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Earth Sciences and the 
African economy

• The African economy is still highly 
reliant on the ‘primary sector’ as a 
major income generator which sustains 
millions of livelihoods.

• Direct linkages between earth sciences 
and mining, less direct linkages with 
forestry, fishing and agriculture.

• However, these latter sectors certainly 
require a healthy natural environment.

• Focus on the mining sector and its 
effect on the natural environment
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Frost-Killian et al., Episodes (2016)

• Africa is blessed with a rich mineral 
endowment.

• Examples of great mineral fields include: 
• Lake Victoria, West African, and 

Witwatersrand gold fields
• Central African Copper Belt
• Karoo-aged coal fields
• Kalahari Manganese Fields
• Moroccan sedimentary phosphate
• Southern African diamond fields
• West African Bauxite
• Bushveld igneous complex

• Associated environmental degradation 
influenced by speciation, mobility and 
chemical fate of deleterious elements 
released during mining.

Africa’s mineral endowments
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How can we study these mineral endowments?

Figures from von der Heyden et al. (2020), originally adapted respectively from Becker et al. (2016), and Reich et al. (2017) and Stromberg et al. (2019). 



How can we study these mineral endowments?

Figures from von der Heyden et al. (2020), originally adapted respectively from Becker et al (2016), and Reich et al. (2017) and Stromberg et al. (2019). 



But what about impacts on the environment?
• Inasmuch as legislature serves to 

protect the natural environment, 
it does not guarantee that spills, 
leakages from tailings facilities 
and other forms of emissions will 
not take place.

• Strong need to understand the 
fate and degradation products 
associated with addition of 
deleterious moieties into the 
natural environment.

Image from: dw.com

Image from: floodlist.com

Merriespruit tailings 
dam disaster (1994)

Niger delta oil spills
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Past use of synchrotron in the 
African earth sciences

von der Heyden et al., Journal of African Earth Sciences (2020)

CASE STUDY 1

CASE STUDY 4

• Case study 1: Mineral resources 
geology

• Platinum associations in a Cu-Ni 
magmatic sulphide system (Barnes et al. 
2016)

• Case study 2: Mineral resources 
geology

• LREE cycling in surficial deposits (Ram et 
al. 2019)

• Case study 3: Environmental 
geochemistry

• As speciation in soils (Mensah et al. 
2020)

• Case study 4: Environmental 
geochemistry

• Fe speciation in aquatic systems (von der 
Heyden et al. 2012, 2014, 2018)

CASE STUDY 2

CASE STUDY 3



Case study 1: Platinum in the Monts de Cristal
Complex, Gabon (Barnes et al., 2016)
• XFM beamline at the Australian Synchrotron 

(equipped with Maia detector array).
• “Pt minerals less than 5 μm in diameter can 

be detected in samples containing 10 s of 
ppb Pt, with scanning times of a few hours 
per standard sized thin section.”

• Synchrotron used to locate grains of interest 
for both further synchrotron study and 
interrogation using µPIXE.

• Studies concludes that Pt alloys (and 
arsenides) can crystallize directly from 
magmatic systems when saturation occurs at 
the Pt solubility limit.
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Case study 2: REE characterization in ion-
adsorption clays in Madagascar (Ram et al., 2019)
• XFM beamline at the Australian Synchrotron 

(equipped with Maia detector array).
• REE distributions within a heterogeneous clay 

mineralogy using sXRF. Show some 
associations with Zr and Fe-Mn oxides.

• Additional insights related to Ce speciation 
obtained from XANES analysis. 

• Identification of Ce(IV) has implications for 
beneficiation strategies, with a net result of 
increasing the HREE grade of the deposit.
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Case study 3: Arsenic speciation in tailing materials 
from gold mines in Ghana (Mensah et al., 2020)
• TLS 07A beamline, National Synchrotron Radiation Research
• Centre (NSRRC), Taiwan.
• Au and As are strongly associated. Au mining can be a notable point 

source of As release into the environment.
• As toxicity is strongly controlled by its speciation, As(III) more toxic 

than As(V).
• Scorodite and arsenopyrite are 

the two major forms of As in 
the spoils, typically associated 
with fine fractions.
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Case study 4: Fe speciation in aquatic 
particles, South Africa (von der Heyden et al.)
• Beamline 11.0.2 at the Advanced Light Source, USA.
• Soft X-ray spectroscopy allows evaluation of natural colloids and 

nanoparticles at ambient conditions. 

• Series of studies showed 
differences in Fe 
speciation, associations 
between Fe(II) and 
organic matter, and 
variable levels of Al 
substitution.
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Conclusions
• African samples under-represented despite 

significant endowments.
• African earth science researchers under-

represented in the global research arena.

6.7 %

von der Heyden 2020
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• You as the audience.
• The African Light Source Conference- and Steering committees.
• Co-authors (A. Roychoudhury; J.Benoit; V. Fernandez) of the Journal of Africa Earth Sciences publication.
• African Strategy steering committee.
• Funding agencies including NRF-DSI CIMERA.

Acknowledgements



Background photo credit: www.esrf.eu

Acknowledgements

Questions??

• You as the audience.
• The African Light Source Conference- and Steering committees.
• Co-authors (A. Roychoudhury; J.Benoit; V. Fernandez) of the Journal of Africa Earth Sciences publication.
• African Strategy steering committee.
• Funding agencies including NRF-DSI CIMERA.



Ongoing interventions towards advancing 
earth sciences interactions
• African Light Source (AfLS) conceptual 

design report
• Letters of interest can be emailed to 

bvon@sun.ac.za

• African Strategy for Fundamental and 
Applied Physics (ASFAP): Earth Sciences 
working group

• Letters of interest can be emailed to 
ASFAP-EarthScience@cern.ch



What are the Earth Sciences?

Image taken from: https://science.nasa.gov/earth-science

• Broad umbrella term: necessarily an inter-
disciplinary and ‘systems science’ field of 
study.

• ‘Multi-spheric’ – comprising lithosphere, 
hydrosphere, biosphere, cryosphere, 
troposphere, stratosphere, and all the way 
out to the exosphere.

• Selected sub-disciplines include: 
• geology, meteorology, climatology, oceanography, 

environmental science, hydrogeology, astronomy, 
tectonics, seismology, mineralogy and petrology, 
geochronology, ecotoxicology, among others...
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Overview of the synchrotron needs of the 
African Earth Sciences community
• Geological sciences

• Hard X-ray beamline
• Should access an energy of at least 40 keV

to evaluate important metal K-edges.
• Tuneable spot size.
• Possibly a specialized end-station 

configuration.

• Multi-detector array
• An array of 384 silicon-based detector elements 

which enables fast (0.2 ms per pixel) elemental 
mapping at spatial resolutions as small as 2 μm over 
relatively large sample areas (e.g., 7 cm2).

• Preferably accessing X-ray energies up to 40 keV
with spot size as small as 2 µm.



Overview of the synchrotron needs of the 
African Earth Sciences community
• Environmental geochemistry beamline

• Soft X-ray spectroscopy
• Environmental samples are commonly composed of 

low molecular weight elements, contain biological 
fractions or are analysed as thin films that are prone to 
beam damage when exposed to high energy beams.

• Soft X-ray beamline (50 eV–2000 eV) and should have 
both spectroscopic and microscopic capabilities (e.g., 
STXM).

• Spectral resolution of at least 0.2 eV, and spatial 
resolution of 10 nm or better.

• Operate under atmospheric and high vacuum 
conditions.

• Time resolved measurements 

von der Heyden et al., 2019, 2020


