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TOM TAT

Trén co sé& str dung phéi hop phuong phap phén tich thanh phén khoéng véat, héa hoc, két hop phuong
phép mé hinh héa rit ra moét s6 két luan vé diém dia chét va quéang héa chi - kém ving Cam Nhén
nhuw sau:

Vung nghién ctru ¢é céu tric dia chat kha phire tap, véi sw c6 mét cla céc thanh tao thudc hé tang
Ha Giang; hé tang Mia Lé va céac tram tich bé roi théng Holocen, hé Dé tir. Cac thanh tao magma acid
thudc pha 1 phirc hé Phia Bioc va cac da mafic phirc hé Méu A phéan bé trén dién tich kha I6n & phia Tay
va it & trung tam vung.

Céc than quéng chi - kém phén b6 khéng lién tuc tao thanh déi khoang hoa kéo dai phuwong Bong
Béc - Tay Nam va a kinh tuyén. Poi khoéng hoé chi - kém chira cac than quang dat yéu cau cong nghiép
lién quan chu yéu véi cac dit gdy phuong Bong Béc - Tay Nam va & kinh tuyén. Quéng phén bé tép trung
trong d& hoa, d4 hoa dolomit bj bién déi thudc tap 3, hé tdng Ha Giang.

Céc than quéng trong vung ¢é dang mach, hodc mach thau kinh, cdm don nghiéng vé tay, tay bdc véi
goc dbc tr 20 - 70°: chiéu day bién doi ter 0,80 dén 3,40m; ham luong Pb, Zn dao dong ter 0,048% dén
16,500%, trung binh 0,124 - 3,343% va bién dbi thudc loai dic biét khéng dong déu.

Khoang véat quang nguyén sinh co6 galenit, sphalerit, pyrit; ngoai ra, con c6 chalcopyrit, pyrotin,
magnetit; khoang véat phi quéng gém calcit, dolomit, diopsit, phlogopit, thach anh. Bién déi nhiét dijch dc
trieng la dolomit hod, calcit hoa, thach anh hoa va talc héa.

Quéng c6 ngudn gbc nhiét dich nhiét do trung binh thép, véi té hop cdng sinh khoang vét dac trung
cho giai doan tao quédng céng nghiép la pyrit - sphalerit - galenit.

Tir khéa: Dac diém dia chat, quéng héa chi - kém, Cam Nhén, Yén Béi.

@ Hoi Khoa hoc va Cong nghé Mé Viét Nam

1. DAT VAN BE Intergeo 1ap “Dé an tham do mé khoang san quéng chi

Quéng chi - kém phan bd tai ving Cam Nhan,
huyén Yén Binh, tinh Yén Bai dwgc Hoang Thai Son
(1997) phat hién khi tién hanh céng tac do vé dia chét
va diéu tra khoang san ty Ié 1: 50.000 nhém t& Poan
Hung - Yén Binh va duoc danh gia chi tiét trong dé tai
“Danh gia trién vong quang chi - kém vung Cam Nhan
- My Gia, Yén Binh, Yén Bai” cla Lién doan Dia chét
Tay Béc [6]. Nam 2014, Cong ty C6 phan khoang san
Tay Giang Yén Binh d& phéi hop véi Lién doan
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- kém khu Lang Ray - Nui Ngang’, 1a mét phan dién
tich clia ving quang Cam Nhan. M&c du da duoc
nghién clru, diéu tra danh gia tr nam 1994 -1997,
nhung dén nay, van chua co cong trinh nghién clru
chi tiét va toan dién vé dac diém dia chat va quéng hda
chi - kém lién quan trong vung. Vi vay, viéc nghién ctru
vé dic diém dia chat va quang hoa, lam co s& dé danh
tiém nang va dinh hudng thadm dod quang chi - kém va
khoang san di cling trong viing Cam Nhan la can thiét.
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2. DU’ LIEU VA PHUONG PHAP NGHIEN CU'U
2.1. Khai quat vé dic diém dia chat

Vung Cam Nhan thudc ddi cAu tric Séng Chay,
gdm cac da trdm tich carbonat va luc nguyén
carbonat; trong vung, cac hoat ddng magma va
kién tao xdy ra manh mé va kha phtc tap. Cau
thanh nén clu tric dia chat ving nghién ctu cé
cac thanh tao tir Paleozoi dén Pé t&. Chiém dién
tich chl yéu la cac thanh tao thudc tap 2 (€2hg»)
va tap 3 (€2hgs); cia hé tang Ha Glang (€2hg); hé
tang Mia Lé (D1ml) phan b tap trung & phan Tay
Béc; cac tram tich Dé t&r bé roi théng Holocen (a-
ap Qz) phan bé doc thung liing séng, sudi I6n (Hinh
1) [1,5,6].

Cac thanh tao granit biotit, granit 2 mica thudc
pha 1 phtrc hé Phia Bioc (yT3pb) va cac thanh tao

SO PO PIA CHAT KHOANG SAN
VUNG CAM NHAN - YEN BINH - YEN BAI

mafic gi‘)m Iherzolit spinel, websterit chira olivin -
spinel va gabro, gabro amphibol thudéc phc hé
Mau A (voEs ma) phan bé trén dién tich kha lén &
phia Tay va it & trung tm vang. Theo Nguyén Van
Hoan (2009), phtrc hé Phia Bioc c6 quan hé voi
thanh tao corindon cé kém theo da quy va lién quan
véi quing hoa galena, pyrit?. Téng hop tai liéu
m&i thu nhan dwoc trong qua trinh thi cong dé an
tham do [5] va cac két qua nghién ctru bd sung, tac
gid cho rang véi tai liéu hién c6 chwa di co s& xac
dinh méi lién quan cha quang héa chi - kém voi
thanh tao magma cé mat trong vung.

Trong viing c6 mét 3 hé thdng dit gy phwong
khac nhau (Hinh 1); cac dut gay thude hé thdng
phuwong Bong Béc - Tay Nam va a kinh tuyén dong
vai trd khdng ché ciu tric chiva quang va tao
quang chi - kém trong vung [5,6].
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2.2. Phwong phap nghién ciru

2.2.1. Phwong phap dia chat truyén thong, két
hop thu thap, tong hop va xur ly tai liéu

- Thu thép tai liéu phan tich hoa co ban, hoa
toan dién, ICP, mau phan tich lat méng, khoang
twdng, tai liéu do dia vat ly, ... tlr cac cbng trinh
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]; 6 chinh stra b6 sung)

nghién ctru trwde [5,6]; tbng hop va danh gia kha
nang s dung ngudn tai liéu nay.

