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1. Introduction

Porphyry Cu+ Mo + Au systems are considered as the most

ABSTRACT

Parkam (Sara) and Abdar porphyry Cu deposits containing mainly dioritic and quartz dioritic
stocks are located in the southern part of Urumieh-Dokhtar Magmatic Belt (UDMB). In the Parkam
deposit, alterations such as potassic, potassic-phyllic, biotitic, phyllic, argillic and propylitic have
been identified, while Abdar deposit is characterized by the limited extent of potassic alteration
with widespread occurrence of phyllic alteration. The aim of this study is to characterize the phyllic
alteration using sericite and sulfide (i.e., pyrite and chalcopyrite) chemistry. In this way representative
phyllic alteration samples were analyzed using Electron Microprobe Analysis (EMPA). Results imply
for higher concentrations of Zn, Ag, Au, and as in the chalcopyrite samples (averages in wt. %; 0.07,
0.007, 0.012, and 0.043; respectively). Comparably, pyrite samples exhibit higher concentrations
of Re, Te, Co, and Mo (averages in wt. %; 0.01, 0.003, 0.09, 0.07; respectively. Among this, gold
concentration in the pyrite samples of studied deposits is analogous to those reported previously for
Meiduk porphyry Cu-Mo systems wherein gold occurs as inclusions, and/or nanoparticles (probably
as Au’ or Au-telluride). In the both deposits, fine-grained micas are K-rich. Additionally, sericite
samples exhibit an increasing trend of Si with Fe?*, Mg?", and AI** substitution in the octahedral sites
confirming the changes to celedontie - endmember. In accordance with other mineralized porphyry
systems (i.e., Copper Cliff and Copper Flat deposits), most of the data follow the trend of ideal
tschermak substitution occurring by the increasing of positive charges in the tetrahedral site of white

mica owing to the increasing of Si substitution.

arrangement of alteration assemblages, including

studied and potentially well-known ore deposit type. These
deposits supply most of the world’s Cu and Mo resources
(approximately ~80% Cu and ~95% Mo; Sillitoe, 2010).

Porphyry deposits are commonly centred within a distinctive

sodic-calcic, potassic, propylitic, chlorite-sericite with
early and late sericitic, and finally, near-surface advanced
argillic alterations. According to Seedorff et al. (2005) the

processes leading to alteration could be summarized as
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alkali exchange (potassic alteration), hydrolysis (sericitic,
advanced argillic and intermediate argillic), and volatile
addition (propylitic alteration).

In the phyllic alteration, the destruction of feldspars under
the acidic pH conditions and K, H*, and HS" availability
facilitates the formation of quartz, white mica, and up to
20% sulfide (e.g., pyrite and to lesser extent chalcopyrite;
Pirajno 2009). Notably, this alteration occurs next to the
mineralized potassic alteration (Richards, 2012).

In Iran most of the porphyry Cu deposits are localized
in the Urumieh —-Dokhtar Magmatic Belt (UDMB),
particularly to the southern parts which is called as
Kerman Cenozoic Magmatic Assemblage (KCMA;
Shafiei et al., 2009). During the recent years several studies
have been carried out for characterizing the main factors
controlling the metal fertility of porphyry Cu systems.
Considering the close association between potassic
alteration and sulfide mineralization, most of these studies
focused on the potassic alteration. Comparably, a little is
known about the criteria of phyllic alteration. Accordingly,
the aim of this study is to characterize the phyllic alteration
of Parkam and Abdar porphyry deposits using sericite
and sulfide (i.e., pyrite and chalcopyrite) chemistry.
Additionally, trace metal content of sulfides were used to
provide insight into the trace metal partitioning of sulfides

in the phyllic alteration of porphyry Cu deposits.

2. Geological Setting

Parkam (Sara) and Abdar porphyry Cu deposits containing
mainly dioritic and quartz dioritic stocks are located in
the southern part of Urumieh-Dokhtar Magmatic Belt
(UDMB). Both deposits are associated with collisional
magmatic system, where magma sourced from combined
contribution of juvenile lower crust melting and
melting of the subduction modified lithospheric mantle
(Asadi, 2018). In the Parkam deposit, alterations such as
potassic, potassic-phyllic, biotitic, phyllic, argillic and
propylitic have been identified, while Abdar deposit is
characterized by the limited extent of potassic alteration with
widespread occurrence of phyllic alteration. Comparison
of phyllic alteration in the studied deposits reveal that
the late-stage D-type veins containing quartz + pyrite +
chalcopyrite are dominant in the Abdar deposit, whereas the
phyllic alteration of Parkam deposit is characterized by the

dominance of anhydrite minerals. Sulfide ores containing

/ Zarasvandi et al. / G.S.J. 2023 , 33 (3): 139-158

pyrite and chalcopyrite occurred as dissemination and/or

veinlets within the phyllic alteration of both deposits.

