chiéu siu lén hon
160 m. P4 bién d6i dolomit hdéa c6 mau nau gu,
nau do, niu nhat, cu tao dang loang 16, kién truc
hat tw hinh, nira tw hinh, hat bién tinh, thay thé.
Tuy thudc vao mirc d6 bién d6i, ham lwong
dolomit thay déi tir vai % dén 18% (Hinh 8).

- Hién twong thach anh héa: La qua trinh bién
déi nhiét dich phé bién nhit tao nén cac 6, dam
thach anh thay thé dang dai di cing cAc khoang vat
quang, d6i chd xam tan hodc kham trén nén calcit,
dolomit. Thach anh vi hat tha hinh, lang tru ntra tw
hinh, it hon & danglang tru ty hinh va thwong chira
cac bao thé. Qua trinh thanh tao quang chi - kém

Lm.LK60-2
Nicol'+
&5

Hinh 14. Mdu Lm.LK60-2 (38,6 m) Sphalerit,

galena, pyrit phdn bé trong dd véi bi dolomit hoa.

N

Lm.LK60s1/2
Nicol +

Hinh 16. Mdu Lm.LK60-1/2; (76,8 m) Sphalerit,

galena, pyrit phdn bé trong dd véi bi dolomit hda.

ludn di cung véi qua trinh dolomit héa, thach anh
héa (Hinh 11).

4.1.6. Bdc diém phdn bé thong ké va va méi quan hé
twong quan gitka cdc nguyén té tao qudng

- bac trung phin b6 thong ké

Cac dic treng phan bd thong ké ham lwong cac
nguyén td dwoc xtr Iy bang phan mém Excel va két
qua tong hop & Bang 2. Tir Bang 2 rit ra mét s6
nhan xét sau:

+ Ham lwong trung binh cta Pb, Zn va Pb+Zn
khu Phia Dam cao hon 2 in khu Khudi Man va
phén bé cling 6n dinh hon.

+ Ham lwong Pb, Zn phin b6 trong cac thin
quang tuin theo mo hinh phin b6 théng ké log
chudn va phan b6 thudc loai khéng dong déu (VC =
98,3%), hodc rat khong dong déu (107,3+124,6%)
dén dic biét khong dong déu (Ve = 191,6%).

- Méi quan hé twong quan gitra cac nguyén té
va gitra chung v&i d siu ton tai quang.

Hinh 15. MGu Lm.LK60-2 (38,6 m) Sphalerit
galena pyrit phdn bé trong dd véi bi dolomit hoa.

200 ym

&

Hinh 17. MGu Lm.LK81-1 (83 m) Spalerit phdn bé
trong dolomit, thach anh.
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Hé s6 twong quan cap gitra cac thong s6 nghién
ctru duoc tinh theo céng thirc (1). K&t qua tong
hop & Bang 3,4 va 5.

T Bang 3 va 4 cho thiy, cic nguyén t6 tao
quang chinh (Pb, Zn) & khu Phia Pam c6 quan hé
thudn kha chat ché véi nhau; ngwoc lai & khu
Khu6i Man hau nhw khéng c6 quan hé v&i nhau.
Nguyén t6 chi c6 quan hé thuin véi hé s6 K, nguoc
lai Zn c6 quan hé nghich v&i hé s6 K va gitra ching
hiu nhw khéng c6 quan hé véi dd siu ton tai
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quang; trong khu vwe nghién ctru sw phin bé Pb,
Zn trong cac than quang khong phu thudc vao do
sdu (Z) ton tai cta than quang da xac dinh.

T Bang 5 cho thiy Pb, Zn c6 méi quan hé
thudn véi nhau (R >0,5) va gitta chiing c6 moéi
quan hé thuan kha chat ché véi Ag, Cd, Sb, Cu va
cic nguyén t6 nay hiu nhw khong c6 quan hé véi
nguyén to As.

4.1.7. Thdo ludn vé ngudn géc thanh tao qudng Pb-

Zn trong khu vuec

Bdng 2. Ddc trung théng ké ham lwong cdc nguyén té Pb, Zn va Pb + Zn (theo mdu héa).

