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Plate tectonics

Rigid lithosphere -> no deformation inside the plate

©USGS

Driven by mantle convection

~15 plates 



Observations show a divergent mouvement running from Afar region to Mozambique Golfe 

Why ?

Stamps et al. 2018

What happens in Africa?

Seismicity Volcanoes



Indirect geophysical methods 

Hot and buoyant material


Plume ascent=new convection cell

Simmons et al. 2007
Stamps et al. 2018

Biggs et al. 2021

Biggs et al. 2001What happens in Africa?
increasing rift m

aturity



What happens in Africa?

indirect geophysical methods 

hot and buoyant material


plume ascent=new convection cell

Stamps et al. 2018

Biggs et al. 2001

How can you break a >100km thick lithosphere?

what processes are at work?


How do you relate deep processes 

and surface deformation?

Biggs et al. 2021



What processes are at work?

Chang et al. 2020

A plume since ~40My

Geochemical evidences

©1997 W. Kiefer

temperature

3He/4He

Michon et al. 2022



What processes are at work?

Chang et al. 2020

A plume since ~40My

Geophysical evidences

but… 

Different scenarios/propositions



What processes are at work?

Chang et al. 2020

Models to test the hypotheses

- the deep origin and evolution of the plume(s)

- their interactions with the lithosphere

- focusing of strain

Koptev et al., 2016

Sleep, 2011

Ebinger & Sleep, 1998

Magmatism weakens the lithosphere!



Mana et al., 2015 

Magmatism = efficient to weaken the lithosphere !

Why all branches aren’t magmatic?

Why some part of the rift are narrower?

Clutier, 2021

S. Mana et al.16
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Fig. 8. A 3D bar plot of the ages of NTD mafic lavas. Bars are scaled vertically to the reported age. The rendering was produced with a 4× vertical 
exaggeration. It should be noted that the plot is rotated to view from north to south to aid visibility of all sample sites. Data for Essimingor, Mosonik, 
Sadiman, Burko, Monduli, Lemagrut, Tarosero, regional flood lavas, Ogol, Ngorongoro, Ketumbeine, Olmoti, Oldeani, Loolmalasin, Gelai, Embagai, 
Kerimasi, Oldoinyo Lengai, Meru and Kilimanjaro are from Isaac & Curtis (1974), Wilkinson et al. (1986), Mollel et al. (2008, 2009, 2011), Nonnotte 
et al. (2008), Mana et al. (2012), Sherrod et al. (2013) and this study.
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Fig. 9. Upper part, cumulative diagram of the number of age 
determinations against time. Changes in slope are evident. Lower part, 
isodiagram for NTD magmatism, where each age is taken into account 
along with its uncertainty. Four distinct periods of magmatic activity 
are identified based on events of regional quiescence. In particular, 
two discrete events or pulses of magmatism migration are recognized. 
Colours match the age classification and dataset as in Figure 8.

N80°E lineaments identified by Le Gall et al. (2008). Early mag-
matism occurred along the western side of the NTD, whereas sub-
sequent activity cut across the rift flanks, moving north and east 
towards the rift interior. A plot of the frequency distribution of 

NTD volcanic ages (Fig. 9) indicates that magmatic activity in the 
region has been episodic with discrete events or large pulses of 
magmatism: two main episodes are recognized at 2.3 and 1.2 Ma. 
Based on periods of apparent regional quiescence, we identify four 
stages of magmatic activity (Fig. 8), as follows.

Stage 1 (c. 5.9–2.9 Ma): sparse activity limited to the southwest-
ern edge of the NTD.

Stage 2 (c. 2.6–1.8 Ma): a pulse of intense activity at c. 2.3 Ma, 
with progressive migration to the north and east.

Stage 3 (c. 1.65–0.75 Ma): a pulse of intense magmatic activity 
c. 1.2 Ma, accompanied by northward migration; the eastern NTD 
is mostly quiescent.