3. Research Methodology

Sampling was carried out on the drill cores of Abdar
(borehole No: ABRO1 and ABR02) and Parkam (borehole
No: PAM 01 and PAM 04) at different depths. Polished
thin sections were prepared from 1-2 cm blocks for optical
microscopy and electron probe microanalyzer (EPMA)
studies. Wavelength-dispersive (WDS) EPMA analyses
of the samples were conducted at the Montanuniversitit
Leoben, Austria using the Jeol JXA 8200 instrument and
the following analytical conditions: 15 kV accelerating
voltage, 10 nA beam current and beam size set to spot
mode (of about 1pum). For analyzing the sericite minerals,
the calibration standards were natural adularia, atacamite,
rhodonite, titanite, fluorite, labradorite, wollastonite, and
olivine for F, Si, Al, Fe, Mg, Ti, Cl, Ba, and Mn. For sulfide
analyses including pyrite and chalcopyrite, the calibration
standards used were pyrite for Fe and S, chalcopyrite
for Cu, pentlandite for Ni, AuTe2 for Au and Te, Bi2Se3
for Se, CoAs3 for Co, GaAs for As, AgBiSe2 for Ag,
and ZnS for Zn. Moreover, the sulfides elemental maps
were obtained using wavelength-dispersive spectrometry
(WDS) X-ray mapping capability of the electron

probe microanalyzer.

4. Results

The results of EMPA analysis show that the white mica in
the phyllic alteration of both deposits mainly contain SiO,,
ALO,, and K,O. The average content of these elements
(wt. %) in the Parkam deposit include 46.8, 39.51, and
6.08 and for Abdar deposit include 52.15, 30.97, and 9.7.
Additionally, in the both deposits, fine-grained micas are
K-rich.

Results imply for higher concentrations of Zn, Ag, Au,
and as in the chalcopyrite samples (averages in wt. %; 0.07,
0.007, 0.012, and 0.043; respectively). Comparably, pyrite
samples exhibit higher concentrations of Re, Te, Co, and
Mo (averages in wt. %; 0.01,0.003, 0.09, 0.07; respectively.
Results of WDS elemental mappings confirmed that the Co
and as have not a uniform distribution, but comparably the
Hg shows a uniform distribution throughout the sulfide ores
(i.e., pyrite and chalcopyrite). Additionally, gold occurred

mostly as nanoparticles / inclusions.
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5. Discussion and Conclusions

Sericite analyses in the both deposits exhibit an increasing
trend of Si with Fe2+, Mg2+, and Al3+ substitution in the
octahedral sites confirming the changes to celedontie -
endmember. In accordance with other mineralized porphyry
systems (i.e., Copper Cliff and Copper Flat deposits), most
of the data follow the trend of ideal tschermak substitution
occurring by the increasing of positive charges in the
tetrahedral site of white mica owing to the increasing of Si
substitution. Results proved that there are variable ranges
of trace elements concentration in the sulfide samples
confirming the variation of trace metal partitioning in the

sulfide structure through the hydrothermal fluid evolution
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in the studied deposits. Moreover, gold concentration in
the pyrite samples of studied deposits is analogous to those
reported previously for Meiduk porphyry Cu-Mo systems
wherein gold occurs as inclusions, and/or nanoparticles

(probably as Au0 or Au-telluride).
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Figure 2. a) Type-D vein in the Abdar deposit (transmitted XPL light); b) Type-D vein in the Abdar deposit (reflected PPL light); ¢) Plagioclase phenocryst gives
way to sericite and calcite; d) First generation of pyrites in the Parkam deposit; e) First generation of pyrite in the Abdar deposit; f) Second generation of pyrites
in the Abdar deposit; g) Second generation of pyrites in the Parkam deposit; h) BSE image of Abdar ores, and (i) BSE image of Parkam ores. Pl: Plagioclase,
Ser: Sericite, Qtz: Quartz, Cal: Clacite, Py (I): First generation of pyrite, Py (II) second generation of pyrite, Po: Pyrrhotite, Cpy: Chalcopyrite, Ga: Galena, Mag:
Magnetite. Minerals abbreviations adopted from Whitney and Evans (2010).
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Table 1. Results of the EMPA analysis on the white micas of phyllic alteration in the Parkam porphyry Cu deposit (cations recalculated based on 11

oxygen atoms).

