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A Geochemical Study of Gold Skarn Deposits
at the Sangdong Mine, Korea

Bu Kyung Lee* and Yong Won John**

ABSTRACT : The purpose of this research is to investigate the dispersion pattern of gold during skarnization and
genesis of gold mineralization in the Sangdong skarn deposits. The Sangdong scheelite orebodies are embedded in the
Cambrian Pungchon Limestone and limestone interbedded in the Myobong Slate of the Cambrian age. The tungsten de-
posits are classified as the Hangingwall Orebody, the Main Orebody and the Footwall Orebody as their stratigraphic lo-
cations. Recently, the Sangdong granite of the Cretaceous age (85 Ma) were found by underground exploratory drillings
below the orebodies. In geochemisty, the W, Mo, Bi and F concentrations in the granite are significantly higher than
those in the Cretaceous granitoids in southern Korea. Highest gold contents are associated with quartz-hornblende skarn
in the Main Orebody and pyroxene-homblende skam in the Hangingwall Orebody. Also Au contents are closely related
to Bi contents. This could be inferred that Au skarns formed from solutions under reduced environment at a tem-
perature of 270°C. According to the multiple regression analysis, the variation of Au contents in the Main Orebody can
be explained (87.5%) by Ag, As, Bi, Sb, Pb, Cu. Judging from the mineralogical, chemical and isotope studies, the
genetic model of the deposits can be suggested as follows. The primitive Sangdong magma was enriched in W, Mo, Au,
Bi and volatiles (metal-carriers such as H,0, CO, and F). During the upward movement of hydrothermal ore solution,
the temperature was decreased, and W deposits were formed at limestone (in the Myobong Slate and Pungchon Lime-
stone). In addition, meteoric water influx gave rise to the retrogressive alterations and maximum solubility of gold, and
consequently higher grade of Au mineralization was deposited.
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Fig. 1. Geological map of the Sangdong mine area.
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Fig. 2. Mode of occurrence of the Sangdong granite.
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Table 1. Trace elements concentration factors of the Sangdong granite to Cretaceous granites in southern Korea (unit in ppm,

Au in ppb).

Sangdong granite

Cretaceous granites in southern Korea®

Elements concentration factor
Range Average Range Average
Ag <04~5.6 0.86 0.04~0.19 0.07 12.2
Au (ppb) <2~42 4 0.5~7.4 28 14
As 1.9~720 4423 0.40~10.6 2.04 21.68
Bi <5~75 10.59 0.11~4.45 0.43 24.6
F 620~3100 1474 42~3920 351.6 4.1
Mo <1~17 4.47 ND~17 1.49 3
Sb <0.1~6.4 0.86 0.11~1.91 0.61 1.41
Th 22~75 34.71 4~36 14.08 24
U 9.8~35 19.56 ND~6.83 2.52 7.7
w 8~120 29.57 ND~24 0.88 33.6

" Ag, Au, As, Bi and Sb from Yoon (1991). F, Mo, Th, U and W from Jin (1988).

ND; Not detected.
average in the Sangdong granite
average in the Cretaceous granites

Concentration factor =
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Fig. 3. Histogram of gold contents in the Sangdong granite
and the Cretaceous granitoids of southem Korea (after
Yoon, 1991).
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Fig. 4. Correlation coefficients of 47 elements in the Sangdong granite.
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Table 4. Abundance of trace elements in the skarn from
the Footwall Orebody.

Ele- Pyroxene-Hornblende (10)*
ments  Mean Range S.D.” cv?
Au 1809.8 200~3240 13159 7211
Ag 1.44 <0.4~5.2 1.68 116.40
As 16.68 <0.5~56 20.08 1204
Ba 1945 <50~550 200.13 102.9
Co 21.6 7~32 8.42 389
Cr 40.8 22~79 20.10 493
Cs 178 3~33 11.14 62.6
Hf 33 1~7 1.77 53.5
Mo 3525 41~1380 457.7 129.8
Rb 1594 35~280 83.68 52.50
Th 9.34 5.1~19 4.65 49.82
U 6.26 <0.5~9.7 8.06 128.84
W 20880 3800~40,000 12417.3 59.47
Cu 54.30 15~210 5835 107.46
Pb 9.10 5~20 5.84 64.17
Zn 118.7 35~163 45.11 38.01
Ni 320 20~59 11.58 36.17
Sr 772 26~233 67.81 87.83
Cd 0.25 <0.5~0.25 0.00 0.00
Bi 1998.2 179~5900 1978.1 98.99
A% 71.8 37~143 28.73 40.02
F 12420 3900~22,000  5696.9 459
Sb 3.05 <0.1~18 542 177.8
Sc 13.86 5.7~31 6.92 49.94
Y 78.50 48~112 17.90 22.81
Be 23.30 2~67 18.76 80.52

