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The Bashmagh Cu deposit (proven reserves of 2.1 Mt @ 0.61% Cu) is
located in the Urumieh-Dokhtar magmatic arc of NW Iran. Mineralization
is structurally controlled by NW-SE faults and it occurs as disseminations,
quartz-carbonate-chalcopyrite veins and/or hydrothermal breccias hosted
by Oligocene granite intrusions (dated at about 28.4+0.86 Ma) and, more
rarely, andesite porphyry dykes. Our study is based on whole-rock
geochemistry in order to reveal the magmatic controls and the metallogenic
evolution of Bashmagh. The studied igneous units are metaluminous to
slightly peraluminous (A/CNK = 0.8-1.2) belonging to the calc-alkaline
series and show evidence for magnetite series I-type granites (Fe3+/XFe
ratios between 0.41 and 0.47), formed in a continental arc-setting. The
whole-rock REE pattern reveals strong REE enrichments, high
LREE/HREE ratios (10 to 20) and elevated Eu/Eu* ratios (0.55 to 1.71) as
well as high LaN/YbN ratios (7.5 to 24.1). Additionally, the Bashmagh
granites have logfO2 values between -13.29 and -16.55 and zircon
homogenization temperatures (TZr) ranging between 660 and 760 °C,
respectively. Overall, considering the non-adakitic nature (Sr/Y<40), low
SO2/H2S ratio (less than 1) and a shallow fractionation depth (based on the
plagioclase-pyroxene stability field) of the magma. The source of metals in
the parental granitic magmas of the Bashmagh deposit is interpreted to be
derived from crustal material of the continental margin. This might explain
the relatively low-tonnage Cu mineralization at Bashmagh.
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EXTENDED ABSTRACT

Introduction

The metal separation process between silicate melts
and hydrothermal fluids is critical for the evolution of
magmatic-hydrothermal mineral deposits. The NW-
trending Urumieh-Dokhtar magmatic arc, with a length
of about 2000 km, hosts numerous magmatic-
hydrothermal mineral systems. According to many
researchers (e.g., Alavi, 1994), the subduction of the
Neotethys oceanic crust along the Central Iranian plate
has caused the formation of this arc-related magmatic
belt. During collision, a variety of Cu-Au mineral
systems such as porphyry-epithermal, skarn, manto,
and iron oxide copper-gold (I0OCG) systems have
formed associated with I-type granitoids of the
magnetite series. The Bashmagh Cu deposit (47°06'16"
and 47°07'38"E and 37°33'37" and 32°36'37"N) is
located in the East Azerbaijan Province, NE Hashtroud.
This area is well endowed with copper and gold
mineralization, especially in the Mianeh-Hashtroud
district, including the Khatun-Abad and Siah-Kamar
Cu-Mo porphyry deposits (Rabiee et al., 2020). In our
study, we investigate the magmatic controls and
fertility indices of granitoids and documenting the
magma fractionation and physicochemical conditions
(e.g., temperature, pressure, and oxygen fugacity
parameters) of their petrogenesis based on whole-rock
trace element ratios such as Sr/Y and Lan/Ybn. The
results of our study have important implications for
ongoing brownfields exploration in the region,
especially in the Mianeh-Hashtroud district.

Material and methods

Field studies and representative geochemical
sampling were carried out on the different rock units.
In total, 60 rock chip samples were collected, and
after petrographic studies by ZEISS reflectance-
transmission polarizing microscope, 16 fresh
samples, or very weakly altered, drill hole samples
were selected for analysis. Chemical analyses were
carried out on 11 samples of granite and 5 samples of
andesite porphyry dykes. The samples were ground
to a size of 200 mesh (about 75 microns). The
powder samples were melted in an induction furnace
after mixing with lithium metaborate and lithium
tetraborate. The resulting material was digested in a
5% nitric acid solution and analyzed by X-ray
Fluorescence (XRF) to detect major oxide elements
(wt.%) and Inductively Coupled Plasma Mass

Spectrometry (ICP-MS) to assay trace and rare earth
elements (ug/g) at the School of Earth Science and
Engineering of the Sun Yat-sen University
(Guangdong, China). The volatile content (LOI) was
measured as the weight loss of the samples after
heating one gram of sample in a furnace at a constant
temperature of 1300 °C for 90 minutes.

