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What happens in Africa?
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What happens in Africa?

Nascent sea-floor spreading onset of oceanic
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What happens in Africa?

Nascent sea-floor spreading  onset of oceanic
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A plume since ~40My

(Geochemical evidences

Mantle Convection Simulation by

Walter Kiefer (LPI) and Louise Kellogg (Univ. Califernia)
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What processes are at work?
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What processes are at work?
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A plume since ~40My
Geophysical evidences
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What processes are at work?

Models to test the hypotheses
- the deep origin and evolution of the plume(s)
- their interactions with the lithosphere
- focusing of strain

%ithospr:eric thi?kness,lkm . b Plume material distribution
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Melt thickness, km
29 1 1 1

Latitude (degrees)

Longitude (degrees)

a Presence of weak zone
along western side of craton

¢ Relatively big plume that is slightly
shifted to the eastern side of the craton

Distance, km

Koptev et al., 2016



How do you relate deep processes and surface
deformation?

Magmatism = efficient to weaken the lithosphere !
Why all branches aren’t magmatic??
Why some part of the rift are narrower?
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How do you relate deep processes and surface
deformation?

Depends on
- the inherited structures
- the state of the lithosphere (age, temperature, hydration)
- presence of melt
- discontinuities
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How do you relate deep processes and surface

deformation?
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border fault

<——— rift zone

A

T—F
lava lake
s AN YN
flank e / \\
carbonatite ’ scoria cones low-silica,
volcanism alkali-rich
N magmas
RN stored in
(3 ZaNS shallow
5k magma
" AR extension | reservoir
10 km \ mainly by j—
= faulting P deformation due to
dyke intrusion
20 km
30 k fractionation &
m lsilicate-carbonat deformation due to dyke
immisiciblity intrusion and magma
40K small degree melts of lithospheric Witidraval
mantle source
2.72S,36E 2.72S,38E
E 1 1 CO2 -
e ——

-10 1+, Ced
Y S—

30 1
-40 1

0 20 40
5.2 6.2
a)

60 80
72 -5.72, 35.7
2
1
0

w

migration
« Crustal alteration and
weakening (sills)

100 km 120 140 160 180 200
N. flank, Oldoinyo -2.72, 36.6

Lengaivolcano ¢ g,k Gelai volcano

2007 dike intrusion,

Mature rift

A

rift zone =

----- — - pre-existing
weakness focuses
magma ascent

scon’y
border fault silicic /
caldera

deformation

due to magma
intrusion
5 km extension by faulting
and dyke intrusion
e km deformation due to magmatic-
hydrothermal activity
35 km . - . o
mid-lower crust likely protracted fractional crystallization
dominated by pervasive melt ~ forms silicic crystal mush
melt migration
along rift faults
magma chamber iniecti
C g dyl;t(a)rl]r;jectlon Arboye border fault C ’
NW <33
2:0 6.13 ~—
6.10 6.08yM/6-51
e () 6 -
L4 Pan-African
___— 54 crust
= 6.65
- ST
r4u! — T— L 7 70 —— r
_7.3 I — ——  —— 5 05
60 20 / 40 60 | 16(|) 1 189 1 200
L L .
/
HVLC
A
A
0 1 Vp (km/s)
7
5 6
km
4 5
104
gabbroic _ 1 =
intrusions
15 3

0 50 km 100

rift zone >

basaltic shield
volcanism

Nascent sea-floor spreading /// 77

deformation due

5 km to dyke intrusion
extension mainly and magma
by dyke intrusion withdawl/recharge

10 km

protracted fractional crystallization
forms silicic crystal mush

Biggs et al. 2021

20 km

deformation due to magma
withdrawl/recharge

magma storage at the
crust-mantle boundary

DI

SW Ethflp'an rift magma chamber 07 NEed
—_ 4.1 %'P\Se‘a
B 63‘ transitional Z-,H TZ  Pan-African 6.31
6.6 , crust 7 » 68 crust 6.34
20 e ——y J’

—— 2

:49( ;g. ?

7.0%?.53
pp—— .53

mantle lithosphere

melt accumulatiori

8.0 asthenosphere '

60 60 80 1 0|0 1 2|0

€

5

2

E Variations of P-wave

£ velocity (km/s)

& 02 0 0.2
E - 3

_ es)
voirs / segments
lon through intrusion




deformation?

How do you relate deep processes and surface

Rheology of the lithosphere influence the distribution of earthquakes in depth
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How do you relate deep processes and surface
deformation?

a lot of inter-acting factors
CO2, rheology, melt, hydration, inherited structures...

Rift maturing Pre-existing structures influence

A 3 m.y. (Natron basin) B 7 m.y. (Magadi basin)
west west
east intra-rift fault-dominated S35t
- border fault-dominated reduced border fault strain accommodation
'g strain accommodation faulting driven primarily -g activity
« / by flexural stresses rather 17 /
distance distance

1
- ;| % fluid flow into the
2 flexing hanging wall

magmatic fluids rise up the border fault

Fig. 7 - 3D block diagram of the studied central MER sector illustrating the possible relationships among the rift-related structures and the suggested
magmatic fluids stop magmatic fluids rise transverse structure along which are located the major Bora and Bericha volcanoes, whereas at the intersection of these structures is located the still

. s ; active Tullu Moye volcano. With light blue the megalake is also reported whose northern part is delimited by the inferred transverse structure. In the small
fsing up the border fault up through the rift center inset a sketch of rift valley with major and minor faults and the inferred transfer zone.

Muirhead et al., 2016




How do you relate deep processes and surface

deformation?

a lot of inter-acting factors
CO2, rheology, melt, hydration, inherited structures...

Rift morphology, evolution

distribution of ressources, human, animals, vegetation
_ risk understanding, sustainable energy, management...




What’s next?

Inter-disciplinarity improve

- multi scaling approaches

- parameter identification / isolation
- exploration of solutions
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