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Chemical Variations of Electrum from Gold and/or
Silver Deposits in the Southeast Korea

Seon-Gyu Choi*, Maeng-Eon Park** and Sang-Hoon Choi***

ABSTRACT : Gold and/or silver mineralization in the southeast province, Korea, occurred in hydrothermal quartz vein that
fills fracture zones in Cretaceous volcanic and sedimentary rocks of the Gyeongsang basin or granites and Precambrian
gneiss. Most of the gold-silver-bearing veins in the province occur in Hapcheon, Suncheon and Haman-Gunbuk area
where they are associated with Cretaceous Bulgugsa granites. On the basis of the Ag/Au ratio on amounts produced and
ore grades, mode of occurrence, and associated mineral assemblages, hydrothermal Au-Ag deposits in southeast province,
Korea, can be classified as follows: pyrite-type gold deposit (Group IIB, Samjeong and Sangchon deposits), antimony-type
gold-silver deposit (Group IV, Gisan and Geochang deposits), and antimony-type silver deposit (Group V, Sanggo, Seweon,
Seongju and Gahoe deposits). All of the gold-silver deposits in the province are generaily characteristics of the gold-silver
or silver-dominant type deposit which contains more silver-bearing minerals than those deposits in central Korea. The
gold-silver mineralization in the deposits consist of two generation; the early characterized by gold precipitation and the
late represented by silver-rich (as silver-bearing sulfosalts minerals) mineralization. All but one deposit (Samjeong deposit)
having relatively lower Au content in electrum values between %20 and ~50 atomic %. The mineralogical data on ele-
ctrum-sphalerite and/or arsenopyrite geothermometry and fluid inclusion data indicate that the gold and silver minera-

lizations were occurred at temperatures of 190~280T and 150~180T, respectively. These suggest that the gold-silver
mineralization in the province occurred in the lower temperature and pressure conditions as epithermal-type hydrothermal

vein deposit.
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£8 Ale FE Woby] 7~ S5 DAt #
Hy Aog 1= 7 9lr}(Lee, 1981; Shimazaki ef al., 1986;
Soet al., 1989). AT 2 4ake] YA & B34 54 <A 9
A dujste] ©AsE, 22 FALE F2 A
A M5 AN FxHD Stk (Fig 1), 299 F
2RE A skl skok Aol 5 ook BotE
gt 45 9 G0 E A dedudHAE
TAHY, &9 gefo] A2 £ F-LHAOR HRS
AgES UMY d9E 2=t (So of al, 1989; Shelton ¢f
al., 1990).
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ARel wpe =3siatg 2 F3pA 9 Wl gste opy]H
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HOM2S BATH PEsH: AR $ARNLE B
Aoz £A238 A $U53 ol% BT LR
B% sl 2 959 92 299 04z §Fe4
FULPAZ oA, Fohe Furd ol we} 2]
4P BRI Y HY 9L $9A0E 1km, $4
Ao 2 300mo| g3te, #ZL 2~20cmo)ch.

D) NeOCWRHT: & FAZL A @~5emezA 43
ARl Ae, B2 2] YL AR A2 s we
9, 93 HES EYHL QA gl SAelk

2) N2O°W o4 20° 479 £ A7) BT 4
St (3 0em). G o2 e FR<igo] 3 342k 2}
Aol oo AUAo 2 ¥7)9k PHS Ut £3] B3 PR}

BAL BATE o Bl mE 54 s (RehtAl ¥
Hof S4)E ek il Beshe dd Yo e
o] F3h4E (A0 20%)3 d4d B2 sk 39
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Fig. 1. The locations of gold and/or silver vein deposits in
the southeast province, Korea, discussed in the text, show-
ing distribution of Bulgugsa igneous rocks. The names of
the ore deposits are listed in Table 1. Open square; Au-do-
minant deposit. Open circle; Au-Ag deposit. Solid circle;
Ag-dominant deposit.