Results and discussion

The study area is documented on the Qarechaman
1:100,000 scale geological map (Asadian et al., 1993).
The oldest rock units of the area belong to the Eocene
and consist of latite lavas with interlayers of tuff. During
the same time, andesite lava units, alternating crystal
tuffs and porphyritic basaltic andesite and andesite lavas
were deposited, which are partly concealed by
pyroclastic sequences, felsic tuffs and andesitic lavas.
Volcanic dacite, rhyodacite and rhyolite domes with
felsic or alkaline compositions cover all Eocene units
and form most of the undulating landscape of the area.
The age of volcanic domes based on U-Pb dating of
zircon in the area of the Siah Kamar porphyry
molybdenum deposit, has been dated as Oligocene and
ranging between 26.19 and 28.18 Ma. Copper
mineralization at Bashmagh is hosted by alkali granite.
The monzogranites are mainly composed of orthoclase,
quartz, and plagioclase. Accessory phases include
zircon, titanite, apatite, and biotite. Porphyritic,
hyalocrystalline, hypidiomorphic, and microcrystalline
textures are the most dominant microscopic textures
observed in the Bashmagh granite. Phenocrysts mainly
include plagioclase, which is accompanied by alkali
feldspar, quartz, biotite, and altered amphiboles that are
set in a fine-grained groundmass. Minor minerals
include altered clinopyroxenes, epidote, and calcite,
respectively. Porphyritic to vitrophyric textures with a
hypohyaline to holohyaline groundmass are the most
dominant microscopic textures of the andesite dykes.
The Mg# values of the Bashmagh granite range from
16.65 to 39.39 mol%. By contrast, the Mg# of the
andesite porphyry dykes ranging between 43.40 and
55.76 mol%. The crystallization temperatures of the
Bashmagh granite range between 660 and 763 °C
whereas those of the andesite porphyry dikes ranging
from 690 to 735 °C. Accordingly, the Fe**/~Fe ratio of
the granites averages 0.42 whereas those of the andesite
dykes average about 0.46. Our data reveal strong magma
enrichments of LREE relative to HREE (LREE/HREE
=10-20) as well as elevated Eu/Eu* ratios (0.55 to 1.71)
and high Lan/Yby ratios (7.5 to 24.1). Our data reveal
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moderate Sr/Y ratios of the rocks of < 40. The oxidation
state of the Bashmagh granites falls into the SSO
buffering field (S-SO) with a SO2/H,S ratio of <1,
suggesting that degassing of SO3 was the most important
factor in sulfate reduction and thus increasing the S
content of the magma and facilitating Cu-Au sulfide
mineralization.
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Fig. 4. Field images of rock units in the Bashmagh area. A: Qutcrop of granite intrusion (view to the north), and B: Intermediate
andesite porphyry dike within granite (view to the northwest). Abbreviations after Warr (2021) (gr: granite, and: andesite).

DOI: 10.22067/econg.2025.1144

C ool (§ 0,95 galiaml wlid )


https://doi.org/10.22067/econg.2025.1144

w}g)bd\)}ﬁf&w&)g)y?&)&w‘ W}‘&L&?L‘ 6%4:5@:{6.“)} O‘)L{M)&Yy

:C}B‘dug&tfn,:;wufasﬁﬁ.gugda.;aGi;.wGwatw'!(XPL‘c\,La:a@xp),')é,Lis&#)dw;4;,.,;6L.=j_,,,::.odr_z
b dal o Gl 51 4187 6505 1D 6 5 05 25 Lok 2ol po el Sl 5 5187 (sl b ps Jals 231 8 035 ) KK oy po
WaIT, ) )15 5l a SIS (s 5luamstl @idhe alitin puiom by gk s 40 53 Ol 85 C s 5 el Sl ST 30k (sl y b oiys F 5 E s by il

(el bl K-spar oS 5:ZM (g g0 B J suie T AMP SIS 5 50 Pl 5,518 :Q2) Col ok ulil (2021

