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ARTICLE INFO EXTENDED ABSTRACT

Received: 29 January 2023 el

Accepted: 21 October 2023 The study area, Tarom, is situated in northwestern Iran, within the
Zanjan province. Geologically, it falls within the western Alborz

Keywords zone, a volcanic-plutonic belt, oriented northwest-southeast. This
Syenite region, extending from Qazvin (west of Taleghan) to the north-
Eoi:en?k l northwest of Miane and north of the Manjil embayment, is bounded
ggs(t:—_caolﬁsligi by the Abhar-Zanjan-Miane axis to the south (Ghorbani, 2009).

Kabbarik Within_th_is mounta_in range, numerous intrusive masses, primarily
granodiorite, have intruded into the Eocene volcanic rocks. These
masses, including the Bakhtar Takhestan, Khorasanlu, Zaker, and
Chal masses, follow a northwest-southeast trend, aligning with the
overall orientation of the Tarom mountains. They are arranged in two
parallel rows, cutting through the older volcanic formations.

Tarom

Geology of the area

The most important rock units in the Tarom Mountains consist of
Eocene pyroclastic rocks, including andesite, rhyolite, basalt, andesite
basalt, and rhyodacite, as well as shear tuff and andesite tuff. The
region's main elevations are composed of Eocene volcanic and
volcano-clastic rocks, along with Oligocene intrusive masses, which

] form the bulk of the mountain unit. Oligocene trachytic deposits,
E : which are deposited on the Eocene units at an angle of approximately

! 23 degrees, are exposed in the northern part of the Kabbarik syenitic
d porphyroid stock. The syenitic porphyroid stock has intruded into the

10.22108/ijp.2023.136589.1292 Eocene volcanic and volcano-clastic rocks.
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Research Method

This study is grounded in field surveys,
sampling of the slightly intrusive mass, and the
examination of thin sections. Additionally,
chemical analyses were conducted on ten samples
from Zarazma Company to determine major,
minor, and trace elements using inductively
coupled plasma mass spectrometry (ICP-MS). Two
samples were also analyzed wusing electron
microscopy. To analyze the mineral composition of
Kabbarik rocks for major elements, a JEOL JXA-
8100 Superprobe electron microprobe (EMP)
equipped with an Oxford Instruments INCA EDS
system was employed at the Institute of Geology
and Geophysics, Chinese Academy of Science. A
5-micron spot size, a 20 nA beam current, and a 15
keV accelerating voltage were utilized during these
analyses.

Petrography

The intrusive Kabbarik stock exhibits a
porphyritic texture, characterized by euhedral to
subhedral phenocrysts of alkali feldspar. Its
primary mineral composition includes alkali
feldspar (Orthoclase) constituting 65-70 Vol.%,
followed by 10-15 Vol.% clinopyroxene (diopside),
5-7 Vol.% anorthoclase, and 3-5 Vol.% secondary
minerals such as olivine, altered to iddingsite.
Minor amounts of apatite, zircon, and dark
minerals are also present. Orthoclase phenocrysts

often display Carlsbad and polysynthetic twinning.
Megacrysts of Orthoclase may contain tiny
inclusions of olivine and clinopyroxene, exhibiting
a poikilitic texture. Some crystals exhibit a sieve
texture, and in certain cases, overgrowth on
plagioclase results in a Rapakivi texture.
Clinopyroxene (diopside) crystals are generally
euhedral to subhedral, with some containing small
dark mineral inclusions distributed along their
edges and conforming to their shape. Subhedral
crystals of iddingsitized olivine are scattered
throughout the rock matrix in small quantities. The

overall texture of the microlithic rock remains
porphyritic.

Mineral Chemistry

The chemical composition of clinopyroxene and
alkali feldspar minerals from the syenitic stock was
analyzed using a JEOL JXA-8200 electron
microscope at the Department of Geology and
Geophysics, Chinese Academy of Sciences.

Based on relevant diagrams, the clinopyroxenes
were classified as diopside-type (Eby et al., 1998;
Morimoto, 1988). The chemical composition of the
pyroxenes indicates a sub-alkaline, volcanic arc
magmatic setting. EPMA analysis of the alkali
feldspars revealed an anorthoclase composition
(Deer et al., 1991).

