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Au-Ag Minerals and Geneses of Weolyn Gold-Silver Deposits,
Chungcheongbukdo, Republic of Korea.

Hyun Koo Lee*, Bong-Cheal Yoo*, Kwang Young Jeong** and Kee Hyun Kim***

ABSTRACT : The Weolyu gold-silver deposits at Hwanggan, Chungcheongbukdo, is of a late Cretaceous (74.24 & 1.63 Ma)
epithermal vein-type, and is hosted in the quartz porphyry of late Cretaceous age. Based on mineral paragenetic sequence
interpreted from vein structure and mineral assemblages, three stages mineralization were distinguished. A variety of ore
minerals occurs including pyrite, sphalerite, chalcopyrite, galena with small amount of electrum, native silver, argentite,
pearceite, sb-pearceite, argyrotite. The gangue minerals are quartz, rutile, calcite, apatite, fluorite and rhodochrocite.
Wall-rock alteration such as pyritization, chloritization, sericitization, silicification is observed near the quartz veins. Au-Ag
minerals were crystallized at middle and late stage of the two mineralization sequences. Results from the analysis of fluid
inclusion and thermodynamic calculation indicate that Au-Ag mineral deposits were formed primarily by cooling and
dilution of hydrothermal fluids(165~313C, 0.4~2.4wt.% equivalent NaCl) with some degree mixing of meteoric water.
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Fig. 1. Geological map of the Weolyu gold-silver mine area.
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Fig. 2. Underground geological map of the Weolyu gold-silver deposits.

FYs el Aoz A fREe Scmol A 20ecmlglE o
130 m A=ZA5 o] 9ok

3) S5-90.2. i N65°E, 1541 65°NWo] 1, #Z0] 10 cmofl 4]
L5m o2 FBFAKS K = FA 7Hd nFNY HES
o024 o 200m dNZAHY] slr} E FHYL dFolA
@714 e oaf Fl=le] e Aol AL

FAFE e FPEEES AR Bl e A X-
A 3| AR Az 77 BER) tosudite, smectite/mica EATF
Fpsol =l o, T FfEme #EEYNE 7=
o w3 FA ] 2okl R ddt AvyRd A
ol e BEEMZE LR TRA Y s4dE oz
BERLIEHC] dAse, BER, RERY FHFelMe R
RiEfERlo]l 2ol FASEY AHEQl HER A Ad)
EAA3) 7424 £ 164 Maz A Wty e] FLIERSle] el
ok olghe FF-d Ao Fithsfel 748 +19 (AAA
% 19919} vl A7) el gtk

#0@me| KEME

REL-SFKS sk JASRYS ®lA, Mninh, &
§ih, Hhmel TR FpE dEEY, 2% SHA, oY
E, B, slolAelE, el RYsloiAboE, BIRK, oA 2
tho| Eo] AbERIL) IRAFENZE TE iR, %A, S8
M, BER, 34 o] daHch wote) AL BEMUER,
RIEATLIER, BEALER, BBATLIERSe) B2kt o9 2&
FOF REFD o] ok Ak} RS A HA
2 245 7122 3 B dEsAde et 2ol s
TS5 (Fig. 3).

Al TE o] A71e Zohd 2rie s, BEMUER, Rikh
{Lfem, HBALIER, BELfERS B85, KaFh=e
R, QFA 9 G450 A RS ®EBO HE
A} (Fig. 4.A).

A LB, o] Al7le &-SBLEE TRIN Mg
HBE, PR, &G, A, 9EY, BASES Lt
1A, slolAte]E, kel wugfojatel B, ofx| Zrjo] Eo0] 4
29 283 REHHEZe BE A, Ul
Hok =3 Ao moto] o] glu of R HEH



540 FHE - BRE - Stk - 2R

Stage

Stage | Stage [1 Stage 111

Mineral

Sericite —
Chlorite —
Smectite —
Epidote —_
Rutite B

Pyrite ——

Sphalerite
Chalcopyrite
Galena ———
Electrum —_—
Argentite R
Pearceite N
Sh-pearceite PR
Argyrodite O
Native silver| R
Apatite —_—
Quartz —_— e | .
Fluorite —_
Muscovi te J—
Calcite R —— -

Rhodochrosite ——]

