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TOM TAT

Bai bao gioi thiéu két qua nghién ctru méi vé déc diém dja chat va quéng héa sulfur Ni xam tan trong
d4 siéu mafic khéi Ban Phuc trén co sé p dung phuong phap dia chét truyén thong két hop phuong phap
nghién ctru thanh phén vét chét hién dai va mot sé phuong phéap toan dia chat. Tir nghién ctru rit ra mot
s6 két qua sau:

Khu mad c6 céu truc chung la nép 16m, nhén la cac thanh tao siéu mafic thudc khdi Bén Phuc, hai canh
duoc cau thanh béi céc da cia hé tang Nam Sap (D+.2ns) va mét phén cda hé tang Ban Cai.

Pa siéu mafic khdi Ban Phuc ¢ thanh phén cao magne (40 - 47%MgO) va rét thap titan, crom va céc
nguyén t6 kiém. Khoi xam nhdp siéu mafic Ban Phic co tinh phan dj gom 3 dai tir trén xudng (UB1, UBT
va UB2). Trong dé UB2 la d&i dudi chii yéu la dunit, UB1 la déi trén chi yéu la da peridotit va UBT la doi
trung gian chuyén tiép.

Céc khe nut phan bé trong khéi siéu mafic Béan Phic da phan cdm vé déng béc (30°) véi gée déc 70-
80°. Thé nam nay phu hop véi thé ndm cua ranh gi6i khoi siéu mafic va déi quéng sulfur xam tan & phia
nam khéi siéu mafic Ban Phuc.

Quéng sulfur nikel xam tan trong khéi siéu mafic Ban Phic gém hai loai la quéng sulfur Ni nguyén
sinh va quéng Ni phong héa. Quéng Ni phong héa gém quéng sulfur bén oxy héa, quéng sulfur oxy héa
hoan toan.

Than quédng sulfur Ni nguyén sinh ¢6 quy mé I6n, phén bé chi yéu & déi UB2 va it hon trong déi
UBT. Hinh théi thdn quéng khéa phirc tap véi hinh thai dang via, thau kinh, dai, dai phan nhanh, dang
bam day hodc treo; kéo dai khodng 865m, rong 350 - 400 m. Chiéu day bién déi ttr 0,75m dén 143,98m,
trung binh 27,29m, bién dbéi khéng én dinh (Vm = 73%), chiéu day céc I6p kep tir 1,8m dén 76,82m, trung
binh 15,66m. Khoang vat quang chu yéu la pentlandit, violarit, valerit.

Quéng ban oxy héa, la déi quéng chuyén tiép tir than quang sulfur Ni nguyén sinh, phan bé & phéan
trén than quang Ni xam tén nguyén sinh va nam dudi phan than qudng bi oxy héa hoan toan, ¢é chiéu
dai twong duong than quang nguyén sinh, day 1,1 - 44,28 m, trung binh 14,83 m. Khoang vét chtra nikel
gém pentlandit, violarit, valerit bj oxi héa khoéng 1- 10%.

Quéng oxy héa hoan toan la déi quéng sulfur nikel bi oxy héa hoan toan nam & phén trén cung cta
thén quang sulfur xam tén, giap véi bé mét dia hinh, chiéu day ter 2,5 - 41,72 m, trung binh 18,47 m.
Khoang vét chira nikel gébm c6 limolit, goethite va saponit.

T khéa: déc diém dia chat, qudng hoéa sulfur Ni xdm tén, Ban Phic

1. DAT VAN PE nghiép héa hoc, thly tinh, son, ma, loc héa dau,

Nikel & kim loai co ban, c6 gia tri kinh t& cao,  trong néng nghiép. Nam 2019, thé gi6i tiéu thu
duoc sir dung nhiéu trong cac nganh cong nghiép  khoang 2,4 triéu tan, du kién sé ting déu trong thoi
san xuat thép khong gi, siéu hop kim, pin sac, cdng  gian t&i voi tbe dd tang trwdng tiéu thu khoang
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2,2%/nam. Cac nghién ctwu trén thé gidi cho thay,
khoang san Ni thwdng dwoc hinh thanh va c¢6 lién
quan chat ché v&i khoang san khac nhw Cu, Co,
nhém PGE (nhém nguyén td platin). Cac mé
khoang san Ni c6 02 loai hinh ngudn gbc chinh:
ngudn gbc magma va nguon gbc phong hoa
(Zhang et al, 2002). Kiéu mé ngudn gbc magma
chd yéu lien quan da magma siéu mafic (dunit,
peridotit, pyroxenit) hinh thanh do phan di cla
magma giau sulfur. O' Viét Nam, kiéu quang sulfur
Ni — Cu ngudn gbc magma da dwoc phat hién & Ta
Khoa, tinh Son La (Ban Phuc, Ban Chang, Bén
Khoa, Ban Mong,...), & Cao Bang (subi Cln, Déng
Chang),....

Khu vuc Ta Khoa, tinh Son La la ving c6 tiém
nang Ién nhat vé quang Ni clia nwédc ta. Quang Ni
Ban Phuc da dwoc cac nha Dia chat Lien Xé (trwoc
day) va Viét nam tim kiém tlr ndm 1956; giai doan
1959 - 1963 cac nha dia chat Viét Nam va chuyén
gia Trung Quéc tién hanh tim kiém chi tiét khu vuc
Ban Phuc. Nam 1960 - 1963, Doan dia chat 17 da
tién hanh cong tac tham do (hao, khoan, 10, gleng)
két qua da tinh dwoc tong trir lwong trong can doéi
(B + Cq + C2) la 119.402 tan Ni, 40.493 t4n Cu va
3.437 tAn Co. Giai doan 1993 - 2006, Céng ty
TNHH mé Nikel Ban Phuc tién hanh tham do ty mi.
Két qua thdm do da xac dinh trong khu virc mé ton
tai 02 kiéu quing gbc: sulfur nikel dac xit ndm
ngoai khdi xam nhap va quang sulfur xam tan trong
khdi xam nhap c6 quy mé Ién (trén 20 triéu tan
quang), nhung ham lwong thap, khoang 0,4% Ni
(Ashby, 1990; Baker, 1990; Anonymoust, 1992;
Bates, 1996; Dinh H{iu Minh, 2005). Giai doan
2008 - 2013, Coéng ty TNHH méd Nikel Ban Phuc
tién hanh tham do bd sung than quang sulfur dac
xit. Giai doan 2014-2022 Céng ty tién hanh thdm
do than quéng sulfur Ni xam tan trong khdi xam
nhap mé Ban Phuc, két qua da tinh dwoc 44.772
nghin tAn quang & tri lwong cap 122 va tai nguyén
cap 333, twong &ng c6 225.724 tan Ni, 25.498 tan
Cu va 5.561 tAn Co. Céng tac khai thac quang Ni
dac xit mé Ban Phuc duwoc tién hanh tlr ndm 2013,
véi cdng suat 360.000 tAn quang/nam.

