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Article info Abstract

Article type The Kordkandi deposit is located 26 km northwest of Zanjan, within the Western Alborz-Azarbaijan zone and the
Research Article Tarom subzone, occurring as a stratabound mineralization within Eocene andesitic basalt lava flow units (equivalent
Avrticle history to the Karaj Formation). Copper mineralization in this deposit is primarily observed as sulfide minerals including
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chalcopyrite, bornite, chalcocite, and lesser pyrite and specular hematite exhibiting disseminated, vein-veinlet, and
replacement textures. The volcanic rocks in this area were formed in an extensional, back-arc environment.
Geochemically, the investigated samples fall within the calc-alkaline to high-potassium calc-alkaline to shoshonitic
series. Based on the host rock characteristics, mineralogy, texture and structure, geometry, and alteration, this deposit
shows significant similarity to Manto-type deposits in Chile. According to these lines of evidence, it can be stated that
the Kordkandi copper deposit formed during burial metamorphism stages within andesitic basalt units. During this
stage, with increasing burial depth, copper mineralization occurred alongside alterations such as zeolitization,
chloritization, epidotization, silicification, and carbonatization. Subsequently, due to the uplift of the area and through
weathering and supergene processes, secondary minerals were formed in this deposit.

Introduction

The Kordkandi copper deposit is located in the northwestern
part of Zanjan Province, within the Western Alborz-Azarbaijan
structural zone, and in the Tarom-Hashtjin subzone of the Karaj
Formation. This area is part of the Eocene volcano-sedimentary
sequences (Karaj Formation) that hosts numerous mineral
deposits in the Zanjan region, including magnetite-apatite
deposits (Nabatian et al., 2014), The Chore-Nab iron deposit
(Ebrahimi Fard et al., 2022), the Manto-type copper
mineralization in the Tarom-Hashtjin region (Nabatian, 2021),
the Khalifehlu copper deposit (Esmaeli et al., 2018), the
Chumalu lead-zinc deposit (Afshari et al., 2024), the epithermal
mineralization at Armaghankhaneh (Kouhestani et al., 2022),
the epithermal mineralization at Nikuyeh (Aghajani et al.,
2020), the Galehrud copper deposit (Asgari, 2021), the Mahin
copper deposit (Hadi, 2000), the Dahaneh copper deposit
(Mohammadi et al., 2019; 2021), the Qeshlaq copper deposit
(Abbaspour, 2017), Mari (Hosseinzadeh et al., 2016),and the
Yahyaabad copper deposit (Hamidi, 2024). In Iran, Manto-type
mineralization has been identified in various structural zones
including the Alborz, Urumieh-Dokhtar, Sanandaj-Sirjan, and
Sabzevar zones (Nabatian, 2021; Movahednia et al., 2022).

This research aims to investigate the geology, mineralogy,
alteration, geochemistry, mineralization type, and genesis of the

Kordkandi copper deposit. The results provide crucial
information for understanding the formation mechanisms and
exploration criteria for similar deposits in the Tarom subzone
and other parts of Iran.

Materials and Methods

This research was conducted through a combination of field
studies, laboratory analyses, and data interpretation. Following
detailed field investigations, systematic sampling was
performed from the host rock units of mineralization, and a
geological map at a scale of 1:20,000 was prepared. A total of
32 thin sections and polished-thin sections were prepared and
studied to identify mineral phases, their abundances, textures,
temporal relationships, and their association with
mineralization.

Additionally, from 38 collected samples, five host rock
samples exhibiting minimal alteration were selected for
geochemical analysis. These samples were analyzed at Zarazma
Zangane Iranian Company using XRF (X-ray Fluorescence) for
determining major oxide concentrations and ICP-MS
(Inductively Coupled Plasma- mass spectrometry) for trace and
rare earth element (REE) concentrations.

Petrographic studies were conducted using a polarizing
microscope to identify mineral assemblages, textures, and
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paragenetic relationships. Geochemical data processing and
interpretation were performed using GCDkit software and
various discrimination diagrams to determine rock types,
magmatic series, and tectonic setting.

