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➢1. Its a handle in Plate reconstructions, geological evolution 
of mobile belts and allows us to select areas suitable for 
exploration of various mineral deposits- each with its specific 
setting

➢2. A tool to be used in the detailed assessment of mineral 
deposit fertility: an example from the Damara, Gariep and 
Kaoko belts

➢Used to date the age of the Solar System and comets

Why Zircon Geochronology? 
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The Earth has a magnetic field that pushes 
the Sun’s magnetic field and solar wind
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Internal structure of the Earth-the liquid core 
produces Earths’ magnetic field.



- Early Earth - chemical and density differentiation

- Bombardment and Moon collision/extraction (Hadean)

- Plume and/or subduction dominated processes (Paleo/Mesoarchean)

- Plate tectonics (dominates by Paleoproterozoic, possibly Neoarchean)

Dominant processes though Earth’s 
development 



Plate Collisions- the reason mountains form 
and global oxygen levels are maintained

➢When one plate goes below another, it 
is called subduction.

➢The subducted plate melts at depth as 
it enters the mantle

➢The melt rises as magma and forms 
volcanic rocks in arc regions, e.g., 
Atlas Mnts, Andes, S. America; 
Rockies, North America; Himalayas; 
Asia (zircons form in these magmatic 
rocks keeping a chemical signature of 
their origin)

➢Each plate setting has unique isotopic 
and geochemical signatures

➢With time we form more continental 
masses.
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Plate Divergence- Where plates move apart- and 
new crust (solid earth) is produced

➢Mid Ocean ridges are places 
where two plates move away 
from each other; e.g., the 
Atlantic Mid Ocean Ridge; the 
Indian Ocean Mid Ocean Ridge; 
the Pacific Mid Ocean Ridge.

➢On continents, we get Rift 
basins, e.g., East African Rift

➢In these areas basalts form 
some carrying baddeleyite (a 
cousin of zircon)
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Tectonic Plates
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The World’s oldest rocks dated by Zircon 
geochronology
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History

➢In 1907, Boltwood was the first person to come up with an 
estimate of the U-Pb decay constant of 10-10/yr which 
compares well with our current figure of 1.5×10-10/year

➢Thus he measured samples that were 422 my and 2200 My.

➢Innovation = Insight (light bulb moment) + Societal Value

➢(e.g., Dunlop, Faraday, Pasteur, Flemming e.t.c.)
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My Research Journey
(picture of Spitzkoppe granite)
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The Half Life and Decay constant
➢The half life of a radioactive isotope is 

the time it takes for the number of 
parent isotopes to decay away to half 
their original value. It is related to the 
decay constant by the expression

• T1/2 = ln2/

➢For 87Rb, the decay constant is 1.42 x 

10-11y-1, hence, t1/2 
87Rb = 4.88 x 

1010years. 

➢ In other words after 4.88 x 1010years 

a system will contain half as many 

atoms of 87Rb as it started off with. 



Table of the naturally occurring elements



Chart

Description automatically generated

Radioactive Decay

➢Every element has one or more 
isotopes that have unstable 
nuclei that are subject to 
radioactive decay, causing the 
nucleus to emit particles or 
electromagnetic radiation.

➢ Radioactivity can occur when 
the radius of a nucleus is large 
compared with the radius of the 
strong force, which only acts over 
distances on the order of 1 fm

https://en.wikipedia.org/wiki/File:Isotopes_and_half-life.svg
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U is the largest 
Naturally occurring 

Element

It is radioactive

Used for energy 
purposes

Is always present in 
the Mineral ZIRCON



How we use  Zircons in Mineral Exploration
Diamonds do not form in Mobile belts (too warm and not dense 
enough)- zircon in cratons- we prefer low to med temp
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Zircon crystal (Zr, U, REE)2SiO4

Cathode Luminense images
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Jack hills zircons(Froude et al, 1983-Nature vol 304, 616-618) some of 
the oldest rocks on Earth. The story of Zircon is the story of life on Earth



METHODOLOGY- Pick rocks that you are 
certain that they contain zircon grains



METHODOLOGY-pick the zircons and 
analyse



The power of the zircon crystal-thermometry (after 
Puppin, 1980)-nature’s gift to man

➢The shape of the zircon is also an 
indication of the temperature at 
which it formed and composition-
important in mineral deposits 
studies

➢Better pyramids indicate higher 
Al/(K+Na) ratio- Tectonic setting 
indicators

➢Better prisms indicate higher 
temperatures of formation

➢ Index A reflects the ratio 
controlling the development of 
zircon pyramids, whereas 
temperature affects the 
development of zircon prisms.
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Mapani et al., 2014
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After Corfu et al., 2002-Atlas of Zircon Texture



