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Abstract

The Sargaz Cu—Zn volcanogenic massive sulfide deposit, in the southern Sanandaj—Sirjan
Zone, composed of felsic and mafic volcanoclastic, volcanic rocks, with sandstone,
limestone and calcareous tuff and NW-SE trending. The basaltic host rocks with mostly
tholeiitic to transitional affinity host the massive sulfide mineralization. The alteration zones
related to mineralization system representing the channels of ascending hydrothermal
solutions existing within a footwall alteration pipe, with a central siliceous and quartz—
sericite core giving rise to zones of quartz—chlorite, chlorite—quartz, and finally chlorite—
sericite (stringer envelope zone) on the margins. Pervasive alteration started with the
development of chlorite—sericite subsequently overprinted by chlorite, sericite, and finally
quartz as hydrothermal activity intensified in the center of the alteration zone. Despite
intense alteration of the volcanic rocks, immobile elements (i.e. Ti, Zr) have remained
essentially immobile, which allows identification of the precursors and calculation of mass
changes. Mass changes calculated for mafic footwall rocks indicating most of the volcanic
rocks in the mine area are strongly depleted in Na2O and CaO, and highly enriched in MgO,
Si>O and K20. The Si content is the largest within 5-10 m of the massive sulfide lenses.
Intensely silicified footwall basaltic rocks underlie the massive sulfide lens in Sargaz
deposit were characterized by white to grey, microcrystalline silica. Mass change analysis
of altered footwall basaltic rocks immediately below the massive sulphide zone shows the
SiO. content increases to about 90%. The chloritic and chlorite—sericite alteration zones
were enriched in Fe, Mg, with only small amount of K in the chlorite—sericite zone but
depleted in Na and Ca most likely due to the alteration of clinopyroxene, plagioclase, and
volcanic glass. The change from chloritization to silicification and sericitization must be
accompanied by a reduction in pH during silicification and sericitization. Identification of
such alteration patterns can be used as an exploration key in other massive sulfide mineral
exploration.
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Sample No

Hole No. BH1 BH1 BH1 BH1 BH1 BH1 BH1 BH1 BH1 BH31
Depth (m) 36 82 64 66 74 84 98 88 94 58
SiO, (Wt%) 73.27 55.27 75.41 63.05 57.11 48.41 59.27 47.94 58.76 63.71
TiO, 0.90 0.82 1.01 0.84 1.02 1.03 1.08 1.20 1.09 1.00
Al,O3 10.01 11.29 10.43 9.36 13.23 13.51 14.74 15.43 14.42 11.04
FeO 5.46 10.79 6.00 10.82 12.04 11.08 9.86 11.22 9.22 10.34
MnO 0.10 0.12 0.08 0.11 0.26 0.29 0.34 0.32 0.25 0.14
MgO 9.28 21.07 6.78 15.21 16.06 25.45 13.04 22.43 14.88 13.50
CaO 0.41 0.49 0.19 0.51 0.17 0.16 0.31 0.42 0.34 0.16
Na,O 0.06 0.01 0.01 0.01 0.02 0.01 0.06 0.04 0.03 0.02
K0 0.36 0.02 0.02 0.02 0.03 0.03 1.14 0.89 0.85 0.02
P,Os 0.15 0.12 0.06 0.07 0.06 0.03 0.16 0.11 0.17 0.07
LOI 5.93 5.25 6.96 5.44 9.18 7.81 7.00 5.85 7.43 8.50
Zr (ppm) 80.70 44.24 23.30 43.33 51.80 54.72 65.10 62.08 69.90 66.40
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Y 15.30 9.20 10.80 13.00 9.53 10.92 18.60 16.55 14.90 14.90
Nb 7.80 3.68 151 3.49 2.89 3.96 7.10 4.77 7.30 7.40
Aalol =Y Jgus
Sample No SAZ-49 SAZ-50 SAZ-12 SAZ-13 SAZ-54
Hole No. BH31 BH18 BH31 BH1 BH1
Depth (m) 49 70 71 surface surface surface surface surface 40 42
SiO; (wt%) 70.09 66.80 63.24 52.74 51.03 61.55 47.00 45.04 76.85 74.46
TiO, 0.88 0.94 0.90 1.28 1.16 1.20 1.20 0.91 0.69 0.68
Al,O4 9.08 10.64 11.39 13.89 13.46 13.00 15.88 13.15 7.35 7.77
FeO 9.97 8.14 8.62 14.52 13.77 9.88 12.31 11.14 8.97 6.83
MnO 0.09 0.14 0.16 0.25 0.22 0.28 0.13 0.31 0.04 0.04
MgO 9.56 12.98 14.21 5.62 6.23 10.92 16.67 14.53 5.13 9.33
CaO 0.18 0.17 0.25 6.02 9.30 1.81 4.03 12.48 0.07 0.22
Na,O 0.02 0.07 0.08 5.33 3.89 1.15 1.95 2.26 0.01 0.01
K,0 0.04 0.03 0.02 0.18 0.84 0.15 0.70 0.05 0.88 0.64
P,0s 0.09 0.09 0.12 0.18 0.11 0.07 0.12 0.14 0.01 0.02
LOI 8.77 8.22 8.76 2.01 5.59 3.95 5.78 9.29 5.80 5.31
Zr (ppm) 59.60 63.60 62.40 41.70 50.54 47.89 72.78 44.43 53.10 59.26
Y 11.60 12.90 15.20 17.81 19.87 16.39 23.97 16.78 12.10 11.36
Nb 6.50 7.10 6.90 4.17 4.67 2.28 5.45 3.34 2.95 4.10
Aalol =Y Jgux
Sample No
Hole No. BH1 BH1 BH1 BH1 BH1 BH1 BH1 BH1 BH1 BH1
Depth (m) 52 54 44 50 61 68 72 80 86 90
SiO; (Wt%) 76.71 77.70 74.02 70.26 72.30 62.90 63.06 61.58 58.89 59.81
TiO, 0.96 0.76 0.88 0.80 0.95 0.91 0.87 0.96 1.16 1.06
Al,O4 10.05 7.87 8.91 8.50 9.30 10.75 10.11 11.56 15.13 14.23
FeO 6.83 5.41 6.03 10.82 10.49 12.14 12.85 11.71 9.23 9.53
MnO 0.03 0.09 0.10 0.09 0.04 0.17 0.17 0.24 0.34 0.29
MgO 5.01 7.69 9.05 9.04 6.72 12.94 12.50 13.47 13.77 13.89
Cao 0.28 0.35 0.38 0.20 0.11 0.12 0.27 0.25 0.31 0.27
Na,O 0.01 0.01 0.06 0.05 0.05 0.02 0.04 0.04 0.01 0.02
K0 0.05 0.03 0.43 0.16 0.02 0.01 0.02 0.05 1.01 0.75
P,0s 0.05 0.10 0.14 0.08 0.03 0.04 0.10 0.13 0.16 0.15
LOI 5.00 5.01 6.20 7.56 9.05 8.43 8.58 8.69 7.33 6.79
Zr (ppm) 31.00 37.00 38.30 70.00 44.50 57.10 59.40 64.60 57.20 66.10
Y 8.50 10.90 21.40 17.30 8.50 10.50 11.70 16.50 21.00 17.80
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Nb 1.60 2.04 6.60 7.90 6.10 6.60 6.90 7.40 3.35 7.30

