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Copper Mineralization in the Haman-Gunbuk Area, Gyeongsangnamdo-
Province: Fluid Inclusion and Stable Isotope Study

Chul-Ho Heo'*, Seong-Taek Yun? Sang-Hoon Choi’, Seon-Gyu Choi? and Chil-Sup So’

!Ecological Research Institute, National Parks Authority, Seoul 121-717, Korea
’Department of Earth and Environmental Sciences, Korea University, Seoul 136-701, Korea
3Department of Earth and Environmental Sciences, Chungbuk National University, Cheongju 361-763, Korea

The Haman-Gunbuk mineralized area is located within the Cretaceous Gyeongsang Basin along the southeastern
part of the Korean peninsula. Major ore minerals, magnetite, scheelite, molybdenite and chalcopyrite, together with
base-metal sulfides and minor sulfosalts, occur in fissure-filling tourmaline, quartz and carbonates veins contained
within Cretaceous sedimentary and volcanic rocks and/or granodiorite (118+3.0 Ma). The ore and gangue mineral
paragenesis can be divided into three distinct stages: Stage [, tourmaline+quartz+Fe-Cu ore mineralization; Stage I,
quartz+sulfides+sulfosalts+carbonates; Stage 111, barren calcite. Earliest fluids are recorded in stage I and early por-
tions of stage II veins as hypersaline (35~70 equiv. wt.% NaCI+KCl) and vapor-rich inclusions which homogenize
from ~300°C to >500°C . The high-salinity fluids are complex chloride brines with significant concentrations of
sodium, potassium, iron, copper, and sulfur, though sulfide minerals are not associated with the early mineral
assemblage produced by this fluid. Later solutions circulated through newly formed fractures and reopened veins,
and are recorded as lower-salinity(less than ~20 equiv. wt.% NaCl) fluid inclusions which homogenize primarily
from ~200 to 400°C. The oxygen and hydrogen isotopic compositions of fluid in the Haman-Gunbuk hydrothermal
system represents a progressive shift from magmatic-hydrothermal dominance during early mineralization stage
toward meteoric-hydrothermal dominance during late mineralization stage. The earliest hydrothermal fluids to circu-
late within the granodiorite stock localizing the ore body at Haman-Gunbuk could have exsolved from the crystal-
lizing magma and unmixed into hypersaline liquid and H,0-NaCl vapor. As these magmatic fluids moved through
fractures, tourmaline and early Fe, W, Mo, Cu ore mineralization occurred without concomitant deposition of other
sulfides and sulfosalts. Later solutions of dominantly meteoric origin progressively formed hypogene copper and
base-metal sulfides, and sulfosalt mineralization.

Key words : The Haman-Gunbuk area, copper mineralization, fluid inclusion, stable isotope
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Fig. 1. Geological map of the Haman-Gunbuk area. Italic
capitals represent the name of the deposits in the Haman
mine.
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Table 1. Rb-Sr data of specimen from the Haman-Gunbuk Cu area (see Fig. 1 for locality)

Rb-Sr data two-point isochrons

. .. 26, 87 T /86, 871, /86 Isochron Parameters Date
Sample no. Description Sr(ppm) Rb(ppm) St/*°Sr Rb/*°Sr slope(10°) intercept (Maz10)
Granodiorite
GB-1 whole-rock 59.6 2.300 0.7137 0.0381 1.68(4) 0.7136(4) 118.0+£3.0
biotite 3.193 79.0 0.7547 2443
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Fig. 2. Generalized paragenetic sequence of minerals from
veins of the Haman-Gunbuk area. Width of lines corres-
ponds to relative abundance.
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Fig. 3. Frequency diagram of homogenization tempera-
tures of fluid inclusions in vein minerals of the Haman-
Gunbuk area. Abbreviations: P=primary and S=secondary.
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area.
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NaCl

KCI

Fig. 6. H,0-NaCl-KCl phase diagram (in wt.%) showing fields occupied by types 111a, IIIb, and Illc inclusion fluids (figure
modified from Cloke and Kesler, 1979). Thin solid lines are isotherms and dashed lines are isobars. Dotdash lines projecting
to H,O are lines of constant K/Na (atomic ratio). Field A shows compositional range of type I1la and IIIb (sylvite-free)
inclusions. Field C shows compositional range of type Illc inclusions.
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Fig. 7. Filling temperature (TfC) versus salinity diagram
for primary and secondary inclusions from the Haman-
Gunbuk area. Dashed lines are isobars.
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1970).
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Shelton, 1983; Campbell ef afl, 1984; So et dai,
2002). ¥ dTelXE FebdEe] Sz, Bat
FEXg R e AhEHdaRA, M9 W
MG FET XHE FA0 UE 459
224, A TR Ee] ghiFYYihzAo] AL
Aot McCrea(1950), Grinenko(1950), Hall and Fried
man(1963), Rye(1966)7} AA|g & & ¥4 g
7ol AREERATE FAYAREE S dejae
Canyon Diablo Troilite(CDT), Ak 2 440 tis)
A= V-SMOW, g2l thaiA= Pee Dee Belemni-
te(PDBY2 ZFEZZE sl R19on, ujz u3
2]-FHloltigte] M Ador 2AEY
ok 49 HFEQARE B, Ak, gl iEidE 0.1
ojm, 4o tEiME 12%.0]tth

6.1 &Sy acdi

FEAeL B4 ek B3y ot w8
R ALFEZANA AT 26709 FEdEd o)
A ABEATHON A, ) &34, 5 8
A, I AdokdA, 1] WM (Table 2). B X<
o] BAEHYULte] 24~157%2 HAA e W9
& HolAvh AU FEF1HB.0~15.7% S A)E 3
3HEe) §5ghe 2.4~6.9%c°]th.

