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Introduction 
 
It is long known that diamond deposits are characterised by specific properties of their diamonds’ 
populations. The average weight, value or quality, the unusual frequency of certain crystal shapes or 
another property of diamond populations has been associated to certain areas or deposits. The Campo 
Sampaio deposit (Diamantina, Brazil) is characterised by a very high frequency (>90%) of green coated 
diamonds; carbonados (a polycrystalline diamond variety) are common in Bahia (Brazil) and in the 
Central African Republic. 
 
In recent years, the identification of diamond parcels’ origin has also become the focus of Government 
and public opinion attention. In addition, diamond origin identification has also a role (albeit minor) in 
branding, an increasingly important issue for diamond mining companies (Allan, 2001). 
 
The main objective of this paper is to present the results obtained so far in the tasks of modelling the 
distribution of diamond populations’ properties in Angola and identifying rules linking the signatures of 
diamond samples and their origin. 
 
Background 
 
Almost pure carbon, diamond is the hardest known substance. Diamonds are also extremely rare, their 
primary origin lying 200 km below the Earth surface. Most diamonds are also extremely old, most older 
than 1000 My. Diamonds are especially valued for their rarity, aestethical (optical) properties, for their 
cultural appeal, nurtured by the diamond industry, and because they represent wealth in its most 
concentrated form. 
 
The size of diamonds is one of the most important value-related properties. Of the four main 
characteristics used in diamond valuation, it’s the only determined based on an objective measure (using a 
scale and/or a sieve sequence). The weight of diamonds is given in carat (0,2 g). 
 
Colour is one of the most important diamond properties in what concerns the stone’s value. The vast 
majority of diamonds have a colour between colourless and a light shade of yellow, the most expensive of 
all being the former. It must be noted that in some cases, the apparent colour of the diamond is just 
limited to a thin outer layer, lost in the cutting process. 
 
Diamond crystals may have internal features - fractures, mineral inclusions and others - that decrease 
their transparency. These features usually diminish the diamonds’ value. Clarity is graded on a scale 
based on the size, nature, position and quantity of clarity characteristics visible using a 10x magnification 
loupe. 
 
Finally, diamonds are also classified according to their shape. Diamonds’ external morphology also has 
impact in its value; different shapes generate different yields in the cutting process.  
 
These and other properties may be used as a means to characterise diamond deposits’ populations. The 
knowledge about the diamond populations’ characteristics and their relation to the deposits’ location and 
genesis is important for diamond deposits exploration, valuation and mining (Chaves, Karfunkel and 
Svisero, 1998). Several authors discussed diamond population signatures and origin tracing, either in the 
context of diamond deposits genetical processes or of geographical source identification, e.g.: 
 
- (Anckar, Gurney and Thiart, 2002) study diamond populations from the Newlands kimberlite (South 

Africa), Helam (South Africa) and Misery (Canada) aiming to discover relationships linking their 
properties and origin. In that study, they used diamond populations’ size distribution, proportions of 



shapes, colours, surface appearance, cathodoluminescence patterns, size and deformation, and a 
number of quantitative factors investigated by Fourier Transform Infrared spectroscopy. 

 
- (Davies, O’Reilly and Griffin, 2002), argue that alluvial diamonds from Wellington, Bingara, 

Copeton, and Airly Mountain (New South Wales, Australia) form two distinct groups. Group A 
diamonds are similar to those found in kimberlites and lamproites globally and are thought to have 
formed in Precambrian lithospheric mantle. Group B diamonds have unusual characteristics that 
indicate they formed in a subduction environment. Group B diamonds are unlike any other diamond 
suites worldwide in their combination of shape, surface features, strained and irregular internal 
structures, 13 C-enrichment, and Ca-rich eclogitic mineral inclusions. The features are best explained 
as a product of diamond growth under varying P-T conditions in a high P/T dynamic environment 
such as a subducting slab. The diamonds may well have formed during arc-continent collision at the 
time of the development of the New England fold belt.  

 
- (Deines and Harris, 2002) question whether significant differences in the carbon isotopic 

composition of diamonds and the chemistry of their inclusions exist among diamonds from different 
kimberlites. The authors examine 1350 diamond samples from kimberlites on the Kaapvaal Craton 
(Premier, Finsch, Roberts Victor, Koffiefontein) towards the margin of the craton (Jagersfontein) and 
the Limpopo Mobile Belt (Jwaneng, Orapa, Venetia). The carbon isotope distributions of diamonds 
from these kimberlites are either unimodal (Premier, Finsch, Dan Carl, Koffiefontein, Venetia), 
bimodal (Roberts Victor, Jagersfontein) or show a broad range of values (Orapa, Jwaneng). The 
authors conclude that the diamond suites represent multiple growth environments that may or may 
not be similar for a particular inclusion suite or set of kimberlites. Hence, while diamonds from the 
different kimberlites can be geochemically distinct, their variability is complex. No simple diagnostic 
pattern could be established unambiguously linking diamonds, on the basis of their geochemistry, to 
a particular kimberlite. 

