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The Afar Rift in Ethiopia forms the northernmost segment of the East African 
Rift System (EARS) and represents one of the rare locations where active 
continental break-up and the formation of a young passive margin can be 
examined. A key element in the system is the poorly studied Western Afar 
Margin (WAM) along the western edge of the Afar, which marks a sharp 
decrease in topography from the Ethiopian Plateau into Afar (Fig. 1a). In this 
multidisciplinary study we aim to create the first integral structural interpretation 
of the margin and its tectonic history. 
 
We apply various methods to chart the structures in the study area. First, using 
satellite imagery and digital elevation models we draft a detailed fault map of 
the whole WAM, showing how the N-S striking margin is dominated by NNW-
SSE oriented faults and remarkable right-stepping marginal grabens (Fig. 1a). 
Additionally, earthquake data show that the margin is tectonically active and T-
axis analysis of focal mechanisms provides associated extension directions. 
These are ca. E-W along the WAM, but rotate to ca. SW-NE in the Afar rift floor. 
Extension directions from fault measurements taken along the margin are in line 
with the extension orientation obtained by T-axis analysis. Combined with 
current GPS data of the Danakil Block, these findings nicely fit the rotational 
opening of Afar due to the counterclockwise pivoting Danakil Block (Fig. 1a).  
 
We also examine the structural history of the Afar margin in light of the current 
tectonics and known geological record. Previous work suggests that the current 
rotational motion of the Danakil block was only established some 11 Ma. 
However rifting in Afar started ca. 25 Ma as a result of the clockwise rotation of 
the Arabian plate about a rotational pole in Egypt (Fig. 1b). Simple geometrical 
relations and the large-scale en-echelon fault patterns are best explained by a 
ca. SW-NE extension direction along the WAM during 25-11 Ma (Fig. 1b), which 
is quite different from the current situation (Fig. 1a). We therefore propose a 
multiphase evolution with an initial phase of SW-NE extension due to the 
rotation of Arabia, creating the large-scale structures of the WAM, followed by 
E-W extension and fault reactivation associated with the more local rotation of 
the Danakil Block (Fig. 1c-f). 
 
Next to these large-scale interpretations, we also created the first-ever well-
calibrated structural sections of the WAM, which in combination with detailed 
earthquake analysis suggest that deformation along the WAM is accommodated 
by the antithetic faulting. Also these results are of great interest for a better 
understanding of the WAM and its implications for passive margin formation. 
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Figure 1. (a) Combined overview of current tectonic setting in Afar as derived 
from (1) T-axes analysis, (2) field measurements and (3) GPS data. White: 
Western Afar Margin (WAM), Red: Afar, Yellow: MER (Main Ethiopian Rift), 
Blue: Danakil Block. (b) Theoretical oblique extension directions (described by 
angle α between the normal to the rift trend and the general extension direction) 
in the Red Sea, Afar and the Gulf of Aden a result of the rotation of the Arabian 
plate around a pole at 31.7˚N, 24.6˚E. The orientation of the WAM should result 
in a ca. NE-SW extension direction (50˚-57˚N). (c-f) Multiphase evolution of Afar 
within the regional tectonic development.  


