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The Oligocene Nordantrusive complex is located in the eastern rec
of Siehroud, within the East Azerbaijan province, and within the Alb
Azerbaijan structural zone. The results of field studies have iden
the presence of gabbro diorite, monzodiorite, monzonitealite,
granodiorite, and granite within the region. The geochen
characteristics of these rocks indicate that they belong to
metaluminous type | granitoid classification. The rocks display- ¢
alkaline to highpotassium calalkaline and Shoshomit series
characteristics, exhibiting an enrichment of LREE elements relati
HREE, a positive Pb anomaly, and a depletion of Nb and Ti elem
The presence of disequilibrium textures, such as sieve texture
zoning in plagioclase, suggests the etise of multiple magmi
chambers and mixing between them. The isotopic geochen
indicates that a closed system process and crystal differentiation ¢
primary processes of formation, with a combination of DMM and E
identified as the principal sotes for magmas in the region. Tf
behavior can be explained by contamination of magma derived fr
depleted asthenospheric mantle with lithospheric sediments d
oceanic crust subduction and upper mantle wedge metasomatis
summary, the magmatiplateau of Azerbaijan has been affected
tectonic processes and lithospheric thinning during the Eec
Oligocene period.
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EXTENDED ABSTRACT The results of whole rock chemical analyses of 16
samples extracted from the intrusive mass in the
Introduction Nordoz area are presented in Tahleand 2. The

The Azerbaijan region is located in northern Iran, inclassification of the rocks was conductesing the

close proximity to the borders withTurkey, Delaroche et al. tablé®g¢ La Roche et al., 1980As
Azerbaijan, and Armenia. This area constitutes partllustrated in Figure 3\, the samples under

of the IranTurkey zone, which encompasses Centraexamination —are classified as gabbrodiorite,
Eastern Anatolia and Northwestern Ir&nilék et al., monzodiorite, monzonite, tonalite, granodiorite, and

201Q Shafaii Moghadam and Shahbazi Shiran,granite, thereby corroborating the findings of the

2011). As the central portion of the Alpine Petrographic investigations. To ascertain the
Himalayan orogenic belt, this region has experiencedna g mat i ¢ nature of the int
a number of geologic events as a consequence of tfei O Peccertlo afd Taylor, 19Y6was

closure of the branches of the Neotesth®cean €mployed. As illustrated iffigure 38, the samples
(Stampfli et al., 199) Cenozoic igneous rocks are under examination predominantly occupy the -calc
pervasive in the Iraffurkey region Dilek et al., alkaline range with  elevated  potassium

2010. The magmatic complex in question is concentrations, as well as the Shoshonite range.
distributed throughout northwestern Iran,enia, Na O ver sus K O dChagpellams a
and eastern Turkey in the northern and eastern par@id White (2001fFig. 4A) indicate that all samples

around the Arabian Plate. fall within the range of Type | granites. Additionally,
to differentiate between the granitoids of the region
Materials and methods and the A granitoids (nearogenic granitoids)

In order to facilitate petrologic studies, 11 samplesdepicted inte diagramKleeman and Twist, 1989
exhibiting the least degree of alteration were selectewhich is plotted based on the Nb versus :SiO
and sent to the Zarazma company fidremical Vvariation €ig. 4B), all samples fall within the range
analysis of rare elements by IGRS and major Of Type I granites.

oxides by XRF method. Furthermore, three sampledn order to ascertain the provenance of thenpry
displaying the lowest percentage of loss on ignitionmagma and the subsequent processes, including
(LOI) were selected for isotopic analysis at thecontamination and mixing of the magni&srF°sr,
laboratory of the Faculty of Earth Sciences at the *Nd/*Nd and Pb isotopic analyses were conducted
University of British Columbia in Canada. The onthe samples. The results of the isotopic analysis of
results of the wholeock chemical and isotopic the samples are presentedTiable 5for reference.
analyses are presented in Table<2, 3, 4 and5,  The combined spectrum of t&rf°Sr isotopic ratio

respectively. of the investigated samples exhibits a range of values
between 0.704412 and 0.705081. Similarly, the

