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Element Dispersion and Wallrock Alteration from Samgwang Deposit

Bong Chul Yoo!, Gil Jae Lee?, Jong Kil Lee’, Eun Kyung Ji' and Hyun Koo Lee'*

'Department of Geology and Environmental Sciences, Chungnam National University
“Domestic & North Korea Mineral Resources Department, Korea Institute of Geoscience and Mineral Resources
3Metals Exploration Team, Exploration Department, Korea Resources Corporation

The Samgwang deposit consists of eight massive mesothermal quartz veins that filled NE and NW-striking fractures
along fault zones in Precambrian granitic gneiss of the Gyeonggi massif. The mineralogy and paragenesis of the
veins allow two separate discrete mineralization episodes(stage I=quartz and calcite stage, stage II=calcite stage) to
be recognized, temporally separated by a major faulting event. The ore minerals are contained within quartz and
calcite associated with fracturing and healing of veins that occurred during both mineralization episodes. The hydro-
thermal alteration of stage I is sericitization, chloritization, carbonitization, pyritization, silicification and argillization.
Sericitic zone occurs near and at quartz vein and include mainly sericite, quartz, and minor illite, carbonates and
chlorite. Chloritic zone occurs far from quartz vein and is composed of mainly chlorite, quartz and minor sericite,
carbonates and epidote. Fe/(Fe+Mg) ratios of sericite and chlorite range 0.45 to 0.50(0.48+0.02) and 0.74 to
0.81(0.7740.03), and belong to muscovite-petzite series and brunsvigite, respectively. Calculated Aln-Fe/(Fe+Mg)
diagrams of sericite and chlorite suggest that this can be a reliable indicator of alteration temperature in Au-Ag
deposits. Calculated activities of chlorite end member are a3 (FesAlySi;01¢(OH)s=0.0275~0.0413, a2(MgsALSi;0,4(OH)s=
1.18E-10~7.79E-7, al(Mg¢Sis01(OH)s=4.92E-10~9.29E-7. It suggest that chlorite from the Samgwang deposit is iron-
rich chlorite formed due to decreasing temperature from high temperature(T>450°C). Calculated aNa', oK, aCa?,
aMg®* and pH values during wallrock alteration are 0.0476(400°C), 0.0863(350°C), 0.0154(400°C), 0.0231(350°C),
2.42E-11(400°C), 7.07E-10(350°C), 1.59E-12(400°C), 1.77E-11(350°C), 5.4~6.4(400°C) and 5.3~3.7(350°C), respec-
tively. Gain elements(enrichment elements) during wallrock alteration are TiO,, Fe,O5(T), CaO, MnO, MgO, As,
Ag, Cu, Zn, Ni, Co, W, V, Br, Cs, Rb, Sc, Bi, Nb, Sb, Se, Sn and Lu. Elements(Ag, As, Zn, Sc, Sb, Rb, S, CO,)
represents a potential tools for exploration in mesothermal and epithermal gold-silver deposits.

Key words : Samgwang deposit, wallrock alteration, element dispersion, pathfinder
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BF57} a3(FesAl,Siz019(0H)s=0.0275~0.0413, a2(Mg;Al,Siz0,0(OH)s=1.18E-10~7.79E-7, al(Mg,Sis010(OH)s=
4.92E-10~9.29E-724 AE32de] UML iron-rich JUAM R B|w3 F& (T>450°C)llx 23t HE g delor] &
=7} Zhage) met A4ENES ¢ 4 vk 29hAEA oNat, oK', aCa®t 2 aMg?tE 712 aNat=0.0476(400°C),
0.0863(350°C), aK*=0.0154(400°C), 0.0231(350°C), aCa?"=2.42E-11(400°C), 7.07E-10(350°C), aMg?*=1.59E-12(400°C),
1.77E-11350°C)o)5} Eg89] pHE 5.4~6.4(400°C), 53~5.7(350°C)FA] RUHAA] d4-gde oFitdo|deL
& = Aok 2ohAFA] o)5YaEalAe TiO,, Fe,04(T), Ca0, MnO, MgO, As, Ag, Cu, Zn, Ni, Co, W, V Bt
Cs, Rb, Sc, Bi, Nb, Sb, Se, Sn B Lu F°|% 53] dj¥e] Jolr Ag, As, Zn, Sc, Sb, Rb, S, CO, 59
izt A FUIREE S8 € JEF F-23Y gAN ANRAEA E8E F UL Aot
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LM o 2 U9 2 AGSRNS Bz BaA ey
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Fig. 1. Generalized geological map of the Samgwang deposit, showing the orientation of the principal quartz veins (1=Guksa
vein, 2=Bongamri vein, 3=Sinri vein, 4=Dacheung 1 vein, 5=Daeheung 2 vein).
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Fig. 2. Paragenetic sequence of minerals from the Samgwang
deposit.
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Wallrock

Fig. 3. Photographs of quartz vein and wall-rock alteration samples from the Samgwang deposit. (A) and (B) Scope of wall-
rock alteration(sericitization, chloritization) of gneiss. (C) and (D) Close-up of wall-rock alteration (sericitization,
chloritization) in quartz vein. (B) and (F) Close-up of wall-rock alteration (sericitization, chloritization) of gneiss.
Asp=arsenopyrite, Ch=chlorite, Gn=galena, Po=pyrrhotite, Py=pyrite, Qz=quartz, Se=sericite, Sp=sphalerite. Circles of