YS.D.; Standard Deviation. ? C.V.; Coefficient of Variation=
(S.D./mean) X 100.
* (' ); Number of analyzed samples (unit in ppm, Au in ppb).
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oA A A4S vehdn,

7t BAE R AurdtEel tisle] 447) 9AE gz
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Aust Fe] FBAIF7E 2 L4E U (0.87) Bi (0.83)2

2 Jeldon, sphtalsdAolae] 3A-7YM AT12 0]
A4 AAAGE da dovt Aust A1 g3 AR
A€ 7R = 94E Bi (0.69)2 Jepdct waka, Aus

7+eFt 71 W s #AE /A& 94 Biold

Zt FAE Aus7hEe] did JEFYAY E4F3,
BT 19 S Table 50 VEMATE 27124 gt
S EFUAS] HFFYTHS ZcoolE (Haskin o dl.,
1968) % X #3l% g EFA4e BASE L Fig. 107 2
o dAH o= 7iH¢ A EFYA (LREE)7F FAE 3
EFH4 (HREE)H wia] Auld oz g Raido]
it} 5, LREES A = §7AL= 2+4shy HREEE A
o] #ntet AgS weldh Fig 10& 24 %}HP““%‘iﬂ&l

27123} Bl 9 Al JJ-X.]],] AFIEA A BT &
o] Eu o]4o] tpeht ol *“ﬂ““%xﬂ
o] 52

U Ralas 9 sl
& $EPY A fwa&
Fda e shataga ol A
&Y ENAF7 SV 4 FE UebAT) (Table 5).
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%3;}7}01-0 21 51 H %%
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F AEAYe] SR
A% DT B9, HE
Autalg g A4E 7

&E 730l NS 25 CEES BN
J = F .v]-&o] W, Au dArE
SRS W, FEAQ BlgA o] A A7 2
HalA olE daEe] Fo] o 4B I+
o o] ‘ﬁi}ﬂf‘] T3 ojH Y4yt o]F Yo ek
gl 714 Fo@ I FAEAE FH] 948 o=
IAENE A S ARY oz 203 W
T (FAHLE Fourl 5L ¥y)eez BEqEy)
FAHCRE Folyo] gle MLEDR BAEH Bao) 2
GE e DA T2 (step wise selection method)S
o[ &3t WA, F49| —?— TlOz, A1LO;, MgO, Na,0,
K0, Ca0, FeO, PA0so T894} Au, Ag, As, Ba,
Co, Cr, Cs, Hf, Mo, Rb, Th, U, Cu, Ph, Zn, Ni, Sr, Bi,
V. F, Sb, Sc, Y, Be9] w314 2 La, Ce, Nd, Sm, Th,
Yb, Lud] B ERAALE EPASFE sl We 94
01'93" ], Mo, Y, Rb, P,Os, Th, Zn, Bigte] g-2)3t
T2 HALE A EIHUT YA AAEL AA
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Fig. 9. Correlation coefficients of 44 elements in the gold bearing skarn (Quartz-Hornblende).
Table 5. Abundance of rare carth elements in the gold bearing skarns.
Hangingwall Orebody (10)* Main Orebody (12)* Footwall Orebody (10)*
Elements 1 . T 2 ] >
Mean Range SD” CV? Mean Range SD” CV” Mean Range SD” CV?
La 9.49 2~31 9.67 10186 25.99 7~64 16.80 64.65 64.2 40~110 24.51 38.18
Ce 23.0 6~66  21.03 9145 4617 14~140 41.11 89.04 97.0 64~160 32.59 33.60
Nd 1135 <5~32 1008 8881 1963 <5-56 1717 8747 4210 27-68 1090  25.89
Sm 291  08~6.0 1.99 68.32 426 12~48 2.71 63.52 1135 6.9~21 428 37.69
Eu 0.68 02~15 0.39 56.66 1.14 0.3~3.0 0.75 65.49 157 0.8~24 0.51 3248
Tb 0.78 <0.5~2.7 0.76 98.61 120 <0.5~1.6 1.07 89.52 242 1.6~31 0.44 18.04
Yb 255 08~54 1.55 60.65 419 13~86 2.51 59.86 698 3.8~9.6 214 30.69
Lu 0.35 0.09~0.69 0.24 67.80 047 0.14~1.03 031 66.78 0.90 0.54~1.16 024 2645

