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1. Introduction

Porphyry copper deposits are predominantly formed from calc-

alkaline, oxidized (magnetite series) magmas with intermediate

ABSTRACT

The Dahane-ye Gomrokan copper deposit, located in the southern part of the Kerman porphyry
belt within the Urumieh-Dokhtar magmatic arc, is one of the few systems that exhibits evidence of
formation in a magmatic-hydrothermal environment with a reducing nature. Field investigations,
petrography, alteration, and mineralization in this study, relying on data from surface outcrops, drill
cores, thin and polished sections, and mineralogical analyses (XRD), shed light on the geochemical
characteristics and mineralization features of this system. Three stages of post-Eocene intrusive
bodies, including granodiorite, tonalite, quartz-monzonite, and quartz-monzodiorite, have been
identified in this deposit. The quartz-monzonite to quartz-monzodiorite body is the primary host
for Cu mineralization. Alteration zones include first-stage silicification, potassic alteration, second-
stage silicification, phyllic, argillic, propylitic, and carbonatization. The widespread occurrence of
potassic alteration, along with the presence of primary sulfide minerals, the absence of magnetite,
primary hematite, and anhydrite, and the occurrence of reducing minerals such as pyrite, ilmenite,
and arsenopyrite, all indicate a reducing system. Alteration patterns, mineralization features, and their
relationship with the intrusive bodies provide valuable evidence for the formation of this deposit in a
reducing environment. This contrasts with classical oxidized porphyry models in Iran, which exhibit
distinct mineralogical and metallogenic characteristics. These results not only present a new model
for interpreting alteration and mineralization processes in the southern Kerman belt but also have the
potential to play a key role in revising exploration models and identifying other reducing porphyry
systems within the Urumieh-Dokhtar magmatic arc.

to felsic compositions, associated with oceanic plate subduction

and post-collision orogenesis (Sillitoe, 1972; Ishihara, 1977;

* Corresponding author: Hossein-Ali Tajeddin; E-mail: h.tajeddin@modares.ac.ir

Citation:

Afshoon, M. R., Tajeddin, H. A., Ghaderi, M., and Naseri, H., 2026. Alteration and mineralization characteristics of the Dahane-ye Gomrokan copper deposit:

Evidence for a reduced porphyry system within the Urumieh-Dokhtar magmatic arc. Scientific Quarterly Journal of Geosciences, 36(3), 141, 79-102. https://doi.

org/10.22071/gsj.2026.570993.2242.

E-ISSN: 2645-4963; Copyright©2021 G.S. Journal & the authors. All rights reserved.

d | doi: 10.22071/gs].2026.570993.2242

B;E’ dor: 20.1001.1.10237429.1405.36.3.4.6

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

79



Alteration and mineralization characteristics of the Dahane-ye Gomrokan ..../ Mohammadreza Afshoon et al./ G.S.J. 2026, 36 (3): 79-102

Hedenquist and Sillitoe, 2003; Richards, 2003; John et al., 2010). In
these porphyry systems, interactions between hydrothermal fluids
and host rocks give rise to a variety of alteration zones, including
potassic, propylitic, phyllic, and argillic alteration (Burnham and
Ohmoto, 1980; Sillitoe, 2010). During alteration, as acidity and
sulfidation increase, potassic alteration (commonly associated with
peripheral propylitic alteration) gradually transitions to phyllic,
then advanced argillic alteration (Sillitoe, 2010). Potassic alteration,
characterized by the dominance of potassium feldspar, biotite,
and anhydrite, is notably observed in the El Salvador deposit in
northern Chile, where approximately 75% of the Cu is concentrated
in primary quartz veins (Gustafson and Hunt, 1975). During this
stage of hydrothermal activity, Cu sulfides such as chalcopyrite
and bornite, along with magnetite and primary hematite, primarily
concentrate in early quartz veins within the potassic alteration zones,
which are recognized as the main copper mineralization (Gustafson
and Hunt, 1975). Alteration minerals, as important exploration
indicators, are commonly found around hydrothermal deposits and
play a critical role in metallogenic studies and the development of
metallogenic models for various types of magmatic-hydrothermal
deposits globally (Zhang et al., 2018; Ma et al., 2021; Raza and
Absar, 2021; Zhao et al., 2021).

