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Article info Abstract

Article history The high K-volcanic rocks of the Eslamieh Peninsula (Saray) are exposed in the
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chemist[:y of pyroxene, characterized by enrichment in large ion lithophile elements (LILEs: Th, Ba, Rb and
post-collision, K) and light rare earth elements (LREE), depletion in high field strength elements
Eslamieh Peninsula. . .

(HFSE: Eu, Ta, Nb and Ti) and flat patterns in heavy rare earth elements (HREE).
They have typical high—K and shoshonitic signatures formed in post-collisional arc
setting. The studied pyroxenes from phonolitic hosts were crystallized at moderate
to high pressures (6-15 kbar) and temperatures of 1200-1300 C, whereas those from
trachyandesite and basaltic xenoliths were formed at lower pressures (6-10 kbar and
2-5 kbar) and temperatures (1150-1200C and 1100-1150 C), respectively. Due to
the lack of evidence for melting, dissolution and the presence of accumulated
microcrystals at the mineral boundary, it seems that the xenoliths were detached

from the walls and been transported to the surface during magma ascent.

Introduction
The Late Miocene magmatic rocks with

calc-alkaline and shoshonitic (or ultrapotassic)
characteristics are mainly found along the
UDMA and occur in the northern parts of the
Turkish— Iranian High Plateau (Allen et al.,
2013; Eyuboglu, 2012). Plio-Quaternary
magmatic rocks are represented by alkaline
rocks with and/or without subduction
overprints and by shoshonitic rocks in several
regions of the UDMA, but mostly in NW Iran,
in the Turkish-Iranian High Plateau
(Eyuboglu, 2010). The Paleotethys ocean was
located to the north of the magmatic arc, and

hence southward subduction operated from the
Paleozoic until the Dogger (Azadi et al., 2015;
Yilmaz et al., 1997), and that northward
subduction occurred subsequently from the
Late Mesozoic until the Eocene. Although
several studies have highlighted consensus on
different pulses of magma generation mainly
in the Late Eocene, Late Miocene and Plio—
Quaternary northward subduction model for
the geodynamic evolution in the southern part
of the study area. The Late Miocene
(Tortonian) high-K volcanic rocks are mainly
exposed between the Bitlis—Zagros zone and
the western Albroz magmatic arc in the
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Eslamieh Peninsula (Saray), east of Urumieh
lake. Although several studies have
highlighted the temporal and spatial aspects of
magmatism in the UDMB, showing the origin,
and magmatism related to collisional and post-
collisional settings, NW Iran has not been
investigated in detail. Also, the information
about the physico-chemical conditions of
magma formation and genetic relationship
between volcanic rocks and their xenoliths is
lacking. In this paper, we present a detailed
classification of the high-K volcanic rocks in
the Eslamieh Peninsula (Saray) and physico-
chemical conditions of magma formation and
genetic relationship between volcanic rocks
and their xenoliths based on mineral and
whole rock geochemical studies.
Geology setting

The study area is located in the northern
Uromieh- Dokhtar magmatic belt (NW Iran),
part of the Tertiary-Quaternary magmatic belt
of Iran. The Late Miocene (Tortonian) high-K
volcanic rocks are mainly exposed in the
Eslamieh Peninsula (Saray), to the southeast
of Urumieh city. Contacts with older strata,
including the magmatic and metamorphic
basement (such as the Gushchi A-type granites
and Cadomian granitic gneisses), are mostly
covered by younger salt-clay deposits of the
Urumieh Lake. The Late Miocene high-K
Saray volcanic rocks appear to crosscut the
Iranian basement. Field observations show
that the volcanic activity in the Saray can be
divided into different sequences of pyroclastic
and volcanic activities with the lahar deposits.
Field observation and petrography

The Saray Peninsula contains high-
Kvolcanic rocks and associated xenoliths
which are mainly exposed southeast of
Urumieh city.

