
Goldschmidt Conference Abstracts 

 

926 

Plume-induced subduction 
triggered transition from 

plume-lid tectonics to plate 
tectonics 

TARAS GERYA1 , ROBERT STERN2, ELENA 
SIZOVA3, RIA FISCHER1, MARZIEH BAES4, 
STEPHAN SOBOLEV4, SCOTT WHATTAM5 

1Institute of Geophysics, ETH-Zurich, 
Sonneggstrasse 5, 8092 Zurich, Switzerland, 
taras.gerya@erdw.ethz.ch 

2 Geosciences Department, University of Texas at 
Dallas, Richardson, Texas 75083-0688, USA. 

3 Department of Earth Science, University of Graz, 
Universitätsplatz 3, 8010 Graz, Austria. 

4 GFZ German Research Center for Geosciences, 
Heinrich-Mann-Allee 18/19, 14473 Potsdam, 
Germany 

5 Department of Earth and Environmental Sciences, 
Korea University, Seoul 136-701, South Korea 

 
Modern plate tectonics is critically driven by 

subduction and oceanic spreading, however how this 
tectonic regime started and what geodynamic regime 
was before remains controversial. Most present-day 
subduction initiation mechanisms require acting plate 
forces and/or pre-existing zones of lithospheric 
weakness, which are themselves the consequence of 
plate tectonics. Here, we focus on plume-lithosphere 
interactions and spontaneous plume-induced 
subduction initiation, which does not require pre-
existing lithospheric fabric and is viable for both 
stagnant lid and mobile/deformable lid conditions. 
We present results of 2D and 3D numerical modeling 
of plume-induced deformation and associated crustal 
growth resulting from tectono-magmatic interaction 
of ascending mantle plumes with oceanic-type 
lithosphere. We demonstrate that weakening of the 
lithosphere by plume-induced magmatism is the key 
factor allowing for its internal deformation and 
differentiation resulting in continental crust growth. 
We also show that plume-lithosphere interaction can 
enable subduction and embrionic plate tectonics 
initiation at the margins of a crustal plateau growing 
above the plume head. We demonstrate that three key 
physical factors combine to trigger self-sustained 
subduction: (1) a pre-existing strong, negatively 
buoyant oceanic lithosphere; (2) focused magmatic 
weakening and thinning of lithosphere above the 
plume; and (3) awailability of surface water enabling 
lubrication of the slab interface by hydrated crust. We 
furthermore suggest that a distinct Venus-like plume-
lid tectonics regime operated on hotter early Earth 
before plate tectonics, which was associated with 
ultraslow oceanic spreading, lithospheric 
delamination, eclogitic drips, and widespread 
tectono-magmatic heat and mass exchange between 
the internally convecting crust and the mantle.  


