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Ore minerals and Genetic Environments from the Baekun Gold-silver
Deposit, Republic of Korea.

Bong Chul Yoo!, Hyun Koo Lee'* and Ki Jung Kim'
!Department of geology and environmental sciences, Chungnam National University, Daejeon 305-764, Korea

Baekun gold-silver deposit is an epithermal quartz vein that is filling the fault zone within Triassic or Jurassic
foliated granodiorite. Mineralization is associated with fault-breccia zones and can be divided into two stages. Stage
I which can be subdivided early and late depositional stages is main ore mineralization and stage 11 is barren. Early
stage [ is associated with wallrock alteration and the formation of sulfides such as arsenopyrite, pyrite, pyrrhotite,
sphalerite, marcasite, chalcopyrite, stannite, galena. Late stage I is characterized by Au-Ag mineralization such as
electrum, Ag-bearing tetrahedrite, stephanite, boulangerite, pyrargrite, argentite, schirmerite, native silver, Ag-Te-Sn-
S system, Ag-Cu-S system, pyrite, chalcopyrite and galena. Fluid inclusion data indicate that homogenization tempera-
tures and salinity of stage T range from 171.6°C to 360.8°C and from 0.5 to 10.2 wt.% eq. NaCl, respectively. It suggest
that ore forming fluids were cooled and diluted with the mixing of meteoric water. Also, Temperature (early stage I:
236~>380°C, late stage I: <197~272°C) and sulfur fugacity (carly stage I: >1073 atm,, late stage I: 1074?~10"' atm.) deduced
mineral assemblages from stage | decrease with paragenetic sequence. Sulfur (2.4~6.1%o(early stage 1=3.4~5.3%., late
stage 1=2.4~6.1%0)), oxygen (4.5~8.8%o(quartz: early stage 1=6.3~8.8%o, late stage [=4.5~5.6%o)), hydrogen (-96~~70%o
(quartz: early stage 1=-96~-70%o, late stage I=-78~-74%o, calcite: late stage [=-87~-76%o)) and carbon (-6.8~-4.6%. (calcite:
late stage I)) isotope compositions indicated that hydrothermal fluids may be magmat]c origin with some degree of mix-
ing of another meteoric water for paragenetic time.

Key words : Baekun gold-silver deposit, Mineralization, Fluid inclusion, Isotope
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Fig. 1. Location map of the Baekun gold-silver deposit.
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Fig. 2. Geological map of the Baekun gold-silver deposit (Modified from Lee, C.S., 1989).
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Fig. 3. Paragenetic sequence of mineralization at the Backun gold-silver deposit.
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Fig. 4. Photographs of quartz and calcite vein samples from the Backun gold-silver deposit. A and B; Multiphas breccia and crude
banding around wallrock fragment, C; Quartz vein slab showing white quartz and ore, D; Quartz showing gradural variations in
stage I. Abbreviation: WR; wallrock, Qz; quartz, Po; pyrrhotite, Py; pyrite, Sp; sphalerite, Cp; chalcopyrite, Gn; galena, Cc; calcite.



14 f5E - ol AT - AV

32. BN BMBE
o) oslzalel B9 BeyE), BB FAB
AR 2HS NZE F NP FB FEEAE
MG PSi ) BRI NeE FHE
tHFig. 3). 49 PYshAIHe sHoldelM A A
B3k o) B SR 7] wpe} oS L A
oz WEEt WHHHE A9 i e Ade
At B wse) FeBES FIEA eher,
Mg P BgoeRE Fu4 43 A
o4 Mo pslalos FHETHFg 4A, B).
Hgule WaTz Tz, PR, 2447 2
5P} ARG Fg 40). 49T o] DA
e F=uA) olzde) Bt 7]z 42T
FHFEE BYS) ABAIS T} PYTES
S B S AR e
FARE 7o) me) fuae] HgSe] Aska ey
TRYHOlAM, ARBA, 4U1EN-REH, B4,
WANEoR ONTES oFT Atk Ed, Byl
Zee foz sl fUMY NGRS WAL

r

2 QAL O 9E AelaA-FEA, 454, W
M-FANEOE AEHY Yool TEANFg. 4-C,
D). ©] oA AEHE FAFEY FHEHY g
& AN 532%, AFEN 18.8%, FHIEA 0.2%,
35 25%, Adold 21.1% 2 wWAN 4.3%c|t).
o] FAoA AEEe FES Ay, Wl AeE, &
YA, SHH, 234, AFE4, fu1EY, F34, 9y
A, Holdd, 4, 5], N, JHEH, §
SAPAEY, F8-24, &E|shto| E(stephanite), X2
A 2}o] E(boulangerite), A1 Ew]|2ko) E(schirmerite),
Ag-Te-Sn-SAl #E, Ag-Cu-SA ZE, 3|&d 2 x4
o Soitt, JHEYL F2 U)1AY, 3, wils
9 Aods) A AEdo)

A W71 o] Al7le Eid 9 base metal B4
FEo| FEF 29 -2 FAFEC] HEH Wz
AEd), 27lde AR, KU, 584, F34, At
FEM, fHIEA, 334, o, WA g, v
AXo] AEEnt. ZAEAY ol 2EHE FHEE
& AFEA, ol wdA 4 wddeln 27] A

Table 1. Chemical composition of sphalerites from the Baekun gold-silver deposit.