Ma&c du da dwoc dau tw tham do t&r nam 1960
va khai thac tr nd&m 2013, nhung dén nay mot sb
van dé vé ciu truc dia chat khéi sieu mafic va lién
quan mdi lién quan véi quang héa, cling nhw ddc
diém hinh thai, cAu trdc cac than quang Ni sulfur
xam tan phan bé trong khéi siéu mafic Ban Phuc van
con nhiéu y kién khac nhau. Do d, viéc nghién ciru
nham danh gia day du, toan dién vé dac diém dia
chét khdi siéu mafic Ban phuc va déc diém quang
héa sulfur Ni xam tan trong khéi siéu mafic, lam co
s& dinh hwéng céng tac tham do mé rong, tham do
xubng sau va danh gia khoang san di kém trong
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khéi siéu mafic Ban Phuc néi riéng, khu viec Ta
Khoa néi chung la rat can thiét. Trong khuén khd
bai bao, tac gia gidi thiéu mot sd két qua nghién
clu méi vé dac diém clu trdc dia chat va quang
héa sulfur nikel xam tan trong da siéu mafic khoi
Ban Phuc trén co sé& tdng hop tai liéu tr cac cong
trinh trwde; cha yéu la tai liéu tham do cha Cong ty
TNHH mé Nikel Ban Phuc [...], két hop két qua
nghién clru bd sung vé thanh phan vat chat bang
phwong phap phan tich hién dai, két qua nghién
ctvu phan tich khe nit bang phwong phap siéu am
thanh 16 khoan, két hop mét sb phwong phap toan
dia chét.

2. DU’ LIEU VA PHUONG PHAP NGHIEN CU'U
2.1. Téng quan vé déi twong nghién ctru

Tham gia vao céu tric dia chat khu mé nikel
Ban Phic gdm hé tdng Nam Sap (D1.2ns) va hé
tang Ban Cai (Dsbc). Hé ting Nam Sap gbm tap 1
va tap 2. Cac da tap 1 cla hé tang c6 dién phan bd
nhé & phia Bac va Tay Bac cua khu Ban Phuc, c6
thanh phan thach hoc gdm cac da phién mica, da
phién thach anh-mica. Cac da thudc tap 2 chiém
phan I&n dién tich nghién cru, thanh phan gém
san két voi, da hoa, da phién véi, da phién mica
xen quarzit.

Céc da bj udn lwon kha phtre tap theo dwong
phwong va hwong cém, nhung phwong phat trién
chung la Tay Bac - Péng Nam. Thé nam cuta cac
da 16 ra trén mét cling nhw theo tai liéu 16 khoan &
phia déng nam khéi Ban Phic da phan cam vé
boéng Bac (50- 70°), voi goc dbc 70- 85°. Céac da
hé tang Nam Sap phan bb & _phia Bdng Bac kh0|
xam nhap Ban Phuc c6 thé nam nguwoc lai cdm vé
phia Tay Nam vé&i goc dbc tir 50- 80° (Hinh 1).

CHIDAN
Phitc hy Ba Vi

Hinh 1. So’ d6 dia chat khoang san mé nikel
Ban Phuc [4]
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Trong khu vwc nghién clru, ngoai cac khdi siéu
mafic con ¢ cac cac da xam nhap dang dai mach.
Khéi siéu mafic B&n Phic chira khoang hoa sulfur
Ni - Cu cé clu truc dang hinh chau, phan bb &
trung tdm Ta Khoa. Trén binh d khéi xam nhap
siéu mafic Ban Phuc cé dang elip, kéo dai theo
phuwong Tay Bac - Dong Nam (144° - 3420) khoang
1020 m, chiéu réng 200- 420 m, chiéu day I&n nhéat
470 m, gan song song v&i thé nam cla cac da hé
tang Nam Sap, v6i dién 16 khodng 0,4 km2. Céu
tric chung dang hinh chau.

Trong pham vi khu Ban Phuc da phat hién va
xac dinh dwoc cac dut gay phat trién cha yéu
phuong Tay Béc - Dong Nam, gém:

Put gay Fl-1 ndm phia Dong Bac, kéo dai
khoang 2 km theo phuwong Tay Béc - Bong Nam.
Pt gay FI-1 la dét gay nghich va truot bang trai
véi hwédng cdm vé phia Tay Nam (240°) géc déc
75- 80°. Cw ly dich trwgt khoang 1,5 km.

Pt gay Fl-1c ndm & phia Déng Béc cua khbi
siéu mafic Ban Phuc, kéo dai 1,8km theo phwong
Tay Béc - Dong Nam (130- 310°), 14 d&t gay nghich
c6 hudng cdm vé tdy nam (220°), mang tinh chét
cia dot gay trwot bang trai véi cuw ly dich truot
khodng 40 m, mét trwot cdm dbc 85°.

Put gay Fl-1d nam & phia tdy nam khdi siéu
mafic, kéo dai theo phwong Tay Bac - Bong Nam
(140-320°) khoang 4,7 km, la dut gay thuan co
huéng cdm vé Tay Nam (230°), mang tinh chat cia
dit gay trwot bang phai véi cw ly dich truot khoang
80m, géc cdm mat truot 85°.

Khu Ban Phic dwoc dac trwng bdi céu truc
I6m, truc nép 18m kéo dai theo phwong Tay Bac -
Poéng Nam va chay doc theo truc dai clia khéi siéu
mafic Ban Phuc. Cac da cia hé ting Nam Sap
phan bé xung quanh khdi xam nhap Ban Phuc bi
udn nép tao thanh nép 16m.

Khoang héa Ni mé Ban Phuc lién quan cac
thanh tao siéu mafic ph&rc hé Ban Xang, gdm 02
kiéu quang: quang sulfur Ni d&c xit phan bd bén
ngoai khéi siéu mafic va quang sulfur Ni xam tan
phan bd trong khéi siéu mafic. Cac kiéu khoang
hoa nay la sulfur magma dung ly dwgc hinh thanh
tr khdi siéu mafic Ban Phuc. Quang sulfur dac xit
dwoc hinh thanh vao giai doan phan di sém, sulfur
xam tan trong khéi 1a san pham phan di muén hon

[1].
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2.2. Phwong phap nghién ctru

2.2.1. Phuong phdp dia chat truyén théng, két
hop thu thap, tdng hop va xi ly tai liéu

- L6 trinh khao sat dia chat bd sung, thu thap
tai lidu & cac vét 16 tw nhién, hao, mau 16i khoan va
l4y phan tich bd sung mot sé mau lat méng, khoang
twdng.

