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Fig. 1. Geological map of the Dalli porphyry Cu—-Au deposit (Modified from Asadi Harouni, 2010)
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Fig. 3. A: Quartz ven associated with chalcopyrite, B, C: Analyzed amphiboles and desired points, D: Secondary biotite
replaced amphibole, E: plagioclase with zoning, and F: hematite and magnetite of the Dalli Porphyry Cu- Au deposit
(Qtz: quartz, Cpy: chalcopyrite, Amp: amphiboles, Plg: plagioclase, Bio: biotite, Hm: hematite, Mag: magnetite)

(Whitney and Evans, 2010)
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Table 1. EMPA analyses results of amphibole of the Dalli Porphyry Cu- Au deposit (Chemical composition and
structural formula of amphiboles based on 23 oxygen atoms)

Rock Name. Quartz Diorite Porphyry
Sample
No. Amp-1  Amp-2 Amp-3  Amp-4  Amp-5 Amp-6 Amp-7 Amp-8 Amp-9
SiO, 43.6 45.18 44.68 44.69 45.97 46.24 45.19 44.6 45.45
TiO, 2.21 1.84 1.96 1.74 1.86 1.78 1.78 1.83 1.85
Al,O3 10.81 9.61 9.66 9.53 9.06 8.77 9.18 9.78 9.48
FeO 15.64 14.7 15.13 13.98 13.92 14.87 15.15 15.34 14.57
MnO 0.49 0.52 0.46 0.52 0.53 0.5 0.45 0.5 0.49
MgO 11.26 12.73 12.34 13.15 13.3 12.82 12.39 12.2 12.57
CaO 10.93 10.7 10.86 11.13 10.95 10.87 10.7 10.82 10.95
Na,O 2.14 1.92 1.87 1.84 1.8 1.89 1.99 2.01 1.95
K,0 1.02 0.82 0.91 0.91 0.77 0.69 0.85 0.88 0.88
Ca 1.725 1.677 1.7 1.742 1.683 1.688 1.655 1.68 1.708
Ti 0.245 0.202 0.215 0.191 0.201 0.194 0.193 0.199 0.203
Na 0.611 0.545 0.53 0.521 0.5 0.531 0.557 0.565 0.55

Mg 2.473 2.776 2.687 2.863 2.843 2.77 2.667 2.635 2.728
Fe*? 1.278 1.107 1.108 0.943 0.597 1.196 0.521 0.722 1.195
AlY 16123 139152  1.47306 1.473 1.470 1.29 1.474 1.53 1.38
Al” 0.264 0.187 0.190 0.167 0.123 0.199 0.087 0.132 0.242

(Amp: amphibole)
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Table 1. (Continued). EMPA analyses results of amphibole of the Dalli Porphyry Cu- Au deposit (Chemical
composition and structural formula of amphiboles based on 23 oxygen atoms)

Rock Name. Quartz Diorite Porphyry

Sample Amp-  Amp-  Amp-  Amp- Amp- Amp-  Amp- Amp- Amp-  Amp-
No. 10 11 12 13 14 15 16 17 18 19
SiO; 44.88 45.85 45.79 46.92 47 45.95 46.36 44.59 4574 4486
TiO, 1.73 1.75 1.47 1.57 1.61 1.62 1.45 1.98 1.93 1.78

Al,O4 10.53 8.71 8.38 8.52 8.02 8.87 7.93 9.43 9.45 9.42
FeO 13.46 14.07 13.69 12.65 13.43 14.12 13.57 14.72 14.55 14.84
MnO 0.43 0.48 0.5 0.45 0.48 0.42 0.48 0.48 0.4 0.5

MgO 11.22 13.12 13.47 14.04 13.73 13.14 13.93 12.53 12.81 12.66
CaO 9.62 10.85 10.54 10.69 10.65 10.75 10.69 10.86 10.82 10.72
Na,O 1.63 1.94 1.85 1.64 1.77 1.77 1.84 1.95 1.92 2.02

