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            Abstract
It is now well established that oceanic plates sink into the lower mantle at subduction zones, but the reverse process of replacing lost upper-mantle material is not well constrained. Even whether the return flow is strongly localized as narrow upwellings or more broadly distributed remains uncertain. Here we show that the distribution of long-lived radiogenic isotopes along the world’s mid-ocean ridges can be used to map geochemical domains, which reflect contrasting refilling modes of the upper mantle. New hafnium isotopic data along the Southwest Indian Ridge delineate a sharp transition between an Indian province with a strong lower-mantle isotopic flavour and a South Atlantic province contaminated by advection of upper-mantle material beneath the lithospheric roots of the Archaean African craton. The upper mantle of both domains appears to be refilled through the seismically defined anomaly underlying South Africa and the Afar plume. Because of the viscous drag exerted by the continental keels, refilling of the upper mantle in the Atlantic and Indian domains appears to be slow and confined to localized upwellings. By contrast, in the unencumbered Pacific domain, upwellings seem comparatively much wider and more rapid.
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                    Figure 1: 
Isotopic characteristics of SWIR lavas compared to those of other MORB from the Indian, Pacific, South Atlantic and North Atlantic oceans.
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Figure 2: 
Variations of 
176
Hf/
177
Hf, 
143
Nd/
144
Nd, 
87
Sr/
86
Sr, 
R
C
 and 
206
Pb/
204
Pb along the ridge axis from the North Atlantic to Juan de Fuca.
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Figure 3: 
Spectra of the isotopic signals.
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Figure 4: 
Map view of the plate- and density-driven flow field at the base of the asthenosphere adapted from figure 7 of ref. 14 with permission.
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