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Occurrence and Mineral Chemistry of Pb-Ag-Bi-S System Minerals
in the Nakdong As-Bi Deposits, South Korea

Dongbok Shin*
Department of Geoenvironmental Sciences, Kongju National University, Kongju, 314-701, South Korea

The Pb-Ag-Bi-S system minerals such as galena-matildite solid solutions, cosalite and heyrovskyite occur in the
Nakdong As-Bi deposits. Galena-matildite solid solutions commonly coexisting with native bismuth fill in microf-
ractures of pyrite grains and form irregular shapes. Cosalite forms composite grains including native bismuth, hey-
rovskyite and Bi-Te-S system minerals in the matrix of quartz vein. Matildite from the Nakdong deposits has an
end member composition, Ag; g7-111Bi;12-12052 and an excess concentration of 0.3~2.4 mole % Bi,S; compared to
the stoichiometric value. PbS concentrations in PbS-AgBiS, solid solutions do not exceed 54 mole %. The average
chemical composition of cosalite in the study area is Pb; ;9Biy20Ag1,5s. Pb is slightly depleted compared to the
ideal composition, but the concentrations of Ag and Cu reach as much as 1.47 wt.% and 0.27 wt.%, respectively.
Heyrovskyite has the chemical formula of Pbsg;Agy 1¢Bis70Se suggesting that there occurs the coupled substitution
of 2Bi*" for 3Pb*" as well as that of Ag™+Bi®* for 2Pb**. The genetic condition of Pb-Ag-Bi-S system minerals can
be confined to the temperature of 220~270°C and the pressure below 200 bars.

Key words : Nakdong deposits, Pb-Ag-Bi-S system minerals, matildite, cosalite, heyrovskyite
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Fig. 1. Geologic map of the Nakdong mine area (from Shin et al., 2004).
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5.1, ArEALEY
Pb-Ag-Bi-SAl] &%t FEZ= olA7EA] ¢F 20 o

7he] o] EAlEhE AR d#A JUrh(Van Hook,
1960; Craig, 1967; Chang and Bever, 1973; Hoda
and Chang, 1975; Shimizu ef al., 1993). o] &
THAM AEHE AoEE WIAvErelE T
|A), ZATIE B so|2 B AgtolE L gl

Wi manolE L&A HEL FUojAe o}
7 BAE vt Qe 202 S xpadu)s
Fxol 3ESRe P oz A& ANFg. 2A, B), &
AM ] S AHA AdnjEsr|z ShoiFig
20). B3, AAuAF2 AWl Pb-Ag-Bi-5A1<]
g pm YT mjPREe] JPAE A= gt
(Fig. 20). ©] Z8A FEL B BFE Ve
I, AARE Pkl YASs do B2 os 7ie
oM & UERN L, WERA e #EEA] Fgon, F7]
= 100 ym m¥ro® AEdr)

AguiloX s FATO|Es RpEE| AT,
HojzH g0 B ZAjolE-A 5 EFEE 5
HE AR olFT At diEeE g nie

Fig. 2. Microphotographs of Pb-Ag-Bi-S system minerals from the Nakdong deposits. A. Matildite coexisting with native
bismuth in pyrite; B. Pyrrhotite veining into pyrite contains native bismuth and matildite; C. Galena-matildite solid solution
phases along the microfractures in pyrite and Pb-Ag-Bi-S aggregates within native bismuth; D. Cosalite in quartz vein.
Abbreviations: Py: pyrite, Po: pyrrhotite, Ma: matildite, G-M: galena-matildite solid solution, Bi: native bismuth, Pb: Pb-

Ag-Bi-S system minerals, Co: cosalite, Qt: quartz.
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Fig. 3. Backscattered electron images for cosalite. Note that the cosalite grains include joséite-A and native bismuth (A), and
heyrovskyite and native bismuth (B). Native bismuth is the brightest phase, and joséite-A and heyrovskyite is slightly
brighter than cosalite. Abbreviations: Co: cosalite, Jo: joséite-A, Bi: native bismuth, Hy: heyrovskyite.

s, 27| 4 pmellM 4 W umel| o|E7(7t
A TsivhFg. 3). HAREEEEM FE ARE
Fkshe Agde] uae o WEV e FHEE
7| =rhFig. 2D). AwpEe] 3 P NRE 30
A7) Wbl AR oS wu, EEA 4] 4
AZAE Vepdth of FEE JuliMe oA A
A T, 4 AN, BE S 2 A
Zo] RauHom o] 7ied sietrgde AAFik
EHgAe] o) BE v SIvh(Kim and Park, 1984;
Choi et al., 1986; Lee and Park, 1995).

