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The Oligocene Nordoz intrusive complex is located in the eastern region
of Siehroud, within the East Azerbaijan province, and within the Alborz-
Azerbaijan structural zone. The results of field studies have identified
the presence of gabbro diorite, monzodiorite, monzonite, tonalite,
granodiorite, and granite within the region. The geochemical
characteristics of these rocks indicate that they belong to the
metaluminous type | granitoid classification. The rocks display calc-
alkaline to high-potassium calc-alkaline and Shoshonite series
characteristics, exhibiting an enrichment of LREE elements relative to
HREE, a positive Pb anomaly, and a depletion of Nb and Ti elements.
The presence of disequilibrium textures, such as sieve texture and
zoning in plagioclase, suggests the existence of multiple magma
chambers and mixing between them. The isotopic geochemistry
indicates that a closed system process and crystal differentiation are the
primary processes of formation, with a combination of DMM and EMI|I
identified as the principal sources for magmas in the region. This
behavior can be explained by contamination of magma derived from a
depleted asthenospheric mantle with lithospheric sediments during
oceanic crust subduction and upper mantle wedge metasomatism. In
summary, the magmatic plateau of Azerbaijan has been affected by
tectonic processes and lithospheric thinning during the Eocene-
Oligocene period.
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EXTENDED ABSTRACT

Introduction

The Azerbaijan region is located in northern Iran, in
close proximity to the borders with Turkey,
Azerbaijan, and Armenia. This area constitutes part
of the Iran-Turkey zone, which encompasses Central
Eastern Anatolia and Northwestern Iran (Dilek et al.,
2010; Shafaii Moghadam and Shahbazi Shiran,
2011). As the central portion of the Alpine-
Himalayan orogenic belt, this region has experienced
a number of geologic events as a consequence of the
closure of the branches of the Neotethys Ocean
(Stampfli et al., 1991). Cenozoic igneous rocks are
pervasive in the Iran-Turkey region (Dilek et al.,
2010). The magmatic complex in question is
distributed throughout northwestern Iran, Armenia,
and eastern Turkey in the northern and eastern parts
around the Arabian Plate.

Materials and methods

In order to facilitate petrologic studies, 11 samples
exhibiting the least degree of alteration were selected
and sent to the Zarazma company for chemical
analysis of rare elements by ICP-MS and major
oxides by XRF method. Furthermore, three samples
displaying the lowest percentage of loss on ignition
(LOI) were selected for isotopic analysis at the
laboratory of the Faculty of Earth Sciences at the
University of British Columbia in Canada. The
results of the whole-rock chemical and isotopic
analyses are presented in Tables 1, 2, 3, 4 and 5,
respectively.

Discussion

Petrography

Petrographic studies have revealed that the granitoid
bodies of the Nordoz region are composed of a range
of basic to acid igneous rocks, including
gabbrodiorite, monzodiorite, monzonite, tonalite,
granodiorite, and granite. The predominant texture is
granular, although sieve and perithetic textures are
also present. The principal minerals of these rocks
are plagioclase, alkali feldspar, quartz, amphibole,
clinopyroxene, and olivine (in base samples).
Additionally, opaque minerals and secondary
minerals of calcite, sericite, chlorite, and epidote are
observed in this rock group.

geochemistry

The results of whole rock chemical analyses of 16
samples extracted from the intrusive mass in the
Nordoz area are presented in Tables 1 and 2. The
classification of the rocks was conducted using the
Delaroche et al. table (De La Roche et al., 1980). As
illustrated in Figure 3A, the samples under
examination are classified as gabbrodiorite,
monzodiorite, monzonite, tonalite, granodiorite, and
granite, thereby corroborating the findings of the
petrographic investigations. To ascertain the
magmatic nature of the intrusive rocks, a K>O vs.
SiO. plot (Peccerillo and Taylor, 1976) was
employed. As illustrated in Figure 3B, the samples
under examination predominantly occupy the calc-
alkaline range  with  elevated  potassium
concentrations, as well as the Shoshonite range.
Naz20 versus K2O diagrams adapted from Chappell
and White (2001) (Fig. 4A) indicate that all samples
fall within the range of Type | granites. Additionally,
to differentiate between the granitoids of the region
and the A granitoids (non-orogenic granitoids)
depicted in the diagram (Kleeman and Twist, 1989),
which is plotted based on the Nb versus SiO;
variation (Fig. 4B), all samples fall within the range
of Type I granites.

In order to ascertain the provenance of the primary
magma and the subsequent processes, including
contamination and mixing of the magma, 8'Sr/®°Sr,
1N d/*“Nd and Pb isotopic analyses were conducted
on the samples. The results of the isotopic analysis of
the samples are presented in Table 5 for reference.
The combined spectrum of the 8’Sr/%Sr isotopic ratio
of the investigated samples exhibits a range of values
between 0.704412 and 0.705081. Similarly, the
13N d/***Nd ratios of these intrusive rocks range from
0.512769 to 0.5128255. The “*Nd/***Nd versus
87Sr/%Sr isotope correlation plots, as presented by
Zindler and Hart (1986), were employed to ascertain
the provenance of the intrusive rocks in the Nordoz
region. All samples are plotted on the conventional
isotope diagram in the mantle region near BSE (Bulk
Silicate Earth) and indicate that the main source for
the magmas of the study area is a combination of
depleted mantle (DM) and enriched mantle (EMII)
(Fig. 7). This behavior can be attributed to the
contamination of large volumes of depleted
asthenospheric  mantle (DM) magmas with
lithospheric fluids enriched in LILE and radiogenic
Sr elements, which primarily result from the
dehydration of detrital sediments during subduction.
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The data presented in Figure 8 illustrates that the
208pp/20ph ratios of all samples from the region are
above the NHRL line and within the EMI and EMI|I
ranges (Zindler and Hart, 1986), with the majority of
samples falling close to the EMII range. It is
important to note that EMI is associated with an
enriched mantle with moderate amounts of Sr/®sr,
low amounts of **Nd/***Nd, and low ratios of
ZOGPb/204Pb.

tectonic setting

Asillustrated in the AloO5 vs. TiO; variation diagram
from Muller and Groves (1997), all intrusive samples
from the Nordoz area are situated within the range of
magmatic arcs (Fig. 6, 7, 8, 9 and 10A, B, C). In
accordance with the diagram of Rb vs. (Y+Nb)
(Pearce et al., 1984), which is utilized to differentiate
the tectonic environments of granitoids associated
with disparate tectonomagmatic environments, the
acidic samples are situated within the volcanic arc
range, predominantly at the juncture of this range
with the analogous range. Additionally, acidic
samples exhibit parallels with post-collisional
environments in the tectonomagmatic diagram
(Maniar and Piccoli, 1989) (Fig. 10).

In the diagram presented by (Meschede, 1986),
which is drawn based on the values of Nb*2-Zr/4-Y.
The basaltic samples of the region are included in the
range of volcanic arc basalts.

Conclusion and discussion

The results of the field observations indicate the
presence of fractionated mafic magma injected into
acidic magma (Fig. 2). It can thus be posited that the
intrusive masses observed in the Nordoz region are
the result of the differentiation of basic magma in the
region. It appears that the basic magma is situated
within a vast magma chamber beneath the region,

exhibiting elevated temperatures. During the
subsequent compressive phases, it propagated to
higher levels, specifically into the lower crust, where
it caused an increase in temperature. The fluid phase,
in conjunction with the temperature increase
resulting from the intrusion of the basic magma into
this region of the crust, has led to the melting of a
portion of the underlying crust and the formation of
magma with a granodiorite and calc-alkaline
composition.

The evidence supporting the retreat of the subduction
slab and extensional tectonics in Alborz, as presented
in previous studies, can be attributed to a decrease in
the rate of subduction in the Eocene. This decrease
was caused by a reduction in the opening of the
Indian Sea, which led to the retreat of the Neotethys
subduction slab and subsequent tectonic extension in
central Iran (Hassanzadeh et al.,, 2004). The
presented data, in conjunction with the findings of
geochemical and isotopic studies, as well as the
positioning of the Nordoz region samples within
tectonic  environment diagrams, permit the
formulation of a model for the genesis of these rocks.
This model proposes that the mantle portion of the
subcontinental lithosphere is the most probable
origin for these rocks. The magmatic plateau of
Azerbaijan has been subjected to a number of
processes, including the uplift of the asthenosphere
source and its thermal effect in the region. These
processes have occurred as a result of events such as
slab failure or lithosphere layer separation during the
Eocene-Oligocene period, which have resulted in
some degrees of partial melting. Consequently, it is
possible that the resulting magma is located in a
tensional environment behind the arc affected by the
orogenic events of the collision of the Arabian plate
with Eurasia.
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Fig. 2. A: Granite and granodiorite sections in an intrusive body of the Nordoz area, B: Compositional diversity and
weathering in the granite section, C: Outcrop of mafic magma injection inside granitic magma, Nordoz area, and D:

Weathering around injected acid body in mafic veines
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Table 1. The oxide values of the major elements of the intrusive rocks of Nordoz region, which were chemically analyzed

in Amdel Geological Laboratory of Australia (values in W9%).

