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Fig. 1. a) The location of the studied area is shown with a rectangle symbol on the major sedimentary and structural

units of Iran (Aghanabati, 1998); b) Geological map of south of Shahrab based on 1:100000 geological map of Shahrab
(Modified after Bahroudi and Fonoudi, 2003; Khademian et al., 2024).
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Fig. 2. Field photographs of outcrops of different rock units, south of Shahrab; a) Far view of Eocene volcanic rocks and
Basaltic andesite with mafic dikes in the south of Shahrab (look toward the north); b) Far view of basaltic andesite and acidic
rocks in the south of Kahyaz village (look toward northwest); ¢) Acidic rocks with felsic dikes in the studied area (look toward
northeast); d) The pyroclastic unit (ignimbrite) exposed along with the felsic dike (look towards the southeast); e) The presence

of a felsic enclave in the andesitic rocks south of Shahrab (look towards the north); f) The presence of mafic xenolith in acidic
rocks south of Kahyaz village (south of Shahrab) (look towards the northeast).
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Table 1. Results of chemical analyses of the major oxides (in wt %) and trace element (ppm) composition of volcanic rocks in

the south of Shahrab.

Rock Type Basaltic andesite
Sample No. Mf-1 Mf-19 Kf-3 Mf-8 Kf-15 Mf-11 Mf-3 Mf-4 Kf-8
Position X 652771 653913 657601 653091 667990 653074 652773 653160 657601
Y 3666210 3667707 3666778 3666062 3670281 3666079 3666113 3666112 3666778
SiOx 48.61 49.79 51 51.26 52.28 53.22 53.37 54.03 55.33
TiO2 0.97 0.82 0.7 1.6 0.93 0.92 0.9 1.1 1.02
ALlLOs 17.66 14.16 18.45 15.33 15.19 15.16 16.9 14.89 13.91
Fe20;3 9.91 6.19 7.1 12.14 7.73 8.75 8.29 7.27 9.52
MnO 0.21 0.21 0.34 0.43 0.27 0.36 0.46 0.3 0.34
MgO 5.49 3.23 5.67 4.15 4.03 6.93 5.97 2.74 4.94
CaO 8.18 13.57 6.14 6.74 11.6 6.26 7.65 9.6 5.52
Na,O 3.58 1.43 2.4 3.44 1.61 1.81 1.95 1.62 2.13
K.O 1.4 0.91 1.06 1.59 0.98 1.58 0.68 1.38 1.67
P>0s 0.18 0.33 0.14 0.47 0.45 0.25 0.23 0.53 0.3
LOI 3.44 9.28 6.83 2.77 4.73 4.59 3.46 6.35 5.17
Total 99.94 100 99.94 99.97 100 100 100 100 100
Sc 28.5 242 27 28.4 28.7 26.4 29.7 28.2 234
\% 270 167 213 280 206 223 246 200 186
Cr 29 200 82 27 126 39 39 38 118
Co 30.1 26.4 26.2 26.9 29 28 29.5 29.3 25.6
Ni 26 65 19 21 40 28 28 30 50
Cu 53 50 149 99 19 135 64 127 7
Zn 91 68 102 148 52 81 107 160 73
As 5.6 7.8 5.2 0.6 5.6 8.7 74 31.1 7.7
Rb 84 81 62 97 92 95 90 83 74
Sr 616.5 365 604.3 337.7 454.3 499 541 327 434.8
Y 19.5 18.9 10.8 322 20.2 194 18.5 21.8 24.6
Zr 53 111 30 150 108 85 68 97 131
Nb 14 9.4 5.3 8.7 10.8 6.4 4.8 5.8 17
Ag 0.4 0.3 0.3 0.3 0.4 0.1 0.3 0.1 0.5
Sn 1.2 1.3 0.3 1.8 0.5 1.4 1.3 1.4 0.9
Cs 7.5 5.5 1 3.9 <0.5 5 2.2 6.2 0.7
Ba 521 325 319 573 362 586 623 624 554
La 10 14 16 24 20 11 18 11 22
Ce 22 36 13 53 40 28 22 28 46
Pr 2.27 4.15 1.99 5.77 4.89 3.56 2.96 3.63 5.38
Nd 10.3 194 7.6 23.9 19 19.5 16.6 19.3 214
Sm 3 3.5 1.8 5.7 4.1 3.6 3.1 4.2 4
Eu 1.22 1.1 0.6 1.45 1.08 1.21 1.27 1.19 1.13
Gd 2.83 3.68 2.19 5.1 4.06 3.76 3.47 4.11 4.8
Tb 0.4 0.7 0.4 1 0.6 0.6 0.6 0.8 0.7
Dy 2.9 4 2.6 5.5 4.2 4.1 4.2 4.6 5
Er 1.6 2.2 1.4 34 2.5 2.2 2 2.7 2.8
Tm 0.2 0.4 0.2 0.4 0.3 0.4 0.4 0.5 0.3
Yb 2.32 2.32 1.66 3.85 2.62 2.15 2.38 2.59 2.85
Lu 0.3 0.4 0.2 0.5 0.4 0.4 0.4 0.5 0.4
Hf 1.5 2.5 1.6 3.7 3.1 2.4 2 2.6 3.5
Ta 1 0.6 0.5 1 1.1 0.5 0.5 0.5 1.6
Pb 23 20 8 35 5 14 11 29 9
Th 2.1 1.7 0.9 5.7 1.5 3 2 34 3.4
U 0.5 0.6 0.3 0.4 0.6 0.9 0.7 1 0.9
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Table 1. (Continued). Results of chemical analyses of the major oxides (in wt %) and trace element (ppm) composition of