(A) and (E) mean points of PIMA analysis.
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Fig. 4. Microphotographs taken in transmitted light of gangue minerals of hydrothermal wall-rock alteration from the
Samgwang deposit. (A) and (B) The K-feldspar, plagioclase and biotite are replaced by mainly fine- and coarse-grained
sericite, quartz with minor chlorite and calcite in sericite zone. (C) and (D) The coarse biotite, K-feldspar, plagioclase are
partially replaced by mainly fine- to coarse-grained chlorite, quartz with minor sericite in chlorite zone. (E) Fine-grained
sericite in quartz vein. (F) The biotite is replaced by fine- to coarse-grained chlorite in quartz and calcite vein. Abbreviations:
Bt=biotite, Cc=calcite, Ch=chlorite, Qz=quartz, Pl=plagioclase, Se=sericite. Scale bar is 200 micron in length.

4. WEN W HYBEO| SEEY

4.1, & EslE

el A g mohied o) AEEe
SE, YN, 2P, A9 2 3349 g8kxy
FEEy FFHEFAST AXH JEOLAF JXA-
8800R <Ja] Fa=ilon] BMz2Ae o33 )
71R 15ky, AEAT 2.0x108A, AR 77)=
¢F 5~10 um, EFAFE Na; gulolE, K; YUY,
AL 75, Ca; F3A, Si; £34, Fe; 454, Mg
A, T 284, Mo A4, Cr; ZEEHE A}
B3tk B4 X3 £53474& LIF; FeKa, MnKa,
CrKa, TAP; NaKa, AlKa, SiKa, MgKa, PET; KKa,
CaKa, TiKa € AH&-31th.

o] FAolA AEEE ALRE FeO <3.10 wt.%,
MgO <190wt.%7} EF=le] 9lom 4% Na,0 <0.18
wt.%, Ca0 <0.05wt.% % MnO <0.02wt% So°) X
SreElo] Uth(Table 1). o37]oliM Abggabe] A 2xo|
gk FeO B MgO 32 tis-3ate] AR ve gt
<zt dutEo 2 W) nigle] o] B A

£ AL2E K(1.24~150)9] ghto] 21, Fe(0.27~
0.34) 3 Mg(0.30~0.37)2] &) tha: Fo| ¢ &2
o] 2919} vl Aen Fe/(Fe+Mg) 7S
0.45~0.50(0.48+0.02)24 T™E-(0.36~0.59(0.51+0.10)),

flo it

279(0.45~0.49(047+0.01)), F=(0.37~0.42(0.40+0.02)),
£7(0.07~0.49(0.260.13)), Y1 (0.11~0.16(0.13+0.02))
2 7PN (0.25(0.25+0.01))9} ¥)aw s o) tjEgaRc
TRt W Zhe Ziou AEA 7199 st =
< & ZH=tH(Lee, 1993; Lee and Lee, 1997; Kim
et al., 2002; Park et al., 2003; Yoo et al., 2007).
Aubzel Agme} o] Sio] Rale 93k WA =}
22 Al 3 37 K| o] faen). ALmd] tigh
FHA oA Fe ol 257} 0257 o gold wex.
HApo|ELo 2 1 o]slolH Al E-FetFuo]
EZog FEaRH o] BA AEses AenE
5ol ARel o] wlen Hao)ES iy
HrH(Table 1).

o] FAellA AEEE ZUdedls TiO, <0.08 wt.%,
Ca0 <044 wt.%, MnO <0.11wt% % Na,0 <0.06
wt.% o] &% =] JArh(Table 2). A9 Fe/
(Fe+Mg) 752 (0.74~0.81(0.77+0.03)FA] thE-(0.66~
0.73(0.70+0.02)), F3(0.51~0.66(0.57+0.06)), N
(045~0.78(051+0.10)) 2 7FAF=(0.32~0.36(0.34:£0.03))
Hod 2 g2 zZF=tHLee, 1993; Kim et al., 2002;
k et al., 2003; Yoo et al., 2007). o|RE& &5}
2 A APE SUAY Fe gaRe 2501 W
A AAE BUH Fe Tgrt} 532 A
i

ke e el mokel Hekehl iAol

g

o Hyr

>



SEERE

]

2] Fe/Fe+Mg) 7ol (0.54~0.65(0.582+0.04)2) vixg
A w8 2ET, 350 OE 4%, o)

ARAY, A 2 A

e
F94} Mg o, o Bl

Fe/(Fe+Mg) w2 45(0.33~053(0.43+0.14)), Alelv]

