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Fig. 1. A: Distribution of Cenozoic igneous rocks in Iran and Torud-Chah Shirin zone in the eastern part of Alborz
Magmatic belt (After Alavi, 1991; Farhadi, 1997) AMA: Alborz Magmatic Assemblage, UDMA:Urumieh-Dokhtar
Magmatic Arc, IEMA: Iran Eastern Magmatic Assemblage, SSMZ: Sanandaj-Sirjan Metamorphic Zone, YB: Yazd

Block, TB: Tabas Block, LB: Lout Block, and B:Simplified Geological Map of Torud- Chah Shirin zone and location of
its mineralizations (from scale: 1;100.000 geological map of Moalleman (Eshragi and Jalali, 2006))
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Fig. 2. Geological map of Kuh Zar area
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Fig. 3. Photomicrographs of the intrusive rocks in the Kuh Zar district, Damghan, in XPL. A: Plagioclase and alkali
feldspar in monzonite porphyry, B: Biotite and plagioclase crystals with microcrystalin quartz in biotite granodiorite
porphyry, and C: plagioclase and pyroxene phenocrysts in pyroxene diorite porphyry. Pl: Plagioclase, Afs: Alkali
feldspar, Bt: Biotite, Px: Pyroxene. Abbreviations after Whitney and Evans (2010)
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Fig. 5. Alteration in the Kuh Zar intrusive rocks, Damghan, in XPL. A: Strong QSP alteration with disseminated quartz

and widespread sericitization in the rock, B: Strong to moderate propylitic alteration with alteration of plagioclase to
epidote, C: Carbonate alteration, replacement of plagioclase by carbonate minerals, and D: A view of silicification-

tourmalinization zone in thin section. Qtz: Quartz, Ser: Sericite, Pl: Plagioclase, Cal: Calcite, Tur: Tourmaline.
Abbreviations after Whitney and Evans (2010)
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Table 1. Statistical computations of elements derived from lithogeochemical samples in the Kuh Zar area
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Fig. 6. Mineralization map of Kuh Zar area
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Element Max Min Mean Median Mode Standard
Deviation
Au(ppb) 598 1 25.23 8.8 24.4 66.33
Ag(ppb) 3747 19 34420 155 48 512.26
Cu(ppm) 679 7 72.59 57 44.09  70.71
Pb(ppm) 1427 4 98.57 45 64 189.91
Zn(pm) 1013 5 94.08 53 33 137.77
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Fig. 7. Lithogeochemical-alteration map of gold element in the Kuh Zar area
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Table. 2. Correlations of elements derived from lithogeochemical samples in the Kuh Zar area

Pair of Pair of Pair of Pair of

element R element R element R element

Au-Cu 0.13 Au-As 0.03 Cu-Pb 0.14 Cu-Sb 0.71

Au-Ag 0.04 Au-Sb 0.08 Cu-Zn 0.4 Cu-Hg 0.24

Au-Pb 0.03 Au-Hg 0.07 Cu-Mo 0.07

Au-Zn 0.02 Cu-Ag 0.37 Cu-As 0.44
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Fig. 9. Correlation diagram of gold and copper elements in the Kuh Zar lithogeochemical samples
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Table 3. Major and trace elements geochemical results for the intrusive rocks in the Kuh Zar area. Values for major

oxides is based on weight percentage and values for trace and rare earth elements are based on ppm.

Sa;“fle Kpl Kp52  Kp85 Kpl03 Kp67 Kpdl  Gd4 G6 G22 GS
X 54939°  54°40°  54°40°  54°40°  54°40°  54°39°  54°39°  54°39°  54°39°  54°30
39" 12" 2" 347 35" 57" 38" 23" 347 10"
y 356" 35°26°  35°25°  35°25°  35°26°  35926°  3527° 3527 3527° 3527
53" 29" 547 09" 24" 15" 15" 317 33" 347
Si0; 5782 5948 5227 6028  60.63 5777 5771  68.15 70.1  68.92
TiO; 0.8 0.92 088 094 081 078 0.8 0.51 0.51 0.52
ALOs 1422 1426 13.03  13.68 1404 1333  13.66  13.88 1245  12.87
FeO:  7.62 7.15 984 736 689 88 822 4.03 356 3.77
MnO  0.14 0.13 022 011  0.09 0.2 0.14 0.05 0.09  0.05
MgO  5.14 4.16 721 293 505 606 487 2.19 1.66 2.8
Ca0 649 5.17 472 207 184 568 738 1.3 1.13 221
Na;0  3.23 3.48 3.63 3.3 382 232 283 3.6 334 3.84
K:0 3.3 3.01 3.4 588  3.63 3 2.58 4.04 579 4.02
P.0s  7.62 0.41 027 023 021 882 027 0.19 0.19 0.2
LOI 083 1.58 43 301 274 158 1.3 1.89 0.9 1.32
Total 10631  98.17 9547 9678  97.01 10678 9846  97.94  98.82  98.48
Ba 576 578 786 780 553 532 490 439 825 510
Rb 67.7 57.6 71.6 1419 944 628 52 117.1 1244 1012
Sr 797.4  869.8 7662 3745 6814 6764 7608 3892 5654 5533
Zr 1124 133.7 83.7 2433 1511 102 106 135.1 1362 1264
Nb 6 8.9 4.5 13.1 7.5 5.1 5.5 12 7.5 11.6
Ga 16.7 17.1 164  17.1 17.3 168  16.6 15.7 11.4 14.6
La 223 27.1 195 362 231 277 211 27.9 194 261
Ce 45.4 52.4 39.1 741 468 624 441 49.8 40.7 48
Pr 5.49 6.33 488 857 567 78l 5.41 5.19 475 483
Nd 22.1 252 199 322 312 336 222 17.2 18.5 17.2
Sm 4.48 4.65 422 629 457 838 443 3.08 314 28l
Eu 1.24 1.29 1.21 129 L1323l 1.28 0.8 0.61 0.8
Gd 4.04 3.97 387 586 436 925 416 2.54 279 2.67
Tb 0.59 0.54 0.56 084  0.63 146 0.59 0.35 0.41 0.37
Dy 3.53 3.2 334 505 383 864 357 2.19 2.8 2.43
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Table 3 (continued). Major and trace elements geochemical results for the intrusive rocks in the Kuh Zar area. Values
for major oxides is based on weight percentage and values for trace and rare earth elements are based on ppm.

