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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. 1). This 
developing passive margin is marked by a  series of marginal grabens 
associated with dominant antithetic faulting, as well as ongoing seismicity that 
pose severe risks to the local population (Fig. 1). How the WAM and its 
marginal grabens were formed, as well as why it is still actively deforming when 
deformation should have shifted to the rift axes in the Afar remains unclear. In 
this study we aim to establish the first detailed structural map of the whole 
margin, which may serve as a base for further efforts to better understand the 
evolution and associated tectonic mechanisms in the area. 
 
We apply various methods to chart the structures in the study area. Using  
satellite imagery and digital elevation models (DEM) we have drafted a detailed 
fault map of the whole WAM (Fig. 1). We observe how the NNW-SSE oriented 
marginal grabens are bounded by large faults and are arranged in a right-
stepping fashion, separated by transfer zones with a high fault density. Faults 
have generally the same NNW-SSE strike, except for the southernmost part of 
the WAM (Fig. 1) By examining slope breaks, hanging wall structures, basin 
geometry and comparing our interpretation with published data, we can also 
assess the fault vergence and the quality of our interpretation.  
 
Seismicity analysis of two datasets retrieved between 2007-2009 and 2011-
2013 provides further insights (Fig. 1). The main rift axes in the Afar are clearly 
visible, as well as the seismicity along the WAM. Focal mechanisms from e.g. 
the GCMT project indicate general normal faulting, which is in accordance with 
the extensional nature of Afar. By plotting earthquakes and focal mechanisms in 
section, we obtain an impression of fault activity and fault vergence. Section B-
B’ shows various aligned earthquakes, indicating dominantly westward dipping 
faults, one of which may be the eastern boundary fault of the marginal graben 
(see topography profile). Note however, that our seismicity datasets have a 
short timespan and may not register all active faults in the area, thus caution is 
advised when interpreting. 
 
Further efforts will involve fieldwork to verify our interpretation of the major faults 
in the area. This work will also form the basis for a series of analogue models to 
test various scenarios for WAM formation and to reveal the dynamic evolution of 
the study area. 
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Figure 1. Western Afar Margin (WAM) with fault interpretation (black lines), 
earthquake location (2 datasets: red and orange dots) and earthquake focal 
mechanisms (GCMT). Location of the Afar in the East African Rift System. BRZ: 
Broadly Rifted Zone; EAP: East African Plateau; Southern African Plateau; ER: 
Ethiopian Rift; ESP: Ethiopian–Somalian plateaus; KR: Kenya Rift; MR: Malawi 
Rift; SAP: Southern African Plateau; TR: Tanganyika Rift. A-A’ shows the 
general topography and structure of the WAM. B-B’ depicts topography, 
locations and focal mechanisms of earthquakes and interpreted faults 
geometries. Modified after Corti (2009) and Beyene & Abdelsalam (2005). 
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