0.02~0.76(0.41£0.18)), +5-(0.41~0.84(0.62+£0.11)),

Y
0.12)) %

(0.56~0.77(0.65:0.08)), &%
ZE0.50~0.67(0.61£0.05)H T} &

2H0.54~0.83(0.69+

[e] o3
& e 7

R At

183

=rHChang, 1988; Yang, 1991; Lee, 1992). =44
of it B AAE 7B T Hey(1954)7} AAgE thol
ool EAIEH iR Hi "”]X‘ro]‘—’-(brunswgme)

of SHFVCHFig. 5). FUAT 2 neA BE
S EERRE RS nw Beo| &

s7le A7t slem 7} ¢

oo
943 Torzr‘*
&) g BREX, i=

2Aae] AAE =) @z%akx% FEYe) =41 9

Tabie 1. Chemical compositions of sericite from the Samgwang mine

SWS-1 SWS-2 SWS-3 SWS-4 SWS-5 SWS-6 SWS-7
Si0, 51.17 50.54 50.19 51.31 50.86 50.92 48.68
TiO, 041 0.58 0.45 0.57 045 0.80 0.70
ALO; 31.17 31.94 32.10 31.26 31.66 32.39 31.37
FeO 3.10 2.67 2.69 2.72 245 2.55 2.56
MnO 0.00 0.00 0.02 0.00 0.00 0.00 0.01
MgO 1.79 1.54 1.53 1.90 1.57 1.58 1.56
Ca0 0.00 0.00 0.04 0.01 0.03 0.05 0.00
Na,O 0.14 0.09 0.09 0.10 0.10 0.18 0.09
K,O 7.75 8.03 7.99 7.88 8.11 7.53 8.74
Cr,03 0.00 0.00 0.03 0.05 0.02 0.00 0.05
Total 95.81 95.42 95.13 95.80 95.25 95.99 93.79

Number of ions on the basis of 24 oxygens
Si 6.68 6.61 6.59 6.68 6.66 6.60 6.53
Al 1.32 1.39 1.41 132 1.34 1.40 1.47
Aly 3.48 3.53 3.55 3.47 3.54 3.54 3.48
Ti 0.04 0.06 0.04 0.06 0.04 0.08 0.07
Fe 0.34 0.29 0.30 0.30 0.27 0.28 0.29
Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mg 035 0.30 0.30 0.37 0.31 0.31 031
Ca 0.00 0.00 0.01 0.00 0.00 0.01 0.00
Na 0.04 0.02 0.02 0.03 0.03 0.05 0.02
K 1.29 1.34 1.34 1.31 1.35 1.24 1.50
Cr 0.00 0.00 0.00 0.01 0.00 0.00 0.01
Cations 13.53 13.55 13.56 13.53 13.54 13.49 13.67
Fe/FetMg 0.49 0.49 0.50 045 0.47 048 0.48
Tabie 2. Chemical compositions of chlorite from the Samgwang mine
SWC-1 SWC-2 SWC-3 SWC-4 SWC-5 SWC-6 SWC-7 SWC-8

Si0, 26.87 2744 26.28 26.12 2723 26.71 27.13 26.65
Ti0, 0.02 0.01 0.04 0.08 0.01 0.01 0.00 0.02
ALO, 16.78 15.93 16.48 17.58 15.81 15.15 15.63 16.19
FeO 3741 36.52 38.37 36.41 356,87 36.89 37.56 35.02
MnO 0.10 0.07 0.03 0.08 0.02 0.04 0.06 0.12
MgO 5.36 6.09 5.00 6.04 7.16 6.12 6.46 6.50
Ca0 0.30 0.33 0.11 0.12 0.11 0.13 0.21 0.42
Na,O 0.02 0.00 0.00 0.00 0.00 0.01 0.01 0.03
K,0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 86.85 86.40 86.30 86.43 86.21 85.06 87.05 85.01
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Table 2. Continued