Porphyry copper deposits in the Urumich-Dokhtar magmatic
arc (UDMA), which encompass a range of economically significant
to sub-economic mineralization systems, are primarily associated
with hydrous magmas characterized by adakitic features and
relatively oxidizing conditions, formed during the Miocene. Key
examples of these deposits include the Sarcheshmeh, Sungun, Dali,
and Miduk deposits (Shafiei et al., 2009; Richards, 2015; Asadi,
2018) (Fig. 1). Previous studies on porphyry Cu deposits in Iran have
mainly focused on deposits associated with oxidized magnetite-
series granitoids of Type I (Hassanzadeh, 1993; Hezarkhani, 2006;
Boomeri et al., 2009; Shafiei et al., 2009; Mirnejad et al., 2013;
Aghazadeh et al., 2015). However, in recent years, a distinct type
of porphyry Cu deposit has been identified, which is predominantly
associated with reducing conditions. These deposits, known as
Reduced Porphyry Copper Deposits (RPCDs), have characteristic
features including: (1) association with reducing-type I granites, (2)
ore-forming fluids rich in reducing gases such as methane (CHa),
(3) absence of oxide minerals like magnetite, primary hematite,
and sulfate minerals like anhydrite in the mineralogical sequence,
and (4) the formation of hypogene massive veins containing
ilmenite, pyrite, and arsenopyrite, which are considered indicators
of reducing conditions in the ore-forming environment (Rowins,
2000; Smith et al., 2012; Cao et al., 2014).

To date, no evidence of reduced porphyry Cu deposits has
been reported in Iran, and all identified deposits in the country

are classified as oxidizing porphyry copper deposits (OPCDs).

This article examines the alteration and mineralization features of
the Dahane-ye Gomrokan porphyry Cu deposits in the Urumieh-
Dokhtar magmatic arc, based on studies and data on alteration
and mineralization patterns. The results of this study could
provide a better understanding of hydrothermal alteration and the
mineralization model for reduced porphyry Cu deposits in the

Urumieh-Dokhtar magmatic arc.

2. Research methodology

In this study, field investigations and sampling of drill cores were
conducted, and a set of surface samples along with cores from
different depths was selected. Subsequently, 25 thin sections, 68
polished sections, and 15 thin-polished sections were prepared
for microscopic studies. During the core study, in addition to
the precise recording of samples and the spatial distribution of
alteration, the relationships between mineralization events and
rock units, particularly hydrothermal alteration, were identified
in these samples. Suitable samples for preparing microscopic and
polished sections were carefully selected, and the results obtained
from these examinations are presented in this study. Additionally,
qualitative analysis of 45 samples was performed using X-Ray
diffraction (XRD) at the laboratories of Tarbiat Modares University
and Zarazma to identify and differentiate unknown minerals and

various alteration types present in the samples.

3. Results and discussions
Field observation, petrography, mineralogy, and structural-textural
relationships in the Dahane-ye Gomrokan deposit reveal that it
results from complex, multi-stage interactions among magmatic,
hydrothermal, and supergene processes within a porphyry Cu-Mo
system with reducing features. The outcropping lithological units
include Eocene volcanic rocks and a suite of post-Eocene intrusions
composed of granodiorite, tonalite, and quartz-monzonite to quartz-
monzodiorite, which have been injected gradually in a multi-
stage fashion (Fig. 3). The cross-cutting relationships and spatial
positioning of these intrusions clearly reflect the evolutionary stages
of magmatism from early to late phases. The quartz-monzonitic to
quartz-monzodioritic intrusion, identified as the youngest intrusive
body, plays a key role in the formation and concentration of
potassic alteration and primary mineralization, and is recognized
as the main host for mineralization. The maximum contents of Cu
and Mo sulfides are observed in the core of this intrusion, and its
association with potassic alteration exhibits the classic pattern of
porphyry systems.