PAM | PAM | PAM | PAM | PAM | PAM | PAM | PAM | PAM PAM | Ave.white mica
SAmIe | vt | otmz | otv3 | o1 | o1mis | orme | oim7 | otms | ormo | oo *composition
Sio, 4548 | 47.95 | 4583 | 4455 | 4567 | 4762 | 49.03 | 4832 | 47.83 45.92 47.62
TiO, 036 | 0.09 b.d 0.71 0.05 0.18 0.08 | 0.06 0.1 0.08 0.18
ALO, | 3268 | 31.67 | 33.05 | 2998 | 3139 | 3247 | 3151 | 3204 | 3192 29.21 3272
FeO 271 1.85 1.71 49 2.14 1.48 1.41 1.07 1.02 2.71 1.96
MnO b.d bd bd 0.01 bd 0.03 bd 0.02 bd 0.03 0.01
MgO 0.93 131 0.68 | 307 | 287 1.55 1.88 137 1.23 438 175
Ca0 006 | 005 | 003 | 001 0.02 0.04 0.06 | 0.05 0.1 0.01 20.0
Na,0 038 | 031 0.41 0.4 0.38 0.41 0.41 0.33 032 037 0.38
K,0 586 | 576 | 612 | 718 | 6.1 6.38 5.7 5.78 5.64 6.27 9.77
BaO 025 | o1 012 | 029 | 015 037 018 | 021 0.17 0.18 nd
F 0.6 018 | 097 148 1.02 b.d 121 0.42 b.d 136 0.26
a 0.01 0.01 0.01 0.04 bd bd 0.01 0.01 bd 0.03 0.03
Fe,0, b.d b.d b.d b.d bd b.d b.d b.d b.d b.d n.d
Cr,0, b.d bd bd bd bd bd bd bd bd b.d n.d
Total | 89.06 | 89.22 | 8853 | 9198 | 8937 | 9054 | 9095 | 89.49 | 8832 89.96 95.02
Si 3183 | 3305 | 3213 | 3.123 | 3.193 3.25 3329 | 3313 | 3309 3.221 3.18
Ti 0.019 | 0.005 | bd | 0038 | 0003 | 0009 | 0004 | 0003 | 0.005 0.004 0.01
Al 2695 | 2573 | 273 | 2476 | 2587 | 2612 | 2521 | 2588 | 2.603 2.414 2.58
Cr b.d b.d b.d b.d bd b.d b.d b.d b.d b.d n.d
*Fe bd b.d bd bd bd bd bd bd bd b.d nd
*Fe 0.158 | 0.107 | 0.1 0287 | 0125 | 0085 | 008 | 0061 | 0.059 0.159 0.1
Mn b.d bd bd bd bd 0.002 bd | 0.001 bd 0.002 0.01
Mg 0.097 | 0.134 | 0071 | 0321 | 0299 | 0158 | 019 | 014 | 0.126 0.458 0.17
Ca 0.005 | 0.004 | 0002 | bd | 0001 | 0003 | 0004 | 0004 | 0.007 b.d 0.017
Na 0.052 | 0.042 | 0056 | 0055 | 0051 | 0055 | 0054 | 0.044 | 0.043 0.05 0.05
K 0.523 | 0507 | 0548 | 0.642 | 0545 | 0556 | 0494 | 0506 | 0.498 0.561 0.83
Ba 0.007 | 0.003 | 0.003 | 0008 | 0004 | 001 0.005 | 0.006 | 0.005 0.005 nd
c 0.001 | 0.001 | 0.001 | 0.005 | bd b.d 0.001 | 0.001 b.d 0.003 0.01
F 0132 | 004 | 0215 | 0328 | 0224 bd 026 | 0.09 bd 0.302 0.05
AV 0817 | 0.695 | 0.787 | 0.877 | 0807 | 0.75 0.671 | 0.687 | 0.691 0.779 0.81
A" 1878 | 1.878 | 1943 | 1599 | 1.78 1.862 185 | 1901 | 1912 1.635 176

.(Uribe-Mogollon and Maher, 2018) .zt s Copper CLff (s 5,5 e HLilS <SCs Slo £ 055 55 di slalSin o8 5 58000 5l 43 8 o8 st (60 S 5 o SL*

b.d= below detect

n.d= not detected

VFY



1OA= 1P :(F) PP 1 Fo P (o j pgle/l S g 53uguml ) j L ule/ ... slooslobu Sulid il S5 (99 43 gL § i sy jaur (5l LS o

