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Fig. 1. Geological map of the studied area A: location of Zafarghand deposit in 1:100000 map of Ardestan (Radfar,

1998), and B: geological map of Zafarghand copper deposit (Aminoroayaei Yamini, et al., 2016a). The study area is
mainly composed of Eocene volcanic rocks, which were intruded by a Miocene granodiorite suite.
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replaced by bornite, and D: Amphibole replaced by chalcopyrite, covellite and molybdenite in Zafarghand copper
deposit (Aminoroayaei Yamini, et al., 2016b). Py= Pyrite, Bt= Biotite, Bn= Bornite, Am= Amphibole, Ccp=
chalcopyrite, Cv= Covellite, Mo= Molybdenite. Abbreviations after Kretz (1983)
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Table 1. Schematic representation and interpretation of the various micro-textures observed in plagioclase of

Zafarghand
Description Texture Interpretation Granodiorite Dacitic dyke Rhyodacite
Oscillatory-zoned Convection driven physical-chemical M ” A

perturbation at the crystal-melt interface

Coarsely sieved T2 2a2 Dissolution by varying rate of adiabatic decompresson T Vi A
of H20-undersaturated magma
Resorption core T Intense and prolonged dissolution while reacting with M T m
more primitive magma

Synneusis Tl = Turbulent magmatic state related convection " " A

Swallow-tail T5 Rapid growth due to undercooling T A M
may be related to eruption process

Microlites Tel Dl] 1:1::' Degassing or water exsolution driven undercooling A M A
= V4 may be related to eruption process

Broken crystal T7 Decompression related forcefull aerial eruption ” T M

Notes: M>20%, 20%> m >1%, T<1%; A = absent
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Fig. 3. A: altered plagioclase phenocryst displaying significant oscillatory textures (T1) hosted in the granodiorite of
Zafarghand, B: synneusis texture (T4) in granodiorite porphyry, C: euhedral medium-grained plagioclase phenocryst
showing resorbed core (RC) in granodiorite, D: Plagioclase showing swallow-tail texture (thick arrow) (T5) with
resorption surfaces in rhyodacite, and E: broken plagioclase phenocryst (T7) in rhyodacites of Zafarghand deposit
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Table 2. Representative EPMA of chemical composition (wt%) and calculated formula of plagioclase in granodiorites,

at the Zafarghand area
Sample 96ZA -1B 82ZA-3C-1-7
Position  Core 1B-5 1B-6 1B-7 Rim Core 3C-3 3C4 3C-5 3C-6 Rim
SiO 61.3 56.5 54.3 53.7 61.9 68.3 69.1 68.6 672 66.5 68.1
TiO, 0.03 0.02 0.07 0.13 0.01 0 0 0 0 0 0
AlLO3 22.3 27.1 27.8 28.4 23.1 20.2 19.9 20.1 20.7 20.6 203
Cr0; 0.01 0.02 0.02 0 0.01
FeO 0.25 0.21 1.01 0.86 0.22 0.03 0.04 0.04 0.11 0.05  0.09
MnO 0.04 0 0 0 0 0 0 0 0 0 0.02
MgO 0 0 0.01 0.02 0.02 0 0 0 0.04 0.02  0.02
CaO 4.99 9.23 10.64 954 4.94 049  0.15 0.46 0.45 029 031
BaO 0 0 0 0 0 0 0 0.01 0 0.01 0
Na,O 7.9 5.86 5.23 4.81 8.33 1145 114 1134 1098 11.19 1141
K>O 1.32 0.35 0.25 0.36 0.73 0.08  0.09 0.12 0.45 022 022
sum 98.1 99.3 99.4 97.9 99.3 100.5 100.7 100.6  99.9 98.8  100.5
Structural formula calculated based on 8 oxygen atoms
Si 2.33 2.14 2.07 2.07 2.33 2.5 2.53 2.51 2.48 2.47 2.5
Ti 0 0 0 0 0 0 0 0 0 0 0
Al 1 1.21 1.25 1.29 1.02 087  0.86 0.87 0.9 0.91 0.88
Cr 0 0 0 0 0
Fe* 0.87 0.86 0.87 0.88 0.86 0.84  0.83 0.84 0.84 085 0.84
Fe** 0.01 0.01 0.03 0.03 0.01 0 0 0 0 0 0
Mn 0 0 0 0 0 0 0 0 0 0 0
Mg 0 0 0 0 0 0 0 0 0 0 0
Ca 0.2 0.37 0.43 0.39 0.2 0.02  0.01 0.02 0.02 0.01 0.01
Ba 0 0 0 0 0 0 0 0 0 0 0
Na 0.58 0.43 0.39 0.36 0.61 0.81 0.81 0.81 0.79 0.81 0.81
K 0.06 0.02 0.01 0.02 0.04 0 0 0.01 0.02 0.01 0.01
An 2392 4557 52.14 S51.13  23.65 229 074 217 2.17 1.4 1.45
Ab 68.6 52.4 46.4 46.6 72.2 97.3 98.8 97.1 95.3 97.3 97.3
Or 7.51 2.05 1.44 2.28 4.17 0.45 0.5 0.69 2.57 1.28 1.26
Siig;;Al 4.2 421 4.19 4.23 421 421 4.22 421 4.22 4.23 4.22
CaJ;\IaJr 0.85 0.82 0.83 0.77 0.84 0.84  0.82 0.83 0.83 0.83 0.83
Total 5.06 5.04 5.06 5.03 5.05 505  5.03 5.04 5.05 506  5.05
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Table 3. Representative EPMA of chemical composition (wt%) and calculated formula of plagioclases in andesitic
dykes and rhyodacites, at the Zafarghand district

