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Characteristics of Polymetallic Occurrence in Kau Loc Area within Northern
Vietnam: Preliminary Study

Chul-Ho Heo'*, Se-Jung Chi?, Sung-Won Park' and Jae-Ho Lee!

'Overseas Mineral Resources Department, Mineral Resources Research Division, Korea Institute of Geoscience
and Mineral Resources (KIGAM), Daejeon 305-350, Korea

Domestic/North Korea Mineral Resources Department, Mineral Resources Research Division, Korea Institute of
Geoscience and Mineral Resources (KIGAM), Daejeon 305-350, Korea

It was carried out to the survey on the lead-zinc and tungsten occurrences in the Kau Loc mineralized belt within
northern Vietnam. The lead-zinc occurrence bear the ore body parallel to the bedding of limestone formation.
Assuming the surface grade and geological reserve, Pb+Zn deposit is estimated to the small to medium-sized ore
deposit. On the other hand, considering the distribution of small-scale stock intruding the Devonian limestone, it is
thought that the tungsten occurrence has the proper geological conditions anticipating the presence of skarn mineral-
ization. However, there is no evidence to recognize economic feasibility in the present situation because of the
absence of detailed geology and ore deposit survey on the tungsten occurrence.
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Fig. 1. Location map of the investigation area.
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Fig. 2. Geologic map of the investigation area (scale 1:200,000).
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Phase 2. quartz diorite, granodiorite, bictite-horblende
granophyric granite, biotite granite and porohyritic granite

Upper Subformation : sandstone, imestone, marl interbeded
with clay shale, calkareous phyffite. Contaaining Tryplasma
altaica, Favosites, F. multiformis. 500m thick.

Lower Subformation : clay shale, marlaceous shale, clayish
limestone, and cherty dlay C ining Euryspirif
tonkinensis, heliolites sp., 400-500m thick.

Upper Subformation : limestone, quartz porphyry ,
orthophyre, iron ore seams. 1,200m thick.

tower Subformation : imestone, cherty, sericite schist,
tachyte, porphyry felsite. 230-500m thick.
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Fig. 3. Photographs of scheelite grain obtained from heavy sands during panning. (a) heavy sand minerals including scheelite
obtained from panning (b) scheelite grains showing the specific fluorescence after using the ultraviolet.
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Fig. 4. Route map on the Pb-Zn mineralization area located at Bang Thanh.
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F.

Fig. 5. Photographs from the investigation area at Bang Thanh. A. Iron-bearing outcrop in Bang Tanh Pb-Zn mineralized
zone. B. Strongly weathered zone with width of 10m showing lead and zinc anomaly. C. Color of soil showing the anomaly
of lead and zinc. D. Slope bearing the iron formation with the width of 6m and the extension of 200m. E. Barite-bearing
outcrop showing the trace of small-scale mining by local people. F. Panoramic view of Bang Tanh Pb-Zn mineralized zone.
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Fig. 6. Route map on the investigation of geology and ore deposit within W-I mineralized zone scaled as 1:5,000.
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Fig. 7. Route map on the investigation of geology and ore deposit within W-II mineralized zone scaled as 1:5,000.

Fig. 8. Photographs of outcrop and rock specimens. A. Limestone interbedded with mica schist within W-III mineralized
belt, B. Copper bearing skam sample within W-II mineralized belt, C. Metasandstone outerop within W-UII mineralized belt,
D. Recrystallized limestone bearing tourmaline within W-III mineralized belt.
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Fig. 9. Barite vein with lead-zinc ore (A) and its reflected photomicrograph (B) (Sample No. A-1). Galena, Chalcopyrite and
Unknown mineral (Sb-Pb-Cu-Fe-Q) assemblage infilling the fracture of barite vein. scale bar=100um. Abbreviations:

Ba=barite, Cp=Chalcopyrite, Gn=Galena, U=unknown.