Fig. 5. Hand samples and petrographic images (transmitted cross-plorized light, XPL) of rock units in the Bashmagh. A: Borehole
sample from the Bashmagh granite, B and C: Petrographic images of the granite unit including quartz and K-feldspar phenocrysts with
zircon and biotite microcrystals, D: Borehole sample from the porphyry intermediate dike, E and F: Plagioclase, K-feldspar and altered
biotite phenocrysts in a context of similar microcrystals. Abbreviations after Warr (2021) (Qz: quartz, PI: plagioclase, Amp: amphibole,
Bt: biotite, Zrn: zircon, K-spar: K-feldspar).
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Fig. 6. Mineralization images from drill cores of the Bashmagh copper deposit. A: Quartz-hematite-chalcopyrite vein within the
Bashmagh granite, B: Quartz-hematite-chalcopyrite vein whitin the porphyry intermediate andesite, C: Sphalerite-galena vein in
the Bashmagh granite, and D: Cross-cuting of quartz-chalcopyrite vein by late calcite vein in the Bashmagh granite. Abbreviations
after Warr (2021) (Qz: quartz, Hem: hematite, Ccp: chalcopyrite, Sp: sphalerite, Gn: galena, Cal: calcite, Py: pyrite).
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Fig. 7. Petrographic images from different mineralization parts in the Bashmagh copper deposit. A: Disseminated pyrite grains in
the Bashmagh granite, B: Intergrowth of chalcopyrite and hematite in quartz-hematite-chalcopyrite vein, C: Intergrowth of galena
and sphalerite, D and E: Breccia texture consisting of quartz and kaolinite gangue minerals, F: Calcite with quartz crystals, G:
Propylitic alteration with the presence of chlorite, H: Argillic alteration with the presence of kaolinite, and I: Epidote in propylitic
alteration. Mineralogy images were taken in reflected plan plorized light (PPL) and gangue and alteration minerals were taken in
cross-transmitted plorized light (XPL). Images D and G are in transmitted plan plorized light (PPL). Abbreviations after Warr
(2021) (Qz: quartz, Hem: hematite, Ccp: chalcopyrite, Sp: sphalerite, Gn: galena, Cal: calcite, Py: pyrite, Chl: chlorite, Kal:
kaolinite, Epd: epidote).
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Table 1. Parameters of Equation 1 by Kress and Carmichael (1991)

a b c dazos dreor dcao  dnazo  dkeo e f g h To(K)
019 114x10° 667 -224 -182 320 585 621 -336 ~(OL<100 -154x107 3810 g0,
(Frost, 1991) ol 5 Laww 5 NNO 5 FMQ (sl 3l 551000, anloes (laai 0 .Y J9uia>
Table 2. Parameters for calculating logfO, in FMQ and NNO buffers by Frost (1991)

A B C
FMQ -25096.3 8.735 0.11
NNO  -24930 9360 0.04
Blasl JLils 55 K (slad gai (g Calibes _0luST Con g (laadd 3o ¥ 9o
Table 3. Parameters of different oxidation states for rock samples in the Bashmagh deposit
Sample no. Rock type INfO2  logfO2  AFMQ  ANNO
BSH11 Granite -33.6 -14.6 177 1.04
BSH12 Granite -36.4 -15.8 1.52 0.78
BSH18 Granite -314 -136 1.88 1.15
BSH19 Granite -33.6 -14.6 1.81 1.08
BSH21 Granite -354 -154 1.56 0.83
BSH22 Granite -30.6 -133 2.06 1.33
BSH27 Granite -325 -14.1 1.80 1.08
BSH32 Granite -31.8 -138 1.98 1.25
BSH33 Granite -38.1 -16.5 145 0.71
BSHO3 Granite -30.6 -13.3 214 142
BSHO04 Granite -32.0 -13.9 1.90 1.18
BSH13 Andesite porphyry ~ -34.9 -15.1 1.98 1.25
BSH16 Andesite porphyry ~ -32.3 -14.0 227 1.55
BSH24 Andesite porphyry ~ -32.8 -14.2 2.16 143
BSH25 Andesite porphyry ~ -31.9 -13.8 217 144
BSH39 Andesite porphyry ~ -34.8 -15.1 1.89 1.16
533 e S NNFLV/FA o il ol § s (NaO+K0 N S ey
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Table 4. Whole-rock geochemical data from rocks of the Bashmagh area