FaetolE AF el XgEo] 100 pm W] 2
712 A2HE Fo|RRATlO|EE FE Az 34
ALg wal Qloja] olel fAMGE MZS wWE FFES
FzholEe] 7hde® <ls) whAldu]7slliMe] &
o] 4] gt} oS FHHIAAS] /34 BSE)
A g A3, o|REATIO|ER IRl EXT)
oF7h whe Alg winl, AAMIAFEARTE oA
ehdtth(Fig. 3B). FvloiXle 79 TAEA Sh-
oz B AvlolErt wE ul ¢lcklee and Park,
1995).

S5 BN AEEE vldUelEY glekEye
Agi g7-11B11 12-1205F HERIEHI(Table 1, No. 1~4),
FLA = HE AR ZALS o= Aow Ph

7t A9 AEHA g= RAEolth Antunes e al.
(2002)°] BILst widtjolEe] A9 Ph hake ok
1.3 wt.%ol oj&tt. WedlF) nlErolE 2 e
Z7Z2 Ramdohr(1938)= PbS-AgBiS, 7t 847}
98 g Axtded, SE5dde 3% PSe o
54 mole % °©]3k9) FHE VeERl3, 2 oo A4
= FEEA g=ti(Table 1, No. 5~12; Fig. 4). Z+
z+ TEAA SHAAY MR e 2REE THe
UANa) vidrjolE9] &AM olE2 FAXE
NaClg +2E o|FHA A4 ARHsE Vel
e Ao oAZHHoda and Chang, 1975). A
282 Aol A vlge) Ph-Ag-Bi-SAl F3A| 7
T A AR 2217t SelEeR sl ARl
E7Fsstaith(Fig. 20).

Hoda and Chang(1975)8 o4 322 n}
drjolE7F BiS9 Ag,SE 500°CoiM = ZHzt 5
mole %9+ 8mole % 7HAE, 400°CHA = EF 5
mole %7HAE 2% FHE & S-S B3 | =Tl
A7xGe) 4¢ 03~24 mole %2 Bi,Sy7t 3 &
FrElo] 2ok, AgBi 87} 1ilo] opd Z$dl] 2PhTo)
ik Agtel Bi¥tel A& Ausirlvt 4x) kot
olefst L&A AL olol} Folo HY, &
2 o]Eo] M3l Y& W5y 8 27 s
71Zoz veld 5 vk gk, Ade §* oleo] A
3 ]

Y AHTEE PYHL, ©

il

Q
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PbgBi Sg(Heyrovskyite)

Pb3BisSg(Lillianite)
Pb,Bi»Ss(Cosalite)

PbBiyS,
(Galenobismutite)

00 PbyAgsBigSqg

~

AgpS AgBIS, AgBisSs BizS3
(Matildite) (Pavonite)

Fig. 4. Phases in the system of PbS-Ag,S-Bi,S; from the Nakdong deposits.

i)
o)

i

ARl @&oleo] BHA AR AR 75
E &AM Ag FEel & 7 AMRA A
Azl el el 4 313, Bl TR A
ol A7t BA 2 4 Uth

A7A Y Fiteto|Ee] H@3lErEdE PbygBiggg
Agy15S5:% YERIETI(Table 1, No. 13~17), &8
AR} E(Ph,BipSs)ol HIstAA= Ph7t ¥ =0l 3l
o, Agst CuE ZZ Hd 147 wt%s 0.27 wt.
% P31l Q). AT EE Ph-Bi-SA FE st
o) vy &3 AEE AN e R4S
k= A%E =83, Sh, Ag, Cu 59 AES ¥k}
£ AUt tielt. BN AEHE TAE
oJEE Sb7F BiE A&t Phys(Billy 4iShyar)ies
(Ag)15Clg 15002785 Sh-FAEO|ES FAsPI= 8t
J(Lee et al., 1995), ZAH=(Greenland)?] ol¥)2
E(lvigtut) B4l AEEE IHEO|ER Cudt Ag
7} F7e |2 CuyoAg)oPhgBlgsSyd S B
o1ti(Pring and Etschmann, 2002). YW53Ate] #A-¢
Sh g2 tlEE ZZ& g v)vle[ti(Table 1).

