Jour. Korean Inst. Mining Geol.
Vol. 24, No. 2, p. 107-129, 1991.

mefusiilel AaRsR1LIEH

F & a8t

il

Gold and Silver Mineralization in the Yonghwa Mine

Seok-Tai Youn™ and Hee-In Park™*

ABSTRACT : The Yonghwa gold-silver deposits are emplaced along N15° ~25° W trending fissures in
middle Cretaceous porphyritic granite or Precambrian Sobaegsan gneiss complex.

The results of paragenetic studies suggest that vein filling can be subdivided into four identifiable stages;
state | : the main sulfide stage, characterized by base-metal sulfide minerals, iron oxides and minor electrum,
stage I : electrum stage, stage II: electrum and silver-bearing sulfosalts stage, stage IV: post ore stage of
carbonates and quartz.

The ore mineralogy suggests that depositional temperature of the formation of the gold and silver minerals
are estimated as 200 to 250C and 140 to 180C, respectively. Sulfur fugacity of the formation of the gold and
silver minerals are estimated as 10™*’to 10™*? atm and 105 to 10" atm, respectively. A consideration of
the pressure regime during ore deposition bases on the fluid inclusion evidence of boiling suggests lithostatic
pressure of less than 180 bars. This range of pressure indicate that vein system lay at depth of 700m below the
surface at the time during mineralization. Salinities of ore-bearing fluids range from 0.4 to 6.9 wt.%
equivalent NaCl.

The sulfur and carbon isotopic data reveal that these elements were probably derived from a deep-seated
source. The %0 of the hydrothermal fluid was determined from 6'*0 values of quartz and calcite. Oxygen
and hydrogen isotopic studies reveal that meteoric water dominate over ore-bearing fluid.
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Fig. 1. Geologic map of the Yonghwa-Seolcheon mining district, A= Sobaegsan gneiss complex (Sh= Mica
schist), B= Amphibolite, C= Porphyritic granite, D= Felsite, E= Dike rock, F= Alluvium, 1= Yonghwa mine,
2= Weoljeon mine, 3= Weolseong mine, 4= Narim mine, and 5= Kilyoung mine.



HEALERILS S HeRILIER 109

Zd 7Qlete Ao AZdd, ¢ garEe A
U NISW F8¢ Ao] glof s dgAE o &3
o2 o f0m AT o]EH] Stk dAFE RN
FZog 77 washs gy vhsReAst A st

E AdE EWY F3}E e @3Y 7beAe] ok
AelE N2 ~40W Ael Ao $Ast) &3date] &
W] FEFo YR o] NI5 ~25 WAS R o] A
Aol g3 deje W 2t

1

N

o
dlo
ey

(97D, oW (98D Sizha o] Aol
e Fede ARFLPITA &3 2
o B8ago) Feb) PR HAAoR B
2 wasdgn AAT § (989 9FA
A7go] B A7 ALF, o)A
S Wolth o] WYL W]
3% ARE BY (@4T 5 65 3

W

o 1 r-lrr

P g% ol

= alf r L\_-j
poh
ot 10

foh ol X 1o
2
£ oo
fru
}:!

, 19805 ¥
1988) agy o]
474]7]- AL Ao B ZjE%
o] Ardxe W Il g ’&%’%ﬂh %‘4171211,
o 2 B3, AdAFEZAT AT AAd
Hokth

o[ﬂ T"q’
f
3

ot of & 1o 18

BREH

A7AG) X e IR AEA
' FAEgoE o 1, 5kmoli RGO R oF Zkm 3
EHE FI25F 2L /KU, FYRE AU 5
o2 FAWGoE AFF 2L /A UPFA
FEAA 2gEnh dAe] o] e Relxe #A
A5 Auge 239 zoj7t gl H717t FHAE
Ql vhgzA & Hojut o] Al Fo] Fold FEF
e 44 dwlel FYH (chilled margin) & Zeth &
W) (chilled margin) 9] $HA-& AANHE ol ejeo] APyt
Ax EQHog Sol3lm, Ale APFololN A
AR Held AAHoz wAFES Ave
A4 1.0m, AP 0.7cm, A TP A9
0.5cmojtk, A71E olFm e FEELS AYEY A4

Table 1, Modal compositions of the porphyritic
granite from the Yonghwa mine area.