Sample 98ZA -223-225 98ZA -226-Mic 102ZA -38-40

Position Core inner Rim Rim Core inner Rim  Rim Core
SiO; 49.05 48.13 48.2 57.05 61.31 57.54 5997
TiO; 0.05 0.01 0.04 0.2 0.02 0 0.05
Al O3 31.92 32.39 32.49 25.49 24.27 2549 24.06
Cr,03 0 0 0 0 0 0 0
FeO 0.83 0.7 0.74 0.91 0.15 0.05 0.13
MnO 0.03 0.01 0.02 0.03 0 0 0
MgO 0.09 0.1 0.11 0.06 0.01 0.02 0
CaO 15.54 16.37 15.65 9.27 5.91 7.69 5.9
BaO 0 0 0 0 0 0 0
Na,O 2.36 1.94 2.34 5.28 7.55 6.66 7.6
K>,O 0.11 0.09 0.14 0.53 0.6 0.39 0.49
SUM 99.98 99.74 99.73 98.82 99.82 97.84 98.2

Structural formula calculated based on 8 oxygen atoms

Si 1.88 1.85 1.85 2.17 2.29 2.2 2.27
Ti 0 0 0 0.01 0 0 0
Al 1.44 1.47 1.47 1.14 1.07 1.15 1.08
Cr 0 0 0 0 0 0 0
Fe* 0.87 0.88 0.88 0.87 0.85 0.87 0.87
Fe** 0.03 0.02 0.02 0.03 0 0 0
Mn 0 0 0 0 0 0 0
Mg 0.01 0.01 0.01 0 0 0 0
Ca 0.64 0.67 0.64 0.38 0.24 0.31 0.24
Ba 0 0 0 0 0 0 0
Na 0.18 0.14 0.17 0.39 0.55 0.49 0.56
K 0.01 0 0.01 0.03 0.03 0.02 0.02
An 77.98 81.91 78.05 47.65 29.11 38.07 29.14
Ab 21.39 17.54 21.13 49.13 67.39 59.62 68
Or 0.63 0.55 0.82 3.23 3.5 23 2.86
Si+Ti+Al
+Fe3= 4.2 4.2 4.2 4.19 4.22 4.22 4.22
Ca+Na+K  0.82 0.82 0.83 0.79 0.81 0.83 0.82

Total 5.05 5.05 5.06 5.02 5.03 05 504
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Fig. 4. A: andesitic dyke in the Zafarghand area, B: coarse sieve texture (T2) in andesitic dyke, and C: plagioclase
microlites (T6) in andesitic dyke
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Fig. 5. Core-to-rim EPMA compositional profiles for plagioclase crystal in granodiorite representative of oscillatory
zoning (T1), associated with Zafarghand area
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7) corresponding EPMA compositional profiles of An% and FeO wt.% for sample 82ZA-3C-1-7 in granodiorite is
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