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1-Introduction

The Chah-Firozeh area is located 35 km northwest of Shahr Babak city in Kerman Province, southeastern
Iran. Geologically, it is situated in the southeastern part of the Urmia—Dokhtar geo-tectonic belt. This part
of the Urmia—-Dokhtar belt is known as the Kerman Cenozoic magmatic arc(Dimitrijivic, 1973;
Hassanzadeh, 1993; Shafiei et al., 2009), which hosts more than 50 porphyry and vein-type deposits. Most
porphyry deposits in the Kerman Cenozoic arc occur in its northwestern and central part of the arc. The
Chah-Firozeh deposit is in the northwest of this arc. In these northwestern and central parts, granitoid rocks
of the Kuh Panj type are widespread, whereas granitoid rocks of the Jebal Barez type are
limited(Dimitrijivic, 1973). The Chah-Firozeh copper deposit was reported in 1970 by Yugoslav geologists,

and its exploration report was published in 1973. Preliminary explorations in this area have been conducted
by the National Iranian Copper Industries Company since 2005. This research is about the geological,
geochemical, and petrological characteristics of the Chah-Firozeh ore deposit.

2-Geological setting

Porphyry copper deposits of Iran are mostly associated with Miocene intrusive rocks in the Urmia-Dokhtar
and Kerman geotectonic magmatic zones and are part of the global Alpine-Himalayan orogenic belt(Alavi,
1994; Mohammadzadeh et al., 2018). The magmatic activity of the Miocene intruded different granitoids
body to volcanic-sedimentary basin. These magmatic rocks are highly calc-alkaline to alkaline and is
originated from a continental margin of volcanic arc environment(Seedorff et al., 2005). The Cenozoic
Kerman subduction zone forms part of the Urmia-Dokhtar zone with a northwest-southeast trend and has
provided the basis for the formation of important deposits such as Sarcheshmeh and Miduk with the
intrusion of Miocene porphyry masses and right-slip tectonic activities (ShafieiandShahabpour, 2008).
Chah-Firozeh ore deposit consists of a sequence of Eocene-Miocene volcanic and sedimentary rocks which
include andesite, dacite, tuff and volcanic-detrital conglomerate. This area is located between the Rafsanjan
right-slip faults in the north and the Nain major fault in the south. the zircon U-Pb dating indicates that
these magmatic rocks originated about 16.9—16.5 million years ago(Mohammaddoost et al., 2017).

3-Material and methods

This research is based on field observations, geological mapping at a scale of 1:1000, core logging, and
sampling of ore and rock units for microscopic and geochemical analyses. To investigate petrography,
hydrothermal alteration, and mineralization, 31 thin sections and 20 polished sections were used to study
characterization of rock units, alterations, mineralization, and the relationship between mineralization

* Corresponding author: ghasemian.hakimeh@yahoo.com
DOI: 10.22055/aag.2026.50685.2534

Received: 2025-09-22

Accepted: 2026-01-23

196 ISSN: 2717-0764



aVa

Shahid Chamran Adv. Appl. Geol. Winter 2026, Vol. 15 (4): 196 - 216

University of Ahvaz

events and hydrothermal alterations. For geochemical studies, 21 samples with minimal alteration were
selected from fresh rocks. Eleven samples were analyzed by XRF to determine major element compositions,
while all 21 samples were analyzed by ICP-MS for light (LREE) and heavy rare earth elements (HREE).
Geochemical results are in Table 1 of the Appendix. Geochemical analysis provides detailed information
on the chemical composition of the rocks. Finally, data from the 21 samples were processed by using
GCDkit software to interpret chemical and petrographic patterns. By integrating microscopic and
geochemical analyses, this research provides a comprehensive understanding of the rocks and alteration
patterns in the Chah-Firozeh area and establishes a foundation for future exploration.

4-Results and discussions

The Chah-Firozeh ore deposit consists of four igneous units with distinct textures as intrusive and extrusive
units, pyroclastic-volcanic units, diorite, quartz monzo-diorite, and andesite dykes. The pyroclastic-
volcanic units range from tuff and lahar to pyroclastic and porphyritic textures. The quartz monzo-diorite
and diorite are mainly composed of quartz and plagioclase (also zoning plagioclase), with potassic
alteration, typical hornblende which is replaced by secondary biotite. The andesite unit shows a microlite-
porphyritic texture with plagioclase and pyroxene phenocrysts. The dacite unit displays porphyritic and
glomera-porphyritic textures, silicic veinlets, and extensive argillitization. The dykes are similar to the main
magmatic units but show minimal alteration.