¥ S.D.; Standard Deviation. ? C.V.; Coefficient of Variation=(S.D./mean)X 100.

*( ); Number of analyzed samples (unit in ppm).
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A3t &, The davo R FMo| FPNE 94%
] ;_} L

(R square=2A4A ) A9 1tt (Table 6). 4%
o) A2

W (ppm)=27.93Mo (ppm)+334.4Y (ppm)+32.88Rb
(ppm)+4.29Zn (ppm)+0.97Bi (ppm)-9515.05P,05
(wt.%)-377.56Th (ppm)-2683.842 E&HIc}.

Table 614 EF8}8]AAS (standard regression co-
efficient=SRC)= ¥ 3 AAIG (regression coefficient)
£ 2R ZlonA EPusEnt aeirl e 4L,
IAASFTRZE 1 FeCE U S glom g HeE

EEoelel JAASE VEFo 2N SPUFES A

H F2EE UehiFE Asolth. B2sAA%e] Arizk
o] 25 AnHo] we W4 oe|aiTh. e,

AAA FAe] sl 7 2A JFE vA das
Mo (SRC=0.678)°] th&-22 Y (SRC=0.472)°]c}.
3 AAo) TFH YAFE Mo We 2 Sl ¢
oz Y& o]gdbHo]l 092A0 @A Ca**el o]t
(0.99 L)3} | &8tn2 3244 28 & 7] 1
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o) FHALAA, Auel F% W3

Ll
3| AAE, BESSAAF L o]59 SAAAZE 5
39 A 23S Table 70 Yehdth, slARES A
E HAAe A7, Fake 54.96013 ARE7} (6,47)2A
0.0000 (<0.05)9] FFEE HaA o] IARYL A
et AARYe duzye Jehlie ZAFAS RE:=
87.5%°th. 23 ME2E Bi, As, Sh, Pb, Ag, CuZ &=

Z5 0t} (Table 7).

31122 Au (ppb)=0,642Bi (ppm)+1.802As (ppm)+
61.24Ag (ppm)-81.5085b (ppm)-5.942Pb (ppm)-0.242Cu

Yb Lu

a4

W

P FoA e A7 A4 287

(ppm)+179.06 2.2 Uehgt} (Table 7). Audl iz}
o 7 2 9% I 94 As (EFSAAS=
2.513)2 Jehyit

Aue AsfrslEo|y ShstE FEe wHdd s
F3Ed, =3 ANz 28 FEo] 9ew F I

(species)®] o] LAYA T} (Tossell, 1996).

ARrmagA|e]l AAATME (FHA-AFA, AFA-54,
-3 Aol Wit g9 GFYARN A, AR
AYE Fake 86501 ARl (3, 2624 0.000<
(0.05)9] FoleEe Hol A2y 3ndoe] Adlelgir
o] el AL Au (pph)=0.042W (ppm)+0.311Bi
(ppm)+1119.2Na,0 (Wt.%)-82.36.2 2 V}elstth,

o] A AHPL 90.8% R=2FAF)Z EAP
A9 BeEY v At F9f Kl gL F 929
40A A7) W (SRC=0.608), Bi (0.389), Na,0 (0.225)
o M2 "ok gt o} Leldaola Fo| gehd
3ol AU Z 9L F 44 dEAL 2o AT
ZFol7b AW Aoz Mt 4 glrk

4 Holol oyst o&

1
o] £1 FURE FLE0 2 Ho| Y AoR B 1,
golo] Mg} AP ayE A5gd gt 2 JEan
g o3 shestgoldn AHT. RajA) o)
S Agko] 4Egtonn BR ARG FAE
=

FA1939] convext FUEREE o]2= Aoz FHAd

t} (Zharikov, 1970).