Results and discussion
Geology and petrography

The study area is situated in the Western Alborz-Azarbaijan
zone, within the Tarom-Hashtjin subzone and belongs to the
Kordkandi member of the Karaj Formation (Figs. 1 and 2). The
exposed rock units in the Kordkandi area belong to an Eocene
volcano-sedimentary sequence, indicating volcanic activity in a
shallow sedimentary basin with alternating explosive phases
and effusive andesitic, dacitic, and minor rhyolitic lava flows.
The Eocene volcaniclastic and volcanic units are the most
important exposed units in the study area. These units mainly
consist of tuffaceous sandstones associated with andesitic basalt
lavas.

Two types of gray and green tuff units are present in the area
which interbedded with lava units. The gray tuff unit occurs in
the lower parts, exhibiting a gray color with porphyritic and
fine-grained textures containing minor lithic fragments,
classified as lithic crystal tuff. The green tuff is more
widespread, displaying a greenish-gray color with fine-grained
texture and abundant lithic fragments, classified as crystal lithic
tuff. These tuff units have an approximate thickness of 150
meters and are not significant for mineralization.

Andesitic-basaltic lava units host the mineralization and are
interbedded with tuff units, extending approximately 200 meters
in thickness. They exhibit distinct layering, light gray color, and
porphyritic texture in hand samples, with minor amygdaloidal
texture filled by carbonate minerals and quartz. A dioritic dyke
with approximately 1.5 meters width cuts through the andesitic
basalt lavas in the western part of the area.

Microscopic studies reveal that the tuff units primarily
consist of plagioclase, pyroxene, and quartz. Plagioclase is the
most abundant mineral, largely replaced by sericite and clay
minerals. Clinopyroxene occurs in lesser amounts, mostly
replaced by epidote and calcite. Epidote is also observed as
veinlets. Chlorite is one of the most abundant secondary
minerals in these units, replacing mafic minerals and filling
irregular cavities.

The andesitic basalt lava units contain plagioclase and
pyroxene as primary minerals, altered to varying degrees to
secondary minerals including calcite, epidote, chlorite, and clay
minerals. Plagioclase constitutes approximately 55-65% of the
minerals in these units. The microdiorite dyke exhibits fine-
grained texture with primary plagioclase and pyroxene, and
secondary epidote, calcite, chlorite, and sericite, with
intergranular texture observed as a subordinate texture.

Mineralization and alteration
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Copper mineralization in the Kordkandi area occurs as
stratabound within andesitic basalt lava units, confined to a
mineralized horizon approximately 20-50 meters thick and 250
meters long, exhibiting vein-veinlet and disseminated textures.
Late-stage specular hematite veins cross-cut the earlier copper
mineralization and host rocks. The primary ore minerals include
pyrite, chalcopyrite, bornite, chalcocite, and specular hematite.
Secondary minerals include malachite, azurite, chalcocite,
chrysocolla, covellite, and goethite, formed through weathering
and supergene processes. The main ore textures include vein-
veinlet, disseminated, open space filling, brecciated, relic, and
replacement textures.

Chalcopyrite is the main copper-bearing mineral in the
Kordkandi deposit, occurring predominantly as disseminated
grains and veinlets. It is cross-cut by later-stage specular
hematite and replaced by secondary minerals including
covellite, chalcocite, and goethite during supergene and
weathering stages, resulting in relic and island textures.

Chalcocite occurs in both primary and secondary forms.
Primary chalcocite, as a major copper mineral, occurs with
veinlet and disseminated textures associated with chalcopyrite
and bornite. During supergene processes, it transforms to
secondary minerals including malachite, azurite, and minor
covellite. Secondary chalcocite forms through supergene and
weathering processes, replacing primary minerals such as
chalcopyrite and bornite.

Bornite occurs as another primary copper mineral with
veinlet and disseminated textures. It typically forms
intergrowths with other copper minerals including chalcopyrite
and chalcocite during the primary mineralization stage and is
transformed to secondary minerals including covellite,
malachite, and goethite during supergene processes.

Specular hematite is the main iron ore mineral in the
Kordkandi deposit, occurring as acicular crystals with vein-
veinlet texture. As mentioned, this mineral predominantly
occurs as veinlets cross-cutting the earlier (copper)
mineralization stage.

