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Ore Minerals and Fluid Inclusions Study of the Kamkye Cu-Pb-Zn-Au-Ag Deposits,
Repubulic of Korea.

Hyun Koo Lee* and Sang Jung Kim*

ABSTRACT: The Kamkye Cu-Pb-Zn-Au-Ag deposits occur as quartz veins that filled fault-related fractures of NW system
developed in the Cretaceous Gyeongsang basin, Three major stages of mineral deposition are recognized : (1) the stage
I associated with wall rock alteration, such as sericite, chlorite, epidote and pyrite, (2) the early stage II of base-metal
mineralization such as pyrite, hematite, and small amounts of sphalerite and chalcopyrite. and the middle to late stage
II of Cu-As-Sb-Au-Ag-S mineralization, such as sphalerite, chalcopyrite, galena with tetrahedrite, tennantite, pearceite,
Pb-Bi-Cu-S system, argentite and electrum. (3) the stage III of supergene mineralization, such as covellite, chalcocite and
malachite. K-Ar dating of alteration sericite is a late Cretaceous (74.0 + 1.6 Ma) and it may be associated with granitic
activity of nearby biotite granite and quartz porphyry.

Fluid inclusion data suggest a complex history of boiling, cooling and dilution of ore fluids. Stage II mineralization
occurred at temperatures between 370 to 220C from fluids with salinities of 8.4 to 0.9 wt.% NaCl. Early stage 11(320C,
2.0 wt.% NaCl) may be boiled due to repeated fracturing which opened up the hydrothermal system to the land surface,
and which resulted in a base-metal sulfide. Whilst the fractures were opened to the surface, mixing of middle-late stage
I ore fluids with meteoric waters resulted in deposition of Cu-As-Sb-Au-Ag minerals from low temperature fluids(<290C).
Boiling of ore fluids may be occured at a pressure of 112 bar and a depth of 412 m.

Equilibrium thermodynamic interpretation of sphalerite-tetraherite assemblages in middle stage II indicates that the
ore-forming fluid had log fugacities of S: of —6.6~~9.4 atm,
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Fig. 1. Geologic map of the Kamkye mine area.
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Fig. 2. Paragenetic sequence of mineals from the Kamkye
Cu-Pb-Zn-Au-Ag deposits.
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Fig. 3. Microphotographs showing the mineral paragenesis from the Kamkye Cu-Ph-Zn-Au-Ag deposits. A; Pyrite(Py) coexisting

with hematite(Ht), B; Chaleopyrite(Cp) included in sphalerite(Sp), C: pyrile replaced by chalcopyrite, galena(Gn) and elect-

rum{EL), I; Electrum included in galena, E; Tetrahedrite(Td) coexisting witlh sphaleritc, F; Pyrite replaced by tennantite{Tn),
G Pyrite replaced by chalcopyrite and galena, H; Unknown mineral(X) coexisting with galena. Scale bar is 0 pm.
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Fig. 3. Microphotographs showing the mineral paragenesis from the Kamkye Cu-Pb-Zn-Au-Ag deposits. A; Pyrite(Py) coexisting
with hematite(Ht), B; Chalcopyrite(Cp) included in sphalerite(Sp), C; pyrite replaced by chalcopyrite, galena(Gn) and elect-
rum(El), D; Electrum included in galena, E; Tetrahedrite(Td) coexisting with sphalerite, F; Pyrite replaced by tennantite(Tn),
G; Pyrite replaced by chalcopyrite and galena, H; Unknown mineral(X) coexisting with galena. Scale bar is 50 um.
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Table 1. Chemical compositions of sphalerites from the Kamkye
Cu-Pb-Zn-Au-Ag deposits.
Sample Weight % FeS
No. Zn Fe Cu Cd Mn S Total mole %
KK1 6555 052 0.0 047 0.10 33.05 99.79 091
66.17 124 - 035 0.09 33.08 10093 2.14
6492 085 0.03 039 001 33.84 100.04 1.50
6529 092 084 041 - 333010099 1.60
KK2 6426 094 064 033 026 33.84 100.27 165 I1I-lI
62.87 155 039 031 032 3397 9941 276
64.06 104 0.18 033 033 33.17 9911 184
kk14-2(3)
64.14 153 L10 035
65.69 142 088 0.22 32,72 100.93 243
65.13 128 134 037 - 321910031 220
KK7-1 6556 076 - 045 0.02 3269 99.63 133

Stage

33.75 100.87 2.66

6602 062 - 007 002 3243 9.16 1.09
KK14-2(6)

