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Given the wealth and complexity of current plate reconstructions, a simple yet general method-
ology to compare them in relation to their global scale predicted geodynamics could be of great
help revising them to improve their fit with the present structure of the mantle and with geolog-
ical observations. The main drivers of large-scale mantle flow and plate tectonics are considered
to be the pull and suction forces associated to cold material sinking into the mantle [1]. As the
geometry and the density contrast of subducting slabs are the primary factors determining such
force, tectonic dynamics and mantle flow has been inferred with reasonable accuracy from the
history of subduction based on kinematic reconstructions. The resulting dynamics predicted from
a simple subduction history model of the lithosphere could provide such an effective quality metric
for reconstructions, and serve as a guide on the exploration of mantle flow itself.

We present a new methodology to build global subduction history models from plate reconstruc-
tions and infer a global estimation of their associated geodynamic behavior. The shape of mantle
density heterogeneities is built by assuming that slabs sink in the upper mantle with a speed re-
lated to the convergence rate between subducting and overriding plates and move tangentially on
the globe following the absolute Euler rotation of the subducting plate. Lithospheric thickness is
derived from oceanic age using the GDH1 thermal model [2].

We show that the resulting subduction history model where slabs are advected into the mantle
according to the absolute and relative plate motions given by the reference [3], provide a better fit
with the present day slab dips observed in mantle tomography than with instantaneous kinematic
quantities like present convergence rate on the same model.

By assuming a simple rheological model of the lithosphere, we used the Boundary Element Method-
based software BEMEarth [4] to infer the global pattern of mantle flow. Predicted plate motion
orientations for varying rheologies and mantle structures at the present day and mid-Cretaceous [5]
were compared with the kinematic model, and found to be an indicator of the physical consistency
of kinematic reconstructions.

The predicted motion of the Farallon plate during the Early Cretaceous, was selected as an exam-
ple case in which the predicted motion was found to be more consistent with the regional geology
of the Western North American Cordillera system than the instantaneous motion suggested by a
reconstruction at 125 Ma based on sparse hotspot track data on the Pacific Plate. This suggests
that a methodology based on forward geodynamic modeling could be used to predict absolute plate
motions in reconstructions when observations constraining them are insufficient.
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Figure 1: Right: A global lithospheric model of the present day tectonic setup with inferred
oceanic thickness. Left: Detail of subduction of Nazca beneath South America (red).
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Figure 2: Predicted (red) vs observed (black) global kinematics for the present (left) and 125Ma
(right).