Table 1. Content of common metallic and industrial mineral on ore-bearing specimens obtained from the Pb-Zn and W

mineralized zone in the northern part of Vietnam

Element Fe Pb Zn Cu Ga Ge Se Y Mo Ag In Te Sm Eu W Re Au U
m; m m; m m m; m; m; m, m; m m; m m m
Grade % % % /ki /é /ki /k§ mi /kg A(ﬁ mﬁ /k§ mﬁ A(E /é n<§ /k: /k§
Pb-Zn mineralized zone
A-1 125 1.072 038 2291 63 06 00 24 17 492 00 00 06 02 1620 00 026 1.04
A-2 074 4643 269 161 52 05 00 22 19 570 00 0.0 08 13 5602 00 021 1.14
A-3 0.19 1430 330 386 132 01 00 04 09 267 00 0.0 01 01 6150 00 023 1.14
A-4 0.80 2.743 20.01 3913 282 04 45 09 31 967 04 00 03 02 3354100 022 2.67
A-5 2.15 0771 574 19.1 85 08 00 16 19 619 00 00 04 06 8729 00 042 088
A-6 097 0.084 0.054 41 642 11 00 92 15 088 00 00 24 05 1046 00 022 079
Avg. 1.02 1.79 536 1164 209 058 0.75 278 183 50 006 0.0 077 048 9448 00 026 1.28
Cut-off 33 058 20 7000 50 5000 300 33 200 1884 100 05 0.1 0.1 5000 0.1 10 350
‘W mineralized zone

D-1-2 1.03 0.002 0.008 11.7 1258 17 00 04 10 013 00 0.0 00 00 3357 00 045 150
D-2-1 3.81 0.007 0.016 127.0 102 24 0.0 81 19 015 00 00 1.0 04 934 00 028 0.73
D-4-1 6.22 0.002 0.014 0.8 162 26 00 33 06 007 00 00 05 02 161.0 00 029 040
D-4-2 531 0.003 0013 35 133 29 00 31 116 008 00 00 04 0.1 2033 0.0 0.12 0.60
D-5 1.11 0.001 0.003 150 1368 10 00 31 3.8 011 00 00 04 01 5952 00 031 174
D-6 6.54 0.005 0.008 89747 128.5 30 7.7 63 285 103 0.0 24 14 03 4365 00 0.18 4.65
D-7-1 10.17 0.001 0.004 44264 919 46 6.1 54 277 076 00 28 0.8 02 5672 0.0 025 234
D-7-2 731 0.002 0.007 6033.0 873 31 35 62 232 065 00 09 11 02 4910 00 027 233
E-1 9.02 0.001 0.018 149 485 43 00 40 08 008 00 00 18 02 2417 00 021 1.19
Avg. 561 0.003 0.01 2179 732 435 192 434 11 034 00 0.68 1.02 026 3472 0.0 0.26 2.12
Cut-off 33 058 2.0 7000 50 5000 300 33 200 1884 100 05 0.1 - 01 5000 0.1 10 350
Aol FAFEC] WiE=H] e AEAEUE BAF o2 A3 Az}, iAo Moldds) gEHe] &
T itk BARES Wrlos BAY A, FYY ATRE Holn MEHT UrkFig. 10). Ao
o] g3 o} WA, F5A 2 Sh-Pb-Cu-Fe-0 % AAEREA A, HoldN Yrte] F47(35.29 wt.%
E 5o] 3311 om(Fig. 9), slE AR A7E Fe)ollx} ¢iw¥-(8.16 wt.% Fe)= 7oA Ao ghgo] -
A 1.072%, oF3 0.38%°1tH(Table 1). =3+, 2R F43] 72 & & Jorm(Table 2), s|F ASE
AEUEFe E58 mt IFESY UM e gRE A AT A 2.74%, o123 20.01%c]tH(Table 1). ¥e
o] $7she A$E BAECL ¥ PNFES WP AY HIUSY 932 w 379 dold e
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Fig. 10. Lead-bearing ore (A) (Sample No. A-4). Galena, chalcopyrite and sphalerite assemblage infilling the fracture of
recrystallized limestone (B). Scale bar=100 um. Abbreviations: Sp=Sphalerite, Cp=Chalcopyrite, Gn=Galena.