Mineral 1 2 3 4 5 6 Average
Quartz 258 349 23.6 249 272 311 279
K-feldspar 292 292 309 304 300 34.5 307
Plagioclase 425 33.0 415 41.2 394 30.6 38.0
Biotite 16 12 32 20 18 17 19
Hornblende 00 00 00 00 03 01 0.1
Zircon 00 01 01 00 01 01 01
Apatite 00 01 01 00 01 01 0.1
Chlorite 04 02 00 06 05 01 03
Epidote 00 02 01 00 01 01 01
Calcite 00 01 00 03 01 08 02
Sericite 04 06 02 04 02 03 03

Opaque minerals 0.1 04 03 02 02 05 03
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Fig. 2. O-A-P diagram of modal composition of the
porphyritic granite based on IUGS classification.
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Table 2, Chemical analyses (Wt. %) and norms of the porphyritic granite in the Yonghwa mine area.
Oxides 1 2 1 4 7 8 10 Average 12
SiO, 71.35 71.89 7236  71.58 71.60 7185  71.90 71.79 77.42
ALO, 14.94 1486 14.23  14.86 14.83 14.63  14.65 14.71 13.49
FeO 1.05 0.71 0.50 0.93 1.30 1.00 0.85 091 0.76
Fe,0, 0.73 0.91 1.51 0.80 0.64 0.92 0.98 0.93 0.85
MgO 0.68 0.61 0.79 0.63 0.73 0.74 0.67 0.69 112
CaO 1.82 1.63 1.94 1.77 1.86 1.88 1.99 1.84 1.29
Na,O 3.94 3.92 3.92 3.81 4.11 3.85 3.85 3.91 0.05
K0 4.50 4.48 3.66 553 3.97 4.30 4.22 4.38 391
TiO, 0.27 0.26 031 0.28 0.31 0.31 0.27 0.29 0.21
P,Os 0.09 0.09 0.10 0.08 0.10 0.10 0.09 0.09 0.08
MnO 0.05 0.05 0.07 0.04 0.08 0.08 0.07 0.06 0.07
H,0(+) 0.05 0.18 0.26 1.21 0.16 0.14 0.19 0.31 0.35
H,0(-) 0.23 0.29 0.32 0.27 0.31 0.25 0.20 0.27 0.17
Total 99.70 99.88 9997 9979  100.00  100.05 99.93 99.92 99.77
Al/Ca+K+Na 1.01 1.04 1.02 0.96 1.02 1.01 1.00 - 2.02
Q 25.56 28.14 3066 28.14 27.36 29.22 3036 28.49 58.02
Or 26.69 26.69 21.68 26.13 23.35 2558  25.02 25.02 22.80
Ab 33.54 3301 3301 3196 34.58 3249 3249 33.01 0.52
An 8.34 7.23 8.62 7.78 8.34 8.62 4.17 7.59 5.56
C 0.51 1.02 0.61 1.02 0.71 0.41 2.34 0.95 7.14
Fs 1.85 0.13 0.13 0.53 145 0.66 0.40 0.74 0.40
En 1.70 1.00 2.00 1.60 1.80 1.80 1.70 1.66 2.80
Mt 0.93 1.39 0.70 1.16 0.93 139 1.39 1.13 139
1 0.61 0.61 0.61 0.61 0.61 0.61 0.61 0.61 0.46
Ap 0.34 0.34 0.34 0.34 0.34 0.34 0.34 0.34 0.34
Ht 0.00 0.00 0.96 0.00 0.00 0.00 0.00 0.00 0.00
Sum 100.00 9956  99.99  99.99 99.99 10000 99.99 99.95 99.99
Salic 94.98 96.43 9492 9537 94.68 96.66  94.92 95.40 94.38
Femic 5.09 3.13 4.40 3.90 4.79 4.46 311 4.14 5.05
DL 85.79 8784 8535 8623 85.29 87.29 87.87 85.81 81.34
OR. 38.48 53.55 5809 4363 30.69 4529 5091 - 50.15
12: Altered porphyritic granite,
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Fig. 3. Plots of Na,0+K,0 vs. SiO, in wt.% for the

porphyritic granite from the Yonghwa mine area. The
boundary line is based on Irivine and Barager (1971).
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Fig, 4. Plots of Al,O3 (wt.%) vs. normative P1 of the

porphyritic granite from the Yonghwa mine area. The
boundary line is based on Irivine and Barager (1971).
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and F= FeO+MgO.
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Table 3. Trace elements analyses of the porphyritic granite in the Yonghwa mine area (in ppm).

