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Gold -Silver Mineralization of the Au- Ag Deposits at Yeongdong District, Chung-
cheongbuk - Do

Seon Gyu Choi , Se Jung Chi , Sung Won Park

Abstract : Most of the gold(-silver) vein deposits at Yeongdong District are mainly distri-
buted in the precambrian metamorphic rocks. Based on the Ag, Au total production and ore
grade ratios, the chemical composition of electrum and the associated sulfides, the gold(-
silver) deposits at Yeongdong District may be classified into 4 classes : pyrrhotite - type gold
deposits( I ), pyrite - type gold deposits ([l A ; massive vein), pyrite - type gold deposits (11
B; nonmassive vein) and argentite - type gold - silver deposits(Il).

The chemical study on electrum(including native gold) revealed that Au content (2.8 to
92.4 atomic%) of electrums varies very widely for different classes of deposits. The Au
content of electrum associated with pyrrhotite (Class I ), ranging from 47.1 to 92.4 atomic%
Au, 1is clearly higher than that associated with pyrite(Classes HA, OB and IM). In
contrast, classes I, II, and Il deposits do not show clear differences in Au content of
electrum. In general, pyrrhotite - type gold deposits( I ) are characterized by features such as
simply massive vein morphology, low values in the Ag,/Au total productionr and ore grade
ratios, the absence or rarity of silver - bearing minerals except electrum, and distinctively
simple mineralogy. Although the geological and mineralogical features and vein morphology
of pyrite - type gold deposits( Il A)are very similar to those of pyrrhotite - type gold deposits
(I), Class A deposits reveal significant differences in the associated iron sulfide (i.e.
pyrite) with electrum and Au content of electrum. The Ag/Au total production and ore
grade ratios from Class II A deposits are relatively slightly higher than those from Class I
deposits. Pyrite - type gold deposits( I B) and argentite - type gold - silver deposits(Il) have
many common features ; complex vein morphology, medium to high values in the Ag,/Au
total production and ore grade ratios and the associated iron sulfide(i. e. pyrite). In contrast
to Class 1B deposits, Class I deposits have significantly high Ag,/Au total production
and ore grade ratios. It indicates distinct difference in the abundance of silver minerals(i. e.
native silver and argentite). The fluid inclusion analyses and mineralogical data of electrum
tarnish method indicate that the gold mineralization of Classes I and I A deposits was
deposited at temperatures between 230° and 370°C, whereas the gold(- silver) mineralization
of Classes I B and I formed from the temperature range of 150°—290C. Therefore, Classes
I and DA deposits have been formed at higher temperature condition and,or deeper
positions than Classes IB and III.

* BERH B KB HWIREIEHEFH (Dept. of Earth * * RBEIE) N EF T (Korea Institute of Energy
Sci. Education, Korea National University of and Resources, Garibong-Dong, Kuro-Gu Seoul,

Education, Chungbuk 363—791, Korea) 152-600, Korea)
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(- silver) deposits in the Yeongdong District.

—9) are given in Table 1.
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Fig. 1. Location map of the studied gold

Names of deposits (1
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Table 1, Summary of gold—silver deposits in Yeongdong area

Name Major Index Main Vein
No. of Fe-S Host rocks
mine metals metals mineral occurrence
1 Manmyeong Au Ag PY nonmassive granite
2 Namseong Au, Ag PY nonmassive granite
3 Yeongbogari Au Ag, Sb PY massive gneiss, schist
4 Geumpo Au Ag PO massive gneiss, sehist
5 Hwagsan Au Ag PY nonmassive quartz porphyry
6 Daeil Au Bi, Ag PO massive gneiss, schist
7 Samhwanghwag —D Au Ag PO massive gneiss, schist
8 Samhwanghwag —M Au Ag, Bi, Te PO massive gneiss, schist
9 Yonghwa Ay, Ag PY nonmassive granite

Fig. 2. Photograph showing the mode of occurrence
of nonmassive vein. Pyrite—bearing quartz
veins from Namseong mine are mainly char-
acterized by brecciation, drusy -cavities,
crustification and comb structure.
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Table 2. Ore minerals observed from Au-Ag depostits in the Yeongdong area

Name of mines po Py mc gl cp sp ap mt bi ar ag el pg jo gr Class
Samhwanghwag—M * * % * kk ok ok * - - - = I
Samhwanghwag —D % *% * * kk ok ok * - - — I
Daeil * ok ok Xk kk ok ok ok k - - - - 1
Geumpo * %k %k * %k k * ok * — — - - I
Yeongbogari * kokk  — kk — ok kokok - —- - - 1A
Hwagsan * %k ok . B *® — 1IB
Manmyeong — kok %k * * — * * — 1IB
Namseong — kok %k — * — * % * — — 1II
Yonghwa * k% * % * * — — I
Abbreviations : % % ¥ =abundant, * % =moderate, * =little, — =rare.

ag=native silver, ap=aresenopyrite, ar=argentite, bi=native bismuth,

cp=chalcopyrite, el=electrum or native gold, gl=galena, gr=graphite,

jo=joseite, mec=marcasite, mt= magnetite, pg=pyrargyrite, po=pyrrhotite

py=pyrite, sp=sphalerite.
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Fig. 3. Photomicrographs of polished sections showing the mode of occurrence of electrums and nati
in reflected light.

ve silver

A > Electrum closely associated with pyrrhotite,

marcasite and chal-
copyrite, Geumpo mine.

