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September 2005:

initiation of a rifting episode

at Manda Hararo – Dabbahu
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[ Wright et al., Nature, 2006 ]

[ Wright et al., Nature, 2006 ]

[ Ayele et al., EPSL, 2007 ]

Lateral dike intrusion
originating from magma chamber
at the Northern tip of the segment??

D: Dabbahu

G: Gabho
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The magmato-tectonic cycle
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Elastic rebound

Extension is relieved during
a “rifting episode”

Recurrence time ~ 100 yrs
Duration ~ several months/years

A rifting episode is made
of a series of

“diking events”
Recurrence time ~ several months

Duration ~ several hours/days

[Buck et al. 2006, JGR]



Known examples of previous rifting episodes
in similar magmato-tectonic environments

[ Einarsson et al., 1991 ]

Krafla (Iceland) 1975
Volume ~ 0.6 km3 (minimum)
Durée: 9 years

Asal

Ghoubbet

1978 Asal Rifting Crisis

[ Tarantola et al., EPSL, 1979 ]

Asal (Djibouti, Afar) 1978
Volume ~ 0.2 km3
Duration: several months?



Main Questions

What was the amount of opening in September 2005 

during the main rifting event?

Where does the magma come from?

Why several dikes, not just one?

What does it tell us about rifting processes at Mid-
Oceanic Ridges?



Outline

1) The main dike seen by remote sensing

2) Subsequent intrusions of 2006-2009

3) Inter-dike deformation time-series

4) Back to the main rifting event...

5) Conclusions
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September 2005 rifting event
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[ Wright et al., 2006, Nature ]

opening ~ 3 - 5 m
length ~ 50 - 65 km

height ~ 10 km

� volume ~ 1.0 - 2.5 km3

From geodetic inversions:

... but only ~20% comes 
from magma chambers at 
Dabbahu and Gabho...

... magma pathway along the 
dike is not clearly imaged in 
the opening distributions...

Problems raised by the September 2005 dike
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The rifting events of 2006-2009
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to constrain the “shape” of
the dike

Example: July 9th, 2008 dike
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3

Transient deformation

between dike intrusions



[ Ebinger et al., 2008 ]

Source of magma ?



InSAR cumulative deformation
since September 2005 dike 

without 2006-2009 dikes
Source
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magma

?

Transient deformation 

between dike intrusions 

suggest the presence of 

a deep (> 10 km depth) 

source of deformation at 

the centre of the 

segment

Length of the source:

< 10 km
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High resolution

InSAR

processing

- Detailed

mapping

� tectonic

analysis

- Geometry

and kinematic 

behavior of

faults/fissures

� constraints for 

mechanical 

modeling
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Back to the main rifting event...



November 2007 dike:
southernmost dike

October 2008 dike:
northernmost dike

Magma
chamber
deflation?

Magma
chamber
deflation?

Central magma chamber 
deflation during a dike 

intrusion
captured by InSAR

Elastic modeling => depth > 10-15 km
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[ Wright et al., 2006, Nature ]
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Conclusions

Limited magma availability

� Small or no overpressure of the main magma reservoir implies a 
large tectonic stress deficit at the onset of rifting => magma is 
emplaced “passively” into the dikes

Strong (thick?) crust at the Wal�is rift axis

� Recent localization of magma-assisted extension

Source of magma: at the centre of the rift

� Compatible observations at slow-spreading MOR



A few remaining problems...

Time needed to solidify a 5m-thick dike > 1 year

� What prevents the whole crack from dilating during magma surge?

Response of the central plumbing system

� What is the nature of the deep process that generates 
transient deformation (diking, viscous flow...)?

Strong heterogeneity of the normal stress change on the dike

� What were the initial stress conditions?

No transient deformation observed (with InSAR..) prior to injection

� What triggers the rifting episode? What controls the size of it?



Merci!

Gad’dege!

Amesege'nallo'!

Thank you!

Grazie!




