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ARTICLE INFO ABSTRACT

The study area is located about 30 km south of Ramsar, in the central

Avrticle Histor o - .
Y Alborz zone. In addition to the Nusha granitoids (with an age of about

Received: 09 December 2022 56 million years), the outcrops in this area, mainly include Paleozoic and
Revised: 21 January 2023 - e . ! o
Accepted: 21 January 2023 Mesozoic rock units. Petrographically, the Nusha granitoids have
diorite, syenite, monzonite, monzodiorite, granodiorite and quartz
monzonite compositions. Moreover, mineralogically, feldspar is the
principal mineral, and the texture superiority in them belongs to the
Keywords granular type. In terms of magmatic series these rocks are metaluminous
granitoid and range from high K calcalkaline to shoshonitic. The geochemical
Nusha ) characteristics of the major and rare elements, as well as the petrographic
high temperature | type granites ones indicate that these granitoids are | type granites, and at the same

Central Alborz

active continental margin time they belong to high temperature ones based on the behavior of Ba,

Ce and Y elements. Enrichment in LILE and LREE and low
concentrations of heavy rare earth elements HREE and high field
strength elements HFSE, together with Nb and Ti negative anomaly in
the spider diagrams are signs of magmas related to the subduction zone.
The high temperature nature and characteristics such as Y/Nb, Rb/Sr and
Rb/Ba ratios show that the Nusha granitoids have the geochemical

*Corresponding author properties of both crustal and mantle origin materials with different
Saeed Taki ratios. Based on tectonomagmatic discrimination diagrams and trace
S taki@liau.ac.ir element compositions, these granitoids belong to an active continental

margin environment. The parental magma has originated from melting
of an enriched mantle source and contaminated with continental crust
during ascent.
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EXTENDED ABSTRACT

Introduction

The study area is part of the Alborz-Azerbaijan
magmatic belt. Many of the intrusive masses present
in this area are high potassium calc-alkaline to
shoshonite and are of | type granitoids (Aghazadeh,
2009; Aghazadeh et al., 2013; Nabatian et al., 2014;
Taki, 2011). In this research study, we seek to
determine the nature of the granitoids of the Nusha
region by using geochemical characteristics and
determine their origin and tectonomagmic setting.
Exposed rock units in the study area, in addition to
intrusive igneous rocks, include sedimentary
carbonate and detrital rocks belonging to the
Mobarak (Carboniferous), Dorood (Lower Permian),
Ruteh (Upper Permian), Nesen (Upper Permian),
Elika (Lower-Middle Triassic), Shemshak (Upper
Triassic-Lower Jurassic) Formations and Cretaceous
sedimentary and volcanic rocks. In this area, the
granitoid intrusive masses have northwest-southeast
trends and have intruded during the Eocene (56+2
million years ago) (Axen et al., 2001). The outcrop
of the Nusha granitoids starts from the western slope
of Sehezar Valley and extends north-westward to the
south-west of Nusha. The granitoid unit is separated
into two masses by a dextral fault. The southern
border of this mass is completely faulted. This has
resulted that the Upper Paleozoic assemblage has
been thrusted onto the granitoids. Its northern border
is also mainly faulted. The only normal contact
present in the western part with Lower and Middle
Jurassic sediments.

Research method

After sampling of intrusive rocks and petrographic
studies of the study area, 10 samples of rocks related
to intrusive masses were sent to the Zarazma
company in Iran for chemical analysis and 7 samples
were sent to the Actlabs company in Canada. In the
laboratory of these companies, the ICP-OES method
is used to measure the major elements and some
minor elements, and the ICP-MS method is used to
evaluate the abundance of rare and trace elements. In
this research study, since iron is reported
unseparated, the Irvine and Baragar method (1971)
was used to calculate divalent and trivalent iron.