B ! Small electrum particle within joseite associated with galena, Samh-
wanghwang—M mine. C : Electrum associ ated with galena and pyrite,
and sphalerite grain boundaries, Yeongbogari mine. D : Electrum with galena governed by microf-
ractures of pyrite and chaclopyrite crystal, Hwagsan mine. E : Electrum closely associated with
argentite generally along pyrite and sphalerite grain bound
minute inclusions of native silver, argentite and galena,
100 #m in length. See Table 2 for mineral abbreviations.

generally along arsenopyrite

aries. F ! Coarse-grained pyrite with

Yonghwa mine. Bar scale indicates
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Fig. 4. Au content (atomic %) of electrum from the studied gold (-silver) deposits in the Yeong dong

District.
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Geumpo mine
Samhwanghwag-M mine
- Samhwanghwag-D mine
20
>
8
c
o
=
o
o
I
10
1 1 1 1
(o] 10 20 30 40

50

60 70 80 90 100

Atomic percent Au

Fig. 5. Frequency histogram (numbers of analyses) for Au content (atomic%) of electrum from Daeil,
Geumpo, Samhwanghwag—~M and Samhwanghwag—D mines closely associated with pyrrhotite.

dustel, 4, w4
3 44 B4 e Feea
1%—24 o2 FA4s Yy

o, o] £ 7hol] oﬂeﬁlz

AlDHFlg 4) °I— 6&‘94 24
atomic % AuZ 2-FAF 43 FE3E o9 Edd] 13}
o AT 24 A3hE JdebdZ Yok Fig. 68 93
A3t g Eglo] TS kol ekl ol Eg9
¢ (atomich Au)zt W %49 A2 2 B 2
Mag Aolek ol F B4k Fol AT dusteloh Sapa
A ol 3 ER 2 e}datell wlated wlmd o e
9] _'_Eokxyo _‘i“iT—'ﬂ— Alr’!’ olu}.z-l o7 %ol;q_,q. ]
ol  E&1 & oF 20—30 atomic % Au AL 24 Ao

€ AFT A, YAl 24 A FaD 4
Wo 22 2 atoll 4 ol =) ZAWBE F2 o

A4zl 4gatolol olgt Aok,

s Y%L 2.8—86.9 atomic
AuZ ‘:}"Ec ng‘&"ﬂ H]??]'ml dlelq o Agk zAws}

% BeAFT o], olej gt old = o] Febepe] Wat
B FE B2 329 %6l @) 2A95E Aae o
BRI gleh 5, #3489 FubEo] glo] Ao e
BEo 3

= |
o &7 ol= g}, Flg 7 HAZ 2
ad) E g Dﬂﬂ
#3}7]0) %

o) 5] kAL W o] 21‘,_7_ p], n:}.g}.,(—} LL/H:LLA]. o“ 4l E
o BRI FIL FEA19 Ao 2 st 24w



BHACE KR SRHEK) S HHALE RN 3 R 375

(o]
ol a &ato|
q2 o Fegabel wlshe] FL YAk w
o W3 Ag/Au ¥, W] A4 oA E
FAE 2 Fe—SA 38, goag9
FHHoR umAEs v, of

&3 2L afHoz $Hectun,

I L ARy 23

=
T

HI

R

o o
fr

ol
4

flo mn 22 X of
<,
M ok
ok
i)

o~
ut

3
o

ol du 2
of
>
>
rle
R

Frequency
o <1 o=
ox . 2
&'ﬁﬂ_&
o rr
Fiv
2
tii
fo(m
ou‘i‘.c“{oﬂ
. %B_d
e M
pgri
to .
2o
:>otur‘|*
[+ ST
\ofw-'
> g T
£ o
Er]ooy_
ol

o2t o -
2

#42)

o= =

2
k)

10

of AN oS tol, DAY 4 Ag/Aus]
sh ARt #4158 BofFoh,
4 HEAY TS : B dypdoz x

) 3
FAY, B4FE, NeTE, AEgT
L
2

o 20 ) %0 B0 700
Atomic percent Au

<!
Fig. 6. Frequency histograms(numbers of analyses) ol ol = chere] 3o, 2hed o8
g)r Au contept(atomlc %) of electrum from oh. BBl g E e Faolol whet 3o
eongbogari (a), Hwagsan (b), Man-
myeong (C), Namseong (d) and Yonghwa Ag/Au w17k 29-517] af o, My 249 Ag
(e) mines closely associated with pyrite. Al 1, NA, IB¥S 349 Ag/ Auvd|
dete] Aebe] L a2 vebd=, 2 H3le
7b obZl® A8 o 4 o). A&t Ho|c),



376 EEE - it - FMET

804 |
wt, % |
Ag -0
Ag La
“© ey .
X B, Y
N
B| C B B C| C
] \
0 o)

