
 

  

The major uncertainties in our model predictions arise from the input parameters, which 

include mantle density models (i.e. seismic tomography and choices about scaling velocities 

to temperature), crustal models, the kinematic boundary conditions (surface velocities), and 

assumptions about mantle rheology. We here present a few of the additional computations we  

performed to establish that the model results shown in our paper are robust with respect to 

these choices.  

Our reference mantle density model (model A) is based on the global P wave model from 

the MIT group (ref. 11, Fig. S1a) which provides, generally speaking, well resolved images of 

subduction zones (down to ~100 km scales) while imaging the oceanic upper mantle (e.g. 

Pacific domain) less well because of ray path incidence. To test alternative tomography 

structures, we first use the high resolution P model by ref. 10 for the Mediterranean which 

employs both regional and teleseismic arrivals. This regional model was embedded in the 

global S wave model by ref. 29 by replacing nodes within the region by the regional P results, 

scaled up by a factor of two (model B, Fig. S1b). The second alternative, model C, is based 

on the global, upper mantle SV model of ref. S1, augmented by an S composite model 

(SMEAN of ref. S2) in the lower mantle below 660 km (model C, Fig. S1c).  

Residual topography as inferred from crustal models was estimated by correcting the 

observed topography for isostatic adjustment given the density structure of CRUST2.030  for 

results presented in the main text. Since CRUST2.0 is fairly low resolution, we also consider 

the EuCRUST7 modelS3 which has, however, no densities given. We use the CRUST2.0 

averages of 2330 kg/m3 for sediments, and 3086 kg/m3 for a single crustal layer for 

consistency. Fig. S2 shows the residual topography using this crustal model and can be 
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compared with Fig. 1b. Figure S3 shows dynamic topography and crustal fragment motions 

for several exploratory models, using the density model A as used in the main text for 

reference. Fig. S3a is for a model without any density anomalies, showing which components 

of the microplate motions are associated with purely large-scale, plate motion induced 

currents. Our reference, radial viscosity structure is 5·1022 Pas in the lithosphere, 1021 Pas 

from 100-660 km, and 5·1022 
Pas in the lower mantle; a model with a lower viscosity 

asthenosphere (viscosity reduced by a factor of 0.1 between 100 and 300 km) is shown as 

Fig. S3b; mantle flow effects are still significant. Temperature-dependent viscosity with 

variations of ~four orders of magnitude laterally within the upper mantle (Fig. S3c) also do not 

produce a strongly different velocity field or dynamic topography from the reference model. 

Fig. S3d shows model predictions for a density structure that only includes anomalies due to 

slabs in regions of seismicity in Wadati-Benioff zones, plus an additional shear zone between 

the Agean and Anatolian plate. These modifications improve the fit of the Agean segment 

motion to geodetic velocities somewhat, though the southwestward motions are still under-

predicted. Fig. S3e combines the temperature-dependent viscosity model of Fig. S3c with the 

additional effect of stiff keels with a factor of 500 increase of viscosity underneath cratonic 

regions of ref. S5; model predictions show somewhat subdued dynamic topography but major 

features are  unchanged.   

Velocities for the reference models are prescribed in an Eurasia fixed reference frame 

based on NUVEL-1A15. While NUVEL-1A locally differs from the geodetically observed, 

approximate rigid plate motions (Fig. 1), it has the advantage of being global in scope and 

independent from the geodetic data. Using rotation pole of ref. 24 for Nubia instead of 

NUVEL-1A for modelling rotates boundary velocities as expected, but does not affect our 
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conclusions otherwise (Fig. S3f). While there are important differences in the global plate 

driving forces predicted from S and P tomography (e.g. ref. S4), these differences are less 

relevant for our confined study region, and overall predictions using all three models, e.g. in 

terms of dynamic topography, are indeed quite similar (Fig. S4). In particular, we note that the 

velocity field obtained in the Model C based on global SV wave modelS1  is also similar to the  

reference model, matching better the Aegean motion, but probably overestimating the positive 

dynamic topography (Fig. S4e). 
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Supplementary Figures 

 

Supplementary Figure S1. Comparison of velocity anomaly maps of tomographic models 

used. a) Reference model A, MIT08 11, at 250 km and 600 km depth; b) Tomography maps of 

model B, the merged PM0110 /TX200829 model at 250 km and 600 km depth; c) Maps of 

model C, the SV wave study LH08 of ref. S1 at 250 km and 600 km depth. 
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Supplementary Figure S2. Alternative residual topography estimated by correcting the 

Eurocrust07 crustal thickness modelS3 for isostasy using mean CRUST2.0 densities for a 

sediment and crust layer. 
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Supplementary Figure S3. Additional flow solution as variations of model A. a) Flow 

generated only by plate interactions (i.e. no density anomalies); b) flow with asthenospheric 

layer where the viscosity was reduced by a factor of ten from the reference between 100 and 

300 km depth; c) flow generated by temperature-dependent viscosity, corresponding to four 

orders of magnitude variation laterally within the upper mantle; d) flow generated by density 

anomalies in Wadati-Benioff zones only, and using an additional plate boundary in western 

Anatolia separating Anatolia from an Aegean microplate (additional weak zone in dashed 

region); e) temperature dependent viscosity as in c) plus additional stiff keels beneath 

cratonic regions (factor 500 stiffer than ambient); f) flow generated by prescribing the velocity 

field of Nubia with respect to Eurasia based on the geodetic pole of ref. 24. 
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Supplementary Figure S4. Additional flow solution based on different tomography models. 

a) Density anomalies based on merged regional tomography of ref. 10 with global 

tomography of ref. 30 (model B); b) Horizontal and vertical flow field for model B at 250 km, 

and c) 600 km depth. d) Section of model B running from Massif Central to Calabria and then 

to Anatolia, plotted on top of inferred temperature anomalies from the tomography model. e) 

Model C: flow model generated by SV wave tomography of ref. S1. f) Horizontal and vertical 

flow field for model C at 250 km and g) 600 km depth. h) Section of model C running from 

Massif Central to Calabria and then to Anatolia, plotted on top of inferred temperature 

anomalies from the tomography model. 
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