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Hydrothermal flow at mid-ocean ridges 
influences ocean and crustal chemistry, controls 
the thermal structure of young oceanic plates, 
and forms metal-rich sulphide ore deposits. 
Nonetheless, how and under what conditions 
heat and metals are extracted from the young 
ocean floor remains unclear. Here we present 
high-resolution two- and three-dimensional 
simulations of hydrothermal flow beneath fast-
spreading ridges that predict the existence of 
two interacting flow components that merge 
to feed ridge-centred hydrothermal vent sites. 
Shallow on-axis flow structures develop owing to the thermodynamic properties of water, 
whereas deeper off-axis flow is strongly influenced by crustal permeability. 
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