- Thu thap, téng hop tai liéu, danh gia do tin cay
cla cac nguE“)n tai liéu thu thap duwoc tr cac céng
trinh co trwéece.

2.2.2. Cac phwong phap nghién cdu thanh
phan vat chat quiang

Dé& nghién clru thanh phan vat chét quang,
ngoai tdng hop tai liéu tlr cac nghién clru truére, tac
gid da phan tich bd sung thanh phan khoang vat
(phan tich mau lat méng, khoang twéng): St dung
phuwong phap QEMSCAN Particle Mineralogical
Analysis (PMA) & khodng cach diém anh 1,5 pm
pixel. QEMSCAN duwoc thwe hién bédi phong phan
tich ALS Metallurgy tai Perth, Uc; XRD dwoc thuwe
hién tai Vién Dia chat - Vién Han Lam Khoa hoc
Cong nghé Viét Nam trén thiét bi Empyrean
(PANalytical- Ha Lan), s& dung phan mém
HighScore Plus dinh Ilwgng khoang vat va phong
phan tich ALS Metallurgy tai Perth, Uc trén thiét bj
Bruker D4 va D2, s dung phadn mém
SIROQUANT dinh lwvgng khoang vat.

Sé lwong mau phan tich bd sung 33 mau.

Phan tich hoa cac nguyén té dwoc thuc hién tai
phong phan tich SGS cua Phap, chi nhanh tai Hai
Phong va phong phan tich ALS Metallurgy tai
Perth, Uc bang phuong phap AAS va ICP- OES.

2.2.3. Nghién ctru khe nirt

- S&r dung phuwong phap ATV v&i dung cu phat
séng siéu am t&i thanh 16 khoan va do tin hiéu phan
hdi trong sudt qua trinh di doc 16 khoan, tao ra hinh
anh phan xa song siéu am 3600 lién tuc cta thanh
16 khoan véi do phan gidi cao, dwa ra hinh anh truc
quan vé thanh 16 khoan va cAu tric 16i khoan.

- Két qua do ATV thanh 16 khoan sé& thu duwoc
hinh anh siéu am lién tuc thanh 16 khoan, dwoc
dung dé phan tich khe nt, vi tri biéu hién dut gay
hodc cac I&p thach hoc mdng cé thanh phan khac
nhau.
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Céac budc chinh x& ly di lieu do ATV
gém:
- Chon va danh d4u cac vét nit trén hinh
anh thu dwoc.
- Tinh toan dwong kinh 16 khoan (D) théng
qua thoi gian truyén séng (Traveltime).
- Xac dinh goéc phuo’ng vi hwéng déc va tinh
toan géc déc clia mat yéu.
- Xay dwng biéu dd “ndng noc” thé hién géc
déc va géc phuong vi.
- Xay dwng mé hinh 3D cuta thanh 16
khoan thé& hién trang thai cta thanh 16

khoan.
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Hinh 2. M6 hinh xtr ly div liéu do ATV

Goc déc () xac dinh theo céng thirc:
tago == (1)

Trong doé: Z - Bién do vét niet (xac dinh trén
hinh anh thu dworc); R - Pwdng kinh 16 khoan, véi
R = 2* (T*V + Rc); T - Thoi gian truyén soéng; V -
Van tbc séng trong dung dich khoan va Rc - Ban
kinh thiét bi.

Vi du: Goc phuwong vi (©) dwgc xac dinh trén
hinh anh thu dwoc (Hinh 2) 1a vét nit (khe niit) cd
phuwong vi tay — dong.

2.2.4. Phuong phdp todn théng ké

- Phuwong phédp toan théng k& mét chiéu:
Phuwong phap toan théng k& mét chiéu 1a phwong
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phap dwoc st dung réng rai trong diéu tra, thdm
dod khoang san ran [8, 9; 10, 12]. Pé ap dung
phwong phap nay, cac nha nghién cltru phai gia
thiét rdng cac gia tri quan sat do dac phan tich...
nhan duorc tir ddi twong khoang san théng qua tai
liéu diéu tra, thdm do 1a mot day cac biéu twong
ng4u nhién khéng phu thudc.

Trong bai bao, tac gia s&r dung phwong phap
toan thdng ké mot chiéu dé xt ly tai liéu va xac dinh
cac dic trung phan bd thdng ké cta chiéu day va
ham lwong cac nguyén td trong than quéng sulfur
nikel xam tan.

- M6 hinh théng ké hai chiéu: S& dung nham
xac dinh méi quan hé twong quan gitra cac théng
sb dia chét than quang véi nhau. Méi quan hé
twong quan gitra cac thong sé nghién cteu (ham
lwong vé&i chiéu day than quang) xac dinh theo
cong thiee [2, 10, 11, 12]:

Zl 1XiYi— nZl 1% Die Vi
T sy
3 (2) z

Trong d6: xi; yi Lan lwot la gia tri cGia nguyén t6
(hodc d6 sau phan bd - Z) x va y tai mau (diém) thev
i: n 1 s6 mau (diém) nghién ctru.

3. KET QUA VA THAO LUAN

3.1. Dic diém cau trac, thanh phan vat chat va
moéi quan hé v&i khoang héa sulfur nikel

Két qua tbng hop tai liéu tlr cac cong trinh
trwde, két hop tai liéu mai nghién ciru bd sung cho
thay khéi siéu mafic Ban Phuc cé thanh phan 1a da
siéu mafic, xuyén Ién doc theo phwong cla cla tap
tram tich chra véi thudc hé tang Nam Sap va kéo
dai theo phwong Tay Béc - Dong Nam (1449 -
3420). Mt cét ngang cla khdi cé dang hinh phéu,
dang elip hodc hinh chau. Thanh phan gdm cac da
dunit, peridotit bj bién d6i manh thanh serpentinit.
Tudi ddng vi clia cac da siéu mafic khoang 257 -
270 tr.n. [5]. Cac da siéu mafic Ban Phuc rat cao
magne (40- 47% MgO) va rat thap titan, crom, kiém
nhuwng tréi dat hiém nhe nhém (Bang 1). Ham
lwgng Ni trong da siéu mafic khong cé sulfur cao
hon nhiéu tri sé clack trong da siéu mafic (0.2%);
dac diém thach hoa nay dac trwng cho cac vung
sinh khoang nikel (Hinh 3).
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Téng hop céac tai liéu tir cac
cbéng trinh trwéce [1, 4, 6, 7] cho
thay khdi xam nhap Ban Phuc cé
tinh phan di kha rd rang. Tinh phén
di dwoc xac lap dwa trén co s& cau
tao don tich nguyén sinh va déc
diém thach hoc cla da siéu mafic
va duwgc chia thanh 3 doi tr trén
xudng gdm UB1, UBT va UB2 [4,
6, 7]. Trong d6 UB2 la d&i dwéi,
UB1 la doi trén bi oxy héa (phong
hoa) va UBT d&i trung gian chuyén
tiép.

