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1-Introduction
Placer deposits result from releasing valuable minerals with high specific gravity and chemical-physical
resistance during optimal weathering conditions and accumulation in suitable sedimentary environments.
Magnetite is one of the minerals that can accumulate in the sedimentary basins after weathering the
sedimentary, metamorphic, or igneous source rocks and form placer deposits. Iran's most essential placer
iron deposits are located in the Sangan region of Khorasan and Bafaq region. Mahura placer iron deposit is
located about 2 km west of Cheshmeh village, 55 km northeast of Arak city, and east of Migan evaporating
basin, consisting of a 36 square kilometers area. It is wholly composed of Quaternary alluvial sediments.
These sediments contain free magnetite particles as well as fragments of volcanic rocks containing
magnetite particles. All the morphological and sedimentological evidence indicates the origin of these
alluvial sediments from the volcanic rocks in the Urmia Dokhtar tectonic zone. According to the
observation of extensive magmatic iron mineralization in the Urmia Dokhtar zone at the same time as
plutonism and extensive Oligomiocene volcanism (Ghorbani, 2007), This article is an attempt to investigate
the use of petrology, mineralogy, and chemistry of magnetite and clinopyroxene minerals, the structural
setting and magmatic evolution of the source rock and the conditions of iron-titanium mineralization in the
volcanic source rock, Mahura placer deposit.

2-Material and methods

To carry out this research, after the field study of the mining area and trenches, more than 60 samples of
sediments and fragments of volcanic rocks found in the alluvium were collected and used for various
geochemical, mineralogy, and microscopic mineralogy and microprobe laboratory studies.

In this article, only the mineralogical and mineralogy studies and the results of the chemical study of
magnetite and pyroxene minerals in 5 thin-polished sections prepared from the pieces of volcanic rocks
found in the region's sediments are discussed. In point analysis, Electon Microprone Analysis (EMPA) was
performed on 21 points of magnetite and 23 points of clinopyroxene by the Cameca SX100 model electronic
microprocessor of Karaj Mineral Processing Company. This device is equipped with a spectrometer with
an electron diode receiver. It works automatically with a high accuracy of 100ppm, simultaneous operation
of several diode detectors, and stability of electron beam with carbon coating. This study was carried out at
15 kilo electron volts and a current of 20 nanoamps.

3-Results and discussions
The Mahura placer deposite is located in the eastern part of the Mighan sedimentary basin and on the border
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of the Sanandaj Sirjan and Urmia Dokhtar structural zones. The topography of the sedimentary basin and
the direction of the alluvial fans formed in this region indicate that sediments originated from the Urmia
Dokhtar structural zone. Magnetite grain can be seen in two forms: in the size of clay and sand and in the
volcanic fragments. Lithological studies show that volcanic rocks show andesite to basalt composition and
evidence of magmatic pollution. Mineralogical studies indicate the presence of microparticles of magnetite
between and inside minerals such as pyroxene and amphibole.

The mineral chemistry of magnetite indicates the existence of magnetite minerals with amounts of about
510 12% TiO.. It can be considered as a titanomagnetite or a solid solution combination between magnetite
and ilmenite. The evidence obtained from the mineral chemistry of clinopyroxene indicates that the magma
is calc-alkaline and formed in a magmatic arc during subduction. This issue is consistent with the theory of
Urmia Dokhtar being a magmatic arc.

4- Conclusion

Iron-titanium content in the source magma, the fugacity of oxygen, water, and volatile substances are the
most critical factors affecting the mineralization of iron-titanium oxides in mafic-ultramafic magmas
(Charlier, 2015). The presence of magnetite mineral inclusions in the amphibole and pyroxene crystals of
the volcanic fragments in mahura indicates the high iron and titanium content in initial magma and the first
stages of crystal separation.

The formation temperature of clinopyroxenes and, consequently, the rocks of the studied area is about
1150-1200, and the crystallization pressure of clinopyroxene is estimated to be less than ten kbar, about 2-
5 kbar, assuming an average density of the crust of 2.8, the average depth of magma formation is 7 It is
estimated up to 10 km.

The opinion (Botcharnikov et al., 2008; Howarth and Prevec, 2013) is that high amounts of water play
an essential role in iron-titanium mineralization. Also, based on Toplis, Carroll (1995), the crystallization
of iron-titanium oxides from ferrobasaltic magmas occurs mainly in conditions of oxygen fugacity >= FMQ
(fayalite-magnetite-quartz buffer) in such a way that in the state of magnetite predominance, in the
oxidation state (FMQ) +1.5 and deposits with magnetite and ilmenite appear in FMQ oxygen fugacity. The
chemistry of available clinopyroxenes shows that the amount of magma water is, on average, 10 percent
and has a high oxygen fugacity (Charlier, 2015). Crystallization and immiscibility know that this problem
in internal igneous rocks leads to the association of magnetite layers with the igneous mass. However, due
to the lack of time for forming layers in the volcanic rocks, the magnetite formed as inclusions in rock
forming minerals or as particles in the between minerals boundaries.
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(c) Geological map of the Mahura placer deposit (modified after Alaeimahabadi et al., 2000).