Rock type Granite (n=11)
Sample no. BSH11 BSH12 BSH18 BSH19 BSH21 BSH22 BSH27 BSH32 BSH33
SiO2 (wt.%) 72.98 72.24 68.82 72.25 73.68 71.52 73.31 72.31 70.74

TiO2 0.18 0.21 0.13 0.22 0.18 0.21 0.18 0.17 0.22
Al203 12.84 12.44 15.07 12.71 10.95 12.98 11.84 12.14 13.53
Fe203 1.22 1.01 1.48 1.39 1.10 1.69 1.00 151 1.50
FeO 151 1.21 1.92 1.69 131 2.12 1.22 1.81 1.88
MnO 0.08 0.08 0.36 0.06 0.08 0.11 0.1 0.12 0.08
MgO 0.27 0.44 0.2 0.3 0.26 0.67 0.35 0.66 0.3
CaO 1.06 1.47 1.8 0.35 1.8 0.26 1.4 0.38 0.8
Na2O 3.26 3.26 3.49 3.77 3.54 3.04 3.19 3.18 2.87
K20 4.52 4.82 412 4.22 4.6 4.68 4.67 4.92 4.96
P20s 0.01 0.02 0.02 0.02 0.02 0.02 0.01 0.02 0.02
LOI 1.63 2.07 1.96 1.88 2.27 2.43 2.07 171 2.05
Total 99.56 99.27 99.37 98.86 99.79 99.73 99.34 98.93 98.95
Ba (ppm) 348.00 449.00 412.00 363.00 404.00 266.00 510.00 603.00 195.00
Cs 5.45 2.96 3.07 3.4 4.44 3.40 3.08 5.65 4.06
Ga 16.60 23.80 18.00 9.93 17.80 14.30 17.45 17.40 6.01
Nb 49.60 21.20 59.50 27.70 50.80 41.20 49.20 47.10 13.80
Ta 3.50 1.17 4.06 212 3.70 2.97 3.39 3.20 0.91
Rb 294 133 216 184.5 296 189 233 271 82.7
Sr 543 48.9 89 21.7 47.8 71.8 52.6 58.9 374
Th 33.4 11.45 43.6 18.25 27.4 30.5 20.3 26.2 7.35
U 6.42 4.38 9.36 3.15 6.45 591 14.85 4.86 2.94
Zr 128 105 180 115 171 155 186 155 58
Hf 4.1 2.5 55 3.2 51 4.7 53 4.3 1.6
\Y 11 82 63 7 10 15 15 11 48
w 6.40 5.40 2.60 48.40 5.00 4.20 2.80 1.70 25.30
Y 11.3 10.9 12 14.4 10 10.7 111 10.8 11.9
Pb 28.70 12.60 25.70 18.50 11.60 76.60 13.00 7.30 354.00
La 21.5 22.4 415 27.8 27.8 29.2 39.1 26.5 16.8
Ce 34.80 42.30 65.40 44.60 44.30 50.10 61.10 43.10 28.70
Pr 3.24 4.55 5.79 4.23 391 4.56 531 3.9 2.7
Nd 9.3 15.3 16.8 12.7 11.2 12.8 14.8 114 8.7
Sm 151 2.51 2.23 2.01 1.64 1.96 2.12 1.68 1.48
Eu 0.28 0.48 0.39 0.47 0.26 0.34 0.29 0.26 0.31
Gd 1.36 2.02 1.54 1.7 1.4 1.55 1.52 1.37 1.38
Tb 0.26 0.29 0.29 0.31 0.26 0.26 0.25 0.25 0.24
Dy 177 1.84 1.76 2.04 1.59 1.7 1.63 1.58 1.53
Ho 0.37 0.38 0.41 0.46 0.34 0.35 0.36 0.33 0.32
Er 1.2 1.25 1.32 1.38 1.16 1.15 119 1.18 0.97
Tm 0.2 0.2 0.24 0.22 0.19 0.2 0.21 0.2 0.16
Yb 1.46 14 1.84 1.6 151 1.43 1.68 1.47 1.04
Lu 0.24 0.23 0.32 0.26 0.26 0.24 0.28 0.26 0.16
>REE 77.49 95.15 139.83 99.78 95.82 105.84 129.84 93.48 64.49
LREE/HREE 10.30 11.50 17.11 11.52 13.28 14.38 17.24 13.08 10.12
Lan/Ybn 10.56 11.48 16.18 12.46 13.21 14.65 16.69 12.93 11.59
Eu/Eu* 0.60 1.02 0.83 1.00 0.55 0.73 0.62 0.55 0.66
Fe®*/ZFe 0.42 0.43 0.41 0.43 0.43 0.42 0.42 0.43 0.42
Mg# 24.22 39.33 15.65 24.09 26.15 35.99 33.76 39.39 22.17
Fe20s/FeO 2.72 2.22 3.41 3.07 241 3.81 2.22 3.32 3.38
Tz (°C) 722.14 684.40 757.07 719.49 699.14 763.11 738.88 744.76 661.39