Results and discussion
The granitoids of the study area are petrographically

composed of diorite, syenite, monzonite
monzodiorite, granodiorite and quartz monzonite.
Mineralogically, feldspar is the principal mineral and
the granular is superior texture. Based on several
geochemical characteristics such as aluminum
saturation [the molar (Al203/(CaO+Na.O+K:0)) or
ASI] and agapiitic [A.l.=molar (Na+K)/Al] indices,
Na,O/K;0 ratio, range of SiO, content, Na,O weight
percentages in acidic terms, average values of NazO,
Zr, Y, Ce and Rb/Sr, and diagrams of ANK-ACNK,
normative corundum and P2Os versus Rb, (A/CNK-
Fe203+Fe0O), Th-Rb and P,0s-SiO; as well as
petrographic ~ features  like,  petrographical
composition ranges and the nature of enclaves and
ferromagnesian minerals in the studied samples all
confirm the | type nature of the Nusha granitoids. At
the same time, the variations of Ba, Ce and Y
elements in the Nusha granitoids are such that they
firstincrease and then decrease with increase of silica
content. Thus, they are high temperature | type
granite and must have been originated from the
melting of mafic rocks of crust or evolved mantle.
These rocks have high K calc-alkaline to shoshonite
magmatic series nature. REE patterns of all the
studied samples are parallel and similar (so they have
a common origin) and relatively highly enriched
(than primitive mantle) and have no Eu anomaly (due
to the participation of feldspar in the magma during
partial melting of the source rock or lack of
differentiation of this mineral during the fractional
crystallization of the parental magma). Like many
other active continental margin calc-alkaline rocks,
these rocks have negative slope on the LREE side
and are flat on the HREE side. Enrichment in LILE
and LREE and low concentration of HREE and
HFSE, along with negative anomaly of Nb and Ti in
the spider diagrams are indicators of magmas related
to the subduction zone. The very distinct Nb-Ta
trough in the arc systems spider diagrams is due to
crustal contamination or retention of these elements
in the source during partial melting. Positive Pb-K
anomalies and overall enrichment of LILE are also
indicators of crustal contamination. The extreme U
and Th enrichment in the spider diagrams indicate
addition of pelagic sediments or altered oceanic crust
in the melting process.

The high Th/Ta and relatively low Nb/Th ratios
indicate formation of magma in an arc environment,
and the tectonomagmatic discrimination diagrams
show continental arc one as well and according to
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their age, like many Cenozoic igneous rocks in the
Alborz, Western Alborz-Azerbaijan and South
Caucasus must have resulted from subduction of the
Neotethys oceanic crust. In the Nb versus Rb/Zr
diagram, the Nusha granitoids are in the range of
normal to mature continental arcs. On the Sm/Yb-
La/Sm and Rb-Sr diagrams, the continental crust is
about 45 km and shows enriched mantle at the
parental magma generation source. The wide range
of variations in Y/Nb ratios indicates that the study

area granitoids have the geochemical characteristics
of both crustal and mantle origin materials.
According to the Rb/Sr versus Rb/Ba diagram, the
mantle to crust materials ratios are between 20 and
50%. The low Tb/Yb ratio and the multiple
concentration of rare earth elements compared to the
primitive mantle in the Nusha granitoids indicate a
mantle source with the composition of spinel bearing
peridotite without garnet origin.
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Table 1. Whole rock chemical analysis results of the Nusha area samples by Zarazma company in Iran (in which major
oxides are in wt.% and trace elements are in ppm).

No. 3 4 5 7 12 15
Rock Quartz - - Quartz - .
type Monzonite Diorite Monzodiorite Monzonite Granodiorite Syenite

Long. 50°41'38"E 50°41'38'E  50°41'36'E  50°41'27'E 50°41'22"E  50°41'18"E
Lat. 36°36'32'N 36°36'32'N  36'36'31'N  36°36'29°'N 36°36'29'N  36°36'27"N

SiO2 68.23 60.99 55.9 63.17 64.39 55.55
TiO2 0.28 0.93 0.65 0.54 0.53 0.86
Al03 15.05 15.94 19.28 17.12 16.22 18.71
Fe2Ost 2.75 6.2 6.11 4.8 5.57 7.31
MnO 0.06 0.15 0.13 0.16 0.17 0.2
MgO 0.56 1.88 2.8 1.09 1.02 1.06
CaO 1.96 4.93 6.33 3.21 4.06 3.81
NaO 3.98 3.45 4.11 4.37 3.6 3.57
K20 5.32 2.81 2.26 4.18 2.79 7.23
P20s 0.06 0.28 0.36 0.17 0.24 0.2
LOI 1.64 2.37 2.01 1.1 1.28 1.32
Total 99.89 99.93 99.94 99.91 99.87 99.82
Co 2.4 6.8 15.6 7 3.9 10
Sc 2.7 14.2 5.1 4.3 8.1 3.4
Vv 18 46 80 38 10 40
Cu 24 12 26 15 14 15
Pb 4 3 5 7 4 9
Zn 29 68 50 64 73 79
Sn 3.9 4.8 3.6 5 2.8 43
W 3.1 1 1 2 1.2 1
Mo 1 0.1 0.1 1 0.1
As 7.5 7.3 5.5 6.5 8.6 6.9
Rb 257 107 85 152 62 252
Sr 191 238 491 248 277 447
Cs 2.5 0.6 0.5 2.1 1.2 15.6
Ba 399 584 626 702 550 730
Be 3.2 1.4 1.3 1.7 15 1.3
Ta 1.75 0.82 0.44 1.59 0.78 3.32
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Table 1 (Continued). Whole rock chemical analysis results of the Nusha area samples by Zarazma company in Iran (in
which major oxides are in wt.% and trace elements are in ppm).