 
- (Harris, 2002) argues that the physical properties of diamond provide a possible means by which run-

of-mine productions may be identified. Such properties as shape, the regularity and angularity of the 
crystal form, the level of transparency, colour, syngenetic inclusion content and surface feature 
characteristics, all as a function of diamond size, can classify diamond productions. In early work, up 
to 1500 diamonds in specific sizes ranging from just under 2mm up to 6mm were evaluated. Using 
this procedure, most of the diamonds from the main mines in southern Africa have now been 
classified. Within South Africa, the mine at Swartruggens is the only one to have measurable levels 
of cube-shaped diamonds and an absence of the spinel twin form of diamond, more commonly 
known as the macle. In Botswana, the proportion of cube-related forms at Jwaneng is about four 
times that at Orapa. Whilst the common diamond colours, colourless, yellow and brown, occur in 
most mines, there is a marked change in the proportion of transparent green-coated diamonds with 
depth in mines such as Finsch and Jwaneng. Individual mines may also have very small proportions 
of distinctive diamond colours, such as pinks at the Argyle mine in Australia and blues in the Premier 
mine in South Africa. More recently, classification emphasis has shifted away from large numbers of 
diamonds examined and particular attention has been paid to surface features, which reflect changes 
to the diamond either whilst still in the kimberlite, or subsequently during transport to an alluvial 
source. A classification of diamonds at the Venetia mine, South Africa, for example, showed that the 
proportion of diamonds with the feature referred to as corrosion sculpture, was distinctive between 
kimberlite types within the mine. With alluvial diamonds, transport causes further defects, 
particularly a general increase in the proportion of diamonds with surface features referred to as 
percussion marks and edge abrasion. The above observational information may also be combined 
with the observational methods normally used to characterise diamonds during typical sorting 
procedures prior to sale. These procedures have well-defined and very specific categories such as 
gem/near gem, sawable/makeable and are linked particularly to diamond colour. By combining the 
geological techniques with that of diamond value, a very powerful means of defining diamond to a 
particular source, may be created.  

 
- (Kaminsky and others, 2000) study the Guanaimo (southern Venezuela) diamonds. According to the 

authors, about 50% of the crystals are resorbed dodecahedral forms; octahedra are the next most 
common form. In most cases, the diamond is colorless; 55–90% show radiation-induced 
pigmentation. The authors suggest that in large part, the diamond in placers in the Guaniamo area are 
derived from the Guaniamo kimberlite sills. P –T estimates on mineral inclusions suggest that most 
originated near the base of the lithosphere (T 1200 –1300 °C).  



 
- (Kaminsky and others, 2001) describe the alluvial diamonds from the Juina area in terms of their 

morphology, syngenetic mineral inclusions, carbon isotopes and nitrogen contents. Morphologically, 
they are similar to other Brazilian diamonds, showing a strong predominance of rounded 
dodecahedral crystals. However, other characteristics of the Juína diamonds make them unique. The 
inclusion paragenesis of Juina diamonds are dominated by ultra-high-pressure ("superdeep") phases 
that differ both from "traditional" syngenetic minerals associated with diamonds and, in detail, from 
most other superdeep assemblages. Ferropericlase is the dominant inclusion in the Juína diamonds. 
The suite of inclusions found in Juína diamonds is consistent with derivation of most of the diamonds 
from depths near 670 km, and adds ilmenite and relatively low-Cr, high-Ti spinel to the known 
phases of the superdeep paragenesis.  

 
- (Taylor and others, 2002) argue that the physics and chemistry of diamonds and their mineral 

inclusions can be used to determine the geographic source of rough diamonds. A recently attempted 
method for discerning the locale of a diamond ’s origin involves the combined use of laser-ablation, 
high-resolution, inductively-coupled-plasma, mass spectrometry (LA-HR-ICPMS) and Raman 
spectroscopy. These techniques are combined in a study of the outermost rims of coated diamonds. 
Diamonds grown in the mantle may have similar characteristics worldwide. However, the chemistry 
of kimberlite magmas, as they traverse the upper mantle and lower crust, on their way to the surface, 
can pick up late-stage characteristics that differ from place to place. Some of these definitive 
signatures may be preserved in the outermost regions of the diamonds. 

 
- (Vicenzi and others, 2002). The geochemical characterisation of bulk diamonds and associated 

inclusions as a tool for determining provenance carries significant inherent limitations. In contrast, 
rare diamond characteristics may provide a partial solution for recognising stones from a limited 
number of localities. An analysis of radiation halos in alluvially deposited polycrystalline diamonds 
(carbonados) from the Central African Republic (CAR) is present as an example. Large amounts of 
implanted Xe and Kr, as well as isotopic ratios of those elements consistent with fission, strongly 
suggest that diamond crystallisation took place in the presence of significant quantities of uranium.  

