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Figure S1: Map of the South-West Indian Ocean showing the RHUM-RUM network, 

including the German DEPAS OBS (yellow triangles) and the French INSU OBS (red triangles) 

stations deployed around Réunion, along the Central Indian Ridge (CIR) and the South-West 

Indian Ridge (SWIR). Also shown are the terrestrial seismic stations used (white diamonds), 

and the corresponding ray coverage used in the RHUM-RUM surface wave tomography1. 

"MBAR" indicates the centre of the Mascarene Basin Asthenosphere Reservoir discussed in 

the paper.  
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Figure S2: Synthetic tomography resolution test performed at 100s period. Left panels, 

we show the input velocity (a) and anisotropy structures (c). On the right panels, we show their 

respective recovery (b and d) from our actual ray coverage (Fig. S1). The slow and fast velocity 

structure, together with the azimuthal anisotropy pattern, are well recovered, particularly 

around Réunion, the Central Indian Ridge, and over the whole Mascarene Basin 

Asthenospheric Reservoir area (Fig. S1).  

  



p4 

 

 

Figure S3: Synthetic tomography resolution test below the Rodrigues corridor. (a) Input 

is a slow velocity structure (dVs/Vs = -3%), sized 200km x 1000km, resembling the channel of 

slow asthenosphere present in the actual tomography model. (b) Resolution test output 

recovers the input well, with some smearing in east-west direction.  
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Figure S4: Development of anisotropy in the asthenosphere as a consequence of planar 

horizontal flow. In all panels, depth is plotted on the y-axis, showing a lithospheric layer above 

an asthenospheric layer ending at the asthenosphere-mesosphere boundary. Left panels: 

arrows show horizontal flow velocities as a function of depth. Middle panels: magnitude of 

shear strain as a function of depth. Right panels: magnitude of azimuthal anisotropy as a 

function of depth. The seismically fast direction is horizontal, the seismically slow direction is 

into and out of the figure plane. 

 (a) Couette flow: asthenosphere is passively dragged by the overlying lithosphere, which 

moves from left to right. Resulting strain and anisotropy are proportional to the vertical 

derivative of flow velocity, and peak just below the LAB. (b) Planar Poiseuille flow in an iso-

viscous asthenosphere: a horizontal pressure gradient (from left to right) actively drives 
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horizontal flow in the asthenosphere. Lithosphere and asthenosphere are decoupled, i.e., 

lithospheric motion exerts no influence on flow in the asthenosphere. The asthenosphere is 

also decoupled from the underlying mesosphere. Strain and anisotropy have two well-

separated lobes. (c) Poiseuille-like flow in a non-linear, mantle-like rheology: like case b), 

except that viscosity decreases towards the middle of the asthenosphere. This concentrates 

not only flow in the middle of the layer, but also its derivative, and therefore strain and 

anisotropy.  
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Figure S5: Tomographic resolution tests for the vertical distribution of anisotropy for 

the scenarios of planar Couette flow (top), and of planar Poiseuille flow in an asthenosphere 

that is weakest in the middle of the layer (bottom). The structure of fluid flow in each case is 

illustrated by panels (a) and (d). Lithosphere is shown in blue; in the asthenosphere, red 

regions support the highest shear and yellow regions are shearing less. Panels (b) and (e) 

show the seismically fast direction of azimuthal anisotropy as a function of depth: test inputs 

in red, recovered results in blue. Panels (c) and (f) show the magnitude of azimuthal anisotropy 

as a function of depth: inputs in red, recovered results in blue.  
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Figure S6: Estimating LAB depth. East-west cross section at 10.5°S through the Rayleigh 

wave tomography model of Mazzullo et al. (2017)1, plotting styles as in main Fig. 4. Four lines 

in different shades of green represent different estimates of the lithosphere-asthenosphere 

boundary. Lightest green line traces the location of the steepest vertical gradient in isotropic 

dVs/Vs (Method 1). Three other green lines are LAB depths based on estimating the locations 

of the 1100°C, 1200°C and 1300°C isotherms2 (Method 2). White dashed line runs 50 km 

below the estimated 1200°C isotherm2, a rough estimate for the middle of the asthenospheric 

layer, which is used to plot azimuthal anisotropy on Fig. 3b. 
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Figure S7: Observed versus tomography-predicted SKS splitting. Black bars are station-

averages of measured SKS splitting parameters3 in the area around the Réunion hotspot (red 

dot on inset map), Rodrigues corridor and Central Indian Ridge; orange bars are SKS splitting 

parameters forward-predicted through our Rayleigh-wave tomography model. SKS predictions 

were calculated for (a) only the lithosphere (25 km depth to LAB); (b) only the asthenosphere 

(LAB to 300 km depth); and (c) for the whole lithosphere + asthenosphere system (25 to 300 

km depth). Coloured arrows indicate African (Somali) plate motion according to models 

HS3_NUVEL1A4, GSRM-15, Morgan20076, GSRM-ARM-17, NNR-MORVEL568, and SA-

APM9. First-order features are a general under-prediction of delay time magnitudes; good 

overall agreement between observed and predicted fast directions in the asthenosphere; and 

for the Rodrigues corridor, much larger delay times predicted for the asthenosphere than for 

the lithosphere, supporting the interpretation of anisotropy reflecting flow beneath the corridor.  
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