OIS poai (595 2 y9ale 03gams CamBgs () 5 (058 Lgix o 2 20) [pgale (6l (yane jlocutife slacd pl Jlisle @) - JS
(Modified after Ghadimi and Esmaeili, 2022) 1 slacé I x> slics 4
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Table 1. The results of electron microprobe analyses of magnetites from the Mahura placer deposit.

Sample no 1-pets 2-pet5 3-petdS 4-petS 5-pet9 6-pet9 7-pet9 8-pet9 9-pet6 10-pet6 11-pet6
SiO: 025 027 014 01 007 01 006 035 134 297 0.01
TiO2 12.18 1042 6.25 10.73 6.66 7.37 7.66 7.55 11.03 11.65 10.85
Al203 3.02 343 395 263 174 18 175 157 25 2.71 2.01
Cr203 041 041 007 024 01 014 01 012 021 019 015
FeO 74.88 75,57 7854 742 79.26 79.48 79.49 79.24 75.92 72.47 78.33
MnO 046 038 062 031 044 038 05 041 043 023 042
MgO 276 296 327 616 137 147 136 124 043 0.17 1.45
CaO 019 005 032 0.1 0 0 0 0.04 0.18 0.45 0
Na20 0 0 0 0 0.05 0 0 0.16 0.04 0 0
K20 0 021 0.7 0 0 0.09 0 0 0 0.02 0
NiO 0 0 0.15 0 0.65 0 0 0 0.27 0 0.12

Fe/Fe+Mg 0.938 0.935 0931 0.871 097 0.968 097 0.973 0.99 0.996 0.968

Cr/Cr+Al 0.083 0.074 0.012 0.058 0.037 0.048 0.037 0.049 0.053 0.045 0.048
Fe*? 9.401 9.01 7.764 7.601 8.68 8.986 9.052 9.213 10.547 11.386 9.693
Fe*s 9.24 9.825 11.62 10.327 12.127 11.75 11.7 1156 9.071 7.598 10.263

Fe*?/(Fe*+Fe*®) 0.504 0.478 0.401 0.424 0.417 0433 0.436 0.443 0.538 0.6 0.486
Fe*3/(Fe**+Fe*?) 0.496 0.522 0.599 0576 0.583 0567 0.564 0557 0.462 0.4 0.514
Si 0.074 0.08 0.041 0.029 0.022 0.031 0.019 0.11 0414 093 0.003
Ti 2.728 2.336 1.388 2.332 1573 1.729 1799 1.781 2564 2.745 2.487
Al 1.059 1.205 1374 0.896 0.644 0.68 0.644 0.58 0.91 1 0.722
Cr 0.096 0.097 0.016 0.055 0.025 0.035 0.025 0.03 0.051 0.047 0.036
Mn 0.116 0.096 0.155 0.076 0.117 0.1 0.132 0.109 0.113 0.061 0.108
Mg 1.225 1315 1.439 2.653 0.641 0.684 0.633 0.579 0.198 0.079 0.659
Ca 0.061 0.016 0.101 0.031 © 0 0 0.013 0.06 0.151 0
Na 0 0 0 0 0.008 0 0 0.024 0.006 0 0
K 0 0.02 0.066 O 0 0.009 0 0 0 0.002 0
Ni 0 0 0036 0 0.164 0 0 0 0067 O 0.029
TOTAL 24 24 24 24 24 24 24 24 24 24 24
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Sample no 11- 12- 13- 14- 15- 16- 17- 18- 19-
pet6 pet6 pet6  pet6  pet6 pet9 pet9 pet9 pet9
SiO: 0.34 0 126 099 0.19 0 0.8 0.52 0
TiO:2 9.66 10.09 115 10.38 1032 7.23 548 799  8.09
Al203 2.94 2.98 275 324 344 2.97 5.26 3.27 2.84
Cr20s 0.19 0.2 0.18 015 0.08 0.07 015 005 0.08
FeO 7446 76.27 74.06 7339 73.12 79.23 8054 80.3 80.89
MnO 1.66 038 045 044 111 046 0.27 0 0.09
MgO 171 181 1.64 194 218 1.18 1.25 0.95 0.96
CaO 0 0 0.06 0.11 0 0 0 0 0.09
Naz0 0 0 0.01 002 007 013 0 0.04 014
K20 0 0 0 0.04 0.03 0 0 0 0
NiO 0 0 1.02 116 051 0.86 0 0.61 0
Fe/Fe+Mg 0.961 0.959 0.962 0955 095 0974 0973 0979 0.979
Cr/Cr+Al 0.042 0.043 0.042 003 0.015 0016 0019 0.01 0.019
Fe*? 9.132 9.405 9.887 9.378 9.047 8817 8842 9.402 9.386
Fe*? 10.165 10.204 8.942 9.398 9.801 11529 11.192 10.87 11.214
Fe*?/(Fe*2+Fe*®) 0.473 048 0525 0499 048 0433 0441 0.464 0.456
Fe*3/(Fe**+Fe*?) 0527 052 0475 0501 052 0567 0559 0536 0.544
Si 0.105 0 0.383 0.303 0.059 0 0.238 0.157 0
Ti 2252 2334 263 2389 2393 167 1226 1814 1.853
Al 1.074 1.08 0.98 1168 125 1.075 1844 1.163 1.019
Cr 0.047 0.049 0.043 0.036 0.019 0.017 0.035 0.012 0.019
Mn 0436 0.099 0.116 0.114 029 012  0.068 0 0.023
Mg 0.79 0.83 0.743 0.885 1.002 054 0554 0428 0.436
Ca 0 0 0.02 0.036 0 0 0 0 0.029
Na 0 0 0.001 0.003 0.01 0.019 0 0.006 0.021
K 0 0 0 0.004 0.003 0 0 0 0
Ni 0 0 0.249 0.285 0.126 0.212 0 0.148 0
TOTAL 24 24 24 24 24 24 24 24 24
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Fig. 6.(a) Composition of Mahura deposit magnetites on the discrimination diagrams Ti + V with respect to Ni / (Cr +
Mn) and (b) Ti + V with respect to ca + Al + Mn (Nadoll et al., 2012; Dupuis and Beaudoin., 2011).
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Table 2. The results of electron microprobe analysis for clinopyroxene in Mahura Placer deposit