- Tién hanh 16 trinh dia chat nghién ctvu chi tiét
trén mot sb tuyén (Tuyén 38 va tuyén 42 - khu Lang
R4y - NUi Ngang, tuyén 43 - khu Cdm Nhan va
tuyén 73 khu Xuan Lai). Trén cac tuyén tién hanh
khao sat chi tiét cac vét 16 don sach, hao ci, két
hop xem xét mau 18i khoan dé& xac dinh quan hé
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gitva da va quang, két hop Iy mau lat mong va
mau khoang tuéng.

2.2.2. Nghién ctru thanh phan vat chat quiang

L4y bd sung va glri phan tich 06 mau khoang
twdng va 04 mau lat méng tai trwdng Dai hoc Mé -
Dia chéat dé xac dinh thanh phan, cAu tao, kién trac
cla quang va da vay quanh.

2.2.3. Phwong phap trong phong

- Phucmg phap hinh hoc mé: Phwong phép
hinh hoc mé hay hinh hoc hoa long dat duwoc s
dung nhdm nhan thire chung vé dic diém hinh thai
- cAu trac, thé nam clia cac than quang va mdi
quan hé gilra chung v&i da vay quanh [12]. Bai bao
str dung hé théng mét cat dia chat theo tuyén tham
do dé nhan thirc vé dac diém bién dbi, hinh thai -
cu tric than quang chi - kém va quan hé cla cac
than quang véi cac yéu té kién tao va da vay quanh
[3.4].

- Phuong phap toan thdng ké: Gdm phuwong
phap théng ké mot chidu va hai chiéu. Phuong
phap théng ké mot chiéu sir dung dé xi ly tai liéu
phan tich hoéa co ban va hoa toan dién. Néi dung
cia phwong phap d& cap chi tiét trong
[8,9,10,11,14].

Théng k& hai chiéu st dung dé xac dinh murc
do twong quan gitra cac nguyén td trong cac than
quang Pb - Zn. Tai liéu s& dung dé& nghién ctru la
cac két qud phan tich héa nhém. Phuong phap
thdng ké hai chiéu dé cap chi tiét trong [2,7,9,11].

3. KET QUA VA THAO LUAN

3.1. Pac diém quing héa chi - kém vung Cam
Nhan

a. Pédc diém hinh thai - c&u truc céc than quang
chi - kém

Céc than quang chi - k&m phan bd khong lién
tuc tao thanh do&i khoang hoa kéo dai phuwong
Péng Bac - Tay Nam va a kinh tuyén. Déi khoang
hoa chi - kém chira cac than quang dat yéu cau
coéng nghiép lién quan chd yéu véi cac dut gay
phuong Dong Béc - Ty Nam y nam va & kinh
tuyén (Hinh 1). Dwa vao tai liéu thdm do [5] va céac
tai liéu co trwdce [1,6] da xac dinh duwgc 06 than
quang cong nghiép ky hiéu TQ1 (khu Lang Réy -
Nui Ngang), TQ3, TQ4, TQ5 (khu Cam Nhan) va
TQ6, TQ7 (khu Xuan Lai); 02 than quéng dia chat
(than khoang) ky hiéu TQ1a, TQ2 va moét sb thau
kinh nhé khéng dat tén (hinh 1, 2). Hau hét cac
than quéng phan bd trung véi déi d&m hoac doi
khe nut tach theo mét I&p phat trién trong da hoa,
da hoa dolomit bi bién dbi thudc tap 3, hé ting Ha
Giang (€2 hgs) (hinh 1), kéo dai theo phwong a kinh
tuyén [5,6]. Cac than quing chi yéu dang mach,
mach th4u kinh, dang gid tdng (Hinh 2), cé ranh
gi®i rd rang hoac khéng ré rang v&i da vay quanh;
duong 16 than quang udn lwon phu thudc vao sw
phan cat dia hinh noi than quang cat qua. Cac than
quang cém don nghiéng vé phia Tay va Tay - Tay
Béc véi goc dbc tir 20° dén 70°. Theo tai liéu tham
do [6], cac than quang khu Lang Ray - Nui ngang
da khdng ché dén cot +100m (LK37 - 1), khu Cam
Nhan dén cot +210m (Hinh 3) va khu Xuan Lai dén
c6t +240m (Hinh 3) ho&c hon. Bac diém chung cla
cac than quéng, than khoang chi - kém téng hop
trong Bang 1.

Bang 1. Diac diém cac than quang, than khoang chi - kém Vung Cam Nhan [5,6]

§§ Chidy HémTI*Lﬁ(g?g (%) Chiéu day
hicu dai Thé nam — (m)
than (m) Trung binh Tw-den
quang Pb Zn Pb + Zn Trung binh
T 850 260-290 ~20- | 0,095-9,920 0,007-14,080 | 1,008-16,500 0,80-3,14
400 2,590 0,754 3,343 1,71
255-290/ 65- 0,013-0,384 0,019-0,159 0,048-0,484 0,98-2,61
TQla | 470 ; 0.98-2,61
70 0,068 0,056 0,124 1,38
0,012-0,390 0,010-0,621 0,022-1,011 0,00-5,16
O bl b J b b b ki ki
TG2 70 290235 0,082 0,120 0,202 2,60
2,330-19,210 0,030-4,920 2,440-19,490 1,00-2,00
T 4 260-280./ 30-50° | ’ A ’ ’ =
Q3 S0 602802 30-50 9,070 1,010 9,640 1,360
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£ . Ham lwong (% Chiéu da
neu | Chiéu - Tidn m
than ?na‘; Thé nam Trung binh Tu-dén
quang Pb Zn Pb + Zn Trung binh
Tas | 860 260-280 30- | 1,230-16,910 | 0,120-4,340 | 1,620-18,970 | 0,90-2,80
50 8,190 0,870 9,030 1,63
260-280. 50- 10,640-18,208 |  1,00-1,90
T °10 55° ] ) 14,980 1,43
280-290./ 35- 4770 — 26,79 | 1,20-2,80
TQ6 | 560 500 - - 13.20 1,88
Tq7 | 800- 260290 45- | 0,500-11,050 | 0,330-8,640 | 5,080- 15,940 | 1,20-5,20
1000 50° 3,360 3,830 7,190 2,43

Tai mot sb vi tri, g&p cac vi mach |4p day khe Quy luat chung 1a ham lwong chi, kém, bac va
nit phat trién doc dirt gdy t xuyén cdt da vay quanh  chiéu day than quing gidm manh theo d6 sau va
va thwdng di cung véi than quang gid tAng, taonén  tir trung tam ra hai dau cac than quéng.
than quang co6 hinh thai phirc tap hon cac than
quéng dang gia tang thuan tuy.

