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1-Introduction

In Iran, widespread occurrence of porphyry copper deposits has been reported in the Urumieh-Dokhtar Magmatic
Arc (UDMA,; Zarasvandi et al., 2015a, 2015b 2018, 2019). These deposits are related to the closure of the Neo-
Tethys starting with subduction in late Cretaceous to middle Miocene and subsequent syn- to post-collisional
tectonics during the Neogene (Richards, 2015; Zarasvandi et al., 2018). Most of the porphyry bearing intrusions of
UDMA were emplaced during the Miocene (e.g., Sarcheshmeh, Meiduk, Chahfiruzeh, Sungun, Darreh-Zerreshk,
Dali, Sarkuh, Kader, lju, Parkam and Ali-Abad). In contrast, Eocene/Oligocene porphyry intrusions are mostly sub-
economic/barren (Zarasvandi et al., 2019a). These previous studies documented an evolutionary process in the
porphyry systems from Eocene/Oligocene to Miocene in the UDMA, leading to the emplacement of more fertile
oxidized, hydrous intrusions in the Miocene (Richards et al., 2012). The Sarkuh porphyry copper deposit is located
6 km southwest of Sarcheshmeh deposit in the Kerman section of UDMA. Although silicate and sulfide
geochemistry as well as fluid inclusion studies (e.g., Nourali and Mirnejad 2012; Zarasvandi et al., 2018) were
carried out on this deposit, but the fact is that the geochemical features of Sarkuh intrusions are not well
documented. Accordingly, the present work tried to characterize the behavior of rare earth elements and trace
elements to assess the magmatic features of deposit.

2- Geological setting

The Sarkuh porphyry copper deposit (110 million tons @ 0.26% Cu; Aghazadeh et al., 2015) is located ~6 km
southwest of the giant Sarcheshmeh porphyry Cu mine. It is associated with a composite granodioritic to granitic
intrusion. U-Pb zircon dating of the granite yielded an emplacement age of 15.18 + 0.43 Ma (Mclnnes et al., 2005;
Rezaei and Zarasvandi, 2020). The E-W trending Mamezar stock is the main intrusive body in the region. It consists
of granodiorite and granite, that intruded Eocene volcanic rocks; i.e. andesite, basaltic-andesite and pyroclastic
breccias (Nourali and Mirnejad, 2012). In the central part of the stock porphyric quartz microdiorite dikes are
exposed. Due to the thermal effects of the intrusion a contact metamorphic aureole with formation of hornfels-like
rocks has been created in the host rocks (Zarasvandi et al., 2019). On the basis of the mineralogy and crosscutting
relationships of the veins, it is possible to distinguish five different types of veins, which constitute three main
stages of mineralization in the Sarkuh deposit: (1) Early veins with potassic alteration include barren quartz + K-
feldspar and quartz + biotite veinlets, (2) The main stage of mineralization is characterized by veins with quartz +
biotite + chlorite £ magnetite £ pyrite £ chalcopyrite developed in the potassic alteration zone and younger quartz
veins with pyrite + chalcopyrite + bornite + chalcocite-sericite to be found in the potassic as well as in the phyllic
alteration zones, and (3) The final stage is characterized by of barren quartz veins that may contain minor calcite
and occur in the phyllic alteration zone (Zarasvandi et al., 2019).
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3- Material and methods

Sampling was carried out on drill cores (SKP-05, SKP-16, and SKP-33) from various lithologies from the different
alteration zones in Sarkuh porphyry copper deposit. In order to correctly characterize the magmatic features, it was
attempted to take samples showing no to minor overprint by low temperature alteration. Polished thin sections were
prepared from 1-2 cm sized blocks for microscopy and BSE images. Finally, a number of 10 samples were analyzed
using ICP-MS method in the Kansaran Binalood, Pardis Science and Technology Park, Tehran.

4- Discussion and conclusion

The presented data on the trace and rare earth elements of Sarkuh porphyry intrusions show that there is an
increasing trend in Lan/Ybn values ranging between 14.83 and 56.57 (average; 27.21) with low negative and/or
minor positive Eu anomalies (Eu/Eu * = 0.77 - 1.35; average; 1.01). Also Sr/Y vs. Y and La/Yb vs. Yb diagrams
reflect the adakite affinity of Sarkuh porphyry intrusions. Charactering the magmatic system of Sarkuh deposit
proved that the lack of significant plagioclase fractionation which is casual for Sr removal, and on the other hand Y
removal by fractionation of hydrous minerals under high magmatic water conditions (>4 wt. % H>O) provided a
suitable condition for increasing the Sr/Y ratios in the Sarkuh deposit. On the other hand magma generation in the
field of garnet stability lead to the decreasing of Yb and subsequent increasing the La/Yb ratios, other signature of
adakite-like magmas. These significant features in the Sarkuh porphyry intrusions are comparable with other PCDs
which are associated with collided arc magmas.