LOI= loss on ignition; EWEU*= Eun/(SmnxGdn)Y%; Mg# = [100*molar Mg/(Mg+Fe)]; Tz= Zircon saturation temperature
calculated from the whole-rock compositions based on Boehnke et al. (2013); Fe®*/ZFe ratio calculated based on Le Maitre
(1976).
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Table 4 (Continued). Whole-rock geochemical data from rocks of the Bashmagh area

Rock type Granite (n=11) Andesite porphyry dike (n=5)
Sample no. BSHO03  BSHO04 BSH13 BSH16 BSH24  BSH25  BSH39
SiO2 (wt.%) 72.69 73.27 59.76 62.08 60.76 60.79 58.31
TiO2 0.15 0.19 0.53 0.92 0.81 0.56 0.28
AlLOs 13.68 12.8 16.47 15.43 16.18 15.94 17.46
Fe203 1.59 1.27 297 251 2.64 2.54 3.06
FeO 1.90 1.63 3.16 2.67 2.70 2.65 3.44
MnO 0.08 0.06 0.16 0.47 0.31 0.34 0.17
MgO 0.3 0.32 1.36 1.89 1.25 1.85 171
CaO 0.12 0.48 3.48 2.18 35 3.80 4.23
Na20O 3.34 3.21 2.66 2.17 2.87 3.28 2.86
K20 4.82 4.27 4.75 4.8 4.82 4.19 4.23
P20s 0.01 0.02 0.11 0.49 0.44 0.25 0.04
LOI 1.02 1.35 3.36 3.17 3.2 294 2.97
Total 99.7 98.87 98.77 98.78 99.48 99.13 98.76
Ba (ppm) 910.00 453.00 210.00 20.00 10.00 10.00 20.00
Cs 33 10.45 171 3.08 3.83 177 3.68
Ga 16.90 26.70 15.70 13.15 18.00 27.20 16.15
Nb 39.50 24.20 22.80 31.80 32.90 41.10 34.40
Ta 2.74 1.08 1.09 2.08 1.32 111 2.06
Rb 244 185.5 153.5 97.7 77.2 55.4 33.9
Sr 48.5 59 32.41 24.24 25.32 25.35 23.33
Th 26.2 6.31 12.23 17.18 20.23 18.29 16.21
U 5.61 3.76 13 8 12 17 11
Zr 148 133 123 129 189 257 155
Hf 42 2.8 33 4.1 4.1 7.7 6.2
\% 12 138 12 4 3 4 1
w 3.20 10.10 1975.00 980.00 371.00 550.00 514.00
Y 11.8 16.4 14.4 9 121 15.6 11.8
Pb 25.50 15.40 6.40 33.50 13.80 10.30 10.60
La 46.7 40.9 25.1 13.6 16.2 239 195
Ce 75.40 76.40 43.30 56.42 36.88 46.99 43.84
Pr 6.73 8.32 3.79 1.94 2.32 3.04 3.02
Nd 19.2 30.1 195 20.5 25.7 16.2 24.8
Sm 2.65 5.04 35 24 3.9 49 25
Eu 0.42 0.5 0.7 0.8 0.6 0.3 0.4
Gd 1.81 3.66 1.49 1.31 1.42 1.45 14
Tb 0.29 0.52 0.27 0.3 0.3 0.2 0.3
Dy 1.77 2.98 1.83 1.29 141 1.43 1.43
Ho 0.35 0.59 0.24 0.19 0.26 0.38 0.24
Er 1.17 1.77 2.8 1.46 1.89 1.19 1.16
m 0.19 0.28 0.38 0.24 0.38 0.22 0.28
Yb 1.39 2.05 141 1.18 1.56 2.1 1.38
Lu 0.23 0.33 0.27 0.32 0.27 0.21 0.38
YREE 158.3 173.99 102.08 101.95 93.09 102.51 100.63
LREE/HREE 20.99 13.28 10.75 15.21 11.43 13.28 14.32
Lan/Ybn 24.10 14.31 12.77 8.27 7.45 8.16 10.14
EuwEu* 0.90 1.07 1.49 171 1.28 0.64 0.85
Fe¥*/ZFe 0.43 0.41 0.46 0.46 0.47 0.46 0.44
Mg# 22.00 25.98 43.40 55.76 45.18 55.44 47.00
Fe20s/FeO 3.49 2.90 6.13 5.18 5.35 5.19 6.50
Tz (°C) 760.50 745.06 691.77 723.65 720.72 735.62 697.40

