
Tectono-stratigraphic Evolution, Magmatism, And Diagenetic Controls on Petroleum 

Systems of The Red Sea Rift 

Walid Hussein, Asif Muzaffar, Ahmed Salem, and Mohamed AlFahmi1 

1 Saudi Aramco 

ABSTRACT 

The Red Sea rift system, shared by six countries, represents a complex tectono-stratigraphic setting shaped by 

continental breakup, salt tectonics, and active magmatism. The basin's geological framework comprises multiple 

petroleum systems, including pre-salt siliciclastics, pre-rift carbonates, and post-salt clastics. The geological setting of 

this area is characterized by challenging sub-salt seismic imaging, structural complexity, and variable reservoir quality 

under elevated geothermal gradients. 

Stratigraphically, the basin records a transition from pre-rift siliciclastic and carbonate successions to syn-rift turbidites 

and evaporites, capped by post-rift marine sediments. Salt tectonics exert major control on accommodation space and 

trap formation, while syn- and post-rift volcanism significantly impacts stratigraphy and thermal regimes. Recent 

bathymetric and geophysical analyses reveal both axial and off-axis volcanic edifices, with Off-axis intrusions exert 

greater influence on stratigraphy by penetrating multiple sedimentary units. Integration of magnetic filtering, vertical 

derivatives, and gravity analytic signal with bathymetry enhances detection of buried volcanic centers, some of which 

intrude shallow stratigraphy and appear at the seafloor. 

Heat flow and geothermal gradients increase toward the spreading axis and from north to south, ranging from ~60 

mW/m² on basin margins to >300 mW/m² in axial zones, with gradients from 25–30 °C/km in the north to >70 °C/km 

in the south. This thermal regime accelerates source rock maturation, particularly in pre-rift and early syn-rift intervals, 

while localized magmatic intrusions may induce in-situ generation within evaporitic sequences. Evidence of migrated 

hydrocarbons in deep basins, supported by geochemical analysis of sampled fluids, confirms active petroleum systems. 

Diagenetic alterations associated with magmatic intrusions further influence reservoir quality. Positive porosity 

enhancement occurs through dissolution of calcite, feldspar, mica, and quartz, whereas kaolinite, dickite, chlorite, quartz 

overgrowth, and late calcite precipitation reduce pore space. These processes introduce significant heterogeneity in 

reservoir performance, particularly in volcanically influenced zones. 

This study integrates structural, stratigraphic, geophysical, and geochemical datasets to evaluate the interplay of rifting, 

magmatism, diagenesis, and salt tectonics in a tectonically dynamic basin, providing insights into the geological 

evolution of the basin and its petroleum system elements. 
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