Hydrothermal alteration in the Kordkandi deposit is well-
developed and includes chloritic, epidotic, silicic, zeolitic, and
carbonate alteration types. Silicic, zeolitic, chloritic and epidotic
alterations are extensive, predominantly in andesitic basalt
units, occurring as veinlets, cavity-filling (amygdaloidal), and
replacement around ore minerals. Carbonate alteration occurs as
veinlets, replacement, and cavity-filling (amygdaloidal) during
the latest mineralization phase, cross-cutting all previous
mineralization stages and alteration assemblages. These
alterations formed during copper mineralization stage as vein-
veinlets and cavity-filling (amygdaloidal). Minor sericitic and
argillic alterations, related to supergene processes, are also
observed but are not associated with copper mineralization.

Based on field and microscopic studies, the paragenetic
sequence in the Kordkandi copper deposit can be divided into
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two main stages including burial metamorphism and
mineralization and supergene and weathering.

During early stage, volcanic and sedimentary activities
began with the deposition of pyroclastic and sedimentary units.
With increasing burial depth, temperature and pressure
increased, initiating burial metamorphism. Metamorphic fluids,
carrying valuable metals, migrated through different parts of the
host rock, leaching copper and iron from mafic minerals such as
pyroxene. Progressive fluid infiltration into fractures and open
spaces resulted in the precipitation of copper and iron minerals.
Copper minerals including chalcocite, chalcopyrite, and bornite,
along with pyrite, formed during various alterations such as
silicic, zeolitic, and chloritic-epidotic alteration. During this
stage, copper mineralization formed first, followed by iron
mineralization (specular hematite) as vein-veinlets. Evidence
indicates that specular hematite mineralization post-dates
copper mineralization and cross-cuts it. In the final stages of
mineralization, carbonate veins and veinlets formed, cross-
cutting the entire earlier mineralized assemblage and host rocks.

During the second stage, secondary minerals including
malachite, covellite, azurite, goethite, and secondary chalcocite
formed through replacement and vein-veinlet textures. In some
parts, replacement intensity was so high that only relicts or
islands of primary minerals remained. Alterations formed
during this stage include argillic and sericitic alteration, which
are not related to mineralization.

Geochemistry of host rocks

Geochemical studies show that the host rocks of the
Kordkandi deposit have basaltic composition and have calc-
alkaline to high-potassium calc-alkaline to shoshonitic series.

Chondrite-normalized and primitive mantle-normalized
spider diagrams indicate enrichment in light rare earth elements
(LREEs) and large ion lithophile elements (LILEs), and
depletion in heavy rare earth elements (HREES) and high field
strength elements (HFSEs) for the studied samples. All
magmatic rocks from the Kordkandi area show relatively
similar trace element and REE patterns, suggesting a common
source and magmatic evolution for the igneous units in this area.
Positive anomalies in Rb, Ba, U, and to some extent Th indicate
enrichment of the magma source in these elements. A
significant Pb anomaly suggests crustal contamination of the
magmas and enrichment of the source region. The studied
samples do not show strong depletion in HFSEs and HREEs,
making the presence of garnet in the residue from partial
melting unlikely. Negative Zr anomalies may result from zircon
fractionation in the magmas. Overall, LILE enrichment
accompanied by negative Nb, Ta, and Ti anomalies can be
indicative of magmas generated in subduction zones.

In the chondrite-normalized REE patterns, the studied
samples do not show significant Eu anomalies, suggesting the
absence of plagioclase in the residue from partial melting or lack
of plagioclase fractionation during magma ascent. The REE
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distribution patterns in all samples are subparallel and show
LREE enrichment, which is probably due to subduction
components or crustal contamination. Negative Ce anomalies,
along with elements such as Ti and Nb, are indicators of
involvement of subducting slab sediments in the lithospheric
mantle. According to the Th/Ta versus Yb diagram, the studied
samples plot in the active continental margin field. These results
are consistent with a subduction-related tectonic setting for the
formation of the host rocks.

Based on field and microscopic studies and investigation of
the characteristics of the Kordkandi copper deposit, including
mineralogy, structure and texture, alteration, host rock, tectonic
setting, and comparison with volcanic-hosted copper deposits
worldwide, it can be concluded that this deposit shows the
greatest similarity to Manto-type copper deposits.