BAN DO DIA CHAT
MO CHi - KEM KHU LANG RAY - NUI NGANG THUOC CAC XA CAM NHAN - MY GIA, HUYEN YEN BINH, TINH YEN BAI
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Hinh 2. Ban dé dia chat mé chi — kém khu Lang Ray — Nui Ngang (Thu tir ty 1 1: 2000) [5]
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THU TU TY LE 1:2000

MAT CAT BIA CHAT THEO TUYEN 38, TUYEN 82, TUYEN 41 VA TUYEN 73
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‘Hinh 3. Mt cat dia chat tuyén 38 - 82 (khu Lang Ray - Nui Ngang); tuyén 41 (khu Cam Nhan)
va tuyen 73 (khu Xuan Lai) [6]

b. Thanh phén vét chat quéng

- Thanh phan khoang vat quang: T két qua
tdng hop va x ly tai liéu nghién ctwu trude [5,6],
két hop tai liéu phan tich mau bd sung, da xac dinh
khoang vat quang nguyén sinh la galenit, sphalerit,
pyrit, chalcopyrit, pyrotin, magnetit; khoang vat thir
sinh cd melnicovit. Khoang vat phi quéng chi yéu
la calcit, dolomit, diopsit, phlogopit, thach anh;
ngoai ra, con mét s khoang vat khac nhw olivin,
talc, serpentin, graphit, tremolit.

+ D&c diém cac khoang vat quéng nguyén sinh:

Galenit (PbS): Cé ham lwgng dao ddng tr 1%
dén 3%, cha yéu hat tha hinh c6 kich thuwéc 0,05 -
0,2mm, phan b xam tan khong déu, xam tan tan
man hodc déi khi tao 6 nho trén nén da hodc cung
pyrotin xam tan trong da vai kich thwédc hat <0,1mm
va c6 tiép xuc kha rd véi pyrotin (Anh 1); cé it dang
vi mach 14p day cac vi khe nit phat trién trong da
(Anh 4). M6t sb vi tri pyrit bi galenit, sphalerit, pyrotin
tao & nho thay thé gan két (Anh 2).

Anh 1. Galenit (Gal), pyrotin (Pyr) c6 quan
hé tiép xtc phang tao 6 cung pyrit (Py) xam
tan trong da

E SO 4 -2025

Anh 2. Pyrit (Py) hat tha hinh bij galenit

(Ga), sphalerit (Sph), pyrotin(Pyr) tao 6 nhé

thay the gan ket
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Anh 3. Pyrit (Py) hat tha hinh bi galenit
(Ga), sphalerit (Sph), pyrotin (Pyr) tao 6 nho
thay thé gan két thay thé

Anh 5. KT.40-3. Phéng dai 100 :
Chalcopyrit hat tha hinh xam tan trong da,
véi kich thwéc khac nhau.
(Ngudn: Nguyén Quang Luat, 2009 trong [5])

Sphalerit: Dang hat tha hinh, cé tir vai hat dén
1,5%, cac hat co kich thwdc chi yéu 0,02 -0,3mm,
xam tan cung pyrotin, galenit trong nén phi quéng
(Anh 3), d6i chd xam tan thanh mach khong lién tuc
trén nén khoang vat tao da.

Pyrit (FeS2): Ham lwong dao dong tw vai hat
dén 0,2% dén 1%, dang hat tha hinh, déi khi nira
tw hinh dén tw hinh, xam tan thwa hodc tao thanh
6 xam tan trén nén phi quang. D6i ché pyrit hat tha
hinh bi galenit, sphalerit, pyrotin tao 6 nhé thay thé
gén két thay thé (Anh 3).

Chalcopyrit (CuFeS): C6 ham lwvgng < 0,3%,
dang hat tha hinh vé&i kich thuwéc 0,02 - 0,03mm,
xam tan rat thwa trén nén phi quéng (Anh 5), doi
khi gap dw¢i dang emuxi trén nén sphalerit.

Pyrotin (FeS): Ham lwgng dao dong tir 0,3%
dén ~3% , pyrotin ton tai & dang hat tha hinh véi
kich thwdc thay ddi tir 0,02- 0,5mm, ching phan b
xam tan khong déu trong nén phi quing (Anh 6)
hoac xam tan thanh cac dam hat nhd cung véi
chalcopyrit, déi khi tao 6 xam tan cung sphalerit,
galenit v&i ranh giéi tiép xuc phang (Anh 1).

Magnetit: Ham lwong it, dang hat tha hinh dén
nra tw hinh, hat min dén 0,07mm, da s cac hat
magnetit ton tai dwéi dang dam, hodc xuyén l4p trong
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Anh 4. Galenlt (Gal) dang vi mach Iap day

khe nirt phat trién trong da

Anh 6. KT.H43-1. Phéng dai 100%: Pyrotin
hat tha hinh xam tan trong da

(Ngudn: Nguyén Quang Luéat, 2009 trong [5])

cac cum hat pyrit; mét phan magnetit tao dam nhd
v&i cac khoang vat sulfur khac nhw pyrotin, galenit,
sphalerit, chalcopyrit; s it magnetit c6 dang hat riéng
I& hodc vai hat nam doc 1ap trong nén phi quang.

+ Khoang vat quang th sinh:

Serusit chiém ham lwong nhé, bam ngoéi ria
hat, cd khi phat trién doc theo khe nut cia hat
galenit, chl yeu dang tap hop keo ho&c vi hat, thay
thé gdm mon tirng phan mot sb hat galenit.

Covelin 1a khoang vat thay thé khoang vat
chalcopyrit, dang vi tinh thay thé gam mon tao
thanh riém bao ngoai khoang vat chalcopyrit. Mot
sb dam covelin con c6 dang lién tinh toa tia thay
thé hoan toan cac hat chalcopyrit.

Melnicovit v&i ham lwong it, dang thay thé
phan ria hat hodc mét phan hat pyrotin.

