1

2000 2



1999 10

R



1999

12




LiSt OF FIQUIES civiiiiiiiiiii s

LISt Of T Al @S coiieveniiiiiiiiiiiiiiii sttt e e s et e e e e e aabe e e eabarensetarenseeerarensans
U PPN 1
1L, e 1
do. e e 2
1o, e e e e 2
PP 5
2-d. e 5
2D e 7
PPN 11
Brd. et s 11
B2 e 15
3-8, e s 17
3m3m 0. ettt ettt e et ehe et e ettt b et e ette e ebeeateear s esbeensaenne e s 17
3m3-05 0. ettt be et ettt b e atteete et b e nteete e etbe b ensaenneeere s 17
3m3:002, ettt be ettt et b b eatt e eae et b et ettt esbe e ebeenbaenneeere s 18
B-3-1-3. e e e e 18
Br3-0od . ettt ettt ettt e e ete et b nbeett s etbe e ebeeabaennaeere s 19
B-3-0-5. e e s 19
B-3-1-6. e e s 19
3-3-1-7. PD-Bi-CU-S oot s 21
B-3-0-8. e e e s 21

B-3-1-0. e s 24



331510, e e e

3230510 et et e ettt et et e e

BeBo o012, ettt

3-4.

4-1.

4-3.
4-4.

5-1.
5-2.
5-3.
5-4.

6-1.
6-2.
6-3.

7-1.
7-2.
7-3.






List of Figures

Figure No. Page

Fig. 1. Location map of the studied Jangan Cu MiNe area. -« oevineninecinnnne, 3
Fig. 2. Geological map and sample location map of the Chilcheondo. ......ccccoene. 6
Fig. 3. Photographs showing the Chilcheondo area. -« ooeeoeniiiiii 10
Fig. 4. Underground map of JANQan MINE. «eeermemremenemireeieseeieseeesieseeeeeneeens 13
Fig. 5. Photographs showing ores from the Jangan deposit. -....ccoooovnivinnnnnnn 14

Fig. 6. Microphotographs showing alteration minerals from the Jangan deposit

AN GrANITE. vttt 16

Fig. 7. Enlarged parallerogram of the triangle diagram for the system Pb-Bi-S.

Fig. 8. Microphotographs showing the mineral assemblages of the granite. ....... 25

Fig. 9. Microphotographs showing the mineral assemblages in the stage - a

from the Jangan dEPOSIt. oo 26

Fig. 10. Microphotographs showing the mineral assemblages in the stage - b,

- ¢ from the Jangan dePOSIt. - oo 27

- iv -



Fig. 11. Paragenetic sequence of minerals from the Jangan mine. ..., 29

Fig. 12. Microphotographs showing various types of fluid inclusions from the

veinlet in granite and Jangan MiNE. « i 31

Fig. 13. Histogram of NaCl eq. wt.% of salinities for fluid inclusions in quartz

from the veinlet in granite and Jangan Mine. i 34

Fig. 14. Histogram of homogenization temperature for fluid inclusions in quartz

from the veinlet in granite and Jangan Mine. .o 35

Fig. 15. Relationship between salinities and homogenization temperatures of

fluid inclusions from the veinlet in granite and Jangan mine. .....cccccecencnininnns 37

Fig. 16. Hydrogen versus oxygen isotope diagram, displaying stable isotope
systematics of hydrothermal fluids from the Jangan deposit. ..o, 51



List of Tables

Table No. Page

Table 1. Electron microprobe analysis data of sphalerite. «..cccooooeiniiiii. 20

Table 2. Electron microprobe analysis data of Pb-Bi-Cu-S minerals from the

JANGAN GEPOSIT. - ovvvvresireisis s 22

Table 3. Sulfur isotope composition of sulfide minerals from the veinlet in

granite and Jangan dEPOSIT. < oo et 40

Table 4. Oxygen and hydrogen isotope data from the altered granite and

JANGAN AEPOSIT. «orvvrevsimeisis it 42

Table 5. Carbon isotope data from the veinlet in granite and Jangan deposit. .44

Table 6. K-Ar ages for sericite in the Chilcheondo. oo 46

- Vi -



1-1.

el

NS N10" 15

el el

w N10 20 E 70°

(1969), (1972), (1973) :

(Koo, 1968; 1969; Lee, 1970; Kim, 1973;
Hwang, 1974; Jin, 1981; 1982; Park, 1983; 1984; Choi; Min 1969; 1970;
Kim, 1976; Park, 1985).