volcanic rocks in the south of Shahrab.

Rock Type Andesite Rhyolite
Sample No.  Mf-14 Mf£-17 Kf-11 Kf-1 Kf-2 Kf- 20 Kf- 14 Kf-26 Kf-24 Kf-25 Kf-19
Position X 653091 653480 662747 657755 657750 670663 667990 671845 671171 671835 670720
Y 3666062 3666918 3672959 3667165 3667319 | 3670241 3670281 3669031 3670108 3669011 3670261
SiO2 57.63 57.93 59.94 60.83 62.14 75.01 75.84 76.41 77.53 80.09 81.44
TiOz 0.97 1.29 1.32 0.8 1.02 0.19 0.2 0.11 0.13 0.12 0.13
ALOs 15.17 15.22 14.92 15.65 14.86 11.51 11.95 11.5 10.88 10.76 10.38
Fe O3 8.32 9.68 8.31 6.29 6.69 1.01 0.84 1.05 0.91 1.21 0.58
MnO 0.45 0.31 0.37 0.26 0.34 0.03 0.03 0.11 0.04 0.06 0.03
MgO 4.2 2.33 3.07 4.15 2.53 0.42 0.65 0.37 0.25 0.26 0.29
CaO 8.28 6.61 6.67 6.64 5.1 2.14 1.78 2.41 2.01 1.65 1.24
Na,O 1.75 1.62 2.18 1.72 2.18 0.74 3.07 1.38 0.34 2.31 1.09
K20 1.29 2.69 1.29 1.96 1.93 4.9 3.37 3.9 3.59 2.25 3.15
P20s 0.22 0.46 0.4 0.33 0.41 0.05 0.08 <0.05 <0.05 <0.05 <0.05
LOI 1.55 1.66 1.46 1.31 2.47 3.72 1.96 2.46 4.2 1.1 1.58
Total 100 100 100 100 99.9 99.98 100 99.99 100 99.96 100
Sc 32.3 22.8 31.9 22.1 22.8 3.7 4 3.6 3.9 3.9 3.1
v 274 231 280 176 210 11 11 8 <1 <1 <1
Cr 45 31 21 76 13 13 12 6 6 12 3
Co 26.5 17.2 20.9 21.5 18.2 1.9 2.1 1.6 1.1 1.2 1.2
Ni 18 15 9 27 8 2 2 4 2 4 4
Cu 34 12 69 4 59 76 7 8 9 3 96
Zn 96 73 95 62 94 58 37 80 69 21 6
As 5.5 10.7 5 6 11.7 33 2.9 7.1 6.9 8.9 6.9
Rb 99 96 98 87 96 114 96 105 95 98 126
Sr 406 347 393.8 485.2 836.3 112.6 90.2 125.2 41.7 102.4 139.5
Y 21.8 25.6 29.3 19.8 29.6 14.6 16.6 164 13.5 18.6 14.8
Zr 90 121 133 123 135 67 77 66 66 72 60
Nb 54 7.4 7.4 9.8 8.2 12.9 15.6 114 13.9 11 11.7
Ag 0.4 0.2 0.5 0.5 0.6 0.2 <0.1 0.3 0.3 0.1 0.5
Sn 1.6 2 0.9 0.7 1.5 1.7 2 0.8 1.5 1.3 0.9
Cs 2 3.8 <0.5 0.8 2 4.2 2.8 3.1 4.9 1.4 2.3
Ba 442 670 278 472 459 623 391 370 394 580 551
La 11 17 16 21 26 20 28 24 27 23 22
Ce 28 41 36 42 54 40 56 43 46 45 40
Pr 3.52 4.86 4.51 4.33 5.92 3.45 4.48 4.23 4.55 4.35 3.66
Nd 19.1 22.5 18.3 16.8 22.7 11.6 15.4 14 14.4 14.2 11
Sm 33 5.4 4.1 3.1 4.7 2.1 2.9 2.4 2.4 2.5 1.9
Eu 1.13 1.47 1.3 0.87 1.32 0.19 0.47 0.16 <0.1 <0.1 0.19
Gd 3.56 4.8 4.93 4.21 5.01 2.58 3.03 2.92 2.45 2.83 2.24
Tb 0.7 0.9 0.8 0.6 0.8 0.2 0.3 0.5 0.4 0.5 0.3
Dy 4.4 5.5 6.1 3.8 5.9 2.3 2.5 3.1 2.5 3.3 2.1
Er 2.5 3 34 2.5 3.3 1.5 1.7 2 1.7 2.2 1.8
Tm 0.4 0.5 0.3 0.2 0.3 0.2 0.2 0.3 0.2 0.2 0.2
Yb 2.66 2.78 3.51 2.39 3.17 1.57 1.85 1.85 1.58 2.01 1.34
Lu 0.4 0.5 0.5 0.3 0.5 0.3 0.3 0.4 0.3 0.3 0.3
Hf 2.4 3.4 3.7 3.2 4 2.2 2.4 2.7 2.6 2.7 2.7
Ta 1.3 0.6 0.8 1 0.8 1.2 1.2 1.6 2.3 1.3 1.2
Pb 3 45 9 6 11 <1 <l 17 14 7 13
Th 3.5 4.4 1.8 3.2 6.4 9.9 10.2 8.2 9.2 8.7 7.9
U 1.1 1.4 0.8 1 1.7 1.5 1.1 2.1 1.9 2.3 2
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Fig. 3. Microphotographs of volcanic rocks in the south of Shahrab; a) Porphyritic texture with microlithic groundmass in the andesite
sample; b) Glomeroporphyritic texture of clinopyroxene mineral in basaltic andesite rocks (XPL); c) Sieve texture of plagioclase
phenocryst (XPL); d) Clinopyroxene phenocryst altered to chlorite in the andesite sample (XPL); e) Clinopyroxene mineral altered
to epidote in basaltic andesite (XPL); f) porphyritic texture of quartz phenocrysts in fine-grained groundmass in the rhyolite rock
(XPL); g) Phenocrysts of plagioclase and k-feldspar in a rhyolite rock (XPL); h) Biotite and plagioclase minerals in the rhyolite rock
(XPL). (Mineral abbreviations: Ep: epidote; Cpx: clinopyroxene; Pl: plagioclase; Chl: Chlorite; Qz: quartz; Bt: biotite; Kfs: k-
feldspar; Opq: opaque (Withney and Evans, 2010).
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are as Figure 4).
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Abstract

