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SUMMARY 
Diamonds can be as old as 3.5 Ga, with some recording complex growth and resorption histories. 

Encapsulated inclusions represent one of the few unaltered records from Earth’s interior. They 

allow the study of large-scale magmatic and tectonic processes and potentially the movement, 

accretion/destruction of continents. Most importantly, diamonds are related to the deep cycling 

of volatiles allowing tracing of, for example, the carbon exchange between surficial and mantle 

reservoirs on geological timescales.   

This research presents an integrated geochemical dataset on Botswanan diamonds and 

incorporated inclusions of different paragenesis. The outcome allows three controversial aspects 

of diamond petrology to be addressed:  

(1) What is the genetic origin of diamond inclusions?  

(2) What are the number, timing and spatial scale of diamond-forming events? 

(3) What are the implications for the temporal evolution of the deep carbon cycle? 

Observations from a data set of > 370,000 Botswanan diamonds from run-of-mine 

production allows robust conclusions to be drawn on inclusion abundance and diamond 

paragenesis of macro-diamonds (> 1 mm in size). A crystallographic study in this project 

recognised syn- and protogenetic relationships between inclusions and diamond, sometimes in a 

single diamond. In this context, the textural location of the inclusion in relation to the diamond 

growth structure is crucial because any subsequent interpretations (diamond C-N isotope/mineral 

composition or age) are based on these relationships.  

In total, 101 complete Re-Os or Sm-Nd isotope datasets for sulphide and silicate inclusions 

respectively together with their major and trace element contents were generated from 47 well-

characterised Botswanan diamonds (Jwaneng – 19; Letlhakane – 15; Orapa – 8; Damtshaa – 5). 

Overall, 75% of the dated inclusions are of eclogitic paragenesis, 20% are websteritic and 5% 

are peridotitic. After thorough determination of co-genetic relationships, 87 inclusions were 

successfully assigned to one of the seven established age arrays: 

• at ≥ 2.9 Ga for harzburgitic diamonds  

• at ≥ 2.7 Ga and 0.89 – 0.74 Ga for eclogitic diamonds 

• at 2.34 – 2.20 Ga, at 1.98 – 1.69 Ga, at 1.28 – 1.11 Ga and since the mid-Phanerozoic 

(< 0.34 Ga) contemporaneously for eclogitic and websteritic diamonds 

One eclogitic diamond (JW336) provides the first ever reported coupled and synchronous 

Re-Os (786 ± 250 Ma) and Sm-Nd (853 ± 55 Ma) age for co-genetic sulphide and silicate 

inclusions from the same growth zone. This result verifies diffusion modelling in showing that at 

the time of encapsulation, inclusions were in equilibrium with the diamond-forming fluids and 

that ages have genetic relevance. Overall, the new data provide unequivocal evidence of the 

episodic nature of diamond growth that can occur contemporaneously in different substrates, 
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resulting in different inclusion parageneses. The ages found in this study for Botswana confirm 

earlier findings for diamonds from Siberia and southern Africa, that individual diamonds formed 

over extended timescales with hiatuses in diamond growth of ~ 0.5 to 2.1 Ga between adjacent 

growth zones. Another major finding is that young diamond formation (< 0.34 Ga) appears to 

be more significant than previously recognised and seems closely linked with the effects of the 

widespread kimberlite-related magmatism that also produced a relatively abundant suite of fluid-

rich “fibrous” diamonds beneath these locations in Botswana. 

A significant outcome of this research suggests that metasomatic diamond growth occurs 

in different styles varying from small-scale dispersed diamond formation where the system is 

locally buffered by the protolith, to large-scale more pervasive metasomatism with a higher 

effective fluid-rock ratio. With these insights, it is apparent that the nature and scale of specific 

diamond-forming events must be known before attempts can be made to constrain the nature 

of the carbon exchange between the deep and surficial reservoirs. 

As indicated in literature, the large-scale geochemical systems involved in diamond 

petrogenesis can be considered to involve a minimum of three components that are mixed in 

different proportions during diamond formation:  

A) peridotitic mantle  

B) eclogites dominated by mafic material 

C) eclogites that include recycled sedimentary material 

The research concludes that locally buffered diamond-forming processes that occur 

contemporaneously in regionally dispersed parts of the SCLM, do not provide direct quantitative 

insights into the temporal evolution of the deep carbon cycle because the resultant diamonds 

and inclusions provide snapshots of the heterogeneous nature of only a small part of the mantle 

at a specific time. It appears that in these cases the observed variability in δ13C and inclusion 

composition in the studied diamonds has no systematic control and is a function of variability in 

both time and/or protolith composition. In contrast, the homogeneous compositions of other 

diamond/inclusion suites (~ 40% of the studied inclusions) were formed by more pervasive 

processes in a fluid-dominated environment (e.g., between 1.98 – 1.69 Ga during formation and 

subsequent rifting of the Kheis-Okwa-Magondi Mobile Belt and tectono-magmatic activity in 

context with the Rehoboth Subprovince along the W and NW margin of the Kalahari Craton). 

The geochemical signatures of these samples suggest major addition of carbon-bearing fluids 

from the asthenospheric mantle. For broader impact, the findings may be used in the future to 

contribute to mass balance/modelling studies addressing the deep cycling of volatiles in Earth’s 

mantle. 

 


