Petrological Journal
E-ISSN: 2322-2182

14" Year, No. 53, Spring 2023, pp. 109-138

Research Article

Geology, mineralization, and geochemistry
of ore and intrusive rocks in the North of Bahariyeh area,
East of Kashmar, NE Iran

Petrological Journal

Fatemeh Najmi !, Azadeh Malekzadeh Shafaroudi '/, Mohammad Hassan Karimpour®

! Ph.D. Student, Department of Geology, Faculty of Science, Ferdowsi University of Mashhad, Mashhad, Iran,

f.najmi@mail.um.ac.ir

2 Professor, Department of Geology and Research Center for Ore Deposit of Eastern Iran, Faculty of Science,

Ferdowsi University of Mashhad, Mashhad, Iran, shafaroudi@um.ac.ir

3 Professor, Department of Geology and Research Center for Ore Deposit of Eastern Iran, Faculty of Science,

Ferdowsi University of Mashhad, Mashhad, Iran, karimpur@um.ac.ir

ARTICLE INFO

EXTENDED ABSTRACT

Received: 20 January 2022
Accepted: 28 September 2022

Keywords

Acidic-intermediate magmatism
Petrogenesis

Geochemistry

10CG

North of Bahariyeh
Khaf-Kashmar-Bardaskan belt
Tectonic Zone

@20. 1001.1.22285210.1402.14.1.5.0

d

10.22108/ijp.2022.132381.1266

Introduction

Bahariyeh deposit is located in the central segment of the
Khaf-Kashmar-Bardaskan magmatic belt (KKBMB), NE Iran.
This belt is dominated by plutons of Kashmar batholith and
associated volcanic rocks along the northern side of the
Dorouneh Fault and is one of the most important metallogenic
provinces in Iran. Based on geochemical data carried out for
the purpose of the present study, the expansion of Cu and other
metals mineralization is determined, and on the basis of
investigation of trace and rare earth elements behavior, the
genetic-lithological relationship of the intrusive rocks is
determined in the North of Bahariyeh region.

Method of study

About 80 thin sections of intrusive rocks were prepared and
10 least altered 10 samples were selected and analyzed by X-ray
fluorescence (XRF; PHILIPS PW 1480) at the Analytical
Laboratory of the Kansaran Binaloud Institute of Mashhad, Iran.
Also, 10 samples were selected for geochemical analysis by
(ICP-OES) at the Zarazma Mineral Studies Co., Mashhad, Iran.
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Regional Geology

Based on field observations a 1:10,000
geological map prepared from the study area,
the existing rock outcrops mainly include an
alternative of pyroclastic units, Eocene-
Oligocene lavas, as well as subvolcanic and
intrusive rocks.

Field observations show the North of
Bahariyeh area is composed of dacite-
rhyodacite and andesite volcanic units, and has
been intruded by granodiorite, quartz
monzonite, monzodiorite-diorite  porphyry.
These acidic-intermediate intrusive masses have
a granular texture and are mainly porphyroid,
which have been affected by propylitic,
siliceous, argillic, and sericitic alterations.
Copper mineralization is observed in the form
of veins in different parts of the region, the
thickness of these veins varies from about 5
mm to more than 10 cm. Two types of vein-
veinlets can be distinguished in the
mineralization zone of North of Bahariyeh: 1)
vein-veinlets containing quartz + chalcopyrite +
specularite + pyrite; 2) specularite-rich veins.

Petrography

Granodiorite: Granodiorite shows a coarse-
grained granular texture with graphic and
myrmekitic intergrowths. The main minerals
consist of plagioclase, K-feldspar (orthoclase),
quartz, hornblende, and opaque minerals. The
euhedral-subhedral plagioclase and K-feldspar
phenocrysts have been altered to sericite, clay
minerals, epidote, and chlorite.

Monzodiorite porphyry: This unit has
porphyritic and glomeroporphyritic textures
with  medium-grained groundmass. The
monzodiorite porphyry contains up to 45-50
vol.% phenocrysts, consisting of plagioclase
(1520 vol.%), K-feldspar (10-15 vol.%),
hornblende (5-7 vol.%), clinopyroxene (5-8
vol.%), and biotite (2-5 vol.%). The same
minerals are also present in groundmass.
Hornblende and biotite are replaced by chlorite

in some places. Also, some plagioclase and
feldspar phenocrysts have been altered to
sericite, chlorite, and epidote.

Quartz monzonite porphyry: The quartz
monzonite porphyry has a porphyritic texture
(0.1-0.2 mm) with a fine-grained groundmass
and normally contains 40—45 vol.% phenocrysts
that are 0.1-4 mm in diameter. It is mainly
composed of plagioclase (30-35 vol.%), K-
feldspar (25-30 vol.%), quartz (15-20 vol.%),
and hornblende (5-10 vol.%). The same
minerals are also present in groundmass.

