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1. Electron probe micro - analysis
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Fig. 1. Geological map of Shahrak area (Pournik, 2007)
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4: (M1) Marmorized limestone

9: Rhyolite lava

1: (Qal) Alluvium  2: (lo) Iron ore, mainly magnetite; (Skt) Skamizéd tuff
3: (Sk1) Brown, slightly skarn and limestone

6: (Tb) Lithic Tuff
8: Fault

5: (Fg1) Fossiliferous gray limestone
7: (Qp) Rhyolite ; (CS) Calc Silicate
10:Geological contact  11: Section line
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Fig. 3. The locations of sampling points of Korkora-1 iron deposit in 1:5,000 geological map (Pournik, 2007) (red

squares are locations of boreholes that have been sampled. The numbered black circles are locations of selected surface
samples of ore and rock units around it. Geological sections 57 and D-D that selected along the deposit are shown).
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Fig. 4. Photographs of field and hand specimens of Korkora-1 deposit (Pl: plagioclase, Amp: amphibole, Srp:
serpentine). Abbreviations of minerals from Whitney and Evans (2010). A: Overview of Korkora-1 mine being
exploited. Altered volcanic rocks associated with mineralization are seen in the picture (looking to the north), B:
Entering of mineralizing fluids into the limestone rocks of the area. The margin of limestones, does not change showing
low temperature solutions (looking to the East), C: Volcanic rocks (dacite) with intensive cracking up and propylitic
alteration, shows prismatic structure in the east of Korkora-1 deposit (looking to the east), D: the presence of
plagioclase, amphibole and secondary calcite with granular texture in the diorite rocks in south of Korkora-1. Sphene is
the minor mineral in this rock (sample in the AA,; borehole at the depth of 13m), E: The image of core sample that
show the boundary between marmarized limestone and mineralization in carbonates (sample from 39.5 m depth of Ns,
borehole), F: The image of core sample with calc-silicates made by metamorphism in carbonate rocks and observation
of the magnetite mineralization at them (sample from Ns; borehole at the depth of 36m), G: Tectonic activities and
creation of breccia texture in the carbonate that exist under the Korkora-1 deposit, filled by veinlets of calcite (sample
from Js; borehole at the depth of 18m), H: The fractures of the host rock (volcanic rock) are filled by solution with red
iron oxide.
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Fig. 5. Two geology sections of the Korkora-1 deposit showing their position in geological map in Fig. 3.
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Fig. 6. The images of hand sample and microscopic sections of Korkora-1 deposit. (Mag: magnetite, Py: pyrite, Cal:
calcite, Hem: hematite, Gth: goethite) Abbreviations of minerals from Whitney and Evans (2010). A: Banded texture of
magnetite in host rock. This rock is a volcanic rock, but due to the extreme alteration, distinguishing of it is difficult.
The tectonic influence has created micro-fracture in it. The green minerals maybe talc or serpentine that are the
alteration products of volcanic host rocks, B: Copper mineralization and the presence of malachite and azurite along
with limonite in Korkora-1, probably the product of chalcopyrite alteration, C: The grain texture in euhedral magnetite
within calcite matrix, shows the zoning due to converting to hematite, D: The specular texture in hematite. Hematite is
altered to goethite, E: The colloform texture in goethites that are products of the altered of magnetites, F: Secondary
calcite veins that have cut magnetite ore and are altered to limonite. The third generations of pyrite have grown into
veins. This pyrite has cut previous generations of pyrite that is in the ore matrix (sample from borehole Js; at the depth
of 9m).
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Fig. 7. Photomicrographs of texture in magnetite and relationships between minerals in Korkora-1 ore (Mag: magnetite,
