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Stable Isotope and Fluid Inclusion Studies of the
Manjang Copper Mine, South Korea

Kyu Han Kim and Jeung Sook Shin

Abstract: The Manjang copper-magnetite-fluorite orebodies are imbedded within the limestone
beds of the Hwajonri Formation. The ore deposits are characterized by magnetite-fluorite bearing
skarn orebody in the west orebody and copper sulfide veins of the central and main orebodies.
This study includes fluid inclusion geothermometry, salinity analysis, stable isotope analysis, and
application of phase rule to mineral associations in skarn ore.

Ore minerals are closely associated with the skarn silicates such as garnet, wollastonite and
epidote. Magnetite and fluorite are remarkable in the west orebody whereas chalcopyrite is
dominate in the central and main orebodies where pyrite and pyrrhotite also appear as sulfide
gangues. '

Homogenization temperature and salinity of fluid inclusions are measured ranging between 240°C
and 350°C, 6.3~12.9 wt. percent in quartz and 220°C and 350°C, 8.5~9.9wt. percent in fluorite,
respectively. This indicates that the filling temperature and salinity are higher in quartz than in
fluorite with the tendency of both to be linearly decreased suggesting an attribution of meteoric
water to the mineralization.

T-fo, diagram in the Ca-Fe-Si system at 1 kb and Xco,=0.02 shows that the mineral
assemblages with decreasing temperature are andradite-hedenbergite-calcite, hedenbergite-andradite-
quartz, magnetite-andradite-quartz, and magnetite-quartz-calcite, indicating that magnetite
crystallizes mostly late skarn stage at lower temperature.

According to the carbon and oxygen isotopic values of the host limestone and calcite in ores,
the sourec of carbon might be mixture of host limestone and deep seated carbons. Sulfur isotope

data imply that ore fluids be relatively homogeneous in sulfur isotopic composition, mainly derived

from igneous source.
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Fig. 1 Geologic map of the Manjang mine area (modified from Lee and Kim, 1971 and Jang, 1975).
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Table 1 Chemical composition of garnet from the
west orebody of the Manjang mine.

Analytical point

Composition

1| 2 [ 3 | 4
Si0; 35.26| 35.01 34.97 35.0
ALO; 0.56 0.8 0.37  0.05
FesOs 29.47, 29.12] 30.04f 29.7
MnO 1.84)  1.86 159 147
MgO 0.02  0.05| 0.05 0.06
Ca0 31.69) 3L.29 3157 3208
Total 98.88 98, 19] 98.60, 98.35

Mole percent end member

Pyrope 0.05) 0.211 0.0 } 0.27
Spessartine 2.90 4.19 0.0 0.0
Grossularite 0 0 0 0
Andradite 97.05] 95.60{ 100.0 99.73

Table 2 Chemical composition of sphalerite from the
central ore body (MJC-3) of the Manjang
mine.

Analytical point
Composition
1 ‘ 2 | 3 4

Zn 56.45 56.56] 56.49 56.49
Fe 8.78  9.09 9.18  8.63
Mn 0.02]  0.02] 0.04 0.07
Cu 0.0l 0.0 | 0.04 0.0
S 34.94 34, 31’ 34.71] 34.25
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Table 3 Freezing and heating data of fluid

inclusions in quartz and fluorite
minerals from the Manjang mine.

Sample | Host Salinity (NaCl | Homogenization

location | mineral | equ. wt.%) |temperature(°C)
West .

orebody | Fluorite l 8.5~ 9.4 ‘ 298~350
Cental Quartz | 6.3~ 9.7 | 240~>350

oo | Fluorite | | 225~310
Main, Quartz | 9.2~12.9 | 240~>>350

od; .

TV | Fluorite | 9.0~ 9.9 | 220~324
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Fig. 2 Homogenization temperature and salinity data
of fluid inclusions for quartz and fluorite
minerals from the Manjang mine.
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Table 4 Carbon and oxygen isotopic compositions of calcite and carbonate rocks from the Manjang mine.

Sample No. Description 813C (%0) 3180 (%) Remark
MjC-A Grey crystalline limestone —0.4 +19.6 Central orebody
MjW-A Grey crystalline limestone —1.2 +13.5 West orebody
MjW-B Ditto —0.5 +18.4 West orebody
Mjw-C Coarse grained calcite —3.8 +7.8 West orebody
MjW-D Vein calcite —2.8 +7.4 West orebody
MjM-1 Grey crystalline limestone —0.9 +16.8 Main orebody
MjM-2 Dark grey limestone —1.3 +17.7 Main orebody
MjM-3 Marble +0.5 +18.7 Main orebody
MjM-4 Vein calcite in limestone —1.1 +18.1 Main orebody
Mj-1 Vein calcite —4.3 +8.1 Main orebody
Mj-2 Ditto ~3.7 +9.4 Main orebody

Mj-1, Mj-2 data (Kim, 1986).
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Fig. 5 0C versus 880 plot for the calcite and
carbonate rocks from the Manjang mine.
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Table 5 Sulfur isotopic compositions of sulfide minerals from the Manjang copper mine.

Sample No. Description Mineral 534S (%) %\sgltggzt ature
MjC-1 cp-gn-py-qz(ce) ore Py +6.8 353°C
gn +4.4
MjC-3 sp-py-cp-qz(cc) ore py +5.2
sp +5.1
MjC-3A cp-py-sp ore cp +4.9
Py +5.5
sp +5.2
MiM-7 cp(gn) in qz vein cp +6.3
MjM-9 py in qz vein Py +6.7
MjWw-1 cp ore in skarn silicates cp +9.7
MjK-1 py in qz vein Py +6.9

py(pyrite), gn(galena), sp(sphalerite), cp(chalcopyrite), qz(quartz), cc(calcite)
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