Sample S19 S20 S13 S14 S08 S10 S09 S06

diorite _nite_mongonite Tonalite  Granite T diorite G
SiO2 715 60.97 63.35 68.01 69.47 53.07 56.26 50.73
TiO2 0.22 0.78 0.584 0.23 0.25 1.18 0.98 1.06
Al2O3 14.79 15.1 15.81 14.11 14.61 17.03 18.70 18.60
Fe20s 2.61 4.73 3.37 2.68 2.64 7.77 6.977 9.33
MnO 0.05 0.07 0.06 0.08 0.08 0.13 0.110 0.17
MgO 0.33 3.39 2.20 0.51 0.53 3.16 2.30 3.89
CaO 2.77 4.32 3.62 4.49 2.58 8.25 7.09 8.98
Na.O 491 4.87 5.02 3.82 4.08 3.96 2.19 2.27
K20 2.50 3.24 3.20 4.52 4.67 3.01 3.17 2.34
P20s 0.06 0.39 0.26 0.05 0.06 0.68 0.66 0.52
LOI 0.16 2.02 1.95 1.32 0.33 1.26 1.44 1.34
Total 99.93 99.90 99.45 99.85 99.32 99.53 99.91 99.27
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Table 2. Values of rare and rare earth elements in volcanic rocks of Nordoz region (values are in grams per tonne).

Sample S19 S20 S13 S14 S08 S10 S09  S06
Ba 891 923 904 676 685 930 1090 1410
Rb 588 568 66.6 982 948 62 162 117
Sr 488 761 638 207 217 1110 727 1100
Zr 29 33 42 39 25 56 77 69
Nb 5 19.5 17 5 5 23 16.5 9
Co 2.3 163 106 39 36 233 168 22
Zn 49 6 52 28 34 84 86 96
Cr 50 50 50 50 50 50 50 50
La 147 362 306 268 273 48 37.7 289
Ce 294 634 532 434 424 777 699 56.2
Pr 3.1 7.7 615 47 725 109 84 735
Nd 1738 268 214 149 134 36.2 304 302
Sm 324 422 336 234 206 6.82 6.2 6.62
Eu 146 126 098 082 084 28 15 21
Gd 21 295 24 195 265 7.6 52 55
Th 024 038 03 026 022 094 07 0.78
Dy 1.82 2.1 1.58 1.2 164 48 42 428
Ho 034 036 034 032 028 076 084 0.64
Er 0.75 085 0.75 12 085 215 235 1.86
Tm 0.1 0.1 01 012 012 03 035 03
Yb 069 075 0.7 1.1 095 1.7 2.2 1.9
Lu 018 015 017 018 016 026 034 0.26
Cs 0.8 0.6 0.9 0.6 0.6 0.4 24 24
Hf 0.3 2.8 25 0.3 0.3 5.5 4.2 14
TI 0.2 0.4 0.6 0.3 0.3 0.2 0.1 0.2
Y 7.7 9.4 8.1 9.6 91 221 219 214
Th 3.7 116 128 91 8.6 129 97 4.9

U 0.6 2.8 3.2 1 0.9 3.4 2.5 19
Sc 2 9 6.5 3 3 18 12 17
\Y 35 95 70 30 30 190 160 230
Bi 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Cd 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
W 0.5 1 1 0.5 0.5 0.5 1.5 15
Mo 0.5 1 05 0.5 0.5 15 25 15
B 5 5 5 5 5 5 5 5

Be 0.7 1.3 0.9 0.8 0.7 1.7 2.7 2.8
Ag 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.1
Re 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

Cu 18 30 6 8 4 74 208 74
Pb 11 11 6 6 5 11 16 19
As 2 1 2 1 1 1 4 12
Sb 0.2 0.4 0.4 0.2 0.2 0.4 1 1

Te 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Ge 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Li 10 19 18 11.5 9 9 19 16.5
Y 0474 0.485 0488 047 0465 0.524 0.506 0.547
S 0.005 0.01 0.01 0.005 0.005 150 50 100
P 980 1720 1160 940 1260 2100 2200 2380
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Table 3. The oxide values of the major elements of the intrusive rocks of Nordoz area, which were chemically analyzed

in Zarazma company (values in W%).

Sample S22 S24 S16 S17 S25 S27 S23 529 S21 S26 S17
Tonalite .~ . M- Q- Granite .. Tonalite Tonalite Tonalite Tonalite M-Gabbro
diorite Diorite Monzonite Diorite
SiO, 6555 68.05 61.86 63.8 7191 7153 66.32 65.41 66.63 66.4 51.97
TiO, 0.34 0311 0.58 0.23 0.222 0.29 0.442 0.501 0.54 0.49 1.09
Al,O; 13.09 12.09 12.89 12.61 13.09 1351 12.16 12.85 12.47 12.74 16.74
Fe,O; 748 6.13 7.39 6.83 248 222 5.562 5.81 5.93 4.97 8.96
MnO 0.10 0.11 0.12 1.73 0.063 0.02 0.11 0.109 0.09 0.051 0.11
MgO 1.77 1.22 3.11 0.13 0.8 0.28 2.49 251 2.63 2.24 3.69
CaO 434 342 5.7 3.19 224 349 4.49 4.54 4.61 4.56 8.76
Na,O 343 3.99 3.23 4,18 434 458 3.31 3.29 3.33 3.87 3.27
KO 372 389 445 4.06 4.46 3.85 4.44 3.38 3.57 3.5 3.45
P,Os 0.13 0.129 0.23 0.11 0.07 0.09 0.16 0.17 0.18 0.219 0.04
Lol 157 157 186 2.66 183 278 2.08 1.27 2.08 1.7 2.08
Total 99.97 99.34 99.57 99.58 99.675 99.87  99.45 99.84 99.99 99.04 100.16
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Table 4. Amounts of trace elements of intrusive rocks of Nordoz region which were chemically analyzed in Zarazma

company (values are in grams per tonne).

Sample S22 S24 S16 S17 S25 S27  S23  S29 S21 S26  S17
Ag 0.02 0.04 0.15 0.11 134 007 004 003 014 012 176
As 3.8 4.5 160 53.1 247 588 41 3.6 4.6 105 94
B 0 0 0 0 0 0 0 0 0 0 0
Ba 505 318 402 430 1760 310 327 520 1470 475 566
Be 0.8 0.6 2.3 0.9 1.7 0.4 14 1 11 0 0.9
Bi 0.1 0.2 0.4 0.2 0.4 0 0.3 0 0.1 2.2 0.1
Cd 0 0 0.6 0 0.6 0.2 0 0 0 0 0.1
Ce 2717 278 16.3 68.8 228 169 21 473 187 1138 27
Co 1.3 0.5 6.4 20.1 4.7 3.7 92 131 1.8 0.7 14.9
Cr 2 3 0 0 3 8 54 5 0 5 0
Cs 0.5 0.6 3.5 3.4 2 2.9 0.3 0.3 0.2 0 1.6
Cu 146 121 147 9 16500 24 215 188 209 368 141
La 15 14 0 48 11 0 0 20 11 0 10
Li 6.4 4.7 3 1.7 5.4 1.8 25 2 2.1 5 1.6
Mn 184 36 5270 3660 2290 4570 116 423 216 21 960
Mo 0.7 0.3 3.7 0.6 3.3 05 133 25 7.5 3.3 6.7
Nb 1.7 2.3 15 2.7 54 3.2 2 5.1 5.2 2.3 2.7
Ni 2 0 14 20 10 5 8 7 2 2 11
Pb 7.7 2.8 34.1 24.2 463 212 61 116 10 536 259
Rb 851 36.1 26 33.3 677 355 211 373 638 409 698
Sb 0 0.1 7.7 0.6 11 1.6 0 0 0.2 0.6 9.8
Sc 4 4 2 0 8 2 22 17 3 2 0.5
Sn 0.9 1.9 0.6 17.7 0.8 1.6 0.8 1.2 0.7 4.3 6
Sr 466 511 695 434 640 326 547 630 368 345 350
Te 0 0 0 0 0 0 1.3 0 0.3 0.6 379
Th 761 559 10.6 1.97 111 364 774 593 656 336 4.56
Tl 0.3 0.4 0 0 0.7 0 0.1 0.1 0.5 0 2300
U 0.83 1.08 0.62 7.57 165 073 178 134 18 055 21
\Y 27 29 51 0 49 24 222 160 34 18 1.41
wW 0.9 0.9 32.1 10.2 1.3 9.6 11 0.8 0.8 0.7 145
Y 13.97 1392 257 9.47 144 219 655 205 16.24 10.68 121
Zn 15.8 4.9 779 67.8 848 252 136 155 1238 9.1 12.4
Zr 99 86 79 83 81 86 67 74 56 98 65
S 1160 2080 510 250 550 780 1100 300 1540 1920 450
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Table 5. Results of isotopic analysis on three suitable samples of granodiorite, monzonite and tonalite of the Nordoz area
that were subjected to isotopic analysis in the laboratory of Faculty of Earth Sciences, University of British Columbia,
Canada.