Alteration zoning in the Dahane-ye Gomrokan deposit includes
silicification, potassic, phyllic, argillic, propylitic, and carbonation
alteration, whose temporal and spatial sequence reflects the

gradual evolution of hydrothermal fluids from high temperature

80



Alteration and mineralization characteristics of the Dahane-ye Gomrokan ..../ Mohammadreza Afshoon et al./ G.S.J. 2026, 36 (3): 79-102

and salinity to low temperature and surface conditions (Figs. 4
and 5). The silicification, which is limited and only observable at
the microscopic scale, represents the earliest alteration event, with
quartz, hematite, and magnetite as the dominant minerals (Fig. 6),
followed by the formation of potassic alteration. This alteration,
characterized by the formation of secondary biotite, quartz, and
hydrothermal alkali feldspar, is the most significant phase related
to hypogene Cu-Mo mineralization. The absence of anhydrite in
this alteration zone, alongside mineralogical evidence, suggests a
lower pressure of oxidized sulfur and indicates a limited role of
sulfate-bearing fluids (Fig. 7). Phyllic alteration, which follows
potassic and silicic stages, primarily develops in tonalite bodies and
is associated with weaker mineralization (pyrite + chalcopyrite),
indicating a decrease in temperature and a shift in the chemical
composition of the hydrothermal fluids (Figs. 8- A, B, C). Argillic
and advanced argillic alteration, mostly supergene in origin, result
from the oxidation of primary sulfides and the reaction of acidic
infiltrating waters with the host rock. These alteration features
are more prevalent at the margins of the system, particularly
in the northern sections (Fig. 9). Propylitic and carbonatic
alteration, which are the most widespread and later-stage, reflect
the transition away from the core of the porphyry system and a
significant decrease in economic mineralization potential. The
mineral composition of these zones (chlorite, epidote, calcite, and
minor pyrite and magnetite) corresponds with the classic alteration
pattern observed in peripheral zones of porphyry deposits (Figs. 10
and 11). Mineralization at the Dahane-ye Gomrokan deposit can
be divided into three main stages: magmatic, hydrothermal, and
supergene. The magmatic stage is characterized by the deposition
of Fe-Ti oxides (especially ilmenite) and disseminated pyrite in
the host rock, indicating the gradual transition from a magmatic to
a hydrothermal system (Fig. 12). The hydrothermal stage, which
represents the most important and economically significant phase
of mineralization, is marked by the concentration of Cu and Mo
sulfides such as chalcopyrite and molybdenite (Figs. 13, 14 and 15),
along with Pyrrhotite (Fig. 13), ilmenite (Fig. 13), titanomagnetite
(Fig. 13), sphalerite (Fig. 14), pyrite (Fig. 16), and arsenopyrite
(Fig. 16) in the potassic alteration zone. The supergene stage is
associated with leaching, oxidation, and redistribution of primary
minerals, leading to the formation of secondary Cu minerals and Fe
oxides and hydroxides (Figs. 18 and 19).

In summary, geological, alteration, and mineralogical evidence
suggest that the Dahane-ye Gomrokan deposit is a multi-stage
porphyry Cu-Mo system, distinguished by the widespread presence
of pyrite and ilmenite alongside arsenopyrite, and the absence
of primary hematite, magnetite, and anhydrite during potassic

alteration. This indicates a reducing environment during part

81

of the hydrothermal evolution, placing Dahane-ye Gomrokan
among the reducing porphyries in terms of oxidation-reduction
conditions. Successive magmatic injections, gradual changes in
the physicochemical conditions of the hydrothermal fluids, and
supergene processes post-mineralization influenced its evolution.
The focus of potassic alteration and sulfide mineralization in the
quartz-monzonite to quartz-monzodiorite bodies is the primary
exploration criterion in this region. It could provide effective
guidance for further exploration efforts at depth and along the

lateral extensions.

4. Conclusion

Geological, petrographic, alteration, and mineralization studies
of the Dahane-ye Gomrokon deposit indicate that this porphyry
system results from a multi-stage magmatic evolution post-
Eocene and the circulation of magmatic-hydrothermal fluids in
a tectonically active environment associated with the Urumieh-
Dokhtar magmatic arc. The granodioritic, tonalitic, and quartz-
monzonitic to quartz-monzodioritic intrusions identified as
the three main magmatic stages in the area play a fundamental
role in controlling alteration zones and mineral concentrations.
Extensive potassic alteration, accompanied by silicification,
phyllic, argillic, propylitic, and carbonatic alteration, reflects an
evolved hydrothermal system with temperature, pressure, and
fluid composition gradients from the center to the margins. The
mineralogical composition of the alteration, the association with
quartz-silicified veins, and the presence of primary sulfide and
oxide minerals such as pyrite, arsenopyrite, and ilmenite indicate
a relatively reducing to intermediate regime, which distinguishes
this system from most known oxidized porphyry systems in
the Kerman magmatic belt. These features, coupled with the
absence of characteristic oxide minerals such as magnetite,
primary hematite, and anhydrite in the potassic alteration zone,
and mineralogical changes comparable to reducing porphyry
systems, reinforce the presence of a reducing porphyry Cu system
at Dahane-ye Gomrokon.