Két qua xt ly thdng ké cho thay ham lvong Pb,
Zn trong thudc loai nghéo dén trung binh va phan
bd dac biét khéng déng déu trong cac than quang
(Bang 2). Tr Bang 3 cho thay, ngoai Pb, Zn, trong
than quang con co Cd, As, Cu, T.Fe, S, Au, Ag;
nhin chung cac nguyén td kim loai quy hiém cé
ham lwong rat thap, chi co Ag la cac nguyén tb di
ké&m cd y nghia, c6 thé ca Au (?).
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Bang 2. Bang két qua tinh thong ké ham lwong Pb, Zn Trong cac than quing khu Lang Ray - Nai Ngang

Nguyén té Pb Zn Pb+ Zn
Trung binh (%) 1,158 0,362 1,520
Quén phuong sai 1,900 1,370 2,390
Phuwong sai 3,600 1,880 5,720
Do nhon 4,300 77,300 11,400
Do léch 2,130 8,370 2,850
Min (%) 0,007 0,005 0,012
Max (%) 9,920 14,080 16,500
Téng mau 143 143 143
Hé sbé bién thién (%) 163,9 378,7 1574

Bang 3. Téng hop ham lwong cac nguyén té theo két qua phan tich héa toan dién

Ham Iwong (g/T) Ham lwong chi tiéu phan tich (%)
Ag Au As Cu Zn Pb+Zn Cd T.Fe S
Min 0,10 1,00 0,002 | 0,002 | 0,016 | 0,016 | 0,031 | 0,001 0,87 0,15
Max 0,30 117,00 | 0,006 | 0,115 | 3,844 | 3,991 | 7,835 | 0,007 | 4,84 2,23
Trung binh 0,13 26,00 | 0,003 | 0,024 | 1,262 | 0,405 | 1,667 | 0,002 | 2,05 0,90

-He sb twong quan cap gilra cac nguyén td trong quang chi kém khu vire Lang R4y - NUi Ngang: két
qua tinh hé so twong quan cap cua cac nguyén t6 trong quang chi kém khu vuwec Lang R4y - Nui Ngang

téng hop trong Bang 4.

Bang 4. Hé s6 twong quan cap giira cac nguyén té trong quing khu Lang Ray - NGi Ngang

Au Ag As Cu Pb Zn cd Te T.Fe s
Au | 1,00

Ag | 0,18 | 1,00

As | -003 | 084 | 1,00

Cu | -008 | 028 | 004 | 1,00

Pb | 028 | 077 | 049 | 070 | 1,00

zn | 015 | 022 | -006 | 000 | 0,10 | 1,00

cd | -017 | 021 | -007 | 006 | 0113 | 099 | 1,00

Te | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 1,00

TFe | 001 | 075 | 061 | 066 | 073 | 013 | 0,11 | 0,00 | 1,00

S 027 | 050 | 011 | 039 | 059 | 069 | 065 | 000 | 057 |1,00

Tw Bang 4 nhan thay Pb, Ag, Cu, As, Sva T.Fe
c6 tvong quan thuan kha chat véi nhau (R > 0,70);
dac biét Zn cé twong quan rat chat ché véi Cd (R
=0,99); Pay la dau hiéu quan trong can lwu y trong
tuyén lam giau quéng chi - kém.

c. C4u tao va kién tric quing

Quang chi - kém vang Cam Nhan lap day cac
khe nirt hodc déi dap v& phat trién trong tang da
hoa bj bién dbi theo phwong thirc 1dng dong vat
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chét, két tinh tlr dung dich quing va phwong thirc
thay thé, trao déi, gdm mon khoang vat co truéec.
Quang c6 cau tao chl yéu cau tao dang xam tan,
dang 6, mach, gdm mon, thay thé. Trong d6, cau
tao xam tan phd bién & hau hét cac mau phan
tich. Cac khoang vat galenit, sphalerit, pyrit,
chalcopyrit, pyrotin phan bd khong deu trén nén
phi quang, ddi khi gép sw thay thé gan két cla
cac khoang vat th sinh.
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Pyrit thwdng gap kién trac hat tw hinh, ntra tw
hinh, xam tan trong nén da hoa bi bién déi.
Galenit, sphalerit, chalcopyrit... phd bién nhét 13
kién truc hat tha hinh, kich thwéc thay dbi kha 16n;
kién trac xen I4p dac trwng la cac khoang vat nhw
galenit, sphalerit, chalcopyrit xen 1ap vao cac khe
nit cla cac hat pyrit, pyrotin va nén da. Kich
thwée, hinh dang cla hat khoéng vat phu thuéc
vao hinh dang, kich thwdc cla khe nit; kién tric
kha pho bién la dang gam mon, hoac thay thé. Mot
s6 mau phan tich, thay ré galenit, sphalerit,
pyrotin gdm mon thay thé mét phan cac hat pyrit
hodc nén da (Anh 2). Kién tric phan hdy dung
dich cng (emuxi) dac trung cho khoang vat
sphalerit va chalcopyrit; ngoai ra, trong quang con
gap kién trac ca nat, dap vé.

Cac kién trGc doi keo, vi tinh, tan dw, hat gia
hinh dac trng cho quang oxy hod, dac trwng baoi
cac khoang vat quang tha sinh (covelin, serusit,
melnicovit).

d. P&c diém dé bién dbi canh mach

Téng hop tai liéu tir cac cong trinh trwdce [5,6],
két hop tai liéu nghién ctru bb sung cho thay cac
hién twong bién ddi da vay quanh than quang chi -
k&m trong vuing kha phirc tap va xay ra & nhiéu giai
doan khac nhau.

- Dolomit hoa: L& hién twong phd bién phat
trién trong da véi bi hoa hoa, da hoa bj sirng hoa,
phan bd doc theo dit gdy phwong dong béc - tay
nam tao nén mot déi bién dbi cé chiéu rong tir 50-
200m. Cuwérng do dolomit hod ciing rat khac nhau
tr mot vai hat xam tan thwa trong nén calcit dén
két tinh tap trung nhirng tinh thé dolomit hat Ion,
hat tw hinh chiém phan Ién trong d4, cé noi dolomit
hoa gan nhw hoan toan. Trong dé it nhidu cé xam
tan cac khoang vat quang chi - kém nhuw galenit,
sphalerit. Didu dé chirng td hién twong dolomit héa
lién quan chat ché véi qua trinh tao quang.

- Calcit héa: Day la hién twong bién ddi nhiét
dich dién ra lam cho cac da dwoc lam giau bang
cac khoang vat carbonat dwéi tac dung clia nwéce
chlra acid va carbonat ttr nhiét o trung binh dén
thap.

- Thach anh héa: La qua trinh bién dbi nhiét
dich phd bién nhét trong khu md, tao nén cac 6,
dam thach anh thay thé dang dai xuyén cat cac
khoang vat quang, déi chd xam tan hodc kham trén
nén calcit, dolomit.