The study area is located in northwestern Nain (western central Iran), Isfahan province. The dominant
igneous rocks in this locality comprise Tertiary volcanic units including basaltic andesite, andesite, and
rhyolite, accompanied by pyroclastic deposits composed of tuff and ignimbrite. The presence of
enriched large-ion lithophile elements (LILE) and light rare earth elements (LREE), and depleted high-
field-strength elements (HFSE) in these rocks suggests a magmatic setting related to volcanic arc
subduction. Petrological and geochemical investigations indicate that processes such as fractional
crystallization (fractionations of plagioclase and, to a lesser extent, clinopyroxene), magma mixing,
assimilation, and contamination play a significant role in the evolution of magmas in this area. The
depletion in elements such as Nb, Ti, Ta, and Zr, as well as the low Ce/Pb and Nb/U ratios, along with
high Ba/Nb and La/Nb ratios, are consistent with the effects of crustal contamination on the magmas.
According to the geochemical findings, the primary magmas responsible for the volcanic rocks in the
southern Shahrab area are most likely derived from the partial melting of the lithospheric mantle, which
has been influenced by fluids derived from the subducted oceanic crust. During the ascent to shallower
crustal levels and subsequent emplacement in a magmatic chamber before an eruption, these primary
magmas interacted with basaltic magmas, resulting in the formation of various types of rocks in the area
through fractional crystallization, assimilation, and contamination processes.

Keywords: Magmatic Evolution, Crustal Contamination, Lithospheric mantle, Volcanic Rocks, Central

Iran.

