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Fig. 1. A: The location of study Sarab-3 iron deposit in geological map of Iran (modified from Emami et al., 1993;
Aghanabati, 2004; Maanijou et al., 2012), and B: Access roads to Sarab-3 iron deposit
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Fig. 2. Geological map of Sarab-3 iron deposit with modification from Hasanabad Yasoukand geological map, scale 1:
100,000 (Fenodi and Sayareh, 2000)
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Fig. 3. Simiplified geological map of Sarab-3 deposit (Kimia Maaden Sepahan Company., 2011)
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Fig. 4. Landscapes and hand specimens photographs of different parts of Sarab-3 deposit, including: A: Contact of iron
mineralization in the form of magnetite, with diorite intrusive in Sarab-3 deposit, Diorite far from ore mineralization are
more fresh and at the near show strong alteration (view to east), B: The hand specimen of monzodiorite in Sarab-3 iron
deposit, C: Landscape of limestone at Sarab-3 deposit (view to southeast), D: The hand specimen of the marmarized
limestone at Sarab-3 deposit, E: Calcite-quartz vein-veinlets with sulphide minerals and phlogopite, in fractures os
skarn zone, F: A core sample of Sarab-3 deposit that shows magnetite mineralization in diorite regional, G: . Landscape
of skarn zone and relationship of magnetite-hematite ore with other units and alterations (view to northeast), and H:
Forming of skarn zone at the contact of ore in Sarab-3 deposit (view to northwest). (Cal: calcite, Phl: phlogopite, Qz:
quartz). Abbreviations of minerals from Whitney and Evans (2010)
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Fig. 5. Photomicrographs of intrusives rocks of Sarab-3 iron deposit. A: Lucodiorite with intergranular texture;
plagioclase were altered to sericite and epidote (center) and chlorite (pennine), B: Diorite with granular- intergranular
texture. Zoning, epidotization-sericitic alteration and fracturing (from tectonic forces) visible in plagioclase, C:
Kaolinization, uralitization and sericitic alterations in micro-diorite with porphyry texture, D: Monzodiorite with
porphyry texture, injection of calcite in the twinning of the plagioclase, and E: Granodiorite with porphyry texture. (All

photomicrographs in XPL. Amp: amphibole, Hbl: hornblende, Act: actinolite, Pl: plagioclase, Ep: epidote, Ser: sericite,
Chl: chlorite, Kln: kaolinite, Ms: muscovite, Mag: magnetite, Cal: calcite) Abbreviations of minerals from Whitney and

Evans (2010)
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Fig. 6. A and B: Photomicrographs of calcite at Sarab-3 deposit. C and D: Photomicrograph of the skarn rocks of the

area (presence of calc-silicate minerals in adjacent to calcite). (All photomicrographs in XPL. Cal: calcite, Act:

actinolite, Mag: magnetite, Tt: tremolite, Ep: epidote, Hbl: hornblende). Abbreviations of minerals from Whitney and

Evans (2010)
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Fig. 7. Photomicrographs of ore minerals at Sarab-3 deposit. A: Tabular hematites, with generations 1 and 2 of
magnetite, B: Magnetite with island texture (in calcite host developing as euhedral crystals), C: First generation of
magnetite with aggregated texture (aggregation of magnetite crystals around pyrrhotite), D: Martitization of magnetite,
E: First generation of pyrite (Pyl) as paragenesis with magnetite, F: Melnikovity pyrites of second generation (Py2)
with the colloform texture which are cut by pyrite vein of third generation (Py3), G: Fourth generation of pyrite (Py4) as
inclusion with high relief in the pyrrhotite, H: Chalcopyrite in Sarab-3 deposit that replaced from the edge by covellite
and chalcocite, and I: Arsenopyrite with a diamond-like crystals that have intergrowth with pyrite. (All

photomicrographs in PPL. Mag: magnetite, Hem: hematite, Po: pyrrhotite, Py: pyrite, Ccp: chalcopyrite, Cct:
Chalcocite, Cv: covellite, Asp: arsenopyrite). Abbreviations of minerals from Whitney and Evans (2010)
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Table 1. The results of microprobe analysis of oxide minerals (magnetite, hematite) in Sarab-3 iron deposit, (Mag:
magnetite, Hem: hematitei). Abbreviations of minerals from Whitney and Evans (2010). All oxides and elements are in
wt.%.

