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Introduction

Porphyry copper deposits are one of the most important sources of this valuable
metal element in the world, along with other important elements such as
molybdenum, silver, tungsten and gold. Most of these deposits are spread in
metallogenic provinces known as porphyry copper belts. These porphyry
systems are formed in connection with the injection of sulfur-rich and metal-rich
magma under conditions of high oxygen fugacity and water richness (Sillitoe,
2010). The Iranian porphyry copper belt is the middle part of a large global belt
called the Alpine-Himalayan metallogenic belt, which stretches for about 2,000
kilometers from the northwest to the southeast of Iran. The structural changes of
the Kerman Copper Belt were influenced by the subduction of the Neotethys
Ocean beneath the subcontinent of central Iran and are related to the calc-
alkaline intrusive masses of the Urmia-Dokhtar zone (Hezarkhani, 2009; Shafiei
& Shahabpour, 2008). The formation of large mineralizing states in orogenic
belts (Neubauer et al., 2005) is formed by three important factors: 1. The type of
subducting crust (Sillitoe, 1997), 2. Change in the subduction angle (Kay &
Mpodozis, 2001) and 3. The plate fracture process (Lips, 2002). The Kerman
Copper Magmatic Belt, with a length of 450 km and a width of 60 to 80 km,
contains large deposits such as Sarcheshmeh, Miduk and promising reserves
such as the porphyry copper of ljo, Serno, Godkolvari, Parkam, Abdar, Keder,
Darhezar, Nochun, ljo and Chah Firuzeh. Chah Firuzeh deposit with an
estimated reserve of 450 million tons and an average grade of 0.35% copper is
formed in association with granodiorite and quartz monzonite masses
(Hezarkhani & Hajizadeh, 2011).
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According to studies, this deposit is a copper-bearing porphyry system with high economic value that is at
the appropriate depth of replacement of the intrusive mass, with a composition of diorite and granodiorite in
association with the presence of evidence of fluid activity. This research reviews the general geology of the
deposit and reviews the structural geology, geochemical data, alterations, mineralogy, and geophysics of the
deposit. (Hezarkhani, 2009), by examining the fluids involved in Chah Firouzeh, believes that the
mineralizing fluids are of magmatic origin with temperatures ranging from 310 to 570 degrees (Soori, 2013)
have mentioned the presence of chrysocolla in the region. (Heidari et al, 2019), by studying the mineral
chemistry of biotite in this deposit, believe that this mass was formed in the late stages of collisional
subduction and that the Chah Firuzeh porphyry copper mass is one of the ore-bearing and fertile porphyry
masses formed in this magmatic arc.

Research Method

During field studies, 25 samples were taken from the Chah Firuzeh area and then after preparing thin and
polished sections, they were studied in the geology laboratory of Payam Noor University, Karaj Center.
Then, by re-evaluating the whole-rock analysis data, the magma geochemistry of the region was also studied.
Geochemical exploration studies using soil sampling and geophysical explorations using electrical sounding
(using Schlumberger electrode array) and electrical tomography (using polar-dipole electrical array) in the
region were also Finally, this research, by combining all existing studies including petrology, mineralogy,
geochemical and geophysical explorations, provides a general overview of the deposit, its cognitive
interpretation and modeling.