Table 6. Multiple regression analysis of major and trace elements on tungsten content for ore skarns in the main orebody.

Source of Varation Sum of Squares Degree of Freedom Mean of Squares F value Significant F
Linear Regression 2.84%10"° 7 4.06X10° 0445+ 0.0000
Residual 0.97Xx10° 46 4.301x 10’ : (<0.05)
Regression Standard
R Square Variable Coefficient Regre§§10n T Significant T

Coefficient

Mo 27.93 0.678 12.922 0.0000

Y 334.40 0.472 9.116 0.0000

Rb 32.88 0.181 3.932 0.0003

0.940 P,0s -9515.05 -0.199 -3.735 0.0005

’ Th -377.56 -0.146 -3.185 0.0026

Zn 429 0.101 2.560 0.0138

Bi 0.97 0.096 2.385 0.0213

(constant) -2683.84 -1.714 0.0933

* Significant at the a=5% level of significance.
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Table 7. Multiple regression analysis of major and trace elements on gold content for ore skarns in the Main Orebody.

Source of Variation Sum of Squares Degree of Freedom Mean of Squares F value Significant F
Linear Regression 75329836 6 12554972 54.963* 0.0000
Residual 10735930 47 228424 ’ (<0.05)

Regression Standard
R Square Variable - Regression T Significant T
Coefficient - '
Coefficient
Bi 0.642 1.201 16.056 0.0000
As 1.802 2.513 8.415 0.0000
Sb -81.508 -0.864 -8.658 0.0000
0.875 Pb -5.942 -1.779 -5.793 0.0000
Ag 61.240 -0.849 2921 0.0053
Cu -0.242 -0.657 -2.312 0.0252
(constant) 179.069 2.400 0.0204

* Significant at the 0=5% level of significance.
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Fig. 112 2 348 F27120M 2] Au/AgH] B Au
o] FATo|t) Fig. 11914 B Awtd o 2 Ads
2 Au/Aghl st ¥lE|ehs A BT Au/Aghle] 27
= ShbagA > 2l gA > gt B o) o2 veh)
<l ole Agdare] A RE R A, 4 #
A Agel FAHA ] Zo)7} AN o m] gt

Z, Age B Fo)

Ag+H,S+HS™ HAg(HS)z'+%Hz

o WAooz BAYPFAo] YU F438 AAHE Aoz
AUt (Brown, 1989). wabd, Aia oz Ak

A e s el B Rk B



ASHE B2AERYY AFRYA 47 289

o AH8873019d A5 Haso] A,

Bl ol & AL Bol Fhsts Hg-2gH
sotEdNe) Ml $ALGRS BF FUHLET}
243°+50°CE 349 | 1 (& %
A9 9 944 So| suHE AL AR s 2419

2($)=10%, f0,=107", f5,=10™

2 984 Sle vk (F4F, ol 1980), ©] ASES
Lewis (1982)] pHHl logfe,®] #AIZ] HAIR A3,
Aue Au(HS), 9 FEZ 24} AugdS AAA
e AL L F ddch

G- e AT AAHA] FAs=Y|
P ARE BY AN o xA3ATe v 2
g A E 0.810|n AWt FA oA 0.72824] £
SFAIA 3ZAN0] o $Asl FFA AAZA
o] TN 2 B o EFAEc) ek gae] AL
7} ta we Aoz A Craig Barton (1973)el
osha 23 AAZAL 271.5°C FALGT 8} gl
3, HAANT AAAAe] FWL2EE Happ, Davy
(197Dl 9Jeba 270°Cetar & v} ok whebr o) A
4REE 270°C °|312 FH €t

Meinert (1989)°l <3P AAZHCZ hEAHA Aus
Ftee] ML U2 T 271E0A AEHE 291
EFERY RS ARl TR, 349 A%
£ A9 €% dduRlo]E (hedenbergite)7} $-A%k
Ao 2] AlF Fed o] 3l Ago] 9o, HF4
& AldEo] 23ld adltto|E (grandite)2ha & ) gl
ok AE3Ee] A A1 A R dx3g (B4

¥ (Hornblende-Pyroxene) Main Orebody
2| O (Garnet-Wollastonite) Main Orebody
4 (Pyroxene) Main Orebedy
1k B Hangiogwall Orebody
o] F # Footwall Orebody
- v
< 05 v
B v
] o .4
2 v
bl
; v
01 o i
A
005}
r upper limit of Al20s
in pyroxene from skarns
without gold
o0 10 330 e %0 e W 891
mole % hedenbergite

Fig. 12. Iron and aluminum contents of pyroxene from gold
skarns.