Stage 4 (c. 0.5 Ma to present): volcanism occurs primarily in the 
eastern NTD, at Meru and Kilimanjaro.

In the hotspot reference frame, Gripp & Gordon (2002) identi-
fied a westward absolute plate motion for Africa. Applying this 
model (H3S-NUVEL-1A) to our study area indicates a plate veloc-
ity of 15 km Ma−1 along a direction of 286.5°N, resulting in move-
ment of c. 90 km over the 6 Ma study period. The distance and 
direction are consistent with the observed eastward migration of 
magmatism across the NTD assuming a fixed magma source. 
However, this model cannot explain the northward component of 
volcanic migration.

We interpret the northward progression of mafic volcanism as 
the result of progressive faulting along the rift axis. Evidence for 
multi-stage extensional faulting supports the episodic develop-
ment of the rift in the NTD (Le Gall et al. 2008) although the ages 
of the faulting episodes are not well constrained. The earliest 
extension appeared on the western flank of the Natron basin 
where c. 3 Ma basalts post-date the Ol Donyo Ogol fault scarp 
(K–Ar, Foster et al. 1997). A second episode of extension is 
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How do you relate deep processes and surface 
deformation?

How do we explain the diversity of volcanic styles?

Are magmatism and tectonics linked? (How?)



Muirhead et al., 2020

Depends on 

- the inherited structures

- the state of the lithosphere (age, temperature, hydration)

- presence of melt

- discontinuities

Hopper et al., 2020

Lithospheric rifting in the Tanzanian Rift 1707

Figure 14. Interpretative scheme for upper mantle processes involved in the Eastern Branch of the East African Rift. The regional mantle upwelling observed
in large scale tomographic studies correspond to 1 or 2 per cent of seismic velocity decrease (e.g. Ritsema et al. 1998), whereas composition variation and melt
presence both supplement the rift centred negative signature above 200 km. Lithospheric thinning can reach 60 km for an initially 200 km thick lithosphere
(LAB: Lithosphere Asthenosphere Boundary) consistent with the xenolith signature within the rift axis and near the craton margin (coloured rectangle boxes,
Vauchez et al. 2005; Baptiste et al. 2015). The hydrated nature of the Tanzanian Craton (H+) is compatible with lateral advection of cratonic root and a
metasomatized mantle (black frame), as indicated through geophysical observations (Selway 2015) and petrophysics analyses (Rudnick et al. 1993; Vauchez
et al. 2005). The crust though moderately stretched is consequently modified with melt inclusions (Roecker et al. 2017), underplating (Plasman et al. 2017),
CO2 degasing (Lee et al. 2016) and brittle deformation (Weinstein et al. 2017).

case for the Manyara rift Branch, where we interpret the diverging
density and velocity signature within the crust as the transition
from Pan-African to Archaean units favouring the rift propagation.
The Masai cratonic block limits the eastern extension of mantle
upwelling within the lithosphere.

6 C O N C LU S I O N

We combine gravity and P-wave travel times from a two year-long
experiment to obtain density and velocity variations from the sur-
face down to ca. 270 km beneath the North Tanzanian Divergence.
Our results are dominated by a clear and strong low density low
velocity anomaly restricted to the MNM rift Branch. We propose
that this anomaly is connected to the broad mantle LVZ imaged
in global tomographic studies. Its stronger amplitude in the litho-
sphere reflects melt, hydration and composition variations in ad-
dition to thermal effect, due to the interaction between a mantle
upwelling and the highly heterogeneous thick cratonic lithosphere
of the Eastern Branch of the East African Rift (Fig. 14).

We estimate that 2–3 per cent of melt is necessary to complete the
thermal effect of a mantle upwelling in our models. First restricted
to the main magmatic centres within the crust, the location of melt
is widening with depth to concern the whole MNM rift Branch at
150 km depth (Fig. 14).