KO 0.7 0.71 0.67 0.63 0.61 0.72 0.6 0.84 0.77 0.78
Na 0.471 0.542 0.527 0.454 0.491 0.5 0.521 0.555 0.53 0.56
Ti 0.194 0.19 0.163 0.169 0.173 0.178 0.159 0.219 0.207 0.191
Ca 1.536 1.675 1.66 1.636 1.633 1.68 1.673 1.708 1.652 1.643

Mg 2.493 2.818 2.952 2.989 2.928 2.857 3.033 2.742 2.721 2.699
Fe*” 0.877 0.488 0.988 0.249 0.309 1.063 0.94 1.113 0.38 0.032
AlY 1.312 1.393 1.267 1.298 1.275 1.299 1.230 1.453 1.482 1.584
Al" 0.53 0.086 0.184 0.135 0.076 0.225 0.134 0.177 0.105 0.003

(Amp: amphibole)

Js=8 5 Loy sloord S 5) (o 650855 b = JLdlS p Dy S 3958l (3510 5505 435 @l 2 Sy
(05T 518 bl 2 (5 b5

Table 2. EMPA analyses results of plagioclase of the Dalli Porphyry Cu- Au deposit (Chemical composition and
structural formula of amphiboles based on 8 oxygen atoms)

Rock Name. Quartz Diorite Porphyry

Sample No. plg-1 plg-2 plg-3 plg-4 plg-5
SiO, 59.25 55.7 56.66 58.42 59.01
TiO, 0 0.08 0 0.05 0.07
Al,O, 26.16 28.51 27.77 26.33 24.89
Fe,O3 0.24 0.28 0.24 0.23 0.22
CaO 7.53 10.11 9.26 7.74 6.92
Na,O 7.08 5.39 5.59 6.9 6.65

K,O 0.41 0.26 0.32 0.42 0.3

Al 1.368 1.506 1.466 1.387 1.33
Fe® 0.008 0.009 0.008 0.008 0.008
Ca 0.358 0.485 0.444 0.371 0.336
Na 0.609 0.468 0.517 0.598 0.584
K 0.023 0.015 0.018 0.024 0.017

Xan 0.36 0.50 0.45 0.37 0.35
Xab 0.61 0.48 0.52 0.60 0.62
Xor 0.023 0.015 0.018 0.024 0.018

(Plg: Plagioclase), (An: Anorthite), (Ab: Albite), (Or: Orthoclase)
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Fig. 7. A: P-T diagram (Ridolfi et al., 2010), B: H,One: —T diagram amphibole of the Dalli Porphyry Cu- Au deposit

(Ridolfi et al., 2010)
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Table 3. The results of the calculation of Geothermo-barometer and determination of the physical properties and
composition of amphibole crystals in the Dalli porphyry Cu- Au deposit.

Rock Name. Quartz Diorite Porphyry
Sample No. P, P, Ps P, T(°C) Ps(MPa) LogfO, ANNO H,0 e (%0)
Amp-1 5.48 5.7 4.45 5.9 899 287 -11.7 0.1 5.7
Amp-2 3.9 4.09 3.18 4.46 854 185 -11.9 0.8 5
Amp-3 4.4 4.6 3.56 4.9 858 189 -11.9 0.7 4.9
Amp-4 4.3 4.4 3.47 4.8 875 203 -11.4 0.9 4.9
Amp-5 3.7 3.8 3.01 4.2 851 177 -11.8 0.9 5.1
Amp-6 3.5 3.6 2.84 4 838 165 -12.2 0.8 5.2
Amp-7 4.45 4.03 2.88 4.4 851 187 -12.1 0.7 5
Amp-8 4.48 4.6 3.6 4.9 869 217 -11.8 0.6 5.3
Amp-9 4.2 4.3 3.39 4.7 864 212 -11.9 0.7 5.4
Amp-10 5.3 5.6 4.32 5.7 - - - - -
Amp-11 3.47 35 2.75 4 844 165 -12 0.9 5
Amp-12 3.37 34 2.67 3.84 833 154 -11.9 1.2 4.9
Amp-13 3.27 3.3 2.58 3.79 828 155 -11.9 1.3 5.4
Amp-14 2.87 2.8 2.25 3.42 818 138 -12.3 1.2 5
Amp-15 3.72 3.8 2.96 4.2 840 171 -12 1 5.3
Amp-16 2.92 2.9 2.29 3.45 826 136 -12 1.3 4.6
Amp-17 4.27 4.4 3.43 4.7 867 200 -11.8 0.7 5
Amp-18 4.06 4.2 3.2 4.54 855 195 -11.9 0.8 5.4
Amp-19 4.06 4.2 3.2 4.54 862 198 -11.8 0.8 5.1

