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ARTICLE INFO EXTENDED ABSTRACT

Received: 26 January 2024 Introduction

Accepted: 15 May 2024 Molybdenum-copper deposit of Shele boran is located in East-
Azarbaijan province, northeast of Ahar. The area is dominated by the

Keywords oldest rocks including Paleocene-Eocene andesitic-dacitic units into

Ahar which Oligocene sub-volcanic intrusions have penetrated. Quartz-

Shele Boran sulfide, quartz-oxide, and sulfide vein-veinlets were developed within

POfPhYVOId Texture ) the intrusion bodies that exhibit typical stockwork texture. Three types

Active Continental Margin of hydrothermal hypogene alterations, potassic, phyllic and propylitic

Post-Collision Arcs are developed in these bodies. The Oligocene intrusive bodies range, in

composition, from granite, tonalite to porphyry microdiorite. The major
constituent minerals including plagioclase, alkali-feldspar, quartz,
biotite and hornblende accompanied by minor amounts of
clinopyroxene, apatite, sphene, zircon. and common textures granular
porphyry to porphyroid, and porphyritic textures. The parent magmas
are high-K calc-alkaline to shoshonite showing LILE positive
anomalies with high LREE/HREE ratio. These bodies were emplaced
in a post-collision volcanic arc and an active continental margin setting.
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Regional Geology the Ahar-Arasbaran zone. The area, due to its special

The studied area, a part of Arasbaran exploration geological features and in terms of gold, copper
area, lies in the north-west of Iran and is one of the mineralization, Molybdenum is of special importance.
copper-molybdenum-gold metallurgical states, known as This zone is divided into two eastern and western parts
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by the Rasht-Takestan fault. The eastern part consists of
basic to acidic tuffs belonging to shoshonite to alkaline
magmatic series, and the western part contains andesitic
to rhyodacite lavas and several granitoid masses with
high-K  calc-alkaline and shoshonite. Qaradagh,
Shiverdagh batholiths and Haft-Cashmeh as well as
Songun porphyry stocks are among the most important
intrusions igneous masses related to mineralization in
Arasharan metallogenic zone, where skarn, porphyry,
stockwork and epithermal mineralizations occurred. One
of the prominent features of this zone is the extensive
Tertiary magmatic activity, initiated in the Paleocene-
Eocene and reached its peak along with the extensive
folding of volcanic and pyroclastic units, and the
emplacement of intrusive masses in the Oligocene
(Pyrenean phase). The oldest rock units in this area are
Paleocene-Eocene volcanic and pyroclastic deposits
with andesite-dacite, andesite to basaltic andesite and
associated tuffs, penetrated by sub volcanic Oligocene
porphyroid masses.

Research methodology

Simultaneously with the preparation of the
geological map of the region with the scale of, a number
of samples were taken from the surface units and
boreholes that were drilled for the exploration of
molybdenum and copper. On the base of lithological
diversity, 45 samples of intrusive rocks were collected.
Following petrography study, 15 samples with the least
amount of alteration were analyzed by XRF and ICP-
MS methods and by combining the information obtained
from field observations, microscopic studies as well as
the main and rare elements analyses using the GCDkit
software, petrogenesis and the formation of intrusive
rocks of the region have been investigated.

Petrography

According to the petrographic studies, plagioclase,
potassium feldspar, quartz, biotite and hornblende are
the main rock-forming minerals. Clinopyroxene, apatite,
zircon, and sphene as the minor and chlorite, sericite,
calcite, and clay minerals as the secondary minerals. The
presence of porphyric granular, porphyroid and
porphyry textures microcrystalline in the background are
notable.

Geochemistry

As the Co/Th, Ce/Yb versus Ta/Yb and Th/Yb
versus Ta/Yb diagrams demonstrate, the parent magma
has shoshonite and high-K calc-alkaline nature. On Nb
vs. Y, Rb vs. (Tat+Yb), Ta vs. Yb, and Rb vs. (Y+Nb)
the diagrams, the bodies under study were emplaced in a
post-collision volcanic arc and an active continental

margin setting.