All investigated lavas and associated
xenoliths show porphyric and granular
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textures, respectively. Phonolitic-trachytic
lavas are mainly exposed in the central part of
the  Saray Peninsula and  contain
clinopyroxene, euhedral sanidine with
subordinate phlogopite and olivine. They are
characterized by sharp contact with associated
xenoliths, vesicle’s structure up to several
centimeters in size, sanidine phenocrysts with
maximum size up to 10 cm (an average size of
3 to 4 cm). Sanidine phenocrysts as well as
groundmass crystals within lavas show fluidal
texture. It is enclosed by fine-grained Fe-oxide
grains, which can be related to the breakdown
of phlogopite during decompression and the
oxidizing conditions during eruption. The
sanidines are euhedral with a size of 1 to 6 cm
(rare crystals reach a size up to 10 cm). Itis the
major phase forming the groundmass of all
crystalline rocks. Clinopyroxenes are mainly
euhedral and appear light to dark green in the
polarizing microscope. Occasionally, olivine
macro- to megacrysts (up to 1.5 cm) show
visible reaction rims, suggesting that they are
xenocrysts in trachyte. Carbonate is acommon
secondary phase in the groundmass of the
trachyte, whereas magnetite, apatite, titanite
and zircon occur as accessory minerals.
Mantle xenoliths entrained by the post-
collisional K-rich magmas have been
subdivided in two type in the Saray volcanic
field based on their mineral modes and
textures: Type-1 pyroxenite in the trachyte,
and phonolite; Type-2 with trachyandesitic
composition, Type-1 xenoliths with a size
from a few millimeters up to 10 cm in diameter
were observed in the trachytic/phonolitic
rocks and mafic and felsic lamprophyric dykes
and plugs, with clear boundaries between the
xenoliths and their host magmas. They contain
euhedral pyroxene phenocrysts with quartz
and apatite inclusions, with minor phlogopite
(<3 vol.%) and quartz (<2 vol.%). Their
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groundmass is fine-grained and consists
mainly of glass and sanidine crystals. Type 2
xenoliths consist mainly of lucite (up to 60
vol.%) followed by clinopyroxene (diopside)
(20 vol. %) and phlogopite (20 vol. %).
Mineral chemistry

Analyses of the mineral compositions is
mainly focused on the clinopyroxene, as they
are the most abundant minerals in the Saray
Peninsula samples and are listed in
Supplementary Table 1.

Clinopyroxenes in the phonolite and type-
1 and -2 xenoliths have been investigated.
They correspond to Quad pyroxenes within
the Q=Ca-Mg+Fe2+ vs, J=2Na with similar
wollastonite (Wo) contents and are diopsidic
in composition with high contents of CaO and
Al,O3 varying from 21.9 to 23.5 wt. %.
Whole rock geochemistry

The major and trace element compositions
of the whole rocks from the Saray Peninsula
are listed in Supplementary Table 2. As
shown in the Zr/Ti vs. Nb/Y diagram of the
host volcanic rocks, Type-1 and -2 xenoliths
plot in the fields of phonolite, basalt and
trachyandesite. All the Saray high-K show
similar chondrite-normalized REE patterns
(McDonough et al., 1992) (Fig. 10-a) with
enrichment in LREE relative to HREE in
chondrite-normalized diagram. In primitive
mantle-normalized diagram (Fig. 10-b), all the
Saray high-K rocks are mainly characterized
by strong enrichment in LILEs (e.g., Rb, Ba,
K, and Th) relative to La. The lavas are
characterized by conspicuous negative
anomalies of HFSE including Nb, Ta and Ti
relative to LREEs (Boynton, 1984).
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Physico-chemical condition of pyroxene
crystallization

Based on pyroxene chemistry and the
method of  Soessoo (1997), the
physicochemical conditions of pyroxene
crystallization are estimated. The pyroxenes
of phonolitic host were physically crystallized
in moderate to high pressure (6 to 15kbar) and
temperatures of 1200-1300C whereas those
from trachyandesites and basalts xenoliths
were formed at lower pressures (6 to 10 kbar
and 2 to 5 kbar) and temperatures (1150-
1200C and 1100-1150C), respectively, at
high fO.. On the basis of pyroxene chemistry,
the basic rocks from the Saray Peninsula
belong to calcalkaline series in volcanic arc
setting (Neo-Tethys subduction).
Conclusion