Hinh 3. Tiém nang sinh khoang cta da siéu mafic Ban
Phuc (theo kiéu A.l. Bogatrev) véi: F = FeO+Fe,03; A = CaO +
Na,O + K20; M = MgO [3]

Ham lwong trung binh oxyt cac nguyén té chinh, cac nguyén té vét, dat hiém va nhém platin (PGE)
tdng hop trong Bang 1.

Bang 1. Ham lwong trung binh oxyt cac nguyén té chinh, cac nguyén té vét, dat hiém va PGE

Thanh phan Ham lwong (%) Thanh phan Ham lwong (%)
Oxit uUB2 UBT UB1 Oxit uUB2 UBT uB1
SiO, 43,87 4536 | 44,60 MnO 0,15 0,15 0,11
TiO2 0,07 0,13 0,11 Cr203 0,09 0,08 0,08
MgO 47,50 4484 | 43,13 Na.O 0,02 0,05 0,01
FeO 7,82 5,55 5,90 K20 0,21 0,82 0,01
CaO 0,67 0,14 4,27 P20s5 0,03 0,04 0,05
Al2O3 1,63 2,97 1,74 S 0,42 0,11-0,16 0,08
Nguyén to vét Ham Iwong (ppm) Nguyén t6 vét Ham Iwong (ppm)
Ba 9 69 9 Rb 2 27 0
Cl 626 1313 642 Sr 5 0 56
Cr 842 758 834 \ 16 41 34
Co 113 106 98 Y 5 6 7
Cu 39 677 45 Zn 19 56 47
Ni 4600 4295 3534 Zr 4 23 17
Nb 0 0 1| Tylé S/Ni 0,91 0,256- 0,373 | 0,227
S 0,008
Déat hiém Ham Iwong (ppm) Dat hiém Ham lwong (ppm)
La 0,6 3,2 2,6 Gd 0,3 1,3 1,3
Ce 1,0 6,0 5,4 Dy 0,2 1,6 1,5
Nd 0,8 3,8 3.4 Ho 0,1 0,2 0,3
Sm 0,3 1,2 1,3 Er 0,2 0,9 0,8
Eu 0,1 0,4 0,3 Yb 0,1 0,3 1,0
Nhoém platin Ham lwong (ppb) Nhém platin Ham lwong (ppb)
Pt 60 620 6 Os 24 255 6
Pd 74 610 6 Ir 16 150 6
Ru 44 290 8 Au 5 25 5
Rh 10 70 1
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- B&i UB1 dwoc cu thanh béi da peridotit nam
trén cung, chiém khéi lwong chinh. Thanh phan
gdm: olivin bi serpentin héa (50-70%) thanh phan
vat chét trung gian chiém 30- 50% gbém mica,
vermiculit va fuxit (>5%), chlorit, actinolit, tremolit,
magnesit... Cac da trong d&i UB1 hau nhuw khéng
chira Ni dang sulfur, chi tdn tai Ni dang oxit. Ni
trong da UB1 c6 ham Iwgng trung binh 0,353%,
Cu: 0,005%, Co: 0,01%, ham lwong S rat thap
trung binh 0,08%, ty 1& S/Ni 1a 0,227 (Bang 1).

- Poi UBT dwoc ciu thanh béi da dunit co cu
tao don tich trung binh. Day la loai d& chuyén tiép
tir dunit dén tich chat sit ciia UB2 sang dunit dén
tich trung binh nén phan bé lién ké& véi ddi dunit
UB2 bén trong trung tam khdi. Da bj serpentin hda
rat manh (hon 65 -80%), olivin tan dw, 20- 35% vat
chét trung gian gébm phlogopit, chlorit, fuxit, tremolit
va breinesit tao thanh cac dam hat dai dang soi,
véy, moc xen ké v&i sulfur chira Ni. Mrc d6 x&m
tan sulfur Ni- Cu yéu hon so vé&i da dunit dén tich
chat sit trong UB2, nhwng cao hon da UB1. Ham
lweng Ni trung binh 0,4295%; Cu: 0,0068%; Co:
0,01%; S: 0,11- 0,16%; ty 1& S/Ni la 0,256 - 0,373
(Bang 1), cao hon déi UB1.

- B6i UB2 dwoc cu thanh bdi da dunit véi
olivin cAu tao dén tich chat sit, ndm dwéi ciing cla
khdi xam nhap. Khoang vat olivin chiém t&i 90-

93%, bi serpentin héa, vat chét trung gian (5-10%)
nam gilra cac hat olivin gém phlogopit, chlorit, fuxit,
tremolit, breinesit, magnetit va cac hat sulfur Ni
xam tan, cha yéu la pentlandit, it hon 1a pyrotin.
Quang sulfur Ni xam tan chi yéu phan bé trong doi
nay. Ham Ilwong Ni trung binh 0,46%; Cu:
0,0039%; Co:0,011%; S: 0,42%; ty 1& S/Ni dat 0,91
(Bang 1).

T két qua trén nhan thay, sulfur Ni xam tan
phan bb chi yéu & dang bam day ndm trong déi
olivinit dén tich chét sit (UB2) va it hon la trong di
olivin don tich trung binh (UBT).

3.2. Bac diém khe nit kién tao

Dé& nghién clu dic diém khe nut phat trién
trong khéi siéu mafic, nhom tac gia st dung cong
nghé siéu am thanh 16 khoan ATV cho két qua hinh
&nh 360° lién tuc cta thanh 16 khoan. Két qua do
tai 07 16 khoan trong khéi siéu mafic dwoc st dung
dé xay dung cac biéu dd hoa hdng thé hién sw
phan bd cac hé théng khe nirt cling nhw huéng
cém clia khe nit da trong da siéu mafic khdi Ban
Phuc.