No. 3 4 5 7 12 15
Rock Quart; Diorite Monzodiorite Quartz_ Granodiorite Syenite
type Monzonite Monzonite

Long. 50°41'38'E 50°41'38'E  50°41'36'E  50°41'27'E 50°41'22'E  50°41'18"E
Lat. 36'36'32'N 36'36'32'N  36'3631'N 36°36'29°'N 36°36'29'N  36°36'27"N

Nb 21.3 13.7 10.8 26 10.2 78.3
Hf 2.48 2.45 1.12 1.52 1.6 7.98
zr 29 31 6 11 16 221
Y 21.1 26.6 10.9 19.2 26.7 18.9
Th 24.9 10.89 9.29 13.98 10.37 8.07
U 3 11 1.2 2.7 0.9 1
Sb 0.5 0.5 0.5 0.5 6 5
Bi 0.1 0.1 0.1 0.1 0.1 0.1
Ag 0.2 0.2 0.1 0.2 0.3 0.7
In 0.5 0.5 0.5 0.5 0.5 0.5
La 41 28 21 30 22 53
Ce 71 54 34 53 46 107
Pr 8.82 7.68 6.49 8.06 7.59 10.73
Nd 31.3 31.2 23.5 28.8 31.3 39.9
Sm 6.1 7.62 5.77 6.42 7.51 8.36
Eu 1.43 2.32 2.3 2.14 2.24 2.57
Gd 4.35 45 3.25 3.97 4.48 5.55
Tb 0.73 0.85 0.49 0.66 0.88 0.91
Dy 3.39 3.96 2.28 3.19 3.76 3.34
Er 2.52 2.9 1.68 2.33 2.8 2.37
Tm 0.41 0.4 0.2 0.36 0.37 0.29
Yb 2.1 2.2 1.1 2 2.1 18
Lu 0.5 0.44 0.31 0.48 0.42 0.41
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Table 1 (Continued). Whole rock chemical analysis results of the Nusha area samples by Zarazma company in Iran (in
which major oxides are in wt.% and trace elements are in ppm).

No. 16 18 22 27 30 31
Rock . . Quartz . Quartz Quartz
type Monzonite Monzonite Monzonite Diorite Monzonite Monzonite

Long. 50°41'16"E 50°41'11'E 50°41'1"E  50°40'32'E 50°40'20'E  50°40°20"E
Lat. 36°36' 27" N 36°36'26'N  36°36'12'N  36'3550'N 36°3550°'N 36 3550"N

SiO2 61.87 60.33 68.69 57.7 65.63 70.05
TiO2 0.68 0.71 0.36 0.5 0.51 0.31
Al20; 16.91 17.18 14.99 16.23 16.6 14.74
Fe2Ost 5.58 5.76 3.23 8.93 3.72 2.71
MnO 0.13 0.22 0.06 0.15 0.09 0.07
MgO 1.57 2.05 0.67 0.15 1.02 0.51
CaO 3.69 4.46 1.92 12.19 2.04 1.74
Na.0 4.22 3.88 4.14 1.3 4.63 3.49
K20 3.36 3.79 4.92 1.16 4.63 5.41
P.Os 0.25 0.16 0.11 0.14 0.13 0.08
LOlI 1.63 1.3 0.87 1.32 0.87 0.83
Total 99.89 99.84 99.96 99.77 99.87 99.94
Co 10.2 13 43 3.9 5.7 4.3
Sc 6.5 8.2 3.2 4.4 5.8 3.1
V 54 78 24 90 38 22
Cu 15 32 14 18 11 63
Pb 11 43 7 9 6 13
Zn 49 133 23 24 68 65
Sn 5.5 46 4.1 3.3 1.7 3.8
W 1.7 1.9 1.1 1.2 1 1.3
Mo 0.1 0.1 1 0.1 0.1 0.1
As 7.6 8.1 7.7 6.1 9.4 9.4
Rb 130 125 196 22 85 193
Sr 333 350 160 1401 307 228
Cs 2.1 1.6 3 0.5 1 2.5
Ba 381 632 415 114 671 544
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Table 1 (Continued). Whole rock chemical analysis results of the Nusha area samples by Zarazma company in Iran (in
which major oxides are in wt.% and trace elements are in ppm).