Results and Discussion
The Chah Firuzeh granodiorite and monzonite magmatic complex is 16.3£0.1 million years old (Kazemi
Mehrnia, 2010). Its magmatic series is calc-alkaline and metalaluminous and tectonically formed on the
continental-oceanic margin. The magma is adakitic in nature and the trace element behavior indicates that the
rocks of the region formed in a subduction origin (Mohammadzadeh, 2019). The stock have been extensively
affected by hydrothermals alteration of phyllic, propylitic and potassic alteration that formed finally copper
mineralization. Veins and veinlets of gypsum, pyrite, chalcopyrite, magnetite and silica are widely seen in this
deposit. Sometimes outcrops of porphyry mass containing primary pyrite-chalcopyrite, malachite, chrysocolla
and turquoise are seen in the surface parts of the region. In Chah Firuzeh, the potassic alteration event is
relatively extensive and is characterized by the mineral assemblage of biotite + alkali feldspar + quartz + pyrite
+ chalcopyrite + molybdenite £ magnetite + anhydrite. Biotite is the most abundant mineral in this alteration
zone, which has caused the altered rock to take on a darker color. Potassic alteration in Chah Firuzeh is
irregularly overprinted by phyllic alteration. This alteration is especially widespread around silica-sulfide veins,
and in places where these veins are highly concentrated, phyllic alteration completely dominates potassic
alteration, and only parts of potassic alteration remain. The phyllic or quartz-sericite-pyrite alteration is very
widespread in the turquoise well and surrounds the potassic alteration zone in a halo. This alteration can be
identified by the mineralogy of sericite + quartz + pyrite * chlorite £ chalcopyrite * rutile + titanite. Among the
abundant veins in this alteration zone identified in thin section studies, we can mention the Qz, Qz-Opq and
Chlo-Cal + Opg-Qz veins. In Chah Firuzeh, mineralization is mainly formed in potassic alteration zones and in
phyllic and potassic overlap zones, as well as in fractures or in direct contact with them. Copper mineralization
is often seen in two forms: veinlet, stockwork and dissemination. All three supergene and hypogene and the
leached zones are formed. In the leaced zone, abundant iron hydroxide minerals such as goethite and jarosite
are seen in association with copper oxides such as chrysocolla, malachite and neotocite. The supergene zone of
the deposit can be identified by the presence of covelite and chalcocite minerals in thicknesses varying from 20
to 30 meters. The hypogene zone is also seen with the copper-bearing minerals chalcopyrite and bornite in the
form of scattered and veinlets. The range of 5'80 changes between 16.5 to 19.4%o in the samples studied from
the ore deposit. According to the oxygen isotope studies, the origin of the mineralizing fluids has been
determined to be magmatic and meteoric. The range of changes in the heavy sulfur isotope that has been
studied in this area has shown a range of around zero. The sulfur isotopic changes in different samples vary
from -2.5%o to +0.6%o, which indicates a magmatic origin for sulfur.

In geochemical exploration studies, the area of 1.2 square kilometers was covered by soil in 100 x 100
meter cells. Samples taken from this area were about 129 soil samples that were analyzed by ICP in Iran. In
analyzing the results, single-variable, bivariable, and multivariable data processing stages were performed,
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and significant correlations were seen between the elements gold, copper, molybdenum, arsenic, bismuth, as
well as the elements lead, zinc, antimony, bismuth, and arsenic, indicating the paragenesis of a set of
valuable mineralization elements in the porphyry system. The data processing of the samples was carried out
in two factors including the complete set of elements (Ti, Sr, Au, As, Cu, Bi, Zn, Pb, Sh, Mn, Ag, Hg, Bi)
which has shown consistency with the results of the main mineralization studies of the area. The set of
studies shows that copper, molybdenum, and gold are in the center of the region and consistent with
granodiorite outcrops. These areas in the geological map and in field studies are also consistent with
porphyry copper mineralization in the location of veins and veinlets of type (A, B, D) and alteration (phyllic,
potassic, and propylitic). The total copper content of the samples in the area has shown changes between a
minimum of 150 and a maximum of 2860 ppm. Geo-electric surveying in the study area has been carried out
in two different phases and by two methods: electrical sounding using a Schlumberger electrode array and
electrical tomography using a pole-dipole electrical array. In this area, 400 geoelectric soundings and 6000
electrical tomography sampling points were also carried out. Three-dimensional fence and block models of
specific resistance have been prepared for different parts of the study area. As the amount of magnetite in
Chah Firozeh is not very high compared to some other porphyries, and this has led to the discovery test using
magnetometry in the southern part of this deposit not being very successful. Two wells 6 and 10 have the
highest copper grades among the holes in the southern part. Also, the dominant alteration in the area between
these two holes is potassic alteration. Considering these two phenomena, it was expected that the highest
magnetic field intensity would be in this area.