On the spider diagram of intrusive masses
normalized to chondrite, the studied samples show
LREE enrichment, enrichment of LREE compared to
HREE and negative anomaly of Nb and Zr indicate the
dependence of these rocks on it shows calc-alkaline
magmatic series. On the normalized diagram compared
to the primary mantle, clear and distinct negative
anomalies of Ti, Zr, P, Pr, Y, Nb and also positive
anomalies of K, U, Pb, Cs, Nd are observed. The P, Ta,
Ti and Nb negative anomalies on spider diagram with a
specific enrichment of LILE (i.e. K, Sr, Sm, Th and Cs)
are of the important characteristics of magmatic rocks
associated with volcanic arcs, caused by the action of
fluids derived from subduction. The negative Nb
anomaly indicates the magmas related to the active
continental margin environments and can be caused by
the contamination of the crust and fluids released from
the subducting lithosphere. The change process of these
samples is compatible with the characteristics of the geo-
structural environment related to subduction .

Discussion and Conclusion

The parent magma of the intrusion bodies has
shoshonite and high-K calc-alkaline affinity. It should
be noted that shoshonite and high-K calc-alkaline has
also been reported in the volcanic units of Sonajil area of
Harris. These masses display positive and distinct
anomalies of K, Th, Sr, Sm, Cs, Rb, Ba as well as Ta, Ti,
Zr, Nb, P, Pr, Y, Yb negative anomalies, the important
features of the magmatic rocks related with volcanic
arcs. The P, Ta, Ti and Nb negative anomalies on spider
diagram along with a specific enrichment of LILE
including K, Sr, Sm, Th and Cs are the important
characteristics of magmatic rocks associated with
volcanic arcs. Thus, the order of changes in these
samples is consistent with the features of the geological
environment related to subduction. These bodies were
emplaced in a post-collisional volcanic arc and an active
continental margin setting. The obtained data are
consistent with the previous studies carried out on
Oligocene granitoid intrusive masses of Western Alborz
Zone-Azerbaijan (i.e., Moayyed, 2001, Aghazadeh et al.,
2010) .
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Table 1. The whole-rock geochemical

data of

elements in wt. %, trace and rare earth elements in ppm).

intrusion bodies

in the Shele Boran area (major

Sample No Shl Sh2 Sh3 Sh4 Sh5 Shé sh7 Sh8
Rock Type Diorite Diorite Diorite Diorite Diorite Quartz monzonite Grano diorite Grano diorite
SiO, 59.71 60.30 60.88 61.05 61.64 62.10 62.59 63.03
Al,O4 14.93 14.25 17.52 15.1 15.1 16.8 18.12 17.59
CaO 4.21 4.22 3.88 3.8 4.14 3.78 3.79 3.52
Fe,0; 8.47 8.8 5.77 6.8 7.69 4.8 6.05 5.87
K;0 2.51 2.42 2.86 4 2.3 4.4 3.63 3.08
MgO 3.8 3.17 3.45 3.45 3.67 1.7 1.72 1.67
MnO 0.22 0.23 0.14 0.14 0.12 0.07 0.02 0.02
Na,O 2.18 2 2.59 3 2.09 3.7 2.37 2.62
P,0s 0.15 0.14 0.2 0.2 0.29 0.37 0.18 0.17
TiO, 0.72 1.29 0.69 0.7 1.07 0.68 0.6 0.58
LOlI 3.1 3.08 1.23 2.72 1.89 1.4 11 1.85
Total 100 99.9 99.21 100.96 100 99.8 100.53 100

P 1399 1719 1853 1064 1456 2871 895 1652
Sc 12.3 23 7.5 13.9 7.2 14.2 20.7 18.2
Ti 252.2 590.6 268.6 267.1 129.2 114.7 663.4 423.7
\% 100 298 63 218 98 168 217 119
Cr 18 10 25 9 8 4 4 28
Co 4 27 3 1 2 2 4 2