Sample S19 S20 S14

87Sr/%Sr  0.704452 0.704412 0.705081

8Sr/%8Sr 0.1197 0.1197 0.1198
143Nd/**“Nd 0512825 0.512799 0.512769
145Nd/M“Nd  0.348412 0.348405 0.348412
YNd/MNd  0.7241 0.7206 0.7204
26pp2%%Pp  18.5999  18.5958  18.6836

27pp/24pp 155893  15.5910  15.5870
28pp/204pp  38.6871  38.6818  38.7897
8"Rb/%Sr 0.6749 0.6749 0.6767
8"Rb/eeSr 79.78 79.74 79.81
Sm/*3Nd  53235.76 53232.42 53283.30
2SE 0.000008 0.000008 0.000007

1-Meteigite 6-Theralite 11-Gabbro-syenite 1 6-Gabbro-norite 21-Granite
2-Tjolitc 7-Sycno-gabbro 12-Quartz-monzonite  17-Gabbro-dioritc 22-Alkali-granite
3-Essexit 8-Syeno-diorite 13-Quartz-syenite 18-Diorite 23-Monzodiorite
4-Nepheline-syenite 9-Alkali-gabbro 14-Uliramafices 19-Tonalite
5-Syenite 10-Monzonite 15-Gabbro 20-Granodiorite
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Fig. 3. A: Distribution of rock samples of tonalite of the Nordoz area in dalaeoche diagram (De La Roche et al., 1980),
and B: ldentification of magmatic series of rock samples of study area (Peccerillo and Taylor, 1976)
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Fig. 4. A NayO versus K,O plot of the Nordoz area (Chappell and White, 2001), and B: Nb versus SiO, plot (Kleeman
and Twist, 1989)
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Fig. 5. A/NK vs. A/ICNK diagram (Shand, 1969) which shows the location of the Nordoz samples in the metaluminous
range.
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Fig. 6. A: Normalized spider diagram of the intrusive rocks of the Nordoz area relative to the primary mantle (Sun and
McDonough., 1989), and B: Distribution diagram of rare earth elements of these rocks normalized to chondrite

(Nakamura, 1974)
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samples of the region within the range of volcanic arc basalts

DOI: 10.22067/econg.2024.1113 Foslad OF 0,55 VP (oslasl ol e

44


https://doi.org/10.22067/ECONG.2021.70627.1025

w33 3935 G558 es g (6,8 gl 5 $Salus 55 5 S ss  al4h

OLer 5 (53 sames

2l 3 sl 1y JITESILS 56 515 2omas 5
i (b gl L LSl i Ol e IS I
ol 0 LS e Jsl 6 slacSin 1St w35 30
aalsl e 5 b bls 52351 8 U (2o oS 5 Sen S
S o WSl S 5 LSl LT o LSl G 8
b o9l 8 S 5L o8l e joas 5gdul
OS5 (G aalsl Bliaslsl bl osls LS5 1, el §
ol o3l [ 1y il 8 slaeKn 5 odd bl Hlaw LE L
53 Slaiwsy (YT 5 G Al 31 s SV e 5k opl
t e DAl e Uy Sy3, 58 acilate (63 5ii WSS

i el plard e Glaesls 5 g Sy Ko

(Seobiy955 Vg
SLasls 503 3 8 5 ol e Lo ) b O 5STG 4T
SWre2 5 Gl b pai e ) oKl et
3t e 4y ol 3 b Sty 350
3 s olet GLaLE of jon 4 (glo )l Glaamis 3555 5
5 el 3l 52 AT slady gois Olajps (o yon
ety Yzl 23ly5 5 Laes (slawilas bls .l JISIT
5 Sl gl Sl g okinys b ad Shed s sl3T VL ol 3l

AL e ol laze Sus e
Ol Slagidn 2da 53 Sigigpm 55 migih v sl
Sl ide 53 0T 5l Jeol (2 531 Ll 5 Sl il 2 208
Azizi and ) s 5b o 0dus Ol (655 0 5 o8 o B
u_f,\_;f\ﬁ .(Moinevaziri, 2009; Stern et al., 2021
domi oS 3,513 f b g0 o) 40 0 )L Oyl dmis 55 B 53]
b 3 aS C il et LS5 e 0,8 5 5 (ol I O]
Shafaii Moghadam ) wiaeu sy w2 4 s b5 5 S50
et al., 2014; Shafaii Moghadam and Stern, 2015; Ao
@S 5 y5aS 3, sble 501l i8S o8 s (et al, 2015
S ok Cg g i s Lol 095 95 4 015 oo 1y b 5

Grove ) 554 o Jool= AFC Ol ge b oLS b el opl s
(and Donnelly-Nolan, 1986; Bacon and Druitt, 1988
LesY b8 5l A5k slblS b i sailyl pss Jio ).
LS o a5 (sl a gy (SR i3 (s
(Guffanti et al., 1996; Roberts and Celemns, 1993)
@Sl oS 53 SUaST nl (6,5 13 oKl 4 a5 L
s Jol Ol a1y ailaie 55 Caniy 5 Ol b3 =5
Cils 55 o Ol pl (Sl dn gy 25 4 i 55 (o Sl 4y
S 5 S 53 Ol5 o 1y (o 2 3550 Slres 5 1S5
Lo Ol e & EMID) o & as & 5 (DM) oy g 42 S
O on s oy ol 8 28 8 i s aiate LS Lo (sl Lol
S g 5 8 51 Gita Sl 5l e lagm VT
GEsp b 52 G S8 G s LIDM) el g
Ll b b e iy Sl s 4SOl A JSB) sl 5
G (s p 3550 (63585 (S35 53 LS e oS e Lol
b (o LEL GBLl & s s 0l 5 (4 JS) el
MJ()jl?—q)xabjb) &:é\»ébs&;.«j\ Slaw g
Sl 53 8 LT s 4 (Sl S 5500 b 2l S 4o )
055 ottt 52 25 g0 ST s (2 Kol 5 2 s
s b lsde (SGb Sy e | at )3 slaac gazes
" (Annen et al., 2006) 5 5" odalius oo 5L 55 1) (bl
S LS Gy Sl sdaly s ol e Sldal e s
(Y JS) el 3 gpte gl LS L s 4 il 5,
ol 555,58 aibis (3 gii (slmos o8 Yozl ol nlsy
Ay el adlate 3 S5l S LSL Sl G E
dibte 55685 SLE L GUI eSO s SGHL sl L
oz glal by a sl asls VL b S s F 5
558 A g ) S 0903 4 s SYL el e sia
4 dl S8 A Bb ol 5w opl g3 L Bl e g 038
R P C N T I R P U L A P P

