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            Abstract
Viscous convection within the mantle is linked to tectonic plate motions1,2,3 and deforms Earthâ€™s surface across wide areas4,5,6. Such close links between surface geology and deep mantle dynamics presumably operated throughout Earthâ€™s history, but are difficult to investigate for past times because the history of mantle flow is poorly known7. Here we show that the time dependence of global-scale mantle flow can be deduced from the net behaviour of surface plate motions. In particular, we tracked the geographic locations of net convergence and divergence for harmonic degrees 1 and 2 by computing the dipole and quadrupole moments of plate motions from tectonic reconstructions8,9 extended back to the early Mesozoic era. For present-day plate motions, we find dipole convergence in eastern Asia and quadrupole divergence in both central Africa and the central Pacific. These orientations are nearly identical to the dipole and quadrupole orientations of underlying mantle flow, which indicates that these â€˜net characteristicsâ€™ of plate motions reveal deeper flow patterns. The positions of quadrupole divergence have not moved significantly during the past 250 million years, which suggests long-term stability of mantle upwelling beneath Africa and the Pacific Ocean. These upwelling locations are positioned above two compositionally and seismologically distinct10 regions of the lowermost mantle, which may organize global mantle flow11 as they remain stationary over geologic time12.
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                    Figure 1: Definitions of net characteristics.[image: ]


Figure 2: Association of plate tectonic net characteristics with those of underlying mantle flow.[image: ]


Figure 3: Temporal evolution of plate tectonic net characteristics.[image: ]
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        Editorial Summary
Mantle stability underlies geological turbulence
Earth's long history of intense geological activity â€” mountain building and plate tectonic motion included â€” is correlated with viscous flow of the underlying mantle. Clinton Conrad and co-authors show here that despite their apparent complexity, the 'net characteristics' of plate tectonics reflect simple and steady large-scale patterns of viscous flow within the underlying mantle. They tracked the geographic locations of net convergence and divergence from tectonic reconstructions covering the past 250 million years, and found that the positions of divergence have not moved significantly and are found above two large upwellings, beneath Africa and the Pacific Ocean. The authors conclude that these lowermost mantle regions may have remained relatively stationary over geological time and thereby organized global mantle flow.
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