Hydrothermal alteration includes potassic, phyllic, chlorite-sericite, and advanced argillic types.
Potassic alteration is characterized by secondary biotite, potassium feldspar, quartz, and chalcopyrite.
Phyllic alteration is overprinted by sericite, quartz, pyrite, chalcopyrite, molybdenite, and titanite. Propylitic
alteration occurs as a halo around the phyllic zone and includes chlorite, epidote, calcite, and albite.

Mineralization comprises three types of oxidic, exogenous, and endogenous enrichment. Oxidic
mineralization is represented by malachite, azurite, iron oxides and altered chalcopyrite. Endogenous
mineralization is associated with potassic alteration and quartz-magnetite stockworks and includes pyrite,
chalcopyrite, molybdenite, and minor sphalerite and galena.

Geochemical data indicate that the magmatic rocks range from basalt to calc-alkaline dacite,
showing clear fractionation trends of mafic and plagioclase minerals. Samples plotted on R1-R2 and TAS
diagrams, which display andesite to dacite spectra, with a magmatic originating to the melting of a
metasomatized mantle wedge. LILE elements are enriched, HFSE elements are depleted, and REEs show
LREE enrichment over HREE. Some samples exhibit a negative europium anomaly, indicating plagioclase
fractionation during magmatic evolution. The basalts of the region are influenced by the MORB-OIB
environment and the active continental margin.

5-Conclusion

The Chah-Firozeh copper deposit is one of the Urmia-Dokhtar copper belt magmatic copper ore deposit. It
is spatially and genetically associated with a porphyry quartz monzo-diorite massif, which has been
hydrothermally altered. Ore mineralization has been formed in the intrusive rocks such as, andesite, dacite,
and pyroclastic tuffs.

Potassic alteration is predominantly include biotite, with less-developed potassium feldspar, similar
to other porphyry deposits north of the Kerman copper belt. Copper mineralization occurs as stockwork,
disseminated veinlets. The chalcopyrite is main primary endogenous ore mineral. Molybdenite is locally
observed in the central part, but its average grade in most boreholes is uneconomic.

The igneous samples of Chah-Firozeh are typically calc-alkaline type and are associated with the
basalts of the mid-oceanic ridge. The Th/Yb diagram indicates that MORB-OIB origin for these volcanic
rocks. The combination of petrography, alteration, and geochemical data supports classic porphyry deposit
type in the area of Chah-Firozeh. Geochemical major oxide data indicate that the rocks share a common
magmatic origin, resulting from partial melting of a metasomatized mantle wedge, with compositions
ranging from basalt to calc-alkaline dacite. Compositional trends in MgO, FeO, CaO, and SiO2, show that
increasing of K-O and Na2O and decreasing TiO- and P-Os. This trend indicates fractionation of mafic and
minor minerals such as plagioclase, clinopyroxene, ilmenite, and apatite. Enrichment of LILE and depletion
of HFSE, and high Al>Os content, confirm that a subduction-related origin and melting of a metasomatized
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mantle wedge. The increase in K-O in more acidic magmatic samples suggests that a minor influence of
crustal contamination or fractionation of potassium feldspar. The uniformity of geochemical patterns of the
igneous rocks indicates a mixing origin for both intrusive and volcanic rocks.
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Table 1. Results of analysis of major element content by XRF and trace element by ICP-MS in Chah-Firozeh porphyry copper

deposit.

simple Andesite Dacite Diorite
CHF-13 CHF-21 CHF-23 CHF-24 CHF-29 CHF-10 CHF-12 CHF-27 CHF-28 CHF-7 CHF-16