Théng s6 théng ké Phia Pam Khuoi Man
Pb Zn Pb +Zn Pb Zn Pb + Zn

Trung binh (%) 3,26 6,27 9,53 2,67 2,13 4,80
Quan phwong sai 3,84 6,73 9,36 3,63 4,09 5,98
P6 nhon 6,48 3,62 1,76 10,78 17,56 6,05

b léch 2,31 1,89 1,52 2,88 3,86 2,37
Min (%) 0,13 0,18 0,31 0,05 0,02 0,16
Max (%) 23,23 35,97 46,52 22,00 27,12 31,31
Hé s6 bién thién (V%) 117,7 107,3 98,3 136,0 191,6 124,6
S6 mau 152 152 152 129 129 129

Bdng 3. Ma trdn twong quan cdp giira cdc nguyén té véi hé sé K (K=Pb/(Pb+Zn)) va dj sdu (Z) tén
tai qudng khu Phia Dam.

Z Pb Zn K
Z 1,00
Pb -0,16 1,00
Zn -0,08 0,58 1,00
K -0,07 0,48 -0,13 1,00

Bdng 4. Ma trdn twong quan cdp giira cdc nguyén té véi hé s6 K (K=Pb/(Pb+Zn)) va dj sdu (Z) ton

tai quang khu Khudi Man.

Z Pb Zn K
Z 1,00
Pb -0,24 1,00
Zn -0,19 -0,11 1,00
K -0,07 0,52 -0,57 1,00

Bdng 5. Hé s6 twong quan cdp gitka cdc nguyén té tao qudng khu Phia Ddm (theo tai liéu phdn

tich ICP - mdu ldy trong cdc thdn qudng chi - kém).

Ag As Cd Cu Pb Sb Zn
Ag 1,00
As -0,05 1,00
Cd 0,17 0,34 1,00
Cu 0,18 0,12 0,51 1,00
Pb 0,67 -0,05 0,17 0,24 1,00
Sb 0,81 0,06 -0,03 0,12 0,62 1,00
Zn 0,18 -0,07 0,80 0,65 0,53 0,35 1,00
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V& ngubn goc quang chi - kém khu vic nghién
ctru con c6 nhiéu quan diém khac nhau; dang chu
y la quan diém vé loai hinh nguén géc nhiét dich -
tram tich thudc kiéu mé SEDEX lién quan chit ché
v&i cac thanh tao tram tich carbonat tudi Devon
sém (P& Quéc Binh, 2005; Nguyén Vin Niém,
2010).

Két qua tong hop tailiéu phan tich mau bao thé
khi - 16ng va bao thé 16ng - khi. Trong cdc mAu hau
hét déu gap hai loai bao thé 16ng - khi va khi - 16ng
c6 kich thwée tir nhd dén 16, mét do gép cao, phan
b6 khong déu trong mau. Dua vao sy ton tai cia
cacloai bao thé c6 trong maiu va nhiét do dong hda
cac pha cta ching, cho thiy cic khodng vt trong
mau thanh tao & nhiét dd sau (Nguyén Anh Tuin,
2014);

- Bao thé 16ng - khi: Hinh dang: nhiéu canh,
ovan va tron. Kich thwéc 5+15 pm theo canh dai
bao thé. Thanh phin cac pha: 70+90% ldng,
10+30% khi. Mat d6: 50+100 BT/mm2 Nhiét do
déng hoa: 162+2010C.

- Bao thé khi - 16ng: Hinh dang: tron canh, ovan
va tron. Kich thwéc tir 3+12 um theo canh dai bao
thé. Thanh phan cac pha: 65+80% khi, 20+35%
l6ng. Mat do: thip < 50 BT/mm2. Nhiét d6 dong
héa: 240+308°C.

Tt két phan tich mau bao thé khi 16ng va long
khi néu trén, ciing nhw dac diém hinh thai - cu
trdc than quang, dac diém da bién doi canh mach
va to hop cong sinh khoang vt da xac 1ap, theo tac
gid quang Pb-Zn trong khu vwc nghién ciru cé
nguon goc nhiét dich nhiét do trung binh dén thip
(162+3080°C), v&i t6 hop cong sinh khodng vat dac
treng cho giai doan tao quang cong nghiép la
thach anh - sphalerit — galena - chancopyrit.

Hai kiéu hinh thai thin quang néu trén c6 cung
nguon cung cap va da chira, chi khac nhau phwong
thiec ldng dong, quy mo, hinh thai thin quing;
trong d6 kiéu quang thir nhit (kiéu thin quang
mat 1ép gid ting) dwoc thanh tao chi yéu theo
phwong thirc 14p day khe nirt bong 16p, trao déi
thay thé cac da carbonat bi bién d6i viy quanh;
kiéu quang thir hai (ki€u than quing dang mach,
mang mach xuyén cit da vy quanh) dwoc thanh
tao chi yéu theo phwong thirclap day khe nit, déi
d4p v kién tao phat trién doc dirt gay.