Aalol =Y Jgus

Sample No SAZ-53 SAZ-110 SAZ-07 SAZ-52 SAZ-56 SAZ-55 SAZ-54 SAZ-107
Hole No. BH1

Depth (m) 92 surface surface surface surface surface surface surface surface

SiO; (Wt%) 57.04 53.71 53.57 47.91 49.97 54.73 54.52 53.67 55.76

TiO, 111 1.05 1.52 1.49 1.28 1.04 1.08 1.39 1.36

Al,O3 1438 15.07 16.39 16.55 13.54 12.05 15.73 15.36 15.60

FeO 10.70 9.84 11.85 9.53 11.45 9.88 9.09 13.82 12.05

MnO 0.24 0.28 0.18 0.37 0.44 0.17 0.20 0.21 0.22

MgO 15.31 6.97 5.76 4.55 11.07 5.65 6.05 5.29 4.72

CaO 0.31 7.79 4.84 14.49 8.62 14.78 7.33 3.80 4.64

Na,O 0.03 5.07 5.25 4.77 3.48 1.55 5.74 5.11 4.78

K,0O 0.71 0.05 0.35 0.16 0.03 0.03 0.07 1.16 0.61

P,0s 0.17 0.16 0.30 0.17 0.12 0.11 0.19 0.21 0.27

LOI 7.77 2.83 6.45 9.42 4.09 3.29 2.49 2.70 2.96

Zr (ppm) 69.50 52.80 86.00 77.72 72.41 59.08 52.80 80.70 82.00

Y 17.50  21.10 30.80 26.04 22.84 18.41 24.60 26.00 30.40

Nb 7.10 2.74 4.60 5.16 3.60 3.99 3.04 3.00 4.10
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SAZ-49 52.74 1.28 13.89 14.52 0.25 5.62 6.02 5.33 0.18 0.18
Calculated mass changes