 
- (Sobolev and Taylor, 2002) argue that use diamond inclusions have signatures that may lead to the 

establishment of the provenance of a diamond. Examination of over 6000 Yakutian diamonds, both 
of industrial and gem quality, has shown the dominant role of ultramafic/peridotitic (U-type @ P-
type) assemblage in diamond inclusions. Among these inclusions, chromite is present in 30-55% of 
all inclusions-bearing diamonds studied from four of the major Russian mines. This uniquely high 
abundance of chromite was also confirmed by study of about 2300 large Yakutian diamonds (10-200 
carats) from the same major Yakutian mines. With such large diamonds, >30%contained chromite 
inclusions in peripheral parts. No other worldwide diamond province contains such a high abundance 
of chromite inclusions in its diamonds. This presents the possibility of an identification of any parcel 
of gem-quality diamonds as being from Yakutia based upon the presence of chromite inclusions.   

 
Earlier exploratory work done by this paper’s authors (Chambel and others, 2002) based on 211 Angolan 
and Brazilian diamond samples showed a clear connection between the samples’ grain size distribution 
and their origin  - samples taken from one deposit have a similar size signature. This work tries to go 
further into the purpose of modelling Angolan diamond deposits; in this paper the diamonds’ colour and 
clarity distribution are used in classifying diamond deposits and describing its signatures.  
 
Methodological approach 
 
Data summarisation 
 
The data used in this project consists of information concerning the classification of over five hundred 
separate diamond parcels (one hundred and thirty five different Angolan diamond deposits and 
occurrences). Each parcel is classified according to the diamonds’ morphology, colour, quality and 
weight (or sieve) categories. Given the complexity of the classification used in the diamond samples’ 
description, it was to decided to use a simplification of the classification scheme in this stage of the work: 
 
- Use of sub-samples corresponding to the diamonds classified in each lot with a shape classified as 

Stones (other morphological categories being Shapes, Stones/Shapes, Cleavages and Flats). 
 



- Diamond colour and quality (clarity) are both classified in six levels; in some instances (lower 
quality stones), diamond colour levels are grouped (for instance, 1/ 2 and 3/5 colour levels). For 
simplicity’s sake, both colour and quality were classified in three levels, A, B, C and 1, 2, 3, 
respectively. 
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Table 1. Used variables. 

In addition, samples corresponding to 
different months’ productions of the same 

deposit are grouped, in order to originate larger sub-samples. 
A minimum number of 50 stones is established in order to 
minimise sampling errors. This process eliminated roughly 
half of the 135 different deposits, 66 remaining for analysis 
(with a total of 22054 classified diamonds). 
 
The relative frequency in each of the deposits’ sub-samples 
is calculated for the three colour and clarity levels isolated 
and in combination  - 3x3 colour-clarity categories - Table 
1. Each of the deposits is thus characterised by 15 variables. 
The nine colour-clarity combination variables are selected as 
basis for the clustering process. 

Clustering 
 
A mixture model is adopted to perform the diamond deposits clustering. The flexibility of this type of 
approach makes it able to deal with the complexity of real problems considering multivariate and mixed 
bases for clustering modelled by appropriate distributions. It also provides criteria to deal with the 
selection of the number of clusters. 
Considering y=(Y1…YQ) as base variables for clustering a Mixture Model is as follows: 
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where π(s) denotes the probability of an entity belonging to cluster s and f(y|θs) denotes the distribution of 
base variables for clustering (y) within cluster s (with corresponding θs parameters).  
 
In this application we assume that base variables (see Table 1) follow univariate conditionally 
independent normal distributions with parameters θs=(µs, σs) within cluster s. 
 
Estimation of π and θs parameters may be obtained through maximum log-likelihood. A variant of the 
Expectation-Maximisation algorithm (Dempster, Laird and Rubin, 1977) may be used for this end. In this 
case Latent Gold (Vermunt and Magidson, 2000) is used for estimation.  
 
The number of clusters to use in the model is one of the crucial choices: too many groups turn the results 
difficult to interpret; too few make the model less useful. In the particular case of this application, unlike 
other type of clustering applications, there is a special interest in finding exotic groups (even if with a 
small size) of deposits given its possible link to unknown primary sources. In this clustering approach the 
identification of an appropriate number of clusters is expected to be provided via Information Theory 
measures: AIC and BIC (Akaike’s and Bayesian´s Information criteria) based on log-likelihood. 
 
