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The paleo-distribution of density variations throughout the mantle is unknown. To address this question, we re-
construct 3-D mantle structure over the Cenozoic era using a data assimilation method that implements a new
back-and-forth nudging algorithm. For this purpose, we employ convection models for a compressible and self-
gravitating mantle that employ 3-D mantle structure derived from joint seismic-geodynamic tomography as a start-
ing condition. These convection models are then integrated backwards in time and are required to match geologic
estimates of past plate motions derived from marine magnetic data. Our implementation of the nudging algorithm
limits the difference between a reconstruction (backward-in-time solution) and a prediction (forward-in-time solu-
tion) on over a sequence of 5-million-year time windows that span the Cenozoic. We find that forward integration
of reconstructed mantle heterogeneity that is constrained to match past plate motions delivers relatively poor fits
to the seismic-tomographic inference of present-day mantle heterogeneity in the upper mantle. We suggest that
uncertainties in the past plate motions, related for example to plate reorganization episodes, could partly contribute
to the poor match between predicted and observed present-day heterogeneity. We propose that convection models
that allow tectonic plates to evolve freely in accord with the buoyancy forces and rheological structure in the mantle
could provide additional constraints on geologic estimates of paleo-configurations of the major tectonic plates.


