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Introduction

The study area lies in the south of Mamoniyeh, a part of the
Zaviyeh 1:100000 geological map, which covers the middle part of
the Urumieh-Dokhtar magmatic arc. The volcanic phases and the
intrusive masses constitute the predominant rocks of the area
which has been subjected to magmatic and tectonic activities.
Thus, owing to the lack of detailed studies on the volcanic rocks of
this area, we try to link the tectonic setting and the magmatic
evolution of the rocks under study. In addition, magma evolution
processes, such as fractional crystallization, crustal contamination,
and magma mixing may play an important role in the genesis of
these rocks. The present paper presents new petrological and
geochemical data on these volcanic rocks, which were formed
during the Eocene. The Urumieh Dokhtar Magmatic arc is
characterized by a series of volcanic and plutonic rocks that formed
during the Late Cretaceous to Early Miocene, approximately 95 to 20

g 10.22108/ijp.2024.139861.1315 million years ago, and extends for about 2,000 kilometers.

The magmatic rocks in the Urumieh Dokhtar faulting. Volcanic rocks in the region with over 4 km
Magmatic Arc are lavas, pyroclastic deposits, and plutonic thick are composed of flows, pyroclastic layers, tuff, and
rocks (i.e, granites and diorites) believed to have ignimbrite.

originated in the course of subduction of the Arabian plate
beneath the Eurasian plate. which gave rise to the melting
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of the mantle. In this area, the Eocene volcanic units have The Urumieh Dokhtar Magmatic arc is characterized
been completely disrupted due to the influx of intrusive by a series of volcanic and plutonic rocks formed during
masses and high displacement by shear-compressional the Late Cretaceous to Early Miocene, approximately 20
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to 95 million years ago, extending for about 2,000
kilometers. The magmatic rocks in Urumieh Dokhtar
Magmatic Arc include a variety of lithologies, such as
lavas, pyroclastic deposits, and plutonic rocks (i.e.,
granites and diorites). These rocks were formed as a result
of the subduction of the Arabian plate beneath the
Eurasian plate, which led to the melting of the mantle and
the formation of magma. In this area, the Eocene volcanic
units have been completely disrupted due to the influx of
intrusive masses and high displacement by shear-
compressional faulting.

Research methodology

Preparation of a 1:20000 geological map of the area,
sampling of surface volcanic units, and drilled boreholes
were carried out simultaneously. Based on lithological
diversity, 50 samples of volcanic rocks were collected,
and 15 of those with the least amount of alteration were
analyzed by ICP-MS and XRF methods. Using GCDKkit
software, petrogenesis and the development of the studied
volcanic rocks were investigated.

Petrography

The main rock-forming minerals are plagioclase, K-
feldspar, quartz, amphibole, biotite, and pyroxene, with
small amount of olivine, apatite, zircon, and Fe-Ti oxides.
Minor minerals include opaques, quartz, carbonate,
epidote, chlorite, sericite, apatite, sphene, and zircon,
accompanied by rare tremolite and actinolite. Fine-grained
and idiomorphic apatites as well as short prismatic zircon
crystals are found as inclusions in plagioclase. and biotite.
respectively. The predominant textures are clastic and
porphyritic with trachytic and cryptocrystalline. Also.
sieve  intergranular, intersertal, hyalomicrolitic
hyaloporphyritic, and microgranular are common textures.

Geochemistry

The amounts of SiO; and Al,Os vary from 47 to 73
wit% and from 11.6 to 17.8 wt%, respectively. The total
amounts of alkali elements in the investigated samples
range from 4.5 to 10.1 wt%. As the different charts of rare
elements display the magmatic series of rocks are in the
range of basalt-andesite, calc-alkaline series, and dacite-
rhyodacite of the calc-alkaline series. The ratios of Nb
versus Nb/Zr, Sr/Zr versus Ti/Zr, Rb versus Rb/Sr, and
Rb/Sr versus Ti/Zr show the effect of crystal segregation

and mixing processes during magma ascent, and the
presence of large plagioclase and clinopyroxene crystals
also support the hypophysis. In the spider diagram
(primitive  mantle-normalized  multi-element  spider)
samples show enrichment in large ion lithophile elements
(LILE), especially Rb, Ba, K, and Cs and depleted in high
field strength elements (HFSE) (i.e., Ti, Yb, and Zr). The
positive Pb and K anomaly can be caused by crustal
involvement in magmatic processes. On the chondrite-
normalized REE diagram, samples show an LREE-
enriched and HREE-depleted pattern. The rather flat
HREE patterns imply the absence of garnet and /or
hornblende in the source of these magmas. The absence of
Eu negative anomaly in non-altered volcanic rocks
explains the high-water content or oxygen fugacity and an
abundance of hornblende, pyroxene, sphene, and garnet
may cause a positive Eu anomaly.