Stage Sample No Weight % Mole %  Associated
’ Zn Fe Mn Cu Cd Sn S Total FeS minerals

Early B.U.847204 5378 11.88 050 0.04 053 000 33.67 10038 20.26 Po, Ma, Gn
(wallrock B.U.84720-4 5416 11.78 027 001 059 000 3313 9993 20.09 Po, Ma, Gn
alteration) B.U.84720-4 5432 11.72 064 002 053 000 3358 100.80 19.84 Po, Ma, Gn

ditto B.U.84720-4 5398 1153 064 000 051 000 3376 10041 19.69 Po, Ma, Gn

ditto B.U.722-A 5499 1077 023  0.10 050 000 3341 100.01 1847 Po, Py

ditto B.U.722-A 5475 1065 037 000 048 000 3360 99.84 1835 Po, Py

Early  B.U9A6 53.04 1244 061 000 043 000 3355 10009 21.23 Asp

ditto B.U.9A6(2) 5341 11.74 0.70  0.02 045 000 33.13 9944 20.13 Asp

ditto B.U.721-3(2) 5335 11.65 039 001 061 000 3377 9978 20.11 Asp, Py

ditto B.U.721-32) 5431 1146 046 001 053 000 3343 100.18 19.55 Po, Py, Ma

ditto B.U.721-32) 5486 1072 054 001 055 000 3325 9992 1835 Asp

ditto B.U.721-3(3)  54.02 1043 038 082 056 000 3416 10037 17.99 Py

ditto B.U.721-3 5629 951  0.15 024 054 000 3321 9993 16.33 Py, St

ditto B.U.84709-1(2) 53.46 11.62 0.67 001 059 000 3333 9967 1993 Asp, Py

ditto B.U.84721-2(2) 5421 1131 056 000 055 000 3278 9958 19.33 Po, Cp

ditto B.U.84721-2 56.12 10.17 024 008 049 000 3373 10083 1733 Po, Py, Ma

ditto B.U.84720-3 5495 10.85 049 0.19 051 000 3343 10041 18.47 Po, Cp

ditto B.U.84720-3 55.62 10.88 0.18 0.1 061 0.00 3301 10041 1845 Po, Cp

ditto B.U.722-A(2) 5596 10.01 027 006 051 000 33.76 10056 17.14 Po

ditto B.U.84720-2(2) 5489 1067 030 0.11 048 000 3282 9926 1833 Po, Py, Ma

ditto B.U.84720-2 5643 970 0.15 039 054 000 3352 10074 16.53 Cp

ditto B.U.84720-2 5645 861 001 149 060 000 3338 100.54 14.73 Po, Cp

ditto B.U.84720-2 5770  7.80 0.05 0.83 068 000 3266 9971 13.40 Cp

ditto B.U.84720-5 5653 798 000 140 064 000 3292 9947 13.80 Asp, Py, Cp

ditto B.U.84720-5 5658 792 001 120 068 000 3298 9937 13.74 Asp, Py, Cp

ditto B.U.84720-5 5791  7.76 001 034 068 000 3298 9968 1341 Asp, Py, Cp

Po; pyrrhotite, Asp; arsenopyrite, Py; pyrite, Ma; marcasite, Sp; sphalerite, St; stannite, Cp; chalcopyrite, Gn; galena. Values

in parentheses are analyzed number.
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Fig. 5. Photomicrographs of ore minerals from the Baekun gold-silver deposit. A; Pyrrhotite coexisting with sphalerite, B;
Sphalerite coexisting with rutile, C; Arsenopyrite and sphalerite coexisting with pyrrhotite, D; Galena with tetrahedrite
partly replacing and infilling fracture of sphalerite and pyrite, E; Boulangerite partly replacing pyrrhotite and sphalerite, F;
Marcasite, pyrite and chalcopyrite partly replacing pyrrhotite, G; Stephanite coexisting with galena, H; Ag-Te-Sn-S mineral
coexisting with galena, I; Argentite and Ag-Cu-S mineral infilling fracture of chalcopyrite, J; Stannite coexisting with
sphalerite. Abbreviation: Asp; arsenopyrite, Po; pyrrhotite, Ru; rutile, Py; pyrite, Sp; sphalerite, Ma; marcasite, St; stannite,
Cp; calcopyrite, Gn; galena, Th; tetrahedrite, Bo; boulangerite, Sn; stephanite, Ag; argentite, Ag-Te-Sn-S; Ag-Te-Sn-S
mineral, Ag-Cu-S; Ag-Cu-S mineral. Scale bar indicated 100 micron in length.