It seems that the studied samples have
typical high-K calc-alkaline signatures formed
in post-collisional arc setting. The pyroxenes
of phonolitic host were physically crystalized
in moderate to high pressures (6 to 15 kbar)
and temperatures of 1200-1300°C whereas
those from trachyandesites and basalts
xenoliths were formed at lower pressures (6 to
10 kbar and 2 to 5 kbar) and temperatures
(1150-1200C and 1100-11507C),
respectively. Due to the lack of evidence for
melting, dissolution and the existence of
accumulated microcrystals at the mineral
boundary, it seems that the xenoliths were
detached from the walls and transported to the
surface during magma ascent.
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Table 1. Results of electron microprobe analysis of major elements (wt.%) of pyroxene from host rock and
xenoliths in Eslamieh Peninsula

Sample 14xcpx-7  ldxcpx-7  15xcpx-1  15xcpx-1  15xcpx-1  15xcpx-1  15xcpx-1  15xcpx-1
Type Xenolith  Xenolith  Xenolith  Xenolith  Xenolith  Xenolith  Xenolith ~ Xenolith

| | I 1 1 I 1 1
Part rim core rim rim rim mantle Mantle mantle
SiO2 51.12 52.02 49.41 49.9 49.13 51.64 52.19 50.85
TiO2 0.68 0.46 1.14 0.83 1.17 0.47 0.44 0.63
Al203 291 2.12 3.76 4.18 3.74 2.82 2.33 2.67
Cr203 0.008 0.085 0.038 0.209 0.029 0.324 0.274 0.08
FeO 5.43 4.95 6.95 6.5 6.76 4.78 4.59 5.64
MnO 0.12 0.12 0.14 0.11 0.12 0.1 0.1 0.11
MgO 15.2 15.51 14.49 14.66 14.77 16.04 16.29 15.33
CaO 23.74 23.78 22.78 22.58 23.05 23.01 23.11 22.95
Na20 0.33 0.38 0.46 0.47 0.46 0.35 0.37 0.34
K20 0 0.003 0.002 0.001 0.001 0 0 0.003
Total 99.538 99.428 99.17 99.44 99.23 99.534 99.694 98.603
Si 1.89 1.92 1.84 1.85 1.83 19 191 0.27
Ti 0.02 0.01 0.03 0.02 0.03 0.01 0.01 0
Al 0.13 0.09 0.16 0.18 0.15 0.12 0.1 0.02
Fe*s 0.09 0.07 0.13 0.11 0.16 0.07 0.07 0.02
Cr+ 0.0002 0.0025 0.0012 0.0061 0.0009 0.0093 0.0078 0.0003
Fe*? 0.08 0.08 0.09 0.09 0.05 0.07 0.07 0
Mn 0.004 0.004 0.004 0.003 0.004 0.003 0.003 0
Mg 0.84 0.85 0.8 0.81 0.82 0.88 0.89 0.12
Ca 0.938 0.939 0.908 0.895 0.919 0.906 0.907 0.129
Na 0.023 0.027 0.033 0.034 0.033 0.025 0.026 0.003
K 0 0.0001 0 0 0 0 0 0
mol Wo 50.61 50.16 50.47 49.77 51.32 48.77 48.55 51.83
mol En 45.09 45.53 44.66 44.96 45.75 47.3 47.62 48.17
mol Fs 4.3 4.31 4.87 5.27 2.93 3.93 3.83 0
mol Dio 97.57 97.19 96.48 96.35 96.5 97.33 97.16 97.37
Al'Y (tet) 0.096 0.07 0.131 0.131 0.144 0.09 0.076 1.732
AIV' (oct) 0.031 0.022 0.034 0.051 0.019 0.031 0.024 -1.71
AIV42Ti+Cr 0.1 0.07 0.13 0.13 0.14 0.09 0.08 1.73
Na+ Al'Y 0.03 0.02 0.03 0.05 0.02 0.03 0.02 -1.71
J=2Na 0.1 0.07 0.13 0.13 0.14 0.09 0.08 1.73
Q=Ca+Mg+Fe 0.03 0.02 0.03 0.05 0.02 0.03 0.02 -1.71