Fig. 3. Paragenetic sequence of minerals from the Weolyu
mine.
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Fig. 4. Photomicrograpkhs of ore minerals from the Weolyu gold-silver deposits. A; Pyrite coexisting with rutile. B; Pyrite, spha-
lerite, galena and chalcopyrite partly replaced by argentite. C; Electrum, argentite and sphalerite included in pyrite. D; Native
silver and argentite coexisting with sphalerite. E; Argyrodite coexisting with galena. F; Galena and chalcopyrite partly replaced

by pearceite, native silver and argentite.
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Fig. 4. Photomicrographs of ore minerals from the Weolvn gold-silver deposits, A; Pyrite coexisting with rutile. B; Pyrite, spha-
lerite, galena and chalcopyrite partly replaced by argentite. C; Electrum, argentite and sphalerite included in pyrite. Dy Native
silver and argentite coexisting with sphalerile. E; Argyrodite coexisting with galena. Fy Galena and chaleopyrite partly replaced
by pearceite, native silver and argentite.
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Table 1. Chemical composition of sphalerite from the Weolyu Au-Ag deposits.

Sample Analysis Weight % FeS Associated
No. point In Fe Cu Cd Mn S Total  mole% minerals
WY19-1 66.05 0.52 3437 100,99 0.87
63.60 231 1.26 34.07 100,98 3.89
WY19-2 6 63.85 2.68 0.89 0.07 0.12 3257 100.18 4.60 Py, Gn, Qz
2 63.28 2.13 1.04 0.15 0.07 32.43 99.10 n Gn, Qz
WY19-4 31 63.59 2.52 0.26 0.10 0.52 32.86  99.85 4.49 Py, Gn, Qz
64.31 227 0.35 0.22 0.51 33.18  100.84 3.90
14 63.72 271 0.51 0.09 0.85 32.68 100.02 4.65 Py, Gn, Qz
10 62.47 337 0.24 0.07 0.55 33.10 99.80 5.86 El, Gn, Cp
63.80 1.46 0.01 33.82 99.11 2.48 Arg, Gn, Qz
64.45 1.07 3350 99.07 1.83 Arg, Gn, Qz
Wy4 9 63.28 1.80 0.78 0.11 0.17 33.01 99.15 317 Qz
WY11-20 2 65.16 1.57 1.20 - 0.07 32.83  100.83 2.85
WY88521-2 2 64.13 135 2.52 - 0.35 32.11 10046 2.30 Py, Gn, El, Qz
2 63.74 1.96 2.63 - 0.62 3223 10118 330 Py, Gn, El, Arg, Qz
WY40-1 64.85 1.51 0.22 3331 99.96 2.60
64.98 1.51 0.04 33.01 99.55 2.63
64.30 1.42 0.02 33.68 9945 242
40
M Table 2. Chemical composition of electrums from the Weolyu Au-Ag
L I —_— ] deposits.
Sample Weight Atomic%
= 30 Pe i Sb-Pe 7 No. Au Ag Total Au Ag
(;; B R WY88521-2 3777 6252 10029 2486 7514
= * 3789 6186 9975 2512 7488
£ 20k . ¢ ¢ i 3509 6585 10094 2259 7741
o . 4 37.54 6136 98.90 25.10 74.90
.Eé L . e 4669 SLIS 9884 3290 6110
- - . . . . .
== | ] an s wn ne
¥ o, As-Plb Pib ‘ : - ‘ g
_ - - - ] - 99.90  99.90 - 100.00
B 7 0.08 100.13  100.21 0.04 99.96
s WY19-4 (4) 3065 6924 9989 1952 8048
0 Atormic stsy(i)n (5B, Ae) 100 30.92 69.21 100.13 19.66 80.34
’ 0.20 99.62  99.83 0.11 99.89
o; This study *;So et al (1993) 001 9949 9950 0.01  99.99
! . . - 99.32 9932 - 100.00
Fig. 6. Relation between Cu/(Ag+Cu) and Sb/(As+Sb) in WY 594 9363 9957 136 9664

chemical composition of polybasite-arsenopolybasite and
antimonpearceite-pearceite series.
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Table 3. Microprobe analyses of argentite from the Weolyu gold-silver deposits.
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Sample no Ag Cu Fe Zn As Sb Se S Total Structural formulae
(wt.%) (Total atoms=3)