JjQ&ufujaMdﬂ)@ﬁMU)éwwﬁ

DOI: 10.22067/econg.2024.1113

4%

¥ ooylad VP o 95 NFY (ool u“”uw")


https://doi.org/10.22067/ECONG.2021.70627.1025

w33 3935 G558 es g (6,8 gl 5 $Salus 55 5 S ss  al4h

OLer 5 (53 sames

258 3 o ol sdbiplowl (g i ) b S gl isS
Sl e LBl ami o il 55 3l ol glad shous b ow
LSl gl ol e s 3 0l h O gl
S gl S aaTYG a3 (6 i szl (sla S 55 L o S
4 by e oS el 1S e B e sl s S
33 G s i iS Et b 5 (il el s S e
4 o 8155 R B E 5 A 4 Ol8 e et e
et Lol o5 el s sl s (Sabl 0dse ST s
1l 53 (o laimn) 23S OT (g 53 5 e 55 (05 3
0T, osde.(Hassanzadeh et al., 2004) coul o 555 0
Dlejpn g m) 4 g Gutin p SOl 5 g go (olibair dal
Hassanzadeh et al., ) ;—w g1 0l 53 5,0 s (,_m:;mjp
s sa> 5(2004; Morley etal., 2009; Verdel etal., 2011
S 5 LY o Gas oS 2lys Slac s
sbos—w, Jig s Stern et al., 2021) o5k sl 53T
ol ol Ol )3T aiate 3 K85 s 55T (Gl
35 ylib 4 iiS glag s 5l I b o5 &G ey
das oo OLE o SN olsl 5 e 31 OLL 53 1) (5lo )6 dim
¢S 41, (Kazmin et al., 1986; Vincent et al., 2005)
@l5esS S @bt 5 ! o Jeld S (gl L
55 ol BB e 03 5mmn 3 (el Ol il 5 5 )
6555~ oleatsT GaeKin Jols 055 cpl ol 0dd 5 guames
o o2l o o S il K555 5~ gV
ol o313 3 6K g5y o\,,su_:ﬁzsﬁj,;ug;a:bo,;
@laas S Jiw g idussd uomen (Masson et al., 2006)
Gl alde b g 48,5 ConSs 5o (glo ) aiw gy o )
%J:Mgbwjadﬁsjjﬁ&bcﬁ_wﬂ
A5 B bl et S 525 b a8 5 -0l 0l oS
Keskin, 2003; Aydin et al., 2008; ) &l odi 5 2

Castro et al., 2013; Shafaii Moghadam et al., 2013;
(Karsli et al., 2014

Rice et al., 2006; ) 5,5 owis (AT) w55 - J 5T

Robertson et al., 2006; Parlak, 2006; Colakoglu et
L5 = JHT S ol O b s Eeb 035 95 ol @I, 2012

Llod b O g )3 o,8 dmiw g Jbd s Lulygl ami o
-S540 A1l s (Shafaii Moghadam et al., 2014)
SFUT -0l el 55 48 5 —0l ol MW &S5
S S P RC [ ECIR
Dilek et al., 2010; ) coul o puts 3blie ol 5> ‘._..M;L.,fu
.(Keskin, 2003; Castro et al., 2013; Stern et al., 2021
LasS 5 65 5555 o Ol oslBs,Son 55 &S5 55 5 ileS Lo
(ol ol pon LSl (glags por SUST 5855 55 placals
S 555 JSIT SLSL slaslist ) 55 o5 45 Cal s
ol i (B0 A5 5 B0 ST S5 L0l o s
Kheirkhah et al., 2009; Castro et al., 2013; Shafaii )

.(Moghadam et al., 2013; Moine-vaziri, 1985
Sl iy a5l el Gbdla ;s & Godae gla )
01 oSl gy 53 &S5 5 e oS e o5 e
el a8 ol ol Sl Sl ol bplonit 45 5
Sl W5 ate 53 (Sds b g oale ylin dal 3l
Aghazadeh et al., 2010; Ersoy et al., ) s LS L

2010; Aghazadeh et al., 2011; Shafaii Moghadam et
al., 2013; Karsli et al., 2014; Castro et al., 2013;

S35 7 ok plosil (Gla oy (immen (Prelevic et al., 2013
b Bl 53 15 0T el pl o pdls &5 i oS L
Ap o Lo 2555 Sl b g OlaS iy (ST sla ks
Alavi, 1996; Allen et al., 2003; Sengoér et al., 2003; )
Keskin, 2003; Dilek et al., 2010; Aghazadeh et al.,
20T 51 (36 sd 5 Comy 50 (L) 228 (2011
sl 0313y (il ys p il (ptide laj 53 5 e 1 O
o») « (Hassanzadeh et al., 2004, Verdel et al., 2011)
oo e 33 S 5 e $l o 5 S e S 50
5 =il s zals 1y el i i8S Lasws oSS sloul

DOI: 10.22067/econg.2024.1113

A

¥ ooylad VP o 95 NFY (ool wuw.a)


https://doi.org/10.22067/ECONG.2021.70627.1025

w33 3935 G558 es g (6,8 gl 5 $Salus 55 5 S ss  al4h

OLer 5 (53 sames

5153 0buby3T Sl oMb (slo,l Cov jiw i) glars £
50T (ol BT 5 (6 gl pte STV 5 ol 3
b 0 e s Y ol by il S s bl
RCN PRSP A PSS DO AP A R
s s S 3 i ol 3 Sl edeT s & sLS L
Sl Tty 28 Laes 6 53 59355 ailate 53 (o 6wy

W&’J}"}’)\w}&’)}’j&_‘)°;$ub"\"4’)‘jt‘
@b S Gl oy p 390 4iate 55 50l sl Lul sl b o e

sl

e (ool
Wl oSOl O iy 5 o g bl o505 6 S e

. Depleted MORB mantle (DMM)

. Amdel

. Light Rare Earth Elements (LREE)

. Heavy Rare Earth Elements (HREE)
. Bulk Silicate Earth (BSE)

. Depleted mantle (DM)

. Enriched mantle 2 (EMII)

. Northern Hemisphere Reference Line (NHRL)
. Upper Crust

10. E-MORB

11. N-MORB

12. slab breakoff

©O© 00 NO Ol WN -

Saes opl 3 ed s L;)j'l-@q- ety wlul ¢ IS b o
Ui 3 G B s § Lt b ol (o8 015 e
5 s b B LS gladyl p b (i) b S VL
dal g ol olislon | HE 5Ll obie o 26 SNV Gy 5
95 s iy 2 VL i S 0 O &S 3005 5 5 (S
3T e LS Ltie 5 Ol glaslie slawl s

.ﬁ@@‘wb|ﬁa@‘533)}5ww

& 5 doms
6Lhrw)j)“}—dl:-@b)e.l_&ﬁb|db444}}3b
wilate (slaad goi (68513 et (059 5) 5 (ol 0
S‘fgk;u‘&uwj@M&u)‘}w}})}))}

pides 4S sl oy cxl«éjf_,lé})z Olg o Lo o }.ﬁw L5

DOI: 10.22067/econg.2024.1113

74

¥ ooylad VP o 95 NFY (ool wuw.a)


https://doi.org/10.22067/ECONG.2021.70627.1025

Mahmoudi et al.

Petrogenetic evidences in geodynamics and placement of Nordoz intrusive masses in ...

References

Aghanabati, A., 2004. The Geology of Iran. National
Geology and Exploration Organization, 586 pp.
Retrieved Retrieved September 25, 2024 from
https://lwww.researchgate.net/publication/29280
8705_Geology_of _Iran_Tehran_lran

Aghazadeh, M., Castro, A., Badrzadeh, Z. and Vogt,
K., 2011. Post-collisional polycyclic plutonism
from the Zagros hinterland. the Shaivar-Dagh
plutonic complex Alborz belt, Iran. Geological
Magazine, 148(5-6): 980-1008.
http://dx.doi.org/10.1017/s0016756811000380

Aghazadeh, M., Castro, A., Omrani, N.R., Emami,
M.H., Moine-vaziri, H. and Badrzadeh, Z., 2010.
The gabbro (shoshonitic)-monzonite-granodiorite
association of Khankandi pluton, Alborz
mountains, NW Iran. Journal of Asian Earth
Sciences, 38(5): 199-219.
https://doi.org/10.1016/j.jseaes.2010.01.002

Alavi, M., 1996. Tectonostratigraphic synthesis and
structural style of the Alborz mountain system in
northern Iran. Journal of Geodynamics, 21(1): 1-
33.
https://doi.org/10.1016/0264-3707(95)00009-7

Allen, M.B., Ghassemi, M.R., Shahrabi, M. and
Qorashi, M., 2003. Accommodation of late
Cenozoic obligue shortening in the Alborz range,
northern Iran. Journal of Structural Geology,
25(5). 659-672. https://doi.org/10.1016/S0191-
8141(02)00064-0

Altunkaynak, S., 2007. Collision-driven slab
breakoff magmatism in northwestern Anatolia,
Turkey: Journal of Geology, 115(1): 63-82.
https://doi.org/10.1086/509268

Annen, C., Blundy, J.D. and Sparks, R.S.J., 2006-
The genesis of intermediate and silicic magmas in
deep crustal hot zones. Journal of petrology,
47(3): 505-539.
https://doi.org/10.1093/petrology/egi084