No. 16 18 22 27 30 31
Rock : : Quartz - Quartz Quartz
type Monzonite Monzonite Monzonite Diorite Monzonite Monzonite

Long. 50°41'16" E 50"41'11"E 50°41'1"E  50°40'32'E 50°40'20'E  50°40'20"E
Lat. 36°36' 27" N 36°36'26'N  36°36'12'N  36°3550'N 36°3550'N 36°3550"N

Be 2.2 1.7 3.3 1.7 2.4 1.8
Ta 1.6 1.29 0.79 0.91 1.05 1.5
Nb 26.2 22.9 19.1 15.7 16.6 215
Hf 1.28 1.33 1.6 1.34 1.19 1.3
Zr 10 13 17 16 12 8
Y 23.2 194 21.9 20 25.1 17.6
Th 17.46 13.86 21.24 10.12 14.41 15.89
U 3.3 2.1 4.8 1.9 2.6 3.2
Sb 0.5 4.8 1.2 1.4 15 3.5
Bi 0.1 0.1 0.1 0.1 0.1 0.1
Ag 0.1 0.2 0.1 0.2 0.1 0.1
In 05 0.5 0.5 0.5 0.5 0.5
La 47 31 32 23 41 24
Ce 80 51 58 40 71 40
Pr 10.54 7.1 7.09 5.96 6.1 6.47
Nd 40.5 25.8 24 20.7 21.6 241
Sm 7.86 5.75 5.09 3.96 4.87 5.34
Eu 1.82 1.83 1.13 1.39 1.27 1.77
Gd 5.65 3.33 3.29 2.96 3.18 3.19
Th 0.92 0.54 0.56 0.44 0.49 0.56
Dy 4.01 2.5 2.74 2.33 2.33 2.55
Er 2.98 1.97 2.29 1.7 1.76 1.88
Tm 0.4 0.29 0.36 0.26 0.24 0.31
Yb 2.2 1.9 2.3 2.2 2.5 1.8
Lu 0.54 0.35 0.48 0.32 0.33 0.38
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Table 2 (Continued). Whole rock chemical analysis results of the Nusha area samples by Actlabs in Canada (in which

major oxides are in wt.% and trace elements are in ppm).

No. 23(H2) 24(H6) 25(H11) 26(H12) 34(H9)
Wps  Mowonte  Momonte  Monsonge | Monzonite  Syenite
Long. 50°40093'E  50°40'82'E 50°40'69'E 50°40'51'E  50°38'59'E
Lat. 36°36'9°N 36"'36'2'N  36°3550'N 36°3550'N  36°3549°N
SiO; 64.5 63.61 68.93 61.78 60.51
TiO2 0.582 1.124 0.394 0.757 0.762
Al,03 16.87 16.19 14.62 17.24 6.08
Fe20st 4.34 5.42 3.2 5.7 4.24
MnO 0.115 0.07 0.072 0.131 0.081
MgO 0.86 157 0.78 153 1.61
CaO 2.68 353 2.03 3.91 433
Na.O 4.63 3.8 4 4.66 3.68
K20 4.65 36 4.65 3.56 7.29
P20s 0.18 0.29 0.1 0.21 0.23
LOI 0.93 1.03 0.69 112 1.78
Total 100.3 100.2 99.47 100.6 100.6
Co 6 12 9 17
Sc 5 9 4 8 7
v 24 96 34 70 52
Cu 30 60 30 20 120
Pb 10 7 7 10 33
Zn 60 60 30 80 90
Sn 2 2 2 2 2
w 2 1 1 1 3
Mo 2 2 2 2 4
As 5 5 5 5
Rb 95 120 186 89 155
Sr 286 393 220 396 319
Cs 1 2.7 2.3 1 1.9
Ba 904 427 504 740 1225
Be 2 3 4 3 2
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Table 2 (Continued). Whole rock chemical analysis results of the Nusha area samples by Actlabs in Canada (in which
major oxides are in wt.% and trace elements are in ppm).