W.Y. 194 89.01 L12 141 14.04 10058  (AgissCuooiFeoss)ssSin

W.Y. 1944 8523 0.56 1.55 12.13 99.46  (AgisCuonFeon)is:Soss

WY. 194  86.62 0.65 141 9.93 98.34  (AgunCuonFenns)rsSon

WY. 194 8775 1.71 0.92 945 9983  (AgnCuowFesss)rnSon

W.Y. 194 81.86 4.05 1.43 - 13.23 100.39 (Agl.wC“ﬂAiSFeﬂlb)l.lﬂSﬂ.‘H
1# 80.80 1.70 0.30 1.40 - 13.20 97.40 (AgusCIIomFEoAalZnn.os)nfisSlm
2 # 86.10 0.30 0.50 - 2.70 1200 101.60 (Agl.ooCllnm Feum)zm(sea.mSn.oz)l.m
3¥ 86.90 0.20 0.10 0.40 0.30 13.20 10110 (AgiseCuonZnoo)iss(SeonSio)or
4“ 81.50 0.20 0.50 0.40 - 13.60 99.80 (AgulCnmFeamznn.ls)l.MSLm
5 4 81.20 1.20 0.10 - - - 0.60 15.70 98.80 (Agl,78C|-|M)SF€M)I)LM(Seﬂ.MSLN)L 16
6” 79.00 3.30 - 0.20 1.70 0.90 - 14.70 99.90 (Agl.llC“ll.llanllsbﬂﬂSAsO.M)l.OZSI.N

*: This study, * : Masanori et al (1992)
Table 4. Microprobe analyses of pearceite-polybasite series minerals from the Weolyu gold-silver deposits.

Sample no Ag Cu Fe Zn As Sh Se S Total Structural formulae
(wt.%) (Total atoms=3)
W.Y. 19-4(3) 62.50 0.72 11.86 5.05 0.21 3.03 1653 99.90 (Agu.wCle.n)MFeM-,(Asl_"SmMSM.SZ),‘,7S,“_77
W.Y. 1944(5) 66.67 0.78 10.15 381 - 3.80 1532 100.53 (Agu.mCu;.u),mFe,,_m(As,_.,,Sbw),_7‘5104,5
W.Y. 194(2) 64.68 0.81 10.45 421 4.18 1595 100.28 (AglL72C11*~‘9)|¢1|Feo_u(Asl.wau.u)mSm.s@
W.Y. 19-4(2) 62.63 0.85 10.18 2.21 8.98 1595  100.80 (Agll-ﬂC“l‘l)lmFeoJ;(ASa_mSh|,53)z.z|5m_u
W.Y. 194 (3)' 66.48 1.16 8.96 5.46 2.10 16.05 99.94 (Agu.lnCl!z,vl).w,F&V«(Asljssba_“),_usm_“
W.Y. 19-4(1) 66.20 112 8.27 6.49 - - 1.20 1562  98.89 (Agu,nCllm).“,Few(As, 2Sbox)207S 1048
1# 73.33 - 4.05 6.45 0.67 0.09 0.51 1545  100.55 (Agmlcu|,u),&,,<A§._,,Sn,_,,Ge,,v,,,Sbw),_,,S,w
2% 72.14 - 4.12 6.27 0.70 0.23 0.51 1556  99.52 (Aguqulh.e).@,ﬁAs,_usm.,Ge.,mem)mSm,w
3# 74.36 3.9 579 0.72 0.11 132 1426  100.44 (Agl5»‘3C“'JU)|Q%1ASU4SI\0,MGeu:Sbo.u)z_lsSq_w
4¥ 71.84 4.12 6.91 0.65 0.05 0.57 1535  99.50 (Ag‘“’C"“‘)lo,u(ASz.uSnu‘uGeo‘asza‘m)mSmsa
5% 7276 - 4.28 6.05 0.72 0.00 1.19 1511 100.11 (Agu.osCllm}.“ﬁAs,,,.,Sm,l,Ge,,me‘,‘n),,“Sm,«
* : This study, * : Masanori et al (1992)
Table 5. Microprobe analyses of argyrodite from the Weolyu gold-silver deposits.
Sample No Ag Fe Cu Ge Sn Sb As In S Total Structural formulae
’ (wt.%) (Total atoms= 15)
W.Y. 19-4 7883 151 096 4.02 16.17 101.49 (AgsnCuorraFesnGeneSs
w.Y. 194 7713 110 038 3.54 16.28  98.42 (AgsrCuonsseFennsGeossSssr
W.Y. 194 7700 181 071 482 17.09 100.79 (AgrxCuo2)emsFessGennSss
w.Y. 194 7803 136 071 412 16.03 100.26 (AgssCuoishsssFearsGeneSsn
W.Y. 19-4* 7692 119 0.93 375 16.31 99.10 (Ags.nClln.|7)suF€uuGems<)Ss.m
W.Y. 194 7743 147 041 413 1540  99.82 (AgssCuom)rsFessiGeosSss
WY, 194 7767 145 0.87 357 16.50 100.06 (AgmoClln.m)uzFeo.mGeusaSsm
WY. 194 7662 126 052 4.67 16.50  99.55 (AgsorCuons)ssFenz6GenrSsas
W.Y. 194 7656 115 079 467 - - - - 1497 98.15 (AgsxCuaisksiFenuGenrSsso
¥ 7638 047 0.29 5.97 0.76 0.07 0.28 0.03 16.65 100.90 (Agmscuo.ns)n.olF&.nGhnSllo.men.olASthIh.olSsu
2 7556 055 025 579 076 011 008 001 1689 100.05 (Agr0Cuioas)rsaFeniGenswSno s ShooAsen ZnesSs s
3 7655 034 025 570 081 0.03 000 009 1634 100.11 (AgsosCuiosa)s.3Fe007GenssSmiossSho.ooAsa0Zos:Ssn
4 7492 035 021 565 025 025 075 002 1697 9936 (AgrCuonshrsoFennGeossSnos:ShosAse 1 ZowSs s
5¢ 7599 043 0.94 4.78 0.66 0.14 0.65 0.00 17.05 100.65 (Agmocllu.lv)a.mFen.wcewdSlla.oosbu.u|ASo,mZI‘In.wS§.¢s
6° 7483 02 024 613 069 021 000 004 1653 9893 (Ag75¢Cuosa)rssFe0ssGensrSnorShonAseeZngs Ss s
7 7558 036 036 612 066 016 024 043 1613 100.05 (AgrssCuoss)sesFersGeossSnossShosiAsouZinonSs
8 7568 015 017 599 072 014 041 0.03 16.56 99.84 (AgmnCllom)uuFewsceomsmmsl)u.alASn.nlelo.MSS.U
9* 69.68 046 389 353 0.09 204 052 000 1667 96.88 (Agr.nCuiam)e.11FeosnGeossSmoo Sho.isAso s ZnenSs s
10° 7191 041 390 388 013 193 016 000 1798 10030 (Agr1CuoerrsnFenwGeossSnioo Sho.rAs s ZnowSes
1m* 7371 036 412 345 000 204 034 000 17.19 101.21 (Agrs4Cuo ) 2sFennrGeos:Sna.ooSho.1sAso.0sZnesSss:
12¢ 7575 043 087 355 007 115 020 0.00 1744 99.45 (Agro:Cuns)orFenosGenssSnenSbo.AsonZitewSe.1s
13* 7511 043 158 270 000 158 012 000 17.00 98.52 (Agr57Cuos)s5Fe000Geo.5S o0 Sbo.1sA S0 Zno o Se