Point 1 2 3 4 5 6 7 8 9 10 11 12
Mineral Mag Mag Mag Mag Hem  Hem Mag Mag Mag Mag Mag Mag
ALO3 1.93 0.6 1 2.82 1.89 2.23 1.17 0.93 1.42 0.55 1.44 1.08
CaO 0.04 0.04 0.01 0.06 0.57 0.49 0.06 0.04 0.07 0.06 0.04 0.03
Cr203 0 0 0 0 0 0 0 0 0 0.01 0 0
CuO 0 0 0.01 0 0 0.01 0 0.03 0 0 0.04 0.01
FeO 29.45 29.8 31.04 2573 - - 30.86 30.07 31.1 30.68 30.61 27.68
Fe:0; 66.05 68.52 6747 69.17 77.54 78.08 66.76 67.67 6658 67.17 66.71 64.71
MgO 0.88 0.8 0 3.95 0 1.01 0 0.65 0 0 0.28 0.96
MnO 0.09 0.05 0.08 0.41 0.01 0 0.03 0.03 0 0 0.01 0.59
NiO 0 0 0 0 _ _ 0 0 0 0 0 0
P20s 0 0 0.07 0 0.02 0 0.05 0 0.02 0.07 0 0.02

SOs 0.05 0.02 0 0.02 0.47 0.4 0 0.02 0 0.02 0.02 0.02

SiO: 0.41 0.04  0.02 0.02 3.19 3.53 0.15 0.09 0.26 0.11 0.11 0.04

TiO: 0 0 0 0.03 0.03 0 0 0.07 0.03 0.02 0.05 0.05

V205 0.02 0.02 0.04  0.02 0.02 0 0.02 0.02 0.07 0.02 0 0.02

Total 98.92 99.62 99.74 1022 83.74 8575 99.1 99.62 99.55 99.25 99.31 95.21
Number of ions on the basis of 4 (O)

Point 1 2 3 4 5 6 7 8 9 10 11 12
Mineral  Mag Mag Mag Mag Hem Hem Mag Mag Mag Mag Mag Mag
Al 1.02 0.32 0.53 1.49 1 1.18 0.62 049 0.75 0.29 0.76 0.57
Ca 0.03 0.03 0.01 0.04 0.41 0.39 0.04 0.03 0.05 0.04 0.03 0.02

Cr 0 0 0 0 0 0 0.01 0 0 0.01 0 0
Cu 0 0 0.01 0 0 0.01 0 0.02 0 0 0.03 0.01
Fe* 0.94 0.95 0.99 0.77 - - 0.99 096 099 0.99 0.98 0.92
Fe* 1.89 1.97 1.95 1.87 1.78 1.74 1.93 1.94 192 196 1.92 1.94
Mg 0.53 0.48 0 2.38 0 0.61 0 0.39 0 0 0.17 0.58
Mn 0.07 0.04 0.06 0.32 0.01 0 0.02 0.02 0 0 0.01 0.46

Ni 0 0 0 0 nd nd 0 0 0 0 0 0
P 0 0 0.03 0 0.01 0 0.02 0 0.01 0.03 0 0.01
S 0.02 0.01 0 0.01 0.19 0.16 0 0.01 0 0.01 0.01 0.01
Si 0.19 0.02 0.01 0.01 1.49 1.65 0.07 0.04 0.12 0.05 0.05 0.02
Ti 0 0 0 0.02 0.02 0 0 0.04 0.02 0.01 0.03 0.03
v 0.01 0.01 0.02 0.01 0.01 0 0.01 0.01  0.04 0.01 0 0.01

Total 4.51 3.35 3.61 6.92 4.92 5.74 3.71 3.91 3.9 3.4 3.99 4.57
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Table 1 (Continued). The results of microprobe analysis of oxide minerals (magnetite, hematite) in Sarab-3 iron
deposit, (Mag: magnetite, Hem: hematitei). Abbreviations of minerals from Whitney and Evans (2010). All oxides and
elements are in wt.%.