LOI= loss on ignition; EW/EU*= Eun/(SmnxGdn)Y%; Mg# = [100*molar Mg/(Mg+Fe)]; Tz= Zircon saturation temperature
calculated from the whole-rock compositions based on Boehnke et al. (2013); Fe3*/ZFe ratio calculated based on Le Maitre
(1976).
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Fig. 8. Geochemical diagrams of major elements from the igneous rocks of Bashmagh area. A: Na,O+K0 versus SiO;
diagram (Irvine and Baragar, 1971; Middlemost, 1994), B: K,O versus SiO- diagram for determining the alkalinity of rocks
(Le Maitre, 1989), C: AFM diagram with calc-alkali-tholeiitic boundary line (Irvine and Baragar, 1971), abd D:
Metaluminous to slightly peraluminous range of rocks in A/CNK versus A/NK diagram (Maniar and Piccoli, 1989)

DOI: 10.22067/econg.2025.1144

C ool (§ 0,95 galiaml wlid )


https://doi.org/10.22067/econg.2025.1144

e 2555 3 23— olasd e S o0 5 o laST Cun s ¢ WS e (slaodiSJ 7S ) OSan 5 oY e

CaSl bl p b Las ) Jsw CuSs as > 3 TalYD > 0.3
DS 5 (oKl Sla oy Gob i & )3 (Jlsins
S gz 0daT YU 5 Jlss xS «(Jahangiria et al., 2024)
S 5 05 50 ) g ) gy (5 e 50 S 53
w&;ﬁp;)Taey;s).sJau@ﬂjélwawﬁjstvﬁw
Oyl o e dled s aSTsT - JSITESIS SlaassT g )
Fe 3 THIYD s o693 413 505 55 ¢ imman ool a8 § S5
L YD Jlae ;s ThiTa s S63s ylssi s TA/YD s
5C-4 JSs) (Gorton and Schandl, 2000) Juws 5 05,8
03 gdowe 43 (6 by 3 o 3T KI5 5 Bleil ol § (glaw ga oD

