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Unveiling the lithosphere below Northeast Africa: Insights from 3-D electrical
resistivity models and joint inversion
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SUMMARY

The tectonic evolution of Northeast Africa, particularly the interaction between the Saharan Metacraton and
the Arabian-Nubian Shield in Egypt, remains poorly understood due to the lack of deeply-penetrating
geophysical data that can shed light on lithospheric structures. We present magnetotelluric data along a 700
km profile that was acquired to reveal the lithosphere's composition, thickness, and thermal state, thereby
contributing to a better understanding of the tectonic evolution in the region. The survey was strategically
conducted in regions with diverse geological and tectonic settings, including the Saharan Metacraton in the
Western Desert, the Arabian Nubian Shield in the Eastern Desert, and the Nile Delta. A total of 58 stations
were deployed with dense coverage, <5 km, in regions with complex geological settings and sparse, ~20 km,
in other regions with less geological complexity. Phase tensor analysis revealed the complexity of the acquired
dataset in which more than 35% of the calculated impedances have a high skew angle of (>3°), requiring 3-D
inversion schemes to efficiently recover the existing structures. The generated 3-D electrical resistivity model
illustrates the resistivity distribution along the tectonic boundaries. The Nile Valley region, characterized by
significant sedimentary deposits, shows a complex resistivity pattern. The upper crust is highly conductive,
consistent with thick sedimentary layers, while deeper sections reveal heterogeneous resistivity indicative of
tectonic reactivation and sedimentary basin evolution. The Saharan Metacraton appears as a massive, high-
resistivity feature, typical for a cratonic block. However, it includes an anomalous low-resistivity feature that is
interpreted to be related to the deformation and remobilization of a cratonic remnant. The electrical signature
of the Arabian Nubian Shield shows a resistive upper crust corresponding to the predominantly crystalline and
igneous rocks, such as granitoids and gneisses, which form the bulk of the shield. Magnetic and gravity data
were combined with the electrical resistivity model in a joint inversion approach to enhance the accuracy and
confidence in the interpretations by cross-verifying the findings from multiple sources. The magnetotelluric
survey across Northeast Africa, integrating joint inversion with magnetic and gravity data, has provided detailed
insights into the lithospheric structures, revealing complex resistivity patterns indicative of tectonic reactivation
and sedimentary basin evolution. These findings significantly enhance our understanding of the tectonic
interaction between the Saharan Metacraton and the Arabian-Nubian Shield in Egypt, highlighting the need for
further deep geophysical investigations.
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