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A summary of distribution and evaluation of Iranian ophiolitic belts
Iranian ophiolitic belts formed during the opening and closure of the Paleotethys and Neotethys oceans, during Paleozoic and Mesozoic ages. Palaeotethys ocean was opened in the Paleozoic (Ordovician-Silurian) and closed in the Upper Triassic during northward subduction of Paleotethys (Stampfli and Borel, 2004) between Gondwana and southwestern Eurasia in north of Iran. Paleozoic ophiolites can also formed in Turkey, Lesser Caucasus, Turkmenistan, Afghanistan as well as Tibet. Paleozoic ophiolites in Iran are including Aghdarband (383-380 Ma; Middle to Late Devonian), Mashhad (288-282 Ma; Early Permian), Rasht (382-330 Ma; Late Devonian), Jandagh-Anarak (Late Devonian to Early Carboniferous) and Takab (Precambrian) ophiolites (for detailed information to Shafaii Moghadam and Stern, 2014 and references therein) that formed along northern Palaeotethyan suture zone with E-W trending as a boundary between the Turan (Eurasia) block and Iranian Cimmeria (Central Iranian microcontinent and Alborz blocks) (Fig. 1). Iran Paleozoic ophiolites have SSZ-, MORB- and OIB-geochemical signatures and OIB-type magmatism is a later phase. Peak of Paleozoic ophiolites in throughout word occur in the Ordovician period usually associated with rifting before the beginning true seafloor spreading (Dilek and Furnes, 2011), whereas most Iranian Paleozoic ophiolites initially formed in Devonian to Permian time, and Paleotethys ocean opening related Early Paleozoic ophiolites or Caledonian ophiolites are unknown in Iran. There is an exception for Jandagh–Anarak group 5b OIB-like basalts that formed during Ordovician rifting and formation of a continent to ocean transition (Shafaii Moghadam and Stern, 2014). They state that this absence is due to later opening of Paleotethys in Iran during Ordovician–Silurian time (subduction beginning by 380 Ma) and hence ocean floor accretion in the Silurian–Devonian. Their evidences are presence of Ediacaran–Cambrian (Cadomian) magmatism in the Central Iranian microcontinent along the northern active margin of Gondwana that proves Iran was a part of Gondwanaland at that time. Most of Iran Paleozoic ophiolites formed in the Middle Paleozoic arc magmatism and Late Paleozoic back-arc extension. As a results of subduction of Paleotethys, Late Paleozoic to Triassic magmatic arc as Silk Road Arc of Natal’in and Sengor (2005) formed along the southern margins of both the Turan and Scythian Platforms, and some location in Iran including Aghdarband-Mashhad area in northern Iran even to the Jandagh–Anarak ophiolites of central Iran (Sengor and Natalin, 1996).
Simultaneous with closure and consume of the Paleotethys Ocean beneath the southern margin of Eurasia, Neotethys began to open along the northern margin of Gondwana (Stampfli and Borel, 2002). Opening and closure of the Neotethys ocean leads to the formation of Mesozoic Neotethyan ophiolites with 7000 km long belt across southern Eurasia and can be divided into Jurassic ophiolites in the west (e.g., Dinarides and Ligurian ophiolites) with MORB geochemical signature and mostly Cretaceous ophiolites in the east, which typically show SSZ geochemical signatures (Abbate et al., 1980). Neotethys ocean opened in early Mesozoic (Triassic) between Gondwana (Arabia and India) and Cimmerian blocks (Anatolia, Iran, and Afghanistan) and finally closed after the collision with the Indian and African-Arabian plates in Upper Cretaceous-Cenozoic (Stampfli and Borel, 2002; 2004). Several small back-arc basins developed during Neotethys closure such as Sabzevar, Nain-Baft and Sistan back-arc (Bröcker et al., 2013; Pirnia et al., 2019; Kazemi et al., 2019). More than twenty ophiolitic belt with Jurassic to mostly Cretaceous age and less common early Cenozoic formed along with Neotethyan suture zone and back-arc basin (Fig. 1). The Iranian Mesozoic ophiolite belt can be subdivided into five belts based on Shafaii Moghadam and Stern (2015): 1. Late Cretaceous Zagros outer belt ophiolites along the Main Zagros Thrust including Late Cretaceous–Early Paleocene Maku, Khoy and Misho in NW Iran as well as Kermanshah–Kurdistan, Neyriz and Esfandagheh (Haji Abad) ophiolites; 2. Late Cretaceous Zagros inner belt ophiolites including Nain, Dehshir, Shahr-e-Babak, Balvard and Baft ophiolites along the Nain-Baft back-arc (Pirnia et al., 2019); 3. Late Cretaceous–Early Paleocene Sabzevar–Torbat-e-Heydarieh ophiolites of NE Iran in related to Sabzevar back-arc; 4. Early to Late Cretaceous Birjand–Nehbandan ophiolite belt in eastern Iran between the Lut and Afghan blocks; and 5. Late Jurassic–Cretaceous northern and southern Makran ophiolites of SE Iran including Kahnuj ophiolites (for detailed information to Shafaii Moghadam and Stern, 2014 and references therein). Iranian Mesozoic ophiolites are classified as passive-type margin, SSZ-type, accretionary prism-type, and volcanic-arc type with rare MORB-type ophiolites based on Dilek and Furnes (2011) classification, and most of them tectonically show supra-subduction zone to back-arc basin.
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Fig. S1. Geological map of Dar Gaz district in the middle part of the KOC and the locations of isotopes studied samples.
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Fig. S2. Major and trace element variations versus MgO of layered and isotropic gabbros from the KOC. Symbols are the same as in Fig. 5.
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Fig. S3. A and B) Cr# versus TiO2 and Mg# diagrams displaying the composition of Cr-spinels from feldspathic wehrlite are SSZ ophiolites. Data from eastern Makran and Rudan ophiolite are from Monsef et al. (2018) and Shafaii Moghadam and Stern (2015), respectively.
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