L o gy Slo B Jleb asil )5 3 slaag
Loee ON oy 5 (8] 1S I sl (S I3 g05 3T ol
Sl g0s 3l s ol s e SLSL b 55 5 Sy 53
2 5l ol iy oS 5 ool e Sui oL Suie
JSCs) el s eslizt (Sun and McDonough, 1989) 443
5 Sy ST Sl 5 CF (gladiges e oyl ()
33 o S & 3RO K CS WL LILE ;5 S s o
Pb olis )l 505 gl ol ins o 02 Ti 5 ND sl HFSE
SrCe ,ole 5686 Lo e e sla Jle sTRbD s K (U NNd
Sl oS 8 o5 (V0 JSC8) dims oo 05 (S 6 ND 5 T
5 Sl iy SlaS Gl S s Ti s ND S g
(Stepanov et al., 2012) ol LSl &3 3 iliypn
bdas e 0lg 0 ly (B sA-Y JS2)Ba P SIske Sas ¢
il o 55l 5 gle By bl 28 o S S
S sT.(Chappell and White, 1992; Pe-Piper etal., 2002)
sl (LSl 53 (g3l 3 5 3O s b a3 o e ST e
63lg B3 a0 5 o 1y RD s K oo (gla o T ¢ pimman ool
odle (B A1 S0) 3 8 i s glas £ 6 8 (o ke pnkie)
SLa S 53 L 5 sloyl8 slpn Lo ST (sla 5 el

023050 S0 305 53 (o0 BB Lo s 400201 55

Swoldgi ol 9 559 5%
Lo 4335 7t —ailn a3 S5 g e LSLo Y
Ol —3la —aS 5 3, p adlate 43 0d 505 ol (Salus g
b S8 sl s p s o b5 o i g = i 1
00 3l o 1 Jsb 53 55 0 0ol oYL domis 53 LS le L 2S76L
ol (Verdel et al., 2011) coul ails i 28 Jlo O ska YO 1
233 idie b (G =l ) (655t &S 51 IS Ll e
S0 @l,fv_p 095 el s Jlaset C Sy 5 0T o
odeT s 4l 31 (Rabiee et al., 2020) ool 48 £ 50
ClaS ole (g5l (la s sai 5 (Juol jolie i )
Ss g Mas pLILE Fus oo k) dgaes S oo
laag b g3l do b Blasb aibate S gladl s ( HFSE o
2 S 55 ol B S oS Gladeses U Las o 23155
Lo a8 0354 5 Ol g Al 4l 53 S (s 2 (gla
Agard et al., 2005; ) 5 s Bkl «ul sl plasil al 1556

Shafaii Moghadam et al., 2018; Asgharzadeh-asl et al.,
2018; Kouhestani et al., 2018; Jahangiria et al., 2024;

(Shivaetal., 2025
Pearce et al., ) ol Ko 5 o 12693 S 13905 31 o3limu!
e s i Sl S gl el S (1984
LE5) (o6 355 1 L Ol oM g5 5 5531 8 6 5L)
3 A5 a5 T LB Glamio 05,3 (S g5 Al §
botdes S eSS ol g5 5 5l S LK L) s asT oS’
Bl 53 RD 55 (sl 15 gai 31 o3lizd 5 (el sl 3l o3bizl
Slodarly (B4 JS2) Yh Jie 5> Ta 5 (A-4 J<2) Y+Nb
LS LS ¢ 5 Sl 8 b 5 Bl e S
&S 5.B s A S s) Wl Bls s p ag JlaiasT
LU AT -3 = s (glat 5l & 21558 L ol pl 53 o o
ks 5 oy eSS la oy b (B-A JS5) 550

—ole sl g3, » (Whalen and Hildebrand, 2019)

DOI: 10.22067/econg.2025.1144

C ool (§ 0,95 galiaml wlid )


https://doi.org/10.22067/econg.2025.1144

e 2555 3 23— olasd e S o0 5 o laST Cun s ¢ WS e (slaodiSJ 7S ) OSan 5 oY e

Brenan et al., 1995; You et al., ) ot 2,55 U Ls oj?u:;fr»m}_éu-PbLg};,c,,:wjuﬂ.;ﬁmb;;yﬁ;