Diorite porphyry: This unit has porphyritic
and glomeroporphyritic textures, with medium-
grained groundmass with phenocrysts 0.1-5
mm across, and 40-50 vol.% phenocrysts
including 25-30 vol.% plagioclase and 15-20
vol.% clinopyroxene and hornblende with
minor biotite and alkali feldspar. The same
minerals are also present in groundmass. Its
accessory minerals are quartz, zircon, and
magnetite (2-3 vol.% and 0.5 mm).

Discussion

North of Bahariyeh provides important
insights for reconstructing the Middle Eocene
tectono-magmatic evolution of the NE of Iran.
Significant outcomes of this work are:

The intrusive sequence in the North of
Bahariyeh is inferred as monzodiorite porphyry,
diorite porphyry, quartz monzonite, and
granodiorite of middle Eocene. and all intrusive
rocks belong to I-type metaluminous-
peraluminous granites. Major and trace element
geochemistry indicate the acidic-intermediate
intrusive rocks in the North of Bahariyeh were
likely generated by partial melting from the
subcontinental lithospheric mantle affected by
both slab-derived fluids and lower continental
crustal components.

The enrichment of LILE (Ba, K, and Cs),
depletion of HFSE (Nb, Ti), and the enrichment
of LREE relative to HREE indicate crustal
contamination and formation of the source
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magmas in a subduction environment zone by
low degrees of partial melting. Trace element
geochemistry confirms the evolution of dioritic
rocks by a partial melting process (1-5%).
Geochemical results, combined with regional
geological data, demonstrate a shallow mantle
with a clear subduction imprint (metasomatized
mantle wedge melts). The post-collisional
transtensional tectonic regime favored magma
genesis with decompression melting and
magma rise through the well-developed fault
system and the subvolcanic and intrusive units
in the North of Bahariyeh area form the active
continental margin-related subduction zone.
Overall, the data of the rare earth elements

of acidic-intermediate units in the area of study
shows that the rocks under investigation were
originated by partial melting of enriched mantle
under the influence of the fluids released from
the subduction blade and then under the
contamination of the crust.
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Figure 3. Field photographs of intrusive rocks in the north of Bhariyeh area. A) Outcrops of syenogranite
unit; B) A view of granodiorite unit (northward view); C) Monzodiorite porphyry outcrop
(northwestward view); D) Quartz monzonite porphyry unit with mineralization veins in the fault
structure; E) Specularite (Specular hematite or SHem) vein within quartz monzonite porphyry unit; F)

Diorite porphyry unit with propylitic alteration (epidote+chlorite).
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Figure 4. Photomicrographs (in XPL) in the north of Bahariyeh intrusive units. A) Synogranite unit and co-growth
of quartz and alkali feldspar, which created the graphic texture with plagioclase crystals; B) Granodiorite unit with
plagioclase, alkali feldspar and quartz crystals contain granular texture; C) Monzodiorite porphyry unit in which
plagioclase, alkali feldspar, hornblende, biotite and pyroxene crystals are located in the porphyry field; D) Presence
of plagioclase, quartz and alkali feldspar in quartz monzodiorite porphyry unit; E) Quartz monzonite porphyry unit
and plagioclase, alkali feldspar and quartz crystals; F) Diorite porphyry unit and presence of plagioclase, hornblende
and pyroxene in a fine-grained goundmass; G) Alkali feldspar altered into clay minerals associated with alteration of
plagioclase into sericite; H) Association of silica veins (secondary quartz) and chlorite with each other; I)
Decomposition of plagioclase phenocryst into the epidote along with malachite mineralization and needle
specularite.
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Figure 5. Field and microscopic (in PPL reflected light) photos of all types of vein-veinlets and ores in the north of
Bahariyeh area. A) An outcrop of vein- veinlets containing quartz, chalcopyrite and specular hematite; B) Quartz,
chalcopyrite, specularite vein- veinlets along with malachite; C) Vein-veinlets containing malachite and azurite as
the secondary minerals; D) Specularite rich vein-veinlets; E) Chalcopyrite altered into chalcocite along with
specularite vein-veinlets; F) Accompanying chalcopyrite, pyrite, specular hematite in the veins; G) A view of
euhedral pyrite and alteration of pyrite into goethite; H) Specularite vein-veinlets with malachite; I) Needle and

bladed shape specularite.
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Figure 6. Paragenetic assemblages of primary

quartz+chalcopyrite+specular hematite£pyrite.
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Table 1. The geochemical data of some elements (in ppm) in the chip composite samples in the north of Bahariyeh

area by using ICP-OES method.