Number of ions on the basis of 28 oxygens

Si 6.11 6.24 6.06 5.94 6.19 6.21 6.17 6.14
Aly 1.89 176 194 2.06 181 1.79 184 1.86
Alyp 2.61 251 2.54 2.66 2.42 237 235 254
Ti 0.00 0.00 0.01 0.01 0.00 0.00 0.00 0.00
Fe 7.11 6.95 7.40 6.93 6.82 7.18 7.14 6.75
Mn 0.02 0.01 0.01 0.02 0.00 0.01 0.01 0.02
Mg 1.82 207 1.72 2.05 243 2.12 219 223
Ca 0.07 0.08 0.03 0.03 0.03 0.03 0.05 0.10
Na 0.01 0.00 0.00 0.00 0.00 0.01 0.00 0.01
K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.60
Cations 19.64 19.62 19.70 19.69 19.69 19.71 19.74 19.66
Fe/Fe+Mg 0.80 0.77 0.81 0.77 0.74 0.77 077 0.75
al 217E-9 6.56E-8 117E-10  519E-8 9.29E-7 8.98E-8 1.54E-7 2.73E-7
a2 2.16E-9 5.45E-8 1.18E-10  6.25E-8 7.79E-7 7.13E-8 1.27E-7 2.54E-7
a3 0.0395 0.0334 0.0468 0.0353 0.0294 0.0371 0.0361 0.0295
SWC-9 SWC-10 SWC-11 SWC-12 SWC-13 SWC-14 SWC-15 SWC-16
SiO, 26.57 26.24 27.11 26.52 27.07 26.74 27.25 26.64
Ti0, 0.04 0.04 0.02 0.07 0.04 0.02 0.00 0.04
ALO; 16.80 18.40 16.40 16.92 15.98 15.63 1551 16.46
FeO 34.81 34.31 37.84 37.18 36.85 36.15 36.74 37.15
MnO 0.07 0.07 0.08 0.08 0.03 0.11 0.02 0.03
MgO 6.66 6.52 5.40 5.68 6.44 6.47 6.78 5.08
Ca0 0.44 0.09 0.28 0.16 0.17 0.14 0.23 0.19
NaO 0.01 0.02 0.02 0.00 0.01 0.02 0.03 0.00
K,0 0.00 0.00 0.60 0.00 0.00 0.00 0.00 0.00
Total 8542 85.73 87.15 86.61 86.89 85.28 86.56 85.59
Number of ions on the basis of 28 oxygens
Si 6.07 394 6.16 6.04 6.16 6.17 6.20 6.15
Aly 1.93 2.06 1.85 1.96 1.84 1.83 1.80 1.85
Aly 2.60 2.85 2.54 2.59 2.44 243 2.36 2.63
Ti 0.01 0.01 0.00 0.01 0.01 0.00 0.00 0.01
Fe 6.66 6.50 7.19 7.09 701 0.98 6.99 717
Mn 0.01 0.01 0.02 0.02 0.01 0.02 0.00 0.01
Mg 227 2.20 1.83 1.93 2.18 2.23 2.30 1.75
Ca 0.11 0.02 0.07 0.04 0.04 0.04 0.06 0.05
Na 0.00 0.01 0.01 0.00 0.00 0.01 0.01 0.00
K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cations 19.66 19.60 19.65 19.67 19.70 19.70 19.73 19.61
Fe/Fe+Mg 0.75 0.75 0.80 0.79 0.76 0.76 0.75 0.80
al 3.60E-7 253E-7 2.28E-9 1.25E-8 1.66E-7 2.35E-7 3.88E-7  492E-10
a2 3.70E-7 3.34E-7 2.10E-9 1.32E-8 1.45E-7 2.00E-7 311E-7  4.75E-10
a3 0.0283 0.0275 0.0403 0.0385 0.0343 0.0332 00325 0.0413

al=MggSi;010(OH)s, a2=MgsAlS1;0,(OH)g, a3=FesALSi;0,(OH),

A (site)ol] wet BRI 2822 HuMe] el (1981) H Helgeson ef al. (1978)2] 21§ Hxsiitt.
HogNE BEE ¥ ¥5=ALKe Neall and Phillips AR mU D] EEET a3FesALSiO(OH)s=
(1987)0] ARG 7P uhgel o] Fekdt = 0.0275~0.0413, a2MgsALS130,((0H)s=1.18E-10~
AAekd] zLE+= Walshe (1986), Walshe and Solomon 7.79E-7, al(MgsSi,0,0(0H)s=4.92E-10~9.29E- 72
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Fig. 5. Plot of Fe/(Fe+Mg) ratios versus Si ratios of chlorites from the Samgwang and other deposits, and gneiss.

Nomenclature and boundaries are after Hey (1954).

Table 3. Chemical compositions of k-feldspar, quartz and ruti

le from the Samgwang mine

SWK-1 SWK-2 SWK-3 SWK-4 SWQ-1 SWQ-2 SWR-1
SiO, 66.24 66.10 65.51 67.26 99.38 92.88 0.03
TiO, 0.03 0.00 0.03 0.00 0.01 0.09 99.29
AlyO4 18.32 18.38 18.69 18.41 0.02 398 0.03
FeO 0.00 0.01 0.04 0.09 0.18 0.58 0.61
MnO 0.02 0.00 0.02 0.00 0.01 0.00 0.00
MgO 0.01 0.00 0.00 0.00 0.00 0.26 0.04
CaO 0.00 0.00 0.00 0.11 0.00 0.13 0.01
Na,O 0.20 0.25 0.24 0.13 0.00 0.01 0.02
K,O0 14.38 15.60 15.58 14.94 0.00 1.25 0.00
Cr, 05 0.03 0.00 0.00 0.04 0.02 0.00 0.15
Total 99.24 100.35 100.10 100.97 99.68 99.16 100.18
Si 12.16 12.09 12.02 12.16
Al 3.96 3.96 4.04 3.92
Ti 0.00 0.00 0.00 0.00
Fe 0.00 0.00 0.00 0.01
Mn 0.00 0.00 0.00 0.00
Mg 0.00 0.00 0.00 0.00
Ca 0.00 0.00 0.00 0.02
Na 0.07 0.09 0.09 0.05
K 3.37 3.64 3.65 3.45
Cations 19.57 19.78 19.81 19.61
Ab 2.10 2.40 2.30 1.30
An 0.00 0.00 0.00 0.60
Or 97.90 97.60 97.70 98.10
K-feldspar K-feldspar K-feldspar K-feldspar Quartz Quartz Rutile

Ab=albite, An=anorthosite, Or=orthoclase
wronrrich E1)4o] 248l Table 2).