Discussion 143Nd/A“Nd ratios of these intrusive rocks range from

Petrography 0.512769 to 0.528255. The'*Nd/*Nd versus

Petrographic studies have revealed that the granitoid St*°Sr isotope correlation plots, as presented by
bodies of the Nordozgion are composed of a range Zindler and Hart (1986)were employed to ascertain
of basic to acid igneous rocks, including the provenance of the intrusive rocks in the Nordoz
gabbrodiorite, monzodiorite, monzonite, tonalite, region. All samples are plotted on the conventional
granodiorite, and granite. The predominant texture igsotope diagram in the mantle region near BSE (Bulk
granular, although sieve and perithetic textures ar&ilicate Earth) and indicate that the main source for
also present. The pringip minerals of these rocks the magmas of the study area is a combination of
are plagioclase, alkali feldspar, quartz, amphiboledepleted mantle (DM) and enriched mantle (EMII)
clinopyroxene, and olivine (in base samples).(Fig. 7). This behavior can be attributed to the
Additionally, opaque minerals and secondarycontamination of large volumes of depleted
minerals of calcite, sericite, chlorite, and epidote aredsthenospheric mantle (DM) magmas with

observed in this rock group. lithospheric fluids enriched in LILE and radiogenic
Sr elements, which primarily result from the

geochemistry dehydration of detrital sediments during subduction.
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The data presented irigure 8illustrates that the exhibiting elevated temperatures. During the
208ppPOPp ratios of all samples from the region aresubsequent compressive phases, it propagated to
above the NHRL line and within the EMI and EMII higher levels, specifically into éhlower crust, where
ranges Zindler and Hart, 1986 with the majority of it caused an increase in temperature. The fluid phase,
samples falling close to the EMII range. It isin conjunction with the temperature increase
important to note that EMI is associated with anresulting from the intrusion of the basic magma into
enriched mantle with moderate amount§’6fF°Sr,  this region of the crust, has led to the melting of a
low amounts of**Nd/A*Nd, and low ratios of portion of the underlying ast and the formation of

208pp PO%pp. magma with a granodiorite and calkaline
composition.
tectonic setting The evidence supporting the retreat of the subduction

As illustrated in the AlOs vs. TiG, variation diagram  slab and extensional tectonics in Alborz, as presented
from Muller and Groves (1997all intrusive samples in previous studies, can be attributed to a decrease in
from the Nordoarea are situated within the range of the rateof subduction in the Eocene. This decrease
magmatic arcs (Fig6, 7, 8, 9 and 10A, B, C). In  was caused by a reduction in the opening of the
accordance with the diagram of Rb vs. (Y+Nb)Indian Sea, which led to the retreat of the Neotethys
(Pearce et al., 198Awhich is utilized to differentiate  subduction slab and subsequent tectonic extension in
the tectonic environments of granitoids associatedentral Iran Kassanzadeh etl.,, 2004. The
with disparate tectonomagmatic environments, theresented data, in conjunction with the findings of
acidic samples are situated within the volcanic argeochemical and isotopic studies, as well as the
range, predominanthat the juncture of this range positioning of the Nordoz region samples within
with the analogous range. Additionally, acidic tectonic environment diagrams, permit the
samples exhibit parallels with pestllisional formulation of a model for the genesis of thescks.
environments in the tectonomagmatic diagramThis model proposes that the mantle portion of the
(Maniar and Piccoli, 1989Fig. 10. subcontinental lithosphere is the most probable
In the diagram presented byi¢schede, 1986  origin for these rocks. The magmatic plateau of
which is drawn based on the values of N{z%24-Y. Azerbaijan has been subjected to a number of
The basaltic samples of the region are included in therocesses, including the uplift of the asthenosphere

range of volcanic arc basalts. saurce and its thermal effect in the region. These
processes have occurred as a result of events such as
Conclusion and discussion slab failure or lithosphere layer separation during the

The results of the field observations indicate theEoceneOligocene period, which have resulted in
presence of fractionated mafic magma injected intasome degrees of partial melting. Consequentlig, it
acidic magmakKig. 2. It can thus be posited that the possible that the resulting magma is located in a
intrusive masses observed in the Nordoz region argensional environment behind the arc affected by the
the result of the differerdtion of basic magma in the orogenic events of the collision of the Arabian plate
region. It appears that the basic magma is situatedith Eurasia.

within a vast magma chamber beneath the region,
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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 W%).