A3t U] ERAge] gEA gusae AMS7ho]
1.3%c 24](Ohmoto and Rye, 1979) 9904 Hua)
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Table 2. Sulfur isotope data of sulfide minerals from the Haman-Gunbuk mineralized area

34 34 4
Mine Sa::f]e Mineral Stage ?% OS) ?% j T ¢C)! T (°C)? BZ%S;? S

Haman HM-1-1 Pyrite 1 6.5 1.3 31545 315 53
HM-1-2 Chalcopyrite 1 5.2 315 53

HM-3 Pyrite I 6.9 340 58

HM-21-1 Pyrite Ila 5.7 1.5 274+45 274 44

HM-21-2 Chalcopyrite Ila 42 274 44

HM-5-1 Pyrite Ha 6.5 0.8 342+55 342 54

HM-5-2 Pyrrhotite IIa 5.7 342 54

HM-33 Pyrrhotite Ila 6.3 350 6.0

HM-23 Pyrrhotite Ila 4.3 300 4.0

HM-31-1 Pyrite b 6.6 1.6 257445 257 5.2

HM-31-2 Chalcopyrite IIb 5.0 257 52

HM-34 Pyrite b 5.1 250 36

Gunbuk GB-2 Pyrite I 6.6 340 55
GB-6 Pyrite Ila 6.6 340 5.5

GB-7 Sphalerite Ila 5.0 260 4.6

GB-10 Sphalerite IIb 5.0 2.6 254+30 254 4.6

GB-11 Galena Iib 2.4 254 4.6

GB-5 Sphalerite IIb 4.9 240 4.5

Jeilgunbuk JG-11-1 Pyrite I 157 340 14.6
JG-11-2 Chalcopyrite 1 11.5 320 I1.6

JG-6-1 Chalcopyrite Ila 11.3 300 11.5

JG-6-2 Chalcopyrite Ila 12.1 300 12.3

JG-1 Pyrrhotite Ia 11.0 330 10.7

JG-21 Pyrrhotite Ila 8.0 300 7.7

JG-14-3 Chalcopyrite 1Ib 11.5 250 11.7

JG-14 Chalcopyrite Ib 10.8 250 10.9

ICalculated sulfur isotope temperatures using compiled data of Ohmoto and Rye (1979)
Based on fluid inclusion temperatures and paragenetic constraints and/or sulfur isotope temperatures
3Calculated from the sulfur isotope fractionation equations in Ohmoto and Rye (1979)
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olm™, 342155°Ce} 274+45°C, 257+45°CS} 254+
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FAX2=E 7Hdsha, HSY Astd §HSe 36~
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4.0~6.0%c 89l #Z&cHOhmoto and Rye, 1979).
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st 271 M9, 11.0%.; 38 27] "4, 8.8~116
%eo; ZE 37) WA, 81~11.8%(Table 3). Mat-
suhisa ef al.(1979)7 Friedman and O'Neil(1977)2]
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Table 3. Carbon, oxygen and hydrogen isotope data for various minerals and inclusion fluids, Haman-Gunbuk mineralized

area
Mine Saf“(‘)ple Mineral Stage 3UCH)  8'%0(%0) TCEC)Y  880y0e(%0)? 8D\ aterl%e)
Haman HM-8 Quartz I 124 430~360 8.9~ 74 -68
HM-7 Quartz 1 10.9 370~320 6.1~ 4.7 -72
HM-21 Quartz I 11.0 330~260 5.1~ 2.6 =72
HN Calcite II -5.8 9.6 240~190 1.9~-0.5 -74
HM-6 Calcite 11 -6.0 8.8 180~150 -1.9~-3.8
Hi Calcite 111 -8.0 11.8 180~150 1.1~-0.8 =78
HM-31 Calcite I -6.4 8.1 170~150 -3.2~-4.5 -90
Gunbuk GB-31 Quartz I 11.2 480~390 8.7~ 6.9 -68
GB-8 Calcite 1 -7.4 8.8 200~170 -0.7~-2.5
Jeilgunbuk  JG-14 Calcite 11 -2.6 11.6 220~190 3.1~ 15 -78
'Based on fluid inclusion temperatures and paragenetic constraints
“Caleulated from the quartz-water oxygen isotope fractionation equations of Matsuhisa et al. (1979)
B8 Yoz AETh £4E0l o tig Dy Ty
- - - quartz
vheat Ptk #8171, 68~T72%0; B8 271, 72 °7  Stegen © SMOW
- 1 quartz
~-T8%¢; &3}t 371, -78~-90%c (Table 3). A calcite
-20 stage Il
64, T4 AL S2EA HolsY —
FEFAVA L FEHLES) AV 590,k 40 —
— agmatic
AE 2Y, BRFI2 20 AAL grEge § Hate
wlck: #3k 171, ~68% 33 271, ~23% —-% = |
8} 37], 2.1%(Table 3 2 Fig 8). $8k571z 14 B
K 580, elS] A2 EAE b AAG & o
B5 4%l HUHoR ZAWES AAGT 07
(Shelton and Lofstrom, 1988). i
Fig. 89 A2 4o} b4 B9 Holola 100
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Fig. 8. Plot of hydrogen versus oxygen isotope composi-
tions showing stable isotope systematics of hydrothermal
fluid compositions in the Haman-Gumbuk area. Meteoric
water line (MWL) from Craig (1961); magmatic water box
from Taylor (1974). Line with symbol represents the range
of 80 value combined with equilibrium temperature
range.
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