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Supplementary Figure S1 | Radiometric dating. 40Ar/39Ar age spectra and K/Ca ratio as a 

function of cumulative 39Ar released (%) during incremental step-heating (Supplementary Data 

S1, for further details see Methods and refs. from 1 to 9 [Guillou et al., 2011; Renne et al., 2011, 

Lee et Al., 2006; Koppers et al., 2002; Schaen et al., 2020; Hall et al., 1984; Mercer et al., 2016; 

Spell and McDougall, 2003; Kuiper et al., 2008]) for the TA-06/Dy-1 dike sample from the 

Masliyah area (inset 2 of Fig. 1b). 

  



 

Supplementary Figure S2 | Gravity anomalies of the southern Red Sea. a. Free air anomalies 

from satellite-derived gravity data (version 32; https://topex.ucsd.edu/pub/global_grav_1min/). 

b. Complete Bouguer anomaly from grid data (2 arcmin resolution) resulting by the WGM2012 

model realized by the Bureau Gravimetrique International (BGI, https://bgi.obs-mip.fr/grids-

and-models-2/). Spatial analysis and mapping were carried out using the PLOTMAP package86 

[Ligi and Bortoluzzi 1989]. Mercator projection at 17°N, datum WGS84. Blue box, location of 

the region shown in Extended Data Fig. 4. 

  



 

Supplementary Figure S3 | Magnetic properties of of intrusive and extrusive rocks of Tihama 

Asir magmatic complex. Natural remanent magnetization (NRM) versus induced 

magnetization (Ji)
10 [Gubbins & Herrero-Bervera]. Red symbols indicate gabbros, while blue 

symbols basaltic rocks. Dashed red lines correspond to the Koenigsberger ratio11 

[Koenigsberger , 1938] (Q) values of 0.1, 1 and 10. Most samples exhibit Q values greater than 

unity, indicating that magnetic remanence predominates over induced magnetization. 

  



 

Supplementary Figure S4 | Magma-assisted rifting in southern Red Sea. A simplified 3D-

model for the transition from continental to oceanic rifting illustrates the gradual 

evolution from rifting to active seafloor spreading. In this model rising asthenosphere 

driven by the Afar plume and by extensional stresses rapidly replaced the continental 

lithospheric mantle, and thermally weakened the lower crust. Progressive shallower 

magmatic intrusions underplate and intrude the thinning continental crust with gabbroic, 

MORB-type melts, contributing the re-thickening and the mechanical weakening of the 

lower crust, while simultaneously accommodating extension in the upper crust. 

Approximately 15–20 million years after the onset of rifting, continental rupture was 

eventually achieved, initiating the formation of new oceanic crust and marking the 

transition to active seafloor spreading in the region. This sequence emphasizes the 

central role of magmatism in controlling the dynamics of rift evolution. Topography of 

the present-day southern Red Sea region has been derived from a combination of 

elevation and bathymetry data sourced from the SRTM3085 and GEBCO_2024 

(GEBCO Compilation Group, doi:10.5285/1c44ce99-0a0d-5f4f-e063-7086abc0ea0f) 



global grids, respectively. Spatial analysis and mapping of elevation data were carried 

out using the PLOTMAP package86. 
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