- Hién twong talc hoa: Talc hoéa la hién twong it
phd bién, phat trién trong cac da voi bi hoa hoa, da
hoa phan bd doc theo dit gay phwong déng bac -
tay nam, nhwng khoéng thé hién hinh dang thanh
mét dadi rd rét. Chung thuwdng thanh tao dwéi dang
vi vy hodc vay nhé tha hinh, sép xép dinh hwéng
xen ké trong céac tap calcit. Talc dang vay an tinh
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dén vi vay tha hinh, kich thwéc 0,001 - 0,1mm,
dudi 1 nicol khéng mau, cat khai rat hoan toan,
dwdi 2 nicol giao thoa xanh bac 2.

Nhirng ché co talc thueng khong thay hodc rat
hiém thay hién twong thach anh hod, chirng té talc
dwoc thanh tao theo con dwdong nhiét dich, co thé
SiO2 cta dung dich nhiét dich da tac dung vé&i
dolomit dé tao thanh talc va calcit, 1a hién twong
bién dbi nhiét dich sinh thanh sau qua trinh dolomit
hod, tuy khéng thay méi lién quan truc tiép, nhwng
hién twong talc hoa cling 1a mot dau hiéu ddi bién
dbi dolomit hoa cé lién quan chat ché véi qua trinh
tao quang chi - k€m trong vung.

- Serpentin héa: Serpentin héa la hién twong
Olivin nguyén thdy dang lang tru ngan tha hinh, kich
thwée 0,3-1,5mm bj serpentin thay thé hoan toan.
Serpentin dang vay tha hinh, kich thwéc 0,01 -
0,5mm, dw&i 1 nicol khéng mau, cat khai hoan toan,
dwdi 2 nicol tat ding, giao thoa xam sang bac 1.

e. Thoi ky va giai doan tao quang

Téng hop tai liéu phan tich thanh phan vat chat
quéng, dic diém phan bd va hinh thai ciu tric than
quang, th® ty sinh thanh cac khoang vat tao
quang, d&c diém cAu tao va kién tric quéng [5,6];
dwa vao nguyén tac phan chia cac giai doan tao
khoang ctia Bechechin A.G, da phan chia qua trinh
tao khoang Pb - Zn trong vung thanh cac th&i ky va
giai doan khac nhau (Bang 5) nhw sau:

- Giai doan tru¢c tao quang: Cac thanh tao bién
chat hoa hda, sirng hda trwdc tao quang kha phd
bién. Theo tai liéu phan tich mau lat méng, trong
vung c6 mat cac loai da hoa chira diopsit, da hoa
chtra phlogopit, d& hoa cha olivin va phlogopit,
calciphyr diopsid - wolastonit - graphit; day la san
phdm cla qua trinh bién chét nhiét dong, twéng
amphibolit dwgc hinh thanh tir cac loai da véi khéng
thuan khiét, da voi sét hodc sét vdi (da silicat calcit)
theo phan loai clia Oleg Rosen 2007 [5]. Cac
khoang vat c6 dd hat vira dén I&n. Giai doan nay
chwa c6 y nghia ddi v&i qua trinh tao quéng chi -
kém, nhung tao diéu kién thuan loi cho qua trinh
tao quang vé sau.

- Thoi ky nhiét dich: Bwec chia thanh 02 giai
doan sau:

+ Giai doan | (Giai doan tao quang): Thanh tao
quang sulfur chi - kém quan trong, duwgc dac treng
bdi td hop cdng sinh khoang vat pyrit - sphalerit -
galenit. Cac khoang vat di cung gém chalcopyrit,
pyrotin. Kién trac dac trweng hat tha hinh hoac xen
l4p. Quang thanh tao trong giai doan nay la quang
sulfur mang tinh tdng hop, véi ham lwong Pb + Zn
kha cao; nguyén t6 di cung dang chu y 1a Ag, ¢
thé ca Au?

+ Giai doan Il (Giai doan sau tao quang): Bac
trung boi td hop khoang vat thach anh - calcit - talc
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- serpentin. Thach anh va calcit trong giai doan nay
thuwong & dang cac mach nhé véi bé day 0,02 -
5mm dbi khi I&n hon, ching xuyén cat qua toan bo
da, cac td hop cong sinh khoang vat thanh tao & cac
giai doan trwdc. Day la giai doan két thuc thoi ky tao
quang nhiét dich.

- Th&i ky phong héa, giai doan IlIl: Giai doan tao
quang ngoai sinh cé quy md nhd, khong cé y nghia,
dwgc dac trwng bdi cac khoang vat geothit,
melnicovit. CAu tao dac trung la keo, 16 héng; kién
trac gia hinh, ddi, riém bao quanh.

f. So b vé ngubn géc tao quéng Pb - Zn trong
ving Cam Nhén

Tbng hop céac két qua nghién ciru [5,6] vé cau
tric dia chat, dic diém phan bd, hinh thai - cu trac
than quang, dac diém da bién dbi nhiét dich, dac
diém t6 hop cong sinh khoang vat tao quing va
cac két qua nghién ctru trinh bay trén, theo tac gia
quang chi - km phan bé & vung Cam Nhan c¢é
ngudn gbéc nhiét dich nhiét do trung binh thap, véi
nhiét dé thanh tao trong khoang 170 - 300°C [6].

Bang 5. Thir tw sinh thanh va t6 hop cong sinh khoang vat quing chi - kém viing Cam Nhan

Thoi ky tao
khoang Giai doan trwéc tao

quang

Giai doan tao
khoang

Nhiét dich Phong héa

Giai doan

Giai doan Il m

Giai doan |

Diopsit, phlogopit,
plagioclas, wolastonit

T hop codng sinh
khoang vat

Pyrit,
sphalerit,
chalcopyrit,

magnetit

galenit,
pyrotin, Gothit,

Melnicovit

Thach anh,
talc, serpentin

Diopsit

Plagioclas

Wolastonit

Calcit

Dolomit

Phlogopit

Thach anh

Talc

Pyrit

Galenit

Sphalerit

Chalcopyrit

Pyrotin

Magnetit

Serpentin

Geothit

Melnicovit

Céc nguyén t6 dac

trung Si, Al, Mg, O, Ca

Pb, Zn, Cu, S, Fe Si, Ca, Mg, O

CAu tao déc trung

Xam tan, mach, 6

dac xit Mach, dai
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Kién trac dac . > . hinh, xen lap, ggm | Hat nta tw | hinh,  doi,
trwng Hat tw hinh, ntra ty hinh mon, thay thé, gan | hinh, tha hinh | riem  bao
két, emuxi quanh
Nhiét d6 thanh tao 1700 - 300°C Nhiet — do
thwdng
Thach anh
Bién ddi nhiét dich | Strng héa, hoa héa Dolomit hoa, calcit | héa, ~~ calcit| o\
hoa hoa, talc ho3,
serpentin hoéa
Ghi chu: Kv: Khoang vat  Kv chi yéu: Kv ther yéa—— Kv it gap—-