( ; 1982),

( . 1974, Sillitoe 1980).

(1980)

( , 1984; , 1986;
, 1989).



1-2.

(Fig. 1).

EPM A

12 km



i
.lIIIIIlI
& Milyang I
4 35°25
Gyeongsang-namdo '|J
Hamangun g Yangsan
_-—"'_"\\
o Kimhea
] [
.| |
i P n
. )
GOSUNg &
SOUTH SEA |
347257
a 7 Adkm|
———
1287157 129°10°

Fig.1. Location map of the studied Jangan Cu mine area.
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Fig. 2. Geolegical and sample location map of the
Chilcheondo (after Won et al.,, 1980). 1. Alluvium 2. Basic
dike 3. Biotite Granite 4. Andesitic rock 5. Jangmockri
Formation 6. Sungpori Formation 7. Jangan Cu mine
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Fig. 3. Photographs showing the Chilcheon-do area. A= Sungpori
Formation, B= Jangmockri Formation, C= Andesitic rock, D= Biotite

Granite.
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Fig. 4. Underground map of the Jangan mine
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Fig. 5. Photographs showing ores from the Jangan deposit. A= Ore
bearing quartz vein and wall rock, B= Main ore bearing Milky quarz
vein (Stage ll-a) and Massive quartz vein (Stage Il-b) of the jangan

deposit.
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(Fig. 8).



Fig. 6. Microphotographs showing alteration minerals from the Jangan deposit
(A, B) and granite (C, D). A= Epidote (Epi) and Chlorite (Chl) from the Jangan
deposit, B= Epidote (Epi) from the Jangan deposit, C= Epidote (Epi) from the
granite, D= Sericite (Se) from the granite. Scale bar is 100y m.
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(Fig. 9).
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Pb-Bi-S

(Fig. 8).

3-3-1-2.

(Fig. 10).

(Fig. 8).
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(Fig. 8).
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Table 1

Table 1 FeS 241 3.17 mole%
3-3-1-4.
(Fig. 9).
(Fig. 8).
3-3-1-5.
(Fig. 10).
3-3-1-6. (Nuffieldite)
Pb-Cu-Bi-S
Pb-Cu-Bi-S (Fig. 10).
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Table 1. Electron microprobe analysis data of sphalerite.

Sample Weight % mole %
No Zn Fe Cu Cd Mn S T otal FeS
JA-23 6522 149 076 044 0.02 3288 10081 2.56
65.25 157 093 0.02 0.00 3382 10159 2.70
6529 139 035 044 0.09 3343  100.99 241
6501 155 0.22 0.59 018 3322 100.77 2.68
65.11 139 0.4 0.35 0.07 3331 10047 242
6479 176 0.70 0.29 0.06 3263 100.23 3.04
64.16 183 085 0.28 015 3319 10046 3.17
6428 169 035 0.38 0.02 3353 100.25 296

- 20 -



Pb; 39.76 41.45 wt.%, Bi; 38.83 40.95 wt.%,
Cu; 191 246 wt.%, Fe; 0.99 126 wt.%, S, 1593 16.25 wt.%

PblO.ZZ 10.37F€0.94 1.23Bi10.09 1043 Cul.GO 2.06

Se7.00 (10PbS.2Cu:S.5Bi.S) Pb
Bi Cu ,
Fe (Table. 2).
Pb-Bi-S (Fig. 7),
Pb  Bi , Cu Fe

3-3-1-7. Pb-Bi-Cu-S

Pb-Bi-Cu-S
EPM A Table 2 Pb; 16.79 16.99 wt.%,
Bi; 6145 61.85 wt.%, Cu; 9.63 9.92 wt.%, Fe; 0.74 123 wt.% S,

1037 10.68 wt.%

Pb-Bi-S (Fig. 7), Bi Cu

Pb

3-3-1-8.

subangular

(Fig. 10).
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Table. 2. Electron microprobe analysis data of Pb-Bi-Cu-S minerals from the

Jangan deposit.

