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Element Sample No. Minimum Maximum Avrage
Pb (ppm) 160 70 466650 30000
Cu (ppm) 160 15 50720 7000
Zn (ppm) 160 35 180600 7600
Ag (ppm) 160 0.1 41 9
Au (ppb) 160 5 2550 400
Ag/Au 160 20 16 25
Cu+Pb+Zn (ppm) 160 120 697970 44600
(el o plonl a5 sl dnmn 5 5715 53 g 4y i)
il i Kl 53 ST s ek g S ST 55 S 5 ) 4 Y U
Sample Mineral Fe Zn Pb Cu Ag As Sh Cd S Total Fe Zn Pb Cu Ag As Sb Cd S Total
Wt % Atom %
GP-506-A Gn 0.0 855 0 055 14.1 100.2 48.1 0.59 51.3 100.0
GP-506-B Sph 0.7 6453 0.0 0 0.72 339 998 0.6 477 0.31 514 999
GP-506-C Gn 0.0 842 0 0.8 149 99.9 46.1 0.84 528 99.8
GP-506-D Py 475 0.02 509 984 345 0.01 646 99.1
GP-506-E Gn 0.0 80.1 0.68 0.9 176 99.3 411 0.88 58.1 100.0
22-A Tt 0.7 464 1 0.8 198 312 999 0.64 0.0 38.69 0.49 8.48 51.6 99.9
22-B Gn 80.5 5.38 1.05 13.0 100.0 48.6 121 50.1 99.9
41-A Gn 85.4 0.92 13.6 99.9 48.8 1.00 50.1 99.9
W1-S1-D Ccp 313 0.0 3141 372 999 252 0.0 22.23 52.7 100.1
43-A Bn 10.6 00 621 26.1 988 94 0.0 48.87 40.7 99.0
43-B Gn-Cc 0.0 789 48 0.05 16.2 100.0 39.4 7.67 0.05 52.7 99.8
43-C Gn-Cc 0.1 46.3 329 138 19.4 100.1 16.4 38.07 0.94 44.6 100.0
8-A Gn 0.0 842 0 0.26 15.6 100.0 45.4 0.27 54.4 100.0
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Sample No.  Mineral Description Type Class T,(C) T,(°C) Wit% NaCl eq.
CHA-2 Qtz Gn with minor Cpy-bearing Qtz vein L+V P -11 171 1.9
CHA-2 L+V P -0.5 142 0.9
CHA-2 L+V P -1.4 138 2.4
CHA-2 L+V P -1.2 181 2.1
CHA-2 L+V P -1.8 165 3.1
CHA-2 L+V P -0.8 194 14
CHA-2 L+V P -1.5 187 2.6
CHA-8 Qtz Gn with minor Cpy-bearing Qtz vein L+V PS -0.7 187 1.2
CHA-8 L+V PS -0.9 145 1.6
CHA-8 L+V PS -1.2 150 21
CHA-8 L+V PS -1.4 205 2.4
CHA-8 L+V PS -2.2 165 3.7
CHA-8 L+V P -2.1 239 35
CHA-8 L+V PS -1.2 168 2.1
CHA-8 L+V PS -0.9 175 1.6
CHA-8 L+V PS -1.2 201 21
CHA-8 L+V P -1.6 135 2.7
CHA-8 L+V PS -0.8 155 14
CHA-8 L+V PS -1.1 161 1.9
CHA-3 Qtz Gn with minor Cpy-bearing Qtz vein L+V P -5.3 145 8.3
CHA-3 L+V P -2.1 175 35
CHA-3 L+V PS -2.2 161 3.7
CHA-3 L+V PS -3.8 184 6.2
CHA-3 L+V PS -4.8 159 7.6
CHA-3 L+V PS -35 225 5.7
CHA-3 L+V PS -5.1 165 8.0
CHA-3 L+V PS -4.7 256 7.4
CHA-3 L+V P -2.8 155 4.6
CHA-36 Qtz Gn with minor Cpy-bearing Qtz vein L+V P -9.6 182 135
CHA-36 L+V PS -35 135 5.7
CHA-36 L+V P -5.1 146 8.0
CHA-36 L+V P -4.8 285 7.6
CHA-36 L+V P -8.1 175 11.8
CHA-36 L+V PS -6.2 156 9.5
CHA-36 L+V PS -4.1 162 6.6
CHA-44 Qtz Gn with minor Cpy-bearing Qtz vein L+V P -2.5 256 4.2
CHA-44 L+V PS -0.9 176 1.6
CHA-44 L+V PS -2.1 197 35
CHA-44 L+V PS -1.9 154 3.2
CHA-44 L+V PS -1.8 145 3.1