V Jguz aelsl
Sample 15-1xcpx-1 15-1xcpx 15-1Hcpx-5 15-1Hcpx-5 15-1Hcpx-5 27-1-xcpx-1 27-1-xcpx-1 27-1-xcpx-1
Type Xenolith ~ Xenolith Host Host Host Xenolith Xenolith Xenolith
1 I 1 1 1
Part core core core rim rim rim rim rim
SiO2 50.71 50.97 50.36 50.56 49.8 52.96 52.55 53.71
TiO2 0.81 0.72 1.13 0.98 1.24 0.45 0.7 0.33
Al203 2.47 251 2.85 3.29 4.25 1.31 1.54 0.95
Cr203 0.031 0.012 0.027 0.026 0.04 0.227 0.211 0.543
FeO 5.85 5.77 5.42 5.71 6.4 3.89 441 2.6
MnO 0.13 0.12 0.11 0.12 0.12 0.08 0.09 0.06
MgO 15.28 15.34 14.6 15.18 14.36 16.42 16.04 17.35
)
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Ca0o 23.02 22.85 23.75 23.44 23.46 24.1 24,05 24.18
Na20 0.4 0.39 0.47 0.36 0.42 0.18 0.21 0.14
K20 0.007 0 0 0.008 0.002 0.005 0 0
Total 98.708 98.682  98.717 99.674 100.092 99.622 99.801 99.863
Si 0.03 0.03 0.02 0.02 0.03 1.94 1.93 1.96
Ti 0 0 0 0 0 0.01 0.02 0.01
Al 0.02 0.02 0.02 0.02 0.03 0.06 0.07 0.04
Fe*3 0.03 0.03 0.02 0.02 0.03 0.04 0.04 0.02
Cr*s 0.0001 0.0001  0.0001 0.0001 0.0002 0.0067 0.0061 0.0156
Fe*? 0 0 0 0 0 0.08 0.09 0.06
Mn 0.001 0.001 0 0.001 0.001 0.002 0.003 0.002
Mg 0.12 0.12 0.11 0.12 0.11 0.9 0.88 0.94
Ca 0.129 0.129 0.133 0.131 0.131 0.948 0.947 0.944
Na 0.004 0.004 0.005 0.004 0.004 0.013 0.015 0.01
K 0 0 0 0.0001 0 0.0005 0 0
mol Wo 51.98 51.7 53.9 52.61 54 49.18 49.36 48.56
mol En 48.02 48.3 46.1 47.39 46 46.62 45,79 48.48
mol Fs 0 0 0 0 0 4.2 4.85 2.97
mol Dio 96.94 96.94 96.51 97.32 96.89 98.67 98.48 98.96
Al (tet) 1.971 1971 1.972 1971 1.967 0.044 0.05 0.034
AIV! (oct) -1.95 -1.95 -1.95 -1.95 -1.94 0.012 0.016 0.006
AIV42Ti+Cr 1.97 1.97 1.97 1.97 1.97 0.04 0.05 0.03
Na+ Al'Y -1.95 -1.95 -1.95 -1.95 -1.94 0.01 0.02 0.01
J=2Na 1.97 197 197 197 197 0.04 0.05 0.03
Q=Ca+Mg+Fe -1.95 -1.95 -1.95 -1.95 -1.94 0.01 0.02 0.01
Y Jgaz dolsl

Sample 27-1xcpx-1 27-1xcpx-1 27-1xcpx-1 27-1xcpx-1 27-1xcpx-1 27-1xcpx-1 27-1xcpx-1 27-1xcpx-3
Type Xenolith  Xenolith  Host Host Host Xenolith  Xenolith ~ Xenolith