66.53 0.28 059 041 3211 99.92 048 1T
65.86 038 088 039 - 3205 9956 0.66
6528 0.16 1.19 006 035 3224 99.28 0.28
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Fig. 4. The enlarged parallelogram in the triangle diagram
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Table 2. Chemical compositions of tetraherite series minerals from the Kamkye Cu-Pb-Zn-Au-Ag deposits.
Sample No. Cu A Fe Zn Weight Z‘; Sh S Total Chemical formulae (S=13) Stage
KK7-1(2)  39.86 - 1.25 9.70 8.92 14.70 2520 99.63 Cuws(Fe,Zn)s(As,SbyoSum
40.44 0.09 1.07 8.97 6.86 16.90 25.36 99.69 (Cu,Ag).s(Fe,Zn)usi(As,Sb) S
40.22 0.01 1.08 8.79 7.68 16.13 25.29 99.20 (Cu,Ag)na(Fe,Zn)si(As,SbysSun
40.37 0.20 1.14 8.12 8.00 16.28 2531 99.42  (Cu,Ag)n.s(Fe,Zn)is(As,SbysSum
41.14 0.04 1.16 8.66 9.49 14.30 2587  100.66 (Cu,Ag)osu(Fe,Zn)a(As,Sb)yeSise
KK7-2(5) 3843 0.15 1.34 7.04 11.64 13.62 2748 9970 (Cu,Ag).s(Fe,Zn)oo(As,SbosSiio II-11
38.15 0.04 1.61 7.08 10.18 14.48 2722 98.76 (CuAghao(Fe,Zn): (As,Sh)Sun
38.63 - 1.60 7.10 11.27 14.82 27.68 101.10 Clls.|5(Fe,zn)1.m(‘is,sbﬁ|0513m
38.6 - 1.68 1.26 7.21 18.38 2741 100.10 Cus.x(Fe,Zn)is(As,Sb)s 7S
KK14-2(6) 37.27 - 0.83 10.25 10.02 16.23 25.11  100.71  Cuose(Fe,Zn)rra(As,Sh)exSi00
37.01 - 0.58 10.69 10.38 16.32 2594 10092 Cuos(Fe,Zn)n(As,Sb)ssSism
37.07 - 0.73 1111 10.15 15.19 2586  100.11 Cuss(Fe,Zn)ss(As,ShluisSizm
KK7-1(1) 3839 0.06 1.06 197 7.60 17.70 25.58 98.86 (Cu,Ag)ss(Fe,Zn)2:0(As,Sb) xS1.00
39.02 0.24 132 7.36 7.08 18.09 25.86 98.97 (CuAg)n(Fe,Zn):{As,SbyaSe
39.82 0.33 1.26 173 6.59 18.18 25.59 99.50 (Cu,Ag)ns(Fe,Zn).5(As,Sb):sSusm
39.94 - L19 173 7.61 18.20 26.16  100.83 Cuwa(Fe,Zn).n(As,Sb)oSum
3941 0.04 1.08 1.67 732 17.80 26.14 99.46  (Cu,Agpss(Fe,Zn)ris(As,Sb)sssSisn
KK7-2(3) 40.38 0.31 1.18 8.60 - 23.90 2574 100.11 (Cu,Ag)wsi(Fe,Zn)oeShs.sSism
39.99 0.44 1.05 9.30 - 23.36 25.46 99.50 (Cu,Ag)m,_w(Fe,Zn)Lqu;,uSu.m
KK14-2(7) 33.88 0.19 0.35 14.35 5.46 21.66 2499 10088 (CuAgks(Fe,Zn)r(As,SbhuSue
3384 - 0.16 13.21 5.79 21.65 2541 100.06 Cusn(Fe,Zn)s(As,Sb)1sSise0 I1-m
KK14-3(2) 3857 0.03 2.74 8.77 5.30 19.03 24.81 99.25  (Cu,Ag)un(Fe,Zn)so(As,Sb)ssiSis0
3751 0.55 238 8.87 6.15 19.4 2509  99.99 (Cu,Ag)ss(Fe,Zn):oc(As,Sb)nSism
38.m 2.9 8. 49 Isn 4.8 98,44 Cl.lm.»s(FE,le)s.ls(AS,Sb)J,wSum
KK14-3(7) 38.14 1.05 8.73 741 19.66 2632 10031 Cuose(Fe,Zn).ai(As,Sb)e12Siz0
3823 0.09 790 6.71 19.45 2591 99.10  Cuses(Fe,Zn)220(AS,Sb)eorSi300
38.68 1.08 8.63 5.03 17.96 26.37 97.75  CuwexFe,Zn)os5(As,Sb).5S 1300
39.03 1.62 7.97 7.02 16.79 25.79 98.22  Cuoss(Fe,Zn)u(As,Sb)Suw
38.99 0.80 8.58 4.90 19.73 2629 99.29  Cuon(Fe,Zn)uu(As,Sb)aiSum
39.19 0.70 8.67 5.68 19.33 2612 98.69 Cuoss(Fe,Zn)s(As,Sb)s7¢Sus0

Table 3. Chemical composition of pearcite from the Kamkye Cu-Pb-Zn-Au-Ag deposits.