Trén Hinh 4, trich dan két qua qua do va luan
gidi cac yéu td cdu truc trong 16 khoan BP19-44
bang phwong phap ATV.

Vét cac
cau truc

Bién

Biéu d6 Thé
noéng noc nam

Hinh 4. Két qua do va luan giai cac yéu té cau truc trong LK BP19-44 bang phwong phap ATV

Trén co s& két qua do va luan gidi cac yéu td
céu tric trong 16 khoan twong tw 16 khoan BP19-44
bang phuwong phap ATV rut ra mot sé két luan vé
dac diém khe nat phat trién trong khbi siéu mafic
Ban Phuc nhw sau:

- Tai khu Tay Bé&c khéi, cht yéu la cac khe nit
phét trién trong d&i quang c6 hwéng cdm vé phia
Béc (355 - 360°) v&i géc dbc dirng 87- 899, thir yéu
la cac khe n&t c&dm vé phia Bong (92°), véi goc déc
dirng 86 - 87°; ngoai ra, con cé cac khe nit cam
thoai vé phia Dong Bac (40-45°) véi goc dbc thoai
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17 - 25°. Tai day, cac khe nirt & phan bb duéi than
quang sulfur nikel c6 huéng cdm vé phia Nam
(190°) véi goc doc dirng 80 - 82° va co loat khe nit
cam vé phia Bong Bac (31°), voi goc dbc 70 - 75°.

- O khu Tay Nam kh0| cht yéu la cac khe nit
nam trong doi quang cam vé phia Béng Bac (590)
véi goc dbc 45°, thir yéu la cac khe nit cdm vé
phia Nam (1990) véi géc dbc 50°. Cac da thude
canh treo cua than quang phat trién cha yeu cac
khe nit c6 thé nam cdm vé phia Bong Bac (339),
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géc cdm déc dirng 85 - 88° va it hon 1a khe nit c6
cam vé Tay Nam (222°), géc cdm déc dirng 85 -87°.

- Khu vie phia Bac khdi, trong déi quang céac
khe nirt cht yéu cadm vé Bong Béac (41°), véi goc
dbc 55 - 56°. Cac da thudc canh treo cla than
quang bi khe nit cé thé nam c&m vé phia Dong
Béc (339), dbc thoai (34°) cat qua.

- Khu vuc gitra khdi, cac khe nut trong than
quang c6 thé nam chid yéu cdm vé phia Tay Nam
226° v&i géc déc 65°.

- Khu vic phan bd cac da hé ting Nam Sap
ndm sat ranh gi¢i phia Bac khdi xam nhap, cac khe
ntt chi yéu cam vé phia Dong Béc 35° véi goc déc
thoai 36°. Cac khe nut nay phu hgp véi dwong
hwéng dbc cla ranh gidi khdi xam nhap va than
quang xam tan.

Cac két qua nghién clru khe nit trong 16 khai
thac cho thdy chli yéu phat trién khe nit cdm vé
Poéng Bac (30°) voi elely déc 70- 80°. Thé nam nay
phlu hop véi thé nam cla ranh gidi khdi siéu mafic
va d&i quang sulfur xam tan & phia Nam khéi siéu
mafic. H& théng khe nit nay cé vai trd quan trong
trong qua trinh hinh thanh than quang sulfur Ni
xam tan va thuc day qua trinh phong héa quéng
nguyén sinh va da vay quanh.

3.3. Pac diém quang héa

Quang sulfur nikel xam tan trong khéi siéu
mafic Ban Phuc gém c6 loai quang sulfur twoi va
quang phong héa gém quang sulfur ban oxy héa
va oxy héa hoan toan. Cac than quang xam tan
trong khdi siéu mafic cé dang kha phirc tap voi
hinh thai dang via, thiu kinh, dai, dai phan nhanh.
Sau day 13 dic diém tirng loai quang hoa.

- Quéng sulfur nguyén sinh

Péc diém hinh thai - cau truc than quéng

Quang xam tan nguyén sinh phan bd dang
chau bam day khéi xam nhap cé quy mé Ién nhat
ctia khu md nikel Ban Phuc (Hinh 5). Vé hinh thai
than quing kha phirc tap chd yéu dang via, dang
dai, dai phan nhanh, dang thau kinh bam day hoac
dang treo (Hinh 6)

‘ MAT CAT DIA CHAT TUYEN 49950E
TIEU X A PHOC - XA MUONG KA, HUVEN BAC YEX. NN SON LA

Hinh 5. Mat cat theo tuye‘n 49950E khu moé
nikel Ban Phuc (thu tir ty 1€ 1:1.000) [4]

NN s6 5 - 2025

MAT CAT DOC DIA CHA'T THAN QUANG XAM TAN
TIEU KU BAN PHUC, XA MUONG KMOA. HUYEN BAC YEN, Tine SON LA

Hinh 6. Mat cat doc than quang sulfur xam tan
khu mé Ban Phuc (thu ttr ty 1€ 1: 1.000) [4]

Than quing phat trién lién tuc theo phuwong
Tay Béc - DBong Nam, kéo dai khoang 865 m. Than
quang cd cau tric chung dang nép I16m, mat truc
thay déi tir déc dung den déc thoai. O phia Tay
Béac than quéng, thé ndm canh Dong Bac cdm vé
Tay Nam véi géc déc tr 129 - 50° trung binh 34°,
canh Tay Nam cédm vé Pong Béc voi goc dbc t
150 - 57° trung binh 34%; phia Béng Nam than
quang, mét truc nép 16m cAm vé Péng Bac va&i goc
déc tir 50°- 809, trung binh 60°. Than quang nam
cach bé mat dia hinh to» 16 m (tuyén 49400E) dén
377 m (tuyén 49900E). Than quang dwoc khéng
ché béi 167 cong trinh khoan. Chiéu day than
quang bién dbi tr 0,75 m dén 143,98 m trung binh
27,29 m, mrc d6 bién ddi chiéu day quang khéng
én dinh (Vm= 73%). Trong than quang cé cac l6p
da kep, sb lwong thay déi khéng theo quy luat, cac
I6p kepdaytr 1,8 m dén 76,82 m, trung binh 15,66
m.