Point 13 14 15 16 17 18 19 20 21 22 23
Mineral Mag Mag Mag Mag Mag Mag Mag Mag Mag Mag Mag
ALO3 2.27 1.19 2.83 4.08 0.77 1.13 2.57 0.47 1.7 0.77 1.95
CaO 0.13 0.01 0.06 0.03 0.06 0.11 1.23 0.1 0.01 0 0.03
Cr203 0 0 0.01 0.03 0 0 0.01 0 0 0 0
CuO 0 0 0.01 0.01 0.01 0.01 0 0 0.01 0 0.03
FeO 26.66 2839  27.8 2344  30.07 3038 2947 31.25  30.36 30.76 30.36
Fe:0; 65.34  68.82 63.18 6297 6559  65.38 66.39 68.66  65.17 67.37 64.4
MgO 3.02 1.99 1.53 4.43 0 0 1.26 0.03 0.13 0.1 0.02
MnO 0.72 0.05 0.01 0.01 0.01 0.04 0.06 0.01 0.03 0.01 0
NiO 0 0 0 0 0 0 0 0 0 0 0.01
P20s 0 0 0.07 0.02 0.05 0.07 0.14 0 0 0 0.02
SOs 0 0.02 0.15 0.05 0.07 0.02 0.25 0 0 0 0
SiO2 0.45 0.11 2.76 5.9 0.15 0.19 0.34 0.11 0.04 0.02 0.11
TiO: 0 0.07 0.03 0.07 0 0.12 0.02 0.05 0.04 0.05 0.03
V205 0 0.04 0.04 0 0.02 0 0.04 0 0.02 0 0
Total 98.18 100.5 98.47 101 96.8 97.45 101.7 100.6  97.51 99.08 96.96
Number of ions on the basis of 4 (O)
Point 13 14 15 16 17 18 19 20 21 22 23
Mineral Mag Mag Mag Mag Mag Mag Mag Mag Mag Mag Mag
Al 1.2 0.63 1.5 2.16 0.41 0.6 1.36 0.25 0.9 0.41 1.03
Ca 0.09 0.01 0.04 0.02 0.04 0.08 0.88 0.07 0.01 0 0.02
Cr 0 0 0.01 0.02 0 0 0.01 0 0 0 0
Cu 0 0 0.01 0.01 0.01 0.01 0 0 0.01 0 0.02
Fe? 0.84 0.84 0.86 0.67 0.99 0.99 0.92 0.99 0.99 0.99 0.99
Fe* 1.85 193 1.76 1.62 1.95 1.93 1.84 1.97 1.91 1.96 1.9
Mg 1.82 1.2 0.92 2.67 0 0 0.76 0.02 0.08 0.06 0.01
Mn 0.56 0.04 0.01 0.01 0.01 0.03 0.05 0.01 0.02 0.01 0
Ni 0 0 0 0 0 0 0 0 0 0 0.01
P 0 0 0.03 0.01 0.02 0.03 0.06 0 0 0 0.01
S 0 0.01  0.06 0.02 0.03 0.01 0.1 0 0 0 0
Si 0.21  0.05 1.29 2.76 0.07 0.09 0.16 0.05 0.02 0.01 0.05
Ti 0 0.04  0.02 0.04 0 0.07 0.01 0.03 0.04 0.03 0.02
v 0 0.02  0.02 0 0.01 0 0.02 0 0.01 0 0
Total 6.57 477 6.53 10.01 3.54 3.84 6.01 3.39 3.99 3.47 4.06

1. Goto, Boboti, Guebouria, Karakaen
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Fig. 10. Backscattered electron images of magnetite (Mag) and hematite (Hem) mineral assemblages at Sarab-3- Iron
deposit. (Numbers in the square are the numbers of probed points and the results of the analysis in these points
presented at the table 1). Abbreviations from Whitney and Evans (2010)
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Table 2. Levels of maximum, minimum and average of the elements percent in the magnetite ore in different types of
iron deposits and chemical comparison of magnetite in Sarab-3 deposit with other iron deposits studied by Dupuis and

