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Abstract

The Kamyaran ophiolites, with the age of Late Cretaceous, are a part of the Iranian Mesozoic
ophiolites, which are exposed in the SW of Zagros Main Thrust fault. This massif is bordered at the
NE by the Sanandaj-Sirjan metamorphic rocks and at the SW by the Bisotun limestones and
Kermanshah radiolarites and then by the Zagros Fold-Thrust Belt. The Kamyaran ophiolite is made of

the mantle and crustal sequences. The crustal sequence is distinguished by pillow lavas, sheeted dike
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complex, and lava flows. The positive LILE anomalies with HFSE depletion confirm their arc-related
affinity. The geochemistry signatures of sheeted dikes show that these rocks have two different

patterns. The REE pattern in some of the sheeted dikes, pillow and flow lava samples show patterns
similar to the trends of these elements in the E-MORB. The positive LREE and LILE anomalies with
the depletions of the HFSE suggest the calc-alkalic tendency and subduction-related affinity for these
rocks, however, dacitic dikes with the flat REE pattern, LILE enrichment, and HFSE depletions have
the Island-arc tholeiites affinity. The similarity of element ratios in all the samples may suggest that

these rocks have the same magma source, and the tectonic environment of the ophiolitic rocks can be
correlated with the intraoceanic subduction environment.

Keywords: Kamyaran ophiolite, pillow lavas, sheeted dikes, island-arc tholeiites, calc-alkaline affinity.
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Table 1. Results of whole-rock chemical analysis of volcanic rock from Kamyaran ophiolite by the
methods of ICP-MS and ICP-AES
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Figure 1. Geological map of Kamyaran ophiolite with changes from 1: 25000000 geological map of
Kermanshah (Aghanabati, 1978). The study area is marked by dotted frame.
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Figure 2. Field images of pillow and flow basalts along the village of Kharra and Sartakht, a) Pillow
lavas covered with flow basalt, b) Plagiogranite veins in basalts, c) Infiltration of felsic dykes into mafic
dykes, d) Plagiogranite lens inside sheeted dykes.
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Figure 3. a) Sequence of pillow lavas on turbidite/tuffs and sandstone/lavas in the shotormel village
route, b) pelagic limestone between pillow lavas, stratigraphy column of sheeted dykes in the west of
Kharra village, in the image, the infiltration of repeated dykes is well visible, ¢) Sequence of rock units
near Siah Pareh village, in this area, the volcanic sequence has a considerable width and thickness and is
composed of pillow lava and basaltic flows.
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Figure 4. Images of microscopic thin sections of pillow lavas (a, b & ¢), flow basalts (d), andesitic basalts
(e), andesitic dykes (f), diabase dykes (g & h) and microdiorite dykes (i) crustal sequence of Kamyaran
ophiolite, a) Calcite-filled cams in a field of columnar and elongated plagioclase crystals and opaque
minerals, b) The long columnar phenocrysts of plagioclase are altered, between which they are filled with
opaque and pyroxene minerals, c) Porphyry texture with glass microlithic matrix, d) Pseudomorphic
clinopyroxene phenocrysts in the field of pyroxenes, altered microcrystalline plagioclase and oriented
opaque minerals (porphyry texture with flowing microlithic matrix), Microcrystallization and formation
of porphyric texture with intergranular matrix, large plagioclase crystals are fractured due to the applied
stress, g) Susoritic plagioclase phenocrysts and epidotes due to plagioclase alteration, formation of
intergranular texture in diabase dykes, h) Pseudomorphic plagioclase crystal with reaction margin, with
inclusions of pyroxene in microcrystalline matrix (porphyry texture with glass microlithic matrix) in

microdiorite dyke. All pictures are taken in XPL light. Plg: plagioclase, Cpx: clinopyroxene, Ca: calcite.
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Figure 5. Chemical classification and determination of magmatic series of Kamyaran ophiolite crustal
rocks. a) Chart of Na20 + K20 versus SiO2 (Le Bas et al., 1986), b) Nb/Y diagram versus Zr/TiO2
(Winchester & Floyd, 1977), ¢c) AFM ternary diagram (lrvine & Baragar, 1971), d) Th vs. Co diagram
(Hastite et al., 2007).
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Figure 10. Schematic model (without scale) and a proposal for the evolution and formation of
Kermanshah ophiolite in Kamyaran region (Moradpour, 2017). With a little change.
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Introduction