1 0,
Sample Weight % Structural
No.  pp B cu Fe S Total Formula

1 4145 3883 233 126 1593 998 PDb1os7Fer 23Bii0.0sCU199S7

2 4085 4026 246 112 1625 100.94 PDb1osoFer 07Biio26CU206S7

3 4137 3988 230 117 16.03 100.75 PDb1o.7sF€1.13Bii030CUL 957

4 39.76 4095 2.22 0.99 16.25 100.17 Pb1o.22F€0.94Bi1043CU186Se7

5 4045 39.85 191 1.04 16.18 9943 Pb1o.44Fe0.99Bi10.20CU1.60Se7

6 39.87 40.19 2.15 1.03 15.97 99.21 Pb1o.4sFe0.99Bit042CU1 8507

7 1699 6185 992 123 1068 100.67 PDs.saFer 7sBizsssClU12 657

8 16.79 6145 9.63 0.74 10.37 98.98 Pbs.76Fe1.11Bizs54 CU12.65Se7

1 6:JA-2, 1 6 : nuffieldite, 7 8 : Pb-Bi-Cu-S mineral

- 22 -
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3-3-1-9.

(Fig. 9).

(Fig. 8).

3-3-1-10.

(Fig. 10).

3-3-1-11.

hypogene

3-3-1-12.

hypogene
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Fig. 8. Microphotographs showing the mineral assemblages of the
granite. A= Sphalerite (Sp) showing gradual exsolution texture with
chalcopyrite (Cp), B= Coexisting sphalerite, pyrite (Py), galena (Gn) and
chalcopyrite, C= Chalcopyrite diseased sphalerite containing galena, D=

Coexisting pyrite, galena. Scale bar is 100

- 25 -



Fig. 9. Microphotographs showing the mineral assemblages in the stage

- a from the Jangan deposit. A= Coexisting chalcopyrite (Cp) , galena
(Gn), pyrite (Py), B= Chalcopyrite containing galena and replaced by
goethite (Ge), C= Coexisting pyrite and goethite, D= Chalcopyrite

containing galena. Scale bar is 100y m.

- 26 -



Fig. 10. Microphotographs showing the mineral assemblages in the stage
II- b, - ¢ from the Jangan deposit. A= Chalcopyrite (Cp) coexisting
with bornite (Bn) and hematite (He), B= Chalcopyrite coexisting galena,
hematite and replaced by covellite (Cv), C= Chalcopyrite replaced by
nuffieldite (Nf), D= Native copper (Cu) coexisting with calcite. Scale bar

is 100y m.
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(Fig. 11).
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(Fig. 11).



Minerals

stage |l

Stage |

lla b

Supergene
[

Chlorite
Epidote
Sericite
Magnetite
Hematite
Pyrite
Chalcopyrite
Galena
Sphalerite
Bornite
Nuffieldite
Quartz
Calcite
Nativecopper
Chalcocite
Covellite

Geothite
Malachite

I A N A O I

Fig. 11. Paragenetic sequence of minerals from the Jangan mine.
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4-1.
60 90 % ,
CO: CO: ,
50 % , ,
COZ ]
(Fig. 12).
, bubble 2 12
80 % ,
CO:. CO:
(Fig. 12).
(Fig. 12). 8 50
bubble 4 12 , 8 12
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Fig. 12. Microphotographs showing various types of fluid inclusions
from the veinlet in granite and Jangan mine. A, B and C=Type |
inclusion, D=Type Il inclsion, E=Coexisting Type | and Il inclusions,

F=Type Ill inclusion, G=gas, L=liquid, S=halite. Scale bar is 50
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136 ) '

4-2.