Whole Rock Geochemistry

The chemical analysis of significant, rare, and
rare earth elements (ICP-MS) reveals a calc-
alkaline composition for the intrusive mass of the
syenite zone and its parent magma. Normalized
spider diagrams compared to chondrite demonstrate
a clear enrichment of light rare earth elements
(LREE) and incompatible elements relative to
heavy rare earth elements (HREE) in the examined
rocks. Based on tectonic environment diagrams, the
studied samples are classified as post-collisional.

Results

The predominant rock formations in the Tarom
Mountains consist of Eocene volcanic and
volcaniclastic rocks, which constitute the bulk of
the mountain range. The investigated syenitic
stock, intruding into the overlying rocks, dates
back to the Oligocene epoch. Based on spider
diagrams, the absence of significant heavy rare
earth element (HREE) depletion suggests a mantle
that has been metasomatized by subduction-related
fluids. Studies indicate that the analyzed samples
originated in a setting associated with an arc and a
post-collisional environment.
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Figure 1. A) The major sedimentary and structural units of Iran and the location of the study area of Kabbarik shown
by a quadrangle (Aghanabati, 2005); B) Geological map of the Kabbarik area (Scale: 1:25000).
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Figure 3. Photomicrographs (in XPL) of A) porphyric microlithic texture and orthoclase and clinopyroxene
phenocrysts in the microlithic groundmass; B) Orthoclase megacrysts with small inclusions of clinopyroxene; C)
Euhedral clinopyroxene phenocrysts with corrosion gulf and small dark mineral inclusions following the crystal
shape; D) Olivine phenocryst slightly altered to iddingsite; E) Apatite crystal next to olivine phenocryst that is
slightly altered to iddingsite; F) Zircon crystal at the edge of an orthoclase phenocryst (Mineral abbreviations are
from Whitney and Evans, 2010).
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Table 1. The EPMA analytical data of clinopyroxene (in wt%) in Kabbarik syenite, the calculated structural formula
(in apfu) based on 6 oxygens, cation distribution in crystal sites, and the end members.

Point No. KBR1core KBR2core KBR3rim KBR4rim KBR5rim KBR6mid KBR7core KBR8mid KBR9 core
SiO, 50.65 50.77 50.17 50.14 50.18 50.19 50.43 50.4 50.54
TiO, 0.55 0.60 0.51 0.51 0.49 0.53 0.76 0.68 0.70
Al,O4 1.37 147 1.28 1.26 1.29 1.29 1.58 144 1.46
FeO 14.28 1351 14.68 14.82 14.75 14.54 14.31 14.44 14.47
MnO 0.77 0.71 0.81 0.79 0.85 0.83 0.75 0.79 0.77
MgO 9.99 10.35 9.72 9.65 9.58 9.82 9.91 9.81 10.03
CaO 21.09 21.09 21.05 21.04 21.03 20.98 20.98 20.92 20.91
Na,O 0.60 0.54 0.59 0.63 0.61 0.63 0.54 0.49 0.51
K20 0.00 0.00 0.01 0.01 0.00 0.00 0.00 0.00 0.00
Cr,0; 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00
Sum 99.29 99.04 98.82 98.86 98.78 98.84 99.25 98.98 99.39
Si 1.98 1.98 197 1.97 1.97 197 197 1.97 197
Ti 0.02 0.02 0.01 0.01 0.01 0.02 0.02 0.02 0.06
Al 0.06 0.07 0.06 0.06 0.06 0.06 0.07 0.07 0.07
Fe 0.47 0.44 0.48 0.49 0.48 0.47 0.47 0.47 0.47
Mn 0.02 0.02 0.04 0.02 0.04 0.03 0.02 0.03 0.03
Mg 0.58 0.60 0.57 0.57 0.56 0.58 0.58 0.57 0.5
Ca 0.88 0.88 0.89 0.89 0.89 0.88 0.88 0.88 0.89
Na 0.05 0.04 0.04 0.05 0.05 0.05 0.04 0.04 0.06
K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.001 0.00
Sum 4.06 4.05 4.06 4.06 4.060 4.06 4.05 4.05 4.05
Si 1.95 1.95 1.94 1.94 1.95 1.94 1.94 1.95 1.95
Al 0.05 0.05 0.06 0.06 0.05 0.06 0.06 0.05 0.05
Sum 2.000 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
AlVD 0.01 0.02 0.00 0.00 0.01 0.00 0.02 0.02 0.01
Fe?* 0.39 0.39 0.39 0.39 0.40 0.38 0.40 0.42 0.41
Fe® 0.07 0.05 0.08 0.09 0.08 0.09 0.06 0.05 0.06
Mg 0.51 0.52 0.52 0.51 0.50 0.51 0.50 0.49 0.50
Ti 0.02 0.02 0.01 0.01 0.01 0.02 0.02 0.02 0.02
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Sum 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Na 0.04 0.04 0.04 0.05 0.05 0.05 0.04 0.04 0.04
Ca 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.86
Mg 0.06 0.07 0.06 0.05 0.05 0.05 0.06 0.06 0.07
Sum 0.97 0.98 0.97 0.97 0.97 0.97 0.97 0.97 0.97
Quad 1.83 1.85 1.83 1.82 1.83 1.82 1.84 1.85 1.85
Jd 0.09 0.08 0.09 0.09 0.09 0.09 0.08 0.07 0.08
Jd% 0.66 1.16 0.13 0.01 0.30 0.09 0.92 0.94 0.69
Di% 55.54 57.04 55.21 55.89 54.38 55.78 55.13 54.34 55.33
Hd% 38.40 37.50 38.20 39.18 38.94 37.34 38.77 39.87 38.78
Ae% 3.98 2.37 4.54 4.92 4.46 4.88 3.26 2.93 3.27