Table 2. EPMA analyses of sphalerite from Bang Tanh Pb-Zn mineralized area in the northern part of Vietnam

Wt.% Atomic. %
Sample No. Total
Zn Fe S Zn Fe S

A-3-1 67.75 - 3291 100.66 50.24 - 49.76
A-3-1 68.25 - 32.62 100.87 50.64 - 49.36
A-4-1(C) 17.49 35.29 47.18 99.96 11.29 26.65 62.06
A-4-1(R) 55.51 8.16 34.85 98.52 40.78 7.01 52.21
VN-4-1-1(C) 67.39 1.53 31.67 100.59 50.38 1.34 48.28
VN-4-1-1(M) 67.16 1.51 31.10 99.77 50.06 1.31 48.63
VN-4-1-1(R) 67.32 1.22 31.91 100.45 50.31 1.07 48.62
VN-4-3-1(R) 67.27 1.07 3222 100.56 50.12 0.94 48.95
VN-8-1(C) 66.53 225 32.07 100.85 4945 1.96 48.60
VN-8-1(R) 66.30 2.10 31.91 100.31 49.55 1.84 48.62
VN-9-2(R) 67.98 0.98 31.96 100.92 50.62 0.85 48.53

Abbreviations: C=core part of grain, M=middle part of grain, R=rim part of grain

S0 2 WA B AP ko] Ralelo] gl 7= WAE Mg &3tm(Fig. 11), ST Al884]
o, Avl HEAS FAL AeEy 9 2ge A= A 0.084%, oF9 0.054%°1CK(Table 1). Hbgh
A9, Wejd, o]dAdRem AR Ut Y E= AG Aol Fjfolr AEdhe Mol e A F
ujo| Ev} A=y e + 52 njole 2Rl Ao + A 716l AR AEE FEshs BE uE) ookt
o]ld AE Fio] wFde kS Bt gAY = 245 VRt R4 R 374 AEE e dotd
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Fig. 12. Photomicrographs of polished ore section within Bang Thanh Pb-Zn mineralized area. A. Galena (Gn) coexisting
with sphalerite (Sp). Scale bar=100 pm. Sample No.=A-3, B. Sphalerite (Sp) coexisting with pyrite (Py). Scale bar=100 pm.
Sample No.=VN-4, C. Sphalerite (Sp) infilling the microfractures of quartz (Qtz). Scale bar=100 um. Sample No.=VN-8, D.
Galena (Gn) coexisting with sphalerite (Sp) in chalcopyrite disease (Cp). Scale bar=100 pm. Sample No.=A-4, E. Sphalerite
(Sp) coexisting with galena (Gn). Scale bar=100 pm. Sample No.=VN-4, F. Sphalerite (Sp) infilling the fractures of barite

vein. Scale bar=100 pm. Sample No.=VN-9.

A2 2R xR AN w] WA FEY9)
FR ISP T, FEHA ARl HhEez
B8 2 34 gelg EAs 3 372 7pEa
A AN ERES e IS A7)z AaE
71= 3k, 3549 spots == blebsE T s &
Y2A g E3] Holr|x FiFig. 12). ol L2904

3540 WEE B¢t old FsES EE5Fge
AxEly BaE vl YrkEldridge et al, 1988). A3}
o] A3} o)9} 22 HofdrL r} F4lReiA
AARZ A2 Fo| Fo] s g 1S
4~ AtH(Table 2).
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Fig. 13. Photomicrographs of polished ore section and thin section within W-III mineralized area. A. Photomicrographs of
greisen within W-III mineralized area. Sample No.=D-1-2. Abbreviations: kfs=k-feldspar, mu=muscovite, qtz=quartz, B.
Photomicrographs of skarn within W-III mineralized area. Sample No.=D-2-1. Abbreviations: cc=calcite, grt=garnet,
opx=orthopyroxene, C. Ore vein sample showing copper-bearing skarn (Sample No. D-6). Chalcopyrite (Cp) with pyrrotite
(Po) inclusion and marcasite (Mc) coexisting with chalcopyrite (Cp) assemblage infilling the bedding of recrystallized
limestone. scale bar=100 pm.