In this study, by comprehensively and completely integrating all studies conducted in the Chah Firouzeh,
including of petrology and magma geochemistry, mineralization and the mechanism of action of hydrothermal
fluids, geochemical and geophysical explorations, the Chah Firouzeh deposit is finally modeled.

Conclusions

The Chah Firuzeh copper deposit is located in the southern part of the Urmia-Dokhtar magmatic arc and
within the Kerman copper metallogenic belt. The petrological features, alteration patterns, mineralization
type, and structural evidence indicate that this deposit is similar in many respects to the classic porphyry
copper systems in southeastern Iran. The development of potassic, phyllic, and propylitic alteration, along
with the presence of sulfide veins and veinlets, indicates the effective role of magmatic fluids in different
stages of the evolution of the mineralizing system. The mineralographic results indicate that the primary
mineralization mainly consisted of chalcopyrite, pyrite, and magnetite, and this mineral complex has
undergone secondary alteration and enrichment due to supergene processes. The presence of secondary
minerals resulting from oxidation and replacement indicates the effect of weathering processes and meteoric
fluid circulation on the redistribution of metallic elements and the enhancement of the grade of parts of the
reservoir. One of the most important findings of this study is the controlling role of geological structures in
the concentration of mineralization. The Chah Firuzeh fault and the associated fracture system act as the
main transport routes for hydrothermal fluids, and the concentration of alteration and mineralization zones is
observed in the vicinity of these structures. The increased density of mineralized veins and veinlets at the
intersection of fractures also indicates that these areas, due to their higher permeability, have provided more
favorable conditions for the deposition of copper sulfides. Therefore, structural control can be considered
one of the most important factors affecting the evolution of the Chah Firuzeh mineralization system. The
integration of geochemical and geophysical exploration results also confirms the continuation of
mineralization at depth. The results of IP-RS data modeling indicate the existence of areas with high
recharge potential in different parts of the area, which are consistent with known alteration and
mineralization zones. This indicates that the exploration potential of the area is not limited to surface
outcrops and that reserves can be expected to continue at depth. All geological, mineralogy, geochemical,
geophysical, and structural analysis evidence indicate that the Chah Firuzeh deposit is a porphyry copper
system related to calc-alkaline magmatic activities associated with the Neotethys subduction. Understanding
the relationship between geological structures and mineralization concentration, in addition to explaining the
genetic model of the reserve, can be used as an effective guide in designing future exploration programs in
the Chah Firuzeh area and other parts of the Kerman Copper Belt.
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Fig (1): (a) Base map - location of Chah-e Firouzeh well on the lithotectonic zone map of Iran (Stocklin, 1974).

(b) Northern part of Chah-e Firouzeh. (c) Southern part of Chah-e Firouzeh. In both the northern and
southern sections, evidences of extraction and exploitation activities is visible in the area.
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Fig (5): Genetic characteristics of the Chah Firouzeh porphyry magmas (Mohamadzadeh, 2008): (a) magmatic
series of Chah Firouzeh on the diagram of Peccerillo & Taylor (1976); (b) magma saturation level of the
region; (c and d) tectonic setting of the region on the diagrams of Pearce et al. (1984); (e) chondrite-normalized
trace element distribution patterns for the intrusive bodies of the region; (f) adakitic affinity of the intrusive
bodies on the diagram of Kepezhinskas et al. (1997).
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Fig (6): (a) Outcrop view of the porphyry body containing primary pyrite—chalcopyrite along with malachite
and chrysocolla; (b) iron oxides and hydroxides, malachite, and chrysocolla in the Chah Firouzeh porphyry;
(c) View of the andesites in the area at the entrance of an old excavation pit at the deposit site; (d) View of
Eocene andesites with propylitic alteration; (e) Replacement of plagioclase phenocrysts by malachite and
chrysocolla in the Chah Firouzeh porphyry body.
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Fig (7): Photomicrographs of (a) alkali feldspar and plagioclase phenocrysts in a quartz—feldspar groundmass.
Feldspars are partially sericitized, and some phenocrysts have been replaced by calcite; (b) Unaltered dioritic