o] APAe 2 AEY (B FES=2g/ton)elr}. I B
FF 31480 THE 7] g3 A AR (tuffaceous
sandstone layer)#e] 23} ARG A= 7kt FFsjaso] 5
whsjo] nES B3 & AT

B3}aH4-2 RokEo) g} & W3S Holx] gfon 747} 3
3o F3}a)7) 2 TR FFA FE AL F3H 1]
9 I7]o] o] Fojgon, Jule A¢Hguo R e S
HI %3t MHoldl A, Wi, 354, fu|HA S0 vad ¢
T FETARAE Bo) Fo A FERA Ao, UM, 9
AA, ZHA D |y Fo A

.28 AL F327]) Bohge] oS TR B
W2tk 7] dAlo] fd€ L2} G Aol g3 Y74 o
B3t A9 A ot B P Agsglow, o
degds DAsA A o FAERE 793 &5
27)7} 294~305¢C, 77} 221~291Co|c} (ahef <l 1992).

BHBYTAE A%, 43, A4 A, AT 2 hE0)
PEae A4 D P ALE o5 2
A% ARAEE A elol] WS eol}



LERE CE R T EECDE L e 327

Table 1. Summary of gold and/or silver deposits in the Gyeongsang area.

Commodities Associated Ag/Au ratio in ores* Major Vein
No. Ore deposits Fe Host rocks
Major  Minor  metals Average Range sulfides occurrence**
1 Samjeong(Yongjang) Au (Ag) Sb 5.30 0.06 ~ 21.70 py  nonmassive sandstone, shale,
andesite
2 Sangchon Au (Ag) 8.59 309 ~ 1523 pY nonmassive anorthosite
1.77%%*
3 Gisan Au, Ag 2.97%%% py  nonmassive gneiss, granite
4 Geochang Au, Ag 10.67 073 ~ 41718 py  nonmassive gneiss, porphyry
5 Sanggo Ag Au Sb 194.76 71.82 ~ 292.00 py  nonmassive gneiss, porphyry
6 Seweon Ag Au Sb 731.39%%* pY nonmassive shale, sandstone,
(Unsu) granite
7 Seongju Ag Au Sh 676.38 0.50 ~ 1781.04 Py  nonmassive shale, sandstone
178.72%**
8 Gahoe Ag Sb 3468.99 41.58 ~ 6970.00 pY nonmassive shale, sandstone,

syenite

* Compiled data from Korea Mining Promotion Corporation (1977-1990). ** Nonmassive vein in this study means relatively well-developed
crustification, drusy cavity and comb structure. *** Ag/Au ratio for production.
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Table 2. Ore minerals observed from gold and/or silver deposits in the Gyeongsang area.

Ore deposit po pY me g cp sp ap lo hm el ag ar td pl P2
Samjeong - B — * - ** ¥ — — — —

Sangchon hidd * - ** » - _

Gisan i * - ** _ _ _

Geochang - b - * - * - - - _

Sanggo E1 1] * - *% —_ —_ —_ -

Seweon %% ** _ Xk¢ _ — * — —

Seongju - i - * * i - - - - - — - -
Gah k% * 2] * * * _ _

Abbreviations; ***=abundant, **=moderate, *=little, —

=rare. ag=native silver, ap=arsenopyrite, ar=argentite or acanthite, cp=chal-

copyrite, el=electrum, gl=galena, hm=hematite, lo=loellingite, mc=marcasite, pg= pyrargyrite, pl=polybasite or pearceite, po= pyrrhotite,

py=pyrite, sp=sphalerite, td= tetrahedrite.
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BA3) dul=) gelE FA TR AA ou| S rAHo g
S A8 Table 29} 7tk