16

Fig. 5. Continued.
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Table 2. Chemical composition of arsenopyrites from the Baekun gold-silver deposit.

Weight % Atomic % Associated
Stage  Sample No. - . .
Fe As Co Ni Bi Sb S Total Fe  As minerals
Early B.U.84709-1 3471 44.83 0.13 0.00 008 0.09 1996 99.80 33.67 3242 Sp, Py, Cp
dito B.U.B4709-1 3476 4455 0.04 000 010 009 1992 9946 3382 3231 Sp, Py, Cp
dito B.U.9A6(2) 3428 4445 0.17 000 0.08 006 2052 9955 33.17 3206 Sp, Cp
ditto B.U.721-3(2) 35.13 4472 0.04 001 0.06 006 1999 9999 3399 3226 Sp, Py, Cp
ditto B.U.721-3 3527 4469 0.12 002 0.05 0.07 2035 10058 33.85 3196 Sp, Py, Cp
ditto B.U.721-3(2) 3525 4341 0.08 001 0.07 010 21.11 100.03 33.74 3097 Sp, Py, Cp
ditto B.U.84720-5 3490 43.88 0.06 0.02 009 0.02 2051 9946 33.74 3162 Sp, Py, Cp
ditto B.U.84720-5 3536 43.59 0.01 0.01 008 0.00 2058 99.64 3408 3132 Sp, Py, Cp

Py; pyrite, Sp; sphalerite, Cp; chalcopyrite. Values in parentheses are analyzed number.
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Table 3. Chemical composition of stannites from the Baekun gold-silver deposit.

Weight % lo, .
Stage  Sample No. Cu  Fe  Sn__ Zn : Mn Cd S Total (XFCS/)g(ZnS) Mineral
Ealy  B.USAT202 2945 1199 2555 089 002 - 3160 9960 120 Stanmite
dito  B.U.721-3 2876 1328 2556 169 000 000 2992 9921 096  Stannite
dito  B.U.721-3 2792 1428 2579 221 003 000 2977 10001 0.88  Stannite
dito  B.U.8472022) 0.1 1067 000 5489 030 048 3282 9926  -064  Sphaleritc
dito  B.U.84720-2 039 970 000 5643 0.5 054 3352 10074 070  Sphalerite
dito  B.U.84720-2 149 861 000 5645 001 060 3338 10054  -075  Sphalerite
dito  B.US47202 - 083 780 000 5770 005 068 3266 9971  -080  Sphalerite
dito  B.U:T21-32) 001 1165 000 5335 039 061 3377 9978  -0.59  Sphalerite
dito  BU.T21-3Q2) 001 1146 000 5431 046 053 3343 100.18  -0.61  Sphalerite
dito  B.U.T21-3Q2) 001 1072 000 5486 054 055 3325 9992  -0.64 . Sphalerite
dito  B.U.721-3(3) 0.82 1043 000 5402 038 056 3416 10037  -0.65  Sphalerite
dito  B.U.7T21-3 024 951 000 5629 0.5 054 3321 9993 070  Sphalerite

logKd=2.8x10°xT '-35, Kd=(Xpes/Xzns)stannite/(Xp.s/Xzns)sphaterite (Shimizu and Shikazono, 1985; Nakamura and Shima,

1982). Values in parentheses are analyzed number.
% Sphalerite-stannite geothermometry=236~290°C

Table 4. Chemical compositions of electrums from the Baekun gold-silver deposit.

Stage Sample No. Weight % Atomic % . Associated minerals
Au Ag Total Au Ag Ag/Au
6491 35.82 100.73 4981 50.19 101 - Asp, Gn, CP
B.U-B-3-1 58.45 40223 10068 4312 56.88 132 Asp, Gn
ditto 56.03 4481 100.81 4064 5936 146 Asp, Gn
© 5391 47.02 100.93 3857 6143 1.59 Asp, Gn
fﬁg B.U-B-3-4 68.02 31.53 99.93 5416 45.84 0.85 Cp, Gn
ditto 32.98 67.54 100.52 2010 78.90 3.74 Cp, Gn
B.U-B-3-2 58.37 40.98 9935 4382 5618 128 Sp, Gn
ditto 38.54 60.94 9948 2572 74.28 2.89 Gn, Cp
B.U-B-3-5 4317 56.12 9929 2964 7036 237 Gn

Asp; arsenopyrite, Sp; sphalerite, Cp; chalcopyrite, Gn; galena.
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o] Wty HPLFOE Hol giFEe] &n
o|m ¢]%%4E(foreign mineral)o|t}, o] EH-E] B
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Fig. 7. Frequency diagram of homogenization temperatures for fluid inclusions in quartz and calcite from the Backun gold-

silver deposit.
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Fig. 8. Salinity vs. homogenization temperature diagram for fluid inclusions in quartz and calcite from the Baekun gold-

silver deposit.
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Table 6. Surfur isotopic data of sulfide minerals from the Baekun gold-silver deposit.