Discussion and Conclusion

Elevated LILE, and LREE, and depleted HFSE
content of volcanic rocks in the south of Mamoniyeh
indicate the metasomatized asthenospheric mantle source
in a subduction zone. The presence of non-equilibrium
textures such as sieve texture in plagioclase and
opacification of amphiboles are probably related to crustal
contamination. Zr/Y>3 ratio in most samples corresponds
to a continental volcanic arc rather than the oceanic arc.
The available geochemical data show calc-alkaline
magmatism occurred by 20 to 45% partial melting of a
garnet-spinel Iherzolite to spinel Iherzolite. Trace elements
reveal crustal contamination and magma mixing during
the parent magma ascent as well as the role of fluids
released from the subducting plate. The subduction-
related process, including water and volatile materials
released from the subducting slab, resulted in mantle
wedge metasomatism and partial melting. This genetic
model is consistent with other models suggested for the
magmatism along the Urumieh-Dokhtar magmatic arc.
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Figure 2. A) A general view of the study area in south of Mamoniyeh and various outcrops rock
units (view to the northeast); B) A view of basaltic andesite lava outcrops, acid lavas, and basaltic
dykes (view to the north); C) A close view of lithic andesite tuf unit; D) A close view of mega
porphyritic andesite; E) A close view of the dacitic unit; F) Influx of basaltic dykes in acidic units;
G) A close view of the basalt-andesite unit; H) A close view of the basalt-diabasic unit.
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Figure 3. Photomicrographs of volcanic rocks in the area A) Microphenocryst and sericitized plagioclase
crystals with porphyric texture in the andesite sample; B) Tourmaline microcrystals with radial aggregate
and porphyry microlithic texture in the andesite sample; C) Uralitization and chloritization of
ferromagnesian with plagioclase and carbonate minerals in the andesite sample; D) Subhedral altered
clinopyroxene crystals with porphyry texture and the opaque microcrystals in the basaltic andesite
sample; E) Plagioclase crystals with sieve texture, alkali feldspar, and volcanic rock fragments in
andesite lithic tuff sample; F) Sericitized plagioclase microphenocrystals and crystals with prismatic and
tabular in the dacitic sample; G) Sericitization of plagioclase crystals along polysynthetic twining in the
rhyodacite; H) Coarse plagioclase crystals in the trachyte sample show corrosion and altered to epidote;
I) Trachyandesite sample with porphyry texture and microcrystalline groundmass; J) Clinopyroxene
phenocrysts and microcrystals of argillic alkali feldspar and plagioclase in the basaltic andesite sample;
K) Epidotized plagioclase in a microcrystalline matrix in the andesite basalt; L) Subhedral altered
clinopyroxene and orthopyroxene crystals along with plagioclase crystals in the basalt sample
(Abbreviations from Whitney and Evans (2010)).




VEY e cpiin g ol o)leds a0l Jlo (55999 yiy

af

Aalol Y Sl

Figure 3. Continued.
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Table 1. Whole-rock geochemical data of the Eocene volcanic rocks from the the south of Mamoniyeh
area (major elements in wt. %, trace and rare earth elements in ppm).