Sio, 56.43 55.67 57.7 61.11 58.32 84.13 87.63 63.22 64.03 62.79 53.95
AlLO; 16.41 17.14 17.3 15.81 16.88 4.9 0.86 14.7 15.83 14.67 15.53
BaO 0.04 0.1 0.04 0.06 0.07 0.01 <0.01 0.08 0.07 0.09 0.06
Ca0O 2.74 6.74 6.8 5.81 6.4 1.05 31 4.25 4.37 4.08 6.74
Fe,0; 7.49 6.96 6.49 4.56 5.96 1.69 1.74 4.24 3.81 4.29 6.07
K,O 1.35 2.39 1.26 1.92 1.54 1.11 0.22 3.06 2.76 3.11 2.06
MgO 4.61 3.81 3.33 1.94 2.89 0.52 0.18 2.36 1.62 2.27 3.56
MnO 0.23 0.45 0.34 0.36 0.28 <0.01 <0.01 0.09 0.3 0.08 0.17
Na,O 3.54 2.55 2.44 3 3.63 0.04 0.09 3.1 2.82 3.38 3.71
P,05 0.2 0.17 0.17 0.17 0.19 <0.01 <0.01 0.15 0.13 0.13 0.31
SO, 1.84 <0.05 <0.05 <0.05 <0.05 <0.05 0.13 <0.05 <0.05 0.6 <0.05
TiO, 0.56 0.58 0.52 0.43 0.5 0.11 0.04 0.44 0.39 0.42 0.75
Cr,0; 0.02 0.03 0.01 0.03 0.02 <0.01 <0.01 <0.01 <0.01 <0.01 0.02
LOI 4.54 3.33 3.55 4.73 3.22 3.18 2.57 4.21 3.74 3.96 6.97
Ag 0.4 0.3 0.3 0.8 0.2 0.4 1.1 0.3 0.7 0.4 0.1
As 7.3 15.6 8.9 6.1 14.2 10.1 7.6 5.4 7.2 7.3 7.9
Ba 835 870 382 470 706 147 49 754 648 835 547
Be 1.2 0.6 0.7 1.1 0.6 0.4 <0.2 1.1 1 1.2 1.1
Bi 0.3 <0.1 <0.1 <0.1 <0.1 <0.1 0.4 <0.1 0.1 0.3 0.1
Cd <0.1 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.4 <0.1 <0.1
Ce 39 23 27 32 24 1 <1 38 27 39 59
Co 14.7 20.4 28.8 17.7 45.2 6.5 35 22.2 28.2 14.7 73.8
Cr 21 34 31 19 31 14 17 29 20 21 51
Cs 0.7 0.8 0.8 2.5 <0.5 <0.5 <0.5 1.2 2.2 0.7 0.5
Cu 52 7 127 26 8 34714 38130 20 20 52 82
Dy 1.88 2.2 2.22 1.63 1.94 0.4 0.34 1.84 1.5 1.88 2.67
Er 1.03 1.28 1.11 0.86 1.12 0.22 0.31 1.16 0.86 1.03 1.49
Eu 0.94 1.03 0.96 0.86 1.01 0.28 <0.1 1.01 0.9 0.94 1.77
Gd 2.48 2.3 2.5 2.26 2.38 0.75 0.28 2.34 2.15 2.48 3.39
Hf 1.67 1.56 0.72 0.76 0.65 <0.5 <0.5 1.72 0.84 1.67 1.63
In <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
La 20 9 11 15 10 <1 <1 19 12 20 29
Li 5 5 6 5 5 2 2 8 5 5 8
Lu 0.15 0.16 0.13 0.11 0.13 <0.1 <0.1 0.15 0.11 0.15 0.21
Mo 1.5 0.3 <0.1 <0.1 <0.1 33 2.5 <0.1 <0.1 1.5 0.8
Nb 4.2 2.6 2.8 3.5 31 <1 <1 4.1 35 4.2 7.9
Nd 13.5 10.5 11.3 12.2 9.5 <0.5 <0.5 14.1 10 13.5 20.9
Ni 11 24 18 12 17 3 1 11 6 11 16
Pb 16 70 17 12 15 75 19 12 18 16 23
Pr 4.08 2.71 3.08 3.51 2.68 0.08 <0.05 4.15 3.06 4.08 6.55
Rb 71 46 25 39 23 14 <1 70 52 71 40
Sb <0.5 3.8 1.2 1.8 2.5 <0.5 0.7 <0.5 1.7 <0.5 <0.5
Sc 7.1 12.9 11.3 6.5 9.4 1.6 0.9 7.1 5.4 7.1 11.5
Se <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
Sm 2.65 243 2.4 2.33 2.29 0.33 <0.02 2.73 2 2.65 3.82
Sn 0.3 0.4 0.4 0.1 0.3 1.5 3.8 0.3 0.3 0.3 1.2
Sr 636.8 589.9 563.5 547 545.9 47.2 29.3 601.5 536 636.8 621.4
Ta 0.61 0.43 0.42 0.44 0.48 0.22 0.46 0.53 0.37 0.61 0.83
Tb 0.4 0.44 0.41 0.35 0.38 0.2 0.19 0.37 0.35 0.4 0.46
Te 0.24 <0.1 0.25 <0.1 <0.1 0.39 0.59 0.32 <0.1 0.24 <0.1
Th 9.8 1.66 1.85 5.14 1.96 1.59 1.3 9.54 5.63 9.8 7.62
Tl 0.53 0.54 0.32 0.36 0.26 0.16 <0.1 0.45 0.49 0.53 0.33
Tm 0.17 0.19 0.17 0.13 0.12 <0.1 <0.1 0.14 0.13 0.17 0.23
U 3.5 0.39 0.3 1.6 0.4 0.6 0.2 3.4 1.7 3.5 2.4
\4 82 156 125 81 129 23 10 85 75 82 149
W <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1
Y 9 10.9 11.1 7.8 9.4 1.3 2.2 8.9 7.2 9 12.5
Yb 0.9 1.3 1.2 0.7 1 0.1 0.1 0.9 0.7 0.9 1.4
Zn 72 334 103 109 123 78 88 58 160 72 92
Zr 39 41 66 17 23 <5 <5 37 12 39 28
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Continuation of Table 1. Results of analysis of major element content by XRF and trace element by ICP-MS in Chah-Firozeh

