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Compositional Variations of Sphalerites and Their Genetic
Characteristics from Gold and/or Silver Deposits
in Central Korea

Seon-Gyu Choi*

ABSTRACT: Chemical compositions of sphalerites from 25 gold and/or silver deposits in central Korea were obtained
with an electron probe microanalyzer. The FeS contents of sphalerites depend generally upon the assemblage
of associated iron sulphides (pyrite and/or pyrrhotite) especially. The sphalerites coexisting with pyrrhotite show
a narrow range of FeS variation, but the sphalerites associated with pyrite and/or pyrrhotite have the variable
and wide range of FeS contents. The sphalerites from Au-dominant deposits, which vary considerably in each
deposit, are generally characterized by high CdS content and low MnS content. On the contrary, the sphalerites
from Ag-dominant and Au-Ag deposits tend to be characterized by relatively high MnS and very low CdS content.

Based upon the mineralogy, fluid inclusions and stable isotope data, the Au-dominant deposits were formed
under higher temperature and deeper depth than the Ag-dominant and Au-Ag deposits. The results suggest the
possibility that the diverse sources and evolution of ore fluid at the time of ore deposition are responsible for
the deposition of Cd and Mn components in sphalerites.
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Fig.1. The locations of gold and/or silver vein deposits in the central Korea discussed in the text show distribution
of Daebo and Bulgugsa igneous rocks. Gold deposits associated with Daebo igneous activities (@), gold-silver deposits

related with Bulgugsa igneous activities (O) and gold-silver deposits of unknown age (2). The names of the ore deposits
are listed in Table 1.
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Table 1. Summary of gold and/or silver deposits.
Related Associated
No. Ore deposits Types* iron Host rocks . . Groups
sulfides** igneous activities

1 Taechang Au-dominant deposit po>>py  gneiss, granite Daebo igneous act. I
2 Boryeon Au-dominant deposit po gneiss, granite Daebo igneous act. I
3 Mugeug Au-Ag deposit py granite Bulgugsa igneous act. v
4 Geumwang Au-Ag deposit py granite Bulgugsa igneous act.(?) IV
5  Geumbong Au-Ag deposit py granite Bulgugsa igneous act(?) IV
6 Ilbo Au-dominant deposit py>po  gneiss, schist Daebo igneous act. A
7 Daeheung Au-dominant deposit py pegmatite, gneiss Daebo igneous act. A

8 Seolhwa Au-dominant deposit po granite I
9 Jeoneui Au-dominant deposit py>>po  gneiss, schist Bulgugsa igneous act. 1B
10 Cheongju Au-Ag deposit py>po granite Bulgugsa igneous act. I
11 Geumseong Au-dominant deposit po gneiss Daebo igneous act. I
12 Namsan Au-dominant deposit py gneiss, granite 1B
13 Imcheon Au-dominant deposit py granite, gneiss Bulgugsa igneous act. 1B
14 Manmyeong Au-dominant deposit py granite B
15 Namseong Au-Ag deposit py granite m
16  Juujinsan Au-dominant deposit py phyllite, schist 1B
17 Jeonjuil Ag-dominant deposit py phyllite, schist Bulgugsa igneous act. v
18 Weolyu Ag-dominant deposit py quartz porphyry, tuff  Bulgugsa igneous act. v
19  Yeongbogari Au-dominant deposit py>po gneiss, schist Daebo igneous act. A
20 Geumpo Au-dominant deposit po gneiss, schist Daebo igneous act. I
21 Hwagsan Au-dominant deposit py gneiss, quartz porphyry Bulgugsa igneous act(?) 1B
22 Daeil Au-dominant deposit po gneiss Daebo igneous act. I
23 Samhwanghwag-D Au-dominant dposit po gneiss I
24 Samhwanghwag-M Au-dominant dposit po gneiss I
25 Yonghwa Au-Ag deposit py granite Bulgugsa igneous act. m

* Compiled data from Korea Mining Promotion Corporation (1977-1990), Park et al. (1985), Park et al. (1986) and
Kim and Park (1986).
** po; pyrrhotite and py; pyrite.