(o 3l 33 dpmloes 05T 0511 Gls 1 05518 AT (b5 5 e 5Ll 53 SIS Slu s 035 93 b oSG 55 SN obiglS 55 ST ol =Y sl

Table 2. Results of the EMPA analysis on the white micas of phyllic alteration in the Abdar porphyry Cu deposit (cations recalculated based on 11

oxygen atoms)

AB AB AB AB AB AB AB AB AB AB Ave. white mica
Sl 4bol 4bo2 4bo3 4bo4 4bo5 4bo6 4bo7 4bo8 419 4111 composition*
SiO, 50.69 48.14 53.52 55.22 49.61 50.95 55.79 52.03 52.52 522 52.99
TiO, 0.18 0.04 0.02 0.02 0.06 0.05 0.03 0.13 b.d 0.05 0.40
ALO, 29.11 30.46 31.09 31.19 32.44 31.25 30.39 30.25 31.56 31.37 27.13
FeO 2.29 1.29 1.22 0.49 1.37 1.26 0.53 1.46 0.5 1.02 1.58
MnO 0.09 0.03 0.03 0.03 0.01 0.03 0.04 0.03 0.07 0.02 0.06
MgO 4.03 2.46 2.56 1.78 1.81 2.16 2.12 2.74 1.97 2.26 1.9
CaO 0.07 0.11 0.13 0.49 0.04 0.04 0.22 0.05 0.61 0.11 0.32
Na,O 0.08 0.06 0.06 0.03 0.09 0.12 0.05 0.05 0.05 0.05 0.65
K,0 10.45 10.15 9.78 8.43 10.75 10.69 8.51 10.15 7.98 9.77 8.87
BaO 0.11 0.14 0.01 0.08 b.d b.d b.d 0.27 0.24 0.12 .n.d
F 1.25 1.94 0.87 0.48 1.75 0.99 0.73 1.18 1.25 2.53 0.86
Cl b.d b.d b.d 0.01 b.d b.d b.d 0.01 b.d b.d 0.04
Fe,0, b.d b.d b.d b.d b.d b.d b.d b.d b.d b.d n.d
Cr,0, b.d b.d b.d b.d b.d b.d b.d b.d b.d b.d n.d
Total 97.81 94.02 98.93 98.06 97.19 97.13 98.1 97.85 96.23 98.44 98.8
Si 3.32 3.275 3.396 3.477 3.258 3.326 3.513 3.372 3.396 3.365 3.55
Ti 0.009 0.002 0.001 0.001 0.003 0.002 0.001 0.006 b.d 0.003 0.09
Al 2.247 2.442 2.325 2315 2.511 2.405 2.256 2311 2.405 2.384 2.07
*Fe b.d b.d b.d b.d b.d b.d b.d b.d b.d b.d n.d
*Fe 0.125 0.073 0.065 0.026 0.075 0.069 0.028 0.079 0.027 0.055 0.09
Mn 0.005 0.002 0.002 0.002 0.001 0.002 0.002 0.002 0.004 0.001 0.005
Mg 0.393 0.25 0.242 0.167 0.177 0.21 0.199 0.264 0.19 0.217 0.19
Ca 0.005 0.008 0.009 0.033 0.003 0.003 0.015 0.004 0.043 0.007 0.02
Na 0.01 0.008 0.007 0.004 0.011 0.015 0.006 0.006 0.007 0.007 0.08
K 0.873 0.881 0.792 0.677 0.901 0.891 0.684 0.839 0.658 0.803 0.75
Ba 0.003 0.004 b.d 0.002 b.d b.d b.d 0.007 0.006 0.003 nd
Cl b.d b.d b.d 0.001 b.d b.d b.d 0.001 b.d b.d 0.003
F 0.259 0.418 0.175 0.095 0.363 0.204 0.146 0.241 0.255 0.517 0.18

(Wallace and Maher, 2019) 1L s Copper Falt ¢ 5,5 s 5lils” ¢SS Sle 5 055 53 i (blSn 55 50k 51 48 5 0 &8 i (s oS 5 o S0L*

b.d =below detect

n.d =not detected
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Figure 3. a) Position of Abdar and Parkam muscovites on the Ca, Na, and K diagram (Miller et al., 1981); b) Classification of Abdar and

Parkam muscovites on the ASF (AL,O
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SiO,, and FeO) ternary plot (Maydagén et al., 2016).
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Table 3. Results of the EMPA analysis on the pyrite of phyllic alteration in the Abdar porphyry Cu deposit (values are in weight percent; wt. %).