3.2. Tién dé va dau hiéu tim kiém quing

Tién dé va d4u hiéu tim kiém quéng chi - kém viing
nghién ctru dwoc xac lap trén co sé tng hop tai liéu
clia cac cong frinh trwde [1,5,6] va tai liéu nghién cltru
bb sung cla tac gid. Duéi day trinh bay tom tét cac
tién dé va dau hiéu tim kiém quing chi - kém trong
viing Cadm Nhan.

a. Tién dé tim kiém

- Tién dé thach dia tang: Trong ving, quing
chi - k8m phan bd chu yéu trong da hoa, da hoa
dolomit bj bién déi, thudc tap 3 hé tng Ha Giang
(€2 hgs). Pay la cac thanh tao rat thuan lgi cho qua
trinh tao quang Pb - Zn; cac thanh tao nay nam kep
gitra 2 drt gay I6n kéo dai phwong Pong Béc - Tay
Nam. Tai day da khoanh dinh dwgc 02 dién tich
chtra quéng Pb - Zn c6 y nghia da dwoc diéu tra
danh gia hoac tham do.

- Tién dé cAu tric - kién truc: Yéu t6 clu trac
kién tao c6 y nghia quan trong trong qua trinh phan
bd va tap trung quang chi - kém trong vung. Trong
vung phat trién cac nep udn nhé di cung cac khe
nit phat trién doc hé théng dut gay phwong Déng
Bac - Tay Nam va & kinh tuyén, rat thuan lgi cho
tich tu quang Pb - Zn trong vung. Quy mo than
quang & noi c6 phat trién nép oan ho&c nép ubn
nhé di cling hé théng khe nit theo mat Iop (dang
bong I&p) than quang co quy mo Ién hon than
quang phan bd & noi co6 clu tric don nghiéng
thuan tay.

Trong ving c6 03 hé théng dut gay phét trién
theo cac phuwong khac nhau, nhung hé théng
phuwong Déng Béc - Tay Nam va 4 kinh tuyén la yéu
t6 quan trong nhét (Hinh 1). Hau hét cac than quang
da phat hién c6 phuwong kéo dai theo phuwong cula
cac dit gay thudc hé théng nay.

Khe nirt: Khe nirt cing dt gy rét cé y nghia
trong tim kiém quang ndi sinh; dac biét la quang
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dang mach, mang mach. Hé théng khe nurt, vi khe
nirt phat trién trong 1&p da hoa, hoa dolomit bj bién
ddi thudc tap 3, hé ting Ha Giang la hé théng khe
nt co vai trd quan trong trong tich tu khoang hoa
chi kém trong vung nghlen clru.

b. D&u hiéu tim kiém

- V&t 16 than khoang: T viéc quan sat, nghién
ctvu vét 16, cho phép du doan khai quat vé phuwong
phat trién va chat lwong quang; 1a co s& dinh
huwéng b tri cac cong trinh diéu tra danh gia hodc
thdm do & cac budrc tiép theo.

- Vanh phan tan tang l&n: Tai mot sb noi dia
hinh thdp nam phia duwdi cac than quang chi - kém
thwdng gap cac tang lan chira khoang héa sulphur,
vGi kich thwéc tw 0,05 - 0,1m® dén 0,2 m® hodc
hon. Do d6, dwa vao mat dd phan bd, hinh dang
va kich thwéc cla tang lan, cling nhw d6 mai tron
cla ching c6 thé suy doan vi tri phan bo than
quang goc

+ D4u hiéu cac cong trinh cii: Mot s coéng trinh
do dan khai thac ty phat (moong, 16 cii), cac cong
trinh khai dao 1a du hiéu truc tiép can sir dung dé
so bd danh gia vé hinh dang, kich thwdc, chat
lwong quang, mdi quan hé gitra quang v&i da vay
quanh; 1a co s& dé& dw doan hwéng phat trién cla
cac than quang, than khoang hoa chi - k€m trong
vung.

+ D4 bién dbi canh mach: Bao gdm cac da bién
ddi nhiét dich canh than quéng nhw dolomit héa,
calcit héa, thach anh héa, talc hda, serpentin hda
(Anh 7, 8,9, 10). Cac da bién déi nay thudng phan
bd thanh déi véi dién tich bao trum dién phan bd
than quang, mach quang (Hinh 2, Hinh 3). bBay la
cac d4au hiéu gian tiép, nhung rat cé y nghia trong
tim kiém, tham do chi - k&m trong vung; dic biét
déi voi cac than quang chwa 16 trén mat.

SO 4 -2025 By



T\ DIA CO HOC, DIA TIN HOC, BIA CHAT, TRAC DIA

CONG NGHIEP MO

el

P ETY A O R

* b 8 p ol
) A Lm13

J" i Nicol +

Anh 9. LM13 dwéi 2 nicol vuéng géc,
Pa hoa chura phlogopit, bi talc héa

+ Di thwdng dia vat ly: Theo tai liéu do dia vat
ly [6] cho thay cac di thuwéng dia vat ly cé lién quan
véi cac biéu hién khoang héa sulphur; trong dé ¢
khoang hoa chi - kém thwdng lién quan véi cac dai
di thwdng phan cwc kich thich. Dwya vao cac di
thwdng nay cé thé suy doan cac thanh tao dia chét
c6 kha ndng chira quang chi - kém; dac biét déi voi
than quang an, sau. Nhw vay, cac di thwong dia vat
ly phan cwc kich thich can s dung khi tién hanh
cong tac diéu tra danh gia hodc thdm dod quang chi
- k&m tai vang Cam Nhan.