Beaudoin (2011). na = not analysed, n= number of analysed

Deposit Value Si Al Mg Ti Mn Ca K Cr Zn Cu Ni A\Y
Type Wt%)  (WE%)  (Wt%) (Wt.%) (Wt.%) (Wt.%) (Wt.%) (Wt.%) (Wt.%) (Wt.%) (Wt.%)  (Wt.%)
ocg  Mean 0163 0.109 0.171 0042 0.045 0025 0009 0013 0043 0044 025 0.039
@=i1y Min 0008 0.025 0.007 0.003 0.0 0004 0002 0005 0033 0024 0018 0.008
Max 0.555 0.247 0.175 0.131 0.128 0.119 0.028 0.077 0.054 0.093 0.031 0.116
iy Mean  0.047 0053 0.057 0154 0037 0014 0005 0012 0.047 0034 0048 0238
@7 Min 001 0018 0.005 0.009 0514 0011 0.002 0.008 0.04 0.023 002 0.062
Max 0.119 0.1 0.191 0431 0.101 0.022 0.01 0.018 0.065 0.064 0.116 0.479
s Mean 0138 0036 0013 0014 0018 0009 0003 0021 0061 0031 0029 0015
=4 Min 002 0014 0.007 0009 0015 0.003 0002 0.014 0.034 0024 0.025 0.0l
Max 0296 0.056 0.018 0.022 0.022 0.015 0.005 0.041 0.084 0.047 0.039 0.022
G,  Mean 02 018 0431 0035 0.149 0061 0008 003 0.064 0058 0028 006
o1y  Min 0009 0.025 0.005 0.003 001 0004 0003 0004 0042 0034 0.021 0.008
Max 0.638 0.692 2.623 0.171 0445 0308 0.033 0367 0.112 0335 0.069 0.708
Sarah. Mean 0328 0.84 0551 007 0.076 0103 na  0.002 na  0.006 0.00 0.009
3 Min 001 025 0 0 0 0 na 0 na 0 0 0
deposit  nNfax 276 216 267 007 056 088 na 00l na 003 00l 0.04
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Fig 11. Correlation between the major and minor oxides with iron oxide in microprobed samples of magnetite and
hematite in Sarab-3- deposit (R? =linear regression index)



@bzl olidye S g 97 Slas TAA

> - (Dupuis and Beaudoin, 2011) 1359 5 (wsgs 5| ral sl LuslS glos! Liiie 00 S S jlogei (B g A IY JS—
D558 o )8 )l edgaze j0 Yol o] LS sladiges dajloges opl Gub (Clen g cuiiKa) ol oS sla SIS EPMA 3G

Fig. 12. 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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S8 5565 5 LS 5yl sl ,LuslS dbges (Soo 3 ;0 Y-l )LuilS sladiges ¢(Schwartz and Melcher, 2004) =l ¢ 55,15

cailass §
Fig. 13. Comparison of Sarab-3 iron deposit with several deposits in Senegal states based on magnetite chemistry. A:
Diagrams of V,0s versus Cr,O; in magnetites of Karakanh, Boboty, Goto and Goborya deposits by Schwartz and
Melcher (2004). The samples of Sarab-3 deposit with a low value of Cr and V are located near the Goto and Karakanh

skarn deposits, and B: The V,0s versus TiO, diagram in magnetite from Schwartz and Melcher (2004), Samples of
Sarab-3 deposit are plotted near the Goto exoskarn and Karakanh endoskarn samples.
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Table 3. Comparison of Sarab-3 deposit charactristics with other similar skarn deposits in the region and the world