The findings of this research, in addition to providing a clear
view of the hydrothermal structure and alteration-mineralization
model of Dahane-ye Gomrokon, can serve as a case study for
regional comparisons, revision of classical porphyry mineralization
models in the UDMA, and the development of targeted exploration
strategies in the southern part of the Kerman porphyry belt. The
high potential for mineralization in this region, especially in
bodies with potassic alteration, underscores the need for further
geochemical studies, fluid-inclusion thermometry, stable isotope
analysis, and 3D hydrothermal-system modeling to elucidate the

origin and evolution of mineralization.
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Figure 1. Geological-structural map of Iran showing the distribution of porphyry Cu deposits, and the

locations of major porphyry systems labeled (tectonic and structural map of Iran modified after Alavi (1996);

Aghanabati (1998, 2004); Sholeh and Richards (201
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Figure 2- A) A simplified geological map of the Kerman Magmatic Copper Belt, based on the

1:250,000 geological maps of the Geological Survey of Iran, showing two distinct granitoid

domains: the Kuh-Panj-type granitoids in the northwestern part and the Jebal-Barez-type

granitoids in the southeastern part of the belt. B) A simplified geological map of the southeastern

section of the Cenozoic magmatic arc in Kerman (Jebal-Barez zone), indicating the location of

vein-type copper deposits, porphyry copper deposits, and porphyry copper prospects. This map

is compiled based on the 1:100,000 geological maps maps (Rayen (Djokovic and Dimitrijevic,
1972b), Sarduiyeh (Zolnaj et al., 1972), Esfandagheh (Shahraki Ghadimi, 2003), Khan-Khatoun

(Djokovic et al.,

1972a), Sabzevaran (Grabeljsek, 1972), Bam (Eftekhar-Nezhad, 1992), Jebal-

Barez (Valeh, 1972), Hana (Valeh, 1973), Narmashir (Faridi and Rastin, 2003), and Nagisan
(Eftekhar-Nezhad, 1989)) of the Geological Survey of Iran.
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Figure 3- A) Geological-structural map of
the Dahane-ye Gomrokan porphyry copper
deposit at a scale of 1:1,000. B and C)
Geological cross-sections A-A’ and B-B’
of the Dahane-ye Gomrokan deposit, with
their locations indicated on the geological
map (Modified after Afshoon et al., 2023).
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Figure 4- A) Alteration-structural map
of the Dahane-ye Gomrokan deposit
at a scale of 1:1000; B) A cross-
section drawn through the Dahane-ye
Gomrokan deposit illustrating the
distribution of various types of
hydrothermal alteration and their
spatial and genetic relationships
(Modified after Afshoon et al., 2024).
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Figure 5- A) Overview image showing the occurrence of various types of alteration,
including potassic, phyllic, argillic, propylitic, and carbonatic; B) View of the designed
excavation benches over the potassic alteration, with its outcrop surface exhibiting a brown
to yellow color due to the presence of iron oxides; C) Close-up of the potassic alteration
outcrop with mild intensity in a tonalite intrusion; D) Close-up view of a tonalite intrusion

that has undergone phyllic alteration, associated with the occurrence of quartz vein-veinlets.
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Figure 6. Microscopic images of the silicification alteration (transmitted and reflected light with crossed nicols, XPL). A and B) Microscopic
images of silicification alteration, consisting of coarse to medium-sized quartz (Qz) crystals; C) Occurrence of magnetite (Mag) and