Finally, comparing the geochemical features of Miocene economic and sub-economic porphyry Cu systems with
Sarkuh porphyry samples show that rare earth and trace elements of Sarkuh intrusions are similar to those reported
previously for mineralized Miocene porphyry copper deposits.
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Fig. 4. BSE electron and microscopic images showing (a-d) widespread occurrence of magnetite, (e)
hydrothermal and re-equilibrated biotites undergone by chloritization, and (f) biotite veinlet crosscutting the
plagioclase and k-feldspar. Abbreviations: Magnetite (Mag), Apatite (Ap), llmenite (lim), Monazite (Mnz),
Zircon (Zrn), Hematite (Hem), Rutile (Rt), Biotite (Bt), Chlorite (Chl), and Plagioclase (PI).
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Table 1. Analytical results for trace and rare earth elements in the Sarkuh porphyry deposit.

055y (S 0 y52 ot sLulS 3 (S ol polic g OlaS polie SIUT b =) Jga

Sample D.L SKP- SKP- SKP- SKP- SKP- SKP- SKP- SKP-  SKP-16-  SKP-
05- 33-201 33-214 33-451  33-461 16-72 16-304 16-311 350 16-
126 478
Lithology gdr* gdr gdr gdr gdr gr** ar ar gr gr
Ag 0.01 ppm 0.13 0.55 0.37 0.11 0.17 0.24 0.24 0.21 0.03 0.02
Al 1 ppm 73709 71658 74417 72086 76843 77086 75513 73831 78884 93188
As 0.1 ppm 6.2 6.6 5.7 115 3.9 5.9 9.4 5.4 9.7 10.48
Ba 2 ppm 769 525 575 814 682 445 740 800 414 1133
Be 0.1 ppm 11 1.2 11 12 11 11 1.2 0.9 1.1 25
Bi 0.01 ppm 0.02 0.08 0.08 0.06 0.03 0.14 0.07 0.11 0.03 0.25
Ca 10 ppm | 30178 26614 28893 29143 30168 27687 33531 35332 30738 7735
Cd 0.01 ppm 0.83 0.85 0.85 0.86 0.91 0.85 0.82 0.84 0.83 354
Co 0.01 ppm 10.38 11.62 9.77 13.37 8.04 10.96 7.19 10.89 6.88 13.85
Cr 0.01 ppm | 534.05 29359  311.18 43536 618.22 340.26 45237  589.21 448.41 35
Cs 0.01 ppm 161 2.25 2.54 2.03 1.9 191 13 1.61 251 091
Cu 0.01 ppm 27244 528043 3619.12 2247.26 317.59 2986.48 1092.02 1583.38  1692.52 28.84
Fe 100 ppm | 36493 34700 30448 32768 43635 44876 36642 38050 39366 80312
Ga 0.01 ppm 21.94 17.26 18.64 20.57 19.91 17.55 22.37 20.31 16.82 19.19
Hf 0.01 ppm 0.64 0.46 0.48 0.46 0.61 0.51 0.51 0.47 0.46 0.44
In 0.01 ppm 0.03 0.04 0.03 0.03 0.01 0.05 0.01 0.01 0.02 0.08
K 100 ppm | 14127 15797 12867 25059 15583 12209 17207 17791 11336 38008
Li 0.01 ppm 10.29 10.08 10.15 11.55 11.83 10.85 14.63 13.72 10.43 20.6
Mg 100 ppm | 10945 10506 9134 10105 11343 12520 11285 9291 11186 29244
Mn 10 ppm 541 244 202 196 265 227 235 212 224 1834
Mo 0.01 ppm 1.02 0.53 9.72 4.99 28.42 3.28 1.26 2.25 0.54 0.68
Na 100 ppm | 26929 25268 25550 22766 25794 25391 25921 24258 23926 30340
Nd 0.01 ppm 18.11 17.04 13.48 12.88 22.15 11.96 15.59 13.53 14.12 10.32
Ni 0.01 ppm 1331 10.73 12.32 10.29 13.15 12.03 13.74 16.87 14.76 9.1
P 50 ppm 414 462 644 432 518 805 835 521 390 1005
Pb 0.01 ppm 7.48 3.84 4.82 3.92 4.93 4.58 4.23 3.93 4.25 17.05
Rb 0.01 ppm 39.94 57.49 52.64 86.52 64.91 46.76 50.84 42.94 44.12 91.32
S 50 ppm 135 8772 8335 16515 6019 6047 12052 14908 2503 3407
Sb 01 ppm 0.6 0.5 0.6 0.7 0.5 0.6 0.7 0.5 0.6 0.49
Sn 0.1 ppm 13 13 1.2 11 13 11 1.3 1.3 1.0 0.57
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Table 1. Continued.

