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Fig. 1. Distribution and position of PCDs, promising areas, and Sarcheshmeh deposit in Dehaj-Sardouieh Belt
(Dimitrijevic, 1973; Walker, 2006; Shafiei, 2010) and position of Kuh-Panj and Jebal Barez Sectors in the Dehaj-

Sardouie Belt.
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Fig. 2. Geological map of Sarcheshmeh porphyry copper deposit (modified after Waterman and Hamilton, 1975). In
this map common rock types in the Sarcheshmeh (PCD) can be observed including andesitic volcanic rocks,
Sarcheshmeh porphyry stock, late fine-grained porphyry, and different dykes as well as position of the rocks under

study in this paper include granodiorite and quartz eye porphyry.
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Fig. 3. A: A hand specimen of granodiorite intrusive of the Sarcheshmeh PCD (Sample SPCD 117), B:
Photomicrograph of quartz crystals with granular texture (XPL), C: Photomicrograph of plagioclase phenocrysts that

converted to epidote (XPL), and D: The alteration of biotite crystals to chlorite (XPL) (samples SPCD 117 and SPCD
125). Abbreviations after Whitney and Evans (2010) (Bt: Biotite, Ep: Epidote, PI: Plagioclase, Qz: Quartz).
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Fig. 4. A: A hand specimen of quartz eye porphyry intrusive of the Sarcheshmeh PCD (sample SPCD 118), B:
Photomicrograph of eye shaped accumulation of quartz crystals, which has been broken due to tectonic pressures and
turned into several smaller grains, or recrystallized from saturated silica fluids in the spindle shapedcavities (XPL), C:
Photomicrograph of primary biotite and plagioclase crystals (XPL), and D: Photomicrograph of plagioclase crystals that
have been weakly altered on the surface to sericite (XPL) (samples SPCD 118 and SPCD 129). Abbreviations after
Whitney and Evans (2010) (Bt: Biotite, PI: Plagioclase, Qz: Quartz).
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Fig. 5. Plotting of samples from granodiorite and quartz eye porphyry of the Sarcheshmeh PCD, A: on Cox et al. (1979)
diagram, B: on Middlemost (1985) diagram, and C: on De La Roche et al. (1980) diagram
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Table 1. Chemical analyses of samples from granodiorite (GR) and quartz eye porphyry (QE) intrusives of the

Sarcheshmeh PCD by ICP-AES and ICP-MS.

o n W33 W33 W3- W5 W33 W33 Nz SEI48  WAZ SEL48  N2- SEI4B
4R 4R 2R 3R 2R -3R 6R 3R IR -4R TR R
intrusive  GR GR GR GR GR GR QE QE QE QE QE QE
Si0: 628 631 636 628 634 628 668 669 682 684 686 673
TiO: 064 07 061 07 08 062 068 022 029 024 031 029
ALO:; 142 147 149 141 143 142 141 143 148 144 146 151
Fe0s 745 549 619 542 54 644 418 477 406 42 43 38
MnO 001 003 01 003 002 003 009 002 001 003 001 002
MgO 185 266 165 272 26 21 124 117 074 119 098 12
CaO 247 287 314 319 287 336 381 314 256 242 34 285
NaO 26 22 26 22 28 26 11 16 11 14 21 16
K:O 39 335 375 387 356 355 412 39 41 412 38 41
P.0s 029 031 027 03 029 027 033 012 021 031 012 024
Cr.0s 001 001 001 001 001 00l 001 00l 001 001 001 001
LOl 482 518 36 49 37 39 411 447 453 38 256 37
Total 1007 100.6 102'4 102'2 99.75 99.88 10?'5 100.62 10?'6 10052 108'7 100.21
Ti <05 <05 <0.5 <0.5 <05 <05 0.8 0.7 0.6 0.8 0.7 0.7
v 108 126 107 120 118 131 121 35 61 78 102 69
Co 202 118 312 118 189 117 253 5 85 95 107 86
Ni 19 12 12 9 11 12 <5 <5 6 5 6 6
Cu 3280 1300 1720 1360 1955 2595 5630 1700 4430 4500 3800 6200
Zn 73 237 73 244 83 74 95 15 7 18 21 37
Ga 5 19 16 20 16 15 14 14 18 15 18 16
Rb 139 979 153 972 974 991 188 144 140 148 152 147
sr 400 310 530 310 435 355 420 510 300 615 320 405
Y 148 169 9 159 128 164 7.1 7 112 121 98 87
zr 155 145 130 132 129 138 8 903 101 96 07 102
Nb 6 5 4 10 11 9 10 11
Mo 15 <2 108 71 105 68 95 08
sn 2 3 2 1 5 2 4 5
Cs 42 44 43 44 42 43 57 103 2 56 54 92
Ba 1120 830 660 840 660 840 1010 510 290 615 810 560
La 289 316 277 319 286 279 292 261 26 291 254 267
Ce 55 583 521 59 60 57 513 413 475 465 418 492
Pr 651 663 596 686 624 597 58 414 52 51 48 52
Nd 244 254 215 252 244 254 216 131 183 175 184 146
sm 45 44 39 43 39 42 22 2 23 21 2 22
Eu 13 147 099 14 13 12 062 059 066 065 064 058
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Table 1 (Coutinued). Chemical analyses of samples from granodiorite (GR) and quartz eye porphyry (QE) intrusives