P, (+3kbar) = —3.92 + 5.03 AI"!, (Hammarstrom and Zen, 1986), P, (+0.5kbar)= —3.46 + 4.23 Al (Hollister et al., 1987), P;
(+1kbar)=—4.76 + 5.64 Al", (Johnson and Rutherford, 1989), P, (+0.6kbar)=—3.01 + 4.76 AI'™, (Schmidt, 1992), T(°c)=—151.487 x
(Si + YAI/15-2 x MTi-SA12-11Ti/1.8 + Fe*¥/9 + Fe*?/3.3 + Mg/26 + BCa/5 + BNa/1.3 - “Na/15 + ~0/2.3) + 2041, (Ridolfi et al.,
2010)]; Ps (MPa)= 19.209 x e4%¥>Ale) (Ridolfi et al., 2010), Log fO,= —25018.7/(T + 273.15) + 12.981 + (0.046 x P x 10 —1)/(T +
273.15) + (—0.5117 x In(T + 273.15)) + ANNO], (O’Neill and Pownceby, 1993), (Hirschmann et al., 2008), ANNO=1.644 x (Mg +
Si/47 - FIAI/9 -1.3 x Ui + Fe™/3.7 + Fe*?+/5.2 — BCa/20 - “Na/2.8 + * /9.5), (Ridolfi et al., 2010)], H,Opmer (Wt.%)=5.215 x (Al
+ ¥AI/13.9 — (Si + ©Ti)/5 - CFe*?/3 - Mg/1.7 + (5Ca + * )/1.2 + “Na/2.7 — 1.56K — (Fe*?/(Fe*? + Mg))/1.6, (Ridolfi et al., 2010).
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Table 4. Calculation of pressure and temperature of the intrusions by combining the two methods of Geothermometry
(Holland and Blundy, 1994) and Geobarometery in the Dalli porphyry Cu- Au deposit (Anderson and Smith, 1995)

Sample No. mineral P(kbar) T(CC)
1 Amp-PI 4 777
2 Amp-PI 2.6 790
3 Amp-PI 2.5 830
4 Amp-PI 1.0 850
Average - 2.5 812

(1S S5 b = e Ll (o) 0095 51 5Dy = Syl (mialos (e 5 Jphol (i Lid (o gl B i
)| oola_wl l_:5 Wl_m) O3 9 ks?b_m)l_m_‘) o) uL....Jl;m LgL,_..c ).))L)}.Q.)MQGA ULAAJ ‘) )L.“BB Loo CJ‘)....:_) ojll...j g;) w;)l.e‘}

+Zewsl 00 w5 PET (Dachs, 2004) 15810 5

Fig. 8. The results of the geobarometer and the thermometer amphibole - plagioclase from intrusion of the Dalli
porphyry Cu- Au deposit, color shows temperature and pressure range. Calculations are based on Diagram of land
pressure thermometer and using application PET (Dachs, 2004) drawn.
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Fig. 9. A: Oxygen fugacity diagram based on the composition of the amphibole (Anderson and Smith, 1995), and

B: log f O2-T diagram (after Ridolfi et al. 2010)
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Introduction

The formation of porphyry copper deposits is
attributed to the shallow emplacement, and
subsequent cooling of the hydrothermal system of
porphyritic intrusive rocks (Titley and Bean,
1981). These deposits have usually been
developed along the chain of subduction-related
volcanic and calc-alkalin batholiths (Sillitoe,
2010). Nevertheless, it is now confirmed that
porphyry copper systems can also form in
collisional and post collisional  settings
(Zarasvandi et al., 2015b). Detailed studies on the
geochemical features of ore-hosting porphyry Cu-
Mo-Au intrusions indicate that they are generally
adakitic, water and sulfur- riched, and oxidized
(Wang et al., 2014). For example, high oxygen
fugacity of magma has decisive role in
transmission of copper and gold to the porphyry
systems as revealed in (Wang et al., 2014). In this
regard, the present work deals with the mineral
chemistry of amphibole and plagioclase in the
Dalli porphyry Cu-Au deposit. The data is used to
achieve the physical and chemical conditions of
magma and its impact on mineralization.
Moreover, the results of previous studies on the
hydrothermal system of the Dalli deposit such as
Raman laser spectroscopy and fluid inclusion
studies are included for determination of the
evolution from magmatic to hydrothermal
conditions.

