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Abstract

.............................................................

i The Sungun porphyry copper deposit that intruded Eocene volcanosedimentary and '
Cretaceous carbonate rocks is hosted in a diorite/granodioritic to quartz-monzonitic stock.
i Copper mineralization is esentialy associated with potassic and less sericitic alteration.
| Based on the fluid inclusion and isotopic data Jrom oxygen and sulfer, show that main
| copper mineralization at Sungun occurred in the temperature range of 300-400 °C (with
the mode of 360 °C). These data also indicate that the hydrothermal system involved both |
magmatic and meteoric waters, and boiled extensively. In this research, thermodynamic
data are used to delineate the stability fields of alteration and ore assemblages as a function
of /52 fOj, aCl and pH (in the fixed temperature of 360 °C and the pressure of 500 bars) :
Jor the chalcopyrite dissolution and deposition. During potassic alteration (>450 °C), |
i copper solubility is calculated to have been >50,000 ppm, whereas the copper content of the '
! initial fluid responsible for ore deposition is estimated from fluid inclusion data to have '
| been 1200-3800 ppm. This indicates that the Sluid was initially undersaturated with respect ;
. to chalcopyrite, which agrees with the observation that veins SJormed at T >400 °C and

| contain molybdenite but rarely chalcopyrite. Copper solubility drops rapidly with

| pH.
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decreasing temperature, and at 400 °C is approximately 1000 ppm, within the range
estimated from fluid inclusion data. At temperatures less than 350 or 360 °C, the solubility |
drops to < 25 ppm. These calculations are consistent with observations that the bulk of the |
chalcopyrite deposited at Sungun is hosted by veins formed at approximate temperatures of
360+ 60 °C. Other factors that may reduce ch
decreases in fO; and aCI. Based on the calculations done in this paper, it is proposed that '
the Sungun deposit formed partly in response to the sharp temperature decrease and pH |
: increase that accompanied boiling, and partly as a result of the additional heat loss,
i increase in pH and decrease in aCl which occurred as a result of mixing of acidic Cu-
| bearing magmatic waters with cooler meteoric waters of lower salinity and near-neutral
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Log K
# Reaction 360 °C
1 3Pyrrhotite + 20, = Magnetite + 1.55; 45.47
2 3Pyrite + 20, = Magnetite + 3S; 31.89
3 Annite + 0.50, = Orthoclase+ Water + Magnetite 14.47
4 2Magnetite + 0.50, = 3Hematite 13.37
5 Bornite + 4Pyrrhotite + S, = 5Chalcopyrite 13.12
6 4Muscovite + 4H" + 6Water = 6Kaolinite + 4K” 5.98
7 Pyrrhotite + 0.5S; = Pyrite 4.53
8 2Covellite = Chalcocite + 0.58- -1.67
9 Bornite + 4Pyrite = 5Chalcopyrite + S, -4.99
10 Muscovite + 2K* + 6Quartz = 3Orthoclase + 2H" -7.30
11 Annite + 3S, = Orthoclase + 3Pyrite + Water + 1.50, -17.15
12 Hematite + 2S, = 2Pyrite + 1.50, : -25.71
13 Annite + 1.5S, = Orthoclase + 3Pyrrhotite + Water + 1.50; -30.73
14 Bornite + 2Hematite + 38, = Y%chalcopyrite + 30, -56.41
15 3Bornite + 4Magnetite + 9S; = 15Chalcopyrite + 80, -142.51
16 H2S = H" + HS’ -7.85
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17
18
19
20
21
22

23

24
25
26
27
28
29
30
31
32
33
34
35
36
37

38
39
40
41
42
43

44
45
46
47
48
49
50
51
52
53
54

A0

HS +20,=80,2+H"

0.58; +0.750, + Water = SO, + 2H*
HSO, + 80,2+ H*

Hs =H"+ 82

0.5S; + Water = HS" + H* +0.50,

15Chalcopyrite + 18Water + 350, = 3Bornite + 4Magnetite + 1850,
+36H"

