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Fig. 1. Distribution of Cu porphyry deposits in Dehaje-Sarduiyeh zone and location of Chahfiruzeh ore deposit (Asadi
et al., 2014). Ore deposit abbreviations are: SCP: Sarcheshmeh, SKP: Sar Kuh, ABP: Abdar, DAP: Dar Alu, DZP:
Darreh Zar, MP: Meiduk, PAP: Parkam, REP: Reagan, ARP: Archandor, SDP: Saridune, GKP: God-e-Kolvary, 1JP:
Iju, KDP: Kader, KPP: Kuh-e-Panj, LZP: Lalleh Zar, NP: Now Chun, RAMP: Razi Abad-Madin, SNP: Serenu. Fault
abbreviations are: DF: Dehshir, RF: Rafsanjan, NBF: Nain-Baft, SBF: Sarbizan, NF: Nayband, SVF: Sarvestan
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Fig. 2. Geological map of northern part of Chahfiruzeh deposit (Modified from Adeli Sarcheshmeh et al., 2009). The
numbers on the map are number of study boreholes.
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Table 1. XRF Analysis of igneous rocks for major elements in terms of wt.% from the northern part of the Chahfiruzeh
porphyry Cu deposit.

Samples  57-511 80-436 80-451 91-188 75-192 57-98

SiO: 60.69 52.37 55.9 63.11 59.03 60.29
ALO; 17.76 17.75 18.79 20.4 16.66 18.15
Fe203 6.24 9.27 8.1 4.5 7.53 6.08

CaO 4.13 5.8 3.96 1.22 5.92 5.67
Na.O 1.51 2.29 1.49 1.75 2.75 1.86

K>O 3.79 2.74 4.27 3.7 3.49 3.34
MgO 3.08 4.22 3.56 3.06 2.56 2.62

TiO2 0.61 0.76 0.67 0.53 0.66 0.56
P20s 0.32 0.3 0.34 - 0.35 0.27

SOs 1.66 3.49 4.23 3.22 0.81 0.94

Total 99.79 99 101.31 101.49 99.76 99.78
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and B: On the diagram of Peccerillo and Taylor (1976)



9“ W)L....,IS gww&b;éﬁwuglshwu& R (\VQ/\ ‘_JL.J)\ e)Lo..'f.‘ AR A.L‘>

= ;3 Al yNa, K, Ca, Mg, Fe ICP-OES s, L o55,dolz ,luils ot iy 50 bbSindlS o3 5 ol yolic (puens Y gi

Table 2. ICP-OES Analysis of major and minor elements of ores from northern part of the Chahfiruzeh. Na, K, Ca, Mg,
Fe and Al are in terms of wt.% and other elements are in terms of ppm.

