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H: Hornfelse.
LaJ di-gd: Dark green

oz . Q12: Low level unconsolidated texturally variable, recent clastic deposits.
7T o Qtl: High level unconsolidated texturally variable, recent clastic deposits.

[-7 g i PLe: Polygenic conglomerate with intercalations of green sandstone.
| PLm: Cream to red mari with intrercaiations of pooriy indurated sandstone.

~ OMm: Alternation of green and red marl with intercalations of thin bedded sandstone.

" K: Kaolinite.

OM m,1: Green marl, with intercalations of cream limestone.
4

Intrusive igneous rocks and related contact metamorphic rocks

R Az: Hydrothermal altration zone.

e p-gripegmatite-granite ) = Post Cretaceous-
gr:Medium to coarse grain, white granitic rocks. Pre Oligocene

Qtr: Travertaine (fresh water deposite).

OM1: Fossiliferous crem to light brown limestone.

OM v: Red to dark green andesitic trachyandesitic lava. ;
OMv1: Alternation of dark andesitic-basaltic lava with green tuff and tuff breccia.

OM tbr: White, dacitic to rhyolitic tuff breccia locally kaolinitized.

Es: Alternation of well bedded,green to reed sandstone and micro conglomerate.
ie: Red and thick bedded congiomeraie.

Kmyv: Metamorphosed andesite. '*’ i SYMBOLS
Kmsh: [t hyllit late. £
msh: Grey to green phyllite and slate § s 3 Major Fault
Km — — —_ Minor Fault

Cultivated area

- red dioritic to granodioritic plutonic rocks. [post Early Miosene
Sarab3 Mine Area
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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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Fig. 4. Photomicrographs of the diorites of Sarab 3 iron ore deposit, A and B: Sample (Sb-92-DDH?2 (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. 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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rock in the Sarab 3 iron ore deposit
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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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Fig. 16. Photomicrographs of the ore minerals of Sarab 3 iron ore deposit. A: First generation pyrite (Pyl) 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).
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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. 18. Mineral paragenetic sequence for the Sarab 3 ore deposit
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Fig. 19. Photographs of fluid inclusions in calcite mineral at Sarab 3 iron ore deposit, A: Liquid rich fluid inclusion
(LV) and the three phase fluid inclusion (LVHa) involving liquid phase (L), gas phase (V) and halite (Ha), sample No.
Sb-92-26, B: Rich of liquid and multiphase fluid inclusion, Sample No. Sb-92-26, C: Two phase fluid inclusion (LV)

consisting of a gas phase (V) and liquid phase (L), sample No. Sb-92-411, and D: Two phase fluid inclusion rich of
liquid (LV), sample No. Sb-92-418
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Fig. 20. Homogenization temperature frequency diagram of the fluid inclusions at Sarab 3 iron ore deposit
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Table. 1. Microthermometric data of fluid inclusions in calcite mineral at Sarab 3 iron ore deposit (L=Liquid,
V=Vapour, nv=not visible, Te=T eutectic, Tmice=T melting (final) of ice, Thv-I=Temperature of homogenization to

liquid)

2 o = 1)

§ Size(um) Type (;l" é) %Ié';e vl\?; é‘i r(l;hcv)l § Size(um) Type (;I‘Ce) rf(?lé;e V;I; C/(; r(l;hcv)l
6 L+V  nv -9.8 13.79 260 6 L+V  nv nv - 170
6 L+V  nv -6.5 10.05 260 5 L+V v nv - 164
5 L+V  nv nv - 324 A 6 L+V  nv nv - 191
6 L+V  nv nv - 151 g 5 L+V  nv -2.4 4.07 162

i 6 L+V  nv nv - 160 % 5 L+V  nv nv - 169

—

< 5 L+V nv nv - 160 10 L+V nv nv - 170

§ 8 L+V  nv nv - 192 12 L+V  nv nv - 160

z 7 L+V  nv nv - 200 20 L+V  nv nv - 191
6 L+V  nv -10.8  14.79 190 10 L+V v nv - 212
7 L+V  nv -10.8  14.79 172 7 L+V v nv - 224
9 L+V  nv -10.5 14.49 175 10 L+V  nv nv - 180
7 L+V  nv nv - 190 12 L+V  nv nv - 196
6 L+V v nv - 170 14 L+V  nv nv - 200

- 5 L+V  nv nv - 173 15 L+V  nv nv - 184

—

< 5 L+V  nv -0.4 0.4 168 10 L+V  nv nv - 180

i 5 L+V  nv nv - 180 12 L+V  nv nv - 172

“ 6 L+V v nv - 155 g 15 L+V nv nv - 174
6 L+V  nv v - 162 & 14 LtV v 7.1 1079 203

- 10 L+V  nv nv - 198 @ 8 L+V  nv -9 12.95 194

-

< 5 L+V nv nv - 161 16 L+V nv -5 8.07 194

i 5 L+V  nv nv - 164 8 L+V  nv -7 10.67 203

“ 7 L+V  nv nv - 115 8 L+V  nv -7 10.67 208
7 L+V v nv - 170 8 L+V v -5.5 8.75 178

~ 7 L+V  nv -13 16.82 156 12 L+V  nv -5 8.07 199

—

<+ 7 L+V nv nv - 187 10 L+V nv -5.2 8.35 193

i 12 L+V  nv nv - 178 8 L+V v -6.5 10.05 190

s 6 L+V  nv nv - 150 17 L+V  nv -5 8.07 190
7 L+V  nv nv - 165 14 L+V  nv -7 10.67 211