Agueil] AEse ZEddde FeO <0.04 wt.%,
TiO, <0.03wt.% 2 MnO <0.02wt% F°] 2% 3

fr5o] Jom tiFie] FAM oz FAHETHTable 3).
A9 TiO, <0.09wt%, FeO <058wt.%, MgO

=

<026 wt.%, Ca0 <0.13wt.%, Na,0 <0.01wt% &
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o] &% FF-Ho] glor B3] AR Mo He AL,
398 wt.%st K,0 125wt.% 5o AthTable 3).
FEAHL MgO 0.04wt%, ALO; 0.03 wt.%, Na,0
0.02 wt.% o] 2% 5] 3er 53] FeO 061

Wt.%, Cr,0y 0.15wt.% 3650 UtH(Table 3).

42 HALEY
3% 9 B9 ek Hgee) A ol
of FEse Akel TR ¥ §Y, 2PNl w2

oA - o)54 - X187 -

ol

29 FF, Y 2 BUS Bohu] 98l WAz
4, Aoty W mgmaAEd] el At
ACTLABS9I|A4]

ZEAMS HAIBIATHTables 4; 5).
o] RN mi

A3t 7o) @] Mol
Cu, Pb, Zn % Sn 59 ¥AEL 24,505~111,823
ppb, As, Ag, Cd, Co, Sr, Zr, Rb, Bi, Ga, Nb, Sb
2 Te 59 Y452 231~3954ppbol HEf, Th,
U, Y, In ¥ REE 59 9452 3~94pphaH F=&
Cu, Pb Zn ¥ Sn 9459 g3o] 0} o]F 94

)=} o]
ik

Table 4. Trace and rare earth elements (ppb) of quartz and sphalerite from the Samgwang and other mines

Mine  Samgwang Daebong Ogkye Chungju Jeonheung  Samgwang Cheongsong Youngdeog
Quartz Quartz Quartz Quartz Quartz Sphalerite Sphalerite Sphalerite

Mn 13017 565 1062

Fe 36706 11551 7289

As 1159 740 57829 1928 5309 18 17 151

Cu 24732 11889 36215 30956 35462

Pb 111823 22947 241093 56574 156684 6093 21096 20940

Zn 43753 23245 580432 50451 76371 240945 503930 301170

Ag 649 360 8213 697 1355 17 14 366

Cd 1163 406 7699 1224 1024 13017 2592 2482

Co 370 245 675 916 1227 0.3 168 39

Sr 2504 822 5106 45926 463736

Zr 269 123 288 1835 4113

Hf 27 24 91 7809 4348

Rb 415 208 608 29351 11074

Th 67 77 177 6398 2204

U 54 22 50 337 178

Y 57 36 90 3176 7981

Bi 3954 1459 2571 18820 2902 0.8 1 0.6

Ga 436 290 398 4041 3015 3 3.2 4

Nb 231 71 178 3934 271

Sb 1379 1580 2072 7615 16459 11 0.7 668

Sn 24505 12944 11523 46597 29192 0.8 3 35

Te 305 166 116 2153 888

In 23 28 77 441 690 13 0.8 1

La 51 41 42 6118 11808

Ce 94 95 100 11307 22706

Pr 18 14 19 1334 2609

Nd 91 100 122 5780 12731

Sm 22 18 34 1115 2365

Eu 8 12 12 789 3442

Gd 14 22 30 1233 2697

Tb 6 5 7 261 273

Dy 9 17 26 841 1591

Ho 6 6 6 224 244

Er 8 7 14 472 755

Yb 6 8 11 507 801

Lu 3 7 3 199 137
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Table 5. Gains and losses of major (wt.%), trace and rare earth elements (ppm) of the alterated granitic gneiss in the
Samgwang mine