Sample No. Ag Cu Fe anelght %;s Sh S Total Structural formulae
KK7-2 5742 15.96 1.36 547 320 17.54 10095 (Agl0.61Cm.ﬂl)lSﬂFeﬁ.”(Asl.“Sbﬂ.Sl)I.‘)ﬁsl&?l
5698 1651 2.06 5.20 3.20 1753 10148 (AguuCusu)issFeor(AsinSbos)nSws
55.53 15.74 1.36 5.89 3.60 17.16 99.28  (AguosCusar)is soFenss(Asi5Shoso)19S 1005
56.05 15.27 1.06 4.4 447 17.36 98.65 (Agm.uCllun)|s.saFeuw(AS|.1|Sbo.7s)l,oaSllm
56.11 16.72 1.05 6.30 271 17.74 100.63 (Agm}zC“&.n)lS.s‘Fﬂoﬂ(ASl.67sb0AM)LIlSIG.%
54.06 18.11 1.26 574 2.96 18.00 100.13 (AgssCuse)issoFessu(AsisiShos)sSinor
54.68 17.94 1.23 5.15 4.27 1782 101.09 (AgsssCussr)isseFeos(Asi3Shoss)osSios
KK14-2(2) 56.76 18.13 1.09 232 7.4 0.90 17.74 98.86 (qu.mClls.u)|s.ss(FeﬂJvZIlo.m)lm(ASI.ozsbu.ls)zmSlom
53.15 18.16 1.25 32 6.16 1.75 18.09 98.56 (qu.nClls.s'l)ls.ts(FeauZlhm)l.d|(A51.usbﬂ.zo)1.9151m
51.68 19.49 1.30 351 6.18 1.43 18.04 98.12 (Ags.uCllrm)155s(Fe\qulll.m)Lsz(ASmeo.u)l.soSI|.1J

Cu; 4.04~6.31 wt%, Fe; 052~099 wt% °lch 53] Cudl
gepe Iy th2 A9 At AHEEE 2A T TE
Augt Fou Cud o] 33 wta/H FhEe 49
Akenobe HFK(Furuno et al,1992)3% ®lz€c) v]gel
(Pb-Bi-Cu-SA H)< Bk 17] 37)e ftse FE24
312ke) 71 20 umeol kol chFig. 3.H). o] &l thak 274l 2}

1146 ti& EPMA ¥4%19] Ja#242 Pb; 5498 wt.%, Bi;
22.80 wt.%, Cu; 1.88 wt.%, Fe; 0.79 wt.%, Zn; 0.25 wt.%, Ag;
008 wt%, S; 1895 wt.% °lck.
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1I7] %719 Au; 70.36~80.00 wt.%, Ag; 18.05~29.05 wt.%
o, Cud) ke 367~468 wt%a & S e 7o) &
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Table 4. Chemical compositions of electrum from the Kamkye Cu-
Pb-Zn-Au-Ag deposits.

Sample Weight % Atomic %

No. Au  Ag Cu Total Au Ag Cu Stage

KK7-2(6) 71.23 28.29 99.53 57.96 42.04

70.36 28.64 99.00 57.37 42.64

7135 29.05 - 100.43 57.33 4267

7148 2752 - 99.00 58.72 41.28 -

70.78 28.03 - 98.81 58.03 4197 - I
KK14-3(3) 75.13 21.90 4.21 101.24 58.63 31.20 10.17

78.08 19.95 3.92 101.95 61.64 28.76 9.60

70.72 2342 4.02 98.16 56.15 33.95 9.90

73.01 2179 4.68 9948 5735 31.25 11.40

7898 18.62 3.98 101.56 63.03 27.13 9.84

80.00 18.05 3.67 101.72 64.34 2650 9.16
KK7-3) 48.15 5218 - 10032 33.57 66.43

4522 5637 - 10159 30.52 6948 -

40.87 5890 - 9977 27.53 7247 - -1

43.96 56.05 - 100.01 30.04 69.96

53.76 4457 - 9833 39.78 60.22 -

5506 43.62 - 98.67 40.87 40.87 59.13
ke asty &9 gL Sk AEE Bl

HA, 2UeolE, S G #o] oAl

Fig. 6. Microphotographs showing fluid inclusions from the Kamkye Cu-Pb-Zn-Au-Ag deposits. A,B,C,D; fluid inclusion in
quartz, E,F; fluid inclusion in sphalerite, G; Gas, V; vapor. Scale bars are 100 ym long.



ol

Fig. & Microphotographs showing fluid inclusions from the Kamkye Cu-Pb-Zn-Av-Ag deposits. AB,C,D; fluid inclusion in
quarlz, E.F; Muid inclusion in sphalerite, G: Gas, ¥; vapor. Scale bars are 100 um long,
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Zn-Au-Ag deposits.
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Fig. 8. Temperature and sulfur fugacity in stage II-II and II-I11
from the Kamkye Cu-Pb-Zn-Au-Ag deposits.
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