of the Sarcheshmeh PCD by ICP-AES and ICP-MS.

S N W33- W33- W35- W35- W33- W33- N2- SE148- W42- SE148- N2- SE148-
1R 4R 2R 3R 2R 3R 6R 3R 1R 4R 7R 6R
intrusive  GR GR GR GR GR GR QE QE QE QE QE QE
Gd 428 445 363 429 395 428 251 2.54 2.73 2.64 2.74 2.66
Th 062 065 049 065 063 058 0.46 0.41 0.39 0.38 0.41 0.45
Dy 3.76 398 3.01 404 395 364 229 2.09 2.19 2.09 2.15 2.05
Ho 083 08 065 087 084 083 051 0.46 0.45 0.5 0.48 0.45
Er 277 289 217 293 245 231 137 1.27 1.27 1.34 1.29 14
m 0.38 042 0.29 0.4 042 039 0.17 0.19 0.17 0.19 0.17 0.16
Yb 25 2.8 2 2.8 2.3 25 11 1.2 0.9 1 1.2 1
Lu 0.4 0.5 029 048 046 048 0.16 0.17 0.18 0.22 0.19 0.19
Hf 4 4 3 3 3 4 2 3 3 2 3 3
Ta 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.6 0.8 0.7 0.6 0.6
W 22 15 26 15 15 22 17 23 35 28 24 27
Th 124 205 158 282 129 264 11 27.1 28.3 26.5 27.3 24.6
U 575 427 411 488 429 512 3.9 5.62 8.5 5.4 3.8 6.1
Y+Nb 198 219 150 209 178 214 111 17.0 22.2 21.1 19.8 19.7
ASI 158 174 157 152 154 149 156 1.65 1.90 1.81 1.56 1.76

* Fe,Os is total Fe.
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Fig. 6. Harker diagrams for major oxides versus SiO, of the granodiorite and quartz eye porphyry of the Sarcheshmeh

PCD
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Fig. 7. A: Abundances of REEs in granodiorite and quartz eye porphyry of the Sarcheshmeh PCD normalized to
average chondrite (Boynton, 1984), and B: Abundances of REEs and selected trace elements in granodiorite and quartz
eye porphyry of the Sarcheshmeh PCD normalized to primitive mantle in the Sarcheshmeh PCD (Sun and McDonough,

1989).
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diagram of Irvine and Baragar (1971) (A=K,0+Na.0O, F=FeOt, M=MgO), B: Peccerillo and Taylor (1976) diagram, C
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Fig.11. A, B, C, and D: Petrogenesis of the Sarcheshmeh PCD granitoids using Pearce et al. (1984) diagrams utilizing

REEs and trace elements.
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Introduction