Sample S19 S20 S13 S14 S08 S10 S09 S06
diorte_mite._mongonite_Tonalle  Granite P diorite e -
SiO2 71.5 60.97 63.35 68.01 69.47 53.07 56.26 50.73
TiO> 0.22 0.78 0.584 0.23 0.25 1.18 0.98 1.06
Al20s  14.79 15.1 15.81 14.11 14.61 17.03 18.70 18.60
FeOs 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
NazO 4.91 4.87 5.02 3.82 4.08 3.96 2.19 2.27
K20 2.50 3.24 3.20 452 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 58.8 56.8 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 5 195 17 5 5 23 165 9
Co 23 163 106 3.9 36 233 168 22
Zn 49 6 52 28 34 84 86 96
Cr 50 50 50 50 50 50 50 50
La 147 36.2 306 268 273 48 37.7 289
Ce 294 634 532 434 424 777 699 56.2
Pr 3.1 77 615 47 725 109 84 7.35
Nd 17.38 26.8 214 149 134 36.2 304 302
Sm 324 422 336 234 206 6.82 6.2 6.62
Eu 146 126 098 082 084 286 156 21
Gd 21 295 24 195 265 7.6 5.2 55
Th 024 038 03 026 022 094 0.7 0.78
Dy 182 21 158 12 164 48 42 4.28
Ho 0.34 036 034 032 028 076 0.84 0.64
Er 075 08 075 12 08 215 235 1.86
™ 0.1 0.1 01 012 012 03 035 0.3
Yb 069 0.75 0.7 11 09 1.7 2.2 1.9
Lu 0.18 0.15 0.17 0.18 0.16 0.26 0.34 0.26
Cs 0.8 0.6 0.9 0.6 0.6 0.4 24 2.4
Hf 0.3 2.8 25 0.3 0.3 55 4.2 14
T 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 37 116 128 9.1 86 129 9.7 4.9
U 0.6 2.8 3.2 1 0.9 3.4 25 1.9
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 15 1.5
Mo 0.5 1 0.5 0.5 0.5 15 25 1.5
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 18 115 9 9 19 16.5
Y 0.474 0.485 0.488 0.47 0.465 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 thmajorelements 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 S29 S21 S26 S17
) G- M - Q- . G- . . . .
Tonalite . . o . Granite .". Tonalite Tonalite Tonalite Tonalite M-Gabbro
diorite Diorite  Monzonite Diorite

SiO; 65.55 68.05 61.86 63.8 7191 7153 66.32 65.41 66.63 66.4 51.97
TiO, 0.34 0.311 0.58 0.23 0.222 0.29 0.442 0.501 0.54 0.49 1.09
Al,0; 13.09 12.09 12.89 12.61 13.09 1351 12.16 12.85 1247 12.74 16.74
FeO: 7.48 6.13 7.39 6.83 248 222 5.52 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 177 122 311 0.13 08 0.28 2.49 2.51 2.63 2.24 3.69
CaO 434 342 57 3.19 2.24 349 4.49 4.54 4.61 4.56 8.76
NaoO 343 399 3.23 4.18 4.34 4.58 3.31 3.29 3.33 3.87 3.27

K:O 372 389 445 4.06 446 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
LOI 157 157 1.86 2.66 183 2.78 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 827 S23 S29  S21 S26 S17
Ag 0.02 0.04 0.15 011 134 007 004 003 014 012 1.76
As 3.8 4.5 160 53.1 247 588 4.1 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 23 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 277 278 16.3 68.8 228 169 21 473 187 118 27
Co 13 0.5 6.4 20.1 4.7 3.7 9.2 131 1.8 0.7 149
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 36.8 141
La 15 14 0 48 11 0 0 20 11 0 10
Li 6.4 4.7 3 1.7 5.4 1.8 2.5 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 5.4 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 34.1 242 463 212 6.1 116 10 53.6 259
Rb 85.1 36.1 26 333 677 355 211 373 638 409 698
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 06 379
Th 761 559 106 197 111 364 7.74 593 656 3.36 4.56
T 0.3 0.4 0 0 0.7 0 0.1 0.1 0.5 0 2300
U 0.83 108 0.62 757 165 073 178 134 18 055 21
\% 27 29 51 0 49 24 222 160 34 18 1.41

w 0.9 0.9 32.1 10.2 1.3 9.6 1.1 0.8 0.8 0.7 145
Y 13.97 13.92 25.7 947 144 219 6.55 205 16.24 10.68 121
Zn 158 4.9 77.9 67.8 848 252 136 155 128 9.1 124
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 ofsotopic analysis on three suitable samples of granodiorite, monzonite and tirthi#@&lordoz 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/f%Sr  0.704452 0.704412 0.705081
86Sr/88Sr 0.1197 0.1197 0.1198
Y3Nd/A*Nd  0.512825 0.512799 0.512769
15Nd/MNd  0.348412 0.348405 0.348412
14Nd/Nd  0.7241  0.7206  0.7204
20ppRopp  18.5999 18.5958 18.6836

207ppro4pp 155893 15.5910 15.5870
208ppo4pp  38.6871 38.6818 38.7897

87Rb/8eSr 0.6749 0.6749 0.6767

8"Rb/eeSr 79.78 79.74 79.81

SmA4Nd  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 dbnaliteof the Nordoz area dalaeoche diagranbé La Roche et al., 1980
and B: Identification of magmatic series of rock samples of study Bezaérillo and Taylor, 1976
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Fig. 6. A: Normalized spider diagram of the intrusive rocks of the Nordoz area relative to the primary(Buamthend
McDonough., 1988 and B: Distribution diagram of rare earftements of these rocks normalized to chondrite
(Nakamura, 1974
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