BtV tmle il s 5Bas PS eyl P e, o, SIST:Cpy ¢ 5,515 :QU )€ :Gn

BBA&J.?JLNK))QJ:{}QK}J\fébmﬁjsb;}fg‘,}_’ﬂ‘ﬂbw -F Jod>

34 34 3 3 34 34

Sample No. 0¥Ss, 0 SHZS(T:135) 0 SHZS(T:ZSS) o SCcp o SHZS(T:135) o SHZS(T1285)
CHA-35 -1.16 2.6 0.9 -1.35 -1.7 -1.6
CHz-4 0.25 4.1 24 0.06 -0.2 -0.1
CHz-2 -0.58 3.2 15 0.54 -0.9 -0.8
CHA-41 -1.31 2.5 0.8 - -1.7 -1.6
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Abstract

The Cheshmeh Hafez deposit in Torud-Chahshirin Range, north-central Iran, consists of a polymetal vein mineralization in Cenozoic
volcanic host rocks of dominantly basaltic andesite and dacite compositions. The main ore vein, 1800 m long and <1 — 5 m wide, occurs
discontinuously in a north-south direction, and includes chalcedony, fine- to coarse-grained quartz, and jasperoid, associated with galena
and subordinate chalcopyrite, sphalerite, bornite, pyrite, tetrahedrite, specular hematite and siderite. Crustiform bands, consisting of grey
chalcedony, jasperoid, milky quartz, and various ore minerals are common, and breccias and comb textures are locally developed, in the
vein. Supergene processes led to the replacement of galena by cerussite, and of hypogene copper minerals (chalcopyrite and bernite) by
covellite and malachite. The main ore vein is accompanied by several smaller quartz and calcite veins in NE-SW and E-W directions,
respectively, where the calcite veins are barren. Alteration related to mineralization is restricted to thin halos bordering the vein, and
consists of quartz, chlorite, calcite, kaolinite and sericite (illite). Fluid inclusions in quartz associated with ore minerals are shtudied. Most
inclusions are two-phase, liquid-rich, at room temperatures; few are vapor-dominant, and few consist solely of liquid. Primary fluid
inclusions display low to moderate homogenization temperatures (135-285) and salinities (1-13 wt% NaCl equivalents). The 6 S values
for the ore fluids in equilibrium with the sulfide minerals fall in the range -1.6 to +4.1%0 and suggest a magmatic source for sulfur. The ore
and gangue mineralogy, and the alteration assemblages, suggest that the ore fluids were reduced and near-neutral in nature. This, combined
with the metal contents, Ag/Au ratio between 16 to 25, iron- poor sphalerite, the crustiform and colloform textures, and the T and salinity
values, imply that mineralization at Cheshmeh Hafez is of epithermal, intermediate- sulfidation, character. The alteration assemblage at

Cheshmeh Hafez is indicative of a sub-type of intermediate- sulfidation epithermal deposits with a tendency towards low-sulfidation type.

Keywords: Cheshmeh Hafez, Torud-Chahshirin, Fluid inclusion, Sulfur isotope, Epithermal, Intermediate sulfidation
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