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 1.     -      3 )Mohajel et al., 2003( 
Fig. 1. Simplified tectonic map of the Sannadaj-Sirjan zone an location of the Sarab 3 iron ore deposite (Mohajel et al., 
2003)
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Fig. 2. Part of the geological map 1:100000 Yasukond (Fenodi and Sayareh, 2000) and the location of the study area  
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Fig. 3. Relation of rock units with each other and mineralization zone in Sarab 3 mine (northwest view) 
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 4.       3 A  B: ) Sb-92-DDH2(80.30m          

              (    )           C :   )Sb-92-DM5(45.6m 
         D :Sb-92-17b                    

         .       ) Whitney and Evans, 2010(    
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 Fig. 4. Photomicrographs of the diorites of Sarab 3 iron ore deposit, A and B: Sample (Sb-92-DDH2 (80.30m), diorite 
rock with plagioclase crystals, augite and amphibole in the background of microliths (often feldspar) together with 
magnetite opaque minerals, C: Sample Sb-92-DM5(45.6m), Actinolites are found in abundance at background of rock, 
and D: Sample Sb-92-17b, Diorite rock containing plagioclase crystals with polysynthetic macles and actinolite 
amphiboles with pleochroism blue, green, red and orange. Abbreviations after Whitney and Evans (2010) (Act: 
actinolite; Amp: amphibole; Pl: Plagioclase Aug: augite). 
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Fig. 5. Photomicrographs of the granodiorites of Sarab 3 iron ore deposit, A and B: Sample Sb-92-DN1 (89.5m), 
granodiorite rock with plagioclase crystals, amphibol and quartz in the background of microliths (often feldspar) .The 

calcite vein interrupts all the minerals. Abbreviations after Whitney and Evans (2010) (Amp: amphibole; Pl: 

Plagioclase, Qz: Quartz, Cal: Calcite).  
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Fig. 6. A and B: Photomicrographs of the granite of Sarab 3 iron ore deposit, Sample Sb-92-21. Muscovite pink to 
green and light gray in quartz. Plagioclaseare zoning and are highly crushed. Muscovites altered to epidote (Propylitic 
alteration). Abbreviations after Whitney and Evans (2010) (Ms: Muscovite, Ep: Epidote, Pl: Plagioclase, Qz: Quartz)  
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 7.      3   1:5000  

Fig. 7. Geological map of Sarab 3 iron ore deposit in scale 1: 5000 
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 8.      3    ) Middlemost, 1994()MD : QMD : 

( )Maanijou and Khodaei, 2016(    
Fig. 8. Sarab 3 intrusive rocks classification based on Middlemost, 1994 (MD: monzodiorite, QMD: quartz 
monzodiorite) (Maanijou and Khodaei, 2016) 

 

 
 9.    ) Miyashiro, 1974(    3       )Maanijou and 

Khodaei, 2016( )   8 .(  
Fig. 9. Based on the Miyashiro, 1974 diagram the Sarab 3 intrusive body are located within the calc-alkaline series 
(Maanijou and Khodaei, 2016) (The symbols are as in Figure 8). 
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Fig. 10. Diagram of magma identification from the perspective of saturation of alumina (Shand, 1943) for intrusive 
rocks of Sarab 3 mine in diagram (A/CNK=Al2O3/CaO+Na2O+K2O) versus (A/NK= Al2O3/CaO+Na2O+K2O) 
(Maanijou and Khodaei, 2016) (The symbols are as in Figure 8). 
 