Sum 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
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Table 1. Continued.

Point No. KBR10 core KBR11core KBR12core KBR13core KBR14rim KBR15core KBR16core KBR17rim KBR18 core
SiO, 50.54 50.54 50.45 50.58 50.14 50.18 50.55 49.99 50.19
TiO, 0.71 0.71 0.74 0.69 0.48 0.83 0.75 0.49 0.86
Al, O3 147 1.48 1.58 141 1.24 1.69 154 1.29 1.73
FeO 14.61 14.56 13.97 14.50 15.21 14.38 14.16 15.14 14.34
MnO 0.83 0.71 0.77 0.82 0.82 0.70 0.78 0.84 0.78
MgO 9.89 9.97 10.24 9.89 9.39 9.97 10.22 9.28 9.98
CaO 20.90 20.87 20.84 20.84 20.85 20.83 20.79 20.75 20.75
Na,O 0.55 0.52 0.52 0.53 0.65 0.49 0.50 0.69 0.57
K.0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cr;03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Sum 99.50 99.35 99.10 99.24 98.77 99.06 99.28 98.46 99.18
Si 1.97 1.97 1.97 1.97 1.98 1.97 1.97 1.98 1.96
Ti 0.02 0.02 0.02 0.02 0.01 0.02 0.02 0.01 0.02
Al 0.07 0.07 0.07 0.06 0.06 0.08 0.07 0.06 0.08
Fe 0.48 0.47 0.46 0.47 0.50 0.47 0.46 0.50 0.47
Mn 0.03 0.02 0.02 0.03 0.03 0.02 0.03 0.03 0.03
Mg 0.57 0.58 0.59 0.57 0.55 0.58 0.59 0.55 0.58
Ca 0.87 0.88 0.88 0.89 0.88 0.87 0.87 0.88 0.88
Na 0.04 0.04 0.04 0.04 0.05 0.04 0.04 0.05 0.04
K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Sum 4.05 4.05 4.05 4.05 4.060 4.05 4.05 4.06 4.06
Si 1.95 1.95 1.94 1.95 1.95 1.94 1.95 1.95 1.94
Al 0.05 0.05 0.06 0.05 0.05 0.06 0.05 0.05 0.06
Sum 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
AIVD 0.01 0.01 0.02 0.02 0.01 0.02 0.02 0.01 0.01
Fe?* 041 0.41 0.39 0.42 0.41 0.41 0.40 0.41 0.39
Fe3* 0.07 0.07 0.06 0.05 0.08 0.06 0.05 0.09 0.09
Mg 0.49 0.49 0.51 0.49 0.49 0.49 0.51 0.48 0.49
Ti 0.02 0.02 0.02 0.02 0.01 0.02 0.02 0.01 0.02
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Sum 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Na 0.04 0.04 0.04 0.04 0.05 0.04 0.04 0.05 0.04
Ca 0.86 0.86 0.86 0.86 0.86 0.86 0.86 0.87 0.86
Mg 0.07 0.08 0.07 0.07 0.06 0.08 0.08 0.05 0.07
Sum 0.97 0.98 0.97 0.97 0.97 0.98 0.98 0.97 0.97
Quad 1.84 1.847 1.842 1.847 1.823 1.843 1.846 1.817 1.826
Jd 0.08 0.08 0.08 0.08 0.09 0.07 0.07 0.10 0.08
Jd% 0.69 0.82 0.88 0.96 0.27 0.85 0.89 0.47 0.79
Di% 54.71 54.75 56.53 55.38 54.03 56.25 56.99 53.63 56.59
Hd% 39.12 39.33 37.56 40.51 40.85 39.92 39.12 40.95 38.95
Ae% 3.56 3.19 3.13 3.15 4.85 2.98 2.99 4.94 3.67
Sum 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
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Figure 5. Chemical composition of clinopyroxenes
of Kabbarik syenitic porphyroid stock on A) Mg-
Na-(Fe*?+Mn) ternary diagram (Eby et al., 1998); B)
En-Fs-Wo ternary diagram (Morimoto, 1988).
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Table 2. The EPMA analytical data of alkali feldspars in
Kabbarik syenite, the calculated structural formula
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Figure 6. Chemical composition of alkali feldspars

