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Cu-Pb-Zn Mineralization of the Cheongsong Mine

Hyun Koo Lee* and Sang Jung Kim*

ABSTRACT : Rocks in the Cheongsong mine area consist of Precambrian gneiss, Cretaceous sedimentry rocks and late
Cretaceous quartz porphyry. The Cheongsong deposit is composed of many hydrothermal quartz veins of strikes N30°~
60°W, dips 60~85°E which fill WNW fault system. Pyrite and hematite occur within transparent quartz near margins of
early stage II, and milky quartz of middle stage II coexists with sphalerite, chalcopyrite and galena coexisting with Cu-
Pb-Bi minerals in center part of stage II quartz veins. Stage III calcite vein filled cracks or fractures of earlier quartz
veins contains native copper and chalcopyrite. Supergene minerals are chalcocite, covellite, malanchite and chrysocolla.
Alteration minerals are sericite, chlorite, argillite, epitode and pyrite. Ranges of salinities and homogenization tem-
peratures for fluid inclusions in the individual periods of stage II are: 3.7 to 7.8 wt.% eq. NaCl and 200 to 380°C in
transparent quartz of early stage II; 0.7 to 6.4 wt.% eq. NaCl and 200 to 320°C in milky quartz of middle stage II; 0.0
to 0.9 wt.% eq. NaCl and 250 to 320°C in calcite of late stage II. Those of stage Il calcite range about 0 wt.% eq.
NaCl, and from 140 to 260°C, respectively. The relationship between salinities and temperatures shows decrease ten-
dency with paragenetic time from stage II to III. The 80y, value is 0.5% in stage I, range from 0.5 to -0.4%, in stage
II, and from -3.2 to -3.7%, in stage III. Calcite in the stage II and stage III has §°C values of -5.0% and 4.5 to -4.9%,
respectively. There is a decrease in sulfur fugacity values with paragenetic time of stage II, from 10 atm for early min-
eralization, to 10°° atm for middle stage, to 10*° atm for late mineralization of stage II. The results of stable isotope
and fluid inclusion indicate that ore fluids reacted with meteoric water and wall rock in the Cheongsong hydrothermal
system.
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Fig. 1. Geological map of the Cheongsong mine area. 1;
Gneiss, 2; Iljik Formation, 3; Hupyeong Formation, 4; Sa-
gog Formation, 5; Quartz porphyry, 6; Fault, 7; Anticline, 8;
stike and dip of bedding, 9; Mine.
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Hypogene
Stage 1 Stage I Stage M

Supergene

Sericite
Chlorite —
Epidote —_—
Hematite —

Pyrite —
Sphalerite — _—
Chalcopyrite -_— _—
Bornite — -
Galena — _—
Tennantite —
Wittichenite -
Cu-Bi-Pb-5b-S mineral -
Native copper
Covellite —
Chalcocite
Chrysocolla

Malachite

Quartz

Calcite _—

Flourite —

Fig. 2. Paragenetic sequence of minerals from the Cheong-
song deposits.
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Fig. 3. Photomicrographs showing the mineral occurrences from the Cheongsong deposits. scale bars are each 50 um. A)
Qurtz (Qz) coexisting with epidote (Ep) in stage I. B) Bornite (Bn) coexisting with galena in stage 1. C) Pyrite (Py) replaced
by chalcopyrite (Cp). D) Hematite (Ht) surrounded by wittichenite (Wn), galena, unidentified Cu-Bi-Pb-Sb-S mineral, bornite
and chalcopyrite. E) Tetrahedrite (Td) coexisting with galena. F) Native copper (Cu) coexisting with calcite.



Fig. 3. Photomicrographs showing the mineral occurrences from the Cheongsong deposits, scale bars arc cach S0pm. A)
Qurtz (Qz) coexisting with epidmte (Ep) in stage [ B) Bornite (Bu) coexisting with galena in stage 1. C) Pyrite (Py) reploced
by chaleopyrite (Cp). D) Hematite (HY) surrounded by wittichenite (Wn), galena, unidentified Cu-Bi-Ph-5b-8 mineral, bomite
and chaleopyrite, E} Tetrahedrite (Td) coexisting with galena, F) Native copper (Cu) coexisting with caleite.
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Table 1. Electron microprobe analyses of sphalerite from the Cheongsong deposits.

