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Supplementary Figures
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Fig. S1 Radial profile of the viscosity scaling factors used in the simulations listed in Table 1 of the
main text.



Depth = 2212 km Depth = 2528 km Depth = 2844 km

Fig. S2 Depth slices at 2212 km (a), 2528 km (b) and 2844 (km) to illustrate the identification of
areas as s-LLVPs in the Pacific (purple) and African (green) regions for simulation RCY.
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Fig. S3 Correlation between mantle structure predicted by simulation RCY and imaged by S40RT'S
versus depth and spherical harmonic degree, L (Methods 6.4), plotted up to L = 40 (right panel) or
as a total weighted layer correlation up to L = 8 and L = 20 (left panel).
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Fig. S4 Mantle structure at 2212 km (left column), 2528 km (centre column), and 2844 km (right
column) depth, showing §Vs according to seismic tomography model S40RTS (a-c, top row), Vs
predicted in simulation RCY (d-f), Vs predicted in simulation PRM (g-i) and 6V predicted in
simulation COMP (j-1), all filtered by the S40RTS resolution. Red outlines are derived from a vote
map of low velocity regions detected in 18 shear wave tomography models [1, 2], indicating whereat
least 5 models are in agreement.
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Fig. S5 Total weighted layer correlation (Methods 6.4) up to spherical harmonic degree L = 8 for
all simulations.
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Fig. S6 Conversion of incompressible mantle temperature 7; to corrected temperature 7. using a
theoretical adiabat.
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Fig. S7 Radial average of present day s-LLVP properties in simulations with

Areal extent (%)

different viscosity

profiles: (a-d) visc2 and (e-h) visc3, showing (a,e) bulk composition, (b,f) temperature, (c,g) predicted
absolute shear-wave velocity (unfiltered), and (d,h) areal extent in each radial layer, for both the

and Fig. 2 in the main text.

African (solid line) and Pacific (dashed line) s-LLVPs identified in the simulations. Similar to Fig. S10



Radial average s-LLVP properties for CMB2800
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Fig. S8 Radial average of present day s-LLVP properties in simulations with different CMB tem-
peratures: (a-d) CMB2800 and (e-h) CMB2600, showing (a,e) bulk composition, (b,f) temperature,
(c,g) predicted absolute shear-wave velocity (unfiltered), and (d,h) areal extent in each radial layer,

for both the African (solid line) and Pacific (dashed line) s-LLVPs identified in the simulations. Sim-
ilar to Fig. S10-S7 and Fig. 2 in the main text.



Radial average s-LLVP properties for COMP
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Fig. S9 Radial average of present day s-LLVP properties in simulations (a-d) COMP and (e-h)
MER, showing (a,e) bulk composition, (b,f) temperature, (c,g) predicted absolute shear-wave velocity
(unfiltered), and (d,h) areal extent in each radial layer, for both the African (solid line) and Pacific
(dashed line) s-LLVPs identified in the simulations. Similar to Fig. S10-S8 and Fig. 2 in the main text.



Radial average s-LLVP properties for B=0.22
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Fig. S10 Radial average of present day s-LLVP properties in simulations with different buoyancy

numbers: (a-d) B = 0.22 and (e-h) B = 0.44, showing (a,e) bulk composition, (b,f) temperature, (c,g)
predicted absolute shear-wave velocity (unfiltered), and (d,h) areal extent in each radial layer, for

to Fig. 2 in the main text.

both the African (solid line) and Pacific (dashed line) s-LLVPs identified in the simulations. Similar
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Fig. S11 Mean bulk composition of plumes associated with the Pacific and African s-LLVPs (dashed
lines) in simulation RCY with +1 standard deviation indicated by the shaded area.
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Fig. S12 Mineral physics estimates of the shear-wave velocity as a function of temperature and
pressure. The top row show shows absolute Vi for the characteristic lithologies: (a) harzburgite, (b)
lherzolite, and (c) basalt. The bottom row shows the differences in absolute Vs between (d) harzburgite

and lherzolite, (e) lherzolite and basalt, and (f) harzburgite and basalt. See Methods 6.3 for full
details of how the tables are produced.
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Fig. S13 Histograms for the proportions of different characteristic lithologies in the African (left
column) and Pacific (right column) s-LLVPs in simulation PRM for each radial layer between 2212
km and 2890 km depth. The four characteristic lithologies are (a) harzburgite, (b) lherzolite, (c)
basalt, and (d) the primordial component.
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Fig. S14 Radial profile across the top 145 km of simulation RCY showing the fraction of particles
within ocean basins that have a bulk composition of C' = 1.0. The bottom of the oceanic crust is
taken to be the depth at which 50% of particles in the ocean basins have a bulk composition of C' = 1.
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Fig. S15 Variation of predicted absolute Vi as a function of temperature at constant pressure,
plotted for several characteristic lithologies: harzburgite (blue), lherzolite (green) and basalt (gold).
Different lines indicate shear-wave velocities at different pressures: 134 GPa (solid line), 126 GPa
(dashed line) and 112 GPa (dotted line).
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Fig. S16 Predicted distribution of post-perovskite in simulation RCY, shown at a depth of 2755
km. The left panel indicates the fraction of post-perovskite at this depth, the right panel shows the
temperature field with an additional synthetic adiabat included.
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Supplementary Video

Visualisation of case RCY.
Video SV1 https://youtu.be/Y _qnhtoa_dg
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https://youtu.be/Y_qnhtoa_dg
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