MNG- MNG- MNG- MNG- MNG- MNG- MNG- MNG- MNG-
Sample No. 21 22 2 5 19 | MNG-13 17, 12 MNG-20 IMNG-1 ™4~ MNG-6 23 MNG-17
Rock Type Basalt -L;as(;'}%/ Trachy Andesite Aggsslltte MNG-7 Rhyodacite
SiO;, 49.6 487 48.36 47.98 Dacite 50.16 52.29 52.8 5396 5518 56.7 57.24 6239 71 73.54
Al,O; 176 165 18.75 17.89 16.94 17.97 1588 17.98 16.13  17.36 1515 15.84 15.09 134  11.62
CaO 8.4 9.1 314 496 9.75 1.84 49 2.8 6.68 251 235 306 278 19 2.1
Fe,04 9.1 94 1082 123 99 1035 10.13  8.61 9.32 727 1035 741 7.06 3.1 2.9
K0 1.3 1.1 04 035 1.69 4.56 078 892 1.67 6.38 367 377 089 39 2.88
MgO 4.8 6.9 6.89 5.17 3.36 571 44 2.78 3.72 218 271 221 334 05 0.79
MnO 0.2 0.1 027 0.12 046 0.37 012 0.28 0.17 021 012 006 008 0.1 0.06
Na,O 3.2 37 562 536 222 3.58 474 121 3.22 261 378 462 447 35 1.62
P,0s 0.1 04 018 0.17 0.22 0.31 027 022 0.14 032 014 022 016 0.1 0.09
Tio, 0.9 15 085 0.78 0.92 0.8 118 071 0.79 069 071 084 071 05 0.32
LOI 4.4 2.3 471 491 721 4.08 531 3.05 4,08 51 421 463 296 14 39
Sc 253 234 224 223 296 18.6 306 17.7 24 176 195 19 192 43 4.6
\% 226 241 215 185 283 156 269 153 238 78 116 147 140 31 19
Cr 31 32 80 18 14 20 37 20 35 13 38 24 33 <1 <1
Co 248 309 191 127 272 21.2 163  13.8 19.1 131 249 63 11 1.9 2.1
Ni 162 749 11 2 17 <1 9 7 11 <1 17 <1 10 39 4
zZn 62 68 250 70 171 167 53 52 72 50 51 32 68 13 18
As 126 119 137 152 95 11.6 9 13.1 7.8 09 58 73 168 8.1 7.3
Rb 208 171 32 19 28 73 31 169 16 122 73 73 50 58 61
Sr 646 716 264 303 344 199 241 206 361 104 138 339 275 651 589
Y 18 22 11.7 113 192 12 256 119 18.6 17 18 129 204 149 1238
Zr 67 134 19 14 61 20 23 16 70 47 46 43 17 86 55
Nb 48 19 12 55 33 3.1 4.4 35 4 185 6.8 119 75 52 5.5
Mo 0.3 15 1 <05 <05 0.5 <05 1.2 0.6 2.1 16 09 16 <05 <05
Cs 0.9 0.5 11 21 37 0.8 1 2.1 0.5 3 11 2 4 1 1
Ba 461 361 218 41 452 1880 196 3801 439 1445 977 857 516 509 346
La 9.4 9.8 87 101 99 10.4 10.1 9.3 7.2 103 84 79 121 82 8.6
Ce 301 381 13 11 22 15 29 14 29 22 29 33 30 38 40
Pr 34 2.9 267 262 235 2.47 445 264 2.73 342 408 477 587 39 3.94
Nd 163 264 125 123 157 12 202 122 17.8 154 18 211 237 196 202
Sm 3.8 4.9 27 28 3 2.9 4.2 4.3 35 35 38 39 43 31 2.9
Eu 1.2 15 094 064 092 1.07 1.3 1.96 0.94 1 097 095 08 08 0.73
Gd 35 39 233 243 325 1.96 4.1 2.49 3.36 285 286 319 361 31 2.78
Tb 0.6 0.6 04 04 06 0.4 0.6 04 0.6 05 05 04 05 04 0.5
Dy 33 37 33 28 38 27 5.3 33 36 39 39 32 42 26 29
Er 1.9 1.9 18 16 2 15 2.6 1.4 1.7 18 21 18 23 11 1.2
Yb 1.9 1.8 159 152 152 15 24 1.36 1.67 161 185 145 196 1.9 1.64
Lu 0.3 0.4 02 02 03 0.2 0.3 0.2 0.3 03 03 02 03 02 0.2
Ta 0.2 15 95 3 0.3 1 0.9 1.2 04 48 18 38 09 08 0.7
Hf 1.9 37 15 13 23 1.2 1.4 1.2 25 2.2 1.7 2 11 22 2.3
Th 1.4 48 5 5 04 1.4 0.8 1.4 1.9 39 24 39 52 26 2.9
U 0.5 1.2 05 04 04 0.4 0.4 0.5 0.8 0.9 11 1.3 09 1.2 1.1
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Nb/Y - Zr /Ti plot (modified by Pearce 1996) Nb/Y - Zr/TiO, plot (Winchester and Floyd 1977)
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Figure 4. Discrimination diagrams for determining the nature and magmatic series of volcanic rocks from the the

south of Mamoniyeh. A) Nb/Y versus Zr/Ti (Pearce, 1996). B) Nb/Y versus Zr/TiO, (Winchester and Floyd, 1977).
C) Zr/TiO; versus SiOz (Winchester and Floyd, 1977). D) Co versus Th (Hastie et al., 2007).
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Figure 5. Harker diagram for major
Mamoniyeh area.
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Figure 6. Harker diagram for trace elements (in ppm) of volcanic rocks in the south of the Mamoniyeh

area.
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Figure 7. Variation diagram for the compatible and incompatible elements (in ppm) to investigate the
effective processes in magma evolution of volcanic rocks in the south of Mamoniyeh area.
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