Sample

No Kpl Kp52 Kp85 Kpl03 Kp67 Kpdl  G44 G6 G22 G8
X 54°397  54°40°  54°40°  54°40°  54°40°  54°39°  54°39° 54°39° 54°39"  54°39°

39" 127 2" 34" 35" 57" 38" 23" 34" 10”
y 35°26°  35°26°  35°25°  35°257 35°26°  35°26°  35°27° 35927 35927 35°27°

53" 29" 54" 09" 24" 15" 15" 31 33" 34"

Ho 0.63 0.58 0.61 0.96 0.71 1.46 0.65 0.38 0.5 0.43
Er 1.9 1.64 1.81 2.72 2.04 3.73 1.91 1.23 1.53 1.37

Tm 0.27 0.25 0.27 0.41 0.32 0.5 0.28 0.18 0.25 0.19
Yb 1.83 1.68 1.6 2.72 2.07 2.96 1.91 1.3 1.69 1.43
Lu 0.29 0.24 0.26 0.43 0.33 0.41 0.29 0.2 0.25 0.2

Y 18.8 17 17.7 27.2 20.9 41.2 19.7 12.6 14.5 13.2
EwEu* 0.89 0.92 0.92 0.65 0.77 0.8 0.91 0.87 0.63 0.89
(La/Yb)N  8.22 10.88 8.22 8.97 7.52 6.31 7.45 14.47 7.74 12.31
(Ce/YD)N 642 8.07 6.32 7.05 5.85 5.45 5.97 6.23 9.91 8.68

Nb Vj Ol .(Reagan and Gill, 1989; Martin, 1999 & B sobg £ pols

wlauasl;wﬁ@fJ:;M&éth}@
slael 4 (Gust et al., 1977; Woodhead et al., 1993)
1994) O1,LSea 5 3,043

ole (Edwards et al.,

w5 s L b ‘p—mﬁgu »Ti S g
7305 sles bl Vb 0308 0l By el 03S)
aidbis jlodignine claolds 4 Th (g5l slajl b ol e
e sl 5 Sl 0 3,0 T sl s 355 3,05 20555
Ti (e (5lmin o oo bas on DL (e ()i o
diLFe-Ti glau ST i & od S nSaie dly s
w8 5 035530ty s e .(Rollinson, 1993)
5505 adbie o sloSle o3 Ti (S g Jole 058!
CealoZ b 51 LT o 5 a0 by e Liud S i g i
HESPUPIERS S 4als” (Pearce and Parkinson, 1993)
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0 aS LS ole F s oo ole S 5Sis s
sLswe (Sun and McDonough, 1989) aJsl as &
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claals JIHFSE j5 S g 5 ¢S S sk jole
Gill, 1981; Pearce, ) cul tily5,5 4 b bas 0 LS

.(1983; Rollinson, 1993
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by Ol (Wilson, 1989) ol 21555 aigy 55 o 53
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Fig. 11. A:Classification of the Kuh Zar intrusive rocks in SiO; vs. Na,O+K,0 diagram (Middlemost, 1994), B:
Variation diagram of K,O vs. SiO; to existence of Tholeiitic, Calc- alkaline, High K-calc-alkaline and Shoshonite series

of the Kuh Zar intrusive rocks (Peccerillo and Taylor, 1976), and C: Aluminum saturation index of the Kuh Zar
intrusive rocks in Al,03/Na,O+K,0 vs. Al,03/CaO+Na,0+K,0 diagram (Shand, 1943), the dashed line (A/CNK =
1.1) divides the I-type granitoid field from the S-type granitoid. field of Chappell and White (1974).
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(McDonough, 1989