Ore minerals  Retrograde  Progressive Skarn Related Host rock .
References . ; . . Deposit
minerals minerals zones intrusion
Epidote,
Magnetite, tremolite- Meta-
. .. Endo- . .
. pyrite, actinolite, Granodiorite  volcanicand  Mazreah
Mollai et al., . Garnet and and .
chalcopyrite, quartz (Oligocene) carbonate (Iran)
2009 . . pyroxene exoskarn
chalcocite, calcite, rocks
bornite chlorite and (Cretaceous)
clay
e Epidote, Carbonate
charl)cycf ’i te tremolite- rocks,
Hosseinzadeh, chalcgc}:’;te > actinolite, Garnet and Endo- Quartz plitic and Anjerd
1999 . quartz pyroxene and monzonite sub (Iran)
magnetite . . .
and calcite, exoskarn  (Oligocene) volcanic
molvbdenite chlorite (Upper
Y and clay Cretaceous
Epidote,
Magnetite tremolite- Quartz Limestone
. Snetite, actinolite, Garnet and Endo- .
Siahcheshm, pyrite, nartz oxene and diorite and marl Pahnavar
2002 martite and qual Pyt (Oligocene) (Upper (Iran)
. calcite, exoskarn
goethite . Cretaceous)
chlorite
and clay
Magnetite, t11r€e I;;C:)?itfé- Impure
Ferdowsi, pyrite, . Garnet and Endo- Quartz carbonate Kamtel
. actinolite, . .
2011 Chalcopyrite nartz pyroxene and monzonite and detrital (Iran)
and q exoskarn  (Oligocene)  rocks (Upper
. calcite and
tetrahedrite . Cretaceous
chlorite
Magniet:zte’ A?I;lcllgt)gle’ Gi)r;:rtl; Granite and Carbonate
Xu and Lin pyrte, p1cote, PYTOXERE, . and volcanic ~~ Mengku
Chalcopyrite chlorite, albite, Exoskarn tonalite )
2010 . . . rocks (China)
and calciteand  apatite and (Hercynian) .
. . (Devonian)
pyrrhotite quartz scapolite
Epidote,
Magn.etlte, amphlbole, Diopside, .
pyrite, plagioclase, arnet and Lenticular Avazmant
Oyman, 2010  chalcopyrite,  orthoclase, £ . Exoskarn  Granodiorite carbonate 4
. scapolite (Turkey)
chalcocite, quartz, and hornfels
molybdenite  calcite and
chlorite
. Epldo.te, Diorite,
Magnetite, tremolite- .
. . monzodiorie
hematite, actinolite, i
Khodaei, pyrlte., quathz, Garnet and Endo- quartzmonzo Carbonate Sarab-3
pyrrhotite, calcite, pyroxene and L rocks (Iran)
2015 . . diorite, .
chalcopyrite, chlorite, exoskarn . (Oligocene)
. granodiorite-
arsenopyrite, clay, )
covellite phlogopite Granite
(Miocene)

serpentine
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Introduction

There is an iron mining complex called Shahrak
60 km east of the Takab town, NW Iran. The
exploration in the Shahrak deposit (general name
for all iron deposits of the area) started in 1992 by
the Foolad Saba Noor Co. and continued in
several periods until 2008. The Shahrak deposit is
comprised of 10 ore deposits including Sarab-1,
Sarab-2, Sarab-3, Korkora-1, Korkora-2, Shahrak-
1, Shahrak-2, Shahrak-3, Cheshmeh and Golezar
deposits (Sheikhi, 1995) with a total 60 million
tons of proven ore reserves. The Fe grade ranges
from 45 to 65% (average 50%). The ore reserves
of these deposits are different. Sarab-3 ore deposit
with 9 million tons of 54% Fe and 8.95% S is
located at the northeast of Kurdistan and in the
Sanandaj-Sirjan structural zone at the latitude of
36°20" and longitude of 47°32".

Materials and methods

Sixty thin-polished, polished and thin sections are
made for the study of mineralogy and petrology,
and among them six thin-polished sections were
selected for EPMA (Electron Probe Micro
Analysis) on magnetite and hematite. EPMA was
performed using the Cameca Sx100 electron
microprobe at the Iran Mineral Processing
Research Center (IMPRC) with wavelength-
dispersive spectrometers.

