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An Overview of Geoenvironmental Implications of Mineral Deposits in Korea
Seon-Gyu Choi'*, Sang Joon Pak!, Pyeong-Koo Lee’* and Chang Seong Kim!

IDept. of Earth and Env. Sci., Korea Univ, Seoul 136-701, Korea
Korea Institute of Geoscience and Mineral Resource, Daejeon 305-350, Korea

Metallic deposits in Korea have a variety of genetic types such as hydrothermal veins, skarns, hydrothermal replace-
ment and alaskite deposits and so on. Geological, mineralogical and geochemical features including host rock, wall-rock
alteration, ore and gangue mineralogy, mineral texture and secondary mineralogy related to weathering process control the
environmental signatures of mining areas. The environmental signatures of metallic deposits closed from early 1970s to
late 1990s in Korea show complicate geochemistry and mineralogy due to step weathering of primary and secondary min-
erals such as oxidation-precipitation-remobilization. The potentiality of low pH and high heavy metal Concentrations from
acid mine drainage is great in base-metal deposits associated with polymetallic mineralization, breccia-pipe type and Cre-
taceous hydrothermal Au veins with the amount of pyrite whereas skarn, hydrothermal replacement, hydrothermal Cu and
Au-Ag vein deposits are in low contamination possibility. The geoenvironmental models reflecting the various geologic
features closely relate to distribution of sulfides and carbonates and their ratios and finally effect on characteristics of envi-
ronmental signatures such as heavy metal species and their concentrations in acid mine drainage.

Key words : metallic deposit, geoenvironment, acid mine drainage, heavy metals, contamination
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Table 3. Characteristic features of past Cu-Zn-Pb-Fe-W-Mo-Au-Ag production in various deposit styles of major metallic deposits.

Cumulative production

Mine Cu (25%) Pb (50%) Zn (50%) Fe (56%) WO; (70%) MoS; (90%)  Au (99%) Ag (99%) Cl:Zjd
™M/T) kg) Y

Yangyang 7,849,577 1994
Chungju 999,959 1993
Tlgwang 8,267 1,623 1982
Bupyeong 5,624 522,194 1988
Janggun 100 137,731 251,759 133,939 2001
Yeoncheon 1,677,944 operating
Shinyemi 854 86 55,882 2,162,509 795 operating
Ulsan 862,114 642 1993
Pocheon 651,455 1977
Mulgeum 653,680 1991
Geumseong 1,676 . 1987
Uljin 13,074 41,168 118,159 4,529 1986
Sangdong 59,445 3,244 397 2,817 1992
Yeonwha I 2,016 326,234 879,167 24,526 1993
Yeonwha IT 5,384 29,028 620978 3,997 1987
Dongseong 13,164 1977
Gunbuk 11,270 1,541 5,776 1975
Gwangyang 448 3,175 6,107 1967, 1990
Geodo 2,223 171,537 1987, 2001
Sambo 45,950 113,446 1,251 1991
Dadeog 1,253 4,104 12,420 480 53,000 1945, 1976
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Table 4. Characteristic features of past Au-Ag production in various deposit styles of precious-metal deposits.

Tectonic Cumulative production

province" Mine Av (e Au kD) Type T:;:?%e Genetic style Group® Working period
GM Mugeug 18,648 57324 Au-Ag A volcano-plutonic v 34~42, 54-70, 81~97
GM Gubong 13,446 4,578 Au A orogenic 1B 32~70
GM Bupeong 503,000 Ag A volcanogenic Disseminated 69~88
™M Geumjeong 7417 175 Au A plutonic Alaskite 23~43, 80~88
™M Gwangyang® 3,175 6,107 Au-Ag-Cu B volcano-plutonic nc 38~42, 52~59, 64~67, 81
OB Deogeum 2,594 24,992 Au-Ag B voleano-plutonic v 38-42, 52~88
GM Samgwang 2,181 04 Au B orogenic 1A 38~42, 52~59, 84~96
GM  Jungang 1,179 242 Au ‘B orogenic A 25~59
GM Imcheon 1,033 19 Au B plutonic 1B 38~42, 54~77
OB Jeonjuil 433 53,526 Ag B volcano-plutonic v 38~42, 79~91
GM Geumwang 1,000 15,973 Au-Ag B volcano-plutonic v 82~94
GB Seongju 249 16,095 Ag B volcano-plutonic A% 82~89
OB Weolyu 106 4,180 Ag B volcanogenic A 60~90
GB Tongyeong 536 2,946 Au-Ag B volcanogenic v 16~45, 86~89
GM Taechang 646 25 Au C orogenic 1 36~42, 52~59, 65~86
GM Samhwanghwag 633 22 Au C orogenic 1 32~45, 52~68
Y™ Dadeog® 480 6,107 polymetallic C volcano-plutonic V* 41~45, 76
OB Hwagsan 421 18 Au C volcanogenic 1B 36~42, 59~63, 76~82
B Dongweon 399 882 Au-Ag C voleano-plutonic v 29~46, 84~90
OB Namseong 27 227 Au-Ag C volcano-plutonic 1m 62~86

DGB=Gyeongsang basin, GM=Gyeonggi massif, OB=Ogcheon belt,
DTonnage size means cumulative productions of individual deposit.
HSummary of group is listed in Table 2.

