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Supplementary Text
The evolution of Neo-Tethys Ocean
The splitting up of Cimmerian terranes (mainly including Indochina, Sibumasu, South Qiangtang, Lhasa terranes, Afghan, and Central Iran) from Gondwana during Late Carboniferous to Early Permian marked the opening of the Neo-Tethys Ocean (Supplementary Fig. 1a) 1–6. The opening of the Neo-Tethys Ocean co-occurs from west to east, but each terrane has a different drift and subduction history, eventually, the Indian, Arabian, and African continents collided with the Eurasian continent (Supplementary Fig. 1b–c) 7,8.
The Eastern Tethys (Himalayas–Indochina). The Lhasa and South Qiangtang had different drifting processes, thus, there are two branches of the Neo-Tethys Ocean in this region: The Bangong-Nujiang Ocean and the Yarlung-Tsangpo Ocean in the north and south of the Lhasa terrane, respectively 9,10. The Bangong-Nujiang Ocean began to subduct southward in the Middle Permian (or earlier) and subduct northward in the Middle-Late Triassic, eventually, the Lhasa terrane diachronously collided with the South Qiangtang terrane during the latest Jurassic- Early Cretaceous (ca. 150–130 Ma, earlier in the east and later in the west), leading to the closure of Bangong-Nujiang Ocean 11. The northward subduction of the Yarlung-Tsangpo Ocean can be traced back to the Late Triassic 12. The Indian continent drifted northward and eventually collided with the Lhasa terrane and West Burma terrane in the Paleocene–Early Eocene (ca. 65~50 Ma), which led to the gradual closure of the Neo-Tethys Ocean 7,8,13–17.
The Central Tethys (Turkey, the Lesser Caucasus, Iran, western Pakistan). The initial subduction of the Neo-Tethys ocean in Turkey started in the Early Jurassic, generating Jurassic-Late Cretaceous Pontides granitoids 18,19. In the late Paleocene- Early Eocene, Anatolide-Tauride collided with Pontides along the Izmir–Ankara–Erzincan suture. Eventually, the Arabian continent collided with Anatolide-Tauride along the Bitlis-Zagros suture in the Late Eocene–Early Miocene 20,18,19. The subduction of a northern branch of the Neo-Tethys Ocean in the Lesser Caucasus region (Armenia and Azerbaijan) occurred during the Jurassic–Cretaceous, subsequently, the South Armenia block collided with Eurasia in the Late Cretaceous (73~71 Ma) or Paleocene and was followed by final Arabia-Eurasia collision during the late Eocene to early Oligocene 20,18,19. The subduction of the Neo-Tethys Ocean in Iran started in the Late Triassic- Early Jurassic and formed a large-scale magmatic arc unital the collision between Arabian and Eurasian continents during the Late Eocene–Oligocene 8,21,22. The Late Cretaceous–Late Paleocene magmas in the Chagai area of Pakistan are characterized by an oceanic island arc and then transformed to a continental arc after colliding with the Afghan plate in the Eocene-Oligocene 23,24.
The Western Tethys (Carpathians and Balkans/Southeast Europe). The subduction of the Vardar Ocean, a branch of the Neo-Tethys Ocean, started in the Early Jurassic, forming the Jurassic-Cretaceous arc magmas. The Vardar Ocean closed in the Late Cretaceous–Paleogene and then turned into a collisional setting 25–27.
Porphyry copper deposits in the Neo-Tethys domain
A compiled porphyry deposit database including deposit name, location, age, tonnages, resources, and grades are listed in Supplementary Table 1. 
There are over one hundred porphyry Cu deposits related to the Neo-Tethys evolution (Fig. 1). They are located in several ore belts/districts, including Southeast Europe, Turkey, Lesser Caucasus, Iran, Pakistan, Tibet, and Indochina (Fig. 1). According to their metallogenic ages and Tethyan evolution, porphyry Cu deposits in the Tethys domain can be classified as subduction-related and collision-related.