Fig. 12. Trace element spider diagram of the intrusive rocks in the Kuh Zar area, (normalization values are from Sun

and McDonough, 1989)
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Fig. 13. REE spider diagram of the intrusive rocks in the Kuh Zar area (normalization values are from Boynton, 1984)
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Fig. 14. A and B: The Kuh Zar granitoids belong to volcanic arc granitoid (Pearce et al., 1984). VAG: volcanic arc
granitoid, WPG: within plate granitoid, ORG: orogeny, syn-COLG: syn collusion, C: La/Yb vs. Th/Yb diagram
(Condie, 1989), D: Rb/Z vs. Nb diagram (Brown et al., 1984) for discrimination of different tectonic environments and
location of Kuh Zar area samples, E: Plot of Kuh Zar intrusive rocks on Sr/Y vs. Y diagram (Defant and Drummond,
1990), and F: Plot of Kuh Zar intrusive rocks on (La/Yb)n vs. Ybydiagram (Martin, 1995)
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Introduction

Kuh Zar Au-Cu deposit is located in the central
part of the Torud-Chah Shirin Volcanic-Plutonic
Belt, 100 km southeast of the city of Damghan.
Mineralization including quartz-base metal veins
are common throughout this Cenozoic volcano-
plutonic belt (Liaghat et al., 2008; Mehrabi and
Ghasemi Siani, 2010). The major part of the study
area is covered with Cenozoic pyroclastic and
volcanic rocks that are intruded by subvolcanic
rocks. This paper aims to study the geological,
geochemical and petrogenesis of the area using
exploration keys for new mineral deposits in the
Torud-Chah Shirin zone.

Materials and methods

To better understand the geological units and
identify the alteration zones of the area, 200 rock
samples were collected from the field and 132 thin
sections with 15 polished thin sections were
prepared for petrography and mineralization
studies. Ten samples of intrusions with the least
alteration were analyzed using the XRF at the East
Amethyst Laboratory in Mashhad, Iran. These
samples were also analyzed for trace and rare
earth elements using ICP-MS, following a lithium
metaborate/tetraborate  fusion in the Acme
Analytical Laboratories Ltd, Vancouver, Canada.
137 geochemistry samples were prepared by the
chip composite method of alteration and
mineralization zones and were analyzed in the
Acme laboratory by Aqua Regia AQ250.

Results

The geology of the area consists of pyroclastic
(crystal tuff) and volcanic rocks with andesite and
latite composition, which were intruded by
subvolcanic intrusive rocks with porphyritic
texture and monzonitic composition. Monzonite
rocks were intruded by younger subvolcanic units
with dioritic composition. The intrusion of
monzonitic pluton and stocks led to the formation
of QSP, propylitic, carbonate and silicification-
tourmaline broad alteration zones in the area.
Monzonite rocks accompanied with disseminated
mineralization of about 1 to 10% of pyrite and
these sulfides have been converted to secondary
iron oxides such as goethite, hematite and
limonite. Lithogeochemical exploration revealed
Au (up to 598 ppb), Ag (up to 3747 ppb), Cu (up
to 679 ppm), Pb (up to 1427 ppm) and Zn (up to
1013 ppm) anomalies. Based on geochemical
studies, intrusive rocks have characteristics of
high-K Calc-alkaline to slightly shoshonitic and
they are within metaluminous to the slightly
peraluminous range. Enrichment of LREE versus
HREE, enrichment of LILE and depletion in
HFSE indicate that the magma was formed in the
subduction zones. The negative Eu anomaly is due
to the presence of plagioclase as a residual
mineral in the magma source. The parent magma
is probably formed by the partial melting of
amphibolites. The presence of monzonite
porphyry source rock, QSP and propylitic
alterations, pyrite disseminated mineralization and
geochemical anomalies of Au and Cu in the Kuh
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Zar  deposit represents Au-Cu  porphyry
mineralization in the area.

Discussion

Tectonic setting discrimination diagrams (Pearce
et al., 1984) show that subvolcanic rocks plot
almost on the fields of the volcanic arc granites
(VAG). In the Rb/Zr vs. Nb diagram from (Brown
et al., 1984), the samples are plotted in the field of
primitive island arc/continental margin arc. The
Torud-Chah Shirin Belt is a part of the Alborz
magmatic assemblage (AMA). The AMA has
been interpreted to represent the subduction of the
Neo Tethyan oceanic lithosphere beneath the
Central Iranian continental microplate and the
subsequent continental collision of the Arabian
and Iranian microplates in the late Cretaceous-
early Cenozoic (Berberian and Berberian, 1981;
Berberian et al., 1982; Alavi, 1994; Golonka,
2004).
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