 
  

 11. A  B  :               )Dupuis and Beaudoin, 2011(       
EPMA     .(   )       3     .  

Fig. 11. A and B: Discrimination diagrams for origin of iron deposits of Dupuis and Beaudoin (2011), on the basis of 
EPMA analysis of iron oxides (hematite and magnetite). According to these diagrams, samples of Sarab-3- iron plot 
within the skarn. 
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Fig. 12. The rock units in the four boreholes and the contact between igneous rocks, magnetite ore and carbonate host 
rock in the Sarab 3 iron ore deposit 
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 13.         3   1:5000  

Fig. 13. Alteration map and mineral zoning of Sarab 3 iron ore deposit in scale 1: 5000 
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Fig. 14. Skarnization in Sarab 3. A and B: Sample Sb-92-DDH7 (50m), C and D: Sample Sb-92-27, E and F: Sample 
Sb-92-DDH4 (60m). Abbreviations after Whitney and Evans (2010) (Amp: Amphibole, Cal: Calcite, Aug: Augite).  
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Fig. 15. Types of alteration in Sarab 3. A: Sericitic alteration, B and C: Propylitic alteration, and D: Argilllic alteration. 
Abbreviations after Whitney and Evans (2010) (Pl: Plagioclase, Ms: Muscovite, Ep: Epidote, Chl: Chlorite, Ser: 
Sericite, Amp: Amphibole). 
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 16.       3 .A: )   Py1     (B:         

)Py2    (C: )   Py3 (        D:           
  E:    F:   .             )     Whitney 

and Evans, 2010(  . )Mag : Cal  :Py  :Po  :Ccp: .(  
Fig. 16. Photomicrographs of the ore minerals of Sarab 3 iron ore deposit. A: First generation pyrite (Py1) along with 

magnetite, B: Melnikovity pyrites of second generation (Py2) with the colloform texture, C: Third generation pyrites 

(Py3) that have been crushed due to the effect of tectonic processes, D: Fiveth generation pyrites with calcite veins, E: 
Veinlets of magnetits, and F: Chalcopyrite and first-generation pyrites along with magnetite. Abbreviations after 

Whitney and Evans (2010) (Mag: Magnetite, Cal: Calcite, Py: Pyrite, Po: Pyrrhotite, Ccp: Chalcopyrite). 



 12  4  )1399(                                    3  ...                                                        549  

  

 
  

 17. A     :92-Sb-407                     B  C :
     92-Sb- 406          D      :

  92-Sb- 30          E:               
F:                .        )     Whitney and Evans, 2010( 

  )Cal: Mag: Py  :Phl  .(  :  
Fig. 17. A: Photomicrographs of 92-Sb-407 sample, first generation pyrites in the background of magnetite and calcite 

veinlet in the rock, B and C: Binocular photomicrographs of 92-Sb-406 sample, first generation pyrites coexist with 

magnetite and phlogopite, D: Binocular photomicrographs of 92-Sb-30 sample, 5th generation pyrites with calcite in the 

magnetite background, E: hand specimen of magnetite with phlogopite and first generation pyrites, and F: hand 

specimen of magnetite with calcite and 5th generation pyrites. Abbreviations after Whitney and Evans (2010) (Cal: 
calcite, Mag: magnetite, Py: pyrite, Phl: phlogopite). 
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Fig. 22. Diagram of salinity-homogenization temperature to determine the density (Wilkinson, 2001) in Sarab 3 iron 
mine. All of the fluid inclusions in this diagram are in calcite host and have boiling process. 
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Introduction 
Cenozoic magmatism in Central Iran has caused 
formation of contact metmorphed rocks especially 
skarns (Calagari and Hosseinzadeh, 2006, 
Karimzadeh Somarain and Moayyed, 2002). The 
skarns consist of valuable ore deposits. The 
Shahrak mining area is located on the border of 
Central Iran and Sanandaj-Sirjan zone (SSZ). This 
mining area includes 9 iron ore deposits. The Sarab 
3 iron ore deposit is located to the south of them. 
The volcanic rocks of the study area include dacite, 
andesite, rhyolite and andesitic basalt has occurred 
during the Eocene period. The intrusive rocks of 
the study area include post early Miocene diorite- 
granodiorite, diorite and granite. The iron 
mineralization stage has formed in limestone-
dolomite contact with intrusive igneous rocks 
(diorite- granodiorite and diorite) as a skarn 
deposit. The main ore of the Sarab 3 iron ore 
deposit is the magnetite and hematite. Limonite and 
goethite, pyrite, pyrrhotite and chalcopyrite can 
also be seen. The ore deposit geometry is 
characterized by massive to lens-like shape. 
 