from Kabbarik syenite in Ab-An-Or ternary diagram
(Deer et al., 1991).

(based on 6 oxygen) and the end members.

Point No. PKB1 PKB2 PKB3
SiO, 64.69 64.84 64.69
TiO; 0.06 0.05 0.04
Al,O3 22.39 22.33 22.25
FeO 0.17 0.17 0.18
MnO 0.02 0.00 0.02
MgO 0 0.00 0.01
Cao 1.57 1.37 1.47
Na,O 6.49 6.20 6.2

K0 5.89 6.32 6.33
Cr,04 0.01 0.01 0.00
Sum 101.29 101.28 101.20
Si* 2.86 2.87 2.86
Ti%* 0.00 0.00 0.00
AR 1.17 1.16 1.16
Fe?* 0.01 0.01 0.01
Mn?* 0.00 0.00 0.00
Mg?* 0.00 0.00 0.00
Ca? 0.07 0.06 0.07
Nat* 0.55 0.53 0.53
K 0.33 0.36 0.36
Cr¥ 0.00 0.00 0.00
Sum 4.99 4.99 4,99
a(ab, Na) 0.82 0.83 0.82
a(an, Ca) 0.1 0.1 0.1

a(or,K) 0.17 0.15 0.16

u_i:)j Codow LgL(bdu}w ppm :\.’:‘l.:).)) ULAS 65[? 9 L-JLAS ‘(stjm)o :be)J) 61.5‘ (_gL&b).«a.& LS{LM» 3.’)90 )‘ OAA—‘WQAJ GLQO\)L) Y J’d?

Table 3. Results of chemical analysis of major (in wt%), rare, and rare earth (in ppm) elements in the Kabbarik syenite samples.

Sample No. HAB-01 HAB-02 HAB-03 HAB-04  HAB-05 HAB-06 HAB-07 HAB-08 HAB-09 HAB-10
SiO, 59.84 61.36 59.92 58.94 60.34 59.48 61.12 60.91 58.9 60.52
Al;03 17.04 15.74 16.42 16.77 15.82 16.78 15.94 15.86 16.72 16.32
Fe;03 5.72 5.58 5.83 5.62 5.71 5.68 5.71 5.51 5.69 5.78
CaO 2.64 2.47 2.46 2.48 2.08 2,51 2.38 2.34 2.58 2.36
MgO 0.76 0.72 0.66 0.72 0.64 0.75 0.78 0.72 0.84 0.66
Na,O 6.72 6.54 6.67 6.44 6.98 6.64 6.38 6.54 6.45 6.98
K20 5.72 5.44 5.66 5.62 5.84 5.77 5.32 5.24 5.61 5.57
TiO, 0.83 0.82 0.81 0.86 0.77 0.84 0.75 0.81 0.94 0.85
MnO 0.192 0.193 0.212 0.21 0.214 0.194 0.196 0.214 0.204 0.196
P,Os 0.24 0.23 0.23 0.26 0.21 0.27 0.23 0.22 0.24 0.22
L.O.l. 1.04 0.86 0.94 1.02 0.94 0.85 1.32 1.48 1.88 0.54
Li 12 16 11 15 12 17 15 11 14 16