porphyry copper deposit.

simple Andesite Tuff
CHF-1 CHF-2 CHF-4 CHF-14 CHF-18 CHF-20  CHF-25 CHF-5 CHF-15  CHF-17

Ag 1.6 1.6 0.3 1.1 0.8 0.3 0.5 6 34 21.8
Al 76211 79528 73215 73141 73117 84088 3686 5824 18291 9765
As 9.6 6.5 5.5 7.5 10.5 7.5 29.6 24.1 10.9 20.1
Ba 506 500 506 673 392 682 38 28 62 55
Be 0.7 0.6 0.7 0.8 0.7 0.7 <0.2 <0.2 <0.2 0.2
Bi 0.6 3 0.9 6.8 1.7 0.6 0.3 20 22.8 20.1
Ca 30154 38666 30329 24975 32116 32968 969 31574 15831 52862
Cd 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Ce 23 23 22 22 24 25 <1 <1 <1 1
Co 15.1 13.1 28 84.1 20.1 16 15 51 84.7 76.3
Cr 40 40 38 67 27 28 23 15 26 15
Cs 1.1 1.2 5 0.7 <0.5 <0.5 <0.5 <0.5 1.9 <0.5
Cu 253 224 165 506 53 30 1047 344 1805 1203
Dy 1.84 2.39 1.9 2.17 2.12 2.09 0.14 0.44 0.52 0.47
Er 1.05 12 0.98 1.09 1 0.96 0.17 0.3 0.38 0.33
Eu 091 1 0.86 0.88 0.95 0.99 <0.1 <0.1 <0.1 0.14
Fe 37596 41893 39442 52054 39873 35221 45693 >10% >10% >10%
Gd 2.35 2.59 2.27 2.4 2.36 2.67 0.2 0.47 0.58 0.57
Hf 0.78 <0.5 <0.5 <0.5 <0.5 0.58 <0.5 <0.5 <0.5 <0.5
In <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <05 <0.5 <0.5 <0.5
K 17216 16849 15517 23039 9958 16241 823 2386 7167 4338
La 9 10 9 8 10 11 <1 <1 <1 <1
Li 5 6 5 5 5 5 1 <1 <1 <1
Lu 0.11 0.13 <0.1 0.13 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Mg 17121 16199 16217 17214 16665 17759 365 447 637 639
Mn 1735 1637 1649 1531 2129 1950 31 72 72 196
Mo <0.1 2.7 1.7 5 <0.1 4.5 23 <0.1 51.5 <0.1
Na 16133 14565 16133 23419 19452 19508 550 267 384 296
Nb 4.7 3.9 28 2.8 2.7 31 <1 <1 <1 <1
Nd 8.9 94 9.4 9.3 10.3 11.3 <0.5 <0.5 <0.5 <0.5
Ni 24 23 24 30 18 16 2 14 22 22
P 651 713 637 868 739 753 121 37 212 128
Pb 143 50 25 50 54 23 43 38 54 170
Pr 2.37 2.61 2.47 2.59 2.85 2.96 <0.05 0.07 0.25 0.27
Rb 39 42 45 60 21 35 <1 5 23 13
S 5499 5840 14814 >3% 10013 3518 702 >3% >3% >3%
Sb 1.3 1 0.5 0.9 0.9 1.1 1.8 <0.5 <0.5 1.4
Sc 11.3 12.7 11 12.2 9.8 10.5 0.7 1.1 22 1.8
Se <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 0.58 0.6 295
Sm 2.18 23 2.3 242 2.25 243 <0.02 <0.02 0.15 0.18
Sn 0.6 0.6 0.6 0.5 0.4 03 1.7 0.9 1.1 0.7
Sr 477.8 519.8 457 437.4 466.4 477 229 13.4 15.3 16.4
Ta 0.46 0.5 0.34 0.35 0.41 0.41 0.2 0.21 0.28 1
Tb 0.38 0.41 0.37 0.4 0.43 0.4 0.17 0.19 0.2 0.2