Conclusions

The Kordkandi deposit is located in the Western Alborz-
Azarbaijan zone and Tarom-Hashtjin subzone within andesitic
basalt units of the Karaj Formation. The Eocene volcanic rocks
host a significant portion of economic Manto-type copper (-
silver) deposits in Iran, which formed in a back-arc extensional
setting, particularly in the Alborz magmatic belt. Deposits in the
Urumieh-Dokhtar and Sabzevar zones also formed in similar
Eocene back-arc tectonic settings during subduction of the
Neotethys oceanic crust beneath Iran.

Therefore, studying this deposit can provide important key
information for exploration of similar deposits in other parts of
the Alborz zone and analogous areas in Iran. For exploration
and evaluation of these deposits, various geological guides can
be used. One of the main requirements is the preparation of
detailed geological maps. In areas where no known deposits
exist, matching the age of volcano-sedimentary sequences with
important  global  mineralization  periods such as
Mesoproterozoic, Jurassic-Cretaceous, and Eocene can be a
good indicator. In areas where known deposits exist, important
indicators include: (1) volcano-sedimentary units that may
include mafic lavas and tuffs; (2) mineral indications such as
stratiform sulfides and discordant veins; (3) chloritic and
zeolitic alterations containing high amounts of copper and
silver; (4) presence of fine-grained pyrite in andesitic rocks
indicating back-arc basins, especially in the Alborz zone,
Urumieh-Dokhtar belt, and Sabzevar zone.
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Fig. 1. a) Map of the geological-structural zones of Iran (Aghanabati, 1998; Alavi, 2004) on which the study area is marked with a red star symbol.
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Fig. 2. Geological map (1:20,000) of the study area (Ahmadi, 2019)
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Fig. 3. a) A view of the units presents in the Kordkandi area. b) Closed view of the green tuff unit (crystal lithic tuff). ¢) A view of a dioritic dyke
in the study area that is cut by a fault. d) Image of a hand sample from the andesitic basalt lava unit. Plagioclase (Pl) and pyroxene (Px), which are
mostly altered to epidote, chlorite, clay minerals and sericite, are the observable minerals in this rock. Mineral abbreviations are taken from Whitney

and Evans (2010)
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Fig. 4. Photomicrographs of the units present in the Kordkandi area. a) Crystal lithic tuff unit with plagioclase (PI), clinopyroxene (Cpx), quartz
(Qz), lithic fragments, and epidote (Ep) replacing the primary mafic mineral. b) Epidote (Ep) forming veinlets cross-cutting the host rock in the
crystal lithic tuff unit. ¢) Crystal lithic tuff unit showing plagioclase (PI) and lithic fragments (Lithic) along with the secondary mineral chlorite
(Chl). d) Andesitic basalt lava unit containing a large clinopyroxene (Cpx) phenocryst with inclusions of opaque minerals, cut by a calcite (Cal)
veinlet. €) Andesitic basalt lava unit exhibiting an amygdaloidal texture, with vesicles filled by quartz (Qz), chlorite (Chl), and calcite (Cal) (from
the outer to inner part of the cavity, respectively). f) Microdiorite dyke present in the area, containing plagioclase (PI) and clinopyroxene (Cpx)
crystals. Mineral abbreviations are taken from Whitney and Evans (2010)
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Fig. 5. Views of mineralization in the study area. a) Surface impregnation of malachite in the andesitic-basalt host rock (view eastward). b) Vein-

type copper mineralization cutting through the andesitic-basalt host rock. ¢) Chalcopyrite (Ccp) in the andesitic-basalt unit, replaced by malachite
(Mlc) and azurite (Azu) due to supergene surface processes. d) Iron ore (Fe Ore) mineralization occurring as veins within the andesitic-basalt unit
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Fig. 6. Photomicrographs of the primary minerals present in the Kordkandi deposit. a) Chalcopyrite (Cpy) with a massive texture, replaced by
goethite (Gth) and covellite (Cv) due to weathering and supergene processes. b) Primary chalcocite (Cct) replaced by covellite (Cv) during
weathering and supergene processes. ¢) Bornite (Bn) altered to chalcocite (Cct), covellite (Cv), and goethite (Gth) through weathering and supergene
processes. d) Specular hematite (Hem) with an acicular texture, formed as veinlets in this deposit. ) Specular hematite (Hem) veinlets cross-cutting
chalcopyrite (Cpy). f) Disseminated pyrite (Py) in the host rock matrix, also cross-cut by specular hematite (Hem). Mineral abbreviations are taken
from Whitney and Evans (2010)

