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1. Introduction

Magnetite is an accessory mineral in many igneous and
metamorphic rocks (Nadoll et al., 2015). Also, this is an
ore mineral found in a broad range of deposits, i.c., skarn,
Iron-Oxide-Cupper-Gold (IOCG), Kiruna-type, Banded

ABSTRACT

Iju porphyry deposit is associated with the emplacement of Miocene tonalite-granodiorite
intrusions (zircon U/Pb dating; 9.27+0.50) within Eocene volcanic and pyroclastic sequences
including andesite, basaltic andesite, trachyandesite, andesitic breccias, tuffaceous breccias,
and agglomerate. In this study, occurrence and chemistry of magnetites in the potassic
alteration of [ju deposit were assessed using EMPA analysis. The findings imply for a limited
occurrence of magnetite as fine-grained disseminated and/or product of biotite chloritization.
Magnetites associated with potassic alteration of Iju deposit don’t show hematite intergrowth
(as martitizied margin) and anhydrite paragenesis, indicating the lack of high oxygen fugacity
(near magnetite-hematite buffers; ~AFMQ+4) during the magnetite crystallization in the
potassic alteration. Studied magnetites are high temperature (>500 °C) and according to the
Mg + Al + Si contents crystallized under low rate of fluid rock interaction. These evidences
accompanied with the absence of reequilibration processes could imply for the lack of
repeated stages of hydrothermal fluid exsolving during the evolution of potassic alteration
in the in the [ju deposit. Additionally, results represent that there are considerable values of
Ga (average; 0.015 wt. %) in the studied magnetites providing insights into the presence of

unseen exploration potentials associated with porphyry Cu deposits of UDMB.

Iron Formation (BIF), magmatic Fe-Ti oxides and porphyry
Cu systems (Hu et al., 2014). In the porphyry Cu deposits,
magnetites are generally crystallized in the ore-hosting

intrusions and/or through hydrothermal-stages evolution,

* Corresponding author: Mohsen Rezaei; E-mail:m.rezaci@scu.ac.ir

Citation:

Rezaei, M., Zarasvandi, A. R., and Basious, S., 2024. Occurrence and chemistry of magnetite in the Iju porphyry Cu deposit, southern part of Urumieh-Dokhtar
magmatic belt. Scientific Quarterly Journal of Geosciences, 34(1), 131, 67-80. https://doi.org/10.22071/gsj.2023.398882.2092.
E-ISSN: 2645-4963; Copyright©2021 G.S. Journal & the authors. All rights reserved.

d | doi: 10.22071/gs].2023.398882.2092

B(E) dor: 20.1001.1.10237429.1403.34.1.5.9

This is an open access article under the by-nc/4.0/ License (https://creativecommons.org/licenses/by-nc/4.0/)
BY NC

67


https://www.gsjournal.ir/article_176366.html?lang=en
https://www.gsjournal.ir?lang=en
https://www.gsjournal.ir/article_176366.html?lang=en
https://www.gsjournal.ir/article_176366.html?lang=en

Occurrence and chemistry of magnetite in the Iju porphyry Cu deposit ...../ Mohsen Rezaei et al./ G.S.J. 2024, 34 (1): 67-80

especially in the potassic alteration (Richards, 2011). There
are many ore-forming variables directly affecting the fertility
of porphyry systems, e.g., magmatic water content, sulfur
content, degree of partial melting, thermal history, distance
to the arc axis with nature of hydrothermal fluids, and
oxidized magmatic systems extended to the early stages of
hydrothermal fluid evolution (Sun et al., 2015; Karimpour
and Sadeghi, 2019). The latter is very important regarding
the increasing the metal fertility of porphyry systems,
because under high oxygen fugacity conditions, hydrogen
sulfide could not be segregated and therefore sulfur
content (and chalcophile elements; Cu and Mo) could be
preserved in the magmatic and early stages of hydrothermal
evolution (Richards, 2011; Sun et al., 2015). In the
porphyry Cu deposits, most of the sulfide mineralization is
associated with potassic alteration (Richards, 2011). Hence,
physicochemical attributes of potassic alteration could be
linked to the metal fertility potential of porphyry Cu systems.
Many cations could incorporate in the spinel structure of
magnetite. On the other hand, many important ore forming
variables, e.g., temperature, oxygen fugacity, and rates of
fluid-rock interaction could influence on the substitution of
cations in the magnetite structure (e.g., Nadoll et al., 2015;
Tian et al., 2021; Zarasvandi et al., 2023b). These features
make the magnetite an important tool for deciphering the
physicochemical attributes of hydrothermal alteration and
mineralization in the porphyry Cu systems (e.g., Tian et al.,
2021; Zarasvandi et al., 2023b). Considering these points,
the present study focused on the occurrence and chemical
features of magnetites associated with potassic alteration of
[ju porphyry Cu deposit.

In the Iju deposit, Miocene (9.27+ 0.50 Ma; zircon U/Pb
dating; Mirnejad et al., 2013) ore-hosting intrusions range in
composition for tonalite to granodiorite are emplaced within
Eocene volcanic and pyroclastic sequences, consisting of
andesite and andesite-basalt as well as trachyandesite with
andesitic breccias, tuffaceous breccias, tuff and agglomerate
associations. Potassic alteration of the Iju deposits is
dominated by the occurrence of hydrothermal biotites. In
these samples, plagioclase and hornblende phenocrysts are
partly to completely replaced with biotite. Additionally,
most of the magmatic and hydrothermal biotites undergone
chloritization, which lead to the occurrence of magnetite. [ju
magnetites mostly occurred as small discreet phenocrysts

with no presence of hematite at margins.