+ Vanh phan tan dia héa: Cac than quang chi -
kém da xac dinh trong ving ndm trung céac di
thwdng dia hoa thr sinh bac Il clia cac nguyén td
Pb, Zn [6]. Do d6, vanh phan tan dia hoa th sinh
clia cac nguyén t6 Pb, Zn 1a d4u hiéu tryc tiép dé
phét hién cac than quang chi - kém bang phwong
phap tim kiém, thdm do dia hoa, la co s& dé bb tri
cong trinh khai dao. Ngoai ra, cling can chd y vanh
phan tan nguyén sinh ca Pb, Zn va cac nguyén tb
di cung (Cu, As,...).

m SO 4 -2025

Da hoa chtra olivin, bi serpentin hoa

c. Dw béo do séu tén tai quéng chi - kém vung
Cém Nhéan

Do sau ton tai quang chi kém trong vung dugc
dw bdo dwa vao cac yéu té sau:

- Két qua diéu tra danh gia [6] va tai liéu tham
do [5] da xac dinh cac than quang chi - kém phan
bd trong cac thanh tao da hoa, da hoa dolomit bj
bién dbi thudc tap 3, hé tdng Ha Giang (€2 hgs);
day la méi trwdng thuan lgi cho qua trinh thanh tao
quang chi - k&m trong vung. Vi vay, d6 sau tén tai
cla cac thanh tao nay 1a co s& dé du doan do sau
tdi da co kha nang ton tai quéng chi - kém trong
vung. Theo tai liéu hién cé dd sau ton tai clia cac
thanh tao chira quang (tap 3, hé Tang Ha Giang)
kha I6n (> 300 m) so v&i bé mat dia hinh hién tai.

- Theo tai liéu do sau phan cwc kich thich trén
vung Cam Nhan [6], cac di thwong dia vat ly cé lién
quan v&i cac biéu hién khoang héa sulphur tén tai
dén dd sau hon 80 - 100m so v&i dia hinh hién tai.

- Theo L.N Ovchinnikov (1968) [13], chiéu dai
cac than quang theo dudng phuong trén bé mat
va do sau theo hwéng déc clia cac than quang tuan
theo ty 1& nhat dinh; dbi véi cac mé chi - kém dang
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mach. T két qua téng hop tai liéu & nhiéu mé, 6ng
da xac dinh dwoc chiéu dai theo duwéng phuong (1)
clia cac than quéng trén bé mét trung binh 850m,
theo hwéng dbc (h) 14 244m, theo ty 16 k =h/I = 0,3.
Phwong phap danh gia do sau theo hwéng déc clia
than quang theo d6 dai dwong phwong da dwoc
cac nha dia chat Nga st dung hiéu qua trong thuc

té nghién ctru, danh gia tai nguyén cac mé quang
nhiét dich trén lanh thd Cong hoa Lién bang Nga,
Méng C6 va mot sb nwéde thude Lién X6 trudc day.
Déi voi vung nghién ctru, dya theo tai liéu [5,6], da
xac dinh dwoc kich thwdc trung binh (I, h) va ty 1é
k (k= h/l) nhw Bang 6.

Bang 6. Kich thwéc trung binh va ty Ié gitra chi§u dai
v&i do sau ton tai cac than quang Pb - Zn vung Cam Nhan

Dién tich S6 hiéu Cétcao 1o Cét dé Chiéu dai Do sau ton tai | Ty lé h/l
nahién ctru than than quang | sau khong | theo dwong theo hwéng theo
9 quang (m) chée (m) phwong (m) doc h (m) thuec te
Khu TQ.1 +210 +100 850 110 0,13
Lang Réy - TQ.1a + 180 +110 470 70 0,15
NuiNgang | 1q > +165 +145 70 20 0,29
TQ.3 + 310 +210 450 100 0,22
Khu Cam
Nhan TQ.4 + 380 +210 860 130 0,15
TQ.5 + 325 +210 510 115 0,23
Khu Xuin TQ6 + 350 + 240 560 110 0,20
Lai TQ7 + 394 +270 800 - 1.000 124 0,14
Trung binh 584 97,4 0,17

Tw Bang 6, cho thay ty 1& gitra d6 sau ton tai
véi chiéu dai than quang da xac dinh trong ving
Cam Nhan dao doéng t 0,13 - 0,29, trung binh
0,17; so v&i tai liéu cta L.N Ovchinnikov,1968 (k <
0,3), thi trong vuing nghién ctru c6 kha nang xay ra
02 trwong hop sau:

+ Trwdng hop thir nhat: Cé thé cac than quang
chi - k&m da bi boc mon kha nhiéu, nén dé sau tén
tai cac than quang con lai khéng Ién, dao dong tw
20 m dén 130 m, trung binh 97,4m, nén d6 sau ton
tai trung binh con lai nhé hon nhiéu so véi sb liéu
do L.N Ovchinnikov, nam 1968 (trong [13]) dwa ra
la 244m.

+ Trwdng hop thr 2: Giad str quang héa chi kém
trong viing Cam Nhan pht hop véi quy luat do L.N
Ovchinnikov xac lap nam 1968 [13], thi cac than
quang Pb - Zn trong vung c6 thé con ton tai sau
hon; nhung céc cong trinh diéu tra danh gia hoac
tham do da thwe hién chwa khdng ché hét do sau
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ton tai clia cac than quéng (?); nghia la trong ving
c6 thé con tén tai quang an sau hién chwa xac dinh
duworc.

- Tai khu vwc Lang Ray - Nui Ngang (TQ1,
TQ1a, TQ2) ty 1& Pb/Zn = 3,12; khu Cdm Nhan ty
Ié Pb/Zn =16,56; khu Xuan Lai ty |1&é Pb/Zn = 1,27.
Ham lwong Ag trong cac than quang TQ1, TQ1a,
TQ2 trung binh 26g/T; khu Cadm Nhan (TQ3, TQ4,
TQ5) la 106,3g/T; khu Xuan Lai (TQ6, TQ7) la
74,8g/T [6]; diéu do cé thé dw bao, mirc dd boc
mon cac than quang khu Lang R4y - NGi Ngang va
khu Xuan Lai Ién hon khu Cadm Nhan.