3, 1984; 2713%, 1990). A2, AR (1991)2 A
N7} gae) stz os FEaTERYe 2987
A AT B 0g b 9lek

Choi (1990)%} ZTF3. (1990)9] 31419] EPMAE-4z}
BE Fig. 129} Zo] ALOY hedenbergite mole%=
R, el g o} sl gl o] 34 Roke At 3
9] #A& hedenbergite®] FFe] RL31E & 5 v
T3 22 BeeA B 27129 ARA-FEA 271
& 7N1Fo R 3o FEHAY ALO; ] FAXNE T
@ & g

=2
T

2

1]

=

1. dE27rE%del AR Aesihle) |
U400 e dake] Woy] sAgRe] HETH
o ]3] W& 338, F= 48], Bie 249, Mo 38, Au=
144, Ags 12.24), U 7, Thie 29 o gaso] 9ot
AA Aeddr g disted Aust ARAIS 090182
2 5% ko] A4S HolE YaE Aset Sholth

2. FEFABAAAL Aue Aol AR 2712
o bty =d s FA M e HN-A4HNA71E (F
= Au, 1809 ppb)oll, @A oA = -2 K|
(1552 ppbyell ¥ts] 21, ARt FA M= 44 4-34
ol (392 ppbyell satET). ol FEuTiREAl] F 3
3Hg-djo] B} S8 sl A AAE Floz FHPHT)

3. Auz7120A Aust ABAo] 71 s g dAs B
g o] Hed-ZPIM A7 2 e Bl (FBAIE=0.94)0]
3 AREgA o] AR5 20 E U (0879
Bi (0.83)°]1902m atutalzie] 3]A-ZMd X A7) Ee0)A
= Bi (0.69)2 Uehd 1), Aue Bist 7HE 258 dAS
HolFo}

4. Aur7t29 S ERALE shbdta) o4 Abululs
AR Z4F 4ES Yy Assdds viad &
ALgE A FEetE BIEFS 2ot ol: AEsidete
258 B2 E5r3sedo] sHloA ARR F5ds
£ JERYLY S AL AX

5. tHEE A £ 2, Bl AA) 27184 Hsh
of FA ] Hgle] fo3t Yae HPY S 9492 8
& Mo, Y, Rb, Zn, Bi, P,0s, ThE £25Q1 o] 713
AA 9 v|XE 92E Moolth

39 A4, Bulgae Ay sl g3 2= o
&% Bi, As, Sh, Pb, Ag, CuZ YeltET], Ag, As, Bis
Aust 2] F#@A 0|31 Sh, Pb, Cul 29 FABAS
HAgE, o] 2 7P 43S F 94F Aselth. ey



ol 7%

Akl aA| o] 9= W, Bi, Na02] €42 fit}, b
FA|} BulgAol N o] FAAsle] G F D2t

AL 29| FAABA0| Aol7t AN Jul ).

A Spkal ga] > Lol 7] > Aoy
FAe] o2 dehhe v, Aubdaae] AMg7e o
ghel g o} Bl et o Asedoldd Row &
o},

7. @234 hedenbergite®] mole%$}t ALOH|2] #
AERRE F2M) ALO, FAXNE 78 5 Ao

A5 (1986) FEALe] PN 2 FAANH A7 B
Bl sta thepd ol SAAeLe =, 80p,

AAE (1991) B A ] AD sl By, uist 2]
o 27129 B4, 19014 FAAA AEA L, p. 13-24,
A, olgA) (1980) 4594 Eelnulel Axaeol
g AT FAAAE, 139, p. 117-127.

A% (1980) HFFARIe] T4 Fgo] tia x\ge,
FAA4, 179, p. 79-90.

i

Hd

15 (1985) E82d A28 $AZRE I

x4, 18, p. 205-216.

olf74, A& (1997) FEFHBE9] Sreddah A 788}
2 540 o3 4 A7 AL A 693 &
SH 3] =23, p. 181-186.