Ni 6 17 7 9 4 3 5 8
Cu 2.44 88 175 72 39 26 100 537
Zn 17 111 11 30 24 26 25 41
Ga 19.05 20.06 20.11 19.08 18.22 19.79 19.12 18.43
Rb 143 19 131 144 42 25 44 104
Sr 620 591 769 439 1095 1003 412 684

Y 21 24 11 9 5 5 9 9
Zr 58 16 56 39 42 30 34 39
Nb 18 20 13 10 3 5 10 11
Mo 8.2 0.48 13.6 4.8 10.7 0.45 2.2 34
Cs 52 8.05 8.8 7.9 9 2.8 3.8 9.8
Ba 1906 1988 1233 1303 285 260 1118 1408
La 59 25 61 56 24 15 27 45
Ce 102 46 100 93 39 28 44 71
Pr 3.47 3.58 3.34 3.17 3.2 3.28 3.22 3.15
Nd 13.08 12.76 13.1 13.05 11.95 12.58 12.47 12.16
Eu 0.78 0.74 0.64 0.68 0.65 0.7 0.62 0.77
Gd 2.23 2.67 2.38 2.17 2.48 2.05 2.41 2.21
Tb 0.39 0.41 0.33 0.34 0.37 0.42 0.38 0.35
Dy 1.85 1.57 1.82 1.87 1.72 1.44 1.75 1.93
Ho 0.48 0.32 0.45 0.39 0.35 0.38 0.33 0.34
Er 1.36 1.56 1.44 1.18 1.28 1.2 1.31 1.45
m 0.22 0.20 0.23 0.25 0.21 0.24 0.24 0.21
Yb 1.6 3.2 0.5 1.1 0.5 1 1.4 0.6
Lu 0.20 0.19 0.13 0.24 0.14 0.18 0.15 0.20
Hf 2.2 2.1 2.22 2.15 2.33 2.05 2.05 2.27
w 1.8 2.1 3.8 0.9 11 2.4 1.7 3.7
Tl 1.18 0.15 1.49 0.97 1.23 0.45 0.17 0.62
Pb 6 21 22 9 37 20 18 27

Bi 0.84 0.91 0.19 0.98 0.48 1.27 0.59 1.13
Th 25.4 13.6 36.8 19.9 4.3 4.8 8.6 24.3
u 3.7 13.1 10.2 8.2 0.47 115 5.6 14.1
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Table 1. Continued.

Sample No  Sh9 Sh10 Sh11 Sh12 Sh13 Sh14 Sh15
Rock Type  Granodiorite  Grano diorite ~ Grano diorite  Grano diorite  Grano diorite  Grano diorite  Grano diorite
SiO, 63.11 63.18 65.20 65.65 66.01 66.17 66.26
Al,O4 16.83 16.21 18.1 15.98 15.87 16.3 16.2
CaO 3.57 3.47 3.11 3.55 3.49 3.34 3.4
Fe,03 6.31 4.39 3.82 4.45 4.83 3.12 3.12
K,0 3.12 3.46 3.7 3.97 3.26 4.12 3.43
MgO 1.96 1.88 0.85 0.48 15 0.78 2.06
MnO 0.01 0.16 0.01 0.09 0.14 0.02 0.02
Na,O 2.65 3.02 3.43 2.61 2.96 3.09 3.04
P,0s 0.16 0.13 0.13 0.14 0.02 0.19 0.22
TiO, 0.47 0.52 0.39 0.45 0.69 0.72 0.46
LOI 1.84 3.08 14 2.18 1.2 2.35 2.25
Total 100.33 99.5 100.14 99.55 100.06 100.03 100.96
P 1016 1551 839 1639 1576 2130 1175
Sc 2.2 23 2.1 8 7.3 10 7.8
Ti 170.8 654.5 154.7 256.7 157.7 693 200

