
David Pyle
University of Oxford, UK

Age and petrogenesis of young 
Afar basalts

David Ferguson, Andrew Calvert, 
David Pyle, Jon Blundy, Gezahegn Yirgu



Dabbabu – Manda Hararo rift segment



Hayward and Ebinger, 1996

Evolution of a magmatic rift



Magmatism of the Dabbabu – Manda Hararo rift segment



Sample locations: on and off-rift



40Ar-39Ar dating of young basalts



40Ar-39Ar dating of basalts: inferred half spreading rate

Afro-Arabian extension (~ 8-10 mm/yr) can be accommodated for the past 200 
kyr by extension in the Dabbahu – Manda Hararo segment



Development of lava flow age profile across a spreading rift



Off axis volcanism: ages



D-MH Rift Segment Lavas



Red: off-axis lavas
Blue: axial lavas

Dabbahu Manda Hararo Rift: Basalts



Dabbahu Manda Hararo Rift: Basalt evolution

Axial lavas don’t follow the same fractionation path from parental melts as off-axis lavas



Melting model
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Compositions of calculated primary melts to DMH rift basalts are consistent with 
polybaric melting beginning at about 3.5 GPa, with a mantle potential temperature of 
1470 oC, and a melting extent approaching 10%.



Dabbahu Manda Hararo Rift: Crystallisation model

Axial lavas don’t follow the same fractionation path from parental melts as off-axis lavas: 
They appear to require a degree of high – pressure crystallisation.



Synoptic model for basalt genesis

New 40Ar-39Ar age constraints are consistent with axially-focussed magmatism
in the Dabbahu – Manda Hararo Rift for >200 kyr

Chemical differences between axial and off-axis basalts are small, and relate to 
the shallow storage and differentiation histories of the melts. 



Dabbahu Manda Hararo Rift: Basalts
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