Py: pyrite, Cal: calcite, Cv: covellite, Ccp: chalcopyrite, Chl: chlorite, Tlc: tale, Kfd: potassium feldspar, Opq: opaque
minerals). Abbreviations of minerals from Whitney and Evans (2010). A: The second generation of pyrite with disperse
texture in silicate matrix that is changing to chalcopyrite along fractures, B: Image of core sample of altered host rock in
which the first and second generations of calcite can be seen. The third generations of pyrite are euhedral crystals and
some of them have the pomegranate seed texture, filled fractures (sample from borehole Ls; at the depth of 26.7m), C:
Iron mineralization in crystalline carbonate rock. Mosaic texture can be seen in calcite. Pyrite appears with magnetite in
the early stages of mineralization (XPL), D: The second generations of pyrite beside carcked magnetite and covellite
crystals (alteration product of chalcopyrite), E: Coarse-grained magnetite in the altered host volcanic rocks matrix. Talc
and chlorite crystals are clear (XPL), F: The tectonic activities and related stresses caused the rotation and simultaneous
growth of chlorite in igneous host rocks. Opaque minerals fill the spaces between the crystals (XPL).
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Fig. 9. A: Intensive sericitic alteration of plagioclase and corrosion texture in quartz in dacitic rocks in the Korkora
deposit. Iron oxides can be seen in background (XPL), B: Silicate gangue minerals in the ore composed of amphibole
and altered chlorite, secondary calcite beside magnetite and pyrite (XPL). (Mag: magnetite, Cal: calcite, Qz: quartz, Pl:
plagioclase, Amp: amphibole, Opq: opaque minerals). Abbreviations from Whitney and Evans (2010).
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Fig. 10. Photomicrographic images from the texture of magnetite and hematite in Korkora-1 deposit (Mag: magnetite,
Hem: hematite, Gth: goethite). Abbreviations from Whitney and Evans (2010). (Numbers in the square are the numbers
of probed points and the results of the analysis in these points presented at the table 2). All images are in the reflected
light. A: Magnetite crystals with massive texture in which silicate gangue minerals can be seen in the margin (sample
from borehole Fs; at the depth of 5m), B: Conversion of magnetite to goethite and hematite at the weakness surfaces
and fractures. Honeycomb texture is created by goethite (sample from borehole Fs; at the depth of 5m), C: Colloform
texture in the goethites that created by alteration in magnetite, are clear in the margins of magnetites (sample from
borehole Ds; at the depth of 8m), D: Cataclastic texture in the first generation of magnetite, showing tectonic activities
after mineralization. The new generation of fresh magnetite can be seen in the left corner of the image (sample from
borehole Ns; at the depth of 42m), E: Conversion of the primary hematite with specular texture to goethite (surface
sample), F: Primary hematites that shows the tectonic rotation, have been stressed (sample surface), G: The newest
generation of the magnetite crystals with euhedral shape are in the matrix of calcite and chlorite minerals, which are
fresher of other generations (sample from borehole Ns; at the depth of 48m).
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Fig. 11. Correlation between the major and minor oxides with iron oxide in microprobed samples of magnetite and
hematite in Korkora-1 deposit (R2 is regression in the graphs and y is the equation line in black)
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Fig. 12. A and B: Discrimination diagrams origin of iron deposits of Beaudoin et al. (2007), on the basis of EPMA
analysis of iron oxides (hematite and magnetite). According to these diagrams, samples of Korkora-1 iron plot within
the skarn.
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Fig. 13. A: Spider diagram for the different types of iron deposits on the basis of major and minor element
concentrations in the magnetite and hematite minerals (from Beaudoin et al., 2007), B: Spider diagram of microprobe