Element 1 2 11 4 7 8 10 Average 12
Ba 828 954 681 921 760 735 927 829 202
Co 1 1 1 1 1 1 1 1 1
Cr 10 9 13 9 11 11 10 10 9
Cu 5 4 5 55 7 7 6 12 4
Li 6 10 19 3 9 2 6 8 32
Nb 14 13 14 14 15 15 12 14 11
Ni 9 9 11 10 11 10 10 10 10
Sc 2 2 4 2 3 3 2 3 2
Sr 340 361 354 365 366 341 359 355 72
v 23 21 27 22 25 25 24 24 21
Y 14 14 17 15 16 15 14 15 10
Zn 31 29 40 29 41 40 43 36 33
Zr 20 20 22 26 24 26 21 23 28
DL 85.79 87.84 85.35 86.23 85.29 87.29 87.87 - 81.34

12: Altered porphyritic granite.

Table 4. Comparison of trace elements analyses of W] 23&0] &b Cr, Co, Ni € A9 3 o7} 9

granitoids from different locality (in ppm).

Element Mine Study area
Dunjeon Dongweon Haman Imog A B
Ba 773 908 463 667 829 202
Co - - 6.6 - 1 1
Cr 85 67 320 9 10 9
Cu 5.5 95 183 6 12 4
Li - - 9 - 8 32
Nb 12 13 10 11 14 11
Ni 28 21 23 4 10 10
Sc 11 8 - 8 3 2
Sr 470 518 363 336 355 72
\% 58 67 59 52 24 21
Y 16 15 20 21 15 10
Zn 37 40 1236 41 36 33
Zr 184 226 130 149 23 28

Dunjeon; Mean values of 2 granites in Dunjeon area (Park,
1990), Dongweon; Porphyritic granite in Dongweon area
(Park, 1990), Haman; Mean values of 3 granodiorites in
Haman area (Choi, 1986), Imog; Mean values of 11 granitoids
in Imog area (Lee, 1990), A; Fresh porphyritic granite, and B;

T e @M Hl8 Ba, Znd] gl Ho| FHH o]
A% Co, Cr, Cu, L, Nb, Ni, So, S, V, Y, 7r 5&
Ad TUFE HAth WAL T2 AR (129)9 A

A Agel 39 vlEdre TS vwsid WA
& W& 8% Ba, Cu, Nb, Sr, V, Y, Zn 59 &

Fol AA 2= o, Li, zr 59 FFe g w

o ol F Abd L BEAEo] FYH= A mehiA
g AHolA §4594%F Ba, Cu, Zn, S, Nb 59 3
%"1 a3 L, Zr 59 e I AL B

A A4 W F23 SHolg &4 S

Table 4= AFAGFH FARY 2H JEHPY
(39 &, 1990), %T_ B 2Ad £X3a e B
T (A F 1990), FAAGe] EEstm g
€ e (3

% 1985), olZ&7e (o194
5, 19002l vPAre] FFAS vl Folk
Table 4] 938 A7) BEshn e wysy
Fzo B0 Yt IBLAE Bad] F& T4, B9,
B R ATAD) 2ok sl $ALRA Tl
£ o3aLd Jud g #E vdY ady ge

Fdee B4 2 $4X99 g v o2
37443 ¥lwdd Ba, Cu, Nb, Ni, Sr 59 ek

3 S, V, Y, In, 7Zr B9 FL B kA g5
H w3 Ba, Nbe| #&o] %31 Co, Cr, Cu, Li, Ni
S, V, Zn, Zrd) gL g,

BEETE

FAEULY nFRAE BAG TR AN vy
37 AEo fsle] JEFILE BENG Ane
Table 5% 2t} Table 5elA Bi=uls} o] Qx| oe]
R3Edde] S ESALY $ST X&) XY 3§



FE(LSRILS) SRRILIER 113

Table 5. Rare earth elements analyses of the porphyritic granite in the Yonghwa mine area (in ppm).