735 (1990) BEu 28l ~712 B39 Bejsahy 54,
AMEdigta tighe ol st ALEre =1, 117p.

A, A (1991) Ao 2712330 A&y
€ 743 X 28etn B3s dgEdly
], 43, p. 119-128.

Beddoe-Stephens, B., Shepherd, T.J., Bowles, J.F.W. and
Brook, M. (1987) Gold mineralization and skarn de-
velopment near Muara Sipongi, West Sumatra, In-
donesia. Econ. Geol., v. 82, p. 1732-1749.

Brown, K.L. (1989) Kinetics of gold precipitation from
experimental hydrothermal sulfide solutions In Keays,
R.R. Ramsay, W.R.H. and Groves, D.I. (ed) The Geol-
ogy of Gold Deposits: The Perspective in 1988. Econ.
Geol., Monograph 6, p. 320-327.

Choi, S.M. (1990) The Mechanism of formation and geo-
chemical characteristics in the Sangdong tungsten
skarn deposits. unpub. M. S thesis, Seoul National
University, 137p.

Clark (1985) Age of Sangdong granite. in personal com-
munication.

Craig, JR. and Barton, P.B. (1973) Thermochemical ap-
proximations for sulfosalts. Econ. Geol., v. 68, p. 493-506.

A

i

Ettlinger, A.D. and Meinert, L.D. (1992) Gold skarn min-
eralization and fluid evolution in the Nickel plate de-
posit, British Columbia. Econ. Geol., v. 87, p. 1541-
1565.

Farrar, E., Clark, A.H. and Kim, Q.]. (1978) Age of the
Sangdong tungsten deposit, Republic of Korea, and its
bearing on the metallogeny of the southern Korean
peninsula. Econ. Geol., v. 73, p. 547-566.

Happ, J.P. and Davey, T.R.A. (1971) Solubility of sulfur
in liquid bismuth. Inst. Min. Metall. Trans. Sec. C, v.
80, p. 190-191.

Haskin, L.A., Haskin, M.A., Frey, F.A. and Wildeman, T.
R. (1968) Relative and absolute terrestrial abund-
ances of the rare earths. In Ahrens, L.H. (ed.,) Ori-
gin and Distribution of the Elements, v. 1, Pergamon
Oxford, p. 889-911.

Jin, MLS. (1988) Geochemistry of the Cretaceous to ear-
ly Tertiary granitic rocks in southern Korea pt. I,
trace elements geochemistry. Jour. Geol. Soc. Korea,
v. 24, p. 168-188.

Kim, K.H., Kim, OJ., Nakai, N. and Lee, H]J. (1988)
Stable isotope studies of the Sangdong tungsten ore
deposits, south Korea. Mining Geol., v. 38, p. 473-487.

Lewis, A. (1982) Gold geochemistry. Engineering and
Mining Journal, v. 183, No. 12, p. 56-60.

Meinert, L.D. (1989) Gold skarn deposit-geology and ex-
ploration criteria. In Keays, R.R. Ramsay W.R.H. and
Groves, D.I. (ed) The Geology of Gold Deposits : The
Perspective in 1988. Econ. Geol. Monograph 6, p. 537-
625.

Percival, T.J., Radtke, A.S. and Bagby, W.C. (1990) Re-
lationships among carbonate-replacement gold de-
posits, gold skarns, and intrusive rocks, Bau mining
district, Sarawak, Malaysia. Mining Geol., v. 40, No. 1,
p. 1-16.

Todorov, T.A. (1994) Gold bearingness of skarn deposits:
examples from Bulgaria. The 9th Symposium of In-
tern. Assoc. on the Genesis of IAGOD Abstracts, v. 1,
p. 322-324.

Tossell, J.A. (1996) The Speciation of gold in aqueous
solution; A theoretical study. Geochemica et Cosmo.
Acta, v. 60, p. 17-29.

Yoon, C.H. (1991) Gold content of Jurassic and Cre-
taceous granitic rocks in Korea. Mining Geol., v. 41, p.
151-158.

Zhao, Y. (1994) Gold skarn deposits in China. The 9th
Symposium of Intern. Assoc. on the Genesis of
TAGOD Abstracts, v. 1, p. 330-331.

Zharikov, V.A. (1970) Skarns. Int. Geol. Rev., v. 12, p.
541-559, 619-647, 760-775.

199841 39 314 90



