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Supplementary figures and captions
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Figure S1. Average relative concentration of dense material (originally just above the core-mantle boundary) as a function of depth and time. For a given age, concentrations are normalised by the largest value across all depths so that the largest concentration at each time step is equal to one. This figure was created using matplotlib version 3.2.2 (https://matplotlib.org/)1.
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Figure S2. Time-dependent global heat flux at the core-mantle boundary and surface, and average mantle temperature through time. Gray shading denotes the model warm up phase. CMB: core-mantle boundary. This figure was created using the Generic Mapping Tools version 4.5.5 (https://www.generic-mapping-tools.org/)2.
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Figure S3. Evolution of the basal mantle structures in two hemispheres since 280 Ma in 40 Myr increments. Basal structures are coloured by height above CMB (left colour scale), and subducted slabs are coloured by depth (right colour scale). Slabs deeper than 1000 km are shown. Dark blue lines denote subduction zones, purple lines denote ridges and transforms. Magenta and green arrows show the velocity of the basal structures and slabs, respectively. The grey lines are graticules. The solid and dashed black meridians denote longitudes 0º and 180º, respectively. This figure was created using ParaView version 5.8.1 (https://www.paraview.org/)3.
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Figure S3. Continued.
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Figure S4. The left panel shows viscosity field along a North-South-trending cross section shown in Figure 6, the right panel shows viscosity field along an east-west-trending cross section shown in Figure S5. This figure was created using the Generic Mapping Tools version 4.5.5 (https://www.generic-mapping-tools.org/)2.
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Figure S5. Edge migration of the superocean basal structure between 380-160 Ma. The left panel shows the basal structures, the middle panel shows both the basal structures and slabs (blue), the right panel show the temperature anomaly (temperature field with layer average removed) along an east-west-trending cross-section. The locations of the cross-section are shown as red lines in the left and middle panels. Green and magenta arrows in the left and middle panels show the velocity of the slabs and basal structures, respectively. The brown dashed contours in the right panel indicate 50% concentration of dense material. This figure was created using the Generic Mapping Tools version 4.5.5 (https://www.generic-mapping-tools.org/)2 and ParaView version 5.8.1 (https://www.paraview.org/)3.
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Figure S6. Initial mantle temperature for the mantle flow model at 1200 Ma. (a) Temperature at 60 km depth. Mid-ocean ridges and transform faults are shown as yellow lines, subduction zones as magenta lines with triangles on the overriding plate, reconstructed coastlines and sutures as grey polygons. (b) Whole mantle cross-section along the equator (green line in a). The dashed black line is the upper-lower-mantle boundary, and the dashed brown line outlines the compositionally distinct basal layer. The numbers above the colour scale denote non-dimensional temperature, and the numbers below the colour scale denote dimensional temperature. This figure was created using the Generic Mapping Tools version 4.5.5 (https://www.generic-mapping-tools.org/)2.
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Figure S7. Model parameters or calculated results for the mantle flow model. (a) Horizontally-averaged temperature at 1200 Ma, 1000 Ma and 0 Ma. The blue dashed lines show the minimum and maximum temperatures at the present-day. (b) Horizontally-averaged viscosity at 1200 Ma, 1000 Ma and 0 Ma. The grey line shows the viscosity profile estimated by Steinberger & Calderwood (2006). (c) Depth-dependent coefficient of thermal expansion. This figure was created using the Generic Mapping Tools version 4.5.5 (https://www.generic-mapping-tools.org/)2.


Captions for the supplementary animations

Supplementary Animation 1. Evolution of mantle temperature in the (super)continent hemisphere since 1000 Ma. The left panel shows basal structures (310 K hotter than ambient mantle), the right panel shows both basal structures and slabs (155 K colder than ambient mantle). Dark blue lines denote subduction zones, purple lines denote ridges and transforms, and magenta and green arrows show the velocity of the basal structures and slabs, respectively. The solid black meridian denotes longitudes 0º. This animation was created using Adobe Premiere Pro CC 2017.

Supplementary Animation 2. Same as Supplementary Animation 1, except for the superocean hemisphere. The dashed black meridian denotes longitudes 180º. This animation was created using Adobe Premiere Pro CC 2017.
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