Element 1 2 11 4 7 8 10 Average  Tayler
La 3690 3390 . 5090  41.80 39.70 41.90 39.00 40.6 30.0
Ce 66.15  61.75 90.17 77.19 72.43 76.87 71.63 73.7 60.0
Pr 6.41 6.02 8.48 7.52 6.95 712 6.91 71 82
Nd 2210 21.20  28.20 26.10 23.70 24.80 24.20 243 28.0
Sm 3.63 3.37 4.43 4.38 3.95 3.76 4.03 3.9 6.0
Eu 0.73 0.74 0.78 0.80 0.80 0.72 0.75 08 12
Gd 2.78 2.66 333 331 3.05 2.66 3.14 3.0 54
Dy 2.67 2.54 3.02 3.09 2.76 2.50 291 2.8 3.0
Ho 0.49 0.46 0.56 0.57 0.51 0.45 0.54 0.5 12
Er 1.19 1.15 1.30 137 1.26 1.17 1.37 12 2.8
Yb 134 1.35 1.54 1.62 143 1.29 1.55 14 3.0
Lu 0.18 0.19 0.21 0.22 0.19 0.17 0.21 0.2 0.5

2'REE 14457 13533 19292 16797 156.73 16341 15624 159.60 149.3
La/Yb 2754 2511 33.05 25.80 27.76 32.48 25.16 28.12 20.0
Ce/Yb 4936 4574 5855 47.65 50.65 59.59 46.21 51.11 20.0
Eu/Sm 0.20 0.22 0.18 0.18 0.20 0.19 0.19 0.19 02
Eu/Eu’ 0.68 0.73 0.59 0.62 0.68 0.67 0.62 0.65 -

(La/Sm)N 6.24 6.18 7.07 5.86 6.17 6.86 5.34 6.24
(Ce/YD)N 1254 11.70 14.88 12.05 12.87 15.07 11.83 12.99
(La/Yb)N 1833 16.83 22.03 17.12 18.51 21.52 16.88 18.74 -
2Ce 13592 12698 18296 157.79 14753 15517 146.52  150.41 1334
Y 8.65 8.35 9.96 10.18 9.20 8.24 9.72 9.18 159

Eu*; Eu value derived by interpolation between Sm and Gd., N ; Chondrite-normalized value,
2'Ce; Sum of light REE (La to Eu), and 3'Y; Sum of heavy REE (Gd to Lu).
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Table 6. Gold-silver veins in the Yonghwa gold-silver deposits.

Mine Vein Number of vein ~ Strike Dip Width(m) Length(m) Wallrock Remark
Kumi- 1, 2. 2 N70°W 65°SW 0.3 50 Gn, Sch.
Main 1 N25°W 80°SW 0.3~15 250 Gr
Yonghwa 1,2,3,4. 4 N15°~20°W  70°SW 0.2~1 300 Gr WI-Main
Cheonshin - 1, 2. 2 N20°'W 75°SW 0.1~1 250 Gr
Weoljeon 1 N18°W 80°SW  03~05 250 Gr
Samjeong 1 N20°'W 85°SW  04~07 150 Gn
Others 4 N20°W 65°~90°SE  0.1~0.2 50 Gr

Gn= Gneiss, Sch= Mica schist, Gr= Porphyritic granite, and Wi= Weoljeon.

