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Abstract: 
 

It has been shown that rivers flowed westward from the country of Jordan, across Israel, 
to the Mediterranean Sea prior to late Cenozoic Dead Sea rifting. This raises the question of 
whether rivers may have drained westward from western Arabia to Egypt, and into the paleo-
Nile river system prior to opening of the Red Sea. We used remote imagery to map river 
drainages on both sides of the northern Rea Sea Rift and within the Sinai Peninsula. We found 
that mouths of major wadis draining into the Rea Sea Rift align on both sides. Additionally, we 
found a multitude of wind gaps along all major drainages, consistent with a strong influence of 
tectonic uplift and subsidence on drainage evolution (rift flank uplift and opening of the Red Sea 
Rift). Finally, we documented intersecting north-south and east-west oriented drainages in 
eastern Egypt. We hypothesize that rivers flowed westward from Arabia and into the northward-
flowing paleo-Nile river system prior to opening of the Red Sea. Rift flank uplift in eastern 
Egypt resulted in drainage reversal (westward to eastward) and capturing of formerly northward 
flowing paleo-Nile tributaries by the newly established eastward flowing drainage system. Future 
research aims to test these hypotheses by conducting more detailed mapping of the 
geomorphology, reconstructing paleo-topography under the assumption of flexural rift-flank 
uplift, and numerical models of landscape evolution. 
	
Introduction 
 

The Red Sea has been created by seafloor spreading since around 30 Ma, and is considered to 
be one of the youngest oceanic spreading centers on earth. Adjacent to the Red Sea are 
Precambrian Arabian-Nubian shield rocks of diverse lithology. The volcanic arcs and ophiolites 
in the Arabian shield have been dated between 900-680 Ma (Nehlig et al. 2002). However, the 
Arabian shield is at higher elevations than the Nubian shield as a result of upwelling 
asthenosphere and Cenozoic volcanism during the early stages of rifting (Dixon et al. 1989). A 
borehole has been studied on the west side of the Dead sea rift suggesting that the Hazeva group 
in the bottom of the borehole was deposited there prior to opening of the rift. Above the Hazeva 
group is an alteration of mudstone and sandstone, which were deposited in braided rivers and 
swamps (Sneh, 1999). The paleocurrent direction in the area is westward at 20 stations based on 
measurements of ripples, cross-stratification and deformation of bedforms (Sneh, 1999). The 
Nile river is the longest river on Earth, extending >6800 km from south to north Africa. The Nile 
river could have been longer and had more branches in the past, with river systems feeding into 
the Nile from the east from Arabia prior to opening of the Red Sea Rift.  
 



 
Figure	1	A	regional	map	of	the	study	area,	showing	cross-section	lines.	A-A'	is	across	the	Dead	
sea,	and	B-B',	C-C',	and	D-D'	are	across	the	Red	sea.	A	zoomed	picture	of	the	Dead	sea	is	on	the	
upper	right	that	illustrates	the	modern	topography	and	structure	on	both	sides	of	the	sea.	 

 
 
 
 
 
Figure 2 A-A’ is a topographic profile across 
the Dead Sea Rift, where it has been shown 
that paleo rivers previously flowed westward 
into the Mediterranean prior to rifting. B-B’, 
C-C’ and D-D’ are topographic profiles across 
the Red Sea Rift. They show that the modern 
Arabian Shield sits at higher elevations than 
Egypt, and a similar regional decrease in 
elevation (excluding the Red Sea Rift region) 
from northeast to southwest. 
 
 
 
 
 
 
 
 
 
 



 
Methods 

We used Google Earth to map the trace of modern drainages and wind gaps, which form as 
the result of stream capture. We also used the Geo Map App for analysis of the regional 
topography. Figure 3 shows a Google map image with drainage traces mapped in blue and wind 
gaps indicated by the pins. Figure 4 is the same map in figure 3, but with the Red Sea Rift closed 
along the yellow trace; the red asterisks indicate where the drainages connected in the past, prior 
to opening of the Red Sea Rift.  

 
Results and discussion  
 

Looking on both sides of the Red Sea rift in figure 3, we have found that the mouths to 
drainages on both sides of the sea flowing towards the sea align. There are more wind gaps on 
the west side of the sea in Egypt. These wind gaps indicate that the river used to flow westward 
to the paleo-Nile river system. A wind gap is defined to be a critical point where a river changed 
its flow direction. Moreover, on the west side of the Red sea rift, south-north flowing drainages 
were observed, indicated in figure 3 by the green lines, suggesting that the Nile river has 
migrated to the west during the opening of the Red sea rift. In addition, there is an overall 
decrease in elevation from the east side of the red sea in Arabia to the west side in Egypt as 
shown in figure 2. 

 

 
 
Figure 3 Google Earth map of the study area. Blue lines indicate east-west trending drainages. Green 
lines indicate north-south trending drainages. The pins indicate the locations of wind gaps, which form as 
a result of stream capture. Their presence suggests a very dynamic drainage pattern, likely as a result of 
uplift and subsidence related to Red Sea Rift development.   



 
 

 
 

Figure 4 Same map in figure 3, but with the Red Sea Rift closed (removed along yellow lines using 
Adobe Photoshop). Red asterisks indicate locations where major drainages appear to have been connected 
prior to opening of the Red Sea. 
 
 
 

 
 
 

Figure 5 Tributaries commonly enter larger drainages at angles which are acute with respect to the direction of 
flow. Switches in river flow direction may thus be recorded in the geomorphology. The light blue arrows 
indicate the interpreted initial river flow direction. The red arrows indicate the modern flow direction. 



 
 
Hypothesis 

 
Figure 6 Map view showing how drainage patterns may have evolved as a consequence of Red Sea 
rifting. Prior to rifting, rivers may have flowed westward from Arabia and as tributaries to the northward-
flowing paleo-Nile River. After the opening of the Red Sea, rift-flank uplift along the Red Sea margins 
resulted in drainage reversal, as suggested from the wind gaps (red circles).  North-south trending 
tributaries of the paleo-Nile River may also have been captured by the younger eastward flowing rivers. 
This could explain the presence of both north-south and east-west drainage patterns 
 
Future Directions 
Future research includes conducting a digital elevation model analysis to auto-extract the modern 
drainage pattern, reconstruct paleo-topography under the assumption of flexural rift-flank uplift, 
and numerical models of landscape evolution. We also aim to compile detrital zircon ages to test 
the hypothesis that the Nile River Delta may include a contribution from the Arabian Shield and 
to investigate the Nile River Delta stratigraphy and its implications for hydrocarbon exploration. 
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