4.2. Tién dé va ddu hiéu tim kiém qudng

Tong hop két qua nghién ciru trwede va tai liéu
thu thap trong qua trinh thi cong dé an tham do,

da xac lap dwoc cac tién dé va dau hiéu tim kiém
quang chi - kém trong khu vuec.

4.2.1. Tién dé tim kiém

Dwa vao ciu truc dia chat va dic diém quang
héa, thanh phan thach hoc, diéu kién thanh tao
quang,... c6 thé xac dinh cac tién dé tim kiém
quang chi - kém khu viyrc nhw sau:

- Tién dé thach dia tAng: Yéu t6 thach dia ting,
két hop véi yéu té ciu truc - kién tao thanh yéu td
kién tric - thach hoc c6 y nghia dic biét trong sw
phén b6 va tip trung quang chi - kém trong khu
Ve,

Khu virc nghién ctru, quang héa chi - kém phan
b6 tip trung trong cac thanh tao da voi, xen kep
voOi sét bi dolomit hda, thach anh héa. Cac tap da
vOi, voi sét, da voi tai két tinh mau xam la yéu to
chitra quing Pb-Zn thuin loi nhit, cic thanh tao
nay cha yéu tip trung & nép 16i Phia Khao. Tang
chtra it thuan loi hon 1a @4 hoa mau tring, d4 phién
v0i, d4 phién voi. TAp da phién cd 1é1a tip dong vai
tro 1a tAng chin dung dich tao quing trong khu
Ve,

- Tién dé kién truc: Yéu td ciu tric kién tao noi
chung gitr vai tro quan trong trong sw khong ché
va tap trung cac mo nhiét dich néi chung, quang
chi - kém noi riéng.

+ Nép uén: Ciu truc nép 16i Phia Khao thuan loi
cho tap trung quang hdéa Pb-Zn, v&i cac than quang
thwong c6 quy mo 1ém dén trung binh, ham lwong
kha cao. Cac nép oan nhé nam trong ciu tao don
nghiéng khu Khuoi Man 1a noi thuén lgi cho tich tu
qudng hoéa Pb-Zn.

Cac nép uén nho thwong di kém véi cac hé
thong khe nirt phat trién canh cac dit giy bac 2, 3
1a cacvi tri thuin lgi cho viéc tip trung quang, nhat
la phan canh cta nép 16i Phia Pam. Cac nép uén
nho, di kém véi cac hé théng khe nirt phat trién
canh cac dit gy nho (bac 2, 3) 1a cac vi tri thuan
loi cho viéc tip trung quang, nhitla phan canh cia
nép 16i Phia Pam. Thwc té cho thiy quy mé than
quang & trung tAm nép 16i Phia Pam lén hon so
v&i cac than quang & khu vwc ¢ ciu truc don
nghiéng (Khu6i Man). Dac biét tai khu viee nép 16i
Phia bam, cac da voi, voi sét bi dolomit hoa, silic
héa, thach anh héa cé thé nam thoai 20+40°, bj
udn nép la diéu kién thuan loi dé lAng dong va tich
tu quang chi - kém trong khu vurc.

+ Dt giy: Trong khu vire nghién ciru, hé théng
dit gy phat trién theo cac phwong khac nhau,
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nhuwng dong vai tro quan trong nhat doi véi tao
quang chi - k&m 1a hé théng drt phwong tiy bic -
déng nam, thir dén 1a hé théng dit giy phuong
dong bic - tAy nam va 4 vi tuyén.

+ Khe nirt: Khe nitt c6 gia tri rat 1¢n trong tim
kiém, vi chiing quyét dinh s phan b6 mé c6 nguén
goc nhiét dich, dic biét 1a quang dang mach, mang
mach. Trong mot trweong mg suit bao gio cling
ton tai ba loai khe nitt: Khe nit cit, khe nitt tach
va khe nitt ép det. Trong d6 khe nitt tach la khe
nitt mé thudn loi cho tao quang nhiét dich.

T tong hop tai liéu nghién clru cla cac tac gia
trudre va thuc té thi cong dé 4n thim do (Nguyén
Phwong, 2020), cho thdy dic diém thach dia tAng
va cAu tric nép udn (nép 16i) la tién dé thuin loi,
c6 vai tro quan trong dé hinh thanh cac than quing
dang gia tAng; con cac dit giy, khe nirt va déi dap
v di cung la tién dé thuén lgi cho thanh tao cac
than quang dang mach, mang mach trong khu vuc
nghién ctru.