analyzed samples of magnetite and hematite from Korkora-1 deposit, showing highest adaptation with skarn type
deposit.
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Fig. 14. Comparison of Ti variations against V for distinguishing between iron deposits in magnetite of Korkora-1 iron
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Fig. 15. Comparison of Korkora-1 iron deposit with several states in Senegal based on magnetite chemistry. A: plots of
V against Cr in magnetites of Karakanh, Boboty, Goto and Goborya deposits by Schwartz and Melcher (2004). The

samples of Korkora-1 deposit with a low value of Cr and V are located near the Goto and Karakanh skarn deposits, B:
V against Ti diagram in magnetite from Schwartz and Melcher (2004). Samples of Korkora-1 deposit are placed near

the Goto exoskarn samples.
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Table 1. The maximum, minimum and average of the elements in the magnetite ore in different types of iron deposits
and chemical comparison of magnetite in Korkora-1 deposit with other iron deposits studied by Beaudoin et al. (2007).

*NA = Not analyzed

Deposit Si Al Mg Ti Mn Ca K Cr Zn Cu i \

Type Wt% Wt% Wt% Wt% Wt% Wt% Wt% Wt% Wt% Wt% Wt% Wt%
10CG Meap 0.163 0.109 0.171 0.042 0.045 0.025 0.009 0.013 0.043 0.044 0.025 0.039
(n=11) Min 0.008 0.025 0.007 0.003 0.01 0.004 0.002 0.005 0.033 0.024 0.018  0.008
Max 0.555 0.247 1.175 0.131 0.128 0.119 0.028 0.077 0.054 0.093 0.031 0.116

Kiruna Mean 0.047 0.053 0.057 0.154 0.037 0.014 0.005 0.012 0.047 0.034 0.048 0.238
(n=7) Min 0.01 0.018 0.005 0.009 0.014 0.011 0.002 0.008 0.04 0.023  0.02 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

BIF Mean 0.138 0.036 0.013 0.014 0.018 0.009 0.003 0.021 0.061 0.031 0.029 0.015
(n=4) Min 0.02 0.014 0.007 0.009 0.015 0.003 0.002 0.014 0.034 0.024  0.025 0.011
Max 0.296 0.056 0.018 0.022 0.022 0.015 0.005 0.041 0.084 0.047 0.039 0.022

Skarn Mean 0.2  0.18 0431 0.035 0.149 0.061 0.008 0.03 0.064  0.058 0.028 0.06
(n=15) Min 0.009 0.025 0.005 0.003 0.0l 0.004 0.003 0.004 0.042 0.034 0.021 0.008
Max 0.638 0.692 2.623 0.171 0.445 0.308 0.033 0367 0.112 0335 0.069  0.708

Korkor Mean 0.023 532 0.023 0.0049 0.013 0.0094 NA* 0.0002 0.0006 0.0002 0.0004 0.002
a-liron  Min 0.001 321 0.001 0.0002 0.001 0.004 NA* 0.0001 0.0001 0.0001 0.0001 0.0002
deposit  Max 0.11 591 046 0.011 0.02 0.025 NA* 0.0001 0.003 0.001 0.002 0.0044
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Table 2. The results of microprobe analysis of oxide minerals (magnetite, hematite, goethite) in Korkora-1 iron deposit
(Mag: magnetite, Hem: hematite, Gth: goethite). Abbreviations of minerals from Deer et al. (1992). All the oxides are in

wt%.