SAZ-12 12.86 0.00 -0.04 -3.99 0.05 6.02 -4.09 -4.11 -0.02 -0.10
SAZ-13 -2.75 0.00 2.99 -1.42 -0.11 12.12 -1.73 -3.25 0.56 -0.05
SAZ-54 10.80 0.00 4.65 1.21 0.19 14.88 11.59 -2.14 -0.11 0.02
BH1-36 51.32 0.00 0.32 —6.76 -0.11 7.56 -5.43 -5.25 0.33 0.04
BH1-40 88.70 0.00 -0.38 1.99 -0.18 3.82 -5.88 -5.31 1.43 -0.16
BH1-42 88.19 0.00 0.81 -1.59 -0.17 12.05 -5.60 -5.31 1.02 -0.14
BH1-52 49.46 0.00 -0.50 -5.42 -0.21 1.06 -5.64 -5.31 -0.11 -0.10
BH1-54 78.02 0.00 -0.65 -5.41 -0.11 7.32 -5.43 -5.31 -0.13 -0.02
BH1-82 33.01 0.00 3.62 2.22 -0.07 27.06 -5.26 -5.31 -0.15 0.00
BH1-44 54.91 0.00 -0.93 -5.75 -0.11 7.55 -5.47 -5.24 0.44 0.03
BH1-50 59.32 0.00 -0.33 2.74 -0.11 8.80 -5.71 -5.25 0.07 -0.05
BH1-61 44.50 0.00 -1.39 -0.41 -0.19 3.42 -5.88 -5.27 -0.16 -0.13
BH1-64 42.76 0.00 -0.68 -6.92 -0.15 2.97 -5.77 -5.32 -0.16 -0.09
BH1-66 43.43 0.00 0.38 1.99 -0.08 17.58 -5.24 -5.31 -0.16 -0.07
BH1-68 35.64 0.00 1.21 2.54 -0.02 12.57 -5.85 -5.30 -0.17 -0.11
BH1-72 40.19 0.00 1.01 4.42 0.00 12.81 -5.62 -5.27 -0.15 -0.03
BH1-74 19.04 0.00 2.73 0.62 0.07 14.57 -5.81 -5.30 -0.14 -0.11
BH1-84 7.53 0.00 2.93 -0.72 0.12 26.07 -5.82 -5.32 -0.15 -0.13
BH1-80 29.37 0.00 1.52 1.10 0.07 12.34 -5.68 -5.28 -0.11 0.00
BH1-98 17.38 0.00 3.54 -2.85 0.15 9.81 -5.65 -5.26 1.16 0.01
BH1-88 -1.50 0.00 2.60 -2.52 0.10 18.36 -5.57 -5.29 0.77 -0.06
BH1-86 12.41 0.00 2.84 -4.31 0.13 9.61 -5.68 -5.32 0.94 0.00
BH1-90 19.47 0.00 3.28 -3.01 0.10 11.15 -5.69 -5.31 0.72 0.00
BH1-92 13.19 0.00 2.73 -2.14 0.03 12.08 -5.66 -5.30 0.64 0.02
BH1-94 16.35 0.00 3.07 -3.68 0.04 11.88 -5.62 -5.29 0.82 0.02
B31-58 28.80 0.00 0.23 -1.29 -0.07 11.66 -5.81 -5.30 -0.16 -0.09
B31-49 49.41 0.00 -0.65 0.01 -0.12 8.32 —5.76 -5.30 -0.12 -0.04
B18-70 37.88 0.00 0.54 -3.48 -0.06 11.99 -5.78 -5.24 -0.14 -0.06
B31-71 36.82 0.00 2.24 -2.31 -0.02 14.51 -5.66 -5.22 -0.15 -0.01
SAZ-53 12.84 0.00 451 -2.50 0.09 2.90 3.50 0.87 -0.12 0.02
SAZ-110 —7.64 0.00 -0.10 —4.54 -0.10 -0.77 -1.94 -0.91 0.11 0.08
SAZ-07 -11.67 0.00 0.29 —-6.35 0.07 -1.72 6.40 -1.24 -0.04 -0.03
SAZ-52 —-2.86 0.00 -0.37 -3.09 0.19 5.44 2.59 -1.85 -0.16 -0.06
SAZ-50 3.71 0.00 0.99 0.72 -0.01 1.28 4.27 -1.03 0.75 -0.06
SAZ-56 14.38 0.00 0.88 -2.40 -0.04 1.31 12.10 -3.42 -0.15 -0.04
SAZ-55 11.56 0.00 4.66 -3.80 -0.02 1.52 2.63 1.44 -0.10 0.04
SAZ-54 -3.48 0.00 0.20 -1.84 -0.06 -0.76 -2.53 -0.64 0.88 0.01

SAZ-107 -0.13 0.00 0.82 -3.15 -0.04 -1.17 -1.64 -0.82 0.39 0.08
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