L Sl 5 Gl slogle,Ss wiiliee Gins sloanls b by
S, Syge 4 (b sl gleaxly o i g ol S LSS
- oo oonlie Sue eole GlbI il o (JldglaSsl) Sz oaisS )y Ysone gile o o)Ll 5 GlojSs o5 (308 4 azg b
b sla ol T3 da Slo ) F5 pl Lolen (0 € D @Y JK3) Wgd 5 ke Slagle S0 (IS jsb a4 Lol 0gd ad ad 5 Ll o e So
g aly,s SloSs.f e b ay JKo) cul ons LS5 55 gy s Cabral) as sl i gla,Ludls jo b glo 5o 0 i sene 5l Sl S
oA b 55 (oSl @l i oS 5 cwiils cslans, &jso by dssy Sl e da Ll ol o uimes (@nd Beaudoin, 2007
5 ks bl slajl ales 5 ot LSas Lals cnl jo hals ;6 WIlSON ) wdl e slist dilate jo Lol o545 L lojen o (udas 5i5ko
Gl slo Fs a5 el S8 LB (Y USs) Ceul 03,8 ada 1) a sla S (S Jolss LS cpl jo 09350 slo gl S5 (@nd Zentilli, 2003
(JlasellaSel) Slyas 0aiiS 5 g SIS, —a8, O jgo 4y yiies oad 53 S Gle S ogdle ar (V JSE) ol (g 5 Al S o (Fgo)
Lol odls #, 45 35 o0 onalive LS cpl )5 jteS e 4 55 (Sebs)l 5 g o

ay



o Jled (iS58 LS 53 e 2 5AS olKuls g oo e olidina; O 5 s>

L \SD0m : 16 ~ Clogmm

Je5i5 (5 C o b olyon (SI) (el 5 (CHD (0I5 (slo gl 55 JSt5 (0 58 50350, o SudlS 15 00 S5 (gl il 5 51 (550 Sern ol -V IS5
0ad (rile (EP) Syl s JalS ysbo e Ly (P D523l 0550 00line o5 jshailan (E) Sogal SIS Lo PS5k il 5 (EP) (Spayl (Sl 5o
yg0 45 45 (CD) Lol )5 lo S (F sl oads JoSid (S1) (camdins Gl 55 L ol pon JlaSgllaSial bl b a5 (Z80) idss; (o )50 51 (065usg ,San yguai (€ s
ey lad T b S5 g lais] (e los S alad |, (Chl) S (Si) b Sl S c(HemM) Vo Soul oslos (ol 5alS objue S (Cal) (SolS axF a5

ool (Whitney and Evans , 2010) ,.ilg! 4

Fig. 7. Photomicrographs of alteration assemblages formed in the Kordkandi copper deposit. a and b) Chloritic (Chl) and siliceous (Si) alteration
formed contemporaneously. ¢ and d) Formation of epidotic (Ep) alteration and the replacement of plagioclase by epidote (Ep). As observed,
plagioclase (Pl) has been almost completely replaced by epidote (Ep). €) Photomicrograph of zeolitic (Zeo) alteration exhibiting an amygdaloidal
texture, associated with siliceous (Si) alteration. f) Carbonate (Cb) alteration forming calcite (Cal) veinlets that cross-cut the mineralized host rock,
specular hematite (Hem), and the siliceous (Si) and chloritic (Chl) alteration zones. Mineral abbreviations are taken from Whitney and Evans (2010)

