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The Afar depression: an hotspot-influenced triple junction
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The Afar depression: an hotspot-influenced triple junction
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[ Wright et al., Nature, 2006 ]
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Lateral dike intrusion
originating from magma chamber
at the Northern tip of the segment??




Repeated intrusions
in Manda Hararo — Dabbahu rift
in 2005 - 2006 - 2007 - 2008 - 2009

September 2005
Main dike

Silisic explosive eruption o _
Smaller dike intrusions

Basaltic effusive eruptions
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12 dikes since 2005
Only 3 eruptions...




The magmato-tectonic cycle

[Buck et al. 2006, JGR]

7 caldera N
Brittle
magma chamber—)f Upper | H
! Crust
| BN

Extension is relieved during
a “rifting episode”
Recurrence time ~ 100 yrs
Duration ~ several months/years

[Bjornsson 1985, JGR]

Elastic rebound
RIFTING

A rifting episode is made
of a series of
“diking events”
Recurrence time ~ several months
Duration ~ several hours/days

West 50 0O (km) 50 East
| 1 [

Fig. 8. A model of episodic crustal rifting in NE Iceland. Tension is
gradually built up in the axial rift zone by ridge push force and is
released every few 100 years in a rifting episode. Arrows proportio-
nal to deviatoric stress in the crust.




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

1978 Asal Rifting Crisis
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1975-1984 Krafla Rifting Episode
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\ Sea

Surface elevation at Krafla

1980, 1985,

(Adapted from Einarsson, 1‘991)
[ Einarsson et al., 1991 ]

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

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




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




Track 49 (descending)

Track 28 (ascending)
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Sub-pixel correlation of SPOT 10m-resolution images
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Inversion results
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Inversion results
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Problems raised by the September 2005 dike
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the opening distributions... [ Wright et al., , Nature ]
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The rifting events of 2006-2009
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Inversion of Constant Distributed
geodetic opening opening
data for

dike intrusions
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Combining a$cendinlg
and descending tracks
helps resolving the
H/V ambiguity

Model 080628-080802

Step 1: _
Non-linear inversion of
the geometry of the dike
[Tarantola & Valette, 1982]

Step 2:
Linear inversion of opening
on a discretized dike plane

to constrain the “shape” of
the dike
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Migration
of
seismicity
during
dike
emplacement

[Keir et al., 2009]
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Repeated intrusions
in Manda Hararo — Dabbahu rift

Elevation
(m)
1200
1100
1000
900
800
700
600
500 \\ A

400
300 \

12.8°

5x102km*/km
]

12.7°

A Co-intrusion seismicity migration

Yo
W

in 2005 - 2006 - 2007 - 2008 - 2009

Silicic explosive eruption
26/09/2005

Basaltic fissural eruption
13/08/2007 & 29/06/2009

Dabbahu segment

d10

di2

d7

ds

d9

2008

2009

2010




45 50 55 60 65 70

For =

d10 v do

R P -
Brittle crust Ne;;.% """
?

thickness Intrusion
?7? ?

Focussed

|
magma supply

75




30 35 40 45 50 55

~5
10 -
—15 -
—20 -
_25 -

-160

45 50 55 60 65 70

60 65 70 75 80 85 90

9 = - D%

?

L

-120 -80 -40 0 40 80 120 160
Normal Stress Change [bars]

[ Nelly Mazzoni, MSc, IPGP ]




Volume (mA3)

1e+09

1e+08

Illl

T

T

2007/01/14

Distant dikes NS

2007/11/12
) /

/
2008/03/15 2008/§0/17

S

2006/06/17
/

2008/07/09,
2006/09/10 2009/02/09

e

2006/07/25

. 2007/08/13

2006/12/07 /

/10 1| 1 1 L

T 6.95

6.29

llll

1

1

1e+07
1e+07

1e+08
Surface (m"2)

=> More distance to travel: more magma is needed

' 5.62
1e+09

N\ Buisn ‘(WN) MmN

ed01og




3

Transient deformation
between dike intrusions




[ Ebinger et al., 2008 ]

Source of magma ?
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Back to the main rifting event...




Central magma chamber
deflation during a dike

intrusion
captured by InSAR
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Elastic modeling => depth > 10-15 km




[ Wright et al., 2006, Nature ]

What happened there during
the September 2005
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Conclusions

Source of magma: at the centre of the rift

= Compatible observations at slow-spreading MOR

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




A few remaining problems...

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

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

Strong heterogeneity of the normal stress change on the dike

= \Nhat were the initial stress conditions?

Response of the central plumbing system

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

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

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