- Béc diém khoéng vét

Dé xac dinh thanh phan khoang vat (trong mau
l4t méng va mau khoang twéng), da st dung cac
phuwong phap phéan tich (QEMSCAN, XRD), phan
tich thanh phan d6 hat dé nghién clru danh gia
thanh phan vat chat mau. Két qua phan tich xa dinh
thanh phan cac khoang vat quang va phi quing
nhuw sau:

Khoang vat sulfur Ni nguyén sinh chiém
khoang 2,5%, bao gém pyrotin (0,07%), pentlandit
(0,79%), violarit (0,04%), valerit (0,36%), khoang
vat sulfur Ni moc ghép (0,72%). Cac khoang vat
quang phan bb xam tan chd yéu trong trong da
thudéc doi UB2 (anh 1) va it trong d&i UBT, thudng
phan bé trong cac khoang tréng gitra cac hat olivin
va cung véi tb hop khoang vat phlogopit, fuxit,
carbonat, antigonit; thwérng c6 ciu tao dam, kich
thude tr trén dwdi 1mm dén 5- 6mm, déi chd cé ciu
tao xam tan day, kién tric hat tha hinh.
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Anh 1. Quéng sulfur xam tan trong da thuéc

déi UB2, 16 khoan BP20-26, do sau 71,2 m, khu mé

Ban Phuc [6].

Pentlandit I& khoang vat chira Ni chtl yéu dwoc
tim thay trong mau, chiém khoang 0,79% khdi
lwong mau. Khoang vat pentlandit chi yéu dang
hat nhé kich thwdc 0,02-0,05 mm, c6 it dang hat to
0,3 mm nam trong cac cau truc xen ké (@anh 2).
Trong mau con cd mét cac khoang vat vét gébm
violarit va millerit, c6 ham lwong rat nhé (< 0,05%).
M©bt vai hat khoang vat chira Ni-As - (S) cling dwoc
tim th&y. Mot s6 khoang vat chira Ni ¢é xu hwéng
lién két chat ché v&i cac khoang vat silicat. Nhirng
khoang vat kich thwéc nhd, moc xen nay co thé
dan dén nhiing d4u hiéu cac nguyén té trén lan &
céac diém phan tich QEMSCAN.

Anh 3. Khoang vat serpentm (Serp), tao
thanh cac mang mach song song, kéo dai
theo chieu dai hat protolith. Cac mach
serpentin mudn cat ngang cac mach sé&m tai
goc cao & mét vai noi. TL. XPL. Trwérng quan
sat ~4 mm

- Thanh phan héa hoc

St dung két qua phan tich mau héa, st dung
phuwong phap théng k& mot chiéu xt Iy tap mau.
Tw két qua xr ly thdng ké rat ra mot sb két qua sau:
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Anh 2. Pentlandit dwéi dang nhirng manh v&

trong magnetit, chi ra méi quan hé phan tng,

v&i sw phat trién ctia magnetit véi pentlandit.
RFL. PPL. Trwwong quan sat ~1 mm.

Cac khoang vat phi quang chiém 95% - 97%,
trong d6 chiém chi yéu la serpentin 82,1%,
Amphibol 1,85%, talc 0,69%, magnetit va hematit
4,79%, chlorit 2,59%, phlogopit, mica va cac
khoang vat twong tw: 2,39%, carbonat/brucit va
khoang vat twong tw: 2,52%

Trong hdu hét trong cac lat mdng, serpentin la
khoang vat phong héa phd bién nhat va thwong di
cung véi tremolit, phlogopit va chlorit v&i ty 1€ khac
nhau. Talc hiém gap hon, brucit va cacbonat dwoc
quan sat thdy dwéi dang mach muén (Anh 3, 4).

Anh 4. Chlorit (Chl) Ia khoang vat phu
xuéat hién trong mét loat cac cau trac sau:
Mach cét ngang mach serpentin (Serp) va

thwong lién két véi magnetit va sulfur.
TL. XPL. Trwong quan sat ~1 mm

Ham lwong cta Ni bién ddi tir 0,001% dén 3,02%,
trung binh 0,48%, mirc dd bién dbi ham lwong Ni
khéng dong déu (Vc= 69%); ham lwong Cu tir
0,0004% dén 0,9%, trung binh 0,08%, bién dbi rat
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khong ddng déu (Vc= 110%); Co tir 0,002% dén
0,04%, trung binh 0,01%, bién dbi déng déu (Vc=
35%). Ham lwong Mg bién déi tir 0,77% dén 28,3%
trung binh 23,15%; ham lwong Fe tir 0,26% dén
39,7% trung binh 5,27%. Ham lwgng S tir 0,005%
dén 23,5% trung binh 0,52%; ham lwgng As tir 1
ppm dén 1.535 ppm trung binh 34 ppm; ham lwong
Cr tiv 7 ppm dén 8.890 ppm trung binh 586 ppm:;
ham lwong Pb tlr 1 ppm dén 2.510 ppm trung binh
7 ppm; ham lwong Zn t& 1 ppm dén 2.200 ppm
trung binh 57 ppm; ham Iwgng Au tv 0,001 ppm
dén 0,25 ppm trung binh 0,02 ppm; ham lwgng Pt
tr 0,003 ppm dén 0,43 ppm trung binh 0,08 ppm;
ham lwong Pd tir 0,001 ppm dén 0,55 ppm trung
binh 0,1 ppm. Nhin chung ham lwgng cac nguyén
t6 khac trong than quang rat thap, ngoai trir Mg va
Fe.

S dung cong thire (1) tinh hé sé twong quan
cap mot sd nguyén té kim loai véi Ni trong quang
sulfurr nikel nguyén sinh, két qua tdng hop trong
Bang 2.

Bang 2. Ma tran twong quan
cta mot so kim loai

Ni | Cu| Co | Ag | Au | Pt | Pd
Ni | 1.0 |0.74|0.77 | 0.46 |0.20| 0.61| 0.57
Cu 1 10.62|0.45|0.19|0.35|0.34
Co 1 /0.160.11]0.30|0.16
Ag 1 10.19]0.36|0.45
Au 1 10.16|0.17
Pt 1 10.90
Pd 1.0

T Bang 2 cho thay: Ni cé quan hé thuan kha
chét ché véi Co, Cu, twong dbi chat ché véi Pt, Pd,
Ag va co quan hé kém chat ché v&i Au; Pt quan hé
rat chat ché véi Pd va Ni; Cu quan hé chat ché véi
Ni va Co. Két qua nay phu hop véi tai liéu phan tich
mau khoang twdng va két qua nghién ctru mau
cbng nghé [4].

b. Quang nikel phong héa

Quang nikel phong héa 1a san phdm qua trinh
oxy héa hoan toan hodc ban oxy héa phan bd
thanh hai d&i: d&i ban oxy hoa va déi oxy hda hoan
toan co thanh phan khoang vat, ciu tao, kién tric
quang khac nhau. V& co ban hinh thai, kich thwéc
than quang nikel phu thudéc vao hinh thai, kich
thwéc ban diu clia than sulfur nikel.