Yol 84

TSR AR E e FA5Y F- 23k Ak A9
T FEARRATY ot 2.9ld dek AT Ao)E
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(1992)0] A F+ &4 ERIIES A7) F-SHAo A
43 4%, 3348 334 (Group IIB), el 2y 3234
(Group IV) 9 <t} 28 234 (Group V)&] A71A] 3oz
Tedoh 2 Ak - 2qtehunhe A4ele B
319 Group [1Bel] 43}#]5} AlQIA 2.2 Xenothermald ol -§
A 702 Fets]o] Group [IB*E T-#3t9 7 &89t} Fig
© Y B T 2¥¢F @Y AHHE e
A A0, of2|d FEPL 7 B4 FHEE AT Ao E
vehdl 2 glek Group IV 44 349 FE4e 244
|3 ste] Frhele A ARHA EAL oAk, ek
el Ae AR BAR e naldh FRDA A
ol Group IIB= R9] 3to] 0.1~50.09) F-2F <ol ) ¥ 3}sl
AR B LEGH AT 23 FF4kl Groups IV, Ve
10~90000¢} 1o 2H F4HE RS Bl g
AY 234 P45 RAgAwr= 9499 54 &
7k Rulo| wlsle] o)A F& FEPYE Yehit) (Fig 2).
449 Group V¢ RelE 10~20000]4, £932Y Group
V4 Rl 1~N00002 AdH oz FAre opabL yald). o
A3 AL F A9 FL4EY £F L A Az
Zolel 7198 Ao AEdr). ol FEHAAY F23
Ao A FEROR F3piyle] Lgsiatse] $AT FAFHE
& A= 9leh
HHEEH H MolMo 3i&ixy

AHEHE 2o FAA FEHOZ FAA, HolalH,
B, 35 2 H2AY Uge FARAE vo|A%, 712
F2RAHEL A e fuEA Y A ARHE 45

Eoltk o dEY LS 2, Ag-Sh-SH FE 2 Cu-Ag-Sb-SA
FEe ARUEs} 33 vloRE S Bole), o od
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Fig. 2. Logarithmic plots of gold and silver (g/t) in ore
grades from 8 gold and/or silver deposits.

o, 7}3|34kE AR T F--2FAbel A HelR oF 150974
Au-AgA FESIA digh AFEAE AAEI. ol g e
H2A e AY £48 AuAgh R 4A ) sk 3t
ZA& Holn, Cu, Sh, Bi, Mg ¥ Te 9 94+ HE3
o3tel). oA EF S AJ¥-¥4& EPMA(EOL Super-Probe
JXA 8600 SX)ol S&jA FHH T, e A 2
A& 7K 20KV, ARAF 30X107° A (PCD mode)3tel| A
AN AR S 5459 Ay, Ag EFARE AH3LT,
Oxford eXLII EDS [Pentafet Si(Li) detector] %% AuM
Az AgLAiE ol 43lsick EFA S BAAEE 150% §¢F
34813, 3 AGFEAY ATAE NN T afactor S
o]43}d BAF )

FHEAY oHERY sz Fale we} ohi o
< AT A 0 2 fAlR 23S RT3 9)r) (Table 3).
Fig 3& A7) 8/ 3-&34& 24 342 F#3ld odE
P Aud S EAF ALE Growp [IB*E A9 g2
39 Fel M AR I FEPE e T 9l
9, -2 Aol A o 20 atomic % "4 H o) 2 SHE
B33 gled el A4 42 A 434t Y EFHL Au
o) sz} o 40 atomic % HHZ vl LA A 23S
Rold (Table 3), ol 27] 321 AAEF 37] odE
7t z2AAoldA 7] Aot &R, AAFAHL o AE
& eFAt w3t e £& 70~80 atomic %] &
PP EE Holrk 53] 2] ARA A fuAN E=E 4o
Y7} Alelg D=0 Z SR 2] Y EZE 1119~17.37
wt. %] &35S el A, $AA, AHEEA, Aol 9
Mt FAshe 7] JdEPL AR £ 875~
4190 wt. %] S 1)
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Table 3. The Au content of electrum from gold and/or silver de-
posits.