Results 
 
A number of 1 to 7 clusters solutions is tested. The obtained results indicated (both in the BIC and AIC 
measures) a number of five clusters - Figure 1, which, in addition, seems to be a good balance between 
interpretability and usefulness in the problem in question. 
 
The first row of Table 2 contains the overall probability of being in a cluster (the size of each cluster, also 
reported in the second and third rows as the proportion and absolute value of the number of deposits 
classified in each cluster, respectively). The body of the table contains the clusters’ means for each of the 
variables.  
 



Table 3 contains a concentration analysis of the clusters, i.e., the ratio of each variable’s cluster average to 
that variable’s global average. It is a measure of how diamonds falling in colour-clarity categories 
concentrated or depleted in each cluster. 
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Figure 1. AIC and BIC log-likelihood based measures. 

Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5

61,4% 21,0% 7,9% 6,5% 3,3%
62,1% 21,2% 7,6% 6,1% 3,0%

41 14 5 4 2
A1 5,58% 1,67% 3,44% 2,53% 0,44%
A2 13,96% 4,98% 6,24% 5,04% 1,67%
A3 12,19% 5,46% 3,71% 7,68% 2,00%
B1 9,21% 7,87% 9,11% 9,32% 5,94%
B2 23,37% 17,85% 21,14% 28,78% 10,15%
B3 25,01% 22,55% 39,41% 24,06% 15,34%
C1 1,53% 6,73% 1,30% 3,90% 9,32%
C2 4,16% 17,39% 5,42% 8,62% 25,71%
C3 4,82% 15,49% 10,23% 10,07% 29,44%

A 31,73% 12,12% 13,38% 15,26% 4,11%
B 57,60% 48,27% 69,66% 62,16% 31,42%
C 10,51% 39,62% 16,96% 22,59% 64,47%

1 16,33% 16,27% 13,85% 15,75% 15,70%
2 41,50% 40,23% 32,80% 42,43% 37,53%
3 42,02% 43,50% 53,35% 41,82% 46,78%

Size

 
Table 2. Clusters’ means profiles. 

Cluster1 Cluster2 Cluster3 Cluster4 Cluste

A1 4,23% 0,40 0,81 0,60 0,11
A2 10,49% 0,47 0,59 0,48 0,16
A3 9,48% 0,58 0,39 0,81 0,21
B1 8,82% 1,04 0,89 1,03 1,06 0,67
B2 21,95% 1,06 0,81 0,96 0,46
B3 25,25% 0,99 0,89 0,95 0,61
C1 3,01% 0,51 0,43
C2 8,03% 0,52 0,68 1,07
C3 8,63% 0,56

A 24,20% 0,50 0,55 0,63 0,17
B 56,02% 1,03 0,86 0,56
C 19,67% 0,53 0,86

1 16,06% 1,02 1,01 0,86 0,98 0,98
2 40,47% 1,03 0,99 0,81 1,05 0,93
3 43,36% 0,97 1,00 0,96 1,08

Concentration

Global 
average

 

r5

1,32
1,33
1,29

1,31
1,56

2,23 1,29 3,09
2,17 3,20
1,80 1,19 1,17 3,41

1,31
1,24 1,11

2,01 1,15 3,28

1,23

Table 3. Clusters’ concentration analysis. 

The defined deposit clusters are: 
 
- Cluster 1: the largest cluster, corresponding to 41 (62% of total) deposits - Table 2. It’s characterised 

by a concentration in the A and a depletion in the C colour categories, in comparison with the global 
sample - Table 3. 

 
- Cluster 2: the second largest cluster, corresponding to 14 (21%) of total deposits. It’s characterised 

by a depletion in A and B and a concentration in C colour-clarity categories. 
 
- Cluster 3: 5 (8%) of the deposits. It’s characterised by a concentration in the B3 and C3 and a 

depletion in the A, C1 and C2 colour-clarity categories  
 



- Cluster 4: 4 (6%) of the deposits. It’s characterised by a concentration in the B2, C1 and C3 and a 
depletion in the A colour-clarity categories. 

 
- Cluster 5: 2 (3%) of the deposits. It’s characterised by a (strong) concentration in the C and a 

depletion in the A and B colour-clarity categories. 
 
Conclusions and perspectives 
 
The analysis performed on the available data (22054 Stone type diamonds from 66 Angolan diamond 
deposits, based on the joint colour-clarity categories relative frequencies) suggests: 
 
- The existence of five diamond population types in the studied deposits. Two unequal size types 

account for more than 80% of the cases, the other three being very subordinate in importance. 
 
- The colour factor seems to be more important in the clusters’ definition than clarity. 
 
The results obtained suggest the directing of further investigation into the joint use of all diamond 
classification factors and the addition of geographical and geological variables, trying to link them to the 
diamond population clusters defined. In particular, anomalous (small-sized) clusters will be investigated. 
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