i el S o I lalad g o iS5 4 SVl (WSS e ome aibate 5| aKiulejl 5 ol e Slalllas el
Ngdse e Sl SS FB ) Syge @ ale e g0 Jolts LSl o o S5 Sl JIss
@ Coyg 5 CaymsSl (awsSIST B e sl SIS wanld cnl o (A JS) conl S
— A 9 S el 95le il o Sl 1 o g o sliee el (Jl alpe o (halS 5 8 (55,50) sl Al e
e S5l Gl ol o yo onl (b )3« Sile 4 able 392 4 Senml Logdse ST ogm 5 6)lsT3T 0,81 (slaasly (6 S Cgm 5 Slaias]
455 O yge 4 (VguSoml Coslan) ol SIS (T 5l G g 0o oS 9 090 Yk LS (59) 2 )Li8 g Lo daazly (pl (e85 Goas il
Cilen oS a5 el ol 5l (Sl wled el cod JSis glaxS dalpd ol 50 00 5 e 3 S95 )50 dl e £9,0 Gl Condg ol
50 el 00,5 ahad | e 21555 g 005 e 2l3al 51 o Y Sl I laors )0 s died))l Sase yolie g5l> a5 68 50 YL
S5 Ll 0l 50 5 Sl Sl plaanS ) g a8 ([l SLb Sl 5B pliee Shw i slagige (90 S b SVl ol 55 s
(e Wilod S @lad I e Siww g sl (QlalS dcgeze a5 Wisdi oo (nl B Lo 4 9 00,5 I (paSTgm wiile S8Le Sla SIS 5 e

af



e Jles (G0, JLdlS 50 s 55 STl 5 oS sl e

O 5 (saax]

b ssilols &y90 4 adsl sla SIS 51 (BT Laid oS 039y (s> 4 il
ol 5 0t S5 gla ol ,$9 4 el 158 B sl oile 3L (o
SIS b B o Sl s S sl sl 5 ol e

S,las

oML g (el (B sl ype w4 Sl Sl Jel> sl SIS
55 oo UK (JagllaSal) B glis

oz 5l 496 Sla S wal>po (nl 13 (S95lsm 5 Bingw) pod > 5o

5 il Spo & gl eSS 5 ST wtu 5] s YL

‘_}il Sad e sy 5 SN Wiloas JSis )L..jlf Q_il 4o 5‘47?:.?) —c\f)

Minerals
Stages

Burial metamorphism

Supergene and
weathering

Pyrite
Chalcopyrite
Chalcocite [

Bornite

Specular hematite
Chalcocite TT
Covellite
Goethite
Malachite
Azurite

Ore minerals

Quartz

Chlorite-Epidote

Zeolite

Alteration

Carbonate

Vein-veinlet

Brecciate

Replacement
Residual

Textures

SNSS,S e LilS o albly g Sose sla SIS il g el ( Seshl Jlgs (A JSs
Fig. 8. Paragenetic sequence, structure, and texture of ore and gangue minerals in the Kordkandi copper deposit
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Table 1. Results of rock sample analysis from the study area by XRF method (values are in weight percent. The detection limit for all oxides is 0.0

5 percent)
Element KD-02 KD-16 KD-22 KD-30 KD-31
Rock type Andesite-basalt
SiO2 46.81 49.02 48.39 45.28 47.96
TiO2 0.94 1.05 1.06 1.07 1.01
Al20s 16.73 18.53 18.76 17.88 18.67
Fe20s 9.99 9.44 9.57 10.66 9.08
MnO 0.46 0.22 0.17 0.23 0.21
MgO 8.19 5.89 5.86 6.77 5.94
CaO 9.35 8.65 8.19 8.64 8.24
BaO 0.07 0.07 0.06 0.06 0.06
Na20 1.99 2.12 2.15 1.93 2.00
K20 2.27 2.31 2.17 222 2.17
P20s 0.30 0.19 0.33 0.28 0.24
SOs <0.05 <0.05 <0.05 <0.05 0.10
LOI 2.90 2.45 3.30 4.99 4.27

(03l se PPM & y5lie) ICP-MS i, & aslllas 5, 9e aibate o clil —cujail Ko sladiges 5007 5 Jol> b =Y Jour

Table 2. Results of andesite-basalt rock sample analysis from the study area by ICP-MS method (values are in ppm)