[ 0.5 km
(= —__]

Gr

Fig, 8. Vein map of the Yonghwa gold-silver deposits. Gn= gneiss, Sch= Mica schist, Am= Amphibolite, Gr=
Porphyritic granite, and Ft= Fault. Yonghwa mine: 1= Kumi vein, 2= Main vein, 3=1, 2, 3, 4, vein, 4=
Cheonshin vein, 5= Weoljeon vein, and 6= Samjeong vein. Weoljeon mine: 7= Main vein. Weolseong mine:
8= North main vein, and 9= No. 3 vein. Narim mine: 10= Main vein. Kilyoung mine: 11= Main vein.
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Fig. 9. Microphotographs showing the mineral paragenesis from the Yonghwa Au-Ag deposits. A; Base-
metal sulfides of stage | (mainly pyrite) are cut by stage I vein and both are cut again by veins of stage [J,
B; Remnants of stage | ores and electrum-bearing quartz of stage [ are cut by stage [V carbonate, C;
Intergrowth of magnetite and hematite of earlier stage [, D; Sphalerite of stage [ showing chalcopyrite
disease is cut by pyrite of stage [, E; Pyrite of fractured stage I is filled with electrum, freibergite,
chalcopyrite, native silver of stage I, F; Electrum and quartz of stage [ fills interstices in ores of stage [,
G; Pyrite of stage | is replaced by native silver, miargyrite, argentite and jalpaite of stage I, and H;
Fractured pyrite of stage | is filled with veinlets of native silver, argentite and jalpaite of stage [[. [, I,
I, V= mineralization stage, Hm= Hematite, Mt= Magnetite, Py= Pyrite, Cp= Chalcopyrite, Sl= Sphalerite,
El= Electrum, Agt= Agrentite, Fr= Freibergite, Ag= Native silver, Asp= Arsenopyrite, Jal= Jalpaite, and
Mir= Miargyrite.
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Table 7. Electron Microprobe analyses of arsenopyrites from the Yonghwa gold-silver deposits.

Mine Associated As Fe Co Ni Sb S Total Fe As
Minerals (wt.%) (atom.%)

Py-Sl 4256 3451 010 045 005 2301 10068 32.46 29.84

41.81 3483 004 002 000 2361 10031 3251 29.09

Yonghwa 4265 3520 0.10 0.2 000 2380 100.87 3246 29.32
$1-Gn 4292 3508 004 010 000 2208 100.12 3324 3032

4183 3583 007 000 000 2245  99.58 33.39 29.55

4250 3534 008 003 019 2224 10038 3341 29.96

Py= Pyrite, S1= Sphalerite, and Gn= Galena.

g AL P BRI AEEHE FEEA
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1937, Sugaki and Yamae, 1952; Sugaki and Tashiro,
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Hutchison and Scott, 1979; Wiggins and Crig, 1980),
Chalcopyrite disease (Barton, 1978; Eldridge et al, 1983;
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Table 8. Electron Microprobe analyses of sphalerites from the Yonghwa gold-

silver deposits.

Mine  Stage Associated Zn Fe Cu Cd Mn In S Total FeS
Minerals (Wt.%) (mol.%)
I Py-Asp 5357 1079 000 040 0.5 002 3562 100.55 19.67
Py 53.92 1106 029 017 011 000 3534 100.89 19.36
Py-Asp 5451 1096 000 010 013 011 33.86 99.67 19.05
5442 11.04 0.04 024 018 011 3365 99.68 19.19
Py-Gn 5356 11.03 0.00 024 0.15 000 3353 9941 2068
I Py-El 6343 199 010 029 0.00 0.09 3470 10060 3.54
Py-El 6214 195 025 042 001 0.00 35.65 10042 3.54
Yonghwa Cp-Py 6408 184 0.04 014 004 008 33.63 99.85  3.25
64.56 153 001 0.01 003 019 3426 10059 270
Py 6452 126 002 025 000 000 3449 100.54 2.24
I Cp-Ag 6534 043 004 028 000 000 3485 10094 076
6563 1.09 010 016 0.00 0.00 3331 100.29 1.91
65.64 041 000 079 002 007 3356 10049 0.72
Py 66.23 025 0.00 055 0.00 000 32.60 99.63 0.4
6434 099 076 030 000 000 34.96 10035  1.77
6626 039 0.00 0.25 0.02 0.00 33.05 99.97 0.68

Py = Pyrite, Asp = Arsenopyrite, Gn = Galena, El =

9 AAg 24 g A4 2% 94 2

- B
t“l“o

Electrum, Cp = Chalcopyrite, and Ag = Native silver.