Point  Mineral Si0, TiO, Al,O; FeO MnO MgO CaO P,Os V.03 Cr,0; NiO CuO Zn0O
1 Gth 247 0 0 78.84 0.04 043 032 0.105 0.014 0 0.115 0 0
2 Gth 2.34 0 044 7777 0.04 044 038 0.202 0.01 0 0.012 0 0
3 Mag 098 0.043 041 92.64 0 0.09 047 0 0.023 0 0 0 0.039
4 Hem 0.64 0.03 0.31 92.02 0.02 006 0.33 0 0.029 0.004 0.025 0 0
6 Hem 0.89 0.04 035 9252 001 0.05 037 0 0.03 0.004 0 0.005 0.034
7 Hem 0 0.042 026 92.12 0.01 0.05 0.25 0 0.029  0.003 0 0 0
9 Mag 0.04 0.068 0.99 91 0.4 326 0.26 0 0.064 0 0 0.006 0
10 Mag 0.08 0.09 043 89.82 038 3.03 0.3 0 0.063 0 0.001 0 0
11 Mag 0.05 0.298 0.53 88.26 0.63 356 0.14 0 0.101  0.031 0 0 0
12 Mag 036 0398 0.01 9263 0.03 0.01 024 0.006 0.049 0 0 0 0
13 Mag 0.09 0.297 0.7 88 0.52 328 0.15 0 0.087 0.008 0 0.018 0
14 Mag 0.12 0209 048 8826 057 321 0.13 0 0.101 0.009 0.015 0 0.003
15 Mag 0.12 0.315 122 8739 049 343 0.14 0.007 0.098 0.007 0.002 0.015 0.01
16 Mag 0.07 0.183 0.53 88.07 0.56 33 0.09 0 0.099 0.009 0 0 0.012
18 Mag 0.25 0.251 0.73 90.65 022 1.75 0.19 0 0.073  0.002 0 0.031 0
19 Mag 0.01 0.19 2.12 8586 039 568 024 0 0.069 0.005 0.011 0.024 0.05
22 Mag 0.01 0.305 245 8382 0.56 6.67 0.12 0 0.061 0.006 0.017 0 0.089
23 Mag 001 0279 3.12 8432 059 651 0.1 0 0065 0036 0 0 0.002
24 Mag 0.03 0378 0.66 8563 069 6.12 0.12 0 0.069 0.005 0.037 0.007 0.026
25 Mag 048 0227 039 9198 0.02 023 0.24 0 0.069 0.004 0.031 0 0.039
26 Mag 0.05 0.024 0.9 86.64 0.62 5.7 0.11 0 0.04 0.002  0.007 0 0.027
27 Mag 0.06 0.018 1.34 86.17 053 588 0.12 0 0.069 0 0.022 0.023  0.059
28 Mag 0.06 0.011 1.31 86.07 054 589 0.09 0 0.065 0.051 0 0 0
29 Gth 4013 0.013 138 75.11 0.28 0.1 0.17 0 0.019 0 0 0.008 0.001
30 Mag 0.03 0.006 1.21 8559 053 591 0.12 0 0.069 0 0.014 0.018 0.003
31 Mag 0.04 0.012 0.79 86.06 0.52 545 0.15 0 0.054  0.006 0 0.013  0.032
33 Gth 4.32 0 0.09 80.66 001 0.09 0.63 0.168 0.043 0.003 0.023 0 0
34 Mag 0.03 0.031 1.57 8824 0.67 333 0.08 0 0.062 0.002 0.038 0 0.034
35 Mag 0 0.025 0.62 88.7 0.63 34 0.08 0 0.112 0.001 0.017 0 0
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Introduction

There is an iron mining complex called Shahrak
60 km east of Takab town, NW Iran. The
exploration in the Shahrak deposit (general name
for all iron deposits of the area) started in 1992 by
Foolad Saba Noor Co. and continued in several
periods until 2008. The Shahrak deposit
comprising 10 ore deposits including Korkora-1,
Korkora-2, Shahrak-1, Shahrak-2, Shahrak-3,
Cheshmeh, Golezar, Sarab-1, Sarab-2, and Sarab-
3 deposits (Sheikhi, 1995) with total 60 million
tons of proved ore reserves. The Fe grade ranges
from 45 to 65% (average 50%). The ore reserves
of these deposits vary and the largest one is
Korkora-1 with 15 million tons of 55% Fe and
0.64% S. The Korkora-1 ore deposit is located in
western  Azarbaijan and  Urumieh-Dokhtar
volcanic zone, at the latitude of 36°21.8", and
longitude of 47°32".

Materials and methods

Six thin-polished sections were made on
magnetite, garnet, and amphibole for EPMA
(Electron Probe Micro Analysis). EPMA was
performed using a JEOL JXA-733 electron
microprobe at the University of New Brunswick,
Canada, with wavelength-dispersive
spectrometers.

Results and discussion

Outcropped units of the area are calc-alkaline
volcanics of rhyolite, andesite and dacite and
carbonate rocks of Qom Formation in which
intrusion of diorite to granodiorite and
quartzdoirite caused contact metamorphism,
alteration plus skarnization and formation of
actinolite, talc, chlorite, phlogopite, quartz,
calcite, epidote and marblization in the vicinity of
the ore deposit.