Ao, S., Xiao, W., Khalatbari-Jafari, M., Talebian,
M., Chen, L., Wan, B., W.J. and Zhang, Z., 2015.
U-Pb zircon ages, field geology and geochemistry
of the Kermanshah ophiolite (Iran): From
continental rifting at 79 Ma to oceanic core
complex at ca. 36 Ma in the southern Neo-Tethys.
Gondwana Research, 31: 305-318.
http://dx.doi.org/10.1016/j.gr.2015.01.014

Aydin, F., Karsli, O. and Chen, B., 2008.
Petrogenesis of the Neogene alkaline volcanics
with implications for post collisional lithospheric
thinning of the Eastern Pontides, NE Turkey:

Lithos, 104(4-1): 249-266.
https://doi.org/10.1016/j.lithos.2007.12.010

Azer, M.K. and Farahat E.S., 2011. Late
Neoproterozoic volcano-sedimentary successions
of Wadi Rufaiyil, southern Sinai, Egypt: A case
of transition from late- to post-collisional
magmatism. Journal of Asian Earth Sciences,
42(6): 1187-1203.
https://doi.org/10.1016/j.jseaes.2011.06.016

Azizi, H. and Moinevaziri, H., 2009. Review of the
tectonic setting of Cretaceous to Quaternary
volcanism in northwestern Iran. Journal of
Geodynamics 47(4): 167-179.
https://doi.org/10.1016/j.jog.2008.12.002

Babakhani, A.R., Lesquyer, J.L. and Rico, R., 1990.
Geological Map of Ahar Quadrangle 1:100000,
Geological Survey of Iran, Tehran, Iran.
Retrieved August 19, 2024 from
https://modisacademy.ir/product/mapgeological
ahar/

Bacon, C.R. and Druitt, T.H., 1988. Compositional
evolution of the zoned calc-alkaline magma
chamber of Mt. Mazama, Crater Lake, Oregon.
Contributions to Mineralogy and Petrology, 98:
224-256. https://doi.org/10.1007/BF00402114

Bagas, L., Bierlein, F.P., English, L., Anderson, J.A.
C., Maidment, D. and Huston, D.L., 2008. An
example of a Palaeoproterozoic back-arc basin:
Petrology and geochemistry of the ca. 1864 Ma
Stubbins Formation as an aid towards an
improved understanding of the Granites- Tanami
rogen, Western Australia. Precambrian Research,
166(1-4): 168-184.
https://doi.org/10.1016/j.precamres.2007.06.025

Benito, R., Lopez Ruiz, J., Cebria, J.M., Hertogen, J.,
Doblas, M., Oyarzun, R. and Demaiff, D., 1998.
Srand O isotope constraints on source and crustal
contamination in the high-k calc-alkaline and
shoshonitic Neogen volcanic rocks of SE Spain.
Lithos, 46(4): 773-802.
https://doi.org/10.1016/S0024-4937(99)00003-1

Best, M.G., 2003. Igneous and Metamorphic
Petrology. Blackwell, England. 729 pp.
https://doi.org/10.1017/S0016756805360432

Castro, A., Aghazadeh, M., Badrzadeh, Z. and
Chichorro, M., 2013. Late Eocene-Oligocene
post-collisional monzonitic intrusions from the
Alborz magmatic belt, NW Iran. an example of
monzonite magma  generation from a
metasomatized mantle source. Lithos, 180-181:
109-127.

Journal of Economic Geology, 2024, Vol. 16, No. 4

70

DOI: 10.22067/econg.2024.1113


https://doi.org/10.22067/econg.2024.1113
https://www.researchgate.net/publication/292808705_Geology_of_Iran_Tehran_Iran
https://www.researchgate.net/publication/292808705_Geology_of_Iran_Tehran_Iran
http://dx.doi.org/10.1017/s0016756811000380
https://doi.org/10.1016/j.jseaes.2010.01.002
https://doi.org/10.1016/0264-3707(95)00009-7
https://doi.org/10.1016/S0191-8141(02)00064-0
https://doi.org/10.1016/S0191-8141(02)00064-0
https://doi.org/10.1086/509268
https://doi.org/10.1093/petrology/egi084
http://dx.doi.org/10.1016/j.gr.2015.01.014
https://doi.org/10.1016/j.lithos.2007.12.010
https://doi.org/10.1016/j.jseaes.2011.06.016
https://doi.org/10.1016/j.jog.2008.12.002
https://modisacademy.ir/product/mapgeological_ahar/
https://modisacademy.ir/product/mapgeological_ahar/
https://doi.org/10.1007/BF00402114
https://doi.org/10.1016/j.precamres.2007.06.025
https://doi.org/10.1016/S0024-4937(99)00003-1
https://doi.org/10.1017/S0016756805360432

Mahmoudi et al.

Petrogenetic evidences in geodynamics and placement of Nordoz intrusive masses in ...

https://doi.org/10.1016/j.1ithos.2013.08.003

Chappell, B.W. and White, AJ.R., 1992. I- and S-
Type Granites in the Lachlan Fold Belt.
Transactions of the Royal Society of Edinburgh:
Earth Sciences, 83(1-2): 1-26.
http://dx.doi.org/10.1017/S0263593300007720

Chappell, B.W., and White, AJ. R., 2001.Two
contrasting granite types. 25 vyears later.
Australian Journal of Earth Sciences, 48(4): 489—
499.
https://doi.org/10.1046/j.1440-
0952.2001.00882.x

Chen X., Shu L., Santosh M. and Zhao X., 2013.
Island arc-type bimodal magmatism in the eastern
Tianshan Belt, Northwest China: Geochemistry,
zircon U-Pb geochronology and implications for
the Paleozoic crustal evolution in Central Asia,
Lithos, 168-169: 48-66.
https://doi.org/10.1016/j.lithos.2012.10.006

Coban H., Karactk Z. and Ece O.2012. Source
contamination and tectonomagmatic signals of
overlapping Early to Middle Miocene orogenic
magmas associated with shallow continental
subduction and asthenospheric mantle flows in
Western Anatolia: A record from Simav
(Kitahya) region, Lithos, 140-141: 119-141.
https://doi.org/10.1016/j.lithos.2011.12.006

Colakoglu, A.R., Sayit, K., Ginay, K. and
Goncuoglu, M.C., 2012. Geochemistry of mafic
dykes from the Southeast Anatolian ophiolites,
Turkey: Implications for an intra-oceanic arc—
basin system. Lithos, 132-133: 113-126.
https://doi.org/10.1016/j.lithos.2011.11.023

De La Roche, H., Leterrier, J., Grandclaude, P. and
Marchal, M., 1980. A classification of volcanic
and plutonic rocks using R1-R2 diagram and
major element analyses — its relationships with
current nomenclature. Chemical Geology, 29(1-
4): 183-210. http://dx.doi.org/10.1016/0009-
2541(80)90020-0

Dilek, Y. and Altunkaynak, S., 2009. Geochemical
and temporal evolution of Cenozoic magmatism
in western Turkey: Mantle response to collision,
slab breakoff, and lithospheric tearing in
anorogenic belt. In: D.J.J. Van Hinsbergen, M.A.
Edwards and R. Govers (Editors), Collision and
Collapse at the Africa-Arabia-Eurasia Subduction
Zone, Geological Society of London Special
Publication, 311: 213-233.
https://doi.org/10.1144/sp311.8

Dilek, Y., Imamverdiyev, N. and Altunkaynak,

S.,2010. Geochemistry and tectonics of Cenozoic
volcanism in the Lesser Caucasus (Azerbaijan)
and the peri-Arabian region: collision-induced
mantle dynamics and its magmatic fingerprint.
International Geology Review, 52(4-6): 536—
578.
https://doi.org/10.1080/00206810903360422

Dupré, B. and Allegre, C.J., 1983. Pb-Sr isotope
variation in Indian Ocean basalts and mixing
phenomena. Nature, 303: 81-89.
https://doi.org/10.1038/303142a0

Ersoy, E.Y., Helvaci, C. and Palmer, M.R., 2010.
Mantle source characteristics and melting models
for the early-middle Miocene mafic volcanism in
Western Anatolia: implications for enrichment
processes of mantle lithosphere and origin of K-
rich volcanism in postcollisional settings: Journal
of Volcanology and Geothermal Research,
198(1-2): 112-128.
https://doi.org/10.1016/j.jvolgeores.2010.08.014