body containing hornblende and plagioclase crystals, showing no evidence of alteration. Plg: plagioclase; Hor:
hornblende.
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Fig(8): (a) Biotitic alteration and replacement of hornblende phenocrysts by secondary biotite in Chah
Firouzeh andesite porphyry; (b) Primary biotite and plagioclase phenocrysts in Chah Firouzeh diorite
porphyry; (c and d) Biotitization of primary rock-forming minerals along with plagioclase phenocrysts and
epidote; (e) Phyllic overprint on the potassic alteration zone and sericitization in Chah Firouzeh porphyry; (f)
Propylitic alteration in Chah Firouzeh, where coarse phenocrysts have been completely replaced by chlorite;

(g) D-type quartz veins containing chalcopyrite and pyrite mineralization in Chah Firouzeh porphyry; (h)
Chalcopyrite and pyrite ores in Chah Firouzeh porphyry; (i) Chalcopyrite, euhedral pyrite, and molybdenite
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in the Chah Firouzeh deposit. Plg: plagioclase; Bi: biotite; S-Bi: secondary biotite; Ep: epidote; Ser: sricite;
Chl: chlorite; Cal: calcite; Ccp: chalcopyrite; Moly: molybdenite; Py: pyrite.
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Table 1. Paragenetic sequence of minerals in the Chah Firouzeh deposit (Bumeri et al., 2019).

Early Hypogene stage Late Supergene
stage

Minerals Potassic Phyllic Propylitic Argillic

Quartz

Pyrite
Chalcopyrite
Molybdenite _—

Bornite —

Magnetite

Biotite

Sericite

Chlorite

Clay Minerals

Hematite

Malachite

Azorite

Iron hydroxide

Yy



Study of Geology, Mineralization and Model of Chah ... Hassanpour et al.

o L oy SIS (il Lo gSI g (2] 50 (€) € 039 ;8 ol HlodilS dhaflo )0 oy 9 o oSIL (b g 2) :(A) Y&
Ayl ol g0 4 oy oIS 51 (o0 polie (Jg ool (riiiley CamgSIL aliwg 4 oy oIy guai’ (] 50 (d) el
05978 ol 688 o YLl 53 il 3,165 I 59 Sl (slaanS, (f g €) ool ouilo (SL aatio 43 32

Fig (9): (a, b) Chalcopyrite and pyrite in polished sections from the Chah Firouzeh ore zone; (¢) Chalcocite
replacing chalcopyrite; (d) Partial replacement of chalcopyrite by chalcocite, with minor remnants of primary
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fine-grained chalcopyrite; (e, f) Quartz—sulfide stockwork veins in the Chah Firouzeh porphyry copper

deposit. Ccp: chalcopyrite; Py: pyrite; Cct: Chalcocite
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Figure (10). Results of oxygen-hydrogen and sulfur stable isotope studies in the Chah Firouzeh deposit: (a)
Sulfur isotope composition range for sulfide samples from the Chah Firouzeh deposit, shown on the diagram
of Hoefs (2009); (b) 5'®0 isotope range for vein calcites in the Chah Firouzeh copper deposit; (c) Comparison
of sulfur isotope data from the Chah Firouzeh deposit with those of other world-class porphyry copper
deposits (Mohamadzadeh, 1995).
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Figure (11). (a) Geochemical distribution map of copper and extraction of its anomalies using normalized
data; (b) Geochemical distribution map of molybdenum and extraction of its anomalies using normalized data;
(c) Proposed area for further studies based on geochemical exploration results in the Chah Firouzeh deposit.
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Fig (12): Total magnetic intensity map of the southern part of the Chah Firouzeh exploration area (NICICO, 2008).
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Fig (14): (a) Chargeability and apparent resistivity pseudosections along section PD-1; (b) Chargeability and
apparent resistivity pseudosections along section PD-2 in the Chah Firouzeh area (NICICO, 2008).
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