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Fig. 1. Simplified geological map of the studied area taken from 1/100000 Maimeh Geological Quadrangle, (Vahdati

Daneshmand, 2006)
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Fig. 2. Field photographs of the southeast Maimeh volcanic rocks. A: Outcrop of andesitic rocks (look toward the
south), and B: General view of the contact of basalt and Lower Cretaceous limestone (look toward the west)
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Fig. 3. Microphotographs of the volcanic rocks in the southeast of Maimeh in crossed polarized light. A:
Glomeroporphyritic texture with microlithic groundmass in basalt, B: Clinopyroxene and olivine
microphenocrysts in the glassy groundmass of basalt, C: Opacitized amphibole in andesite with trachytic
texture, and D: Basaltic andesite with clinopyroxene and amphibole microphenocrysts. Abbreviations after
Whitney and Evans (2010) (Ol: olivine, Cpx: clinopyroxene, PI: plagioclase, Amp: amphibole, Cc: calcite).
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Table 1. Chemical analysis results of the southeast Maimeh volcanic rocks using ICP-MS method (major elements in
wt.% and trace elements in ppm)

Sample SM-19 SM-24 SM-14 NS-14 NS-3 NS-40 NS-32
Andesite Andesite Andesite Andesite frfs:;tiitz Basalt Basalt
SiO2 58.84 58.74 58.23 55.36 52.21 51.96 51.06
TiO2 0.62 0.62 0.60 0.89 1.13 1.13 1.15
Al203 15.94 16.06 15.74 16.40 15.93 16.10 15.48
Fe203 2.62 1.50 1.47 1.75 2.28 2.23 2.31
FeO 1.51 2.60 2.55 3.03 3.96 3.87 4.01
MnO 0.05 0.06 0.07 0.08 0.10 0.09 0.10
MgO 4.07 4.09 343 3.50 6.26 6.69 7.23
CaO 5.10 5.15 6.20 8.16 8.65 6.80 8.45
Na2O 4.19 4.22 4.27 4.79 4.60 3.89 431
K20 2.52 2.51 2.61 2.72 1.88 2.92 2.27
P20s 0.33 0.34 0.34 0.46 0.52 0.51 0.58
Cr203 0.023 0.021 0.022 0.009 0.029 0.023 0.033
LOI 3.5 3.5 3.8 2.2 1.6 2.9 2.1
Total 99.74 99.75 99.75 99.73 99.66 99.67 99.60
Ni 82 80 83 56 125 110 141
Co 17.7 17.8 16.3 18.8 28.9 27.4 30.7
V 82 83 76 97 134 133 143
Sn 1 1 1 2 1 1 2
w 0.7 1.1 1.0 0.5 1.0 1.1 1.6
Rb 80.0 77.6 78.8 74.7 19.6 76.0 53.8
Cs 1.1 1.6 1.7 1.3 10.1 0.8 1.9
Ba 1070 899 1158 905 875 1260 836
Sr 937.0 892.9 937.8 1141.0 1177.5 997.5 1478.9
Ga 15.8 15.4 15.6 16.0 16.9 17.5 16.9
Ta 0.9 0.8 0.7 0.9 1.1 1.0 1.3
Nb 15.0 14.5 13.8 15.8 20.7 18.3 23.1
Hf 4.1 4.2 4.2 4.2 4.4 4.6 4.5
Zr 176.8 172.8 166.3 167.2 186.0 185.5 186.2
Y 11.1 9.9 10.1 10.6 13.0 14.0 12.5
Th 13.6 13.9 12.9 12.8 12.0 12.2 12.4
U 6.4 5.8 5.5 4.2 4.0 3.8 4.2

La 42.0 41.0 40.7 443 52.5 50.4 55.0
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Table 1 (Continued). Chemical analysis results of the southeast Maimeh volcanic rocks using ICP-MS method (major

elements in wt.% and trace elements in ppm)

Sample SM-19 SM-24 SM-14 NS-14 NS-3 NS-40 NS-32
Andesite Andesite Andesite Andesite f;g:;tiitz Basalt Basalt
Ce 76.9 74.8 72.1 82.2 95.4 96.0 101.9
Pr 8.27 7.92 7.85 8.78 10.31 10.24 10.68
Nd 28.8 28.3 28.0 31.8 38.3 38.1 39.3
Sm 4.62 4.50 4.47 4.77 6.00 5.98 6.18
Eu 1.19 1.14 1.23 1.29 1.63 1.57 1.62
Sc 9 9 9 9 13 13 14
Gd 3.25 3.26 3.31 3.45 4.54 4.61 4.36
Tb 0.43 0.42 0.39 0.43 0.57 0.59 0.55
Dy 2.09 1.95 2.03 2.25 2.75 291 2.79
Ho 0.37 0.35 0.37 0.38 0.47 0.49 0.48
Be 5 2 4 4 2 1 3
Er 1.02 1.17 1.01 0.98 1.48 1.50 1.24
Tm 0.14 0.13 0.13 0.14 0.19 0.19 0.17
Yb 0.90 0.90 0.92 0.87 1.06 1.20 1.13
Lu 0.14 0.14 0.12 0.13 0.16 0.17 0.15
Lan/Smn 5.59 5.60 5.60 5.71 5.38 5.18 5.47
Lan/Ybn 33.11 30.37 29.49 33.95 33.02 28.00 3245