hematite (Hem) that formed concurrently with the silicification alteration.
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Figure 7. Hand specimen and microscopic images of potassic alteration. A) Hand specimen images of a quartz-monzonitic to quartz-
monzodioritic body that has undergone potassic alteration, containing biotite (Bt), alkali feldspar (Kfs), tourmaline (Tur), pyrite (Py),
and chalcopyrite (Ccp); B and C) Photomicrographs showing the Stage I silicic alteration and potassic alteration, in which biotite (Bt),
alkali feldspar (Kfs), chalcopyrite (Ccp), and pyrrhotite (Po) associated with the potassic alteration are emplaced within the quartz (Qz)
crystals of the Stage I silicic alteration; D) A veinlet containing biotite (Bt) and alkali feldspar (Kfs), which crosscuts the quartz (Qz) of the

first-stage silicic alteration; E) Microscopic images of alkali feldspar (Kfs) and biotite (Bt) from the potassic alteration.
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Figure 8. Photomicrographs illustrating the phyllic alteration.; A) Veinlet associated with phyllic alteration in a tonalite body at the hand

specimen scale, showing widespread quartz formation with a veinlet and disseminated texture; B and C) Transmitted and reflected light

images of sericite (Ser) and quartz (Qz) occurring alongside pyrite (Py).
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Figure 9. Field, and microscopic images of argillic alteration: A) Overview image of the argillic alteration outcrop surrounded by propylitic

alteration; B) View of the spread of advanced argillic and propylitic alteration; C) Microscopic image showing quartz (Qz), clay minerals,

carbonate (Cb), and iron oxide (Fe-Oxide) veinlets during argillic alteration; D) Microscopic image of advanced argillic alteration

associated with the formation of clay minerals, carbonate (Cb), and alunite (Alu); E) The same image as “D” in reflected light, showing

the occurrence of pyrite (Py) and hematite (Hem) within an alunite (Alu) matrix.
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Figure 10. Hand specimen and microscopic images of propylitic alteration. A) Close-up of the propylitic alteration occurrence in a granodiorite

body, associated with chlorite (Chl) and epidote (Epi); B) View of epidote (Epi) and chlorite (Chl) veins cutting through the granodiorite body;

C) Microscopic image showing the association of chlorite (Chl), epidote (Epi), biotite (Bt), and pyrite (Py) in a propylitically altered sample;

D) Another microscopic image showing a notable occurrence of green chlorite (Chl) crystals, with minor epidote (Epi) present.
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Figure 11- A) View of the occurrence of carbonatic and propylitic alteration in a granodiorite body; B) Hand specimen image of the carbonatic

alteration; C) Microscopic image showing the association of quartz, calcite (Cal), and other carbonate minerals (Cb) that formed during

carbonatic alteration along with quartz (Qz).
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Figure 12. Microscopic images of accessory minerals in a quartz-monzonitic to quartz-monzodioritic intrusive body.

A and B) Microscopic images, respectively showing amphibole (Am) with ilmenite (Ilm) inclusions in the primary amphibole crystals;

C and D) Microscopic images, respectively, in transmitted light (with crossed nicols, XPL) and reflected light, showing the occurrence

of ilmenite (Ilm) and pyrrhotite (Po) as inclusions within amphibole; E and F) Microscopic images, respectively showing the coexistence

of ilmenite (Ilm) and pyrrhotite (Po) within biotite (Bt) and quartz (Qz) crystals.
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Figure 13. Hand specimen and microscopic images illustrating the occurrence of ore minerals within the potassic
alteration. A) Hand specimen showing massive pyrrhotite (Po) and pyrite (Py) sulfide mineralization. B) Hand specimen
displaying pyrrhotite (Po) and pyrite (Py) veinlets hosted by the quartz monzonite intrusion. C) Hand specimen showing
chalcopyrite (Ccp), pyrrhotite (Po), and pyrite (Py) veinlets associated with the potassic alteration; D) Microscopic image
showing pyrrhotite (Po) with a massive texture; E) Microscopic image showing pyrrhotite (Po) partially replaced by
first-phase pyrite (Py I), chalcopyrite (Ccp), and first-phase molybdenite (Mo I), with ilmenite (Ilm) in a disseminated
texture, accompanying the sulfide minerals; F) Microscopic image showing first-phase pyrite (Py I) replaced by
pyrrhotite (Po), with chalcopyrite (Cep) also present around it; G) Microscopic image showing ore texture with a massive
occurrence of pyrrhotite (Po), chalcopyrite (Ccp), and sphalerite (Sph) in association; H) showing occurrence of ilmenite
(Ilm), titanite (Ttn), chalcopyrite (Ccp), and pyrite (Py) with a massive texture and forming in association; I) showing

occurrence of Ilmenite (Ilm) and pyrrhotite (Po) show coexistence, with ilmenite being replaced by titanite (Ttn).
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Figure 14. Microscopic images in reflected light of chalcopyrite occurrence in the potassic alteration zone.