G5gAolr] AEEE Fol2B g0 E Hs)
2L Phg 1Ag026Bi2 10962 (Table 1, No. 18~20)
Fleischer and Mandarino(1991)91] 2|3l #AlE o]

ffr 2o

o

o

5823 (PbygAgBisS 1ol Hli® 2HY L ol
Shimizu et al(1993)°] AAFF old8ket24 PhgBigS
o vlsld Pb/t Aoidog AWEy, 22 Ha 148
wt. %9} 29.58 wt. %2 Ag®t Big T3l Yt ol
o w} Y53 Fo|2 BT Er Karup-Mgller
and Makovicky(1981)7F AAISE AgZt AHE PbgBisS
9} PbyAgsBigSig Atololl @l 189} FA =4
2 Hol ot AshE BAAER s ofd A7E
Hero 2= shr] ol Hri(Fig 4).

gurr o Fo|2BAT[ELt Hejohto]Eet 7+
& PbS-Ag,S-BirS;Al FEolM e 2PhPtel ot
Ag*+Bi**e] #A]%o] Yojrini(Hoda and Chang,
1975; Shimizu et al., 1993), o|e}d A4S Agol
g 2gH FojzEB AvlolEY AHYPFY BE
Agt+BiT7t B4 2R E A AL 53
Mz BR1A wF JckMakovicky et al., 1991). 28]
U SEgae] - 2Pp?toll Mgk Agt+Bittel 4
oAM= Bi 2A8HS W] ofgleH, o] A
2 3Pp?Foll iE 2Bt AB= A Yot AL
2 4T & ok 2By olE FESO) YT A
g X3 FAle XA SEEA S BeixT 7Ee A
o2 FHEHATHShimizu ef al., 1993), 534t
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FolZB Aglo|Ee] A9 A AR ¢lE] o
W Ao E AASA] Bt $HH, Large and
Mumme(1975)9] 2]8] Sed|olZHATI0|EY M|
Byg v Qled, $HEgae] A9 Se RS 014~
0.17 wt. %2A v|u]gt Hojc},

o] wlof| FatEtolE B Xpd vl P&
A=3hs BiTe-SAl9] ZAolo]E-A0l HFslekzAde
Biz 93Pby07Te 0.885€0.0551 90241 Shin ef  al.(2005)°]
AXE 22X FABRE Pb7) B 1.35 wt. % 71
3 5ol Stk

5.3. MMgHol gt na

Shin et al.(2004)8 F534e] As-Bi G383
FEE FALHE AFE T HA FotEo] F
§ o|FE #3 VY #dsexe 416~283°C, H]
2R2FE0 Aol o7 3 V9] ¢ 395
~222°Ce] WS AXNEAY, 3 71l 11 wt%
NaCle] d%E2 7IXE 27 A7 &, Jel7iA),
A3 ) T E3 2 YIRS T op)
B gEao) 2 oF 40 wt% TEEE FA9 7
ol FRe HAEE AZ EEEE Z)Ee] oy
HA Hl2RE Fplago] dojd Ze= oA =Y,
olgfgt FAY BEsFge o T gEzAL
200 bar mlgre 2 = Rlct.

T, ApAu| AT joseite-B-Biy(Te,Se)(H1 8<13-8)
FEFY) A& BEsle] BiTeAld] AQHAREE
271°C ol8loll A AZE=, oF 30at. %} 2 =gte] Te
g 3l jostite-Bul Biy(TeSe) FEET 266°C
oj3le] 2T FEh= AR FAHIAHBrown
and Lewis, 1962; Shin et al., 2005). o Lol
UAN ool E 1AV IET0|E FEELS &
A A B3 D)9 ¥jAaFE FESEH 45 Uy
3 A S BAFR oA ol FEQ A4S
A AR Aoz aiMsiint. 718 ERE /A
EHE A8 Bi-Te ZEEY HE 2702 AR
E3Ae] Pb-Ag-Bi-SA FEE A4 2xe U
220~270°Ce| HHE 7= Zo= sMHD.
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