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Introduction 

 

Colour, morphology and Fourier transform infrared (FTIR) data were acquired for over 2000 

diamonds from Orapa Mine. The diamonds span a large range in maximum dimension from 0.15-4.75 

mm. A subset of 198 diamonds covering the range in colour, morphology, nitrogen content and 

aggregation state was analysed by secondary-ion mass spectrometry (SIMS) to acquire nitrogen 

abundance and carbon and nitrogen isotope data. Previous work on inclusion-bearing diamonds from 

Orapa has highlighted the importance of the eclogitic and websteritic parageneses (Deines et al. 

1993), with the latter being characterised by diamonds stongly depleted in 13C. 

 

Analytical Methods 

 

Transmission FTIR analyses were conducted on whole stones using a Bruker Vertex 70 spectrometer 

with Hyperion 2000 microscope from 7500 to 370 cm-1 at a resolution of 4 cm-1. Spectra were 

baselined manually and processed using an automated Microsoft Excel program based on a program 

written by D Fisher (De Beers Technologies UK). SIMS analyses were conducted at the Canadian 

Centre for Isotopic Microanalysis, University of Alberta. Details of analytical conditions and 

reference materials may be found in Stern et al. (2014) and Hogberg et al. (2016). 

 

Results 

 

Individual diamonds show considerable heterogeneity in nitrogen content and aggregation state, and 

carbon and nitrogen isotopic composition. Generally, stones that show significant heterogeneity in 

isotopic composition and/or nitrogen abundance show clear evidence of more than one distinct growth 

event in cathodoluminescence (CL) images (e.g. Figure 1). In some instances truncation of growth 

zonation indicates the presence of a resorption boundary associated with a diamond destruction event. 

Some diamonds appear to show evidence of multiple growth and/or resorption events. 

 

  
 

Figure 1: CL image of an Orapa diamond with complex zonation indicative of multiple growth events and at 

least two resorption boundaries. Locations of SIMS analyses and matching data are shown in the adjacent table.      
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The range in carbon isotope (δ13CVPDB) composition for the diamonds analysed is from -28.6 to -2.1 

‰ and the maximum variation recorded for an individual diamond is 18.0 ‰: from -24.2 ‰ (core) to 

-6.2 ‰ (rim).  The overall range in nitrogen isotope (δ15NAIR) composition is from -10.4 to +23.0 ‰ 

and the maximum variation in a single diamond is 14.7 ‰, from -2.8 to +11.9 ‰. The largest 

variation in nitrogen content in a single diamond is 3577 atomic ppm, from below 11 to 3588 atomic 

ppm, where the latter value is the highest nitrogen content recorded by SIMS for these analyses. 

 

Some diamonds with relatively simple zonation (e.g. Figure 2) show a change from cores depleted in 
13C, with high nitrogen contents and positive δ15N values, to rims with “mantle” δ13C values (Cartigny 

2005), moderately high nitrogen contents and negative δ15N values. The reverse trend is also 

recognised, consistent with the presence of several growth events recorded by the diamond 

populations of Orapa. 

 

 
Figure 2: CL image of an Orapa diamond with simple zonation with “mantle” values of δ13C, δ15N and nitrogen 

content in the rim. Locations of SIMS analyses and matching data are shown in the adjacent table.      
 

A “mantle” signature is seen in a group of diamonds with restricted δ13C values from -8 to -2 ‰, δ15N 

values from -5 to +5 ‰, and nitrogen contents of ~600 to 1800 ppm. The carbon isotope compositions 

of this group correspond to one of the two modes recognised for Orapa inclusion-bearing diamonds by 

Deines et al. (1993). They reported a well-defined mode between -15 and -13 ‰ for eclogitic 

diamonds. In the current data this mode is shifted to lower values between -20 and -18 ‰. 

 

A plot of nitrogen content versus δ13C (Figure 3) shows a significant proportion (22%) of the 508 

coupled SIMS analyses displaying strongly negative δ13C values and high nitrogen contents, falling 

well outside the limit sector curve defined for diamonds worldwide (Cartigny et al. 2001). The 

anomalous diamonds are also characterised by positive δ15N values (Figure 3) consistent with a 

crustal/sedimentary derivation (Thomazo et al. 2009). A few similar anomalous diamonds have been 

reported previously (Hogberg et al. 2016 and references therein) including a diamondite from Orapa 

and websteritic diamondites from unknown southern African sources (Mikhail et al. 2014). 

 

Discussion 

 

Given the extreme heterogeneity in isotopic compositions and nitrogen content recorded in individual 

diamonds and supported by CL images, the need for detailed and spatially controlled stable isotopic 

analyses of representative samples is clearly demonstrated if the complex origins of diamonds such as 

these from Orapa are to be fully understood. Diamond growth complexity must also be taken into 

account when isotopic ratios of inclusions are used to generate diamond growth ages, as a large 

proportion of diamonds clearly grew episodically, and in some cases over an extended period of time, 

e.g. 2 Ga, (Timmerman et al. 2017). Unfortunately, most diamonds for which carbon isotope data 

have been published are inclusion-bearing, and in isotopic composition are not necessarily 

representative of the run-of-mine populations, resulting in a bias that has missed the presence of the 

subduction isotopic signature recognised here. Whole stone FTIR analyses and bulk isotopic analyses 
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which form the bulk of global diamond analyses are likely to have resulted in average isotopic values 

and nitrogen contents that precluded recognition of diamonds that grew from subducted sedimentary 

material. The data presented here show that diamonds reflecting sedimentary subduction signatures in 

terms of both carbon and nitrogen isotopic compositions can comprise a significant proportion of the 

diamond populations at an operational mine, highlighting the economic importance of subduction and 

the global carbon cycle.  

 

 
Figure 3: Nitrogen content versus carbon isotopic composition for Orapa diamonds. Selected SIMS analyses for 

which there was sufficient nitrogen to obtain nitrogen isotopic compositions (large symbols) are colour coded 

for δ15N values as per the legend. The black line represents the limit sector curve of Cartigny et al. (2001). 
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