.(1996; Tale Fazel et al., 2023 s (gl lases 53 g gLl d y S5 oln 50T 5 glans &

1000 7 = 100.00 7
5 @ 5 Within-plate
] Syn-COLG ] granite (A-type)
granite (S-type) Within-plate | @ L
"l omie e | 1000 | Scote |
100 4 ] u
Iy ] ED ] Slab failure
}10 Slab failure ij‘f 1.00 -
= \© E Oceanic ridge
2 10 granite (M-type)
] 1 Arcgranite
i Oceanic ridge 0.10 E (I-type) -
Arc granite (I-type) |  granite (M-type) 1 M Granite (n = 11)
i 1 A Andesite porphyry (n = 5)
1 —T—TT T T T 0.01 T ——T T —T—T T
1 0 100 1000 0.1 1 10 100
Y+Nb (ug/g) Yb (ng/g)
100 1 50 o]
i 40
10 5
3 Oceanic arc
2 30 A
< &
£ 14 =
'_
20 A
] AA
0.1 4 10 Active continental margin
Within-plate volcanic zone
0.01 T 0 T T T T T T T T T :
100 0 2 4 6 8 10 12

Yb (g/g)
3 Ta b s g B (Pearce etal., 1984) YHND Llas 53 RD o653 3 505 1A Glel JLuils slacSin  Salos 55 o050l s gla Jls 5054 K
ThiTa cwi 4655 415 505D 5 (Gorton and Schandl, 2000) Ta/Yh e lae 55 TH/YD cs 555 515 505:C (Pearce et al., 1984) Yb i
Whalen ) bl ,ils 5 s o s s 5 4B s A glatanid 55 Caliee ole 558 (sl 415 5 T b s (Gorton and Schandl, 2000) Yb je s

el sty (Meinert et al.,, 2005) oo & 5 & b 5 (@nd Hildebrand, 2019

Fig. 9. Diagrams of geodynamic setting of rocks in the Bashmagh deposit. A: Binary diagram of Rb versus Y+Nb (Pearce et al.,
1984), B: Binary diagram of Ta versus Yb (Pearce et al., 1984), C: Binary diagram of Th/Yb versus Ta/Yb (Gorton and Schandl,
2000), and D: Binary diagram of Th/Ta versus Yb (Gorton and Schandl, 2000). The blue line and metallogenic circles in figures
of A and B are derived from Whalen and Hildebrand (2019) and Meinert et al (2005).
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Fig. 10. Spidergram of REE and trace elements from rocks of the Bashmagh area. A and B: Primitive mantle-normalized
trace element (normalizing data from Sun and McDonough, 1989), C and D: Chondrite-normalized REE (normalizing data
from Boynton, 1984). The Cenozoic magmatism domain of the Mianeh-Hashtroud district (after Rabiee et al., 2020) is

shown for comparison.
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Fig. 11. Geochemical evolution diagrams of magma-forming rocks of the Bashmagh deposit. A: Partial melting process in binary
diagram of La/Sm versus La (Cocherie, 1986), B: Depth and temperature of partial melting process in the binary diagram of SiO,
versus Mg# (Condie, 2005), C: Stability of minerals in the binary diagram of La/Sm versus Sm/Yb (Yousefi et al., 2023) and D:
Effect of crustal materials in the binary diagram of Ba versus Nb/Y (Kepezhinskas et al., 1997)
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Fig. 12. Discriminant diagrams of adakitic/non-adakitic nature of rocks in the Bashmagq deposit. A: Plots of Sr/Y versus Y, and B:

La/Yb versus Yb. Fields of adakite and normal arc magmas are from Defant and Drummond (1990) and Martin (1999). The
minerals in figure A show the trend of crystallization differentiation.
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Fig. 14. Diagram of oxidation state of magma and metallogenic potential in the Bashmaq deposit. A: Binary diagram of
immobile trace elements Nb+Zr+Ce+Y versus Na,O+K,0/CaO (Whalen et al., 1987), B: Binary diagram of SiO, versus
Fe,0s/FeO (Hart et al., 2004), C: Binary diagram of Log(Fe,Os/FeQ) versus FeOT (Blevin, 2004), and D: Binary diagram of
logfO, versus zircon saturation temperature (Frost, 1991). The range of porphyry Cu (Mo-Au) deposits in figure D adopted from
Shen and Pan (2013). Abbreviations after Warr (2021) (HM: hematite-magnetite, FMQ: fayalite-magnetite-quartz, NNO: Ni-
NiO, WM: wustite-magnetite).
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of magma versus logfO, (Thompson et al., 1999)
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