9} Cust Fed] ¥3& EPMAZ H 2543 A 1719
HolINE B354 AL 27 ge 299 Hojoly
< CuE A9 T g et FE5e 43
= 2E M 0.29w. %9 Curt T3E 9ok
°loto] #FN9 FHL ¥3dshe Bog Tyx @
T4 AdolaX e Cust Fe e Aoz YA
AotdNZel #EH FHo] 3719 “Chalcopyrite
disease” o] 9j3te] APHNL s154o] A, 7]
AoRINE [7] 324 I48S Wk dn, gyE
d3 FEF7E S} AoldM FEMo] A3 3y
S Lot ARNES we} [7]9 HYn ofaegol
Fed

EPMAZ 4 7} A718 Holddel sigtzae
Table 83 231 o] SFEMAE 7441 FeS mole %E
Tatel EAIR Ao] Fig. 100t} Fig. 100] ¢jshwl 2} Al
718 AolAdX 9] FeS mol. %7} 33 2ol & Holn
F712 71N A4 HolA e Wsebe] =aisi.

BgeE: BANe 1, 1, 17] 3444 24280,
171 XM e Holadst gaxne) Ay gaay
of Beue wed, 7] BaNe 2549 HAL
ZE AdoldNm Ay, 17 HANL el

fo rr

STAGE t
STAGE i ¢
STAGE 111 ¢

s o
B0

N

Frequency

T T Y T T H L

2 ; 10 14 18 22
FeS mole ¥ of Sphalerite

Fig. 10. Histograms of FeS content of sphalerites from
the Yonghwa gold-silver deposits.
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Table 9. Electron Microprobe analyses of galenas from the Yonghwa gold-silver deposits.

Mine Stage  Associated Pb Cu Sbh Bi Ag N Total  AgBiS,
Minerals (wt.%) (mol.%)
Yonghwa 1 Py-Cp 7994 000 014 468 193 1412 10081 945
8126 000 0.09 436 170 13.70 100.11 8.54
Py-S1 81.04 000 000 378 126 1329 99.37 7.07
Py-Cp 81.28 001 0.16 358 159 13.62 10024 7.51

Py = Pyrite, Cp = Chalcopyrite, and Sl = Sphalerite.

Table 10. Electron Microprobe analyses of electrums from the Yonghwa gold-silver

deposits.
Mine Stage  Assicuated Au Ag Total Au Ag Ag/Au
minerals (wt.%) (atom.%)
Yonghwa I Py 8297 13.14 96.11 78.98 21.02 0.27
I Py-Cp-S1 63.35 33.51 96.86 5293 47.07 0.89
6495 31.82 96.77 54.84 45.16 0.82
65.46 33.32 98.78 53.89 46.11 0.86
Py 36.80 63.28 100.08 25.70 7430 2.89
Si 4581 54.87 100.69 33.19 66.81 201
18.10 80.10 98.20 11.85 88.15 7.44
2439 74.73 99.12 0.26 83.74 5.15
Py-Gn 24.09 75.61 99.70 1593 84.07 5.28
4347 5733 10079  31.08 68.92 222
Cp 40.47 59.22 99.69 2890 71.10 2.46
42.85 56.91 99.76  30.94 69.06 232
Py 42,67 55.33 9779 3145 68.55 2.18
4222 55.51 9773  31.15 68.85 221
41.75 54.29 96.04 31.39 68.61 2.19
Py-Gn 35.40 63.00 98.40  25.05 74.95 2.99
34.07 64.39 98.46 23.94 76.06 3.18
Qtz 35.04 63.79 98.83  24.63 7537 3.06
3532 64.37 99.69  24.61 75.69 3.08
36.01 61.56 9757 2582 74.18 2.87
3429 65.67 99.96 2370 76.30 3.18
Cp-Gn 4430 53.71 9711 3247 6753 2.08
43.17 52.66 9583 3278 6722 2.05
43.71 53.99 97171 3251 6749 2.08
4484 53.88 98.72 3312 66.88 2.02
42.89 55.26 98.14 3159 6841 217
45.70 52.56 9826  34.09 6591 1.93
45.51 55.39 10090 32.83 67.17 2.05
40.67 59.99 100.66  28.74 71.26 2.48
41.48 54.97 96.46 3098 69.02 2.23

Py = Pyrite, Cp = Chalcopyrite, S1 = Sphalerite, Gn = Galena, and Qtz = Quartz.