samples 57-624  60-380 71-563  73-140  80-436  75-569 64-342  63-336

Ag <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1

Na 0.6 1.2 1.8 1.8 0.7 0.8 1 1.4

K 2 1.5 1.7 1.2 1.2 1.5 1.7 1.4

Ca 1.2 1.3 1 1.3 0.8 1.2 1.1 1.1
Mg 1.4 1.5 1 1.7 1.5 1.5 1.6 1.7

Cu 2412 5550 5190 436 492 1633 1594 1322
Mo 3 5 1 1 2 3 1 1

Pb 9 36 135 40 5 5 21 10

Zn 45 41 28 39 32 25 34 30

Fe 2.7 5.5 2.8 3.5 5.1 3.8 4.9 4.1

Al 3.7 4.4 4 43 3.6 3.8 3.8 3.7

Co 26 16 18 15 13 26 18 21

Cr 44 48 53 31 40 45 47 61

samples 91-667  70-139  74-383  43-437 70-657 64-543  73-449  79-493

Ag <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1

Na 0.9 0.1 1.5 0.9 0.3 0.1 0.9 1.1

K 1.4 2.1 1.7 2 1.8 24 1.4 1.5

Ca 1.2 0.6 0.7 1.5 1.2 0.5 0.8 1.5

Mg 1.7 0.8 1 1.9 2.6 2.2 24 24

Cu 428 2760 4038 6205 567 7359 454 1709

Mo 2 7 32 448 41 1 1 1

Pb 18 49 41 17 5 5 70 13

Zn 23 60 44 78 34 25 35 123

Fe 3.8 2.5 24 3.4 4.6 3.7 5.2 43

Al 3.9 2.8 3.9 4.8 4.5 5.2 4.8 5.5

Co 16 14 15 13 19 15 21 26

Cr 92 38 42 43 63 70 30 42

samples 91-510  73-531  75-422  56-608 64-337 56-207 80-503 57-158  56-559

Ag <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Na 0.8 0.6 0.7 0.7 0.8 1.2 0.6 0.9 1.3
K 0.7 1.3 1.1 1.1 1.8 1.4 0.6 1 1.7
Ca 0.9 0.8 1.1 1.1 0.9 1 0.8 1.3 1.2
Mg 0.6 23 1.9 1.3 2 2 1 1.5 1.5
Cu 36 1048 896 1357 1279 1216 1569 1458 1612
Mo 11 12 2 1 5 5 2 2 3
Pb 5 11 7 5 7 6 15 44 10
Zn 34 36 29 38 47 55 39 19 32
Fe 4.1 4.5 4.7 3.9 4.5 54 3.8 3.9 4.9
Al 2.9 4.1 4.2 3.5 3.5 43 2.7 3.7 3.7
Co 14 21 15 15 13 19 19 18 14

Cr 57 51 45 39 74 38 45 35 36
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Fig. 4. Photograohs from northern part of the Chahfiruzeh ore deposit A: A hand specimen from the granodiorite
porphyry, and B: the granodiorite with a porphyritic texture containing plagioclase and biotite as phenocrysts (Crossed
polarized light). Bt: biotite, Pl: plagioclase, Qz: quartz, Ttn: sphene or titanite, Abbreviations after Whitney and Evans
(2010)
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Fig. 5. Microphotographs of diorite from northern part of the Chahfiruzeh ore deposit, A: formation of fine-grained
biotites is an evidence of potassic alteration in the diorite, and B: the diorite with a porphyry texture containing
plagioclase and hornblende (Crossed polarized light). P1: plagioclase, Hbl: hornblende, Abbreviations after Whitney and

Evans (2010)
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Fig. 6. A: A hand specimen from a quartzdiorite from northern part of the Chahfiruzeh ore deposit, and B: the
quartzdiorite with porphyry texture contains plagioclase and biotite (Crossed polarized light). The fined-grained biotites
were formed by alteration. Bt: biotite, Pl: plagioclase, Abbreviations after Whitney and Evans (2010)
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Fig. 7. A hand specimen from andesite from northern part of the Chahfiruzeh ore deposit. Bt: biotite, P1: plagioclase,
Hbl: hornblende, Abbreviations after Whitney and Evans (2010)
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Fig. 8. A: A hand specimen from the dacite in northern part of the Chahfiruzeh ore deposit, and B: the dacite with a
porphyry texture contains plagioclase phenocrysts and quartz (Crossed polarized light). Qz: quartz, Pl: plagioclase,

Abbreviations after Whitney and Evans (2010)
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Fig. 9. Microphotographs of the opaque minerals in reflected light from northern part of the Chahfiruzeh ore deposit, A:
early pyrite, B: late pyrite veinlets, C: disseminated chalcopyrite associated with molybdenite, and D: magnetite
formation adjacent to chalcopyrite in the study area. Py: pyrite, Ccp: chalcopyrite, Mol: molybdenite, Mag: magnetite,

