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Fig. 1. Location and access roads to the Ahangaran area, W Iran
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Fig. 2. Geologic map of the Ahangaran area (according to the geologic map of Malayer in scale 1/100000) (Jafarian and
Zamani, 2006)
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Fig. 3. A: limestone units that are faulted, B: iron-Barite unit that is sheared, C: disseminated galena and barite within
limestone units in tunnel, D: galena veins in the limestone units in tunnel (Brt = Barite, Gn = Galena, Dol = Dolomite)
(abbreviations from Whitney and Evans, 2010)
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Fig. 4. A: sample of sandstone that chlorite and muscovite are located between space of the quartz particles, B: quartz
with granular texture and sericitic alteration, C: secondary quartz around detrital quartz, D: a vein of metallic mineral
within micritic calcite, E: concentration of iron oxide in the stylolite, F: saddle dolomite, G: barite with massive texture,
H: barite with mosaic texture (Chl= Chlorite, Qz= Quartz, Ms= Muscovite, Cal= Calcite, Ser= Sericite, Dol= Dolomite,
Brt= Barite)
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Fig. 5. A: pyrite and galena scattered in the host rock in which galena entered to the margins of pyrite, B: galena and
barite intergrowth in host rock, C: galena from margins is convering to cerussite and as veins are penetrated into the
host rock, D: chalcopyrite is converting to malachite and iron oxides (Cal = Calcite, Py = Pyrite, Ccp = Chalcopyrite,

Gn = Galena, Mic = Malachite, Cer = Cerussite, Brt = Barite)
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Fig. 6. A: galena with massive texture, B: galena with open-space filling texture, C: galena with scattered texture with
chalcopyrite, D: euhedral pyrite within galena, E: chalcopyrite is converted to covellite and chalcocite, F: pyrite with
cataclastic texture, G: pyrite altering to secondary iron oxides, H: galena with cataclastic texture, I. chalcopyrite is
converting to covellite and pyrrhotite, J: framboidal pyrite (Cal = Calcite, Qz = Quartz, Py = Pyrite, Ccp = Chalcopyrite,
Gn = Galena, Cv = Covellite, Po = Pyrrhotite)
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Fig. 7. A: inclusions of tetrahedrite in galena, B: pyrite converting to goethite and magnetite (PPL) and C: (XPL), D:
covellite and chalcocite replacement texture, E: cerussite replacement texture by galena, F. anglesite replacement
texture by galena, G: goethite with skeletal texture, H: malachite and azurite formed from oxidation of chalcopyrite (Ttr
= Tetrahedrite, Gn = Galena, Car = Carbonate, Py = Pyrite, Cv = Covellite, Cct = Chalcocite, Ang = Anglesite, Brt =
Barite, Ccp = Chalcopyrite, Cer = Cerussite, Mg = Magnetite, Gth = Geothite, Mlc = Malachite, Az = Azurite)
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Fig. 8. Paragenetic sequence illustrating stages of mineralization in the Ahangaran deposit
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Fig. 9. A: three-phases liquid-carbonic inclusion, B: two-phases vapor-rich inclusion (L+V), C: two-phases liquid-rich
inclusion (L + V) and single-phase-gas inclusion, D: two-phases liquid-rich inclusion, E: three-phases inclusion with

daughter crystal, F: necking down in inclusion
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Table 1. Microthermometric data of fluid inclusions in the Ahangaran deposit

Sample

Size

Liquid Tmi

Tmco,

Telat

Thv—L)

No.  (um) Phase %) (C) (O ___(C (g  Salinity
145 8 L+V+CO,(L+V) 90 8.8 - 6 153.9 20.2
145 16 L+V+CO,(L+V) 95 -9.2 - +10 215.4 13.1
145 6 L+V+CO,(L+V) 95 -11.1 -55.6 -10 191.2 15.1
145 10 L+V+Sy 95 -11.2 - - 197.5 20.3
114 7 L+V+CO,(L+V) 85 -6.8 - +4 218.1 11.3
114 5 L+V 90 -5.7 - - 133.1 8.8
114 5 L+V+CO,(L+V) 60 -6.1 -56.1 +85 326.4 4.4
114 5 L+V+CO,(L+V) 75 -6.4 -58 - 291.6 15.5
114 6 CO,(L+V) 75 - -59 - -11 -
114 10 L+V+CO,(L+V) 85 -4.3 -56.9 +5.2 298.8 9.7
114 5 CO,(L+V) 90 - - -14.9 -0.7 -
114 5 CO,(L+V) 90 - -57.2 - -0.1 -
115 5 L+V 95 -3.1 - - 131.5 5.1
115 5 L+V 95 -8.2 - - 230.1 11.9
115 5 L+V 95 -7.6 - - 159.7 11.2
115 5 L+V 95 -9.3 - - 232.2 13.2
115 5 L+V 95 -6.4 - - 274.2 9.7
115 10 L+V+CO,(L+V) 95 - - +1.9 191.2 13.7
135 5 L+V+CO,(L+V) 75 -6.8 - +5.4 163.9 9.4
135 5 V+L 40 - - - >500 -
135 5 V+L 40 - - - >500 -
135 5 L+V+CO,(L+V) 75 -9.2 - +4.1 135.6 11.2
135 5 L+V 95 -9.1 - -9.1 155.5 13
106 5 L+V+CO,(L+V) 90 158 - - 180.6 147
106 16 L+V 95 -16.9 - - 189.4 20.2
106 10 L+V 95 -22.8 - - 210.5 24.2
106 10 L+V 95 -22.1 - - 210.5 23.1
106 9 L+V 95 -18.2 - - 1735 21.1
106 6 L+V 95 -13.2 - - 174 17.1
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Fig. 10. A: homogenization temperature histogram of fluid inclusions, B: salinity histogram of fluid inclusions, C: ice