“Base-metal and sulfide-rich deposit
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F3 e} 77t M2 g A" FEHo
E9, We] 2, deiAole) BB, FAREY F
AeA 3 7o FEASEY 54S gElske 4
o3t f¥e] FAbo] wielE L Ut &, v ISR
g S 3EABE Aol wet _‘i‘}’i‘i—i sl
E- I HE A E AR E RIS E )
st FERE 34 Fe, Pb, Zn, Cu, As, Sh, Sn,
W Mo & it 549] Xo|g Holy 3l.4HJE
o] T} AR EE whH, ARlMe FE 8. A
HAe] A3 Es) FAdREE TAY O FEF
o2 ol AT F3HFEL MtHow 4% Aege
%S HolZ ArkTable 5). &3l Aguioz wiegs
€ A8E P BETH B4 wet AFENY 2
24 (Group D-BAAEY FBHGrowp TIA, IIB,
IC)- #24y F-23HGroup 1) QIE|EY F-o%
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L3%4(Group VH9 67) HF o2 A EE1(Choi,
2002), 7t 8 gade FEY, Fe-SA 32
B £F, gsl3Ey JaFE] §3 2 FHEA
B “dol%k E4& Ro|iL glti(Table 6).
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Aot 2xshs 548 Hold, AIAEE ol9d) 3
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Hkg o 28 X FolX ARDS) @A) $) Als= W3}
o} F&9] 80 AP AFE VA Aoz o
A AcH(Plumlee, 1998). 53], GFHAREA B4
A58 BEY Eelsieky gz WHel 2 &
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o)$ e okt Bolti(Tuble 5). U F&34k
EewAdel tist ARD 97 B2 ® »k gloa)
3}, SE GBI 2 vFSEdes deud
el HEE ARDEHAJo] AFE #F doh@RAA &
25, 1996; 29 5, 2000). o) Wl E&EATo)A
VEh e TR EGE S A en L yyky 3Ey
o2 7449 57_%%"7'53 @Etﬂr‘? AR gA AL
3} FEo] AY £FE AHjolH, XFe] FalpgA]
Fsige] Axld ‘é‘ﬁ-"ﬁ A FEN A
gl o3t Ak ulge] e Ajalalar Qi)
FERA A7 /E T A2 BEAGMe £
e Esl-3teE 3 ”94 AENEE Wel7) S
o} BAE ARQe] BN AuiHoz me A3
£ Holx glon(Table 5), %2 FAE BIFFEFA
>ENJFAP>ATERY, P9 eME, 8
FANE -7 By >ZYaje|=y -4
FUF B> uany BF-defglo|EY 3
FEEY P BAE B E8, 9 AF

oL
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£3%9] #3E AGMe] 4td e VX, IC»
OB, IV>II, V>1, [IA 3 7+2 #AE Helxm o

282 AR FEACMP) S3he hER 32 ©
APGFBL DrEn) % 2 Pl Bt
Vg ER, UL S99 ARBE 2Q5 BAIY
= AENET} EE RS T glow, d5%7
Y AeEHF4Nd ACMe V>IV>IB, 1IC, II,
Vi1 DA £M9) 3 S wol gtk ole@
BY4F 2 B0l BE BH THREE 7 B
o} 0] @ ANl FHE AGMT ACMZH] A3
Pl L FRAE ME FA ABYL Holm Qe
H(du Bray, 1995), 3}5}4 331313 A) 2R ARD:=
wiE50) pH 2§39 Faole 3o Agon
e 23 Aok
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ol Qith T3, ATEFAY) FEE EXd we
e Fe-SAl FECREY . 44 WA S5
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HeltK(Table 6).

th7] Foll A FFE Athel Bofl 719leh Fuljale)
Z3AA L dutd oz FsltEa) daEETk e
I 728 Bzl vk TAIE Hola gt wiEre] 4
T 2 gy ERe. AlubpakEel dHAskEtE-e] A3 (1),

ASPAE A+ E =G SE +H + 35012 (D
FPLEERE AME AskA el Fet?e] dHk2),

B33E +Fe P+ 2 =894 E +H +F50]2 (2)
rkelgEe] §38(3),

Fet? 4+t + 2 =208 445 +H' €))
of we} tofFet WS Beojw, Bl e A
AT B3R £ L g uet FalEe ek
(4, 5y Holx sk

E o o

u d

a3 E +HY +8 =g7}2] o] &+HCO; @
TAEFE+H +E
=@v}g] o] & +4418538 +H,Si0, (5)

Fg, AMFrleA AEEHE an FE| g

o we &3 54 9

T2 5517 93 25°C, pH=521 ZASMIA 534
1mm 27} 2A st S35 L8 o,
A 0439, 1314 79d, A 2,300, 71E A
FBE 10,000d o) de] HEE=S Bol¥ $ick(Lasaga
and Berner, 1998).

