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Figure 1 (Color online) Locations of large igneous provinces during their eruption revealed from paleogeographic reconstructions. Large igneous
provinces in the age of 200-80 Ma are mainly located in the south hemisphere. Data of large low-shear-velocity provinces (LLSVP) are from Ref. [32].
Data of large igneous provinces (LIPs) are from Ref. [31]. Locations of SR and HR are based on the new reconstruction of the Pacific Ocean [33]. CRB:
Columbia River Basalts (15 Ma), Afar: 31 Ma, NAIP: North Atlantic Igneous Province (61 Ma)m], Réunion: 65 Ma, SLR: Sierra Leone Rise (73 Ma),
Ma: Madagascar (87 Ma), Marion: 90 Ma, BR: Broken Ridge (95 Ma), HR: Hess Rise (100 Ma), CKP: Central Kerguelen Plateau (100 Ma), AP:
Agulhas Plateau (100 Ma), NB: Nauru Basalts (111 Ma), SKP: South Kerguelen Plateau (114 Ma), RT: Rajhmahal Traps (118 Ma), MR1: Magellan Rise
(121 Ma), OJN: Ontong Java Nui (123 Ma), WP: Wallaby Plateau (124 Ma), MR2: Maud Rise (125 Ma), BB: Bunbury Basalts (132 Ma), PE: Parana-
Etendeka (134 Ma), Ga: Gascoyne (136 Ma), SR: Shatsky Rise (144 Ma), AM: Argo Margin (155 Ma), Ka: Karroo (183 Ma), CAMP: Central Atlantic
Magmatic Province (201 Ma), ST: Siberian Traps (252 Ma), ELIP: Emeishan Large Igneous Province (260 Ma), Panjal Trap: ~290 Ma, SC: Skagerrak
Centred (297 Ma), Ya: Yakutsk (360 Ma), AS: Altay-Sayan (400 Ma), Ka: Kalkarindji (510 Ma)
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Figure 2 (Color online) Model of mantle plume induced large igneous province eruption and ridge jump
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Figure 3 (Color online) Late Cretaceous paleogeographic reconstruction (100 Ma) shows double subduction system in the Neo-Tethys Ocean. In the
Late Cretaceous, continental marginal arc was situated along the southern margin of the Eurasia continent, and an intra-oceanic arc was located along the
Kosistan-West Burma near the equator. For emphasizing the Neo-Tethys Ocean located mainly in the middle-low latitude, we use 3D orthographic

projection
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Geodynamics of the one-way subduction of the Neo-Tethys
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The one-way northward subduction of the Neo-Tethys Ocean involves two essential processes: Persistent rift of blocks
from northern margin of Gondwanaland and subduction initiation after collision of drifted blocks of the Eurasian continent.
Therefore, uncovering the mechanism of the two processes is a key target to decipher the geodynamics of the one-way
subduction of the Neo-Tethys Ocean. From a compilation of large igneous provinces (LIPs), we find that plume related
Mesozoic LIPs are mainly distributed in the southern hemisphere, indicating higher southern hemisphere mantle
temperature than that of the northern hemisphere. The high mantle temperature can be ascribed to the existence of the Tuzo
large low-shear-velocity province (LLSVP) beneath the Gondwanaland. The Tuzo LLSVP resulted in upwelling of mantle
plumes of different ages, leading to uplift and rupture of overlying lithosphere that induced the continuous rifting of blocks
from the northern margin of Gondwanaland. With the northward subduction of the oceanic slab, the rifted blocks drifted
northward away from Gondwanaland. Hemispheric mantle temperature difference also induced northward transfer of
plume head magma to mid-ocean ridges. Under exceptional circumstances, the interaction between plume head magma and
mid-ocean ridges can block the ridges and lead to ridge jumps, forming new mid-ocean ridges, which can promote the
expansion of the Neo-Tethys Ocean and northward drift of rifted blocks. For subduction initiation along the new southern
margin of the Eurasian continent, after closure of the Paleo-Tethys Ocean, the drag force from the still on-going subduction
of subducted Paleo-Tethys oceanic slab and push force from Neo-Tethys mid-ocean ridge led to stress accumulation that
induced rupture of the Neo-Tethys slab in the ocean-continent transition zone along the northern margin of the Neo-Tethys
Ocean, which is the weakest region for slab rupture. Meanwhile, the southern margin of the Eurasian continent experienced
multistage orogenic events during the Phanerozoic, where water-rich minerals such as hornblende and serpentine were
formed in the upper mantle beneath the orogenic belts. Due to the limited size of the Cimmerian blocks, after the Paleo-
Tethys orogenesis, break off the Paleo-Tethys oceanic slab resulted in increased mantle water content beneath the
Cimmerian blocks and decreasing of viscosity, which favored subduction initiation along the northern margin of the Neo-
Tethys Ocean. We propose that the one-way subduction of the Neo-Tethys Ocean was controlled by two factors: (1)
Hemispheric mantle temperature difference causing upwelling of mantle plumes of different ages, leading to persistent
rifting of blocks from Gondwanaland, and (2) high-water content of the southern Eurasian lithosphere and stress
accumulation induced slab rupture in the ocean-continent transition zone, facilitating the subduction initiation along the
southern margin of the Eurasian continent. The main driving force that maintained continuous northward subduction of the
Neo-Tethys oceanic slab is the negative buoyancy of subducting oceanic slabs. Furthermore, high mantle temperature in the
southern hemisphere during the Mesozoic and the pushing force from mid-oceanic ridge can be considered as subordinate
driving forces contributing to the one-way northward subduction of the Neo-Tethys Ocean.

Neo-Tethys Ocean, one-way subduction, subduction initiation, hemispheric mantle temperature difference, water-
rich lithosphere along southern margin of Eurasia continent
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