Eyuboglu, Y., Santosh, M., Dudas, F.O., Akaryali,
E., Chung, S.L., Akdag, K. and Bektas, O., 2013.
The nature of transition from adakitic to non-
adakiticmagmatism in a slab-window setting: a
synthesis from the eastern Pontides, NE Turkey.
Geoscience Frontiers, 4(4): 353-375.
https://doi.org/10.1016/j.gsf.2012.10.001

Gill, R. amd Fitton, G., 2022. Igneous rocks and
processes, a practical guide. A John Wiley and
Sons, 269 pp. Retrieved September 25, 2024 from
https://www.google.com/books/edition/Igneous_
Rocks_and_Processes/T3d-
EAAAQBAJ?hl=en&gbpv=0

Golonka, J., 2004. Plate tectonic evolution of the
southern margin of Eurasia in the Mesozoic and
Cenozoic. Tectonophysics, 381(1-4): 235-273.
https://doi.Org/10.1016/j.tecto.2002.06.00

Grove, T.L. and Donnelly-Nolan, J.M., 1986. The
evolution of young silicic lavas at Medicine Lake
Volcano, California: implications for the origin of
compositional gaps in calc-alkaline series lavas.
Contribution to Mineralogy and Petrology, 92:
281-302. Publication.
https://doi.org/10.1007/BF00572157

Guffanti, M., Clynne, M.A. and Muffler, L.J.P.,
1996. Thermal and mass implications of
magmatic evolution in the Lassen volcanic
region, California, and minimum constraints on
basalt influx to the lower crust. Journal of
Geophysical Research B: Solid Earth, 101(2):
303-313. Retrieved Oct 07 2024 from

Journal of Economic Geology, 2024, Vol. 16, No. 4

71

DOI: 10.22067/econg.2024.1113


https://doi.org/10.22067/econg.2024.1113
https://doi.org/10.1016/j.lithos.2013.08.003
http://dx.doi.org/10.1017/S0263593300007720
https://doi.org/10.1046/j.1440-0952.2001.00882.x
https://doi.org/10.1046/j.1440-0952.2001.00882.x
https://doi.org/10.1016/j.lithos.2012.10.006
https://doi.org/10.1016/j.lithos.2011.12.006
https://doi.org/10.1016/j.lithos.2011.11.023
http://dx.doi.org/10.1016/0009-2541(80)90020-0
http://dx.doi.org/10.1016/0009-2541(80)90020-0
https://doi.org/10.1144/sp311.8
https://doi.org/10.1080/00206810903360422
https://doi.org/10.1038/303142a0
https://doi.org/10.1016/j.jvolgeores.2010.08.014
https://doi.org/10.1016/j.gsf.2012.10.001
https://www.google.com/books/edition/Igneous_Rocks_and_Processes/T3d-EAAAQBAJ?hl=en&gbpv=0
https://www.google.com/books/edition/Igneous_Rocks_and_Processes/T3d-EAAAQBAJ?hl=en&gbpv=0
https://www.google.com/books/edition/Igneous_Rocks_and_Processes/T3d-EAAAQBAJ?hl=en&gbpv=0
https://doi.org/10.1016/j.tecto.2002.06.00
https://doi.org/10.1007/BF00572157

Mahmoudi et al. Petrogenetic evidences in geodynamics and placement of Nordoz intrusive masses in ...

https://pubs.usgs.gov/publication/70018437
Hassanzadeh, J., Axen, G.J., Guest, B., Stockli, D.F.
and Ghazi, A.M., 2004. The Alborz and NW
Urumieh-Dokhtar magmatic belts, Iran: rifted
parts of a single ancestral arc. Geological Society
of America 36(5): 184-185. Retrieved November
9, 2004 from
https://gsa.confex.com/gsa/2004AM/webprogra
m/Paper76582.html
Irannezhadi, M.R., Ghorbani, M.R., Hoernle, K.A.,
Tavakoli, N., Namnabat, E., Hauff, F. and
Hansteen, T., 2022. Geochemistry and
petrogenesis of tertiary subvolcanics from north
Tehran, southern Central Alborz (Iran). Arabian
Journal  of  Geosciences, 15(4):  331.
https://doi.org/10.1007/s12517-022-09604-3
Karsli, O., Dokuz, A., Kaliwoda, M., Uysal, I.,
Aydin, F., Kandemir, R. and Fehr, K., 2014.
Geochemical fingerprints of Late Triassic calc-
alkaline lamprophyres from the Eastern Pontides,
NE Turkey: A key to understanding lamprophyre
formation in a subduction-related environment.
Lithos, 196-197: 181-197.
https://doi.org/10.1016/j.1ith0s.2014.02.022
Kazmin, V.G., Sbortshikov |.M., Ricou, L.E.,
Zonenshin, L.P.,, Boulin, J. and A.L,
Knipper.,1986. Volcanic belts as remarks of the
Mesozoic-Cenozoic active margin of Eurasia.
Tectonophysics, 123(1-4): 123-152.
https://doi.org/10.1016/0040-1951(86)90195-2
Keskin, M., 2003. Magma generation by slab
steepening and breakoff beneath a subduction—
accretion complex, an alternative model for
collision-related volcanism in Eastern Anatolia,
Turkey. Geophysical Research Letters, 30(24): 1
4. https://doi.org/10.1029/2003GL018019
Kheirkhah, M., Allen, M. and Emami, M., 2009.
Quaternary syn-collision magmatism from the
Iran—Turkey borderlands: Journal of VVolcanology
and Geothermal Research, 182(1-2): 1-12.
https://doi.org/10.1016/j.jvolgeores.2009.01.026
Kleeman, G.J. and Twist, D., 1989. The
compositionally zoned sheet-like granite pluton
of the Bushveld Complex: Evidence bearing on
the nature of A-type magmatism. Journal of
Petrology, 30(6): 1383-1414.
https://doi.org/10.1093/petrology/30.6.1383
Lescuyer, J. and Riou, R., 1976. Géologie de la
région de Mianeh (Azarbayjan). contribution de
la volcanisme tertiare de I' Iran. Thése 3 cycle,
Grenoble  University,  Grenoble,  France.

Retrieved Octuber 18, 2024 from
https://www.semanticscholar.org/paper/G%C3%
A9ologie-de-la-r9eC3%A9gion-de-Mianeh-
(Azerbaijan)-%3A-%C3%A0-du-Lescuyer-
Riou/199af6eacdb6e3ace30671a5cff6245e00340
8fa

Maghdour-Mashhour, R., Esmaeilya, D., Tabbakh
Shabani, A.A., Chiaradia, M. and Latypov, R.,
2015. Petrology and geochemistry of the Karaj
Dam basement sill: Implications for geodynamic
evolution of the Alborz magmatic belt. Chemie
der Erde geochemistry, 75(2): 237-260.
https://doi.org/10.1016/j.chemer.2015.03.001

Maniar, P. and Piccoli, Ph.M., 1989. Tectonic
discrimination of granitoids. Geological Society
of America Bulletin, 101(5): 635-643.
https://doi.org/10.1130/0016-
7606(1989)101<0635:TDOG>2.3.CO;2

Masson, F., Djamour, Y., Van Gorp, S., Chéry, J.,
Tavakoli, F., Nankali, H. and Vernant, P., 2006.
Extension in NW Iran driven by the motion of the
South Caspian Basin, Earth and Planetary Science
Letters, 252(1-2): 180-188.
https://doi.org/10.1016/j.epsl.2006.09.038

Mehrparto, M., Emami, M.H., Mirzaei, M. and
Alaei, S., 1997. Geological map 1/100000
Siehroud, Organization of Geology and Mineral
Explorations of the country.