Il 1] ] ] |
Part rim mantle mantle mantle core core core core
SiO2 52.85 53.51 54.34 53.95 53.97 54,17 53.46 50.02
TiO2 0.54 0.28 0.23 0.26 0.24 0.19 0.37 0.77
Al203 1.39 0.91 1.12 0.92 0.88 0.76 1.22 3.72
Cr203 0.29 0.258 0.121 0.034 0.113 0.063 0.059 0.018
FeO 4 2.94 3.02 3.02 2.97 2.72 3.94 7.2
MnO 0.08 0.06 0.07 0.07 0.06 0.06 0.09 0.17
MgO 16.59 17.22 17.67 17.34 17.45 17.73 16.6 13.69
CaO 24.12 24.31 23.65 23.9 2391 23.85 23.89 23.33
Na:0 0.15 0.11 0.2 0.24 0.2 0.18 0.23 0.36
K20 0.008 0 0 0.003 0.004 0 0 0
Total 100.018 99.598 100.421  99.737 99.797 99.723 99.859 99.278
Si 1.93 1.96 1.97 1.97 1.97 1.97 1.95 1.87
Ti 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.02
Al 0.06 0.04 0.05 0.04 0.04 0.03 0.05 0.16
Fe*d 0.05 0.03 0.02 0.03 0.03 0.02 0.03 0.09
Cr+3 0.0084 0.0075 0.0035 0.001 0.0033 0.0018 0.0017 0.0005
Fe*? 0.07 0.05 0.07 0.06 0.06 0.06 0.09 0.14
Mn 0.003 0.002 0.002 0.002 0.002 0.002 0.003 0.005
Mg 0.9 0.94 0.95 0.94 0.95 0.96 0.9 0.76
Ca 0.945 0.952 0.917 0.933 0.933 0.93 0.936 0.932
Na 0.011 0.008 0.014 0.017 0.014 0.012 0.016 0.026
K 0.0004 0 0 0.0001 0.0002 0 0 0
mol Wo 49.15 48.94 47.23 48.18 48.06 47.68 48.5 50.93
mol En 47.04 48.23 49.08 48.64 48.81 49.32 46.89 41.58
mol Fs 3.8 2.82 3.69 3.18 3.13 3 4.6 7.49
mol Dio 98.89 99.17 98.47 98.22 98.48 98.69 98.28 97.3
Al (tet) 0.053 0.037 0.028 0.027 0.028 0.023 0.035 0.113
AV (oct) 0.006 0.002 0.019 0.012 0.009 0.009 0.017 0.05
AIV42Ti+Cr 0.05 0.04 0.03 0.03 0.03 0.02 0.04 0.11
Na+ Al'Y 0.01 0 0.02 0.01 0.01 0.01 0.02 0.05

1
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J=2Na 0.05 0.04 0.03 0.03 0.03 0.02 0.04 0.11
Q=Cat+Mg+Fe 0.01 0 0.02 0.01 0.01 0.01 0.02 0.05
V Jgux aelsl

Sample 21-xcpx-4 21-Hcpx-5 21-Hepx-5 21-Hepx-5  20-1-xcpx-5 20-1-xcpx-5 20-1-xcpx-5 20-1-xcpx-5
Type Xenolith  Host Host Host Xenolith Xenolith Xenolith Xenolith