Abbreviations after Whitney and Evans (2010)
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Fig. 10. Mineralized quartz veinlets types in northern part of the Chahfiruzeh porphyry copper deposit, A: chlorite +
pyrite veinlet with a sericitic halo, B: chlorite + quartz veinlet, C: chlorite + pyrite veinlet with a sericitic halo, D:
microphotograph of pyrite + chalcopyrite + quartz veinlet in reflected light, E: veinlet of pyrite + chalcopyrite + quartz,
F: quartz veinlets containing magnetite, G: veinlet of pyrite, H: chalcopyrite veinlet, and I: microphotograph of
chalcopyrite + bornite + quartz veinlet in reflected light. Py: pyrite, Ccp: chalcopyrite, Bn: bornite, Chl: chlorite, Ser:
sericite, Qz: quartz, Abbreviations after Whitney and Evans (2010)
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Paragenetic sequence of northern part of the Chahfiruzeh porphyry copper deposit
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Table 3. XRD results of samples from the various alteration zones in northern part of the Chahfiruzeh ore deposit

CHF-43-335

CHF-57-642

CHF-63- 240

CHF-69-612

CHF-70-484

CHF-70-645

CHF-91-342

CHF-79-490

quartz + magnetite + clinochlore + biotite + kaolinite + albite

quartz + andesine + clinochlore + biotite + calcite + kaolinite+ illite + albite

quartz + andesine + clinochlore + calcite + dickite + muscovite + biotite

quartz + dickite + albite + clinochlore + pyrite + albite + biotite + muscovite

quartz + albite + dickite + calcite + clinochlore + orthociase + muscovite

quartz + clinochlore + albite + calcite + dickite + montmorillonite + biotite

quartz + albite + clinochlore + dickite + calcite + biotite + labradorite + muscovite

quartz + clinochlore + andesine + muscovite + biotite + albite
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Fig. 12. Microscopic photographs under crossed polarized light from northern part of the Chahfiruzeh ore deposit, A:

fine-grained biotites in groundmass indicate potassic alteration, and B: epidote and calcite are typical of propylitic
alteration
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Fig. 13. Macroscopic and microscopic photographs of phyllic alteration from northern part of the Chafiruzeh deposit,
A: a hand specimen from phyllic alteration and quartz and sulfide veinlets, B: microphotographs of sericitized
groundmass and sericitized amphibole crystals, and C: microphotographs of sericitization of igneous rocks (Crossed
polarized light). Hbl: hornblende, Zrn: zircon, Abbreviations after Whitney and Evans (2010)
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Fig. 14. Argillic alteration in northern part of the Chahfiruzeh deposit A: clay minerals in outcrops above mineralized

zone, and B: outcrops that were strongly altered to clay minerals by supergene processes. The reddish color was caused
by iron hydroxide contamination.
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Introduction

The Chahfiruzeh porphyry copper deposit is
located at 35 Km northwest of Shar-e-Babak in
Dehaj—Sarduieh part of the Urumieh- Dokhtar
magmatic arc (UDMA). The world class porphyry
Cu deposits, such as Sarcheshmeh, Meiduk,
Sungun and several other Cu-porphyry in the
UDMA have been  numerously studied, for
example: Boomeri, et al., (2009, 2010), and Asadi
et al., (2014). The Chahfiruzeh Cu porphyry is
divided into two parts of the southern and
northern deposits. The southern deposit was
studied by Hezarkhani (2006), and Sheikhzadeh et
al., (2011). This paper studies the northern part to
distinguish mineralized rock units, alteration
types, mineralization style, ore mineralogy and
geochemical characteristics.

Geology

Geology of the northern part of the Chahfiruzeh
area consists of upper Cretaceous-Eocene
andesitic lava, pyroclastic and volcanoclastic
rocks that have been intruded by Oligo-Miocene
intermediate  stocks and dikes (Dimitrijevic,
1973). Neogene rocks in the area are mainly
alkali basalt to dacitic domes and Quaternary
alluvium deposits.