0:117].3] - 2% . Al )
°1W AF =i} (Table 1). FF-A| o] Zegae 2o

A e g

dominant deposit) *
gerd ¥ 4Ab (Ag-dominant deposxt)-"»] Al
Bo) EW B4 FAF P48 B4

u

o B4E FedE
FERIIEA U FLY, FINUEY o
-A

A o}
R

O F H =
vaéf—i Ry
"1

Fe £5

2 el 58 2AZ AFHAY 234 (Group T) -

Y %4 (Group 1A, IIB) - 31248 o
(Group II) - <tej &3 FL234 (Group IV) - okg).
2374 (Group V)9 6717
411, 1992). Fig. 2=
349 F

28F @] 4R E EFe

g o

Fo= At

3

O

r=
o

rz:
,=14

A7) BARHA g} 7Rag

AlgE Ao g

%9 FEppe
w2} Ag/Auslzh 014

(Au-

@A 2
FH2) FEAE LEN} 274
—I _7

I3te] Z7iee AAARAZ Yl gle

Group Ie1A] Group VE 93l

A 200002 Auidog

dominant deposit)-S-

01 2 7He
A% o 4 vk 291, FPRARBe Groups |
I Had WelelA Hatsiz
el

AR =

AudlZb A F 010014 10074219 F& Wgulel A

Ag/Auv]= 1.0~500.0

Holol, FUFANANE B89 324]7)

Fol F7Hdel weh FAe Fegy
e AT ik g 4

| oleidt f3e] diEA Fako)
% (Au-Ag deposit)ell /] 349

BelelA F2 dshsle e

Ee P



138 3
Group |
)
2
X 1 e 100 1000
Au (/)
Group 1A
10000:
10004
)
=~ 1004
° i
<
104
o T 10 100 1000
Au (ght)
Group IiB

Ag (gh

Au (gft)

Fig.2. Logarithmic plot of ore grades of goid

web WA Holg eiFL Sk EAY FaoE
¥ 29 AR Ak LARAY Y (Agdomi-

nant deposit)®] FAZ Ag/AunlE 10.0~2000.02 A3
Az wet Aukdog A Wsigs Hold, o

el A Aldg R 8o Fabe] nud vl
low, Fedsage] B4 (BHF Ui AgAwE

_ﬁL
Group il
10000; -
bl
3
1000
hnd 100
o0
<
104
10'1 Ty MM S T o
Au (@ht)
Group IV
10000
10004
£y
o
~ 1004
o
<
104
4 - - ——
-
L
1 T
0.1
10000;
10004
e ]
(2]
~ 100
[o)]
< ]
105
1 T T T
0.1 1 10 100 1000

Au (ght)

and silver (g/t) for 6 genetic groups.

7h a2 023004 36741747 A Ro]E Rolx
olg ®uk ohz} (F A, 5w, 1992), olfd +2%

AolH AZE Aol ME B4 wE Bulo] we A
ol FETARAZ e ek

Aojedsle) shatxide AAdieti EPMA (JEOL Su-
perprove 733)9l oJsiA A, Aotde) AW
o] izt Mubdel ARAE B st 7 Al
ol A 75a B3 7ER ok BEZAIAE Bole
AEE Addste] ALY EE A stsict. 29
v, 7 PAEE g EA RS Addsle] A A 7

%

=
9% Zn-Fe-Cd-Mn-Cu-Se B4 (JEOL)