A) Co-occurrence of chalcopyrite (Ccp) and pyrrhotite (Po) with a massive texture; B) Co-occurrence of pyrite (Py)

and chalcopyrite (Ccp) with a massive texture, containing inclusions of sphalerite (Sph); C) Images showing textural

relationships of chalcopyrite (Ccp) and small sphalerite (Sph) inclusions; D) Chalcopyrite (Ccp) and pyrrhotite (Po)

minerals with a veinlet texture; E) Co-occurrence of chalcopyrite (Ccp), pyrrhotite (Po), third-phase pyrite (Py III),

and sphalerite (Sph) injected at the boundaries of quartz crystals formed during first-stage silicification.
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Figure 15- A) Photograph illustrating the spatial association of molybdenite (Mo), pyrrhotite (Po), and fine-grained biotite crystals (Bo); B and

C) photomicrographs showing quartz (Qtz), K-feldspar (Kfs), and biotite (Bt), in which first-generation molybdenite (Mo I) and first-generation

pyrite (Py I) occur as disseminated grains in close paragenetic association with these phases.; D and E) Occurrence of K-feldspar (Kfs) and

biotite (Bt) within the altered quartz monzonite, hosting second-generation molybdenite (Mo II) with a veinlet-style texture accompanied by

disseminated chalcopyrite (Ccp); F) Photomicrograph showing the intergrowth of second-generation molybdenite (Mo II), ilmenite (Ilm), and

pyrrhotite (Po).
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Figure 16- A and B) Occurrence of biotite (Bt) and K-feldspar (Kfs), in association with which

two generations of pyrite (Py I and Py II) have developed. The second-generation pyrite

(Py II) is noticeably coarser-grained than the first-generation pyrite (Py I); C) Photomicrograph of

second-generation pyrite (Py II) displaying a colloform texture; D) Photomicrograph illustrating

third-generation pyrite mineralization (Py III) with a veinlet texture, accompanied by chalcopyrite

(Ccp); E and F) Photomicrographs showing the occurrence of euhedral fourth-generation pyrite

(Py 1IV); G and H) Reflected-light photomicrographs depicting arsenopyrite (Asp) replacing

first-generation pyrite (Py I) from the margins, as well as pyrrhotite (Po) containing ilmenite (Ilm)

inclusions and being marginally replaced by pyrite (Py I). These minerals occur in association with

molybdenite (Mo) and ilmenite; I) Photomicrograph showing arsenopyrite (Asp), first-generation

pyrite (Py 1), and pyrrhotite (Po), which successively replace one another from the margins.
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Figure 17- A and B) Occurrence of quartz (Qz) and sericite (Ser), diagnostic of phyllic alteration and hosting sulfide

mineralization dominated by pyrite (Py); C) Photomicrograph of the phyllic alteration zone characterized by pyrite (Py) and

chalcopyrite (Ccp).
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Figure 18- A) Outcrop photograph of oxidized copper mineralization characterized by malachite (Mlc) and azurite (Az), accompanied by

iron hydroxide/oxide phases (Fe-oxides), within an altered quartz monzonitic body; B and C) Photomicrographs showing chalcopyrite (Ccp)

grains that are partially replaced from crystal margins and along fracture boundaries by chalcocite (Ccs) and covellite (Cv); D) Reflected-light

photomicrograph of goethite, occurring both as veinlets and as a replacement product of oxidized pyrite.
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Figure 19. Paragenetic sequence diagram of mineral assemblages in the hydrothermal and supergene

mineralization systems of the Dahane-ye Gomrokan deposit.
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Table 1. Comparison of some key characteristics of the Dahane-ye Gomrokan deposit with other examples of reduced porphyry deposits.
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