Lu/Hf clock – a window into the crust and mantle (Mapani 
et al., 2014)
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Concordia Diagram after  Harris, Mapani, Cornel, 
Malobela, Weber, Hanson and Kristofersen (2019)
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Applications of Zircon geochronology, 
scientific make up to national economies

1. Crime control in the trafficking of uranium materials for enrichment (IAEA, 
Vienna in conjunction with cooperating countries)

2. Identifying sources of uranium in groundwater with a view to remediate and 
protect communities (e.g., Hamutoko, Mapani and Ellmies) (Khan and Swakop 
Rivers, Namibia)

3. Used in thermometry on the estimation of orogens and fertility of continents 
(First used by Foster,  Goscombe, Newstead,  Mapani, Weber, Mueller and 
Muvangua, 2012)- Damara Belt vs Congo and Kalahari Cratons collision

  (beneficiaries- discovery of Osino Gold, discovery of Gergarub Deposit, Rosh 
Pinah)



The power of zircon in forensic science- 
fingerprinting sources of uranium and lead 
sources-Namibian examples (Madzunya et al., 2021)
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Riruwai uranium source, Nigeria (after John 
et al 2021)
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Uranium sources in South Africa (after Kupi, 
2022)



The Damara, Gariep and Kaoko Belts – Fertility for metal 
deposits-The power of Zircon in mineral discovery
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Crustal differentiation, melt generation and melt 
migration-lessons from zircons

➢Continents represent the cycles of repeated differentiation- we see inherited 
zircons in granites.

➢Mineral Deposits signatures occur in these igneous and metamorphic 
processes

➢Dense oceanic crust gets recycled in the Upper Mantle, while less dense 
felsic crust is upwardly stratified by a combinations of geological and tectonic 
processes- we see resorbed magmatic zircons.

➢Anything more felsic than basalt will accrete uniquely in magmatic arcs above 
subduction zones to form Cu-porphyry deposits (e.g., Haib in Namibia)

➢However, true felsic crust of granite composition, requires repeated and 
multiple differentiation events to reach the average composition of 
continents- we see complex zircons that have undergone several 
metamorphic and granite episodes are common



Recycling and cratonization-zircons can be 
recycled several times, overgrown in different 
geologic environments
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Formation of continental crust and its evolution over the geologic 
history (after Hawkesworth, 1987) has followed 250 Ma cycles



How do we know that the continental crust is juvenile or is not 
mixed with sedimentary material?

➢For this we use a combination of isotopes.

➢1. Sm/Nd isotopes: Nd indicates whether the rock was 
derived from the crust or mantle.

➢Rocks with high Nd values are from the mantle

➢La and Rb are high in crustal rocks and therefore Rb/Sr and 
Nb/La ratios can tell us about the origin.

➢High Sr87/Sr86 is common to crustal rocks.

➢We use the Hf/Lu ratios from zircons to fully understand the 
evolution of the rock



Mapani et al., 2014 (Testing the origin of the 
Hohewarte (Windhoek) and Rehoboth basements





Example 1-Damara belt-identification of fertile crust



Damara belt units with different types of 
zircons or no zircon!



Gondwana at 750 Ma and its dispersal and 
assembly of Pangea







SUMMARY  FOR CONGO AND    
KALAHARI CRATONS

➢A nearly 1050-1000 Ma detrital 
zircon population in the Congo 
strata is absent in the Kalahari 
craton together with a 900-600 
Ma detrital zircon population

➢Most abundant zircon grains from 
Neoproterozoic strata on the Congo 
margin give ages of 1150-1000 and 
800-600 Ma

➢The most abundant grains on the 
Kalahari craton margins range from 
1350-1100 Ma.

➢A 1350-1200 detrital zircon population 
is absent in the Congo strata 

➢This means that in Rodinia, Congo 
and Kalahari were not proximal and 
only came together during the 
collision that assembled Gondwana



Conclusions: 
Zircons: the lessons we learn from them
➢Collectively, the Northern Foreland provenance contrasts with that of 

correlative units in the Central Zone of the Damara Orogen, where only two 
age peaks (1030 Ma and 2040 Ma) have been identified (Foster et al., 2015).

➢Zircon chemistry also shows that the Congo grains have favourable O18/O16 
ratios pointing to fluid activity- therefore fertility is high.

➢Field evidence shows that where conditions were moist, deposits emerged, 
e.g., Rossing, Husab, Langer Heinrich, Navachab, Ondundu, B2Gold 
(Otjikoto), Tsumeb, Berg Aukas, Kombat, Kuiseb Springs- all on the Congo 
platform.

➢The edge of the Congo has Cu ores such as Omitiomire, Onganga and 
Ghanzi in Botswana.

➢The Kalahari only has sedimentary type mineral deposits such as Klein Aub 
Cu and Dordabis Cu.



Kaoko belt a haven for field geology
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