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Control of mantle potential temperature on plume-lid interaction and
implications for the earliest continental crust.
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It is usually assumed that the Archean upper mantle was hotter than the modern-day mantle (ATp ~ 200°C).
Estimate span from 1400- 1600 °C [1][2] and featured a high variability within the same age. These discrep-
ancies have significant implications on the dynamics of the system and on continental crust forming processes,
the bulk of which was produced during Archean. The earliest continental crust is mainly formed by Tonalite-
Trondhjemite-Granodiorite suites (TTGs), which is widely accepted to be the product of hydrous meta-basalt
partial melting. However, there is still no consensus on the geodynamic processes that created continental crust.
TTGs melts required to be generated at high pressures. These conditions could be reached in an arc-related geo-
dynamic setting or at the bottom of an evolving oceanic plateau. It is not clear if oceanic arcs were widespread
during the Archean, while there is strong evidence that oceanic plateaus were more widespread than nowadays[3].
However, the effects of different Tp on the dynamics of plume-lid interactions and on continental crust produc-
tion are not explored. Since the upper mantle Tp estimations vary, we here explore the effect of different upper
mantle thermal states on plume-lid dynamics. We combine state-of-the-art thermodynamic models, with the 3D
numerical code LaMEM. We performed systematic 2D and 3D simulations, assuming an initial small and short-
lived mantle plume (T,=1600°C, r=150-200 km) and explore the effect of T, initial lithospheric thickness and
melt extraction parameters. Our results suggest that at higher Tp (>1450 °C) even a short-lived mantle plume
can potentially trigger a large-scale delamination of the whole lithosphere, inducing an enhanced production of
continental crust. Meanwhile at lower T p, the stability of the lithosphere is a function of its initial thickness, the
amount of radiogenic heating and the convective Rayleigh number of the upper mantle. In the latter scenario, the
amount of continental crust produced is limited, and is mainly concentrated around the rims of the plume. In most
experiments, the oceanic plateau gravitationally collapses, while the old oceanic crust is over-thrusted at its rim.
There are differences between 2D and 3D experiments, particularly with respect to the pressure at which melting
occurs that produces continental crust. 3D experiments feature a consistent lower pressure, while in 2D models the
conditions are more variable and shifted towards higher pressures. Both 2D and 3D experiments show a decrease
of Tpas a result of dripping, which affects the final thickness of newly generated crust. Our results show that Tp
exerts a strong control on the dynamics of the system and on TTGs formation.
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