Sample No.  Location Type of vein-veinlet Cu Fe Ag Mo Pb Zn As

BY- 51 2{( ggz iz: ‘5‘2”4,, Ccp+SHem+Qz 2017 89350 0.37 0.79 42 1012 2.5
BH- 61 2{( ggz i;: gg: Ccp+SHem+Qz 4850 7100 0.57 11.4 30 363 3.1
BH- 78 2{( ggz ig: jg: Ccp+SHem+Qz 14519 36457 29 109 3544 1884 33
BH- 97 2{( ggz i;: g;?u Ccp+SHem+Qz 20404 12913 224 1.2 1147 707 100
BH- 99 2{( ggz i;: 23;,4” Ccp+SHem+Qz 20364 65774 4.7 46.7 223 280 10
BH- 101 2{( ggz i; ‘5‘1;,4” Ccp+SHem+Qz 693 1800 50.4 44 6104 328 22
BR-23 2{( ggz Té: ;2: SHem- rich 117 31229 0.28 1.28 11 24 23
BR- 46 2{( ggz Té: Tg: SHem- rich 46889 0.2 0.77 16 32 2.4
BR- 47 2{( ggz Té: Tg: SHem- rich 43380 0.26 0.64 26 42 2.8
BY- 60 2{( ggz iz: é?:: SHem- rich 58011 0.38 1.2 24 175 11.7
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Table 2. The chemical data of the major elements (in wt% by XRF method), trace and rare earth elements (in ppm,

by ICP- MS method) in the intrusions in the north of Baharieh area.

Rock type Syenogranite Granodiorite Monzodiorite porphyry Quartz monzonite porphyry Diorite porphyry
Longitude  58°42'05”  58°3727" | 58°39'35" 58°39'21" 58°4020.4"| 58°37'30.4" 58°3834.2" |58°38'05" 58°39'5.3" 58°39'51"
Latitude 35°18'11"  35°18728" [35°18'15.4” 35°18"26.4" 35°18'1.55"| 35°18'3.5" 35°18'47.3" |35°18'00" 35°1823.4" 35°18'48.6"
Sample No. BR-43 BH- 102 By-4 By- 66 BR-79 BA- 69 BH- 82 BH- 14 BH- 64 BY-49
Sio, 63.66 67.21 58.37 58.41 59.41 65.54 63.73 55.34 58.76 58.62
TiO; 0.44 0.57 0.83 0.75 0.75 0.73 0.67 0.84 0.77 0.76
AL Os 14.95 16.43 14.66 15.1 15 14.5 15.12 15.05 14.97 15.01
Fe,O;t 7.31 4.46 8.67 8.53 8.11 4.48 5.8 8.55 8.96 8.78
MnO 0.09 0.12 0.17 0.19 0.2 0.15 0.096 0.12 0.21 0.17
MgO 2.82 1.95 3.38 3.87 3.68 245 2.04 4.19 3.62 3.76
CaO 2.92 0.46 4.43 4.49 5.19 1.87 1.73 5.26 5.26 4.97
Na,O 2.94 3.72 4.26 347 2.72 7.3 5.14 3.1 3.03 3.52
K;O 3.14 2.88 2.75 2.82 3.27 0.96 3.6 2.86 2.71 2.51
P,0s 0.13 0.2 0.23 0.18 0.17 0.16 0.16 0.19 0.19 0.18
LOI 1.31 1.38 1.96 1.94 1.28 1.67 1.67 2.11 1.27 1.45
Total 99.70 99.38 99.71 99.75 99.78 99.81 99.76 97.61 99.75 99.73
\% 75.00 57 161 164 144 59 75 144 168 156.00
Cr 52.00 58 94 81 127 39 52 48 48 72.00
Cs 2.37 1 0.56 1.44 0.43 0.36 1.25 1 0.55 0.76
Ba 1,377 1,475 678 655 591.1 176 220 983 669 695
Rb 46.90 80 48 48 50 18.5 19.4 102 53 44.40
Sr 398.9 129 529 466 388.9 170.3 137.9 150 403 404.7
Y 20.8 28 28 25 28 31.5 28.4 28 27 25.5
Zr 169 223 171 156 174 272 230 175 171 160
Nb 9 13 11 10.2 12.2 16.5 13.5 9 11 10.4
Ga 16.7 14 18 17 16.3 15.7 17.1 15 17 16
Hf 4.6 7 5 4.5 5 7.6 6.1 4 5 4.9
Ta 0.9 1 1 0.8 1 1.1 0.9 0.5 1 1
Th 11.47 11.2 8.5 7.4 8.5 16.04 11.18 6.5 8 7.12
U 2.31 3 1.8 1.6 2 3.22 2.21 1.4 1.7 1.69
La 25.5 30.8 239 222 233 30.8 28.8 14.8 23.1 229
Ce 51.7 59.5 51.9 48 51.6 70.9 64.2 33.8 49.5 50.1
Pr 5.69 7.16 6.58 5.99 6.41 8.68 8.03 4.22 6.08 6.07
Nd 20.6 27.9 26.1 23.6 25.1 31.6 30.6 18.3 24.1 243
Sm 4.33 5.43 5.62 5.09 5.45 5.81 6.24 3.76 5.26 5.04
Eu 1.05 1.19 1.55 1.43 1.27 1.51 1.56 1.04 1.46 1.36
Gd 3.77 5.64 5.09 4.78 4.92 5.56 543 3.73 5.04 4.8
Thb 0.64 0.83 0.85 0.82 0.87 0.92 0.83 0.57 0.83 0.82
Dy 3.65 5.74 4.88 4.69 5.07 5.52 5.21 4.23 4.79 4.66
Ho 0.7 1.08 1.01 0.95 1 1.11 0.97 0.86 1 0.96
Er 2.14 3.16 2.85 2.75 3 3.22 2.97 2.23 2.77 2.82
Tm 0.35 0.48 0.45 0.45 0.53 0.52 0.49 0.38 0.45 0.48
Yb 221 3.47 2.76 2.63 2.92 323 3.12 3.47 2.8 2.84
Lu 0.32 0.53 0.4 0.42 0.43 0.5 0.48 0.36 0.39 0.42
Eu/Eu* 0.79 0.66 0.89 0.89 0.75 0.81 0.87 0.69 0.87 0.85
(La/Yb)n 7.78 5.98 5.84 5.69 5.38 6.43 8.05 3.79 5.56 5.44

