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Influence of heterogeneities within the lithosphere on the 
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Setup of the experiments 
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From North to South, the East African rift is composed of the Main Ethiopian Rift (MER), the Kenya Rift, 
the eastern and western branches that  surrounds the Tanzania craton (Map after Krome et al 1983).

In the east African horn, continental breakup that leads to the individualization of Nubia, Arabia and 
Somalia plates occurred  along the Mozambic Ocean Suture Zone (MOSZ) that trends NNW-SSE 
(Kazmin et al., 1978, Stern 1994).  
During Eocene, the evolution from collision to active subduction of the boundary conditions at the 
northern convergent margin of the African plate (Bellahsen et al., 2003) , coupled with the presence of 
the Afar plume, helped strain localization along the MOSZ and lead to the Red Sea sea opening (Gass, 
1977).
During Miocene, a second episode of "pre-rift" basaltic �ood emplaced (Zanettin et al.,1978; Ebinger 
et al., 1993) and predates the opening of the Main Etiopian Rift (MER), south of the Afar region, that 
separates the Nubia and Somalia plates. 
The western and eastern branch of the East African Rift starts to open at the same time and (12–10 
Ma) (Baker, 1987, Ebinger, 1989, Ebinger et al., 1997), and is still in its early stage of development 
contrary to the MER that is close to beakup is its northern part.

ARABIA

East African riftRio Grande Rift
The Rio Grande Rift is an  active zone of extension se-
parating the Colorado plateau from the Great Plains 
from the Southern Rocky Mountains (North) to the 
Basin & Range (south) (Map after Golombek et al., 
1983, USGS GIS database).
The area consists of the upper plate of the Farallon 
subduction zone (cross sections modilied after Liu 
and Stegman 2011). The dynamic of subduction and 

deformation of the upper plate are closely linked. 
Since Eocene, the subduction has started to re-

treat and the upper plate was �rst a�ected by 
wide type rifting: the basin and range deve-

lopped untill Mid Oligocene (30 Ma).
Then, extension switch from wide to 

narrow rift in the Rio Grande Area. The 
early rifting stage started in mid-Oli-

gocene (30 Ma). Opening conti-
nued during late Miocene (10 

Ma). The rift is still active these 
days (Seager and Morgan, 

1979, Manley 1979).
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Influence of the seed location within the lithosphereInfluence of the lateral variation of rheology within the lithosphere

Understanding how heterogeneities within the lithosphere in-
�uence the deformation pattern in continental rifts still remains 
a challenge and is of real importance to constrain continental 
break-up. We have selected the Main Ethiopian Rift in East 
Africa and the Rio Grande Rift in the south-western U.S. These 
two rifts are perfect natural laboratories to investigate the 
e�ect of inherited as they share similar structural characteristics 
but develop above di�erent kinds of lithosphere-scale hetero-
geneities. From a structural point of view both rifts show similar 
length (1000km), width (50 to 70 km) and asymmetry. The Main 
Ethiopian rift is the NE-SW trending plate boundary between 
the Nubian and Somalian plates that has been developing for 
the past 11 Ma above a palaeo-Proterozoic lithospheric-scale 
weak zone re-heated by the Afar hotspot, whereas the Rio 
Grande Rift is the eastern “boundary” of the Basin & Range 
system which has been developing for the past 30 Ma in the 
frame of a westward-retreating Farallon subduction zone. 
However, the Rio Grande Rift shows evidence of low angle 
normal faulting whereas the Main Ethiopian Rift shows steeply 
dipping (with a mean close to 70°) normal faults. The Main 
Ethiopian Rift shows larger volume of erupted lavas than the 
Rio Grande Rift. Combined with a structural analyses of both 
rifts, we present here a series of 2D cross sections numerical 
models that allow better understanding of the in�uence of ini-
tial heterogeneities such as 1) the rheological state of the crust; 
2) the presence of a crustal-scale to lithospheric-scale discrete 
weak zone. 
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Rift geometrical asymmetry is triggered by the lateral rheological contrast rather 
than initial boundary conditions.

The piece of lithosphere mantle belonging to the younger lithosphere (M2 and 3), 
pinched by the asthenosphere rising, may be an analogue to the high-velocity zone

commonly observed within the lower crust of continental rifts.

Weak zone located in the upper crust is triggering an asymmetric rift.
Weak zones affecting the strength of the whole lithosphere, such as suture zones, 
are triggering a fast mantle rising and therefore may trigger plume emplacement.

How does the location of the weak zone influe on 
rift  geometry and  plume emplacement?

How does the lateral variations within the            
lithosphere influe on rift  geometry?

M4/ Small weak zone in the upper/brittle mantleM1/ Reference model

M2/ Young lithosphere to the East of the weak zone

M3/ Old lithosphere to the East of the weak zone

M5/ Weak zone in the upper/brittle crust

M6/ Weak zone in both upper/brittle crust and mantle
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