A5 FHA T Aoladne) zasieh 4oy 54 139
Table 2. The FeS, MnS and CdS contents of sphalerite from gold and/or silver deposits.
G Ore Mole % FeS Mole % MnS Mole % CdS
roups
P deposits Average S.D.* Range Average S.D.¥ Range Average S.D.* Range N**
Boryeon 1427 245 5.81-17.07 0.16 009  0.00-0.34 0.15 004 005021 39
Taechang 15.32 138 12241764  0.14 0.09  0.00-0.32 0.26 018  0.00-066 42
Seolhwa 13.17 112 1061-14.79 0.05 002  0.01-0.08 0.64 020 041121 26
1 Samhwanghwag-M 1192 127 9.07-15.08 0.15 009  0.00-0.31 223 299 0.03-11.37 28
Samhwanghwag-D 12,67 0.87 10.96-14.39 0.02 002 0.00-0.06 231 0.52 1.40-3.03 23
Daeil 14.59 145 11.81-17.23 0.14 0.07 0.00-0.25 1.51 0.28 1.06-2.29 49
Geumpo 14.66 116  13.23-16.19 0.02 002 0.00-0.04 327 013 311348 5
Geumseong 14.84 0.57  13.73-15.55 0.07 0.03 0.03-0.15 1.31 0.25 097-1.67 20
Ilbo 1091 178  490-16.38 0.02 002  0.00-0.07 0.22 007 007040 62
IIA Dacheung 9.22 268  3.83-1407 0.01 003 0.00-0.14 033 012 014054 51
Yeongbogari 12.76 352 4.05-17.36 0.08 0.07 0.00-0.31 1.98 064 085457 66
Imcheon 743 385  0.21-14.33 0.06 0.05 0.00-0.17 040 0.15 0.170.77 37
Hwagsan 1.29 0.44 0.75- 1.89 0.03 002  0.000.05 0.13 0.03 0.10-0.17 8
B Juujinsan 7.18 145 4.26- 9.26 0.04 002  0.00:0.07 0.67 0.27 041-1.02 10
Jeoneui 12.22 264 5561831 0.01 0.02  0.000.15 0.53 0.29 024-2.14 54
Namsan 3.57 1.72 0.65- 7.34 0.01 0.01 0.00-0.05 0.79 0.12 0.66-1.29 35
Manmyeong 15.86 0.88 13.86-16.98 0.12 005 001017 0.14 002 0100.18 10
Cheongju 14.38 313 7.89-19.55 0.80 042  0.07-1.86 0.05 003  0.00-0.10 40
II Namseong 4.63 1.53 091- 6.92 0.08 0.13 0.00-0.49 0.19 0.09 0.00-0.33 35
Yonghwa 1.76 232 0.09- 984 0.02 0.03 0.00-0.13 0.30 024  0.00086 45
Mugeug 1.61 174 0.03- 743 0.02 0.03  0.00-0.20 0.11 011 001047 45
IV Geumwang 2.55 133 030- 5.88 0.01 002  0.00-0.06 0.04 0.08  0.00-060 50
Geumbong 2.59 095  0.72- 420 0.01 001 0.00-0.03 0.03 002  0.00006 29
v Weolyu 1.96 0.61 0.09- 3.11 0.32 0.27 0.04-1.00 0.08 0.02 0.05-0.14 31
Jeonjuil 1.94 1.01 0.78- 444 0.50 020 012112 0.26 0.06 0.00-044 42
* Standard deviation.
** Number of spot analyses by electron microprobe.
T ol4% HEAT ANt AFEAS BEAE 2R )T oo, 7 4BE AW W Falo|
2= PYARA 205, CuFeSysh 342 Mn-Cde A weh chokah sloprs vehin sleh webd, Aoja
S3tglct dicqs AR Fe:Cd-Mn A#& ¥EENYH  MF Fe-Cd-Mn A¥7b) 243ole] tat 4L 79
SR 245 AR T8 AR wAYel A& 5] Slale] BRI - FeAsFAG] B . BT
s 423 mole %E A4slsich YU Fe-SA 32 35 w: gedE 244D
M T2l A AR F 60001 AHokdd qlale]  Beixe EHog vlmAEsI
A Y wE FEEAS ST, 3 PRaS
= 9000} o]t =3, 7 FabH 2 Holed A 2] Thalglajo) HESEUAN wWE 54
3 2AHEE 7] fsle] ARAL AN A, o
oo} Aot T iAol 1~2mole % FeS HotdAle] Agfeke 2 AR 0.03~1955 mole
Awe ZAAelE Balch dok Bl FAMY 9 FeS WolulelA g 2Ae]S ez gty
AEE HYOE Holddel Hetzde FAslel 4§ (Table 2), Mololdlah TASH: Fe.SH B29) 28 (1
W BEAE PGl I M FEAL WY FAA mE A6 wet A4G 08 P vl
BAAAE AR 7 DA 25 ARRE 4 HolddF AFFFL AFANT WA DARA
22 SSpAo] AAENY] dEe] HEAZA tha d 2= Rl Ash AeEM-ASRD o 2. 2
A7k ole & olvha Bde) Holdd F Fe-Cd-Mn  Aablela] Aubdoz %o Aake waln) Sustel. 4
42 Table 2] AN wlo} o] 7 bz WY 2. Ae)Pare] HoldHE AERAo] Aepolxu)