sample 21/ 22/ 23/ 24/ 25/ 26/ 27/ 56/ 57/ 58/ 59/ 60/ 61/
pet-5 pet-5 pet-5 pet-5 pet-5 pet- pet-5 pet- pet- pet- pet- pet- pet-

5 9 9 9 9 9 9

SiOz 4341 4316 4372 267 39.74 4344 4618 51.34 5208 5287 51.06 5272 51.28
Tio, 0 038 019 143 0 0 0 202 014 0 0 0 0
Al20s 096 099 143 285 139 126 142 131 143 136 159 168 1.84
Cr20s 0 005 0 009 005 0 006 006 008 0 0 005 0
FeO 2792 27.94 3752 48 4059 33.34 3232 1995 194 19.62 19.85 195 1871
MnO 031 015 02 03 032 0 027 037 09% 0 09 0 068
MgO 2464 2509 1353 196 143 1882 163 2267 2345 23.77 2255 2392 24.32
Cao 085 085 112 056 101 105 158 068 089 103 192 104 171
Naz20 011 011 018 038 015 009 015 002 004 006 O 0 0
K20 008 003 005 O 001 001 006 O 003 004 007 O 0
Al 036 037 023 091 038 03 018 001 005 003 008 004 01
ALY 032 -033 -016 -078 -0.32 -024 -011 005 001 003 0 003 -0.02
Wo 214 213 28 201 278 261 374 142 186 21 411 211 361
En 86.4 87.36 47.05 97.99 5486 6515 5374 66 68.36 67.45 67.14 67.64 715
Fs 1146 1051 50.15 0 4236 3224 4252 3258 29.78 3045 28.75 30.25 24.88
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P 6 6 6 6 6 pet-6 pet-6 pet-6 pet-6 pet-4 pet-4 /pet-4 pet-4 [pet-4
SiO2 50.49 52.23 50.41 50.88 51.01 50.75 51.6 50.67 50.94 5212 5259 5285 5253 52.16
TiO2 1.3 0.23 2.3 0.37 0 016 015 046 045 027 021 009 0.16 0.12
Al203 085 085 121 151 171 125 136 213 1.32 0.7 0.86 087 152 1.08
Cr203 0 0 0 0 0 0 0 0 0 0 0 0 0 0
FeO 198 187 823 891 887 1821 1841 964 9.06 22.07 19.79 19.62 18.02 21.29
MnO 059 075 049 039 018 128 045 043 093 075 071 08 075 0.74
MgO 2499 24.62 1472 14.64 1475 2546 2554 1421 1554 2349 225 23.74 2057 23.23
CaO 117 121 2053 20.68 217 114 115 2088 20.29 108 118 115 498 1.27
Na20 0 0 0.27 0.3 0.3 0.03 0.03 0.38 0.29 0 0.01 0.01 0.03 0
K20 0 0 0 0.35 0.03 0 0 0.04 0 0 0 0 0 0
Al IV 0.09 0.05 0.02 006 008 011 0.09 0.08 0.08 o0.07 0 0.03 0.02 0.02
Al VI -0.06 -0.02 0.03 0 -0.01 -0.06 -0.03 0.01 -0.02 -0.04 0.03 0 0.05 0.05
Wo 2.46 25 4341 4543 46.86 246 241 4559 4404 224 246 236 1045 10.45
En 73.09 70.9 433 4475 4432 7641 74.34 43.17 46.93 67.75 65.31 67.85 60.04 60.04
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Fig.8. Classification of Mahura pyroxene based on ( a) Q-J diagrams.(Morimoto and Kitamura ,1983) and (b) based on

Wo-En-Fs diagram (Morimoto, 1989).
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1982)
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Fig. 10. Determination of pyroxene formation temperature and pressure using the method (Soesoo, 1997) (a) temperature
and (b) pressure.
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