Introduction

Subduction-related magmatic activities are
evident in Central Iran and the Urumieh —
Dokhtar magmatic arc. These activities in the
Urumieh — Dokhtar magmatic arc result from
the subduction of the Neo-Tethys oceanic
lithosphere beneath the Iranian Plate. during
the Eocene, Oligocene—Pliocene, and Plio-
Quaternary periods. Encompassing the most
significant volcanic outcrops along this belt,
Eocene magmatism involves a combination of
complexes ranging from basic to acidic. The
Shahrab volcanic rocks (northwest Nain) are
part of the extensive Eocene evolutions in the
middle segment of the Urumieh-Dokhtar belt
along the western part of Central Iran. Despite
numerous studies on the magmatic rocks in the
Shahrab, the origin and geotectonic evolution
of these rocks remain unidentified. Therefore,
this article presents new field observations and

whole-rock geochemical data on the southern
Shahrab volcanic rocks. The primary aim of
this research is to investigate the roles of
fractional crystallization, magma mixing, and
crustal contamination in the formation of south
Shahrab (NW  Nain) volcanic  rocks.
Accordingly, efforts were made to explore the
genetic correlation and the processes affecting
the evolution of the magmas comprising these
rocks through field surveys, petrologic studies,
and whole-rock analyses.

Regional Geology

The study area is 50 km northwest of Nain and
within the central part of the Urumieh-Dokhtar
magmatic belt (UDMA). South of Shahrab
(NW Nain), many outcrops of Tertiary
volcanic lavas and pyroclastic deposits exist. In
this area, the volcanic units are basic to acidic
combination from the Eocene to Oligocene and
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pyroclastic rocks with the nature of tuff,
breccia, and ignimbrite, which in low altitude
areas are overlain by a sequence of sediments
containing Quaternary alluvium.

Materials and methods

In this study, after the preparation of thin
sections and petrographic and mineralogical
investigations of these units, 20 volcanic
samples have been analyzed by the ICP-MS
method for major and trace elements.

Petrography

Microscopic examinations reveal that the
volcanic rocks in the south of Shahrab display
a porphyritic texture with a microlithic
intergranular  glomeroporphyritic ~ matrix.
Mineralogically, these rocks are mainly
composed of plagioclase, clinopyroxene,
quartz, k-feldspar, biotite, and secondary
(calcite, chlorite, and epidote) and opaque
minerals.

Results and Discussion

Based on the geochemical data, the volcanic
rocks with have a calc-alkaline nature which is
consistent with the features of volcanic arcs in
the subduction zone of the active continental
margin. The primitive mantle-normalized
elements diagram indicates patterns of
enrichment in Large Ion Lithophile Elements
(LILE) (e.g., Ba, K, Rb), REE, and depletion
of high stability field elements (HFSE) (e.g.,
Nb, Ti, Zr), consistent with typical subduction
zone-related magmas.

In the Dy/Yb versus Dy diagram (Gao et al.,
2007), the Dy/Yb ratio subtly changes with
increasing Dy, following trends associated
with  partial melting and fractional
crystallization. Petrographic and geochemical
evidence supports fractional crystallization,
particularly of plagioclase and, to a lesser
extent, clinopyroxene minerals in the studied
volcanic lavas. Geochemical characteristics,
such as the increasing trend of the Nb/Zr ratio
versus Nb (Soesoo, 2000), indicate magma
mixing in the volcanic rocks of the study area.

The observed enrichment in LILEs and
LREEs, coupled with relative depletion in
HFSEs and HREEs, implies the influence of
subduction and crustal contamination
processes. Additional indicators of crustal
contamination include elemental ratios like
Ce/Pb (0.91 — 8), Nb/U (4.35 — 21.75), and
Nb/La (026 - 0.77). The available
geochemical data for the study area highlight
the significant and simultaneous roles of
fractional crystallization, crustal
contamination, and magma mixing in the
magmatic evolution of the south Shahrab
volcanic rocks. This magmatism is attributed to
the subduction of the Neo-Tethys oceanic
lithosphere beneath the central Iranian plate,
resulting in substantial magmatic activity
during the Eocene and after that.

Conclusion

The current research findings reveal that the
south of Shahrab (northwest Nain) volcanic
rocks encompass intermediate and acidic
species, including basaltic andesite, andesite,
and calc-alkaline-originated rhyolite. Through
field observations, petrological evidence,
geochemical data, and bivariate diagrams, a
genetic correlation, common source, and
significant roles of fractional crystallization,
magma mixing, assimilation, and crustal
contamination emerge in the evolution of the
magma constituting the south Shahrab rocks.
The geochemical characteristics suggest that
intermediate volcanic rocks in the area result
from mixing with magma derived from the
mantle and lower crust, contaminated by
crustal materials during upwelling. Concerning
the formation of acidic rocks, it is proposed
that the upward migration of mafic magma,
generated by the partial melting of the mantle,
accumulates in the crust. The ensuing heat
leads to the partial melting of the crust, forming
acidic magma. As the basic magma upwelling
through the crust and interacts with the acidic
magma, a diverse range of intermediate rocks
is produced in the region.