Weight % Mole %
Sample No. Stage
Zn Fe Cu Cd Mn S Total FeS

CS93430-2 66.00 1.14 0.81 0.30 0.10 32.56 100.91 195 I

64.75 0.96 0.79 0.11 0.12 32.65 99.38 1.68

65.57 1.05 0.80 0.27 0.08 32.44 100.21 1.81

64.49 0.97 0.76 0.33 0.16 32.88 99.59 1.70

65.73 1.07 0.92 0.20 0.09 32.30 100.31 1.84
CS911212-21 64.11 1.10 - 0.42 - 34.55 100.18 1.96 11

63.92 1.38 - 0.29 - 33.68 99.27 246
CS93501-2 63.92 0.73 0.70 0.40 - 34.56 100.31 1.30

63.07 0.92 0.87 0.46 - 34.63 99.95 1.65

63.44 0.74 0.28 0.38 - 34.44 99.28 134

64.79 0.39 0.23 0.50 - 34.69 100.60 0.69

63.96 0.23 0.20 0.62 - 34.19 99.20 0.42

64.81 0.15 0.16 0.70 - 34.99 100.81 0.27

64.26 0.09 0.13 047 - 34.50 99.45 0.16
C8935101-2 65.59 0.26 0.52 0.62 - 33.74 100.73 0.46

65.09 0.37 0.15 0.33 0.01 3351 99.46 0.66

65.85 0.26 0.26 0.52 0.02 33.61 100.52 0.46

64.98 0.56 0.89 0.27 - 33.75 100.45 0.8

65.94 0.14 0.70 0.54 0.07 3331 100.70 0.24

65.41 0.19 0.95 0.69 0.04 33.37 100.65 0.33
CS93501-9 64.62 0.32 0.53 0.40 - 33.33 99.20 0.57

64.74 0.85 0.06 041 0.07 33.49 99.62 1.50

64.88 0.58 0.01 0.35 0.05 33.24 99.11 1.03
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Table 2. Electron microprobe analyses of wittichenite from the Cheongsong deposits.

Weight % Structural formulae
Sample No.
Cu Fe Bi S Total S=3
38.44 1.02 41.39 19.83 59.29 Cugz53Fe009Bio 963
38.73 0.91 41.81 19.50 59.14 Cl.l},mFeoania_g;zSg
38.77 0.82 4133 19.72 59.31 Cug esFe00rBio0sSs
38.22 0.95 41.23 19.58 58.75 CuzsFeo0sBiogeSs
38.44 1.04 40.88 19.37 58.85 Cl.l3 anCu,anin 9753
38.01 0.85 40.38 19.01 57.87 Cus g3Fe00sBiogsSs
C5921014-1 37.84 136 40.78 19.50 58.70 CtzsaFeq BioseSs
37.59 1.33 4043 19.51 58.43 Cl]z,ngCg,uBio_psSg
37.71 1.16 40.78 19.34 58.21 CusssFeo 10Big 9753
37.39 1.36 40.43 19.26 58.01 CuzsFe12Bi00sS3
38.26 1.23 41.00 19.46 58.95 Cu, 55Feq 1Bl 97Ss
38.50 1.36 41.09 19.60 59.46 Cu,97Feq15BioosS;
Bi Mol AlpEA Tt $7 2] 7, F4e) 2o

{Cu+ Fe)

Bi 46

Fig. 4. Enlarged parallerogram in the triangle diagram for
the syatem (Cu+Fe)-Bi-S, showing the chemical com-
position of wittichenite from the Cheongsong deposits. O;
Cheongsong, A; Ulsan (Choi, 1983), M; Stoichiometric
composition of wittichenite

A AAEE = AP EA o] H3l® S7} ohA
t} (Fig. 5).
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Table 3. Electron microprobe analyses of tennantite from the Cheongsong deposits.

