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Conclusions

Currently deformlng rifts offer a wrndow to understanding extensional
processes in space and time ‘

 Plate rheology temperature composmon pre exrstlng structures
Deformation - mechanical and magmatic
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African-Arabian rift systéms
* All stages of rifting tb sea floor s}[:.)"r\e'adiln‘g exposed
«  Formed aWay from.active plate bour;d.ariesv:“”
« Separation ‘ofxlarge continental' fragments

* Orthogonal-tozmaderate rift obliquity
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Outline

» Tectonic framework
3 Fault initiation and evolution in EAR

. State of theima’htle beneath EAR

Feeds into

« Melt supply and plate-scale rift archltecture
. Deformatlon and rheology

Examples from Ethiopian and Afarv-rifts



Tectonic framework

e Plate separation
e Rift initiation youngest in south

~29 Ma in Afar to <1 Ma in Okavango
e Rifting propagates south

<— 10 mm/yr
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Tectonic framework

* Plate strength
 Volcanism

o Seismicity
 Fault architecture

0
Perez-Gussinye et al., 2009
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Fault initiation and evolution

Much of rift superbly exposed
Variability in fault architecture

Rift initiation <1 My in Okavango

~100-km-long fault
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Fault initiation and evolution

Much of rift superbly exposed

e  Variability in fault architecture
* Riftinitiation <1 My in Okavango

~100-km-long fault
» Faulting during late stage rifting
lots of short faults above dikes

 Recent examples of deformation
Karonga, Oldoinyo-Lengai, Dabbahu

ARABIAN

10+ -2 S AN

SOMALIAN

Mesozoic-
Paleogene rifts'~

| PLATE

4000

¥
. INDIAN
., +" . Natgon-
:Manyaru
it l  \ Quaternary
magmatic segment

.
" Permo-Triassic (Karroo)
Mesozoic-Paleogene rifts

\ ,' EAR Border fault
; 5 RRE A Quaternary-Recent
A 3 e y ‘ volcano

" ZAMBIA \ ¥
% " Davie |

-1 57‘.:;»3 ‘ . ! Wk : ",,Rid‘qe "'1- @ Paleogene kimberlite

Okavango > ; 4 &
s iftge” ‘i :




Fault initiation and evolution

Much of rift superbly exposed

e  Variability in fault architecture | ARABIAN

* Riftinitiation <1 My in Okavango PLATE
~100-km-long fault 15 vemew

e Sedimentary record in lakes records

tectonics and climate change
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Fault initiation and evolution

White papers

 A: Atekwana, C: Gaherty & Shillington, D: Reilinger and Bendick
e Border fault dimensions scale with plate strength

 Magma intrusion?
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State of the mantle

e Broad thermal upwelling beneath Ethiopia
e Slowest / hottest mantle on Earth

Benoit et al.. 2006
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Mantle dynamics - melt supply Africa

e Broad thermal upwelling beneath Ethiopia
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Mantle dynamics - melt supply

e Broad thermal upwelling beneath Ethiopia
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Mantle dynamics - melt supply

* Low velocity anomalies offset towards border faults
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Mantle dynamics - melt supply

 Low velocity anomalies offset towards Miocene border faults

« Decompression melts focused along LAB 15 1 -05 0 05 1 15
e  Mechanical structure of lithosphere from early
stretching influences melt migration depth = P-wave % velocity anomaly
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Mantle dynamics - melt supply

 Peak in SKS splitting beneath border faults e

o Decompression melts focused along LAB

*  Shape of lithosphere from early stretching
influences melt migration

e  Comparison of early stage rift - rupture to trace
LAB modification during evolution

<

 Thermal / chemical erosion of lithosphere?
e Thermal and chemical heterogeneity from

melt extraction? i
14
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Rooney et al., 2010
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Deformation and rheology

e Border faults - Miocene age

e ~80-km-long fault segments

o <25 degrees obliquity to ~E-W opening
* Role of pre-existing structures not clear

. Quaternary - Recent faults in axial graben
. Shorter <15-km-long faults

. Strike orthogonal to rift opening

. Right-stepping en-echelon pattern

. Faulting, magma intrusion, rheology
and stress

Corti 2008
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Deformation and rheology

Corti 2008

 Plate strength

¢ Reduction in fault length / basin width coincident

with decrease in plate strength
* Influence of magma on strain, strength, and
along-axis segmentation
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Deformation and rheology

. . Rift volcanics/sediments M MaCkenZie et al" 2005
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Deformation and rheology

| T TR ] .
compression extension

e Faulting, magma intrusion, rheology
and stress

* Dense mafic intrusions in mid-crust

e ~20 km extension in ~3 My

« Magma production rate 90km3 km-1 My-*

e Solid intrusions strengthens lithosphere and
causes localization of stress

e Partially molten intrusions weakens plate
and localizes stress between segments

; ' Beutel et al., 2010
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Dabbahu rifting episode

e Time-scales of magma intrusion

e Dike-induced faulting

e Maintenance of along-axis segmentation

Wright et al., 2006
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Dabbahu rifting episode
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Deformation during dike intrusions

20 May - 24 June 2006
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Deformation during dike intrusions

24 June - 29 July 2006
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Conclusions

e Currently deformlng rifts offer a wrndow to understanding extensional
processes in space and time N

. Plate rheology temperature composmon pre exrstlng structures
« Deformation - mechanical and magmatic

» Rift architecture at a plate scale

« Mantle dynamics.- magma supply

* Achieved vie."multid'is;cipIinary aﬁ.bﬁr“baclhﬁto earth observation and modeling
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State of the mantle and rift initiation

e Broad thermal upwelling beneath Ethiopia
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State of the mantle and rift initiation

e Broad thermal upwelling beneath Ethiopia

depth =
550 km
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Normal lithosphere

Magmatic extension

Asthenosphere

0
Ryl
Temp
—_
=
- B B
‘C MPa
1000
| S A | v r
Temp Yield
stress
- -y B
= - .
i - R 8 -




Deformation and rheology

Rift volcanics/sediments M, Mackenzie et al-, 2005
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Rift initiation in East Africa

e Volcanism, seismicity, fault architecture and plate strength
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