Ore Atomic % Au in electrum

deposit Average  N* S.D.** Range
Samjeong 73.87 37 8.66 427 ~ 81.1
Sangchon 31.60 12 791 19.2 ~ 56.0
Gisan 39.13 28 6.85 21.1 ~ 62.8
Geochang 36.94 21 2.88 328 ~ 422
Sanggo 3823 32 3.46 337 ~ 474
Seweon 39.04 15 4.04 28.7 ~ 43.2
Seongju 37.92 38 4.11 286 ~ 440
Gahoe not found

* Number of spot analyses by electron microprobe. ** Standard devia-

tion.

Hotd o] Agake 3k i=-4Y 5 A%
373 9] Wstel mIZtsHA AHgshe o2 deiA glon
(Scott and Barnes, 1971; Barton and Skinner, 1979),
ol FEIAMA 2 x4 T5 F3hd AAAE,
<= 9 F3E 5 AARAS FAHY Uk F
FRAY G2 AotdME FEA R AN
UG FABAE Bolw, Y (mole % FeS)& vh3
¥ B4el4 Tmole % 391 o) ZHUE L)
(Table 4). AL AR A& A5t Adotel A o] A3t
e 3R @A 2R vehi AL, o 9
Ao 73 FAtt Aot e F2 <2mole % FeSZ
a4 e AU FEAGS B Holeli] Ay
S A E 2 | awsks Groups IV, Vo Aojed X
5 mole % FeS o]ste] Holaido] AjHe 2 $AT 7
82 Ro|u} Groups IIB, [IB*2 Hubd oz Halsl of
A& veb (Fig. 4). ol 557419 59+3 (Groups
IV, V)ellAd A&R AoldMe] zAwid (<5Smole %
FeS)¢h® A2 2 4252 9c} (Choi, 1993). F'34AY
Groups IV, Vo] MojdAe FHA99 Fdf3e] 3
Aol Wlste] Hgtepe] tha FAE P Mol ol FR
Aot o et i tae] g 2AHE FA=HY
of2idt AML FHAY 5+ & FAbol v|ge] FHEAd 2 -
L3S FHALA fAS EE D 3 5 B
s}t of 24 A4e ARz s, gAY AA
Azs} DA o] QleAo Azdh(25E5 A4,
1994).

Fig. 5= S84 £ 9 o HE 3} Hold Mo i3t 9
T3E 2R Aolck Group IIB* AR #AE AF ZE
o FelA A2 FARE FEPE vepdch Groups IIB,
IV, Ve A} 229 o A E5f & 354 0.2 55~T75 atomic % Ag¥)
24 el EAkA| g, Aot o] A A)10mole %
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Fig. 3. Histograms showing Au content (atomic %) of electrum.

Table 4. The FeS content of sphalerite from gold and/or silver
deposits.

Ore Mole % FeS

deposit Average S.D.* Range N+
Samjeong 2.98 2.90 0.04 ~ 7.81 37
Sangchon 7.08 4.14 2.85 ~ 15.62 49
Gisan 241 1.74 0.12 ~ 679 46
Geochang 6.29 492 0.94 ~ 15.70 30
Sanggo 3.82 3.79 048 ~ 13.27 57
Seweon 3.62 225 124 ~ 886 28
Seongju 7.59 6.32 0.34 ~ 18.11 36
Gahoe 0.44 0.46 0.00 ~ 212 43

* Standard deviation. ** Number of spot analyses by electron mi-
croprobe.

2719 Apolo 71919 o2 FUARA Hell4k ATFo] B
2gef Hlgte] AdAoR & & BHsA 27] 4Ed
Reg Agd

FeS9} B) 5 mole % FeSe F 1508 -85t} o)k F2 A

S8y YgEd
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>
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o
o
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Fig. 4. Histograms showing FeS content (mole %) of sphalerite.

