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Abstract

Copper mineralization at Sungun porphyry copper deposit is essentialy associated with potassic
and less sericitic alteration. Fluid inclusion and isotopic data from 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 fS, fO;, aCl and pH (in the
fixed temperature of 450 °C and the pressure of 500 bars) for the chalcopyrite dissolution and
deposition. During critical fluid conditions in higher the temperature (>450 °C), copper solubility is
calculated to have been >100,000 ppm, whereas the copper content of the initial fluid responsible
for ore deposition is estimated from fluid inclusion data to have been maximum 3800 ppm. This
indicates that the fluid was initially undersaturated with respect to chalcopyrite, which agrees with
the observation that veins formed at T>400 °C and contain rare chalcopyrite. Copper solubility
drops rapidly with 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 chalcopyrite solubility are increases in pH, and 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. In high temperatures
(450 °C) chalcopyrite dissolved rapidly and as it is shown later on, the high temperature could be a
very important factor to prevent copper depositition in an economic level within the Sungun system

Keywords
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Log K
# Reaction 450°C
1 3Pyrrhotite + 20, = Magnetite + 1.5S, 38.89
2 3Pyrite + 20, = Magnetite + 35, 29.70
3 Annite + 0.50, = Orthoclase+ Water + Magnetite 1271
4 2Magnetite + 0.50, = 3Hematite 10.81
5 Bornite + 4Pyrrhotite + S, = 5Chalcopyrite 0.45
6 4Muscovite + 4H" + 6Water = 6Kaolinite + 4K" 4.63
7 Pyrrhotite + 0.5S, = Pyrite 3.10
8 2Covellite = Chalcocite + 0.5S, 068
9 Bornite + 4Pyrite = 5Chalcopyrite + S, 280
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11
12
13
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15
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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
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Muscovite + 2K* + 6Quartz = 3Orthoclase + 2H"
Annite + 3S; = Orthoclase + 3Pyrite + Water + 1.50;
Hematite + 2S, = 2Pyrite + 1.50,

Annite + 1.5S, = Orthoclase + 3Pyrrhotite + Water + 1.50,
Bornite + 2Hematite + 3S,= %chalcopyrite + 30,
3Bornite + 4Magnetite + 9S, = 15Chalcopyrite + 80,

H2S=H"+HS
HS +20,=S80,2+H"
0.5S, + 0.750, + Water = SO, + 2H"
HSO; + 80,2+ H"
Hs =H"+8?
0.5S, + Water = HS + H" +0.50,

15Chalcopyrite + 18Water + 350, = 3Bornite + 4Magnetite + 1880, + 36H

5Chalcopyrite + 6Water + 120, = Bornite + 2Hematite + 6S04™ + 36H"
2Pyrite + 4Water + 7.50, = Hematite + 4HSO, + 4H"
2Pyrite + 4Water + 7.50, = Hematite + 8H" + 4SO,

Annite + 6HS + 6H" + 1.50, = K-feldspar + 3Pyrite + 7Water
5Chalcopyrite + 2H,S + O, = Bornite + 4FeS, + 2Water
Pyrrhotite + Hs™ + H' + 0.50, = Pyrite + Water
Pyrrhotite + 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 + 6SO,? + 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"
5Chalcopyrite + 2Water + 30, = Bornite + 4Pyrrhotite + 2HSO, +2H"
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
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-6.93
-16.99
-23.41
-26.17
-49.61

127.21
-10.07
36.24
16.59
-8.77
~9.72
-19.66
425.74
149.12
124.77
89.75
100.96
21.98
26.11
12.65
12.71
10.81
3.06
-5.80
-20.08
-47.88
-88.24

240.17

167.58
4.63
-0.78
-1.33
-6.93
41.23
42.12
27.72
17.66
8.80
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48 5Chalcopyrite + 2Water = Bornite + 4Pyrrhotite + 2H,S + 0O, 9863
49 5Chalcopyrite + 25047 + 4H" = Bornite + 4Pyrite + 2Water + 30, 3037
50 Anhydrite + 2H" = Ca" + HyS + 20, 39.08
51 SChalcopyrite + 2Water = Bornite + 4Pyrrhotite + 2HS™ + 2H + 0, 4876
52 Anhydrite + H" = Ca* + HS™ + 20, 50,05
53 5Chalcopyrite + 2HSO, + 2H’ = Bornite + 4Pyrite + 2Water + 30, 47.88
54 3 Annite + 3H" + 1.50, = 3Magnetite + 3K* + 7.5 SiO, + 4.5Water + 1.5Andalusite 4770
55 3 Annite + 2H" + 1.50, = Muscovite + 3Magnetite + 2K" + 6Si0, + 3 Water 45.07
56 Annite + 0.750, = 1.5Hematite + K-feldspar + Water 18.12
57 3Pyrrhotite + 3 Water + 0.50, = Magnetite + 3H,S 10.12
58 Annite + 3H,S + 2/3K" + 3Pyrrhotite + 4Water 335
59 "Muscovite + 2H" = 3Andalusite + 2K" + 3SiO, + 3Water 595
60 3Pyrrhotite + 2K* = 2Muscovite + 2H" + 68i0, 370
61 Anhydrite + H" = Ca™ + HSOy 505
2 ite + = ite + +
6 3Pyrite + 6 Water = Magnetite + 6H,S + O, 784
(7) Jgoer
Reactions in 500 (bars) No. | T°C 400 410 420 430 440 450
CuFeS, i =Cu )+ FeS; 1 | LogK; | -3.540 -3.530 -3.520  -3.511  -3.503  -3.495
Cu 5+ 2CT oy + 0.25 Oy +H = 2 | LogK; 13.35 13.56 13.81 14.11 14.46 14.86
CuCl, (‘.‘.Q+ 0.5 H,O )
CuFeS; )+ 2CF 4+ 025 0 ) + 3 | LogK; 9.81 10.03 10.29 10.60 10.95 11.37
H =
CuCl2- (aq)+ FeS2 (s)+ 0.5 H20
KALSi;0q (OH), + 2K + 6Si0; = 4 | LogK, -7.13 -7.09 -7.05 -7.01 -6.98 -6.93
3KAISIi;Os + 2H"
pH 5.57 5.55 5.53 5.51 5.49 5.47
3Fe, 05 = 2Fe;04 + 0.5 Oy (g 5 | LogKs | -12.15 -11.87  -1159  -11.33  -11.07  -10.81
fO, -24.30 2374 23,19 2265 2213 -21.63
CuCl, 931 2229 5908 17033 53963 196038
(ppm)

K,, K4 and K; values from SUPCRT9I2, K, values from Zotov et

al., 1995, K3 = K1 + Kz
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