o HIF

7“ vehe, >10mole % FeS-4 oj$ Algk
elfich A4S 2] 23 YDA S Kol
whaks A 9)gk VA Bake] AojelAe
wro Aghgere] $¥ A% ¢ Ao
<10mole % FeSel ¥ WHsifalA Hstske 57
el olejq 7 Fake] AotdMF AFFFE T4
Agd weh FFA7 A58 F donE e §¥
EAd upe} FEA Q) A3t vl Es I (Fig 3).
%J’M"Jff*ﬂ“oﬂ £31= Groups L, 1A, 1B} Alopad M
AuA o2 Ee Agtere] RIS Hole
czgg Pl Groups I, IV 3 51
Group Vo] Aot BFHAE 11]91'8} %_‘{V—igi
<5mole % FeSZ 3] & A=

Lw

Wl it o

s 3
=1

W ek 22l AFPIAE FeR %ol o 4
23 BAo] MolddFE FeSaHr#e AFAAS Fd
Fuze] dojelel wlste] 8mole % olalz AX
we EAg melrh oledt AL shsdeE 5
Fshtae] A BAS 2 FAel Aol
HE A QAske %S Balth Holddd) Agfe
AgAos AFAM] sl G vsel A
e ege) o AxHE P FEACR W
dehhe A4 2

A TE S

2 K-Ar A& A s0h FH 5]
TJroﬂ oJstdl R RF v BT
i}*é%%ﬁr Av=l %l%gi FEF ook drsd S
b2 ﬂli&-£€d~°éi-ﬂ1°é-%"é'
2 BEA7)E 158~129 Maol,
%%*}ivé%‘%ﬂl 94‘1%1 49 Fepde dA - A
R R b -
ez %ﬂ*l 7)1 108~71 Mae]ch. of2idt el A
ME /\]7]"— 25l 344 E‘J-Ejv,}

/Ao}oiﬂz AF Cd FHFe 38442 003 mole
%ol A ZEAALS] 327 mole %2 7‘ S s
AaHA wstshe s Bl EaAb A *‘]r #
g Zo}are}l HoldME Cdghgeke Zupd o & Shi-
mazaki and Shimizu (1980)7} AA13 A7} 2345 3

00

60

Group 1

0 5 10 15 20

N = 179 Group IIA
v
20
0 _I_‘-ﬂ
0 5 10 15 20
“ N = 154 Group IIB

0 5 10 15 20

Frequency

Group 1

0 5 10 15 20

Group 1V

Group V

10 15 20

Mole % FeS in sphalerite

Fig. 3. Histograms showing the FeS contents (mole %) and
average value () of sphalerites for 6 genetic groups.

7t 043 mole % CdS =+ Mookherjee (1962)¢]
iyl g A7zl 05mole % oo »lird
gefe Ralth (Fig4). 2y, drsdgss 4
Fo] Aopad e BFASIA B o3t 23l

7@“&*—13& %% Cdﬂ%'% (>0.5mole %)&

o
2
o
=
3

rjf_‘,ro—D

A9l Cdgirake A2 usdt
(Park et al, 1986' So et
EEH
Holx gleh Z, %—%Xl“ ww ojse

Exd

il A2 0.15
mole % CdS®E 3 fFe] A& vehA,
JEA Y o FArat Aot

g

#e
rlo 4
gﬁ_ll

Jin

1.51 mole % CdSZ. o}

2.
,LOJ—A 7}0“ _»]—A]-%G:!E_ R

= 79 FABIER (Table
S99 Aol 4 Biehol

)

I

ot ofd



4.0

3.01

2.04

Mole % CdS in sphaletite

00% 5
Mole % FeS in sphalerite

B

7]

3.0

2.04

Mole % CdS in sphalerite

15
Mole % FeS in sphalerite

10 20

Fig.4. The relation between FeS and CdS contents (mole
%) of sphalerites from gold deposits associated with
Daebo igneous activities (A) and gold and/or silver depo-
sits related with Bulgugsa igneous activities (B).
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