Roedder (1962) ,
Sterner (1988)

- a
N aCl 25 76 wt.%
41 58 wt.%
- b N aCl 0.7 69
wt.% , 70 % 1 6.2 wt.%
) Ila
2.8 55 wt.%
N aCl 04 16 wt.%
N aCl
133 176 wt.% , N aCl

542 579 wt.%
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(Fig. 13).

4-3
300 394
300 3% ,

5 386 .- b
304 325 392

342 360

113 156
342 382

14).
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(Fig. 14).
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Veinlet in Granite

et TT i
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-

Salinity (NaCl equi. wt. %)

Fig. 13. Histogram of NaCl equi. wt. % of salinities for fluid
inclusions in quartz from the veinlet in granite and Jangan
mine. []; Type | inclusion, M ; Type Il inclusion, E; Type Il
inclusion
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— . . . .
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“ T

R
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Homogenization emperature | "C)

Fig. 14. Histogram of homoegenization temperature for fluid inclusions
in quartz from the veinlet in granite and Jangan mine. []; Type |
inclusion, M; Type Il inclusion, E; Type Il inclusion,
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4-4.

- a 300 39%4
, 25 7.6 wt.% equiv. NaCl

- a
-b
284 392 0.7 6.9 wt.% equiv. NaCl
-b
(Fig. 15).
342 382
458 486 , 133 176 wt.% 542 579 wt.% equiv.
N aCl (Fig. 13, 14).
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Fig. 15. Relationship between salinity and homogenization
temperature of fluid inclusions from the veinlet in granite and
Jangan mine.
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5-1.

[ ( )] gas/ isotope ration mass spectrometer

5 %S 554 5.77 %o
(Table 3).

- 38 -



- a 5 *S 4.67 %o
, - Db 5 *S 545 %o

S0.*, SOs* S02, SCO:,

S, H:S, HS, S° H.S, HS

H:S (Ohmoto and Rye,
1979). 5¥S &
*Shs Ohmoto and Rye (1979)

1000 In @ pyrtenzs = 040 (10°/ T?) 200 700
1000 In O gaenan2s = -0.63 (10°/ T?) 50 700
1000 In a chalcopyrite-H2s = '005 (106/ Tz) 200 600

5%S & ¥Sy
470 7.08 %o, - a 454 %, - b 5.3 %o

%S & ¥s,,s 00

-39 -



Table 3. Sulfur isotope composition (permil) of sulfide minerals from the

veinlet in granite and Jangan deposit.

_ Sample . . .
Deposit  Stage N Mineral 0°S T ( 0 “'Siss
0.
. . JA-22 Pyrite 554 420 4.70
Veinlet in
Granite
JA-22 Galena 577 420 7.08
-a JA-8 Chalcopyrite 4.67 345 454
Jangan
-b JA-12 Chalcopyrite 545 328 53

Calculated sulfur isotopic composition of H.S in ore fluids, using the
isopote fractionation equation of Ohmoto and Rye (1979).

Temperature of average of homogenization

inclusion.

- 40 -
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5-3.

5 0 8.24 %o
- a 3 "0 228 4.38
%o , - Db 5 'O 3.93 5.81 %o
, - 4a -b (Table 4).
oD -72.2 %o
) - a oD -48.1
-39.1 %o - b oD -52.6 -295 %o
(Table 4).
0D -50 -85 %o , 80
55 10.0 %o (Taylor, 1979).

o) O; 1000 Ina Quarz-izo = 3.34 (106/ Tz) - 331
S O; 1000 InA reiaspar-izo = 291 (10°/ T?) - 341 (Matsushisa et al., 1979)

5 ®0u,0 M atsushisa et al. (1979)
, 0D
5 ®0u,0 5.59
%o, - a -351 -1.05 %, -b -2.00 -0.12 %o

3D, & 0y,

& ®O0y0

- 41 -



Table 4. Oxygen and hydrogen isotope data from the altered granite and
Jangan deposit.

i Sample . 1 16
Deposit Stage N Mineral & O (%o) & Duao (%) T ( ) O "Onzo (%o)
0.