FEFHY AN LR 7SS #5328 4 9lok (Barton and
Toulmin, 1964; Scott and Barnes, 1971; Barton and Skinner,
1979). S¢4A1 S F- 233449 AR S 3] el
8 F+ &gAbol that] SA oA £49 o|F e L3
¥ (Na) 3t Aol A9 FeS 33 (mole %y 2479] @2
AdEG-Hotdd AALEA HEsto] B, 1 A= o
S 2ok 7 pake] ol dER ] g3 HELE P ke
T-fs FAZe] AAR vle} o] Aolgt A& BeiFa 9ldt
(Fig. 6). Z, Group IIB*el| &3k ALk Aubg o2 o2
T3 Aol vlgted BAHA £ Txo LHFEY 24
oA A=A, FAY F3A (Group [IB), oFe] 3
234 (Group IV), el 28 234 (Group V)& jA e
|24 B & 9 ARt 2284 F5hatgo] A8
" o ARE o] AL A8 AT PIAT
A Azzb B8 w} qlok (Shikazono, 1985). E3&, Ab7]
8% Groups IV, Vol &3k FAbellA 3342719 F332H¢
oA gls o ed]-F A HoldA-FHA FRxH A F
shty] A3 eA-Fedd AT LA
OS2 AsEe e AELE Y F3EsH] fad 7918
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Fig5. Ag content (atomic %) of electrum and FeS content
(mole %) of sphalerite for 4 groups from 7 gold and/or silver
deposits.
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Fig. 6. Sulfur fugacity-Temperature diagram showing the po-
ssible sulfur fugacity and temprature ranges for 4 groups.
Hatched area represents commonly mineral stabilities for late
silver mineralization of Groups IV and V. Ny : atomic fra-
ction Ag in electrum. Xe.s : mole fraction of FeS in sphalerite.
Thermochemical data were taken from Barton and Toulmin
(1964) and Barton and Skinner (1979).
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Fig. 7. Pseudo-binary condensed T-X section of the Fe-As-S
system (Kretschmar and Scott, 1976). Black area associated
with loellingite in Samjeong mine mean As content of early
fine-grained arsenopyrites. Black star—early stage in Sam-
jeong mine, white star—late stage in Samjeong mine, open
circle=Sangchon mine, open square=Seongju mine. Abb-
reviations : Ap=arsenopyrite, As—native arsenic, Lo=loelli-

ngite, Po=pyrrhotite, Py=pyrite.
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Table 5. Data on electrum-sphalerite and arsenopyrite geothermometries, and fluid inclusion from gold and/or silver deposits.

. Electrum-sphalerite Arsenopyrite Fluid inclusion (Th C)*
Ore deposit Stage geothermometry (C)  geothermometry (C) Range peak Group
Samjeong Early 400 430 ~ 500 - - 1IB*
Late - 350 ~ 380 - -
Sangchon 220 ~ 250 300 ~ 350 - - IIB
Gisan 200 ~ 250 - - - v
Geochang 200 ~ 280 - - - v
Sanggo 200 ~ 240 - - - \4
Seweon I 190 ~ 260 - 234 ~ 342 275 \
Seongju I 200 ~ 270 290 ~ 340 233 ~ 318 270 \
I - - 210 ~ 299 270
*So et al. (1989)
Asa, oA i AAFEW FALRE d7A A LR TEALE PaTlde 3%
ol ofan, F3h27] TL(<5000) B THFE(<54wt. % FHABo] FE °¥7lil‘ii°”r, 3712 Astgel vzt 23344
NaCl equiv)e] 54& Ze FSHARNE AZEe] F315 Lol AT AFE 2k o] FHHAY w2349 o
7ol AL (x2000), HASE (w1 wt. % NaCl equiv)®) & A= Qebio A4 dojodd sl $.43) U5
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