2. Research methodology
Samples were taken from core drillings of Iju porphyry

deposit (borehole No: 1JU-19 and 1JU-21). Electron
probe microanalyzer (EPMA) studies were carried out
on the carbon-coated thin-polished sections, using a
Superprobe Jeol JXA 8200 instrument in the Eugen F.
Stumpfl Laboratory, Chair of Resource Mineralogy,
Montanuniversitit Leoben, Austria. Measurements were
done under the accelerating voltage of 15kv, beam size |
pm and 10 nA beam current. The detection limit (in wt.%)
as calculated by the instrument software includes: 0.023 for
Fe and Mn, 0.019 for Ti, 0.027 for V, 0.01 for Al, 0.012 for
Mg, and 0.024 for Cr.

3. Results and discussions

Based on the EMPA results, the most important elements
measured in the analyzing points include Al, Fe, Mg, Cr,
Ti, Cr, and V, on the contrary, Ni, Cu, Co, Zn and Ga are
detectable only in some limited points. Projection of samples
on the Fe (wt. %) vs. V/Ti diagram (Wen et al., 2017)
confirmed that studied magnetites are of hydrothermal origin
with no geochemical signs of re-equilibration during the
magnetite crystallization. Also, comparing the Al + Mn vs. Ti
+V (wt. %) contents of studied magnetites with temperature
domains of Nadoll et al. (2014) and Deditus et al. (2018)
imply for the prevailing of high temperature conditions
(>500°C) during the magnetite crystallization. Additionally,
low content of Mg + Al + Si values could be linked to the
low rates of fluid-rock interaction in the hydrothermal
fluids responsible for magnetite crystallization (Tian et
al., 2021). Based on petrographic observations, studied
magnetites are not accompanied with sulfate paragenesis
(i.e., anhydrite) and they have not hematite intergrowth (i.e.,
martitizied margin) indicating the lack of very high oxygen
fugacity conditions (~AFMQ+4; Sun et al., 2015) during
the magnetite crystallization. Presented data confirmed that
studied magnetites may contain considerable gallium values
(average; 0.015 wt. %) which most probably contributed to
the tetrahedral sites of magnetite by alumina substitution.
This evidence highlights the unseen potentials of porphyry
Cu deposits of UDMB for strategic metals.

4. Conclusion

Iju porphyry Cu deposit is related to the emplacement of
Miocene tonalite-granodiorite intrusions in the southern part
of UDMB. Potassic alteration of this deposit is not developed,
but contains the most of sulfide mineralization (e.g., pyrite
and chalcopyrite). Petrographic observation reveals that this
is characterized by widespread occurrence of hydrothermal
biotite undergone somewhere by chloritization. Based on the
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EMPA results, magnetites of [ju were crystallized by high
temperature hydrothermal fluids under low rates of fluid-
rock interaction. It seems that inability of hydrothermal
system for cooling is related to the lower mineralization

efficiently in the potassic alteration of ILju porphyry Cu
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deposit. Magnetites of potassic alteration in the [ju deposit
contain considerable gallium contents highlighting the
unseen potential of porphyry Cu systems in the UDMB for
strategic metals, however much more works are needed for

better characterizing this feature.
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Figure 2- a) Field photograph showing the emplacement of Iju intrusions within volcanics with propylitic
alteration, b) Plagioclase (P1) phenocryst in the tonalite sample of Iju, c¢) granodiorite sample showing
plagioclase and biotite (Bi) set in the groundmass dominated by quartz (Qtz), K-feldspar (kfs), d) Plagioclase
replacement by hydrothermal biotite in the potassic alteration, e) Chloritization of biotite in the potassic
alteration, and f) Biotite replacement by chlorite (Chl) which accompanied with magnetite generation.
Photos b-e and f taken under transmitted XPL and PPL light, respectively. Abbreviations: Pl; Plagioclase,
Bi; Biotite, Chl; Chlorite, K-feldspar; kfs, and Mag; Magnetite.
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Figure 3- a-b) Reflected light microscopic images in PPL light and c-f) Backscattered electron images (BSE) of magnetite
and sulfide minerals in the potassic alteration of Iju deposit; a) Photo 2f in the reflected light confirming that biotite
alteration to chlorite lead to the generation of magnetite (Mag), b) Magnetite occurrence as fine-grain disseminated in
the potassic alteration, ¢) Magnetite accompanied with chlorite (Chl), d) Co-occurrence Ti-bearing phases of titanite
(Tit) and rutile (Rut) minerals with magnetite having apatite (Ap) inclusions, and e-f) Pyrite (Py) and chalcopyrite (Ccp)

occurrences as veinlet and disseminated in the potassic alteration of Iju deposit. Abbreviations after Whitney and Evans

(2010); Chl: Chlorite, Mag: Magnetite, Tit: Titanite, Rut: Rutile, Ap: Apatite, Py: Pyrite, and Ccp: Chalcopyrite.
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Figure 4. Minimum, maximum, and average contents (in wt%) of Fe, Ti, V, Al, Mn, Mg in the studied magnetites.
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Figure 5. Fe (wt.%) vs. V/Ti diagram for Iju magnetite

samples. Base diagram after Wen et al. (2017).
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Figure 6- a) Al + Mn vs. Ti + V (wt. %) binary plot showing the temperature domain of magnetite crystallization in the

[ju deposit. Temperature domains after Nadoll et al. (2014) and Deditus et al. (2018), and b) Ti vs. Mg + Al + Si (ppm)

binary plot for assessing the rates of fluid-rock interaction during the magnetite crystallization. Base diagram after Tian

etal. (2021).
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