Altered
. JA-22 Feldspar 8.24 -72.2 420 559
Granite
JA-7  Quartz 2.28 -39.1 345 -3.15
JA-8 Quartz 353 -39.7 345 -1.90
-a
JA-11  Quartz 3.34 -405 345 -2.09
Jangan
JA-9  Quartz 4.38 -48.1 345 -1.05
JA-13  Quartz 3.93 -295 328 -2.00
-b
JA-14  Quartz 581 -52.6 328 -0.12

Tempareture based on average fluid inclusion temperatures.
0 BOHZO (%0) based on oxygen isotope fractionation factors: Matsuhisa
et al. (1979).

d Dy ,0 (%) is hydrogen isotope composition of water in fluid inclusion

(extracted by crushing).
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5-4.

5 “C -5.46 %o
: ll-c 3 "C
-8.33 %o (Table 5).
d"C -3 -7 %o
(Deines and Gold, 1973).

S C; 1000 InO caciecoz = 2.998(10°/ T?) - 7.666(10°/ T) + 2461
(Friedman and O'Neil, 1977)

0 Ccoz Friedman and O'Neil (1977)
, -6.83 %o, -9.94 %o
6 13C 6 13C

6 CCOZ

, 5 “°C 5 C co,
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Table 5. Carbon isotope data from the veinlet in granite and Jangan
deposit.

50 (k) 3 “C (h) _

) Sample . i
Deposit Stage N Mineral () O "Ccoz (%0)
0.

SMOW -PDB
Veinlet
in JA-22 Calcite 421 -546 142.6 -6.83
Granite
Jangan - ¢ JA-13 Calcite 7.23 -8.33 136.5 -0.94

Temperature based on average fluid inclusion temperatures.

d C o, (o) based on carbon isotope fractionation factors: Friedman and

O'Neil, (1977).
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6-1.

K-Ar

6-2.

K-Ar
Fig. 2 (CC99428-22)

2000 ppm Cs buffer
(Nagao et al. 1984).
2 % . 2
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. Ar

38Ar
(Nagao, Itaya, 1986; 1988;). K-Ar A
.=0581x10"°/ y, 13=4.962x10"°/y  *“’K/ K= 0.0001167 (Steiger and Jager,
1977).
6-3.
K-Ar 812+ 18 Ma
(Table 6). (729t 1.2 Ma; Shelton et al., 1990),
(81.8+t 1.8 Ma; Choi , 1994)

Table 6. K-Ar ages for sericite in the Chilcheondo.

Sample Rock name Rad.’Ar Non-Rad.
K (wt.%) Age Ma)
No. (analyzed mineral) (10°ccSTP/ g) “Ar (%)
CC-23 Sericite 725+ 015 23373+t 241 812+ 18 3.1
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7-1.

N acl

- a

300 394 |, 25 76 wt.%

335 386

, 41 58 wt.%
Hass (1971)
1245 bar
N aCl

- 47 -

NaCl-H-O

342 486 , 133 579 wt.%

N aCl

1567 m . -b
284 392 0.7 69 wt.%

342 360 , 28 55 wt.%



109.3 bar , 1351 m

- a
1 - b
(Fig. 15).
- b
- b
, - b 107° 10** atm
- a
1 - b
) - a
- b
284 351 , 6.1 116 wt.% 10 10° atm , 1983), (27
6 350 , 62 116 wt.%, , 1983), (240 353 , 85 136
wt.%, 10"* 10° atm, , 1983), (154 335
, 1974), (170 400 , 38 44 wt.%, , unpublished),
(213 262 , 66 109 wt.%, 10" atm , , 1984),
(248 373 , 117 44.1 wt.%, , 1984), (107 282 , 10 6.1

wt.%, 10 10" atm, Shelton et al., 1990)
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7-2.