Meschede, M., 1986. A method of discriminating
between different types of mid-ocean ridge
basalts and continental tholeiites with the Nb- Zr-
Y diagram. Chemical geology, 56(3—4): 207-218.
https://doi.org/10.1016/0009-2541(86)90004-5

Moine-vaziri, H., 1985. Volcanisme tertiaire et
quaternaire en Iran. Ph.D. Thesis, Université de
Paris-Sud, France. Retrieved October 12, 2024
from https://theses.fr/1985PA112187

Mokhtari, M.A.A., Moinvaziri, H., Ghorbani, M.R.
and Mehrpartou, M., 2010. Petrology and
petrogenesis of Kamtal intrusion, Easter
Azerbaijan, NW Iran. Central European Geology
53(1): 79-96.
https://doi.org/10.1556/ceugeol.53.2010.1.5

Morley, C.K., Kongwung, B., Ulapour, A.AJ.,
Abdolghafourian, M., Hajian, M., Waples, D.,
Warren, J., Otterdoom, H., Srisuriyon, K. and
Kazeni, H., 2009. Structural development of a
major late Cenozoic basin and transpressional
belt in Central Iran: The Central basin in the
Qom-Saveh area. Geosphere 5(4): 325-362.
https://doi.org/10.1130/GES00223.1

Journal of Economic Geology, 2024, Vol. 16, No. 4

72

DOI: 10.22067/econg.2024.1113


https://doi.org/10.22067/econg.2024.1113
https://pubs.usgs.gov/publication/70018437
https://gsa.confex.com/gsa/2004AM/webprogram/Paper76582.html
https://gsa.confex.com/gsa/2004AM/webprogram/Paper76582.html
https://doi.org/10.1007/s12517-022-09604-3
https://doi.org/10.1016/j.lithos.2014.02.022
https://doi.org/10.1016/0040-1951(86)90195-2
https://doi.org/10.1029/2003GL018019
https://doi.org/10.1016/j.jvolgeores.2009.01.026
https://doi.org/10.1093/petrology/30.6.1383
https://www.semanticscholar.org/paper/G%C3%A9ologie-de-la-r%C3%A9gion-de-Mianeh-(Azerbaijan)-%3A-%C3%A0-du-Lescuyer-Riou/199af6eacdb6e3ace30671a5cff6245e003408fa
https://www.semanticscholar.org/paper/G%C3%A9ologie-de-la-r%C3%A9gion-de-Mianeh-(Azerbaijan)-%3A-%C3%A0-du-Lescuyer-Riou/199af6eacdb6e3ace30671a5cff6245e003408fa
https://www.semanticscholar.org/paper/G%C3%A9ologie-de-la-r%C3%A9gion-de-Mianeh-(Azerbaijan)-%3A-%C3%A0-du-Lescuyer-Riou/199af6eacdb6e3ace30671a5cff6245e003408fa
https://www.semanticscholar.org/paper/G%C3%A9ologie-de-la-r%C3%A9gion-de-Mianeh-(Azerbaijan)-%3A-%C3%A0-du-Lescuyer-Riou/199af6eacdb6e3ace30671a5cff6245e003408fa
https://www.semanticscholar.org/paper/G%C3%A9ologie-de-la-r%C3%A9gion-de-Mianeh-(Azerbaijan)-%3A-%C3%A0-du-Lescuyer-Riou/199af6eacdb6e3ace30671a5cff6245e003408fa
file:///D:/Student/Lavi/p-eco/Chemie%20der%20Erde%20geochemistry
file:///D:/Student/Lavi/p-eco/Chemie%20der%20Erde%20geochemistry
https://doi.org/10.1016/j.chemer.2015.03.001
https://doi.org/10.1130/0016-7606(1989)101%3c0635:TDOG%3e2.3.CO;2
https://doi.org/10.1130/0016-7606(1989)101%3c0635:TDOG%3e2.3.CO;2
https://doi.org/10.1016/j.epsl.2006.09.038
https://doi.org/10.1016/0009-2541(86)90004-5
https://theses.fr/1985PA112187
https://doi.org/10.1556/ceugeol.53.2010.1.5
https://doi.org/10.1130/GES00223.1

Mahmoudi et al.

Petrogenetic evidences in geodynamics and placement of Nordoz intrusive masses in ...

Muller, D. and Groves, D.l., 1997. Potassic
IgneousRocks and Associated Gold-Copper
Mineralization. Second Updated, Springer
Verlag, 349 pp. https://doi.org/10.1007/978-3-
319-92979-8

Nabatian, G., Ghaderi, M., Neubauer, F,
Honarmand, M., Liu, X., Dong, Y., Jiang, S.Y.,
Von Quadt, A. and Bernroider, M., 2014.
petrogenesis of Tarom high-potassic granitoids in
the Alborz—Azarbaijan belt, Iran: Geochemical,
U—Pb zircon and Sr—Nd-Pb isotopic constraints:
Lithos, 184-187: 324-345.
https://doi.org/10.1016/j.lithos.2013.11.002

Nakamura, N., 1974. Determination of REE, Ba, Fe,
Mg, Na and K in carbonaceous and ordinary
chondrites, Geochimica et Cosmochimica Acta,
38(5): 757-775. https://doi.org/10.1016/0016-
7037(74)90149-5

Nicholson, K.N., Black, P.M., Hoskin, P.W.O. and
Smith, I.E.M., 2004. Silicic volcanism and
backarc extension related to migration of the Late
Cainozoic Australian-Pacific plate boundary,
Journal of Volcanology and Geothermal
Research, 131(3-4): 295-306.
https://doi.org/10.1016/S0377-0273(03)00382-2

Pang, K.N., Chung, S.L., Zarrinkoub, M.H., Khatib,
M.M., Mohammadi, S.S., Chiu, H.Y., Chu, C.H.,
Lee, H.Y. and Lo, C.H., 2013. Eocene-Oligocene
post-collisional magmatism in the Lut Sistan
region, eastern Iran: Magma genesis and tectonic
implications,  Lithos, 180-181: 234-251.
https://doi.org/10.1016/j.lithos.2013.05.009

Parlak, O., 2006. Geodynamic significance of
granitoid magmatism in the southeast Anatolian
orogen: geochemical and geochronogical
evidence from Goksun—Afsin (Kahramanmaras,
Turkey) region. International Journal of Earth
Sciences, 95: 609-627.
https://doi.org/10.1007/s00531-005-0058-2

Pearce, J.A., Harris, N.W. and Tindle, A.G., 1984.
Trace element discrimination diagrams for the
tectonic interpretation of granitic rocks. Journal
of Petrology, 25(4): 956-983.
https://doi.org/10.1093/petrology/25.4.956

Peccerillo, A. and Taylor, S.R., 1976. Geochemistry
of Eocene calc-alkaline volcanic rocks from the
Kastamonu area, Northern Turkey. Contributions
to Mineralogy and Petrology 58: 63-81.
https://doi.org/10.1007/BF00384745

Prelevic, D., Jacob, D.E. and Foley, S.F., 2013.
Recycling plus, A new recipe for the formation of

Alpine-Himalayan orogenic mantle lithosphere,
Earth and Planetary Science Letters, 362; 187—
197. https://doi.org/10.1016/j.epsl.2012.11.035
Rice, S.P., Robertson, A.H., Ustabmer, T., 2006.
Late Cretaceous-Early Cenozoic tectonic
evolution of the Eurasian active margin in the
Central and Eastern Pontides, northern Turkey.
Geological Society London Special Publication,
260: 413-445.
https://doi.org/10.1144/gsl.sp.2006.260.01.17
Roberts, M.P. and Celemns, J.D., 1993- origin of
high potassium, Calk-alkaline, | type Granitoids.
Geology, 21(9): 825-828.
https://doi.org/10.1130/0091-
7613(1993)021<0825:00HPTA>2.3.CO;2
Robertson, A.H., Ustabmer, T., Parlak, O.,
Unh’igeng, U.C., Tasli, K. and Inan, N., 2006. The
Berit transect of the Tauride thrust belt, S Turkey:
Late Cretaceous—Early Cenozoic
accretionary/collisional processes related to
closure of the Southern Neo-Tethys. Journal of
Asian  Earth  Sciences, 27(1): 108-145.
https://doi.org/10.1016/j.jseaes.2005.02.004
Rollinson, H., 1993. Using geochemical data:
evaluation, presentation, interpretation, Longman
scientific ~ technical.  London, 384  pp.
https://doi.org/10.4324/9781315845548
Sengér, A.M.C., Ozeren, S., Zor, E. and Geng, T.,
2003. East Anatolian high plateau as a mantle-
supported, N-S shortened domal structure.
Geophysical Research Letters 30(24): 80451—
80454. https://doi.org/10.1029/2003GL017858
Shafaii Moghadam, H., Corfu, F., Massimo, Ch.,
Stern, R. and Ghorbani, Gh., 2014. Sabzevar
ophiolite, NE Iran: Progrress from embryonic
ocean lithosphere in to magmatic arc constrained
by new isotopic and geochemical data. Lithos,
210-211: 224-241.
https://doi.org/10.1016/j.lithos.2014.10.004
Shafaii Moghadam, H., Ghorbani, G., Zakikhedr, G.,
Fazlnia, N., Chiaradia, M., Eyuboglu, Y.,
Santosh, M., Galindo Francisco, C., Lopez
Martinez, M., Gourgaud, A. and Arai, S., 2013.
Late Miocene K-rich volcanism in the Eslamieh
Peninsula (Saray), NW Iran: implications for
geodynamic evolution of the Turkish-Iranian high
plateau. Gondwana Research, 26(3-4): 1028-
1050. https://doi.org/10.1016/j.gr.2013.09.015
Shafaii Moghadam, H. and Shahbazi Shiran, H.,
2011. Geochemistry and petrogenesis of volcanic
rocks from the northern part of the Lahrud region