*Corresponding author’s email: mohammad@basu.ac.ir

Iron mineralization formed at the contacts of
andesite and dacite with carbonates in Oligo-
Miocene. The study area consists of skarn,
metamorphic rocks, and iron ore zones. The shape
of the deposit is lentoid to horizontal with some
alteration halos. The ore occurred as replacement,
massive, disseminated, open-space filling and
breccia. The ore minerals of the deposit include
low Ti-magnetite (0.04 to 0.2 wt % Ti), minor
apatite, and sulfide minerals such as pyrite and
chalcopyrite. Magnetite is the most important
mineral and has 0.2 to 4 mm grain size and partly
transformed into hematite, limonite and goethite.
In some places, magnetite can be seen as euhedral
grains in hand specimen. Supergene minerals such
as chalcocite, malachite, azurite, and covellite are
also present. Hematite formed as primary and
secondary types in which primary type occurred
in deeper parts of the ore body along with
magnetite and has lamellar texture with up to 0.2
mm grain size. Meanwhile, secondary type of
hematite formed from martitization along
magnetite grain boundaries and fractures. In the
surface area of the deposit, ore minerals strongly
altered to mixtures of oxide and hydroxide
minerals (ochre) like goethite, hematite, limonite
and lepidochrocite which changed the color of the
ore body to yellow, deep orange, red and brown.
Pyrite is the most important sulfide mineral and
formed in three stages. In the first stage, pyrite
occurred with magnetite and has 0.1 to 0.3 mm
subhedral to anhedral grains which altered to
oxide and hydroxide minerals. At the second
stage, pyrite has 0.2 to 1 mm euhedral grains,
occurred between the magnetite and gangue
minerals and converting to chalcopyrite. At the
third stage, pyrite with magnetite, calcite and
quartz filled fractures as open-space fillings and
are pretty unaltered.
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The skarn zone includes garnet, pyroxene,
secondary calcite, epidote, and chlorite and the
metamorphic zone includes marble. Sericitization,
silicification, calcitization, chloritization-
epidotization, argilitization, propylitization and
actinolitizion are the important alterations in the
area from which chloritization-epidotization and
calcitization in the ore and propylitic alteration in
the volcanics are dominant.

The EPMA analytical results on 30 points on
magnetite and hematite suggest that the amount of
Tiand V (0.004 wt % and 0.002 wt % in average,
respectively) are low in contrary to Mn and Al
(033 wt % and 5.32 wt % in average,
respectively). Therefore, it fits in the skarn ore
deposit domain in Ni/(Cr + Mn) versus Ti + V and
Ca + Al + Mn versus Ti + V discrimination
diagrams of iron ore deposits (Beaudoin et al.,
2007). High Mn in the rock samples of Korkora-1
can be resulted from substitution of Fe** by Mn*2
in magnetite structure that can be a sign of
hydrothermal skarn. Titanium, Mn, V and Zn
show a positive correlation and Al, Cu, Mg, P, Si,
Ca, Ni and Cr show a negative correlation with
Fe. According to the chemistry of magnetite and
plotting them on V,0s5 versus TiO, and V,0s
versus Cr,03 diagrams, it can be recognized that
the samples of Korkora-1 deposit resemble
exoskarn magnetite of Goto deposit. The analysis
of goethite of Korkora-1 show the amount of 2.5
to 4 wt % SiO,, 76 wt % Fe, and Ni (110 ppm)
without Ti and Cr in its structure.
Mineralographical and geochemical evidence
from ore, occurrence of iron in contact with
carbonates and skarn mineralogy such as garnet,
pyroxene, secondary calcite, epidote and chlorite
suggest iron skarn genesis for Korkora-1 deposit.
Fluids generated from intrusive bodies like diorite
and  quartz-diorite  with  variations  in
physicochemical conditions, produced skarn in
contact with carbonates and volcanic rocks. The

heat from intrusive bodies caused recrystallization
of carbonates and formed marbles in the footwall
of the deposit. Meteoric water has also less
important contribution in the ore-forming fluids.
Fluid inclusion studies show existing of two types
of fluids, a low salinity (10 wt % NaCl equiv.)
and a medium salinity (25 to 30 wt % NaCl
equiv.) fluid. Mixing magmatic and meteoric
waters makes decreasing in the temperatures and
deposition of ore fluids. The Korkora-1 deposit
formed in four stages: 1) intruding the intrusive
bodies, 2) entering Fe and SiO, into Qom
carbonates and forming calc-silicates, 3) mixing
magmatic and meteoric fluids, hydrolysis of calc-
silicates, consuming H®, instability of Fe
complexes and deposition of iron oxides, 4)
retrograde alterations of hydrous and non-hydrous
calc-silicates with low temperature and high fO,
fluids and forming chlorite, calcite, clay minerals
and hematite.
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