total S 5 ¥Su.s
454 53 %o
5 ®0u,o -3.15 -0.12 %o,
3D -526 -39.1 %o 5 Y04, (655

10 %o, Tayler, 1977) 0 D (-50 -85%., Tayler, 1977)
, 5 “C -8.33 %o S ®C(-3 -7 %o,
Deines and Gold, 1973)

total S 3 ¥Sys
470 7.08 %o
5 ®0u,0 559 %o, & D -72.2
%o . 5 “C -5.46 %o
(Fig. 16). Sakai (1996) 0 20 %o, 0 %o
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7-3.

, ( , 1983) ,
: : (
, 1983)
K-Ar 812
+ 18 Ma) ,
818+ 1.8 Ma), 729+ 1.2 Ma)
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Fig. 16. Hydrogen versus oxygen isotope diagram,
displaying stable isotope systematics of
hydrothermal fluids from the Jangan mine.The
magmatic and meta-morphic water boxes (Taylor,
1974, 1979) and the meteoric water line (Craig, 1961)
are also shown. The range of the HKorean
paleometeoric water composition is from shelton et
al. (1988) and So et al. (1990). The compositional
range of modern Korean groundwater is from Kim,
Nakai (1288).
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N10° 20°W, 75
° 85°SW

, , Cu-Pb-Bi-S
' , NacCl
(-log fs:) Il-a 300 394 , 25 76
wt.%, ll-b 284 392 , 0.7 69 wt.% 73 4.1 atm
ll-a (Prysrosiaic) 124 bar
1567 m . 342 486 , 133 579

wt.%
5 *Sus 454 53 %o

470 7.08 %o ,

, 3 ®0u,0

oD 5 “C -3.15 -0.12 %o, -52 -39 %o, -8.33 %o



5 Y040 3D d “C 559 %o,

-72.2 %o, -5.46 %o
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The Geology of the Chilcheondo area consists of cretaceous

sedimentary rocks, andesitic rocks, granite and acidic or basic dykes.
Jangan Cu deposit is hydrothermal vein type deposit which filled fractu-
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res in cretaceous andesitic rock and the strike and dip of the veins are
N10 20°W and 75 85°SW. Ore minerals which occurred in the Jangan
mine are pyrite, chalcopyrite, galena, bornite, magnetite, hematite,
cosalite, native copper and Pb-Cu-Bi-S mineral. In quartz vein in granite
around the Jangan Cu deposit, pyrite, chalcopyrite, sphalerite, galena,
magnetite are occurred. K-Ar dating of alteration sericite (81.2+ 1.8 m.y.)
in quartz vein indicates a late cretaceous age for ore mineralization.

The fluid inclusion and mineralogic data indicate that mineralization
of the Jangan mine is at temperatures between 284 and 394 from
fluid with salinities of 0.7 to 7.6 wt. % equiv. NaCl and with -logfs.
values of 8 over, and that mineralization in granite is at temperatures
between 342 and 486 from fluis with salinities of 13.3 to 57.9 wt. %
equiv. NaCl.

Sulfur isotope compositions of sulfide minerals of the Jangan mine

® *Si2s=45 53 %) and quartz vein in granite (0 *Si2s=4.7 7.08 %o)
indicate relatively high & *Si.s values of ore fluids, likely indicating
igneous sources of sulfur largely mixed with isotopically heavier sulfur
sources. Oxygen, hydrogen and Carbon isotope compositions of the
Jangan mine (8 "On20=-3.15 -0.12 %, & D=-52 -39 %o, & '*C=-8.33 %o)
and quartz vein in granite ( “Ouw20=559 %o, & D=-72.2 %o, & "C=-546
%o0) support the hypothesis. In conclusion the Jangan mine affected of
wall rock and meteoric water, and shows meso hypotherma type

characteristics.
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