A% AEpdAclA Fejsjdonie WAEE b
Z249] Alex HEls dAFoR A FEF -
AR BB 7 9 4NE o) net 98
AGMe] WiEH3] FEF FIFES T
(weatherability)2 t= 02 F-AA >3] 524 >
29 >4l 4] > 3N S ol UKo E>ul A M > B A
o] #MZ UREA s AEE Holm (Jambor
and Blowes, 1994), Fe-SAl 3314& Tv 592l
A4 B(Metal/S)<19] 3-8 FE2 FEHLAY
A} v =11 #Eo) vlsle skel EaljEgelr 4
A WhgEl 27] AuSE FAPsRs ZleR By
= 1} glviPlumlee, 1998).

S50 AIFEUAR BT FIAHA
njEAe] 2AdRfole} The FEEHE B4l wiet A
2 T8 WA Hoje Ao= Y84 o 35%
Aol AEEE FE4Y e 3 232 2R
A, ZNER, FET WS 5 A 2R

b

Y, 23 g

&

Table 7. The FeS contents of sphalerite from the Korean gold-silver deposits.

Ore deposit

Mole % FeS in sphalerite

3 23
Genetic type (Group*) N Average S.D.#** Range pERRE
Skarn Geodo 14.0 1.7 11.2~15.3 7
Baegjeon 1.7 0.3 1.3~ 2.1 9
Hydrothermal Geumsil 69 - 37~10.1 165
eplacement
N - Tacbaeg (Yeonhwa) 16T 2.3 9.3~23.0 )
Disseminated Bupeong 132 2.9 8.4~169 17
Breccia Pipe Nogdong 19.7 04 19.1~20.2 7
' N ) 11.9~15.6
I 10 140 12 22018 362
3.6~13.2
A 13 10.5 3.1 0.7-17.4 310
1.3~18.7
1B 17 10.0 4.4 0.9-25.4 511
1.3~224
Hydrotbermal 1c 6 9.5 8.0 0025 185
Vein 0.3~ 6.3
11 10 33 2.5 0.0-157 284
1.3~17.4
v 10 4.4 4.7 00-211 322
04~17.0
v 18 6.1 5.0 00222 620
6.0~19.8
V# 12 143 4.3 0.1-225 374

*Summary of group is listed in Table 2.
**N=number of mines.

##%§ D.=standard deviation.

***¥n=number of spot analyses by electron microprobe.
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FAg. 1. Back-scattered electron image and reflected light photomicrographs, A. Galena grain and its alteration rim. Corresponding X-
ray maps show distribution of O, Fe, S and Pb. Scale bar=30pm. B and C. Secondary minerals of altered sphalerite and arsenopyrite,
respectively and their energy dispersive spectroscopy spectrum. Scale bar=80um. D. Reflected light photomicrographs and their
energy dispersive spectroscopy spectrum of poorly crystallized Fe-hydroxides and the well grystallized Fe-hydroxides in vicinity of

altered pyrite.
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olggk Fu|RE] Mol TfE AL AsTAA
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AHE OFEEL Agul g 345 T3
U, oAFERYE FFEE ALSATIH A
F5 o 9T £ €43738 WMot
MEZ gt AEEE Wdals) fa)Ey
< QAEHE we} AtgRbgo] FsYEY oA gy
FEHAE, Cu-SH F=, E43N38 FE, 403
A E ¥ A WRASRRE Sol AAMEn. of
23t tegt olxHE e Aol fu|dM oz
B 83lE Znd Asvt FEE] dFEERE &5

= 38 $ES5Y ) o e AEe
& = UrhFig 1). E3 AFE o|Fdhs Agulgo|
A QA 7 B8 AAEHE o|aEL )
YA FFE € F4ES Ao En AEeER
B AATEE Adsie 98 i)

ACMe] ZE5HH3-A (weatherability)e EHAFEZE>
sREd EHESTIEFEY SR A7 qt
231, BMFEE] NEFEFQ SIFFEANNE W
a4 olgtai}o] E Ml A > el 24 Sy s 521 >
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e 4 40AE we 3 54 11
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& B e dAHo R HY 2 FrE
T8N F3RE 5 AFEN N 9NRE 5
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Fg. 2. Variations in aqueous heavy metal concentrations as a fanction of pH for water draining various types of metallic deposits.
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Fig. 3. The concentrations of Fe and Mn as a functions of heavy metal concentrations and histograms for water draining
various types of metallic deposits. Large open circles (double symbols) stand for pH<S.
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Fig. 5. Comparison supergene enrichment with hardpan layer structure in tailing. A. Generalized section through a sulfide-
bearing materials showing supergen enrichment. B. and C. Geochemical blending of tailings to promote chemical
precipitation of a low O,-diffusivity barrier in Yeonhwa mine. See the text for details of each layer.
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