\Y% 71 347 63 103 72 91 72
Cr 2 13 2 19 12 27 17
Co 1 3 8 1 1 0.8 2

Ni 3 9 4 8 5 4 4
Cu 12 175 25 345 243 183 105
Zn 14 81 47 18 17 15 12
Ga 19.63 17.31 19.48 19.84 19.57 18.52 17.96
Rb 187 10 192 74 105 22 113
Sr 554 893 521 800 425 1162 735

Y 8 11 18 10 7 9 8
Zr 10 37 47 39 65 42 60
Nb 10 11 20 9 8 4 6
Mo 6.3 4.1 6.4 6.4 161 23 11.4
Cs 15 51 125 8.2 5 8.8 10.2
Ba 1830 1401 1678 1371 838 771 1324
La 97 25 87 58 42 47 60
Ce 159 48 137 98 69 58 100
Pr 3.64 3.36 3.52 3.25 3.19 3.41 3.55
Nd 12.88 12.05 12.62 11.57 12.65 13.12 12.34
Eu 0.69 0.69 0.79 0.63 0.75 0.73 0.67
Gd 2.34 2.09 2.28 2.37 2.5 2.41 2.15
Tb 0.40 0.31 0.32 0.36 0.30 0.39 0.42
Dy 1.78 1.99 1.69 1.81 1.66 1.61 1.53
Ho 0.46 0.41 0.31 0.36 0.44 0.42 0.47
Er 1.49 1.48 1.37 1.56 1.51 1.42 1.19
Tm 0.22 0.23 0.21 0.27 0.28 0.29 0.26
Yb 0.4 1.9 0.9 0.9 0.6 1 0.5
Lu 0.23 0.16 0.19 0.17 0.24 0.21 0.28
Hf 2.23 2.4 2.26 2.08 211 2.34 2.17
w 1.7 1.6 2 15 3.6 2.6 2.6
TI 1.29 0.18 1.06 1.18 1.54 0.75 1.57
Pb 28 16 48 24 23 22 49

Bi 1.07 0.84 1.22 0.72 0.97 1.33 1.14
Th 40.1 9.7 40.8 21 22.1 30.6 29

U 3.7 10.1 9.7 0.7 11.7 6.5 7.7
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Figure 2. The geological map (scale: 1:5000) of Shele Boran (from Jahan Zarjoyian Company, with
modification).
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Figure 3. A general view of the study area in Shele Boran with various rock units' outcrops (northeastward view).
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Figure 4. A) A view of granite outcrop (view to the north); B) A close view of the granite unit; C,
D) plagioclase and potassium feldspar phenocryst with quartz and biotite with porphyry granular

texture; E) Presence of chlorite and muscovite minerals with quartz, plagioclase and biotite with
porphyroid texture (Abbreviations from Whitney and Evans (2010)).
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Figure 5. A) A view of tonalite outcrop (view to the northwest); B) A close view of the tonalite unit; C)
Plagioclase and biotite phenocryst with porphyry granular texture; D) Porphyroid texture with the presence

Plagioclase, biotite and hornblende minerals with microcrystalline quartz in the background; E) Porphyroid
texture resulting from the presence of coarse biotite and hornblende crystals and micro quartz crystals.
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Figure 6. A) A view of porphyry microdiorite outcrop (view to the northwest); B) A close view of the porphyry
microdiorite unit; C) Coarse plagioclase and hornblende crystals show altered in calcite, epidote and clay
minerals; D) porphyroid texture with the presence of coarse plagioclase and clinopyroxene crystals with
plagioclase and microcrystalline quartz in the background; E) porphyroid texture resulting from the presence of
coarse plagioclase crystals in the background of quartz, plagioclase and clinopyroxene.
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Figure 7. Determine the nature of intrusion bodies in the Shele Boran area in Nb/Y versus Zr/Ti plot

(Pearce, 1996).
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