Te 0.22 0.17 0.48 0.88 0.11 <0.1 0.19 6.02 3.54 3.06
Th 3.37 2.22 2 1.98 1.87 1.91 1.28 0.99 1.26 1.18
Ti 3333 3420 3228 3653 3105 3115 759 200 701 357
Tl 0.77 0.85 0.74 1.08 0.31 0.38 <0.1 <0.1 03 0.2
Tm 0.13 0.14 0.14 0.16 0.13 0.16 <0.1 <0.1 <0.1 <0.1
U 0.3 04 0.3 03 0.4 03 1.8 0.2 0.6 0.4
v 139 148 128 96 117 115 81 11 21 17
W <1 <1 <1 1.5 <1 <1 <1 2.1 4.8 34
Y 9.5 114 8.8 9.6 9.1 9.5 1.1 23 2.7 2.8
Yb 0.9 1.1 0.8 0.9 0.8 0.8 04 0.1 0.2 0.1
Zn 237 101 99 106 92 92 13 14 28 33
Zr 11 12 8 10 8 14 5 9 14 12
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Fig. 3 . Cross-polarized light (XPL) photomicrographs showing the mineralogy and texture of rocks from the Chah-Firozeh
deposit (a) Zoned plagioclase in a quartz monzodiorite sample CHFS, (b) Sphene occurring in a quartz groundmass in a
quartz monzodiorite sample CHF7, (c) Plagioclase with twinning in an andesite sample and alteration of plagioclase to clay
CHF12, (d) Apatite and amphibole in a plagioclase groundmass in an andesite sample CHF6, (¢) Magmatic biotite phenocryst
within a fine-grained quartz groundmass in a quartz monzodiorite sample CHF11 and (f) Plagioclase altered to epidote
CHF28.

Chl = chlorite; P1 = plagioclase; Spn = sphene; Amp = amphibole; Bt = biotite; Apa = apatite. Mineral abbreviations are from
(Whitney and Evans, 2010).
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Fig. 4. (a) Argillic alteration sample with iron and malachite, (b) hand stone from argillic alteration, (c) core drilling in
potassic alteration, (d) phyllic alteration with iron protein, (¢) hand stone from propylitic alteration and (f) hand stone from

propylitic alteration.
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Fig. 5. Images of oxide and endogenous mineralization: (a) Oxide ore associated with malachite and azurite formation, (b)
Quartz-magnetite mineral stockworks, (c) Microscopic image of pyrite to magnetite transformation due to oxidation in a
mineral ore, and (d) Microscopic image of chalcopyrite in the endogenous zone. Ccp: chalcopyrite, Mag: magnetite, Py:
pyrite. Abbreviations are taken from (Whitney and Evans, 2010).
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