- Quéng nikel bén oxy héa: Phan b trong déi
UBT la phan chuyén tiép tir than quang sulfur nikel
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nguyén sinh va dwéi phan than quang Ni bi oxy héa
hoan toan. Khoang vat quang bao gdm khoang vat
sulfur, mét phan bj oxy hoéa. Quang sulfur ban
phong héa phan bé tr cost +275 m (tuyén 49750E)
dén +495 m (tuyén 50050E), phan b & ria phia
Nam va Bac khoi xam nhap siéu mafic Ban Phuc,
chiéu dai khoang 850 m. Than quéng ban phong
héa (ban oxy hoa) da dwoc khéng ché bdi 52 16
khoan. Cac than quang ban phong héa cé chéu
day 1a 1,1 m (LK BP20-11), day I&n nhéat & 44,28
m (LK BP19-29), trung binh 14,83 m, bién déi
khéng 6n dinh (Vm = 73,36%).

Khoang vat quing bao gom khoang vat sulfur
va mot phan bi oxy hoa (khodng 1- 10%) phan bb
trong da siéu mafic bi phong héa. Két qua xw ly
théng k& nhw sau: Ham lwong Ni trong déi quang
UBT giao dong tr 0,30% dén 1,28%, trung binh
0,55%, bién ddi twong dbi 6n dinh (Vc = 40,11%);
Cu ttr 0,001% dén 0,28%; trung binh 0,08%; Co tw
0,01% t&i 0,02% Co, trung binh 0,011%; S trung
binh 0,34%; As trung binh 002%; Cr: 0,05%; Fe :
5,29%; Mg: 21,32%; Pb: 0,0005% Pb va Zn la
0,005% Zn. Ngoai trtr Mg va Fe, ham lwgng céac
nguyén to kim loai khac trong kiéu quang nay rat
thap.

Quéng oxy héa hoan toan: Bwgc hinh thanh
do qua trinh oxy hdéa quang sulfur nikel nguyén
sinh (Anh 5), phan bd & phan trén cing cla than
quang sulfur xam tan, thuéc déi UB1, phan bd tr
cost +305 m (tuyén 49750E) t&i cost +515 m (tuyén
50050E), giap v&i bé mét dia hinh, phan b & phia
Nam va Bé&c khdi siéu mafic ban Phuc; chiéu dai
khoang 850 m.

‘

Anh 5. Quéng sulfur bi oxy héa hoan toan
tai doé sau 11,1m LK BP21-12 [4]
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Kich thwéc, hinh thai va thanh phan khoang vat
quang khéc it nhiéu so véi than quang sulfur nikel
nguyén sinh, sy khac biét dé co I1é Ia do qua trinh
phong héa hoan toan (oxy hoa) tao nén. B&i quang
duwoc khdng ché bdi 44 16 khoan. Phan phia Bac
va Nam quang phan bd khoéng lién tuc tao thanh
céac thau kinh méng, tir phan gitra t&i ria phia Déng
khéi xam nhap siéu mafic, than quing phat trién
kha lién tuc va twong déi 6n dinh. Chiéu day tir 2,5
m (LKBP20-46) m dén 41,72 m (LK BP19-40),
trung binh 18,47 m. Trong than quéng hau nhw
khoéng c6 16p kep. Khoang vat cha nikel gébm
limolit, goethit va saponit.

Cac khoang vat nay chiém 1- 8% trong da siéu
mafic bi phong hdéa. Ham lwgng Ni trong quang tw
0,29% dén 1,29%, trung binh 0,59%; ham lwgng
Cu tr 0,00% dén 0,39%, trung binh 0,09%; Co tir
0,001% dén 0,02%, trung binh 0,011%.

4. KET LUAN

» Khu mé Nikel Ban Phuc cé cAu tric chung la
nép I6m, nhan la cac thanh tao siéu mafic thudc
khdi Ban Phuc, hai canh dwoc cau thanh bdi cac
clia hé thng Nam Sap (D1-2ns) va mot phén cla hé
tang Ban Cai. Khoi siéu mafic co dang hinh chau
kéo dai theo phuwong Tay Béc - Bong Nam, gan
song song v&i thé nam clia cac da hé tang Nam
Sap. Mat cat ngang cta khdi cé dang hinh phéu,
elip hodc hinh chau. Cac da siéu mafic Ban Phuc rat
cao magne va réat thap titan, crom, cac nguyén t6
kiém, nhung giau dat hiém nhe;

> Khéi siéu mafic Ban Phuc c6 tinh phan dj
manh, dwa vao d&c diém c4u tao don tich nguyén
sinh va dac diém thach hoc clia da siéu mafic da
phan chia thanh 3 d&i tw trén xuéng gém UB1, UBT
va UB2. Cac déi cé dac diém vé thanh phan vat
chét, cu tao va kién tric cla khoang vat tao da
khac nhau va mirc d6 chira quang nikel cling khac
nhau. Thanh phan clia da siéu mafic phan bd trong
cac déi va cac qua trinh uén nép manh mé la cac
yéu td c6 vai trd quan trong trong qué trinh tao
quang va dinh vi cac than quang sulfur nikel xam
tan trong khéi siéu mafic Ban Phuc;

> Két qua nghién ctru khe nit bang phwong
phap siéu am thanh 16 khoan da gép phan lam
sang té dac dém cla cac hé thdng khe nit phat
trién trong khéi siéu mafic, buéc dau danh gia vai
trd clia chuang trong qua trinh tao quang sulfur nikel
xam tan trong da siéu mafic & khu mé Ban Phuc;

> Quang sulfur nikel xam tan trong khéi siéu
mafic Ban Phic gébm cé hai loai quing: quang
sulfur Ni nguyén sinh va quang sulfur bj phong hoéa
(quang sulfur ban oxy héa va quang sulfur bj oxy
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héa hoan toan). Quang sulfur Ni xam tan cé quy
mo |&n, phan bb chd yéu & d&i UB2 va it hon trong
déi UBT. Cac than quang sulfur nikel dang xam tan
phan bé trong khéi siéu mafic c6 hinh thai kha phirc
tap, dang via, thau kinh, dai, dai phan nhanh, bam
day hoac treo; kéo dai khodng 865m, réng 350 -
400 m. Chiéu day bién d6i tr 0,75 m dén 143,98
m, trung binh 27,29 m, bién dbi khéng én dinh (Vm
= 73%), chiéu day céac Iop kep tir 1,8 m dén 76,82
m, trung binh 15,66 m. Khoang vat quang nguyén
sinh chu yéu la pentlandit, violarit, valerit;