In Southeast Europe, major porphyry Cu deposits were formed during two periods of Cretaceous and Cenozoic magmatism. The Cretaceous porphyry deposits, dominated by Cu-Au mineralization, are related to the Neo-Tethys subduction, mainly formed at 93–83 Ma, representative by giant Bor, Majdanpek, and Veliki Krivelj in Serbia 28. The Cenozoic collision-related porphyry Cu- Au- Mo deposits mainly occurred at 36–8 Ma, such as Recsk in Hungary and Rosia Poieni in Romania 28.
Turkey developed two metallogenic belts, Pontides in the north and Anatolides in the south. The porphyry deposits in the Pontides belt are mainly Cu and Cu–Mo mineralization related to northward oceanic subduction during the Cretaceous and Paleocene, such as Derekoy, Konak and Hüyüklü 19,29,30. The porphyry deposits in the Anatolides belt are characterized by Cu–Mo–Au mineralization, such as Tepeköy Cu–Au, Kisladag Au, and Ardala Cu–Mo–Au. These deposits were formed after the collision between the Pontides and Tauride–Anatolide platform during the Paleocene–Early Eocene 18,28,30.
[bookmark: _Hlk184155645]Three metallogenic events have been recognized in the Lesser Caucasus. The Late Jurassic–Early Cretaceous porphyry Cu deposits in the Somkheto–Karabagh belt are related to the subduction of a northern branch of the Neo-Tethys Ocean, the Eocene porphyry Cu–Mo deposits are attributed to the final subduction of the southern branch of Neo-Tethys Ocean, and the Oligocene–Miocene porphyry Cu deposits are linked to post-collision magmatism 31–33.
The majority of porphyry Cu–Mo deposits in Iran are collision-related and located in the Urumieh– Dokhtar magmatic arc, also known as the Arasbaran–Kerman belt, such as giant Sungun, Meiduk and Sar Cheshmeh 21,34. The metallogenesis has consistently occurred at 28– 7 Ma 21. Only one Eocene porphyry Cu-Mo (Kal-e-kaf) has developed in Central Iran 35.
Porphyry Cu deposits in Pakistan are located in Chagai, such as Reko Diq, Saindak, and Dasht-e-Kain. They are subduction-related and formed at 24–10 Ma 23,24.
Porphyry deposits in Tibet are related to three major magmatic suites: Jurassic Xiongcun porphyry Cu–Au deposit is linked to the northward subduction of the Yarlung–Tsangpo Ocean 36. Given that the Bangong–Nujiang Ocean closed in the latest Jurassic–Early Cretaceous (ca. 150–130 Ma), porphyry Cu-Au deposits (~120 Ma) in the Bangong belt are inferred to have been generated during the collision between the Lhasa and South Qiangtang terranes rather than the oceanic subduction 11. The Cenozoic post-collision porphyry Cu deposits in Tibet are mainly developed in the Gangdese belt and Yulong belt. The metallogenic ages of Gangdese deposits are 50–13 Ma, concentrated in the Miocene, such as giant Qulong, Jiama, Zhunuo, and a series of moderate–small porphyry Cu deposits 37. Deposits in the Yulong belt are mainly formed at 43–35 Ma 37. There are also several small-sized Eocene porphyry Cu–Mo–Au deposits in the Ailaoshan-Red River belt 37.
Shangalon porphyry Cu–Au deposit in West Burma is formed in the Eocene (~39 Ma) in a collisional setting 17.
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Supplementary Fig. 1. 
Paleogeographic reconstruction 38 of the Neo-Tethyan ocean basin during the Permian, Jurassic, and Cretaceous.
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[bookmark: OLE_LINK7]Supplementary Fig. 2. 
[bookmark: OLE_LINK16]Diagrams of whole-rock 87Sr/86Sr and 143Nd/144Nd ratios versus SiO2 contents for mafic rocks from the Tethyan belt. a, Whole-rock 87Sr/86Sr versus SiO2; b, Whole-rock 143Nd/144Nd versus SiO2.
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Supplementary Fig. 3.
Variation of zircon trace element indicators of hydration and oxidation state. (A) Zircon 10000×(Eu/Eu*) /YbN variation over time, presented as binned averages with a bin size of 5 Myr; (B) The variation of ZCFI (zircon copper fertility index) over time, presented as binned averages with a bin size of 5 Myr, ZCFI = 10000 × (Eu/Eu*) /YbN + 5 Ce/√ (Ui × Ti) 39. 
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