Fig. 7. Back-scattered electron images, linearscanning profile and corresponding X-ray images sho-
wing the textural features of electrum(type B) of main gold-silver mineralization replaced by Ag-rich
electrum(type C) during late silver mineralization. A : Back scattered electron image for electrum
(type C) occurring as partial replacement bodies along the grain boundaries of electrum(type ().
B ! Back-scattered electron image of the area of rectangle marked in A. White bar scale indicates
100 #m in length. See Table 3 for mineral abbreviations. C : The linearscanning profiles from cha-
racteristic X-rays along the line X—Y marked in B. Heterogeneous electrums{type C) show a

wide range in compositional variation. D :Au L, X-ray emission image. E 1 Ag M. X-ray emi-
ssion image.
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TS| MYEH FJeEE ARG 2AZHFER RolE Ankg A4
22 gl o] dAFel e AR Al Bl At 735
dEx o] FL4Ade gt AAFAF Y FHL A 7] W Foll FEA| el w2 & HA3be mHsR &
5o BAFTYFo o3t AHH WA ¥ FAEZRE- T vk 5 B4 RFAZFES Aol WA A
&) ATE Fote] FLpspagae A eE) 3 ¢ 7o FA %ol wet, I, I, T3 2HEZ EF
ohg FHE + 9l o, 18 EHE2 A4ERE, 18 2RE2 7
o g o] FeFgAFol A Sslgabal A AL B Az4E, I8 E/EFL 24 3 44 THE
Aol A5 A -3 24 —dofd A ol E ] FF olch, slaalz ubdBALA A9 138 Z-f-Fnbol
FARAE AF BdF2 gevl, °]l< Barton and AEE e, FEAAs FAAel A oheke] 139
Toulmin (1964), Scott and Barnes(1971), Barton FIHEF s F4Y 13 EH-Fo] A=l 4tst
and Skinner(1979)%¢] A A3t Azlel] Ab7] T4 IHA shabaloll A= oheke] 18 ZHE3 4% I8 =%
S Aadtogy Fogsiagae AA4RAE FHY Eulo] AHE Rt o] T4 FAHH FAZTHE &
T ok webA ol 5 H4ke] AlotadMal of @ B Aslew 9} So et al. (1989)] 2|sHA Bl g3
st EPMA 248 44 #AA42] slebxA-& 7314 Abzl o ®rbe] HAlol] i q FAEZTHES] A} X
o}, 83}3AkAl Adoled ] FeS 332 0.1-6.8 X Table 33 7tch.
mole% o], ojdl Ele] &3tek(NAg)-2 0.6—0.77¢] L34k Al TH-Eoll old FASfEE 210°—
oh. G BARE dotad e FeS ¥ 0.9-7.1  208Co|#, WA B4kl A& 195°—279C o]t} o] &5
mole% o], oldE® S 23tzk(NAg)-L 0.55—0.72 £ A B Akl cal A o] 3 7-5-(1987) 0] AlAI”E A 9
o]t} o} & Shikazono(1985)7F AjAjatk Aol wfalsid, TAsL eros A A sk glv) =held, olE3 F
galaate] Feasislol i 4=} Fakdehe gAq AEAFNE Fsld FLHAR] E3bgAbal A
140°—274°C, 107" —10"“atm o}=, AgAlell A& HAko] F2H3 oo A Lo B3y & Wsksld] o}
167°—295C 107"—10""atm olc}. =3t |5 HAlo 59} frakiele] A ozl & F Urh
F7 e3slr)E A3 A AETA FHHLHel Lol AgE-M, dd, I, 98
AE BT glong olF FEEXT it A 7hel Akl gl Al 45 TR EL g

A4 2% ol 3kl 150°—190C 2} 107" —10"¥atm 2 230°—370TC

il 2
2 23" 4 o}, —70CA=E +

BeE RAF ¢k (So et al,
FAZRES A7 &4 FIdE A%t -M, 22, 1989) =3t A FAbal 1A & abE FAL A FHAks
ab, £3}h, A Akl Bldte Mg darew A vlizdte] & @ BE FA A A A2 zpo] & e}
Table 3, Data on fluid inclusion of Au-Ag deposits in the Yeongdong area
Name Host Inclusion Th(C) NaCl
of Stage* equiv. Reference
mines min type** range peak wt%
Samhwanghwag—M Q I>>>I01 230—350 295
Daeil Q I>>>I1  246-375 355 31-9.1 So et al.(1989)
Geumpo Q I>>>I1 211—-349 280
’ I Q I>>>0  246-372 320 2.6—-74  So et al.(1989)
Yeongbogari
I C 1 240—329 265 4.0-7.4  So et al.(1989)
Manmyeong Q 1 206—285 240
Namseong Q I>>>I10 195—-279 235
I, 11, 11T Q 225—355 255 Lee et al. (1987)
Yonghwa Q I 210—298 245

* Stage I=early stage ; Stage II=late stage.

** Type I=liguid—rich inclusion ; Type II=gas—rich inclusion ; Type III=polyphase inclusion
Abbreviations : C=calcite ; Q=quartz.
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