Weight % Structural formulae
Sample No.
Cu Fe Zn As Sb S Total S=13
C892501-10 39.94 1.34 8.65 16.05 7.53 25.09 98.60  Cuio.us(Feo.10Zn220)2.60(AS356Sb1 03159813
41.74 1.11 9.08 14.27 7.95 26.19 100.34  Cuyoas(Feos2Zn221)2.55(A830:b1.04)1 07813
41.55 1.06 8.46 15.70 8.05 26.25 101.07  Cuios(Feo.30Zn;2.05)2.35(AS333Sb1.05)2.36S 13
40.41 0.98 8.44 15.25 8.05 25.58 98.71  Cuios6(Feo20Zn2.10)2.41(AS33:5b1 08)s 40813
39.39 1.72 8.81 1538 7.30 25.66 98.26  Cusoor(FeosoZnz.10)269(AS3338b0.97)e. 30813
41.06 1.74 9.55 15.39 7.59 25.98 101.31 CU10,37(Feo,soznz,34)zvg4(A53‘msblm).uoslg
CS$921212-8 42.59 1.76 10.86 15.05 4.94 25.30 101.50  CuioexFeos0Znz63)313(As3.15Sboss)s 8:513
41.67 1.73 11.82 13.39 6.40 25.74 100.75 Cu1o,oz(]:eo_soznz,qs)3_43(ASz‘5QSbo‘ss)3 7313
40.15 1.64 10.57 15.54 5.15 25.43 98.48 Cllm,;;s(Feo_«;xan,sf,);v[3(A83‘4osbn_(.q)4_oqs13
40.63 1.66 11.69 14.46 5.05 25.34 98.83  CuiosaFeo.10Zn204)3.45(AS3.17Sbo.eg)s 85813
40.82 1.68 11.75 13.07 6.07 25.16 98.55  Cuiosi(FeosoZnzos)s 45(AS289Sbos3)s 72513
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Fig. 5. Enlarged parallerogram in the triangle diagram
showing the chemical composition of tetrahedrite-series mi-
nerals from the Cheongsong deposits. O; Kamkye, @;
Cheongsong, M; Stochiometric composition of tetrahedrite.
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Fig. 6. Photomicrographs showing various types of fluid in-
clusions from the Cheongsong deposits. Scale bars are each
50 um. A. type I inclusion. B. type II inclusion. C. type III-
I inclusion. D. type II-I inclusion. G=gas, L=liquid, S=
mica, H=halite.
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Table 4. Electron microprobe analyses of unidentified Cu-Bi-Pb-Sb-S mineral from the Cheongsong deposits.

Weight % Atomic %
Sample No. - -
Cu Zn Bi P Sb As S Tow Cu Zn Bi Pb Sb  As S
3488 658 1198 929 1429 275 1861 9338 3694 677 384 302 790 247 39.06
3446 657 1636 7.80 1298 225 1899 9941 3646 676 524 253 202 202 39.83
CS1-921014 3551 55 1291 883 1399 331 1906 100.16 3684 661 405 281 291 291 39.20
3499 670 1429 882 1349 317 1882 10028 3661 682 453 283 281 281 3803
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gram for fluid inclusions in stage II vein minerals from the
Cheongsong deposits.
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Table 5. Sulfur isotopic composition (permil) of sulfide minerals from the Cheongsong deposits.

Stage Sample No. Mineral s Tw(°C)’ T(Cy} 8%Su,s’
I CS911212-21 Sphalerite 58 55
CS911212-21b Galena 36 300120 55
CS930501-9 Sphalerite 77 280 74
C$930501-9-1 Sphalerite 76 73
CS930509-1-1b Galena 54 300+20 73
m CS920502-4 Chalciopyrite 49 200 5.1

' Homogenization temperature of fluid inclusion.

? Isotopic temperature is calculated from fractionation factors of Ohmoto, Rye (1979).
* Calculated sulfur isotopic composition of H,S in ore fluids, using the isotope fractionation equation of Ohmoto, Rey (1979).

T} i3S, 1980; Sato ef al., 1981; Chi ef al., 1989; A
A =, 1991; Choi et al., 1992b; So, Choi, 1992; o1&
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Table 6. Hydrogen, oxygen and carbon isotopic composition of quartz, calcite and sericite from the Cheongsong deposits.

Sample No. Mineral 8D 8”0 8°c T.(°C)! 8Dy,0" 3"Oue’  8°Ca,' Stage
CS911212:20  Sericite 65 380 32

€S92502-6-1  Quartz 5.0 380 0.5 I
C$93430-10-1  Quartz 46 360 04 1L
(CS93430-102  Quartz 48 360 202

CS92501-122  Quartz 76 280 0.0 18)
CS93501-9  Cleite 6.7 5.0 280 05 34 18}
CS93501-5  Calcite 538 49 200 37 45 I
CS9112127  Calcite 538 49 200 37 45

CS921014-8  Calcite 6.3 45 200 32 4.1

! Homogenization tdemperature of flluid inclusion.

* Calculated using the isotopic fractionation equation of Suzuoki, Epstein (1976)
34 Calculated using the isotopic fractionation equations of Matsushisa ez al. (1979) and Friedman, O'Neil (1977)
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Fig. 10. Fugacity of S, -temperature diagram showing the
possible depositional conditions by mineral assemblages
from the Cheongsong deposits. Abbreviations : Py; pyrite,
Mt; magnetite, Ht; hematite, Cp; chalcopyrite, Bn; bornite,
Td; tetrahedrite, Fn; famatinite.
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