Results and discussion
Based on field observations and petrographic
studies, lithologic composition of intrusion

(Miocene age) ranges within the diorite-
leucodiorite, monzodiorite-quartz monzodiorite,
granodiorite-granite. With the intrusion of those
igneous bodies into carbonate rocks of the Qom
Formation, contact metamorphism was formed.
The formation of Sarab-3 iron deposit occurred at
the three stages of metamorphism, skarnification
and supergene. Based on field geology of the
deposit, it is composed of endoskarn, exoskarn
including Fe oretsulfides. At the metamorphic
stage, after intrusion of intrusive bodies in
carbonate rocks, recrystallization took place and
marble was formed. With more crystallization of
magma, evolved hydrothermal fluids intruded into
host rocks. Skarnification occurred at the two
stages of progressive and regressive. At the
progressive stage, the reaction of fluids and host
rocks turned to the formation of anhydrous calc-
silicate minerals such as garnet and
clinopyroxene. At the regressive stage with the
change of physicochemical conditions like
decreasing temperature, these minerals converted
to hydrous silicates (tremolite-actinolite, epidote)
and phyllosilcates (chlorite, serpentine, talk, and
phlogopite). Also, minerals such as oxides
(magnetite and hematite), sulfides (pyrite and
chalcopyrite) and calcite were formed. At a late
stage, with activations of fluids, quartz-calcite
mineralized veins formed. At the supergene stage,
the oxidation process leads to the formation of
alteration minerals from the main mineralization.
Although there are magnesian minerals in the
skarn, its main composition is calcic. The shape of
the deposit is lentoid to horizontal and in some
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places bed formed along with some alteration
halos. The ore minerals include low Ti-magnetite
(with an average of 0.02 wt % Ti), hematite and
sulfide minerals such as pyrite, pyrrhotite and
chalcopyrite. Magnetite is the most important
mineral with disseminated, vein, open-space
filling, aggregate, accumulation, island and
cataclastic textures. The magnetite at Sarab-3 is
generated in 2 stages: At the first stage, magnetite
has mass to mosaic textures that indicate the first
phase of deposition in the area and at the second
stage magnetite is gray magnetites that are placed
as narrow bands around hematite or on the
primary magnetite. Hematite in the area is formed
either as hypogene hematite with plate or blade
texture that is formed before the formation of
early magnetite or supergene hematite that itself is
formed due to alteration and weathering of
magnetite in the superficial and shallow part of
the deposit. In the surface area of the deposit, ore
minerals are strongly altered to mixtures of oxide
and hydroxide minerals like hematite, limonite
and goethite which changed the color of the ore
body to yellow, deep orange, red and brown.
Pyrites are the most important sulfide minerals in
the area that are formed in five stages
respectively, mass texture (Pyl), Melnikovity
(py2), vein-veinlet (py3), inclusion (py4), and

mineralized veins (py5). Sericitization,
calcitization,  serpentinization,  chloritization,
epidotization, uralitization, argilitization,

propylitization and actinolitizion are the important
alterations in the area from which chloritization-
epidotization and calcitization in the ore and
propylitic and argilitization alteration in the
plutonic rocks are dominant. The EPMA
analytical results on 23 points on magnetite and
hematite mineral suggest that the amounts of TiO;

and V,0s (0.03 wt % and 0.01 wt % in average,
respectively) are low in contrast to MnO and
ALO; (0.09 wt % and 1.59 wt % on the average,
respectively). Therefore, it fits in the skarn ore
deposit domain on Ni/(Cr+Mn) versus Ti+V and
Ca+Al+Mn versus Ti+V discrimination diagrams
of iron ore deposits (Dupuis and Beaudoin, 2011).
High Mn in the rock samples of Sarab-3 may have
resulted from the substitution of Fe by Mn in
magnetite and hematite structure that can be a sign
of hydrothermal skarn. Manganes, Al, Cu, Mg,
and Ca show a negative correlation with Fe that
may have resulted from the concentration and the
substitution of these elementsin tremolite-
actinolite, epidote, chlorite, calcite, phlogopite
and chalcopyrite. According to the chemistry of
magnetite and plotting them on V,0s versus TiO;
and V,0s versus Cr,O; diagrams, it can be
recognized that the samples of the Sarab-3 deposit
resemble to exoskarn magnetite of Goto and
endoskarn  Karakaen deposit of Senegal.
Mineralographical and geochemical evidence
from ore, the occurrence of iron in contact with
the carbonates and calc silicates such as garnet,
pyroxene, secondary calcite, epidote and chlorite
suggest iron skarn genesis for the Sarab-3 deposit.
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