SK2 SK2 SK2 SK1 SK1 SK1
SK14 SK2 Amount  Gain and  gain and SK1 Amount  Gain and  gain and
remaining(g) loss(g) loss(%) remaining(g) loss(g) loss(%)
Si0, 74.6 65.73 78.29 +3.69 +4.95 69.53 73.33 -1.27 -1.70
TiO, 0.23 0.69 0.82 +0.59 +257.33 0.36 0.38 +0.15 +65.07
Fe,04* 1.86 6.07 7.23 +5.37 +288.70 3.17 3.34 +1.48 +79.74
Na,O 2.59 0.4 0.48 22,11 -81.60 1.59 1.68 -0.91 -35.26
CaO 0.49 2.76 3.29 +2.80 +570.90 1.49 1.57 +1.08 +220.69
MnO 0.01 0.09 0.11 +0.10 +971.98 0.04 0.04 +0.03 +321.85
MgO 0.57 241 2.87 +2.30 +403.60 1.14 1.2 +0.63 +110.93
K,0 5.49 3.65 435 -1.14 -20.81 3.77 3.98 -1.51 -27.58
ALO, 13.9 11.67 13.9 0 0.00 13.18 13.9 0.00 0.00
P,0; 0.11 0.19 0.23 +0.12 +105.73 0.07 0.07 -0.04 -32.89
LOI 0.98 6.37 7.59 +6.61 +674.21 3.81 4.02 +3.04 +310.01
Total 100.83 100.03 119.14 98.15 103.51
As 2 181 215.59 +213.59  +10679.35 40 42.19 +40.19  +2009.26
Cu 6 9 10.72 +4.72 +78.66 17 17.93 +11.93 +198.81
Pb 41 85 101.24 +60.24 +146.93 29 30.58 -10.42 -25.40
Zn 32 117 139.36 +107.36 +335.49 57 60.11 +28.11 +87.86
Au 0.005% 0.606 0.72 +0.72 +14335.99 0.004 0 0.00 -15.63
Ag 0.1% 24 2.86 +2.76 +2758.61 0.1 0.11 +0.01 +5.46
Cd 1 0.9 1.07 +0.07 +7.20 05 0.53 -0.47 -47.27
Ni 30 29 34.54 +4.54 +15.14 31 32.69 +2.69 +8.98
Co 4 15 17.87 +13.87 +346.66 9.1 96 +5.60 +139.93
w 2% 7 8.34 +6.34 +316.88 3 3.16 +1.16 +58.19
Cr 49 58.8 70.04 +21.04 +42.93 453 47.77 -1.23 -2.50
Ba 942 415 4943 -447.70 -47.53 361 380.72 -561.28 -59.58
Sr 182 149 177.47 -4.53 249 117 123.39 -58.61 -32.20
Zr 167 188 223.92 +56.92 +34.09 149 157.14 -9.86 -5.90
\ 16 92 109.58 +93.58 +584.88 40 42.19 +26.19 +163.66
Br 1 1.1 131 +0.31 +31.02 1 1.05 +0.05 +5.46
Cs 2 23 274 +0.74 +36.98 36 3.8 +1.80 +89.83
Hf 5 5.2 6.19 +1.19 +23.87 4.1 432 -0.68 -13.52
Rb 172 149 177.47 +5.47 +3.18 181 190.89 +18.89 +10.98
Sc 3 12.9 1537 +12.37 +412.17 5.88 6.2 +320 +106.71
Th 43 14.2 16.91 -26.09 -60.67 12.6 13.29 -29.71 -69.10
u 4 258 3.07 -0.93 -23.17 4.16 439 +0.39 +9.68
Y 13 28 33.35 +20.35 +156.54 7 7.38 -5.62 -4321
Ta 1.18" 1.1 131 +0.13 +11.03 1 1.05 -0.13 -10.62
Be &Y 4 4.76 -1.24 -20.59 3 3.16 -2.84 -47.27
Bi 0.009% 22 2.62 +2.61  +29015.49 0.4 042 +041  +4587.24
Ga 21.59 15 17.87 -3.63 -16.90 16 16.87 -4.63 21.52
Ge 1.7% 1 1.19 -0.51 -29.94 0.8 0.84 -0.86 -50.37
Nb 10.7" 12.6 15.01 +4.31 +40.26 12.1 12.76 +2.06 +19.26
Sb 0.2% 42 5 +4.80 +2401.29 13 1.37 +1.17 +585.51
Se 0.08% 0.6 0.71 +0.63 +793.32 0.1 0.11 +0.03 +31.83
Sn 1.37Y 3 3.57 +2.20 +160.82 2 2.11 +0.74 +53.96
La 51 445 53 +2.00 +3.93 28.9 30.48 -20.52 -40.24
Ce 115 90.2 107.44 -7.56 -6.58 56.5 59.59 -55.41 -48.19
Pr 10.29 99 11.79 +1.59 +15.61 597 6.3 -3.90 -38.27
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Table 5. Continued

SK2 SK2 SK2 SK1 SK1 SK1
SK14 SK2 Amount  Gain and  gain and SK1 Amount  Gain and  gain and
remaining(g)  loss(g) loss(%) remaining(g) loss(g) loss(%)
Nd 43 359 42.76 -0.24 -0.56 20.6 21.73 -21.27 -49.48
Sm 8 6.56 7.81 -0.19 -2.33 3.86 4.07 -3.93 -49.11
Eu 1 1.34 1.6 +0.60 +59.61 0.67 0.71 -0.29 -29.34
Gd 6.76" 5.64 6.72 -0.04 -0.63 3.1 3.27 -3.49 -51.64
Tb 0.5 0.97 1.16 +0.66 +131.07 045 0.47 -0.03 -5.08
Dy 6.32" 5.21 6.21 -0.11 -1.81 1.88 1.98 -4.34 -68.63
Ho 1.12P 0.96 1.14 +0.02 +2.09 0.28 0.3 -0.82 -73.63
Er 3.13" 2.82 3.36 +0.23 +7.31 0.68 0.72 -2.41 -77.09
Tm 0.42" 0.4 0.48 +0.06 +13.44 0.09 0.09 -0.33 -77.40
Yb 0.7 2.55 3.04 +2.34 +333.90 0.54 0.57 -0.13 -18.64
Lu 0.07 0.38 0.45 +0.38 +546.59 0.08 0.08 +0.01 +20.53
S 0.02 0.03
CO, 5.00 2.15

*Total Fe as Fe,0;, Data sources: 1)=Lee and Kim (1992), 2)=average content in crust