No. 23(H2) 24(H6) 25(H11) 26(H12) 34(H9)
Rock Quartz Quartz Quartz : .
type Monzonite Monzonite ~ Monzonite  Monzonite Syenite

Long. 50°40' 93" E 50°40'82"E 50°40'69'E 50°40'51"E 50" 38'59"E

Lat. 36°36'9'N 36°36'2'N  36°3550'N  36°3550'N  36°3549'N
Ta 2.5 3.7 4.3 2.4 2.8
Nb 27 37 34 31 38
Hf 5.1 3.9 4.1 6.2 7.3
zr 262 137 175 303 366
Y 21 23 24 28 319
Th 15.8 20.8 26.7 15.5 12.3
U 3.1 5.5 6.1 3.7 3.6
Sb 0.5 0.5 0.5 0.5 15
Bi 0.4 0.4 0.4 0.4 0.4
Ag 0.5 0.5 0.5 0.5 0.7
In 0.3 0.3 0.2 0.2 0.2
La 41.2 44.6 435 40 36.1
Ce 71.3 81.3 75.6 75.6 68.9
Pr 6.88 8.33 7.09 7.92 7.16
Nd 24.7 29.9 235 29.8 25.4
Sm 4.4 5.4 4.1 5.9 4.7
Eu 1.59 1.41 0.82 1.46 1.36
Gd 3.8 5 35 4.8 4.1
Tb 0.6 0.7 0.5 0.8 0.6
Dy 35 4.3 3.3 4.4 3.8
Er 2 2.3 2.1 2.6 2.5

Tm 0.31 0.33 0.34 0.41 0.36
Yb 2.3 2.4 2.4 2.8 2.4
Lu 0.36 0.38 0.41 0.46 0.42
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Fig. 2. A: The Nusha area satellite image and sampling locations, B: A perspective of the Formations outcrops in the

eastern part of the study area (view to the south), and C: Nusha granitoid intrusive mass outcrop (quartz monzonite) about
3 km east of Nusha village
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Fig. 3. Microscopic images of: A: Diorite with relatively fine-grained anhedral granular texture, B and C: Syenite with
trachytoid and anhedral granular textures respectively, D: Monzonite with relatively coarse-grained anhedral granular
texture, E: Monzodiorite with medium grained anhedral granular texture and F: Granodiorite with porphyroid texture,
from Nusha area. Abbreviations after Whitney and Evans (2010) (PI: Plagioclase, Or: Orthoclase, Qz: Quartz, Hbl:
Hornblende Opq: Opaque, Bt: Biotite, Cpx: Clinopyroxene).
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Fig. 4. Microscopic images of quartz monzonite with textures of A: monzonitic texture, B: rapakivi, C: micrographic, D:
anti-rapakivi, E: myrmekitic, and F: porphyry with relatively fine-grained mesostasis (perthitic orthoclase phenocrysts in
a groundmass composed of plagioclase, quartz and other minerals) from Nusha area. Abbreviations after Whitney and
Evans (2010) (PI: Plagioclase, Or: Orthoclase, Qz: Quartz, Hbl: Hornblende).
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Fig. 5. The positions of Nusha area granitoids on diagrams of A: total alkali-silica (Middlemost, 1987), B: K20 vs. SiO;
(Peccerillo and Taylor, 1976), C: Ce/Yb vs. Ta/Yb (Pearce, 1982), and D: ANK-ACNK (Maniar and Piccoli, 1989)
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Table 3. Comparison of the average elemental compositions of different types of granites (Whalen et al., 1987) with

granitoids of Nusha region ones

Al Rb/Sr Ce Y Zr Na:O  Element/Ratio
Granite type

0.62 0.61 64 28 151 3.13 |

0.59 1.81 64 32 165 2.41 S

0.52 0.06 16 22 108 3.97 M

0.95 3.52 137 75 528 4.07 A

0.33 0.27 61.01 2110 98.9 3.58 Nusha
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Fig. 10. Study area granitoids data on the tectonomagmatic discrimination diagrams of A: Pearce et al. (1984), and B:
(Muller and Groves (1997). As can be seen, the Nusha area data are located in the field of continental arcs. S.z: Subduction
Zone, Lcc: Lower crust composition, Bec: Bulk crust composition, UCC: Upper Crust Composition
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Fig. 11. Th/Yb versus Ta/Yb diagram in which the Nusha area samples are located in the continental arc field and outside
of the mantle array. The diagram and positions of mantle and crustal members are from Pearce and Peate (1995); Pearce
(2008) and the average upper crust is from Sun and McDonough (1989).
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Fig. 12. The position of Nusha granitoids on diagrams of A: the volcanic arcs maturity rate based on Nb versus Rb/Zr
ratio (Brown et al., 1984), B: continental crust thicknesses in active continental margin environments using Sm/Yb vs.
La/Sm (Kay and Mpodozis, 2002), C: Rb-Sr (Condie, 1989), and D: Rb/Sr vs. Rb/Ba (Koprubasi and Aldanmaz, 2004)
to evaluate the contribution of felsic melts derived from the crust (C) and mafic melts derived from the mantle (M)
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