Ophiolites of the Zagros orogenic belt are part of the Tethys ophiolites, because of their
geographical locations and link the Middle East ophiolites and other Asian ophiolites (e.g.
Pakistani and Tibetan) to the Mediterranean ophiolites (e.g. Troodos, Greek and East European).
The Kermanshah ophiolitic complex has preserved geodynamic evolution of the southern part of
the Neotethys Ocean between the Arabian shield and the Sanandaj-Sirjan block. The
Kermanshah ophiolite extends as a belt with approximately 230 km length and 30-30 km width
along the Zagros Main Thrust and is part of the Kermanshah-Penjween ophiolitic belt. This
complex consists of two separate zones. The first is Harsin-Sahneh complex. in the southeast
and the second is a volcanic zone which is widely exposed alongside the Noorabad road from
east of Sahneh to north of Kamyaran (Allahyari et al., 2010; Whitechurch et al., 2013).
Kamyaran ophiolite is a part of Kermanshah ophiolite and it is a sign of Neo-Tethys closure and
subsequent collision between Arabian plate and Central Iran micro-plate. The complex consists
of several over thrust sheets composed of Paleocene-Middle Eocene brecciated serpentinites and
lava flows with intercalations of sedimentary rocks (Braud, 1987; Shahidi and Nazari, 1997;
Whitechurch et al., 2013). In Kamyaran area, most of the researches have been focused on the
northeastern part (Sudi Ajirlo et al., 2017; Veisinia et al., 2018). In this research work we have
focused on the northern part which has not been yet studied in details. In this paper geology,
petrography and geochemistry of the pillow lavas and sheeted dikes as a crustal sequence of
Kamyaran ophiolitic complex is discussed. Field relationships and geochemical evidence
indicate that involved ophiolites were part of a rifted basin at the ocean-continent transition
zone, which formed in the south of the Neo-Tethyan Ocean.

Material and methods

During the field work various pillow lavas, sheeted dikes and related rocks were sampled.
Thin sections were prepared from the taken samples and they were studied by petrographic
microscope. Basis on the petrography studies, 21 samples were selected and powdered in agate
mill (in the Shahid Beheshti University) for geochemical analyses. About 100 grams of powder
from each sample was sent to the laboratory to be analyzed. Major and minor elements were
analyzed by ICP-AES while rare earth elements and some trace elements like Pb, Th, U, Rb and
so on were carried out using inductively coupled plasma atomic emission spectrometry (ICP-
AES) and ICP mass spectrometry at the Centre de Geochimie de la Surface, Strasbourg
(France). Finally, computer software was used to draw the diagrams and the paper was written.
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Results and discussion

Geochemical studies on the volcanic rocks of the ophiolitic complexes in the Zagros range
reveal that most of the Zagros ophiolites have been formed in an island arc setting (Ghazi and
Hassanipak, 1999; Babaie et al., 2001). Desmons and Beccaluva (1983) were also reported
tholeiitic dikes from Kermanshah ophiolite which have been formed in an island arc tectonic
setting. The positive LILE anomalies with HFSE depletion confirm their arc-related affinity.
The geochemistry signatures of sheeted dikes show that these rocks have two different patterns.
The REE pattern in some of the sheeted dikes, pillow and flow lava samples show patterns
similar to the trends of these elements in the E-MORB. The positive LREE and LILE anomalies
with the depletions of the HFSE suggest the calc-alkalic tendency and subduction-related
affinity for these rocks; however, dacitic dikes with the flat REE pattern, LILE enrichment, and
HFSE depletions have the Island-arc tholeiitic affinity. The similarity of element ratios in all the
samples may suggest that these rocks have the same magma source, and the tectonic
environment of the ophiolitic rocks can be correlated with the interaoceanic subduction
environment. According to these studies, an immature island arc was developed in the ocean
due to an intra-oceanic subduction before its closure.

Conclusions

Based on the petrography and geochemical studies pillow lavas and sheeted dikes of
Kamyaran ophiolitic complex belong to tholeiitic and calc-alkaline series. The tholeiitic rocks
are products of low pressure partial melting of the upper mantle at shallow depth while the calc-
alkaline rocks originated from the deeper part of upper mantle and partial melting have taken
place under the higher pressure. According to the geochemical results the study ophiolite is a
part of oceanic crust located in a transitional zone between the ocean and the continent which
has undergone rifting at the vicinity of Neo-Tethys. The break-off of Neo-Tethyan slab and
subduction of this slab beneath the oceanic lithosphere during Cretaceous led to the cessation of
the Neo-Tethyan subduction beneath the Sanandaj-Sirjan block, and forming arc-back arc basin
and related rocks in the Kamyaran ophiolite. The study pillow lavas and sheeted dikes are
formed in a marginal basin and show characteristics of suprasubduction ophiolites.
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