52. M Zsity o}
Y AQ T4 Pl AR=TE FHeFE & dR o= 01—%012% ‘})E’h Mg ol E]Eé
et £Xd 2l 2AE ST AR =5 A #E Holx 5L
BollM =EA 27tEdvt #EEA, S 7 FEZ FEEY ZAen9 EW*“ 7H Ao 7}
Folle A71Ao] sutsle agtold WAREg B AL E3goz AEnt. 95 AN ALm
ek B a gado] Wi AEEE A7kEde st dEEchFg 13A). A7FE WlellAE AR, A
wAAQlo] BEgly gr), B oA AEEe ) mg;])ﬂ ula|A] gl Algdo) AbZE), A]-Bkﬂ)ﬂo oA
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Table 3. Content of common metallic and industrial mineral of heavy sand obtained from panning with stream sediment
within W-mineralized zone in the northern part of Vietnam

Fe Cu Pb Zn W Ge Se Y Mo Ag In Te Sm Eu Re Auw U
% mg/ mg/ mg mg mg mg mg mg mg mg mg mg mg mg mg mg
kg kg kg /g /kg kg kg kg kg kg kg kg /kg kg kg kg
109 138 552 8598 325 5.61 13368 376 0.85 0.00 0.00 4771 3.19 0.00 020 22.10
154 167 635 2901 3.16 7.03 14580 328 021 0.00 0.00 4537 2.87 0.00 0.00 1591
588 69.5 1800 1708 1.93 747 98.17 678 191 0.00 0.00 18.13 226 0.00 0.00 21.63
142 141 629 346 240 387 10852 1.65 099 0.00 0.00 21.17 2.79 0.00 0.00 18.04
243 196 754 118 412 861 20762 343 216 0.00 0.00 3995 421 0.00 0.00 37.06
69.8 142.1 1540 4118 4.55 17.17 25259 9.04 6.19 0.00 0.77 3945 3.98 ~0.00 022 65.80
106.8 145.6 2734 1083 5.77 12.93 19235 19.78 832 0.00 0.00 34.80 345 0.00 020 5097
645 226 420 429 6.75 182 1826 4.54 040 0.00 0.00 741 131 0.00 0.00 458
758 88.1 2057 566 4.83 14.68 279.11 10.58 530 0.00 1.01 3794 454 0.00 0.00 81.63
742 1286 1973 536 223 6.16 3741 1558 0.70 0.00 038 10.55 1.96 0.00 0.00 8.96
470 321 580 1154 1.97 3.06 48.06 43.05 0.79 0.00 0.00 868 1.68 000 0.00 9.96
2099 168 1332 499 293 11.95 23127 497 3.17 000 0.00 31.11 392 0.00 0.00 60.18
369 250 811 820 143 226 2843 095 038 0.00 0.00 7.69 147 0.00 0.00 3.81
362 113 249 388 8213 250 741 201.72 7.58 3.65 0.00 0.00 46.73 2.85 0.00 037 2548
470 291 215 605 7011 5.37 1298 364.06 390 0.70 0.00 0.00 80.57 4.52 0.00 0.00 34.78
448 9.0 721 237 402 121 039 2842 0.56 025 0.00 0.00 6.57 095 0.00 000 3.63
448 82 378 203 210 140 062 40.11 060 061 0.00 000 730 142 0.00 0.00 589
5.17 50.7 467 454 2860 1.89 347 10516 360 097 0.00 000 170! 1.72 0.00 0.00 17.02