4.2.2. Ddu hiéu tim kiém

- V&t 16 than khoang: Vét 16 than khoadng 1a noi
than quang 16 ra trén mat dat, do cac qua trinh dia
chit (vét 16 tw nhién) hay tac déng ctia con nguoi
(vét 16 nhan tao). Pay 1a d4u hiéu tim kiém rat c6
gia tri, vi n6 chi cho ta mét cach truc tiép cac biéu
hién khoang san chi - kém hay cac than khoang rat
ro rang. Nho quan sat va nghién ctéu vét 16 ma cé
thé suy doan quy mé va chat lwong quing mot
cach khai quat.

- Vanh phéan tan tang lan: Co s& cua phwong
phap la dwa vao cac tang lan c6 chira cac khoang
vat quang. Qua trinh khdo sat cho thiy trén khu
vue nghién ctru déu gap cac tang lan chira quang,
Kich thwéc cac tang lan dao dong ttr 0,05+0,1 m3
dén 0,5+1 m3 hodc hon. Dwa vao hinh dang, kich
thwéc, @6 mai tron cia tang lan dé dw doan vi tri
than quang goc.

+ D4u hiéu cac cong trinh cili: Trong qua trinh
khdo sat thuc dia cho thiy, tai mot s6 khu vwe da
c6 cac cong trinh moong, 10 do dan khai thac tw
phat. Pay la dau hiéu c6 thé sir dung dé danh gia
so' bd quy md va chat lwgng quang.

+ D4 bién d6i canh mach: Pi cing qua trinh tao
quang la nhitng hién twong bién déi nhw thach
anh hda, dolomit hoa hoic calcit hoa. Sw bién doi
nay tao thanh déi bién doi co6 dién tich réng hon
dién tich than quing, mach quing. Vi vay, dé phat

trong 16 trinh dia chit; diy 1a cadc diu hiéu gian
tiép, nhwng rat quan trong.

+ Di thudng dia vat ly: Dwa vao cac di thwong
dia vatly c6 thé phan doan nhirng dac diém vé ciu
trac dia chat va kha nang phat hién cac tich tu
khodng san. Tuy nhién khong phai tit ca cac di
thwdong déu biéu hién s tich tu khoang san va cac
tich tu nay chwa chdc da chira quing chi - kém. Do
vay, cac di thwong dia vat ly 1a dau hiéu gian tiép
trong viéc diéu tra, danh gia va tham do quang chi
- kém & khu virc.

Két qua do dia vat ly mat dat theo tuyén tham
do da xac dinh dwgc cac ddi c6 gia tri dién trd suit
nho hon 200 Qm, phat trién dén do su trén 150
m, chiéu rong ctia déi thay doi tir 10+500 m. Cac
déi di thwong dién tré suit thip lién quan véi doi
bién doi, dap v& nirt né cé trién vong chira quang
chi - kém.

+ Vanh phan tan dia hoa: Vanh phan tan dia
hoéala dau hiéu dé phat hién di thudng dia héa cac
nguyén to quang va cac nguyén to chi thi lam co
s& cho viéc tim kiém phat hién cac than quing goc
bang cac10 trinh dia chat tim kiém, do dia vatly va
cac cong trinh khai dao.

Theo tai liéu cua giai doan diéu tra danh gia
(Phuing Qudc Tri, 2013) da thanh 14p dwoc so do
vanh phéin tan bic 2, 3 clia nguyén t6 chi - kém
trong khu vyc nghién ctru.

- Dy bdo do siu ton tai quing chi kém trong
khu virc: D§ sau than quang twong quan thudn véi
quy mé than quang (Lir Iu.V.,, 1984). Theo 6ng dd
sdu ton tai quang c6 thé du bao theo cong thirc:

h=0,6%1 (2)

Trong dé: h - d6 siu ton tai than quing, hodc
d6i quang theo hwong déc, I - chiéu dai than
quang/hoac déi quang.

Do d6, do sdu ton tai cac thin quing (d&i
quang) chi- kém trong khu virc nghién ctru c6 thé
ton tai dén 300 m hodc hon. Két qua tham do cho
thay quang chi - kém trong khu vuec ton tai dén do
sdu 100+150 m hodc hon so védi bé mat dia hinh
hién tai va tp trung chi yéu tir d6 cao c6t +500 m
dén c6t +700 m (khu Phia bam) va ttr c6t +550 m
dén c6t +750 m (khu Khudi Man).