Sample AB4-1p1 AB41p2 AB42p1 AB42p2 AB4-2p3 | AB4-2p4 Ave. pyrite
composition*
As 0.0571 0.0394 0.046 b.d 0.0559 0.0473 0.045
Te b.d b.d 0.0258 0.0064 b.d b.d 0.004
S 52.74 52.19 52.51 50.83 52.41 52.58 52.02
Fe 46.75 46.62 46.61 45.39 46.69 46.82 43.43
Cu b.d 0.0007 0.0095 0.0092 0.0276 0.0088 0.137
Se b.d b.d 0.003 b.d 0.0194 b.d 0.0005
Bi b.d b.d b.d b.d b.d b.d b.d
Re 0.0249 0.0186 b.d 0.0255 b.d b.d 0.003
Ni b.d b.d b.d b.d b.d b.d 0.011
Co 0.0907 0.0976 0.0701 0.0815 0.0989 0.0959 0.095
Ge b.d b.d b.d b.d b.d b.d b.d
Hg b.d b.d b.d 0.0036 b.d b.d 0.0006
Au b.d b.d 0.0107 b.d 0.0014 b.d 0.016
Zn b.d b.d b.d 0.0191 b.d b.d 0.001
Th b.d 0.003 b.d b.d b.d b.d b.d
Sb b.d b.d 0.0027 0.0114 b.d b.d 0.001
Ag b.d b.d b.d b.d 0.0099 0.002 0.0004
Pb b.d b.d b.d b.d b.d b.d b.d
Mo 0.7098 0.7111 0.7111 0.6847 0.7202 0.7132 0.69
Total 100.3725 99.6805 99.9989 97.0614 100.0333 | 100.2671 99.47
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Table 4. Results of the EMPA analysis on the pyrite of phyllic alteration in the Parkam porphyry

Cu deposit (values are in weight percent; wt. %)

Sample | PM11-2pl1 | PM11-2p2 PM11-1p1 PM11-1p2 Ave. pyrite
*composition
As 0.0359 0.0295 0.0358 0.0619 0.045
Te 0.0032 0.0004 b.d b.d 0.004
S 51.68 51.64 51.55 51.71 52.02
Fe 46.94 46.83 46.63 46.35 43.43
Cu b.d b.d 0.0057 0.0018 0.137
Se b.d b.d b.d 0.003 0.0005
Bi b.d b.d b.d b.d b.d
Re 0.0277 0.0002 0.0096 b.d 0.003
Ni b.d b.d b.d b.d 0.011
Co 0.103 0.0964 0.0886 0.1121 0.095
Ge b.d b.d b.d b.d b.d
Hg b.d b.d b.d 0.0125 0.0006
Au 0.0058 0.0223 0.0039 0.0102 0.016
Zn 0.0113 0.0001 b.d b.d 0.001
Th b.d b.d b.d 0.0027 b.d
Sb b.d b.d b.d b.d 0.001
Ag b.d b.d b.d b.d 0.0004
Pb b.d b.d b.d b.d b.d
Mo 7231.0 0.7293 0.731 0.722 0.69
Total 99.5301 99.3483 99.0547 98.9863 99.47
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Table 5. Results of the EMPA analysis on the pyrite and chalcopyrite of phyllic alteration in the

Parkam and Abdar porphyry Cu deposits (values are in weight percent; wt. %)

Sample PM11-1cpl AB4-1cpl AB4-1cp2 Ave. chalcopyrite
composition*
As 0.0467 0.0637 0.0202 0.036
Te 0.0025 0.0016 b.d 0.005
S 34.39 34.79 34.55 34.21
Fe 30.16 30.49 30.67 30.36
Cu 34.22 34.46 34.34 34.26
Se b.d b.d b.d b.d
Bi b.d b.d b.d b.d
Re 0.0078 b.d b.d 0.004
Ni b.d b.d b.d b.d
Co 0.0615 0.0553 0.0602 0.051
Ge b.d b.d b.d b.d
Hg b.d b.d b.d 0.005
Au b.d 0.0244 0.0227 0.007
Zn 0.0495 0.0778 0.1109 0.076
Th 0.002 b.d 0.0034 0.002
Sb b.d b.d b.d 0.002
Ag b.d 0.0221 b.d 0.0028
Pb b.d b.d b.d 0.003
Mo 0.5197 0.5107 0.5057 0.504
Total 99.4597 100.4955 100.2831 99.55
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Figure 6. BSE electron image and WDS elemental mappings of Cu, Co, Hg, As, S, Fe, Zn, and Au in the pyrite (Py) and chalcopyrite (Ccp) of the Abdar

deposit. White circles indicates areas of enrichment.
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