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Founded in 2005 to:
 DEVELOP HUMAN & 

INSTITUTIONAL 
CAPACITY

 CONDUCT RESEARCH

• NATURAL RESOURCES

• GEOHAZARDS

• CURIOSITY

OVERVIEW



Workshop



Workshop



FIELD SCHOOL



What is the deep structure of the African continent?
How did it evolve?
What are the implications for resources & geohazards?

 Plumes, Superplumes & Hotspots 
 Superswell, Epeirogeny
 Large Igneous Provinces 
 Intra-cratonic basins
 Rift Systems 
 Kimberlites

Witwatersrand Basin

Damara Belt

Bushveld 
Complex

East African 
Rift System

Madagascar volcanisms & seismotectonics

Congo  Basin



TOOLBOX

 Broadband seismology
 Receiver functions

 Body wave tomography

 Surface wave tomography

 Ambient noise

 Reflection Seismics

 Gravity, Magnetics & MT

 Joint inversion
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‘Backbone’ 
Network

• 53 stations
• 50 seismic stations
• 24 GPS/met stations
• 17 countries
• Continuous recording
• Data recovery 70-80%
• Data availability: IRIS and 

UNAVCO 
• Data retrieval:

– A few countries - real-
time using cell modems 

– Elsewhere - monthly
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Zomba

MALAWI
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Recent temporary broadband 
seismic deployments

2013-2017 Botswana – 20 stations 

Botswana Geosciences Institute & University of 
Twente

2015-2018 Northern Namibia – 10 stations

2017-2018 Southern Namibia – 10 stations

(Namibian Geological Survey & De Beers)

2015-2017 Bushveld Complex, S. Africa - 5 stations

2017-2019 Bushveld Complex, S. Africa - 25 
stations

(South African Council for Geoscience)

2017-2018 NE Uganda - 9 stations 

(Uganda Department of Mines)
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FINDINGS

 High velocities (∼4.7–4.8 km/s) occur at depths of 
50–250 km beneath the Archean nucleus and 
several surrounding Paleoproterozoic and 
Mesoproterozoic terranes

 The margin of the greater Kalahari Craton is placed 
along the southern boundary of the Damara Belt 
and the eastern boundaries of the Gariep and 
Namaqua-Natal belts. 

 At depths ≥250 km, there is little difference in 
velocities beneath the craton and off-craton 
regions, suggesting that the cratonic lithosphere 
extends to depths of about 200–250 km. 

 Upper mantle velocities beneath uplifted areas of 
southern Africa are higher than the global average 
and significantly higher than beneath eastern Africa, 
indicating there that is little thermal modification
of the upper mantle present today beneath the 
Southern African Plateau. 

 Buoyant support for the plateau therefore likely 
resides in the mid- to lower mantle.
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FINDINGS

 2 ca. 8 km deep sub-basins 

 E-W structure likely due to salt tectonics
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(a) Lateral variations of Pn velocity in the uppermost mantle (this 

study); earthquake epicentres from Rakotondraibe et al. 

(2020)

(b) Shear wave velocity at a depth of 50 km, from Pratt et al. 

(2017).

FINDINGS

 Pn velocities within vary by ±0.30 km s–1 about 

a mean of 8.10 km s–1. 

 Low-Pn-velocity zones (<8.00 km s–1) are 

observed beneath the Cenozoic alkaline 

volcanic provinces in the northern and central 

regions, corresponding to thermally perturbed 

zones, where temperatures are estimated to be 

elevated by ∼100–300 K. 

 Moderately low Pn velocities are found near the 

southern volcanic province

 Pn anisotropy is very complex, with small-

scale variations in both the amplitude and the 

fast-axis direction, and generally reflects the 

complicated tectonic history of Madagascar.
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FINDINGS
 Most seismicity is clustered within 

central Madagascar, roughly 

aligned with extensional tectonic 

features. 

 Focal mechanisms exhibit a wide 

orientation of nodal planes, show 

predominantly normal faulting 

throughout Madagascar.

 No support for a sharp EW-

striking plate boundary in the 

middle of the island. A diffuse 

plate boundary cannot be 

excluded. 

 Topographically-generated 

extensional stresses are thought 

to be the cause of most seismicity.



Distribution of earthquakes  
(MW ≥ 3) from the 
homogenised SSA-GEM 
earthquake catalogue. 



SOURCE ZONATION MODEL

Group Source 

Zone

Name

1
2 South Red Sea

3 Gulf of Aden

2

1 Afar Depression - Eritrea

4 Main Ethiopian Rift

22 North Kenya - Lake Turkana

3

7, 7.1 Lake Victoria

14 South Kenya

20 Rovuma Basin

4

5 South Sudan

6 Western Rift - Lake Albert to Kivu

8 Western Rift - Tanganyika

9 Rukwa - Malawi (Nyasa) Rift

18 South Mozambique

5

10, 10.1 Walikale - Masisi

11, 11.1 Upemba Graben

12, 12.1 Mweru - South Katanga 

13, 13.1 Kariba - Okavango

6

15 Eastern Rift

16 Davie Ridge

17 Mozambique channel



PGA (g) 
10% probability of exceedance in 50 years

Spectral acceleration (g) at 0.1 s / 10 Hz
10% probability of exceedance in 50 years
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FINDINGS
 Sub-Saharan Global Earthquake Model (SSA–

GEM) catalogue augments global catalogues 

with information from local agencies and regional 

projects, particularly from the AfricaArray

network.

 Declustered catalogue (1900-2015) has 782 

events.

 Seismotectonic zonation into 15 seismic source 

areas based on:

• regional geological structure, 

• neotectonic fault systems, 

• basin architecture, 

• distribution of thermal springs, and

• earthquake epicentres.

 PSHA computations performed using the GEM 

OpenQuake engine (version 2.7.0-1). 

 Calculated PGA and spectral acceleration at 

0.05, 0.1, 0.2, 0.5, 1 and 2 s periods for several 

Vs30 models.



25

 Geological mapping (surface, 

borehole)

 Gravity

 Magnetics

 Magnetotellurics (SAMTEX)

 Broadband teleseismics (SASE, 

AfricaArray)

 Refraction seismics

 Reflection seismics
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FINDINGS
 150 km long, 6 s TWT 2D 

seismic profile acquired in 
1994 reprocessed using 
modern reflection seismic 
processing methods. 

 Significant improvement in 
the imaging quality of the 
subsurface.

 Newly imaged features 
provide  evidence for multiple 
Late Mesozoic to Cenozoic
tectonic events, including 
polyphasic reactivation of 
basement structures, under 
both extensional and 
compressional stress 
regimes.



In past 5 years considerable advances in knowledge of 
the deep structure and geodynamics of Africa south of the 
equator by African scientists and institutions. 

 Definition of craton boundaries,

 Origin of southern African plateau,

 Application to earthquake risk mitigation,

 Application to mineral exploration,

 Future focus on Bushveld Complex and environs

Summary