Journal of Economic Geology, 2024, Vol. 16, No. 4

73

DOI: 10.22067/econg.2024.1113


https://doi.org/10.22067/econg.2024.1113
https://doi.org/10.1007/978-3-319-92979-8
https://doi.org/10.1007/978-3-319-92979-8
https://doi.org/10.1016/j.lithos.2013.11.002
https://doi.org/10.1016/0016-7037(74)90149-5
https://doi.org/10.1016/0016-7037(74)90149-5
https://doi.org/10.1016/S0377-0273(03)00382-2
https://doi.org/10.1016/j.lithos.2013.05.009
https://doi.org/10.1007/s00531-005-0058-2
https://doi.org/10.1093/petrology/25.4.956
https://doi.org/10.1007/BF00384745
https://doi.org/10.1016/j.epsl.2012.11.035
https://doi.org/10.1144/gsl.sp.2006.260.01.17
https://doi.org/10.1130/0091-7613(1993)021%3c0825:OOHPTA%3e2.3.CO;2
https://doi.org/10.1130/0091-7613(1993)021%3c0825:OOHPTA%3e2.3.CO;2
https://doi.org/10.1016/j.jseaes.2005.02.004
https://doi.org/10.4324/9781315845548
https://doi.org/10.1029/2003GL017858
https://doi.org/10.1016/j.lithos.2014.10.004
https://doi.org/10.1016/j.gr.2013.09.015

Mahmoudi et al.

Petrogenetic evidences in geodynamics and placement of Nordoz intrusive masses in ...

(Ardabil): an example of shoshonitic occurrence
in northwestern Iran. Petrological Journal (1)4:
15-34. (in persian)
https://ijp.ui.ac.ir/article_16054.html?lang=en

Shafaii Moghadam, H. and Stern, R., 2015.
Ophiolites of Iran: Keys to understanding the
tectonic evolution of SW Asia: (II) Mesozoic
ophiolites. Journal of Asian Earth Sciences, 100:
31-56.
https://doi.org/10.1016/j.jseaes.2014.12.016

Shand, S.J., 1969. Eruptive rocks. their genesis,
composition, classification, and their relation to
ore-deposits with a chapter on meteorite. New
York: Hafner Publ. Retrieved October 12, 2024
from
https://www.google.com/books/edition/_/Ksesz
WEACAAJ?hI=en&sa=X&ved=2ahUKEwit5Kb
qtleGAxXy_rsIHcY3BylQ7_IDegQIHBAF

Srivastava, R.K. and Singh, R.K., 2004. Trace
element geochemistry and genesis  of
Precambrian subalkaline mafic dykes from the
central Indian craton: evidence for mantle
metasomatism, Journal of Asian Earth Sciences,
23(3): 373-389. https://doi.org/10.1016/S1367-
9120(03)00150-0

Stampfli, G. M., Marcoux, J. and Baud, A., 1991.
Tethyan margins in space and time,
Palaeogeography, Palaeoclimatology,
Palaeoecology, 87(1-4): 373-409.
https://doi.org/10.1016/0031-0182(91)90142-E

Stern, R.J., Shafaii Moghadam, H., Pirouz, M. and
Mooney, W., 2021. The Geodynamic Evolution
of Iran. annual reviews earth planetary sciences.
49: 9-36. https://doi.org/10.1146/ annurev-earth-
071620-052109.

Stocklin, J., 1974. Northern Iran: Alborz mountains.
Geological Society of London, Special
Publication 4: 213-234.
https://doi.org/10.1144/GSL.SP.2005.004.01.1

Streck, M., 2014. Evaluation of crystal mush

extraction models to explain crystal-poor
rhyolites.  Journal of Volcanology and
Geothermal Research, 284(1): 79-94.

https://doi.org/10.1016/j.jvolgeores.2014.07.005
Sun, S.S. and Mc Donough, W.F., 1989. Chemical
and isotopic systematics of oceanic basalts:
implications for mantle composition and

processes. In: A.D. Saunders and M.J, Norry
(Editors), Magmatism in oceanic basins.
Geological society of london special publications,
42(1): 313-345.
https://doi.org/10.1144/gsl.sp.1989.042.01.19

Varol, E., Temel, A., Yurur, T. Gourgaud, A. and
Bellon, H., 2014. Petrogenesis of the Neogene
bimodal magmatism of the Galatean Volcanic
Province, Central Anatolia, Turkey. Journal of
Volcanology and Geothermal Research, 280: 14—
29.
https://doi.org/10.1016/j.jvolgeores.2014.04.014

Verdel, C., Wernicke, B.P., Hassanzadeh, J. and
Guest, B., 2011- A Paleogene extentional arc
flare-up in Iran. Tectonic, 30(3): TC3008,
https://doi.org/10.1029/2010TC002809

Vincent, S.J., Allen, M.B., Ismail-Zadeh, A.D.,
Flecker, R., Foland, K.A. and Simmons, M.D.,
2005. Insights from the Talysh of Azerbaijan into
the Paleogene evolution of the South Caspian
region. Geological Society of America Bulletin,
117(11-12): 1513-1533.
https://doi.org/10.1130/B25690.1

Wass, S.Y. and Roger, N.W., 1980. Mantle
metamorphism- Precursor to alkaline continental
volcanism. Geochimica et Cosmochimica Acta,
44(11): 1811-1823.
https://doi.org/10.1016/0016-7037(80)90230-6

Winter, J.D., 2001, An introduction to Igneous and
Metamorphic Petrology. Prentice Hall, 697 pp.
Retrieved Octuber 12, 2024 from
https://archive.org/details/introductiontoig0000w
int

Zhang, L., Ren, Z. Y., Handler, M.R., Wu, D.Y.,
Zhang, L., Qian, S.P., Xia, X.P., Yang, Q. and Xu
Y.G., 2019. The origins of high-Ti and low-Ti
magmas in large igneous provinces, insights from
melt inclusion trace elements and Sr-Pb isotopes
in the Emeishan large Igneous Province. Lithos,
344-345: 122-133.
https://doi.org/10.1016/j.1ithos.2019.06.014

Zindler, A. and Hart, S.R., 1986. Chemical
geodynamics. Annual Review of Earth and
Planetary Sciences, 14(1): 493-571.
https://doi.org/10.1146/annurev.ea.14.050186.00
2425

Journal of Economic Geology, 2024, Vol. 16, No. 4

74

DOI: 10.22067/econg.2024.1113


https://doi.org/10.22067/econg.2024.1113
https://ijp.ui.ac.ir/article_16054.html?lang=en
https://doi.org/10.1016/j.jseaes.2014.12.016
https://www.google.com/books/edition/_/KseszwEACAAJ?hl=en&sa=X&ved=2ahUKEwit5KbqtJeGAxXy_rsIHcY3ByIQ7_IDegQIHBAF
https://www.google.com/books/edition/_/KseszwEACAAJ?hl=en&sa=X&ved=2ahUKEwit5KbqtJeGAxXy_rsIHcY3ByIQ7_IDegQIHBAF
https://www.google.com/books/edition/_/KseszwEACAAJ?hl=en&sa=X&ved=2ahUKEwit5KbqtJeGAxXy_rsIHcY3ByIQ7_IDegQIHBAF
https://www.sciencedirect.com/journal/journal-of-asian-earth-sciences
https://doi.org/10.1016/S1367-9120(03)00150-0
https://doi.org/10.1016/S1367-9120(03)00150-0
https://doi.org/10.1016/0031-0182(91)90142-E
https://doi.org/10.1144/GSL.SP.2005.004.01.1
https://doi.org/10.1016/j.jvolgeores.2014.07.005
https://doi.org/10.1144/gsl.sp.1989.042.01.19
https://doi.org/10.1016/j.jvolgeores.2014.04.014
https://doi.org/10.1029/2010TC002809
https://doi.org/10.1130/B25690.1
https://doi.org/10.1016/0016-7037(80)90230-6
https://archive.org/details/introductiontoig0000wint
https://archive.org/details/introductiontoig0000wint
https://doi.org/10.1016/j.lithos.2019.06.014
https://doi.org/10.1146/annurev.ea.14.050186.002425
https://doi.org/10.1146/annurev.ea.14.050186.002425