Sr 1 ppm 520 462 463 500 541 512 552 521 456 319
Ta 0.01 ppm 0.36 0.52 0.36 0.32 0.41 0.39 0.41 0.35 0.28 0.08
Te 0.01 ppm 0.02 0.04 0.02 0.01 0.02 0.02 0.02 0.02 0.03 0.39
Th 0.01 ppm 17.51 20.95 21.31 16.07 15.52 12.5 12.64 13.18 17.28 471
Ti 100 ppm 2673 2964 2790 2624 2625 3188 2734 2414 2786 8784
Tl 0.01 ppm 0.22 0.35 0.31 0.45 0.36 0.29 0.32 0.26 0.33 0.87
U 0.01 ppm 4.12 3.12 2.83 5.62 3.99 1.91 271 2.32 1.87 1.58
\Y 1 ppm 65 71 67 72 64 84 71 56 74 282.02
W 0.01 ppm 23.14 14.28 16.19 23.04 27.43 13.95 20.31 25.84 19.83 231
Y 0.01 ppm 10.22 7.39 8.22 8.01 12.47 9.50 1151 10.21 9.43 33.05
Zn 0.1 ppm 421 37.4 26.3 37.2 38.6 324 37.6 35.9 33.3 98.23
zZr 0.1 ppm 6.5 9.2 10.1 8.6 2.3 6.3 6.2 31 9.4 5.6
La 0.01 ppm 30.83 46.47 23.02 19.31 35.95 16.43 20.62 18.37 22.32 14.29
Ce 0.01 ppm 53.54 68.03 40.43 35.09 64.54 31.16 38.88 34.83 39.81 30.14
Pr 0.01 ppm 3.94 4.35 2.51 2.09 5.13 1.75 2.76 2.18 2.59 2.04
Nb 0.01 ppm 8.87 9.56 9.03 8.27 9.22 9.35 9.49 8.22 8.63 15.73
Sm 0.01 ppm 3.08 2.48 2.47 2.46 3.87 2.54 3.15 2.66 2.62 2.99
Eu 0.01 ppm 112 0.87 0.88 1.02 1.16 0.71 112 1.04 0.87 1.21
Gd 0.01 ppm 3.55 3.28 3.04 3.23 3.89 3.08 341 3.29 3.22 25
Tb 0.01 ppm 0.37 0.26 0.29 0.29 0.42 0.29 0.39 0.32 0.27 131
Dy 0.01 ppm 1.88 1.25 131 1.47 2.02 1.45 1.92 1.74 1.48 3.88
Ho 0.01 ppm 0.41 0.26 0.27 0.29 0.45 0.31 0.39 0.36 0.31 0.98
Er 0.01 ppm 1.06 0.79 0.71 0.74 1.25 0.76 0.98 0.86 0.80 1.49
Tm 0.01 ppm 0.15 0.08 0.13 0.11 0.14 0.09 0.13 0.12 0.14 0.45
Yb 0.01 ppm 0.74 0.55 0.50 0.52 0.87 0.53 0.69 0.60 0.56 0.65
Lu 0.01 ppm 0.14 0.08 0.07 0.09 0.14 0.08 0.09 0.09 0.12 0.07

*gdr= Granodiorite
**gr= Granite

o ool (VAAY) o8 5 PEAICE (lologes 5l anlllas )90 S eSS buzxo s
ail> odgamme 4o braigas  oled Lo, Wajloges ol jo (0 &) .

T T 7 B T R R sz s S8 glhlime (asis lp oles ol
S35 2 ol 2 odle (000 JS5) 2,5 o0 (VAG) slo)ls Jlad 2l &Y 5 ThYD ND Ta olie e ol o & 505 eslit

sledises b 5o (Schandl, 2002) Th Jlas o Ta leges
Gl as,s 18 glo,B Jld ails oogame ;o adllas 9,50 HLuilS

eleSle laKan S5 5l am slaan] B (b o Wl by S o5
. (Pearce et al., 1984; wsua o955 sob; cusal
@8 SdlS (SsgiSS baume ) sl Zarasvandi et al., 2005)
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Fig. 5. (a) The diagram of Ta vs. Th, and (b-d) position of samples on the tectonic discrimination diagrams

(Pearce et al., 1984).
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Fig. 6. Rb/Zr vs. Nb tectono-magmatic diagram after Brown et al. (1984). Fields of Kuh-Panj and Jebal Barez

granitoids from Asadi et al. (2014).
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