5Chalcopyrite + 6Water + 120, = Bornite + 2Hematite + 68042 +
36H"

2Pyrite + 4Water + 7.50, = Hematite + 4HSO, + 4H"

2Pyrite + 4Water + 7.50, = Hematite + 8H" + 4S0,2

Annite + 6HS™ + 6H" + 1.50, = K-feldspar + 3Pyrite + 7Water
5Chalcopyrite + 2H,S + O, = Bornite + 4FeS, + 2Water
Pyrrhotite + Hs™ + H' + 0.50, = Pyrite + Water

Pyrthotite + H,S + 0.50, = Pyrite + Water

Annite + 0.50, = Magnetite + K-feldspar + Water

2Magnetite + 0.50, = 3Hematite

Pyrrhotite + 0.5S, = Pyrite

TiO; + SiO, + Ca + Water = SiCaTiOs + 2H*

3Pyrrhotite + 3Water + 0.50, = Magnetite + 3HS" + 3H*
5Chalcopyrite + 2HSO, + 2H* = Bornite + 4Pyrite + 2Water + 30,
3Pyrite + 6 Water = Magnetite + 6HS + 6H* + O,

15Chalcopyrite + 18Water + O, = 3Bornite + 4Magnetite + 18HS +
18H* '
Annite + 65O, + 6H" = K-feldspar + 3Pyrite + 4Water + 120,

4Muscovite + 4H" + 6Water = 6Kaolinite + 4K*

K-feldspar + Na;' +H" = Albite + K* + H'

Muscovite + Na* + H' = Paragonite + K* + H*

Muscovite + 2K* + 6Si0, = 3K-feldspar + 2H*

;gilalcopyrite + 2Water + 30, = Bornite + 4Pyrrhotite + 2HSO4 +

5Chalcopyrite + 2HS™ + 2H" + O, = Bornite + 4Pyrite + 2Water

Fe + HS" + H' + 0.50, = Pyrrhotite + Water

Fe+ H,S +0.50, = Pyrrhotite + Water

Calcite + 2H" = Ca* + CO, + Water

5Chalcopyrite + 2Water = Bornite + 4Pyrrhotite + 2H,S + O,
5Chalcopyrite + 2804 + 4H" = Bornite + 4Pyrite + 2Water + 30,
Anhydrite + 2H" = Ca*? + H,$ + 20,

5Chalcopyrite + 2Water = Bornite + 4Pyrrhotite + 2HS" + 2H" + 0,
Anhydrite + H" = Ca*? + HS" + 20,

5Chalcopyrite + 2HSO,” + 2H* = Bornite + 4Pyrite + 2Water + 30,
3Annite + 3H" + 1.50, = 3Magnetite + 3K* + 7.5 Si0, + 4.5Water +
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47.22
27.44
-6.72
-8.62
-19.78
636.35

221.03

162.31
135.46
101.53
28.85
2732
16.46
14.73
13.37
4.53
-5.94
-13.87
-63.31
-86.79
-225.58

-239.64
5.98
-0.86
-1.44
-7.30
55.18

44.55
29.43
21.58
8.25
-36.98
-49.88
-49.90
-52.68
-57.75
-63.31
53.29




1.5Andalusite

55 3 Anmite + 2H' + 1.50, = Muscovite + 3Magnetite + 2K* + 6Si0, +
3Water

56 Annite + 0.750, = 1.5Hematite + K-feldspar + Water

57 3Pyrrhotite + 3Water + 0.50, = Magnetite + 3H,S

58 Annite + 3H,S + 2/3K" + 3Pyrrhotite + 4Water

59 2Muscovite + 2H" = 3Andalusite + 2K™ + 3Si0; + 3Water

60 3Pyrrhotite + 2K* = 2Muscovite + 2H' + 6Si0,

61 Anhydrite + H" = Ca" + HSO,

62 3Pyrite + 6 Water = Magnetite + 6H,S + O,

51.50

21.42
9.68
5.74
3.48

-3.59

-3.82

-39.67
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