(La/Yb)x= chondrite-normalized La / chondrite-normalized Yb; Eu/Eu*=[Eun/(Smy * Gdn)®?]
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Figure 7. Composition of intrusive rocks in the north of Bahariyeh in the geochemical diagrams. A) TAS
classification diagram for the intrusive rocks (Middlemost, 1994); B) Magmatic series determination in Ta/Yb versus
K>0/Yb diagram (Pearce, 1982) to; C) Alumina saturation index diagram (Shand, 1943); D) Tat+Yb versus Rb

diagram (Pearce et al., 1984).
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Table 3. Comparison of important IOCG reserves in Iran and the world with the North of Baharieh area.

Bahariyeh Kuh-e-Zar Mantoverde Candelaria
Location Central KKBMB, NE  Central - KKBMB, Central Andes of northern Chile  Cloncurry districts of Australia
Iran NE Iran
Intrusions- Volcanic rocks Volcanoclastic rocks, andesite - )
Host rocks Subvolcanic and basaltic andesite Andesitic-Basaltic lavas and

Related intrusive
rock(s)

Ore-controlling
structure

Hydrothermal
alteration

Mineralization shape

Ore assemblages

Economic elements

Mineralization age

Tectonomagmatic
setting

References

Diorite, monzodiorite

Strike slip faults

Chloritization,
silicification

Vein-veinlet

Hem-Ccp-Py-minor
Sp-Gn

Cu+Au+Zn+Pb

Middle Eocene

Subduction-related
continental arc

This study

Diorite,
monzodiorite

Strike slip faults

Chloritization,

silicification

Vein

Hem-Py-Ccp

AutCu

Middle Eocene

Subduction-related
continental arc

Karimpour et al.,
2017

Granodiorite,
diorite
Normal fault-detachment-
dilational

zone/shear zone

Potassic, chloritization

Breccias and veins

Ccp-Hem-Py

Cu-Au
Jurassic-Early Cretaceous

Inversion basins in extensional
arc on subduction-related
continental margin

Rieger et al., 2010., 2012,

Childress et al., 2020

volcanoclastic rocks

Diorite

Strike slip faults (Atacama fault)

Potassic, silicification

Vein- Breccias -stockwork like

Py-Mt-Ccp

Cu-Au

Jurassic-Early Cretaceous

Inversion basins in the
extensional arc in the subduction-
related continental margin

Rieger et al., 2010., 2012, Barra
etal., 2017
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garnet at source in Sm/Yb versus Ce/Sm (Hawkesworth et al., 1994).
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Figure 10. The location and formation setting of the intrusive rocks in the north of Bahariyeh district. A) Yby versus (La/Yb)x
diagram (Moyen and Martin, 2012); B) Determination of crustal contamination in Zr/Nb versus Nb/La diagram (Rudnick and
Gao, 2003); C) Nb/Yb versus Th/Yb diagram (after Pearce, 1983); D) St/Nd versus Th/Yb (Woodhead et al., 1998); E) Nb
versus Rb/Zr diagram (Brown et al., 1984); F) Yb versus Th/Ta diagram (Schandl and Gorton, 2002) (N-MORB = Normal
MORB, E-MORB = Enriched MORB, PM= Primitive Mantle and OIB= Oceanic Island Basalts (values from Sun and
McDonough, 1989); UC= Upper; Continental; LC= Lower continental (values from Taylor and McLennan, 1985).
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