Glatns jl caibain (g5tloipe ) Cod gn 555 KK 5 s
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Introduction

The studied area is situated 15 km away from the
southwest of Mameh at the western part of
Urumieh-Dokhtar magmatic arc. Thiszoneisapart
of the Zagros orogenic belt formed due to the
subduction of the Neo-Tethyan oceanic crust under
the Central Iran block. The magmatic activity inthe
Urumieh-Dokhtar magmatic arc has begun in
Eocene (Alavi, 2004) and continued until
Quaternary (Ghasemi and Talbot, 2006). In the
middle part of the studied area, several outcrops of
the post-Early Cretaceous volcanic rocks with
basdltic to andesitic composition have been seen
(Vahdati Daneshmand, 2006). Until now, no
petrologica and geochemical data about these
rocks are present. Therefore, in this study,
petrographic and the geochemical features of these
rocks are discussed in detail. This study aims to
reveal a better understanding of the petrology and
petrogenesis of volcanic rocks in the southeast of
Maimeh and the middle part of the Urumieh-
Dokhtar magmatic arc as a part of the Zagros
orogenic belt.

Materials and methods

To reach the goal of the research, after collecting
basi ¢ information using geol ogical maps and works
done in the study area, al volcanic outcrops
systematically sampled, and more than 50 fresh
sampleswere chosen and studied. Afterward, seven
samples were chosen for geochemical analyses by
using inductively coupled plasma mass
spectrometry (ICP-MS) at the ACME Laboratories,

Vancouver, Canada. The results of chemical
analyses are listed in table 1.

Discussion

Based on the field observations, the volcanic rocks
have basdltic to andesitic composition with
plagioclase, clinopyroxene, olivine, amphibole,
biotite, and opague microphenocrysts.
Clinopyroxene (probably augite) is the main
minerals as phenocrysts and small mineral in the
groundmass. Olivine phenocryst has undergone
limited alteration to iddingsite and amphiboles
show burned margin. Opacitization in amphibole
occurs due to a decrease in water pressure with
magma rising or as a result of the increase in
temperature (Plechov et a., 2008). These rocks
have microlithic porphyry, glomeroporphyry and
vesicular textures. According to geochemical
analysis, intermediate rocks have calc-alkaline
nature and basalt is akaline. They display
enrichment in LILEs (Rb, Ba, K, Sr, U, and Th)
relative to HFSEs (especialy Nb, Ti, and P) and
coherent REE patterns characterized by enrichment
in LREEs relative to HREEs without negative Eu
anomaly. These features are characteristics of
subduction-related magmatism (Woodhead et al.,
1993). U and Th enrichment may be due to crustal
contamination (Kuscu and Geneli, 2010) or the
addition of pelagic sediments and/or altered
oceanic crust to the source of magma (Fan et al.,
2003). The tectonic discrimination diagrams show
an active continental arc setting for these rocks.
Geochemical evidence shows that the volcanic
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rocks were originated from low degree partial
melting (<0.1) of the enriched mantle with Cpx-
garnet lherzolitic composition in 80 km depth.
Mantle enrichment is due to the addition of
aqueous fluids derived from dehydration of the
subducted oceanic crust. It seems that the
continuous subduction of cooled oceanic crust into
the mantle along with convergence between Arabia
and Central Iran plates led to low degree partial
melting of the mantle and producing akaline
magmas. The ascending parental magma was
differentiated and undergone AFC processes until
risng from the crust. In these processes, the
alkaline basalt under the influence of fractional
crystallization and crustal contamination turned
into intermediate compositions of calc-akaline
andesite. It seems that these rocks were formed
from the subduction of Neo-Tethyan oceanic crust
under the Iranian microplate in an arc magmatic
zone.

Results

The post-Early Cretaceous volcanic rocks in the
southeast of Maimeh is situated in the western part
of Urumied-Dokhtar magmatic arc and includes
most basic to intermediate associations. The rocks
have the porphyritic texture with basalt to andesite
composition and are characterized by alkaline to
calc-dkaline affinity and enrichment in LIL
elements (Rb, Ba, Th, U and ...) relative to HFSE
with negative Ti and Nb anomalies and highly
differentiated pattern of rare earth elements, as
evident in spider diagrams normalized to primitive
mantle and chondrite. The significant features are
mainly a result of subduction-related magmatism.
Tectonomagmatic diagrams suggest an arc-related
tectonic setting for these rocks. Based on the
geochemical evidence, the volcanic rocks
originated from low degrees (>1) partia melting of
agarnet- |herzolitic mantle source that enriched by
slab-derived fluids. The magma has undergone
AFC processes during ascending and alkaline
affinity changed to calc-alkaline nature. The
volcanic rocks occurred as a result of the
subduction of the Neo-Tethyan oceanic crust

beneath the Central Iran microplate.
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