
Supplementary material 

 

S1. Mantle density effect on the gravity signal 

Table S1 has a compilation of the four tested mantle density configurations. Model 1 (M1) aims to evaluate 

the signal of the densities obtained from the conversion of S-wave velocities, without considering any 

other slab shape. Model 2 (M2), instead, includes the Slab2 thickness, with a density of 3163 kg m−3, that 

was obtained with the inversion algorithm available in IGMAS+ (Sæther, 1997; Schmidt et al., 2011). In 

this model, a mantle with a constant density of 3200 kg m−3 is assumed. Model 3 (M3) testes an integration 

of both the 3D mantle densities and the Slab2 information. Finally, Model 4 (M4) evaluates the gravity 

response of the 3D mantle densities in addition to the integration of the Nazca and Caribbean slabs 

geometries, as represented in Fig. 3 (f). When both slabs are integrated into the model, a density of 3163 

kg m−3 is obtained with the IGMAS+ inversion algorithm. For all models, the mantle density between the 

Moho and 50 km depth is considered constant, with a value of 3200 kg m−3. 

Table S1. Summary of the datasets used to constrain the initial 3D lithospheric-scale model of the South Caribbean and north-
western South American plate, and the density values (kg m−3) assumed for each layer on the tested models.  

Layer M1 M2 M3 M4 Reference of structural layer 

Water 1040 GEBCO (Weatherall et al., 2015) 

Oceanic sediments 
Continental 
sediment 

2350 
2500 

CRUST1.0 (Laske et al., 2013) 

Oceanic crust 
Continental crust 

2900 
2800 

Moho depth from GEMMA model 
(Reguzzoni and Sampietro, 2015) 

Nazca slab 
Caribbean slab 

- 
- 

3163 
- 

3163 
- 

3163 
 

Slab2 (Hayes et al., 2018) 
(Mora et al., 2017) 

Mantle from Moho 
down to 50 km 
depth 

3200 - 

Mantle from 50 
down to 200 km 
depth 

3D density 
solution 3200 

3D density 
solution 

3D density 
solution 

SL2013sv tomographic model 
(Schaeffer and Lebedev, 2013) 

 

Figure S1 (a) to (d) presents the residuals of the four different tested mantle configurations, with their 

associated RMSE. The densities assumed on each case are summarised in Table S1. The residuals of 

model M1 (Figure S1 (a)), in which only the 3D mantle density variation based on S-wave velocities was 

considered, are characterised by broadly distributed negative values over the western South American 

continent. These negative residuals suggest that the modelled densities are overestimated, or in other 

words, that there is a mass excess in the initial model. The overall misfit is represented by a RMSE of 

37.72 mGal, the highest of all evaluated models. 

The configuration assumed in model M2 includes a constant mantle and the Nazca slab geometry, which 

gives as a result large positive residuals (Figure S1 (b)) over the western most corner of South America, 

suggesting a mass deficit in the model. These residuals have a RMSE of 31.77 mGal, approximately 6 

mGal smaller than the RMSE of the residuals obtained with model M1. 



On the other hand, the spatial trend of the residuals obtained with models M3 and M4 are similar to 

each other (Figure S1 (c) and (d)). However, model M4 in which both the Nazca and the Caribbean 

subductions are taken into account, in addition to the 3D density solution for the mantle, shows the 

minimum RMSE of all tested configurations (28.84 mGal). 

Based on these results, it is possible to evaluate the impact that the mantle density configuration has in 

the modelled gravity anomalies. In fact, in terms of the RMSE, solving the mantle with both the 3D 

density distribution and the Nazca and Caribbean slabs (model M4) implies a reduction of 23.5% in the 

RMSE, compared with a model that only considers the 3D mantle solution (model M1). For this reason, 

the model M4 was selected as the initial lithospheric-scale density configuration. The wavelength of the 

residuals associated to this model (Figure S1 (d)) indicate that they are due to shallow heterogeneities 

that were not considered in the initial set up of the model. Therefore, this initial configuration is used to 

have better insights regarding the continental and oceanic crystalline crustal structures, as well as the 

uppermost lithospheric mantle. 

 

 

Figure S1. The gravity residuals allow to test the effect of the four different mantle configurations on the modelled gravity 
anomalies. Gravity residuals for: (a) Model M1, (b) Model M2, (c) Model M3 and (d) Model M4. See Table S1 for a detailed 
description of the tested mantle density distributions. Figure S5 depicts the statistics and the associated histograms for the 
residuals of each model. 

 

 

 

 

 



S2. Individual geometries of the Nazca and Caribbean slabs used in some of the tested 

configurations 

 

Figure S2.  Slabs geometries implemented on the lithospheric-scale model. (a) Nazca slab from Hayes et al. (2018). (b) 
Caribbean slab proposed by Mora et al. (2017). The thickness of the Caribbean slab was a-priori defined by displacing the top 
surface down to 70 km depth. 

 

 

 



S3. Conversion from S-wave velocities into mantle densities based on Gómez-García et al. 

(2019a,b) 

 



 

Figure S3. S-wave velocities from the SL2013sv model (Schaeffer and Lebedev, 2013). Each map represents one mantle depth, 
from 50 down to 200 km, as used in the calculation of the mantle densities according to Gómez-García et al. (2019a,b). The 
original cell size of the tomographic data is 0.5◦. The resulting mantle densities are shown in Figure S4. 



 





 

Figure S4. Mantle densities obtained from the S-wave velocity anomalies of Schaeffer and Lebedev (2013) using Meeßen (2017) 
and Goes et al. (2000). 

  



S4. Histograms of the gravity residuals of the different tested lithospheric configurations



 

Figure S5. Histograms of the gravity residuals for the four tested models. (a) Model M1. (b) Model M2. (c) Model M3. (d) Model 
M4. (e) Model without subcrustal bodies (see Figure 7 (b) on manuscript). (f) Model including the subcrustal bodies down to 50 
km depth (final model).  See Table S1 and Table 2 for a detailed description of the tested mantle’s density configurations. 

 

  



S5. Gravity response when the subcrustal bodies are located from the Moho down to 25 km depth 

 

Figure S6. Gravity anomalies (Gz): (a) measurements available in the EIGEN-6C4 dataset at 10 km height (Förste et al., 2014; 
Ince et al., 2019). (b) Gz after including the subcrustal bodies only down to 25 km depth.  (c) Associated residuals. (d) Histogram 
of the residuals associated to this lithospheric configuration. 

  



S6. Vertical relation between the subcrustal bodies (down to 50 km) and the mantle density at 25, 

50 and 75 km depth 

 

 

Figure S7.  The high-density subcrustal bodies (uppermost panel) seem to be a continuation of a high-density mantle zone in 
the upper mantle. This trend can be followed from 25 km depth (where a maximum density of ~3150 kg m-3 is calculated), 
down to 75 km, where the highest density of the Caribbean upper mantle is reached (~3190 kg m-3).  
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