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Dynamics of the East African Rift?
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Dynamics of the East African Rift?
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Shear Stross
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DRIVING EQUATIONS 50

* jnstantaneous momentum balance

BOUNDARY CONDITIONS

e gravitational potential energy
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* mantle flow (several models) km

* or no mantle flow

CONSTITUTIVE RELATIONSHIPS

* friction / brittle regimes

» dislocation creep / ductile regimes
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The Model
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Lithospheric Thickness (km) * Rheological parameters on
310° 320° 330° 340° 350° 0° 10" 20° 30° 40° 50° 60° 70° 80° quartz and Olivine Constrained
SRV M H by experimental results (Kirby,
1983; Ranalli, 1995)

RHEOLOGY

300 ° Brittle and viscous regimes

LITHOSPHERE STRUCTURE
« ETOPOS topography

e CRUST2.0 crustal thickness
(Bassin et al., 2002)

 Heat-flow interpolation
* Variable geotherm

 Major cratons are evident
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Results: Nubia-Somalia Euler Poles
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Results: Root Mean Square

0-10 | I I I I |
A G244
A G250
A * GPE -
0.08 ‘[A A I A = A
Hm F‘A
S = M F Mﬂ A A
o A P Lt A A
o 006 | A A Ay A f
— A
g A A A “AA A A‘A
3 A“ Kui it
S 004 A N =
Q
>
)
o Lk TR | Lk || ook ] | kAR L | rkokA | | ook b
& 0.02 W **ﬂ** | W Lo agafliof aniall *.ﬁ*** A anll
: " * " " " e *
0.03 0.06 0.03 0.06 003 0.06 0.03 0.06 0.03 006 0.03 006 0.03 0.06 0.03 0.06
0.00 ‘HHHHHH"HHHO‘C‘EAN'CFAULTFR"CT"QNH‘HHIHHHHHHH
001 = 002 ' 003 ' 004 ' 005 ' 0.06 007 = 0.08

CONTINENTAL FAULT FRICTION

Plume Dynamics and Surface Uplift



Best Models

GPE

 Mantle resists plate
motions

 Mantle flow velocities
set to zero

e Basal shear stress =
0.02-0.04 MPa

GPE+MANTLE
e Schuberth et al., 2009

e 250 km depth
 Basal shear stress =
0.04 — 0.08 MPa
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Sub-lithospheric decoupling layer?
Ambiant mantle temperature = 1315°C . Priestley ot al. (2008):
_i—_- “At 175 km depth, most of the
e e S e A African mantle is marginally cooler

- than the surrounding oceanic
mantle”
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Priestly et al., 2008
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Sub-lithospheric decoupling layer?
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Rooney et al., 2011
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Priestley et al. (2008):
“At 175 km depth, most of the
African mantle is marginally cooler
than the surrounding oceanic
mantle”

Rooney et al., (2011):

“Our new T, estimates show that
elevated mantle temperatures are a
pervasive feature of the upper

mantle beneath East Africa.”
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Sub-lithospheric decoupling layer?

LI

Rooney et al., 2011
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Priestley et al. (2008):
“At 175 km depth, most of the
African mantle is marginally cooler
than the surrounding oceanic
mantle”

Rooney et al., (2011):

“Our new T, estimates show that
elevated mantle temperatures are a
pervasive feature of the upper

mantle beneath East Africa.”

Lee et al. (2011):

“Kaapvaal peridotite xenoliths .... are
not particularly dry compared with the
convecting mantle.”
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Sub-lithospheric decoupling layer?

Log10(viscosity, Pa s)

Dislocation creep, wet mantle (Schubert et al., 2004)
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Priestley et al. (2008):
“At 175 km depth, most of the
African mantle is marginally cooler
than the surrounding oceanic
mantle”

Rooney et al., (2011):

“Our new T, estimates show that
elevated mantle temperatures are a
pervasive feature of the upper

mantle beneath East Africa.”

Lee et al. (2011):

“Kaapvaal peridotite xenoliths .... are
not particularly dry compared with the
convecting mantle.”

100° AT—> decrease in viscosity 1
order of magnitude
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Strength of the Lithosphere

I . Tectonic Stress (MPa)
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Conclusions and Open Questions

Present-day Nubia-Somalia divergence across the EAR is well explained by
buoyancy stresses caused by eastern+southern Africa’s dynamic topography —a
result of African Superplume.

Buoyancy stresses are large enough to oppose the resistance of a passive (static)
mantle — a convective mantle efficiently coupled with the lithosphere would
cause divergence at a rate much faster than observed: African lithosphere is
largely decoupled from the underlying large-scale mantle flow.

This decoupling may be explained by a reduced viscosity of the sub-lithospheric
mantle due to excess temperature and volatile caused by heat advection from
the African Superplume.

III

Problem: tectonic forces still insufficient to initiate rupture of a “norma
continental lithosphere
o Does its strength reside entirely in its crust — either intrinsically (e.g., créme brulée
model) or as a result of thermal erosion of the mantle?
o Are other processes locally decreasing lithospheric strength (magmatic intrusions,
convective removal of upper mantle, .....)?
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Additional material

mantle flow fields
wet gabbro layer (Karato, 2012 model)
mantle temperature fields
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MANTLE FLOW MODELS

 Tangential velocities

* Buiter et al., 2012; Steinberger
and Calderwood, 2006;
Schuberth et al., 2009

 Cratons and no-craton models
« 212.5, 220, 244, 250 km depths
e Viscosity is 10¥° & 10%! Pa.s

COUPLING MECHANISM

* Assume viscous coupling, hence
no deformation between base of
lithosphere and depth of
tangential velocities

Jd(V V

- : - mantle ~ " node TI
Steinberger & Calderwood, 2006 Buiter et al., 2012 0x d

4 example mantle flow models tested
Plume Dynamics and Surface Uplift
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Mantle Flow Fields

Schuberth et al., 2009 Forte et al., 2010
250 km depth 212.5 km depth
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Mantle Flow Fields

Buiter et al., 2012 Steinberger and Calderwood, 2006
220 km depth 220 km depth

Plume Dynamics and Surface Uplift



Karato, 2012 Model for Decoupling

ridge
(partial melting)
water content

lithosphere
LAB
~70 km
gabbro
(frozen wet melt,
~ 1 km thick)
asthenosphere
(tube-like melt)
_ ~300 km
low velocity layer
(complete wetting)
melt-rich layer )
(~5-10 km thick) 410-km —
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