Materials and methods 
In addition to study of drilling cores, 70 samples 
were taken from them and the mine pit of the Sarab 
3 iron ore deposit in order to study thin sections, 
thin-polish section, fluids inclusion and sulfur 
stable isotope. Finally, 20 samples were selected 
and studied at the Bu Ali Sina University of 
Hamedan. Fluid inclusion studies were performed 
on six doubly polished thin sections. These samples 

were taken from calcite in magnetite hosts. 
Measuring the temperature parameters was carried 
out at the mineralogical laboratory of Iran Mineral 
Processing Research Center to assist the Stage: 
THMS600 with Linkam model on ZEISS 
microscope. The temperature range is -196 to 
+600°C. The machine also has two controllers, 
heating (TP94) and cooling (LNP), a nitrogen tank 
(for the nitrogen pump for freezing) and a water 
tank (for cooling the device in high temperature). 
Calibration of Stage in heating has a precision of ± 
0.6°C which was carried out with cesium nitrate 
with a melting point of 414 °C and freezing was 
carried out at a precision of ± 0.2 ° with a standard 
N-hexane material with a melting point of -94.3°C. 
Five sulfide samples were selected from an open 
pit of the Sarab 3 iron ore deposit and the isotopic 
ratio of their sulfur was measured at the Isotope 
Lab of the University of Queens, Canada.  
 
Results 
During the retrograde mineralization stage in the Sarab 
3 iron ore deposit, the effects of the remaining fluid on 
the skarn rocks and adjacent hornfels result in release of 
calcium from the skarn and then transport of volatile 
matter into it. At this stage, the fluid is barren and it has 
a lower temperature and salinity than its original state. 
As a result of retrograde reactions, the replacement of 
high calcium calc-silicate minerals with a series of lower 
calcium minerals occurs. Also, some amounts of 
dissolved calcium are combined with carbonate ions in 
the fluid and thus calcite is formed in the faults and 
microfractures. Study of the fluid inclusions in the Sarab 
3 iron ore deposit shows that the manufacturer fluids 
have been related to the retrograde phase and have lower 
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salinity and temperature. The study of sulfur stable 
isotopes in the Sarab 3 iron ore deposit shows that sulfur 
may have been derived from one of these two sources: 
It has been created directly from the magmatic 
differentiation fluid or by the dissolution of previously 
sulfide igneous sources. The values of δ34S of 
mineralization fluids have been calculated from the 
Pyrite-H2S separation factor (Ohmoto and Rey, 1979), 
assuming that H2S is the most important sulfur 
compound in the mineralization fluid. Considering the 
amount of δ34S in the Sarab 3 iron ore deposit (3 to 3.6 
permil) it can be stated that all of them can be attributed 
to hydrothermal fluids with magmatic sources. Also the 
amount of δ34S of H2S in the fluid equilibrated with 
sulfides of the Sarab 3 iron ore deposit was close to zero 
(0.8-1.9‰). 
  
Discussion and conclusion 
Due to the emplacement of intrusive bodies in the 
limestone-dolomite of the Qom formation with Oligo-
Miocene age, the skarn mineralization has occurred in 
the Sarab 3 Iron ore deposit. The study of sulfur stable 
isotopes on pyrite in magnetite ore, has shown the 
source of mineralization fluids to be derived from 
magma. Skarns have been formed in several stages the 
last of which is the retrograde stage. Retrograde fluids 
have been overprinted on ore and affected it. Calcite 
veins and sulfides have been formed in the retrograde 
stage in the Sarab 3 iron ore deposit. In this study it was 
found that the temperature of fluid in the Sarab 3 iron 

ore deposit was about 115-324ºC and the salinity was 
about 0.4-35 wt.% NaCl.  
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