Stage Sample No. Min. &4S(%o) 53451123%0]) T, (°C)?
Early B.U.84720-1 Sp 5.5 5.2 300
ditto B.U.84720-1 Py 4.6 34 300
Late B.U.84720-1 Gn 3.7 6.1 240
Early B.U.84720-2 Asp 39 300
ditto B.U.84720-2 Sp 45 42 300
Late B.U.84720-2 Cp 4.5 4.7 240
ditto B.U.84720-2 Gn 3.0 54 240
ditto B.U.84720-6 Py 39 2.4 240

18} 634SH25(%G) is calculated from the equation by Ohmoto and Rye (1979). 2) Ty, is homogenization temperature of fluid inclu-
sion. Min; mineral, Asp; arsenopyrite, Py; pyrite, Sp; sphalerite, Cp; chalcopyrite, Gn; galena.

Table 7. Oxygen, carbon and hydrogen isotopic data of quartz and calcite from the Baekun gold-silver deposit.

Stage Sample No. Min.  3'%0(%o) 5"°C(%0) 8" O0p,0(%0)" 8'*Cco,(%0)”  8D(%o0) Tu(°C)?
Early B.U.84515 Qz 13.7 6.8 -90 300
ditto B.U.84515-1 Qz 14.5 7.6 -78 300
ditto B.U.84730-6 Qz 15.7 8.8 -96 300
ditto B.U.84719-1 Qz 132 6.3 94 300
ditto B.U.84721-3 Qz 14.8 7.9 -70 300
Late B.U.84529-1 Qz 13.9 4.5 -75 240
ditto B.U.84718-2 Qz 14.8 5.4 -78 240
ditto B.U.84720-2 Qz 14.3 49 -73 240
ditto B.U.84724-1 Qz 14.7 5.3 -76 240
ditto B.U.84515 Ce -7.0 5.9 -78 240
ditto B.U.722-1 Ce 5.7 -4.6 -76 240
ditto BU.84518-2 Ce 59 4.8 -87 240
ditto B.U.84730-6 Ce 5.8 4.7 -79 240
ditto B.U.84920-6 Ce 6.9 -6.8 190

1) BISOHZO is calculated from the equation given by Matsushisa et al. (1979). 2) SIZCCOZ(%o) is calculated from the equation
by Friedman and O'Neil (1977). 3) T}, is homogenization temperature of fluid inclusion. Min; mineral, Qz: white quartz,, Cc; calcite.
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13.2~15.7%c° 1tk (Table 7). F3HA1719] Mg A &
Fdeiel AN B9 §%0y,0%07tE Matsushisa et
d. (19792 284 1000 I 2 Quari1,0=334 1059
3315 o]&-3l Ao, 7 A3 Table 73 7+
o o7lelA BE vhe Zro] Y9 §80y,0%kS
4.5~8.8%(%: £7)=6.3~88%0, B71=45~56 %o)
ojt}, wigsgake] F3HA7 )0l A2 Welale] 2C
e 7.0~-5.7%0°]™ Friedman and ONeil (1977)7}
AN 2g o]g3le Aakshd §%Ce,, w68~

-4.6%(H3lA: E7N)elet. o] Fakel FYAA E
SDIES -96~-70%0 (315 : 271 =-96~-T0%0, 27| =-78~
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3 Wz AlRErt. Z7lddle fH1E, AREA, &
FHA, Aol MFN, FFH Fo] JEH M-
oldA-fHlE o] FATAE Zeth o] TS
ol &l WAL=} FEU(rE FPsld Bl F
AFEt F F91EA9 As atomic %= 30.9~32.49]
3 AdelaAe] FeS mole%= 184~21.20lt), o] A&
£ Kretschmar and Scott (1976)7} AA1 3 Aol &

Alak o] FAFe] AMLEE >380°C FEU(E)=
>1078atm. 9IS RATKFig. 9). ©] L= APyl
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Nekrasov et al. (1979)3} Nakamura and Shima
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He Zzh AAIEE B lth. Shimizu and Shikazono
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Fig. 9. Temperature-f;, diagram showing the formation conditions of stage I early ore minerals from the Baekun gold-silver

deposit. Abbreviation: Po; pyrrhotite, Py; pyrite.
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96~-70%c(2 9 F7]=-96~-70%0, 87| =-78~-74%o,
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