Theo [13], d6 sau tbn tai cha than quang
thwdng twong quan thuan véi chiéu dai than quang
trén binh d6 theo cbng thre: h= 0,6, v&i h la d6
sau ton tai than quang, hoac d&i quang, | - chiéu
dai than quang/hoac doi quang. Két qua duv bao
theo [13] trinh bay trong Bang 7 (cé lam tron).
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Bang 7. Két qua dw bao do sau ton tai quang chi - kém trong ving Cam Nhan dw doan theo Lir lu.V

Chidu dai D5 iU 3 D6 sau ton tai dy doan
Khu vwc Than ~nieu gai, ©sauton | .4 tinh dén mirc d6 béc mon va
in < trén binh do | tai tinh theo A 2 oL I .
nghién ctru quang (m) Lir lu.V (m) phan cat theo dia hinh hién tai
’ h =0,6*1*1/2) (m)
X TQ.1 850 510 255
Khu Lang Ray -
NGi Ngang TQ.1a 470 280 140
TQ.2 70 40 20
TQ.3 450 270 270
Khu Cam Nhan TQ.4 860 520 260
TQ.5 510 310 155
. . TQ6 560 340 170
Khu Xuén Lai
TQ7 800 — 1.000 540 270
Trung binh 584 350 175

Ghi chu: ¥ la hé sé diéu chinh tinh dén mirc d6 béc mon va sw phan cat theo dia hinh thuc té

Tw cac dan liéu trén, cho thdy cé nhiéu kha
ndng cac than quéng chi - kém trong viing Cam
Nhan co thé ton tai dén do sau 250 - 270m so v&i
bé mat dia hinh hién tai; nghia la con cé kha nang
tdn tai than quéng &n sau ma cac cong trinh khoan
da tién hanh trong giai doan diéu tra danh gia hoac
thdm do chwa khdng ché duoc.

4. KET LUAN

> Vung nghién ctu cé cAu tric dia chat khac
phtrc tap, v&i sy c6 mét cla cac thanh tao trAm
tich bién chat thudc hé tAng Ha Giang; hé tang Mia
Lé va cac tram tich bé roi théng Holocen, hé bé
t&r. Cac thanh tao magma acid thuéc pha 1 phuc
hé Phia Bioc va cac da mafic phirc hé Mau A phan
bd trén dién tich kha Ién & phia tay va it & trung
tdm vung.

> Cac than quang da dwoc diéu tra danh gia
hodc tham do c6 quy mé nhd dén trung binh. Than
quang dang mach, mach thau kinh, ndm gia chinh
hop véi da vay quanh (dang gia tang), phat trién
trong céu tric don nghiéng, thudc ria tay ddi cau
tric Séng Chay. Tai moét sb vij tri, gap cac vi mach
l&p day khe nit phat trién doc dit gay xuyén cat
da vay quanh thwong, di cung véi than quang gia
tang, tao thanh than quang cé hinh thai phirc tap
hon cac than quang dang gia tang thuan tay.Quy
luat chung la ham lwong chi, kém, bac va chiéu day
than quang gidam manh theo d6 sau va ti trung tam
ra hai dau cac than quang.

NN sO 4-2025

> Khoang vat quéng nguyén sinh chi yéu 13
sphalerit, galenit, pyrit, it chalcopyrit, pyrotin;
khoang vat thi sinh c6 serusit, covelin, melnicovit.
Khoang vat phi quang chi yéu 1a calcit, dolomit,
thach anh, talc. Trong cac than quang, Pb c6 quan
hé kha chat ché Ag, Cu, As, T.Fe; Zn co mbi twong
quan rat chat ché véi Cd. Quéng Pb - Zn trong
ving Cam Nhan c6 ngudn gbc nhiét dich nhiét do
trung binh thap (170 - 300°C), d&c trwng cho giai
doan tao quang cdng nghiép la t& hop cong sinh
khoang vat: pyrit - sphalerit - galenit.

> Heé thdng dut gay phwong Béng Béc - Tay
Nam va a kinh tuyén va dac diém thach dia tang
(d4 hoa, da hoa dolomit bj bién déi thudc tap 3, hé
tang Ha Giang) la cac yéu td lién quan va khéng
ché quang hoa chi - kém trong viing. Cac da bién
déi canh mach lién quan quang hoa chi - kém la
dolomit hda, calcit hoa, thach anh hoéa, talc héa.

» Cac than quang chi - kém c6 thé ton tai dén
dd sau 250 m - 270 m so v&i bé mét dia hinh. Két
qua nay phu hop véi sbé liéu do L.N Ovchinnikov
céng bé ndm 1968 (trong [13]). Ngoai cac than
quang 16 trén mat da duwoc diéu tra danh gia hoac
tham do, trong ving con ¢ kha nang ton tai cac
than quang hién chwa xuét 16 trén mat, can dwoc
quan tam.

» Trong tham do va khai thac quang chi -
k&m, can nghién ctu thu héi khoang san di kém;
dang chi y 1a Ag va co thé ca Au dé nang cao gia
tri kinh t& mé, bao ddm muc tiéu st dung triét dé
ngudn tai nguyén khong tai tao O
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LOI CAM ON

Tac gia cam on Céng ty CP khoang san Tay Giang Yén Binh da cho phép tham khao va str dung mét
sb tai liéu trong “Bao cao két qua thdm do khoang san quéng chi - kém khu vwe Lang R4y - Nui Ngang
thudc cac xa Cam Nhan va My Gia, huyén Yén Binh, tinh Yén Bai".
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ABSTRACT

Based on the combined use of mineralogy and chemical analysis methods, combined with modeling
methods, some conclusions are drawn about the geological and lead-zinc mineralization points in the
Cam Nhan area as follows:

The study area has a complex geological structure, with the presence of formations belonging to the
Ha Giang formation; the Mia Le formation and unconsolidated sediments of the Holocene and Quaternary
systems. Acidic magma formations belonging to phase 1 of the Phia Bioc complex and mafic rocks of the
Mau A complex are distributed over a fairly large area in the west and less in the center of the region.

Lead-zinc ores are distributed discontinuously, forming a mineralized zone extending from the
Northeast to the Southwest and sub-meridional. The lead-zinc mineralized zone contains ore bodies that
meet industrial requirements and are mainly related to faults in the northeast to the southwest and sub-
meridional directions. The ores are concentrated in marble and altered dolomite marble belonging to group
3 of the Ha Giang formation.

The ore bodies primarily occur as veins, lens veins, and monoclines, predominantly towards the west
and northwest with slopes ranging from 20 - 70° the thickness varies from 0.80 to 3.40m. The
concentrations of lead (Pb) and zinc (Zn) in the ore bodies ranges from 0.048% to 16.5%, with averages
of 0.124% to 3.343%, exhibiting significant and uneven variations.

The primary ore minerals include galena, sphalerite, pyrite, and lesser amounts of chalcopyrite,
pyrrhotite, and magnetite; the non-ore minerals include calcite, dolomite, diopside, phlogopite, and quartz.
The characteristic thermal metasomatism includes dolomitization, calcitization, quartzization, and
talcization.

The ore has a low-medium temperature hydrothermal origin, with the symbiotic mineral assemblage,
characterized by pyrite-sphalerite-galena during the industrial ore-forming phase

Keywords: geological characteristics, lead-zinc mineralization, Cam Nhan, Yen Bai.
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