Method and material

During the field studies more than 100 samples
were taken from the boreholes and outcrops.
Among them 25 thin sections and 39 polished
sections were studied by microscopic methods, 6
samples from the alteration zones, 8 samples from

the less altered rocks and 25 samples from the
mineralized rocks were examined and analyzed by
XRD, XRF and ICP-OES, respectively. The
analyses and XRD data are presented in Tables 1,
2 and 4.

Result and discussion

Petrography

The igneous rocks in the northern part occur as
extrusive and intrusive. The extrusive rocks are
dacite and andesite and intrusive rocks are diorite,
granodiorite and quartzdiorite. They are porphyry
in texture and high-K calc-alkaline in magmatic
series. The main mineral in all rocks is plagioclase
that has variable size, shape and texture. K-
feldespar, amphibole, biotite and quartz are other
primary minerals in the study rocks. Biotite,
quartz, and K-feldspar occur also as secondary
minerals that are associated with chlorite, sericite,
clays minerals and sulfide and oxide minerals.

Mineralization

Mineralization can be usually divided into the two
hypogene and supergen types. The hypogene
mineralization occurs mainly as silicic veinlets
and disseminated in the intrusive porphyries and
volcanic rocks. The silicic veins are in eleven
types as follows: 1) quartz + chlorite + pyrite, 2)
quartz + chlorite , 3) quartz + pyrite , 4) quartz , 5)
chlorite , 6) pyrite + chalcopyrite + quartz , 7)
quartz + magnetite , 8) pyrite , 9), chalcopyrite ,
10) quartz + chalcopyrite + bornite, 11)
molybdenite. The hypogene sulfides are pyrite,
chalcopyrite, bornite and molybdenite that are

*Corresponding authors Email: boomeri@science.usb.ac.ir
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associated with magnetite, hematite and ilmenite.
The pyrites and chalcopyrites occur in all parts of
the mineralized area from the surface to the depth
while molybdenites and bornites occur only in the
deep depths. The supergene mineralization occurs
as small outcrops of iron oxide and hydroxide,
copper carbonate and clay minerals.

Alteration

The alteration zones in the mineralized area are
potassic, propylitic, phyllic and argillic. The main
alteration is potassic that is characterized by
biotite, sericite and chlorite and numerous sulfide-
bearing silicic veinlets with or without orthoclase
and magnetite. The orthoclase is probably present
as anhedral in some parts and around the
plagioclase. The hydrothermal biotites are fine
and thin in shape and occur in groundmass.
Magmatic biotites are also present as euhedral to
subhedral grains. The propylitic alteration
observes only in the surface as an outer zone and
characterized mainly by chlorite and epidote.
Calcite and clay minerals are other minerals of
this zone while sulfides are rare. The phyllic
alteration zone is characterized by a higher
proportion of sericite, quartz veins and pyrite than
the potassic alteration in the marginal parts of the
mineralized area. The argillic alteration zone
occurs locally in shallow depths. Based on XRD
analyses, each one of the clay minerals such as
kaolinite, montmorillonite, illite and dickite, are
dominant in some samples.

The alteration map of the northern part is
presented in Fig.15 for two depths of 10 and 400
meters. The potassic alteration is the main
alteration type in both levels. In level 10, the inner
potassic alteration is surrounded by phyllic and
outer propylitic alteration, while in level 400, the
inner potassic alteration is only associated with
the local phyllic alteration. Distribution of copper
and molybdenum in different boreholes indicate
that mineralization has occurred mainly in the
potassic and phyllic alteration zones (Fig. 16).
The copper shows similar contents from shallow

to deeper depths while Mo contents are higher in
the depths of more than 500 meters (Fig. 16).

The following features show that the northern part
of Chahfiruzeh ore deposit is a porphyry Cu-type
ore deposit: style, grade, size and shape of the
mineralization, alteration types, associated calc-
alkaline intrusive porphyries and the tectonic
setting.
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