Additional lateral changes of composition locally create even
more contrasted anomaly within the first 100 km. They are also
required to explain the sharp and rather vertical boundaries of the

central low velocity low density anomaly beneath the MNM rift
zone, as well as the stability of the cratonic root. The Masai block
is separated from the Tanzanian Craton by a crustal terrane that ex-
hibits a counter density velocity signature we interpret as a change
in composition controlling the propagation of the deformation (seis-
micity and magmatism distribution) as well as the melt extent south
of Manyara. The presence of Archaean and Proterozoic units im-
aged by strong positive bodies drives the lithospheric low velocity
low density zone, and restricts its lateral extension within the MNM
zone. Southeastward propagation of asthenospheric low velocity
low density material beneath Pangani rift arm is possible but con-
fined below 200 km depth.XXX

Our results support the idea of a 3-D distribution of the crust and
mantle lithospheric stretching, which was probably enhanced by
lateral compositional and hydration variations at the craton-orogenic
belt boundary. Combined with the inherited structural fabrics, this
lateral heterogeneity appears to have guided strain and magmatism
localisation at the onset of rifting in this sector of the Eastern rift.
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How do you relate deep processes and surface 
deformation?



How do you relate deep processes and surface 
deformation?

Early stage rifting

•Melt + volatiles (CO2 H2O) 
migration

•Crustal alteration and 
weakening (sills)

•Enhanced fault/melt interaction

•Faulting systems development

•New mafic crust (dykes)

•Crustal reservoirs / segments

•Extension through intrusion

Mature rift Nascent sea-floor spreading

Biggs et al. 2021

Ebinger et al. 2017



How do you relate deep processes and surface 
deformation?

Muluneh et al. 2021

Rheology of the lithosphere influence the distribution of earthquakes in depth

NW Ethiopian Plateau

Main Ethiopian Rift

Albaric et al. 2010

Eastern Branch

Fluids? 
High strain rate? 

mafic crust? 
low geothermal?



How do you relate deep processes and surface 
deformation?

a lot of inter-acting factors

CO2, rheology, melt, hydration, inherited structures…

retro-action

Muirhead et al., 2016 Benvenuti et al., 2023

Rift maturing Pre-existing structures influence



How do you relate deep processes and surface 
deformation?

a lot of inter-acting factors

CO2, rheology, melt, hydration, inherited structures…

distribution of ressources, human, animals, vegetation

risk understanding, sustainable energy, management…

Rift morphology, evolution



Inter-disciplinarity improve

- multi scaling approaches

- parameter identification / isolation

- exploration of solutions 

Lithospheric rifting in the Tanzanian Rift 1705

Figure 12. East–west cross-section through the density (left-hand panel) and velocity (right-hand panel) models output from the joint inversion. The profile
runs along the AA’ line in Fig. 10 at 2.7◦S latitude. The upper panel shows the topography (vertical exageration) with the volcanic area of the North Tanzanian
Divergence (NTD) and the junction with the BB’ profile. On the bottom panel, dashed black line displays the interpreted Tanzanian Craton edge on the cross-
section. Approximative low velocity zone (LVZ) boundary from mantle tomography of (Mulibo & Nyblade 2013) is marked in thick red line for information.
Moho variation from receiver function is emphasized by the continuous black line in the first 50 km (Plasman et al. 2017).

Figure 13. North–south cross-section through the density (left-hand panel) and velocity (right-hand panel) models output from the joint inversion. The profile
runs along the BB’ line in Fig. 10. The upper panel shows the topography (vertical exageration) with the volcanic area of the North Tanzanian Divergence (NTD)
and the junction with the AA’ profile. On the bottom panel, Manyara and Kenya rift location are indicated. Approximative low velocity zone (LVZ) boundary
from mantle tomography of (Mulibo & Nyblade 2013) is marked in thick red line for information. Moho variation from receiver function is emphasized by the
continuous black line in the first 50 km (Plasman et al. 2017).
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Density P-waves S-waves

Tiberi et al., 2019

What’s next?

Clutier et al., sub.