VNP-1
VNP-2
VNP-3
VNP-4
VNP-5
VNP-6
VNP-7
VNP-8
VNP-9
VNP-10
VNP-11
VNP-12
VNP-13
VNP-14
VNP-15
VNP-16
VNP-17
VNP-18

2.59
3.68
4.93
4.19
5.06
5.56
6.35
7.10
6.03
6.17
5.12
5.04
4.52

4E B3 YAe FHEY gyoz AadEn)
(Fig. 13B). St #2274 A2AE 43| Fel&
S Y= B4 o] AFAHM, FeHo| AFAHA
EREE Tt AU B34 AR e @
g F AChFg. 130). A A58 dde Fol
4,426~8,974 ppm (N=3, Avg.=6,478 ppmZ2 T
9] 7IRAIFSNE X o FHAYG] AAHo=
Nge 7IxE EiE] A9 ALgArr ag"o
(Table 1). ZAAG F4F3) FHIAEE o=
g AERNAE $49 F$ 934~595.2 ppm
(N=9, Avg.=347.2 ppm)°|tH(Table 1). & Hollx Ak
5 FH9] A, @AY duzAl AxzEE 7t
AFAES 05% (5,000 ppmell FIXA] Esht AR
T AR DB A BAZE XA - FARAP 2
8% T o], o}F HAHE AR 2AE Q)
T AoE Asd YR-ER.IY 4 B3
AR 191 FAREE Uz AA"m AR Uve
I AHE AN A, AR ool 354
YA ElErt. 35 Y] Bk Aoz &
A Yuiss 25 How IFHe vl
e AYelA 9] ol5 A7t viny e AR o4
Ao SARE B443% (VNP1 VNP-14, VNP-
15) AlgoA B2He] 7HIAIEN (05%) olde=

g2wlo] ERIHUTKTable 3). VNP1 ZH W
Fslflo], VNP-14 2 VNP-15& £1X WII F3i)
o st

6. 2B A N

FH X Abe PFTY Ao HEG EF bt
7k Fo) Sske Bag A9 Wl oF 35 k) &3
dold B 54 F3E e s d-of
@ Fshle Fdad ke BA e s, ol
7l F8E HARA siAEE o8l ML &
el i3l FA71 viel| SEDEX /3¢ 34
2 Algdch A9 Ho #HEL2 °F 6 mo|H, o] F
o] Pb+Zn ZEAU(~20 wt%)= W FPFRo
30~40 cm FAZE 2PER o, FSN] A
3R] ik B9 Po+Znd) A e &
5 wt.%o)™ BRZAIM = AE Fee] o 800 m7t
A aFo] FIFAOY, Hoj= 1 km ol I3
AoZ dAdct. AREF S} AAEH wfFFs 74
sl o] A Pb+Zn B & F FEE H7t
Aot 3% AL AR ADTE, FFFAH12,0005
AE Be A8 ANFEAPE FHEYE FA dAEe)
AFEZA L F7F &Rt Y o AdE Pb-



HED 55 7195 dsas AEAe] B4 dpay 357

Zn F3pe] 9 A% FUBFRAL EAA] DAL A
AP gt dAE AlsEch W B3sidie |
7] 39S AU PR YFEY] ¥R Ho}
W 718 g3lg-g 71oE F sle Adeng %
FAL o, FA9) FAF ARAA FEAe] A
& B, Y AR A} A FAR HAle
7& AR - BT DaF G|, o} AAA
o] AAE g 2A7} gl Ao AlgHh

A A

¥ A7e AL ATd] FHaL e A
AEANE FALTE ARIQL el gEaidea 2 R
ERAE7H11-1121) " FA oA AL =S Y T T2)
oL, F e ARRIFAILL Fo3 2AS T F)
A2z 9 9] 214 HALSE o o] AAMIAA FALE
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