The Sarcheshmeh porphyry copper deposit (PCD)
and other porphyry deposits occur in the the most
important metallogenic belt in Iran, i.e. the
Urumieh-Dokhtar magmatic belt (UDMB). The
main phase of intrusion generation in various
episodes of mineralization in the Sarcheshmeh
area is a stock of granodiorite to tonalite
(Shahabpour and Kramers, 1987) that is called the
Sarcheshmeh porphyry. This stock intruded
volcano-sedimentary rocks and alteration has
centered on it. The oldest rock units of the area
are Eocene volcanic rocks (Waterman and
Hamilton, 1975), which are mainly andesites
accompanying marine sedimentary rocks that is
consistent with a submarine volcano-sedimentary
basin environment. Granodiorite and quartz eye
porphyry crop out in the northern part of the
Sarcheshmeh PCD. The main objective of this
study is to investigate their petrology and
geotectonic environment.

Materials and Methods

Forty samples from drill cores and surface
samples from granodiorite and quartz eye
porphyry were collected. Twelve samples were
chosen with the lowest degree of alteration (less
than 5% of representative samples and low LOI)
from amongst them for lithogeochemical analyses
by ICP-OES and ICP-MS. Lithogeochemical
analysis of the main elements was carried out
using ICP-OES (Inductively Coupled Plasma-

Atomic Emission Spectroscopy) by lithiumborate
fusion, and elemental analysis of trace and rare
earth elements was performed by ICP-MS
(Inductively Coupled Plasma-Mass Spectrometry)
using sodium peroxide fusion in the SGS
Company, Toronto, Canada.

Results and Discussion

Based on the Na;O+K;O versus SiO; values on
Cox et al. (1979) and Middlemost (1985) diagram,
also R;-R; diagram of De la Roche et al. (1980),
the samples were plotted in the field of
granodiorite and quartz diorite. On Harker
diagrams, the contents of FeOt, CaO, P,0s, Al,Os,
MgO, and TiO; versus SiO, show a decreasing
pattern. Decreasing amounts of MgO and TiO;
can be related to early crystallization of
ferromagnesian minerals and of CaO, ALOs, and
P,Os to plagioclase and apatite crystallization,
respectively. The chemical relationship and
continuous pattern of the samples indicate that
they probably resulted from fractionation of a
unique magma. On the basis of the AFM diagram,
they have calc-alkaline affinities.  These
observations and the presence of magnetite and
other opaque minerals indicate high fO;
crystallization throughout fractionation stages.
The samples of the study area were plotted in the
calc-alkalic and alkali-calcic fields on a Frost et
al. (2001) diagram and indicate that they are
mainly magnesia consistent with oxidized I-type
magmas.
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The spider-diagrams show negative anomalies in
HFSE (especially Ti and Nb) and positive
anomalies in LILE (especially in Ba and RD).
Negative anomalies of HFSE such as Ti, Nb, P
and Ta can be related to the subduction of the
Arabian plate under Central Iran and reflect the
chemistry of the origin and crystallization-melting
processes during evolution of the rocks.
Moreover, it can be concluded that these elements
remained in the source during partial melting,
which is characteristics of I-type arc-related
magmas. The behavior of LILE can be attributed
to the behavior of fluid phases that were involved
during the subduction. The REE diagrams show
enrichment of LREE relative to HREE which can
also be attributed to the subduction of the Arabian
plate under Central Iran. Shafiei et al. (2009) and
Asadi, 2018 proposed post-collision environment
for the PCDs of the UDMB, especially in the
Kerman part.

By studying on the Dehaj-Sarduieh belt, Dargahi
et al. (2010) concluded that the time of collision
of the Arabian plate and the Central Iran
continental plate was Late Eocene, and the
Sarcheshmeh porphyry stock emplaced in post-
orogenic environment like other stock porphyries
of the UDMB. The samples of the Sarcheshmeh
PCD plot in the mature arc area based on Rb vs

Y+Nb diagram and it can be envisaged that they
are related to the post-collision magmatic arc.
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