£ g diEl uiE, 24, 3F 2 A3 H|
o o, A, o8 2 SAEYY] g9 s ¥
Aggodel vjs) W gk zteth 53 AT 9
AeFel Agulel Sr, Zr, Rb, Ga, Nb, Sh, Te &
REE 59 9459 &5 4, s 2 SA A
SR 9 ol T& TS Zeti(Table 4). ©AR
2% Mol e F2 Zn, Fe, Mn, Cd 2 Pbo] &
FE 4% As, Ag, Sb, In, Ga, Sn, Co ¥ Bi 5
o] 47t FHHAHTable. 4). ©] ZEANAM He A%
7o) Abggadel ot e g 9 Fuite] Aot
AAEL} Fe, Mn 3 Cd9] $o] &3 Pbe] e
A AEEn FRAoE A4 U JYBAlA As,
Ag, Co @ Sb7t =A AEHrTable 4). ZEHEA
GgHa Bokatolols AL ol 23 o]5AE
Aol EAgc. AlBe AR 7delx AgaolA
20cm EoF (SK2)7 50cm Eold FH(SK1)elA
AFATE Azls E5gd o 2 AR}
A BEE A% HUN3s 9 FAMsEE s
T, T2 G5 ols UM ET -4t
A #BEAEY 2% Amsztgo] adn). gy
o] BRI s HnRRHSK14)0l Hlal HA-E S SK2
2 SKi1AEelA Nay0O, K0, Ba, S, Th, Be 5°] &
4231 Fe,05 CaO, MgO, As, Cu, Zn, Ag, Co, W,
V, Sc, Bi, Sb, Sn 5°| F7kket 53] As, Zn, Co,
V Bi, Sb 59 A&7t @AsHA F7HITHTable 4;
Fig. 6A, B). 2eha3Al 2345 Fu0] JAAAE
7122 WA vEA FE L Ao otk shEREA

A g vFes B oS % &AL AUshe W

=

=

28 o] &3] F3AE o] WA Yol Yk o5
2 £a42 A9 BH(Gresens, 1967; Grant, 1986),
SK2A B #A3] 718 9AELE FeyOs(+54 ),
As(+213.6g), Ag(+2.8¢), Po(+60.2g), Zn(+1074 g),
Co(+139g), W(+63g), Cr(+21.0g), Zr(+569g),
V(+93.69), Rb(+5.5g), Sc(+12.4 g)o]l32 SK1A &l
A AR)E] Z715F ALAES As(+402 g), Cu(+1199),
Zn(+28.1g), Co(+5.6g), V(+26.2g), Rb(+18.9g)°]t}
(Table 5). =3& 5914 =QF o]l S 2 COpl thet
AR5 glo] o5 A A AUAT B
A4 Fo) S 2 CO, A4E9] %S 747} 0.02~
0.03ppm, 2.15~5ppmE ZF=th Yoo e al. (2007)
of o3 i, = B UEdd FEHE &
7kl 948 K0, P,0;, Ag, As, Ba, Cr, Cu, Pb,
Rb, Sb, Sc, Sm, S, V ¥ Zn 59| Y4ty ¥ s}
ArhFig. 6C). EgH MBS FeyO4T), Ag, Cd,
Co, Cr, Cu, Ni, Pb, Rb, S, Sb, Sc, Sn, W, Zn,
CO, 59 A&7} F7l8lal(Fig. 6D-E) TFEd2
K50, Au, Ag, As, Co, Cs, Cu, Rb, S, Sh, Sc, Sn,
U, W Zr, CO, 59 947t S713ckFig. 6F-H). ©
£ UREe e RYS ¢Fr=AAE ¢
Hozg pAEe] gt EI fEvEre] difRe] F
2 o] o= AR o FA AP L
4 BARe] olF M FEHLE Frtel
= QAES Ag As, Zn, Sc @ Sh Solth of7]olA
Rb 4% s 2 Ugedx 48 Zashe dag =
AJEATE TE el Svlsle 9AaR BAIET &
3 Ay, e W gEsgalel FEEHoZ S 2 CO,y

—_
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Fig. 6. Isochon diagrams showing chemical changes that occur during wallrock alteration from the Samgwang(A-B),
Daebong(C), Baegun(D-E) and Palgong(F-H) deposits. Co and Cf refer to unaltered and altered rocks, respectively. M and V
indicate constant mass and constant volume conditions, respectively.
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Fig. 7. Plot of Al ratios versus Fe/(Fet+tMg) ratios of
chlorites from the Samgwang, some Au-Ag, Cu, W and Fe
deposits in Republic of Korea and some deposits in Japan
(C=Chitose epithermal Au-Ag veins, K=Kuroko deposits,
0O=0he Pb-Zn-Mn veins, P=polymetallic veins, T=Toyoha
polymetallic veins, Z=Cu-Pb-Zn veins).
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Fig. 8. Plot of Aly ratios versus Fe/(Fe+Mg) ratios of
sericites from the Samgwang and some Au-Ag deposits.
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of §58 4= k. o] WA =R, AR, &
B 5& wrsld Aensixigoe] AaE), Ravidy
24, FAIERE XS (mNat+mK* +mCa®" +mMgit =
0.35, 0.35)(Yoo et al., 2003) B FEAF9] B4
o] w23 AN B 995t 2= (Helgeson 1969;
Helgeson and Kirkham, 1978; Arnorsson et al,
1982: Berman, 1988)% 7|% 8 3l 3 Agsgidol
log oK*/oH 2 4.6(400°C), 4.1(350°C), log oNa*/
oH*ZHE 4.0(400°C), 4.2(350°C) 2 log aCa?*/oH*