1D/ Rock samples

Element Detection limit KD2 KD-16 KD-22 KD-30 KD31
Li 1 14 10 9 16 13
Rb 1 78 79 51 72 78
Cs 0.5 1.8 1.7 1.1 3.7 15
Be 0.2 1.2 15 1.4 1.3 1.3
Sr 1 450 596 468 480 537
Ba 1 570 556 495 519 499
Sc 0.5 30 26.4 23.4 27.9 23.8
Vv 1 197 191 184 222 177
Cr 1 177 67 57 47 54
Co 1 30.3 26.3 25.7 34 25
Ni 1 45 24 23 22 22
Cu 1 97 213 83 118 185
Zn 1 104 88 79 101 81
As 0.1 7.4 1 <0.1 <0.1 <0.1
Se 0.5 0.88 1.05 1.17 0.92 1.16
Cd 0.1 0.2 0.2 0.2 0.1 0.3
In 0.5 <0.5 <0.5 <0.5 <0.5 <0.5
Sb 0.5 2.4 0.9 0.6 0.8 0.6
Te 0.1 0.26 <0.1 0.2 0.17 <0.1
Y 0.5 16.4 18.5 17.8 17.6 18
Nb 1 18.1 17.4 15.2 10.2 16.9
Ta 0.1 0.47 0.57 0.57 0.37 0.66
Zr 5 46 97 96 67 99
Hf 0.5 2.1 3.31 3.34 2.56 3.32
W 1 1.2 1.2 1.1 <1 1.2
Mo 0.1 <0.1 0.3 1.1 <0.1 0.4
Sn 0.1 1.3 1.8 1.5 1.2 1.9
Tl 0.1 0.24 0.2 0.11 0.23 0.26
Pb 1 15 13 10 11 11
Bi 0.1 0.1 <0.1 <0.1 <0.1 <0.1
U 0.1 0.7 1.9 1.8 0.8 1.9
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Th 0.1 3.56 6.71 6.68 3.26 6.85
La 1 15 20 19 15 20
Ce 0.5 30 40 40 33 40
Pr 0.05 4.24 5.56 5.2 4.4 5.36
Nd 0.5 195 23.8 22.3 20.2 23
Sm 0.02 4.26 4.93 4.5 4.33 4.67
Eu 0.1 14 1.55 1.39 14 1.48
Gd 0.05 4.28 4.77 4.41 4.3 4.64
Th 0.1 0.67 0.76 0.69 0.69 0.72
Dy 0.02 4.07 451 4.18 4.18 4.4
Er 0.05 231 2.63 2.44 2.37 2.54
Tm 0.1 0.33 0.38 0.35 0.34 0.36
Yb 0.05 2 2.3 2.2 2.3 2.2
Lu 0.1 0.29 0.34 0.34 0.34 0.34
Sm/Yb - 2.13 2.14 2.04 1.89 2.12
a Sodalitite/Nephelinolith/Leucitclith b
8 | alka_l\
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Fig. 9. Location of the studied samples in a) (Na20+K20) vs. SiO2 diagram (Middlemost, 1994), b) Zr/Ti vs. Nb/Y diagram (Pearce and Wyman,

1996)
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Fig. 10. Determination of the magmatic series of volcanic rocks in the Kordkandi deposit. a) AFM diagram (Irvine and Baragar, 1971), b) Th vs.
Co diagram (Hastie et al., 2007), ¢) K,O vs. SiO, diagram (Peccerillo and Taylor, 1976), d) A/CNK vs. A/NK diagram (Shand, 1927). Symbols

are similar to those in Figure 9
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Fig. 11. Chondrite-normalized rare earth element (REE) spider diagrams for a) chondrite (Thompson, 1982), b) primitive mantle (McDonough and

Sun, 1995), c¢) chondrite-normalized REE diagram (Nakamura, 1974)
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Fig. 12. Determination of the tectonic setting of the magmatic rocks in the Kordkandi area. a) Th/Ta vs. Yb diagram (Schandl and Gorton, 2002),
b) Th-Ta—Hf/3 triangular diagram (Wood, 1980), c) Nb/Yb vs. Th/Yb diagram (Pearce, 2008), d) Nb/Yb vs. TiO,/Yb diagram (Pearce, 2008).

Symbols are similar to those in Figure 9
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Table 3. Comparison of the Kordkandi copper deposit with Manto-type deposits in Chile and Iran
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Fig. 13. Schematic figure of the genesis of the Kordkandi copper deposit. a) Tectono-magmatic evolution pattern of the Alborz magmatic belt,
including the formation of back-arc marine basins accompanied by sedimentation and explosive eruptions (Early to Middle Eocene) (Asiabanha
and Foden, 2012). b) Schematic illustration of the evolution and copper mineralization stages in the Kordkandi area
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