12 L+V  nv -5.5 8.75 219
20 L+V  nv -5.5 8.75 220
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Table. 2. Microthermometric data of fluid inclusions in calcite mineral in sample No. Sb-92-26 (L=Liquid,
V=Vapour, Ha=Halite, nv=not visible, Tmhh=Temperature of homogenization of hydro-halite, Te=T eutectic, Tmice=T
melting (final) of ice, Thv-I=Temperature of homogenization to liquid)

Size(um) Type Te wt.%  Thva Tmnn Tmice wt.% wt.% wt.%
M yp (°C) NaCl (°C) (°O) (°O) CaCl. NaCl/(NaCl+CaCl:) NaCl+CaCl.
12 L+V -68 7.1 155 -29.4 -21.2 14.7 0.3 21.8
12 L+V -52 7.4 140 -29 -20.8 142 0.3 21.6
20 L+V -52 7.7 176 -29 -20.2 14.8 0.3 22.4
20 L+V -52 6.8 177 -27.8 -13.6 10.3 0.4 17.0
26 L+V -45 1.8 233 -28.7 -2.7 33 0.4 5.0
. Th  wt.%  Thy. . Th o o
Size(pm) Type Halite NaCl 1(°C) Size(pum) Type Halite wt.% NaCl Thva(°C)
10 L+V+Ha 170 30.5 185 15 L+V+Ha 130 29.37 182
12 L+V+Ha 157 30.1 181 15 L+V+Ha 173 30.6 199
8 L+V+Ha 83 28.26 176 20 L+V+Ha 210 31.98 208
10 L+V+Ha 156  30.07 188 12 L+V+Ha 208 31.89 175
12 L+V+Ha 165  30.34 185 16 L+V+Ha 240 33.39 229
10 L+V+Ha 171  30.53 182 16 L+V+Ha 230 32.89 175
8 L+V+Ha 165  30.34 174 12 L+V+Ha 228 32.79 180
7 L+V+Ha 155  30.04 172 36 L+V+Ha 235 33.14 179
12 7 Distribution of Salinity in Sarab 3 mine

Frequency
o]

(0.4-5) (5-10) (10-15) (15-20) (20-25) (25-30) (30-35)
Salinity (wt.2: NaCl eqv)
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Fig. 21. Salinity histogram of fluid inclusion at Sarab 3 iron ore deposit
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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.



AT

e ¥ Ol T LS 535 58 Sl a5l s Jbw sla,boks

(¥4 JL) Fojled VY -

5ol b g 48 b g (650 ol s o..\.&‘;,ie..ast;b:
1Y JSs) s eslizul ol siaslyf (Pirajno, 2009)
aéj.lar.a BL )‘A}a.: U’i‘ u.nL.»‘ BA QY' g_)b.w QJAT JLWJK C)LG%‘
a0l ot 53,8 o0 )1 p Sl g oSS 4 by o
el 63 5 HS L SO47 LS ol 3 e 03T 8" 28
SIS 5 g 0 5le (sl g (5L S 552

Ly it g Al 3 Gl smad (95 ool padeida ladsy) o
b ey S 0 SUB Y Ol e LT s SV
il (636 (slonns b Sl (sl )lisbs 03151 o3ty x50
23 it g Jdal g 5l .(Kerkhof and Hein, 2001) 545
520 5 b 5B s 5 Slead GledS 3 s F Ol e

ol b sl b0Ls )3 o LS
o gmai SO Jam 5 Ll la LSS Slulis ol

700
A: Fluid of dominat chloride complexing
B: Fluid of dominat sulphide complexing
6001
500 .-":-
- .__.-'
2 W
2 400
] 0
=
<)
300 - A
ﬁ x .‘_"“t
o e @ o
200 } S, . B
| ] L] Y ’ ’ '. . ; P .#‘
1 1 1 1 1 1 ]
0.5 1 4 8 16 32 64 100
Salinity (wt. % NaCl)

¥ Ol 8T Odas 53 (Pirajno, 2009) g6 ShaS cpn ol L_;)j.b—o-bi:&iua ©los Hls g Y IS
Fig. 23. Homogenization temperature- salinity diagram to determine metal complex (Pirajno, 2009) in Sarab 3 iron

mine
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Table. 3. The values of 5**S (relative to CDT) in pyrites contained in magnetite ore of Sarab 3 iron ore deposit

Sample ID Mineral 8%S %0 VCDT Th(°C) Fluid inclusion  $**S H2S%o
Sb-92-405  Pyrite (Stage I+ Stage V) 3.6 162-191 1.5-1.7
Sb-92-406 Pyrite (Stage I) 3 151-324 0.8-1.9
Sb-92-407 Pyrite (Stage I) 3 151-324 0.8-1.9
Sb-92-30 Pyrite (Stage V) 32 155-180 1-1.3
Sb-92-412 Pyrite (Stage V) 3.4 150-187 1.2-1.5
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Fig. 24. Range of 8**S isotopic composition of the Sarab 3 ore deposit relative to the sulfur isotopic ranges in geological

systems (Rollinson, 1995) in Sarab 3 iron mine
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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 &S of
mineralization fluids have been calculated from the
Pyrite-H,S separation factor (Ohmoto and Rey, 1979),
assuming that H,S is the most important sulfur
compound in the mineralization fluid. Considering the
amount of 33*S 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 3**S of H,S in the fluid equilibrated with
sulfides of the Sarab 3 iron ore deposit was close to zero
(0.8-1.9%o).

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 115-324°C and the salinity was
about 0.4-35 wt.% NaCl.
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