Materials and methods

In order to correctly characterize the physical and
chemical conditions affecting the trend of
mineralization, 20 least altered and fractured
samples of diorite and quartz-diorite intrusions

were chosen from boreholes. Subsequently, 20
thin-polished sections were prepared in the Shahid
Chamran University of Ahvaz. Finally, mineral
chemistry of amphibole and plagioclase were
determined using electron micro probe analyses
(EMPA) in the central lab of the Leoben
University.

Results

Amphibole that is one of the the main rock-
forming minerals can form in a wide variety of
igneous and metamorphic rocks. Accordingly,
amphibole chemistry can be used as an indicator
for characterizing the conditions involved during
the evaluation of magma crystallization i.e.,
pressure, temperature, liquid water content and
oxygen fugacity. Most recent studies on the
porphyry copper intrusions in the Urumieh-
Dokhtar magmatic arc by (Zarasvandi et al.,
2015a), indicate that all of the mineralized
porphyry systems (Dalli porphyry is included)
consistently show high levels of La/Sm and
Sm/Yb, with concave upward patterns in the rare
earth elements’ spider diagrams. Importantly,
such features indicate high crustal assimilation in
a relatively thickened crust and provide insight
into the contribution of hornblende during the
development of mineralized porphyry systems in
the Urumieh- Dokhtar belt. The results of this
study indicate that amphiboles of Dalli intrusions
belong to the calsic group and range in
composition from magnesio- hornblende, to
edenite, magnesiohastingsite, and tschermakite.
(Ridolfi et al., 2010), indicating that the alumina
content of amphibole could be wused for
geobarometry. The calculations of geobarometry
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for quartz diorite intrusions of Dalli indicate that
they formed in the pressure range of 136 to 287
(MPa). Also, calculation of magmatic water
content using amphibole geochemistry indicates
that the water content of quartz diorite intrusions
in the Dalli were between 4.6- 5.7 (wt. %). The
results of plagioclase chemistry indicate that there
is a little zoning in this mineral. Also, the
plagioclase composition varies from Orqg to Ab
048, AN oso, OF o018, Ab g and An gz They
mostly have  Andesine and  Labradorite
compositions.

Discussion

Amphibole minerals of the Dalli intrusions are
calcic type and exhibit geochemical signatures of
subduction zones. Also, characterizing the source
of ore-hosting intrusions with amphibole
chemistry indicate that parental magma of Dalli
intrusion were generated from mixing of mantle
melts with crustal materials. It seems that in an
ongoing process of closure of Neo-Tethys, during
compression and crustal shortening favourable
conditions were provided for mixing of mantle
melts with crustal materials. The
geothermobaromerty calculations using
amphibole and plagioclase minerals indicate
conditions of 777-850 °C and 1-4 Kbar,
representing magmatic stage of Dalli intrusions.
Also, amphibole minerals are characterized by
Few/Few + Mg > 0.3 and Al'Y> 0.7 which reveal
the presence of primary oxidative magma in the
Dalli  porphyry Cu-Au deposit. Oxidative
conditions seem to have prevailed during the
onset of the hydrothermal stage of the Dalli
porphyry deposit. This is because it has been
confirmed by laser Raman spectroscopy analyses
that the most primitive quartz veins in the potassic
alteration of the Dalli deposit are characterized by
the presence of anhydrite and hematite minerals
(see  Zarasvandi et al., 2015b). Also,
microthermometry results on the most primitive
barren quartz veins in potassic alteration represent
temperatures as high as 620°C which indicate the

beginning
conditions.

temperature  of hydrothermal
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