2 1.8(400°C), 4.5(350°C)0]th. Bqh g del vk
YAEE(mNat, mkt, mCa®*, mMgH)e Yoo e al.
2007eIA A Hhgoll s F& 4 Ut o7]ollA
SEEASGNat, 1K+, yCa*, YMe@)E Garrels
and Christ(1965)°ll sl HA1¥ mean-salt methods}
Bronsted-Guggenheim %4 4] (logy,=-Az1"/1+ Bal*+
bl ¢l8) 78kt o37]9)A Debye-Huckel solvent
uf7l<9=(A, Bge Helgeson and Kirkham (1974)
o] ZARE 7|22 st dgARMT FdF v
722 taao] iR

A=0.4911+7.2035x10"*xT+8.9936x10 "xT?+
4.7815x10°8xT3-2.5348x 10710 T* +5.0592x
10°8<T®

B=0.3244+41.5103x10"*xT+1.1861x10""xT2+
2.7327x1079%T3-1.523x107 1 1xT* +2.7029x
10 4<T?

o] T}atA] g o]-&35 400°CS} 350°CS) Debye-Huckel
solvent "i7HH=F(A, BZD) 2 A=2.6748, 1.7569,
B=0.4656, 0.4224°|t}. o|& AFEE 7L AL ol
£ Batel degdy §£329 #FE(oNat, oK',
aCa®t, aMg@hE 2% 400°Cet 350°ColA e zkzt
aNat=0.0476, 0.0863, oK*=00154, 00231, aCa’*=
2.42E-11, 7.07E-10, oMg®*=1.59E-12, 1.77E-11 £
AW A3 45gdule] = Natel KTeg
AEo] AU & 5 o g £2E &
EEH okt Be g zheth

akggate] 489 pH #3h= pH buffer 3%
ol Agwel Ao wetl Walsic) gt #
2 AndE-e Hygue] FHRE e} W
ARl o8 & cmolM 60cm oMZ LA, AR
A, o8 FL wud AEd. gEia 2ol
FEA BYWEY 2 o e gy 39
BFEAE 55 o8t ARl e 400°Ce
350°Ce] Whg-2xoil FEfgde] =7 pHe 77

54~6.4, 53~5.7 02 BhHAA 27| d5Ede
oRabgo|le-S & 4 low tigaAe] Zst Ak
e etk

Apggatel g4 Sy mH,Se 2% 350°Cel4
logfOy-logfS, Tholoizridel] FAFET R shatxA
£ 7R $58 4 ok logfO, 3 -304~-303
atm(FH 245} Mo FAT uf 7 Zhe} FeS
mole% ZtE 10.07~13.82¢0d01349] 3E=2A)E o]
£319 ANE myysS AN -24~-2.5H00 SBE]
o o] gt e 27 €40A9 ImSel F
Foh AZbEs disdde] e we g Zeth

gy ok ol W B iiE, 7 R Y
Yol theh 2 AN o]544 AR, o]5dAa
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Tl, CO,(¥-&37), MnO, K,0, TiO,;, Ag, Co, Cs,
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Ho, Er, T, Tm, Yb, COX(Z&34), Na,0, K0,
P,0s, Ba, S, Cr, Sc, V Pb, Zn, Be, Ag, As, Ta,
ShElE-=37d), Si0,, K,0, Cu, Rb, Nb, Dy, Ho, Ga,
Sm, Yb, Er, LuF=3) 2 TiO, Fe,05 MgO,
MnO, P,Os, K;O, Pb, As, Ni, Cu, Zr, Ag, V, Sh,
Cd, Co, Sc, Hf, Sm, Nd, La, Ce, Rb, Cr Y, Ba,
SrEs3AHEA ZF vl 4] TR/ 2 F3M
Tol| Aoz} AUtk et ol FFlM FFHE
Z7reta BRI £& 94AELS Ag, As, Zn, Sc ¥
Sh 5o F-2%E9 Pl AAYLees B8E &
& Zelth. Rb das di% 2 UEd A
s 45, ud, I 2 Pl Edest
22 A4z YepdthFig 6)(Yoo e al., 2007). £3F
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=
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(Fe+Mg) #2 045~050(0.48+0.02)24 7] 19
FAES v o gE5gdEd o7t ¥ WAl
AR O SHFERT 22 38 Zetth o 2
28 LA ALY AEF Yoz 7o wal
Fe ghgo| ZA3he & 4 At

2. 43R FUAE BRZHR0| E (brunsvigite)
o FEM A9 Fe/(Fe+Mg) 32 0.74~0.81
0.77+0.03) °]x ANE ZUY ©Fe] 5=}
a3(FesAlyS130,0(OH)s=0.0275~0.0413, a2(MgsALSi;04
(OH)g=1.18E-10~7.79E-7, al(Mg;Si,0;,(OH)s=4.92E-
10~9.29E-72A] iron-rich =44o] Al3}c}, o]7l&
S BT 9 U F5Y R Fegddo) 22 @
ztom FFo] T2 gA 228 g A
Y Adr FFoR 7ol Wt Fe o] 74
T St}
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7.07E-10(350°C), aMg?*=1.59E-12(400°C), 1.77E-11
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