| | | | |
Part core core mantle rim core rim rim rim
SiO2 49.98 50.74 51.44 50.18 49.61 50.98 51.43 51.14
TiO2 0.87 0.57 0.51 0.67 0.78 0.66 0.61 0.56
Al203 3.94 3.16 2.86 3.61 3.39 1.91 1.86 2.15
Cr203 0.03 0.247 0.084 0.061 0.017 0.041 0.008 0.013
FeO 7.07 5.92 5.59 6.73 9.66 7.64 7.46 7.94
MnO 0.16 0.12 0.13 0.16 0.24 0.18 0.2 0.22
MgO 13.9 14.67 15.11 14.13 11.98 13.78 13.57 13.64
CaO 23.37 23.38 2351 23.25 22.97 23.8 23.68 23.46
Na20 0.48 0.38 0.3 0.36 0.59 0.28 0.35 0.56
K20 0.007 0.002 0 0 0 0 0 0
Total 99.807 99.189 99.534 99.151 99.237 99.271 99.168 99.683
Si 1.85 1.88 1.9 1.87 1.87 1.91 1.93 1.9
Ti 0.02 0.02 0.01 0.02 0.02 0.02 0.02 0.02
Al 0.17 0.14 0.12 0.16 0.15 0.08 0.08 0.09
Fe*s 0.11 0.08 0.07 0.09 0.11 0.08 0.06 0.11
Crs 0.0009 0.0072 0.0025 0.0018 0.0005 0.0012 0.0002 0.0004
Fe*? 0.11 0.1 0.1 0.12 0.2 0.16 0.18 0.14
Mn 0.005 0.004 0.004 0.005 0.008 0.006 0.006 0.007
Mg 0.77 0.81 0.83 0.78 0.67 0.77 0.76 0.76
Ca 0.927 0.93 0.93 0.928 0.928 0.954 0.95 0.936
Na 0.034 0.027 0.021 0.026 0.043 0.02 0.025 0.041
K 0.0003 0.0001 0 0 0 0 0 0
mol Wo 51.5 50.51 49.83 50.67 51.58 50.76 50.36 51.1
mol En 42.6 441 44.56 42.85 37.42 40.89 40.17 41.32
mol Fs 5.9 5.38 5.61 6.48 11 8.35 9.47 7.58
mol Dio 96.43 97.17 97.76 97.31 95.56 97.91 97.41 95.85
AllV (tet) 0.125 0.101 0.087 0.113 0.107 0.074 0.056 0.081
AIVI (oct) 0.046 0.036 0.037 0.045 0.043 0.011 0.026 0.013
AIVI+2Ti+Cr 0.13 0.1 0.09 0.11 0.11 0.07 0.06 0.08
Na+ AllV 0.05 0.04 0.04 0.05 0.04 0.01 0.03 0.01
J=2Na 0.13 0.1 0.09 0.11 0.11 0.07 0.06 0.08
Q=Ca+Mg+Fe 0.05 0.04 0.04 0.05 0.04 0.01 0.03 0.01
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Sample name 015-(X) 20-1(X) 014(X) 27-1(X) 024-1(H) 026(H)
Type Xenolith 11 Xenolith | Xenolith | Xenolith 11 Host Host
Li 7.24 1.92 1.06 40 24.1 15.1
Be 5.18 1.44 1.01 411 24 29.2
Sc 19.1 34.2 249 12.5 9.92 7.61
Ti 7253.94 10731.04 4394.33 6534.54 4094.58 3489.08
\Y 198 366 95 179 113 121
Cr 461 196 628 620 23.9 6.27
Co 117 68.8 57.9 62 59.8 22.3
Ni 93 717 115 91.3 13.9 2.75
Pb 335 3.59 6.22 10.6 171 160
Bi 0.088 0.014 0.017 0.047 0.482 0.592
Th 17.8 341 141 7 325 12.5
] 4.15 0.492 0.371 9.74 13.8 175
Rb 89 45.1 62 229 108 195
Sr 624 34 188 674 550 328
Y 26.8 103 9.07 21.3 221 10
Zr 299 5.8 48.3 225 822 864
Nb 28.6 0.95 3.75 25.6 924 91
Cs 6.22 2647 1.29 11.2 12.7 18.8
Ba 1586 54 994 3488 2742 1500
La 59.1 119 7.98 489 39.6 13.2
Ce 125 15.4 19.4 96.5 88.4 28.9
Pr 15.2 67.9 291 11.7 10.7 3.38
Nd 62.5 15 14.3 495 421 13
Sm 12.7 3.4 3.63 10.2 8.73 2.71
Eu 2.66 0.52 0.839 2.28 1.93 0.634
Gd 9.8 12.6 3.13 8.1 6.57 2.15
Th 1.28 1.63 0.405 1.03 0.951 0.359
Dy 6.38 8.16 2.08 4.92 5.14 221
Ho 1.06 1.34 0.335 0.797 0.91 0.435
Er 2.68 3.18 0.773 1.96 2.46 1.28
Tm 0.327 0.368 0.093 0.231 0.348 0.207
Yb 2 2.17 0.575 1.44 2.29 1.55
Lu 0.278 0.302 0.082 0.21 0.326 0.226
Hf 8.13 4.15 1.47 5.54 20.3 21.2
Ta 1.66 0.398 0.329 1.21 4.84 4.24
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Fig.6. Classificaation of studied samples using Zr/Ti-Nb/Y diagram (Pearce, 1996)
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content in magma composition (Helz, 1973).
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