melting temperature histogram of fluid inclusions
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Fig. 11. Homogenization temperatures plotted in Haas (1971) diagram to estimate depth of trapped fluid
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Fig. 12. Homogenization temperature and salinity diagram to determining the vapor pressure (Ahmad and Rose, 1980)
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Fig. 2. Sulfur isotope data in minerals of the Ahangaran deposit and fluid isotopic composition at equilibrium

Sample Mineral %S (%)  Temperature 8>S py5(%o)
No. Q)
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Fig. 19. The 8>S values for sulphur bearing minerals in various deposits (Eastoe and Nelson, 1988; Eldridge et al.,
1993; Boni et al., 1996; Hitzman and Beaty, 1996; Kesler, 1996; Calagari, 2003; Koptagel et al., 2005; Rouxel et al.,

2008)
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Introduction

The Ahangaran Pb-Ag deposit is located in the
Hamedan province, west Iran, 25 km southeast of
the city of Malayer . . The deposit lies in the
strongly folded Sanandaj-Sirjan tectonic zone, in
which the ore bodies occur as thin lenses and
layers. The host rocks of the deposit are Early
Cretaceous carbonates and sandstones that are
unconformably underlain by Jurassic rocks. Ore
minerals include galena, pyrite, chalcopyrite,
pyrrhotite and supergene iron oxide minerals.
Gangue minerals consist of barite, dolomite,
chlorite, calcite and quartz. The mineralization
occurs as open-space fillings, wveins, veinlets,
disseminations, and massive  replacements.
Alteration consists of silicification, sericitization,
and dolomitization. In this study, we carried out
studies of mineralogy, microthermometry of fluid
inclusions and sulfur isotopes to determine the
source of sulfur and the physico-chemical
conditions of formation.

Materials and methods

Seventy samples of different host rocks,
alteration, and mineralization were collected from
surface outcrops and different tunnels. Twenty of
the samples were prepared for mineralogical
studies at Tarbiat Modarres University in Tehran
and 25 for petrological studies at the University of
Bu-Ali Sina. Fluid-inclusion studies were done on
5 samples of quartz and calcite at Pouya Zamin
Azin Company in Tehran using a Linkam THM
600 model heating-freezing stage (with a range of
-196 to 480°C). The accuracy and precision of the
homogenization measurements are about *1°C.
Salinity estimates were determined from the last
melting temperatures of ice, utilizing the
equations by Bodnar and Vityk (1994) and for

*Corresponding authors Email: mohammad@basu.ac.ir

CO;, fluids using equations by Chen (1972). Nine
samples of sulfides and barite were crushed and
separated by handpicking under binocular
microscope and powdered with agate mortar and
pestle. About one gram of each sample was sent
to the Stable Isotope and ICP/MS Laboratory of
Queen’s University, Canada for sulfur isotope
analysis. The sulfur isotopes in sulfides and
sulfates were run on a Thermo Finnigan Delta
Plus XP IRMS mass spectrometer. The analytical
uncertainty for 8**S is +0.2%o.

Results and Discussion

The main types of fluid inclusions in quartz and
calcite are as follows: I: dominant liquid + less
vapor (L+V); Il: dominant vapor + less liquid (V
+ L); HI: liquid + vapor+ CO, (L+V+CO;
)(L+V)); IV: CO; (L+V); V: liquid + vapor +
sylvite (L+V+Sy). Homogenization temperatures
of primary fluid inclusions indicate that
mineralization occurred at temperatures ranging
from 130 to 320 °C (ave., 200°C) and their
salinites range from 10 to 15 wt % NaCl equiv.
The temperatures and salinities of the
mineralizing fluids of the Ahangaran deposit are
similar to the Irish type Zn-Pb deposits, and
suggest a similar origin. The *S values of pyrite
and galena are within the range of -25.5 to +11.6
%o and -6.3 to -8.5 %o, respectively and for barite
are in the range of 26 to 27.2 %.. These values
indicate that the 8*Sy,s values of fluids in that
deposited the pyrite and galena are within the
range of -6.4 t0-2.9 %o and 9.4 to 27.9 %,
respectively. The 8*S values of marine sulfate
were 13 to 20 %o during the Cretaceous (Hoefs,
2009). The 8*S values of barite are near to that of
marine sulfate in the Cretaceous which indicate
that the sulfate of the barite may have a marine
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origin. On the other hand, the 8*S,,s values of
galena lie within a narrow range, suggesting that
the main source of sulfur may be from
thermochemical sulfate reduction (TSR).
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