Tir cAc dan liéu trén cho phép nhan dinh, trong
khu vuc nghién ctru ngoai cac than quang 16 trén
mat da dwgc diéu tra danh giad va tham do, c6
nhiéu kha nang ton tai cac thin quang dudi sdu
(&n, siu); dic biét phan canh tiy nép 16i Phia Dam.
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5.Két luidn

Két qua nghién ctru cho phép rit ra mot s6 két
luin sau:

1. Khu virc nghién ctru ¢6 ciu tric dia chat kha
phirc tap, cé tiém ning vé quang chi - kém; trong
dé6 c6 cac dién tich dang dwoc tham do phat trién
mo. Quing chi - kém phan bd tip trung & nép 16i
Phia Pam, tao thanh cac than quang cdng nghiép
c6 quy md nho dén trung binh. Trong khu vuc
nghién cru ton tai hai kiéu hinh thai thin quang
c6 nhirng ddc diém riéng:

- Kiéu thir nhat, gbm cac than quang phat trién
theo mat 16p, dang gia ting phat trién trong cac
ciu trac don nghiéng, tp trung & cac khu Phia
Pam va khu Khuoi Man.

- Kiéu thir hai, gdbm cac thin quing dang mach
xuyén cat da vay quanh, thudong phat trién doc
theo cac dut gy nho, doi dap vo.

Hai kiéu trén thudmng gin bo mat thiét véi nhau
trong cung mot khu mé; tuy nhién trong khu vue
nghién ctry, thi wu thé vé quy mé va mirc do tip
trung 1a cac than quing dang gia tang.

2. Khoang vit quang nguyén sinh chd yéu la
sphalerit, galena, pyrit, chalcopyrit, khoang vat
thr sinh c6 geothit, covelin, anglesit, pyrotin.
Khoang vat phi quang chu yéu la calcit, dolomit,
thach anh. Quang c6 ciu tao chi yéu la dang xam
tan, gAn mach, dai, 6, d6m, dam két. Cac nguyén to
tao quang chinh (Pb, Zn) & khu Phia Pam c6é quan
hé thuin kha chat ché v&i nhau. Sw phan b6 ham
lwong Pb, Zn trong cic thin quang khong phu
thudc vao do siu ton tai cia ching. Ngoai chi,
kém, trong cac than quing con cé Ag, barit, cin
nghién ctru kha ning thu hoi, d€ nang cao gia tri
kinh té md; dong thoi dap Gng yéu cau st dung
hiéu qua, tiét kiém va triét dé€ ngudn tai nguyén
khong tai tao, két hop bao vé méi trueong trong
hoat dong khai thac khoang san.

3.Yéu td lién quan va khéng ché quang hoa chi
- kém trong khu vwc Phia Pam - Khu6i Man 1a hé
théng dirt gy phwong tiy bic - dong nam va yéu
t6 thach dia ting (cac thanh tao carbonat thudc
tap 2, hé tang Coc X6 (Dicx,2bi dolomit héa, thach
anh héa).

Quang c6 nguon goc nhiét dich nhiét do trung
binh dén thip (162+308°C), v&i té hop cong sinh
khoang vat dac trung cho giai doan tao quang san
phdm la thach anh - sphalerit - galena -
chancopyrit.

4. Quang chi - kém trong khu vurc ton tai dén do
siu tlr 100+150 m hodc hon so véi bé mat dia hinh
hién tai va tp trung chi yéu tir d6 cao c6t +500 m
dén cot +700 m (Khu Phia Dam) va tir c6t +550 m
dén c6t +750 m (khu Khu6i Man). Ngoai cac thian
quang 16 trén mat da dwoc diéu tra danh gia va
thdam do, trong khu Phia Dam - Khudi Man con c6
trién vong vé cac thin quing phin bd dudi sdu
(hién chwa xuat10 trén mat), cin tiép tuc diéu tra,
tham do dé gia ting trit lwong/tai nguyén Pb-Zn
trong khu vurc néi riéng, tinh Bac Kan néi chung.

Nhirng dong gop caa tac gia

- Xac dinh trong khu vurc nghién ctru ton tai ctia
hai ki€u hinh thai thin quidng chi - kém va dac
diém phéin bé cia ching.

- Xaclap duoc thir tu sinh thanh va to hop cong
sinh khoang vat quang trong khu vuc Phia bam -
Khuoi Man.

- Xac dinh déc trung phin bo thong ké cta cac
nguyén to chi, kém va méi quan hé twong quan ctia
chung v&i do siu ton tai cia quang héa trong khu
virc nghién ctru.

- GOop phan lam sang t6 cac yéu to lién quan,
khéng ché quing hoa chi -kém va duw bao d6 sau
ton tai ciia quang chi - kém trong khu vuec.
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