FHoA AujolEs} 3 dEHed dvt ¥ 2F
of x&HW FA WA dch. ojRe 7] #5A9
Ag &%)l (B 3.78 wt. %) E7/IHEQ Aoz Azt

€.
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Fig. 11. Histograms showing Ag content in Au-Ag
series mineral from the Yonghwa gold-silver deposits.

Table 11. Electron Microprobe analyses of freibergites from the Yonghwa gold-silver

deposits.
Stage  Associated Ag Cu Fe Zn Sb As S Total
Minerals wt.% (atom.%)
i El-Cp 2579 1554 128 353 2492 0.54 26.17  9856(1)
il El-Cp (15.02)  (1535) (1.44) (3.38) (12.85) (0.45)  (51.25)
30.13 12.86 138 455 2433 0.08 25.11 99.22 (2)
(17.87) (12.93) (1.58) (4.45) (12.78)  (0.07) (50.07)

E1 = Electrum and Cp = Chalcopyrite. Chemical formulae on basis of Sb = 4 5 (1) [(Ags.ss Cusos)
(Feoas Zn139)]i1s2 Sba S1407, (2) [(Agssr Cuars) (Feoss Zni.os)]109s Sba Stas.
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Table 12. Electron Microprobe analyses of polybasites from the Yonghwa gold-silver

deposits.
Mine  Associated Minerals Ag Cu Zn(wt.%) Fe Sb As S Total
Yonghwa Gn-El 7256 0.53 058 0.00 1114 057 1552 10191
7030 235 0.46 0.00 1025 040 15.14  98.89

Gn = Galena and El = Electrum. Chemical formulae on basis of S =11; (1) (Ag, Cu)15.4s (Sb, As)22¢S11,

(2) (Ag, Cu)is.04 (Sb, As)208S11.
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Stage

Mineral Stage 1 Stage m Stage w

Magnetite
Hematite
Rutile
Pyrite
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Arsenopyrite
Sphalerite
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Pyrrhotite
Chalcopyrite
Argentite
Native Silver
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Freibergite
Polybasite
Jalpaite
Miargyrite
Pyrargyrite
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Calcite
Ankerite

T

s

Fig. 12. Paragenetic sequence of vein minerals from
the Yonghwa gold-siver deposits.
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Fig, 13. Homogenization temperature of fluid
inclusions from the Yonghwa gold-silver deposits.
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Table 13. Oxygen isotopic compositions of silicate
carbonate and altered minerals from the Yonghwa gold-
silver deposits.

Mine  Vein Stage Mineral Mineral-  5180(%)
assemblage
Yong No.2adit | Qz Py-SI-Cp  +5.5
-hwa 1,234, I Qz Py-Gn +5.5
N Ce Qz-Ak +9.9
? Se +39
Weoljeon IV Cc Qz +14.0

Qz = Quartz, Cc = Calcite, Py = Pyrite, Gn = Galena, Cp =
Chalcopyrite, S1 = Sphalerite, and Se = Sericite.
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Table 14. Calculated 6 ®On,0 composition of quartz and calcite from the Yonghwa gold-

silver deposits.

Mine  Vein Stage Mineral §5Ccc(%,) © %00 (%) Th(C)  8%0m0(%)
Yonghwa No. 2-1 | Qz +5.5 220~260  -5.0~-3.0
I Qz +5.5 160~210 -9.1~-5.6

No. 2-1 v Ce +9.9 130~170 -3.8~-0.9

wI v Ce +14.0 140 +1.0

Qz = Quartz and Cc = Calcite.
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Fig. 15, Diagram of Temperature-As contents in
arsenopyrite coexisting with pyrite and sphalerite at
stage | from the Yonghwa gold-silver deposits.
Contours are mole % FeS of sphalerite.
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Fig, 16, Temperature and Sulfur fugacity in stage [,
I and I from the Yonghwa gold-silver deposits.
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