*: This study, * : Masanori et al (1992)
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Fig. 7. Diagram showing relation between the concentrations
of silver and copper in argyrodite from the Weolyu gold-silver
deposits.
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Flg 9. Mlcrophotographs of fluid inclusions in quartz and fluorite from the Weolyu gold-sﬂver deposits. A; Type A inclusion
from stage 1 B; Type B inclusion from stage I. C; Type A inclusion from stage II. D; Type B inclusion and type C inclusion
in quartz from stage III. E; SEM views of opened type C inclusion. F; Type B inclusion in fluorite from stage III.
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Fig. 10. Histogram of homogenization temperature of fluid
inclusions from the Weolyu gold-silver deposits.

#—{tmmEet WREC| M

7 R ARt RaEnY EREs 5-RE)
PAE A3 Fig 12 2k o] 249} o] Bt 1B
el A FAL 1T WA 7ol w2} RAESH B/} 5 73] Hol
A& ok slok 53], 20T A EigEEgte) 2hart dA 3,
ol e FitiiHel fald TFeAdH A fild A K
Bfefol g 7FeAde AAgel 22l w St 1 FAE 2k
ufe} BR o (LR A5shed, ol AL Bukiiges <
oz e Afelol ik L I Befiske szl e it
B2 =7 st Az Sk T ER BRel A A
Fev REEpIAE vad 2 H9e BREe 5t

REHE 2L o F P Sl

z =
HHEZ| LR Hit

s L4V Type
1 [®): mica+L+V Type
Fluorite
Q
o
1
-~
o Transparent quartz
(Vug)
E—
1o
J [ oo
A
- White clear quartz
[
o —
[
-~
7]
J
$ |
-— Gray clear quartz
(]
o
]
-
7
Y [l
T T T T T T T
0 2 4 6 8

Wt.% eq. NaCl

Fig. 11. Histogram of salinities of fluid inclusions from the
Weolyu gold-silver deposits.
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