Ham Iwong Ni trong quang xam tan thudc loai
nghéo, trung binh 0,48%, bién dbi thudc loai khéng
&n dinh; Nguyén t6 Ni c6 quan hé thuan kha chat
ché vai Co, Cu, twong dbi chat ché véi Pt, Pd, Ag
va c6 quan hé kém chat ché v&i Au. Ngoai trie Ni,
cac nguyén t6 kim loai, dat hiém va nhém PGE c6
ham lwong thap, khdng cé y nghia cong nghiép doc
lap, mot s6 nguyén td can nghién ctvu thém xem cd
thu hdi va c6 hiéu qua kinh té trong qua trinh khai
thac, tuyén lam giau quang Ni khong;

> Quéang sulfur nikel phong héa la san pham
clia qua trinh oxy héa hoan toan va ban oxy hoa
quéng sulfur nikel nguyén sinh thudc phan trén khoi
xam nhap. Quang ban oxy héa 1a phan néi tiép 1én
trén clia than quang sulfur nguyén sinh nén hinh
thai, kich thuwéc vé co ban twong dong véi hinh thai,
kich thwée clia than quang nguyen sinh. Quang oxy
hoa hoan toan la phan néi tiép ctia quang ban oxy
héa dwoc hinh thanh do qua trinh oxy hdéa hoan
toan quang sulfur nikel nguyén sinh. Than quang
c6 hinh thai, kich thwéc, ciu trac da bj thay doi so
v&i thadn quang nguyén sinh va ban phong héa.
Quang nikel phong héa thudc doi UB2 bi tréi 1én
hodc gan mat dat. Khoang vat chiva nikel gém cé
limolit, goethite va saponit. Cac khoang véat nay
chiém 1-8% trong da siéu mafic bi phong héa. Bay
la loai quang kho tuyén so v&i quang nguyén sinh.

Than quang sulfur Ni nguyén sinh c6 quy md
I&n, phan bd chu yéu & déi UB2 va it hon trong déi
UBT. Hinh thai thdn quang kha phtrc tap v&i hinh
thai dang via, thau kinh, dai, dai phan nhanh, dang
bam day hoac treo; kéo dai khoang 865 m, rong 350
- 400 m. Chiéu day bién ddi tr 0,75 m dén 143,98
m, trung binh 27,29 m, bién dbi khéng én dinh (Vm
= 73%), chiéu day cac 16p kep tr 1,8 m dén 76,82
m, trung binh 15,66 m. Khoang vat quang chu yéu
la pentlandit, violarit, valerit.

Quang ban oxy hoa, la déi quang chuyén tiép tir
than quang sulfur Ni nguyén sinh, phan bé & phan
trén than quing Ni xdm tan nguyén sinh va nam
duwdi phan than quang bi oxy hdéa hoan toan, co
chiéu dai twong dwong than quang nguyén sinh,
day 1,1 - 44,28 m, trung binh 14,83 m. Khoang véat

SO 5 - 2025 k!



0]
/T\.DPIACO HOC, DIATIN HOC, BIA CHAT, TRAC DIA CONG NGHIEP MO

chira nikel gf‘)m pentlandit, violarit, valerit bi oxi hda  cla than quang sulfur xam tan, giap v&i bé& mét dia
khoang 1- 10%. hinh, chiéu day t 2,5 - 41,72 m, trung binh 18,47

Quéng oxy héa hoan toan la déi quang sulfur  m. Khoang vat chira nikel gbm c6 limolit, goethite va
nikel bi oxy héa hoan toan nam & phan trén cung  saponit O
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ABSTRACT

This paper presents new research results on the geological characteristics and disseminated Ni-
sulfide mineralization in the Ban Phuc ultramafic intrusion, based on the application of traditional
geological methods combined with modern rock composition analysis techniques and several geological
mathematical methods. The study yields the following key findings:
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The deposit is characterized by a syncline, with the core composed of ultramafic rocks of the Ban
Phuc intrusion. Its limbs consist of rocks of the Nam Sap Formation (D1.2ns) and partly of the Ban Cai
Formation.

The Ban Phuc ultramafic rocks are charactered by high magnesium content (40-47% MgQO), very low
titanium, chromium and alkali elements. The Ban Phuc ultramafic intrusive body is strongly differentiated
into three zones from top to bottom (UB1, UBT, and UB2). UB2 is the lower zone consisting mainly of
dunite. UBT1 is the upper zone consisting mainly of peridotite. UBT is an intermediate transition zone.

Fractures within the Ban Phuc ultramafic body are mostly oriented northeast (30°) with dip angles of
70°-80°. This orientation is consistent with the structural trend of the ultramafic body boundary and the
disseminated sulfide zone located in the southern part of the Ban Phuc ultramafic intrusion.

The disseminated Ni-sulfide ores in the Ban Phuc ultramafic intrusion occur in two types: primary Ni-
sulfide ores and weathered Ni ores. The weathered ores include partially oxidized sulfide ores and
completely oxidized sulfide ores.

The primary Ni-sulfide ore bodies are large in scale, mainly distributed in UB2 and to a lesser extent
in UBT. They have complex morphologies, occurring as layers, lenses, bands, branching bands, as well
as basal and hanging wall types. They extend about 865 m in length and 350-400 m in width. Thickness
ranges from 0.75 m to 143.98 m, with an average of 27.29 m and high variability (Vm = 73%). The rock
interlayer thickness varies from 1.8 m to 76.82 m, averaging 15.66 m. The main ore minerals are
pentlandite, violarite, and valleriite.

Partially oxidized ore forms a transitional zone from primary Ni-sulfide ore bodies, occurring above the
primary disseminated Ni-sulfide ore and below completely oxidized ore. This zone has a length like that
of the primary ore body, with thicknesses ranging from 1.1 m to 44.28 m (average 14.83 m). The Ni-
bearing minerals, including pentlandite, violarite, and valleriite, are oxidized by about 1—10%.

Completely oxidized ore is the uppermost zone of the disseminated Ni-sulfide ore body, directly
adjacent to the ground surface. Thickness ranges from 2.5 m to 41.72 m, averaging 18.47 m. The Ni-
bearing minerals include limonite, goethite, and saponite.

Keywords: geological characteristics, disseminated Ni-sulfide mineralization, Ban Phuc
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