Be 4.2 4.3 4.4 4.6 3.9 4.2 3.6 3.8 4.4 4.9
S 77 121 78 102 114 88 86 109 92 88

Sc 6.3 6.5 7.4 6.9 6.4 6.8 6.9 7.3 8.1 6.9
\Y 16 15 17 14 13 17 18 19 14 15
Cr 4 6 3 3 2 5 3 2 2 1
Co 4.3 3.8 4.4 3.9 4.2 4.4 3.7 4.2 5.3 45
Cu 34 28 19 31 38 42 37 29 18 31

Ni 5 4 4 6 4 6 5 8 3 5
Zn 108 100 106 98 102 94 102 108 110 112
Ga 161.4 159.8 167.2 173.2 171.4 168.9 170.6 172.4 164.2 174.2
As 4 4.2 4.7 4.4 5.4 4.8 5.3 4.7 5.6 5.1
Se <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Rb 86 87 90 92 96 88 94 85 92 82

Sr 238.4 204.3 214.3 222.6 234.2 244.6 216.2 225.4 239.4 235.1
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Table 3. Continued.
Sample No. HAB-01 HAB-02 HAB-03 HAB-04 HAB-05 HAB-06 HAB-07 HAB-08 HAB-09 HAB-10
Y 37.8 38.2 37.6 384 38.3 36.9 374 38.2 375 37.3
zZr 496 a77 489 497 506 492 508 516 485 501
Nb 71.6 75.8 77.1 75.6 82.1 73.2 75.4 79.1 74.9 80.3
Mo 3 5 4 2 5 7 5 4 2 5
Ag 2.6 2.8 2.4 2.4 1.6 1.4 3.4 1.8 1.6 2.8
Cd 0.3 0.2 0.1 0.2 0.1 0.3 0.2 0.2 0.1 0.3
In <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Sn 3.2 3.1 2.8 3.6 2.2 3.1 3.7 2.4 3.6 3.1
Sb 1.3 0.8 1.4 0.9 1.5 0.9 1.1 1.2 1.4 1.6
Te 0.15 0.12 0.14 0.15 0.11 0.18 0.15 0.18 0.12 0.11
Cs 1.8 1.7 2.1 2.3 2.1 2.4 1.7 2.6 2.9 1.8
Ba 476 448 482 471 493 489 482 458 496 477
La 56.2 58.3 58.9 59.1 60.4 57.9 56.8 58.9 60.7 58.1
Ce 134 128 131 129 135 136 129 134 131 130
Pr 12.68 13.45 12.88 12.64 13.28 12.14 13.12 12.95 13.12 12.92
Nd 44.9 47.2 46.5 47.1 44.6 44.9 457 46.9 47.1 45.9
Sm 9.12 9.68 9.72 9.76 9.12 9.14 9.36 9.62 9.12 9.58
Eu 2.12 2.26 2.19 2.17 2.12 2.18 2.22 2.13 2.12 2.24
Gd 6.58 7.04 6.66 6.72 6.32 6.45 6.82 6.38 7.04 6.58
Th 1.23 1.34 1.29 1.32 1.24 1.25 1.26 1.32 1.41 1.32
Dy 7.86 8.51 7.82 8.36 8.44 7.78 8.26 8.48 7.98 8.52
Ho 1.15 1.13 1.16 1.19 1.05 1.17 1.09 1.15 1.26 1.17
Er 5.08 5.36 5.16 5.24 5.32 5.12 5.28 5.36 5.24 5.14
Tm 0.72 0.74 0.76 0.78 0.67 0.73 0.77 0.68 0.76 0.72
Yb 3.94 4.08 4.14 3.96 4.02 3.84 4.08 3.94 4.12 4.14
Lu 0.66 0.65 0.63 0.66 0.71 0.62 0.68 0.64 0.71 0.66
Hf 114 115 12.3 11.9 111 114 11.7 10.9 12.4 11.8
Ta 6.61 6.67 6.81 6.54 6.97 6.77 6.58 6.91 6.58 6.62
w 1 1 3 4 2 2 3 6 4 2
TI 0.33 0.28 0.32 0.24 0.34 0.28 0.22 0.26 0.33 0.35
Pb 3 2 2 5 4 3 5 2 6 4
Bi <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Th 8.44 8.78 8.34 8.45 8.82 8.34 8.71 8.08 8.56 8.62
U 2.9 3.2 2.8 3.4 3.6 2.8 2.9 3.4 3.9 3.7
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Figure 7. Composition of Kabbarik syenite in total
alkali versus SiO, diagram (Middlemost, 1994).
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