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The Frischgewaacht kimberlite dyke system situated east of Mokopane in Limpopo, South 
Africa is assumed to be an eastward extension of the blow and dyke system on which the 
Klipspringer and mined-out Marsfontein diamond mines are located. Drilling and 
sampling was done over several phases since 2014 by Vutomi Mining Pty Ltd and 
Botswana Diamonds plc. Exploration work has included kimberlite indicator mineral 
chemistry, microdiamond analysis (MiDA), as well as two bulk sample programmes. Even 
though insufficient macrodiamonds were recovered to issue a maiden resource, combining 
the limited microdiamond results with macrodiamond results from two bulk sampling 
programmes (BSPs), geological information, and size frequency distributions of historical 
mining data of neighbouring mines, the total in-situ carat content (TCC) range can be 
calculated. This study demonstrates how MiDA information in conjunction with 
macrodiamond data, can be used, especially by junior explorers with limited funding to 
achieve a well constrained grade range (in this case 46-74 cpht) on a limited budget, to 
support the optimization of the ongoing resource development programme.   
 
 

INTRODUCTION 
 
The Frischgewaacht kimberlite dyke system, situated east of Mokopane in Limpopo, South Africa, is an 
eastward extension of the Zebedelia kimberlite cluster which extends from west of the Klipspringer 
Mine, across the mined out Marsfontein diamond mine to east of Frischgewaagt (see Figure 1). Named 
the Thorny River Project, it is currently being explored by Botswana Diamonds plc (‘BOD’) as an earn-
in project with Vutomi Mining Pty Ltd (‘Vutomi’), which has several other prospecting sites in South 
Africa.   
 
The Zebediela kimberlite systems consist of en-echelon dykes or fissures that pinch, swell, and 
anastomose both laterally and vertically and represent the near root zone of kimberlites (Hawthorne, 
1975) and are mostly magmatic (hypabyssal). They range in thickness from a few centimetres to more 
than 3 m; these wider areas are interpreted as blows (or small pipes) that occur along the dykes where 
they intersect the regional structure. Both blows and dykes can be commercially diamondiferous, as 
evidenced by the Marsfontein (volcaniclastic blow) and Klipspringer (magmatic dyke) mines.  
 
The Thorny River kimberlite system comprises two sets of en-echelon dykes (or fissures) trending in a 
northeasterly direction. The project area covers 2771 ha and comprises portions of the farms 
Frischgewaagt, Hartebeesfontein, and Doornrivier, and is located some 2 km east of the Marsfontein 
kimberlite and 6 km east of the Klipspringer mine (the underground mine currently on care and 
maintenance).  
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The 0.4 ha Marsfontein blow (M1), associated with a Group-2 kimberlite dyke, is dated at approximately 
155 Ma (Kiviets and Barton, 1999) and was discovered in 1993, operated by a De Beers / Southern Era 
JV and produced 1.8 million carats of diamonds at an average grade of 172 carats per hundred tons 
(cpht). This deposit, although small, repaid all capital outlay within its first 3.4 days of production (Scott 
and Jennings, 2003). 
 
The Klipspringer Mine consists of several en-echelon Group-2 kimberlite fissures and blows trending in 
a northeast orientation; the Leopard and Kudu fissures (dykes) and Sugarbird and Kudu blows are 
diamondiferous (Damarupurshad, 2006). 
 

Figure 1. Regional geology showing project area delineated by red line (Lutchmansingh, 2015). Red lines are 
lineaments on the 1:250 000 geology map. 

 
 
HISTORICAL WORK DONE BY VUTOMI 
 
Drilling has taken place over several phases since 2014 to delineate the kimberlite body and define 
thicknesses and depths of intersections to inform a volume determination. A 4 kg kimberlite sample 
comprising –1 mm material obtained from drill chips was collected and submitted for heavy mineral 
and mineral chemistry work. 
 
Kimberlite Indicator Mineral Chemistry 
The MSA Group Analytical Services (MSA) was contracted to process the 4 kg of screened kimberlite 
drill chips and recover kimberlite indicator minerals (KIMs) (Cronwright, 2014a); analyse a population 
of over 200 garnets by electron microprobe (EMP), and interpret the diamond potential of the primary 
source (Cronwright, 2014b).   
 
EMP analysis was carried out by the analytical facility at the University of Johannesburg and results 
were classified based on the system of Grütter et al. (2004).  



235 

Figure 2D shows the Frischgewaagt EMP analysis results for 209 garnets on a plot of CaO (wt%) vs 
Cr2O3 (wt%). 38 garnet grains were probed as G10 (Harzburgitic paragenesis) and 17 as G10D (diamond 
inclusion garnets).  These G10 and G9 garnets are important indicators for diamond potential and 
according to Figures 2A, 2B, and 2C have similar mineral chemistry to the peridotitic garnets from the 
nearby Klipspringer and Marsfontein mines (Westerlund, 2000).  
 
Figure 3D shows the 42 eclogitic garnets from Frischgewaagt (with Cr2O3 less than 2%) that fall in the 
G3 and G4 (eclogitic and megacrystic garnet) fields. 18 out of 42 eclogitic garnets were probed as Group 
1 Eclogitic type (Na2O > 0.07 wt. %) which suggests a strong eclogitic diamond paragenesis.   
 

 
Figure 2. Kimberlite indicator mineral chemistry for 151 garnets analysed from Klipspringer (A, B) and 115 
from Marsfontein (C) (from Westerlund, 2000) compared to 209 garnets analysed from Frischgewaagt (D) 

(Cronwright, 2014b). 
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Figure 3. Kimberlite indicator mineral chemistry for eclogitic garnets (Cr2O3 less than 2%) from Klipspringer 

(A, B) and Marsfontein (C) (from Westerlund, 2000) compared to 42 garnets analysed from Frischgewaagt (D) 
(Cronwright, 2014b). 

 
Bulk Surface Sampling in 2015  
A bulk sampling processing (BSP) exercise was conducted by Vutomi in 2015 at Frischgewaacht using 
scrubbers, rotary pans and jigs.  An estimated 3647 t of material were processed from across the entire 
dyke (combined Central Blow, Second Blow, and Dyke material). 466 macrodiamonds were recovered 
weighing a total of 236 carats. This translates to a sample grade of 6.5 cpht for the dyke sampled.  
 
Deriving the in-situ grade of the kimberlite from the original sample results required several supporting 
estimates.  These included the mass of material processed (based on estimated number of front-end 
loader shovel loads), visually estimating contamination, dilution, and compensating for losses through 
scrubber oversize, the total kimberlite processed was estimated at 253 t.  Accounting for these leads to 
a grade of approximately 62 cpht.  
 
The significant dilution can be ascribed to the material processed being primarily overburden as the 
contracted miner assumed there was significant grade in this material.  There is little confidence in the 
accuracy of the grade determination. However, the size frequency distribution information is still 
relevant (Petersen, 2017). The sale of these diamonds achieved a rough diamond value of US$180/ct 
and a modelled value of US$259/ct at a bottom cut-off of +2mm. 
 
 
SAMPLING CARRIED OUT BY BOTSWANA DIAMONDS (BOD) 
 
Work completed by BOD to date includes detailed ground geophysics, percussion and core drilling 
along the approximately 7.5 km long dyke and blow complex. Ten core samples from the 2017 drilling 
programme were selected for petrographic analysis and microdiamond analysis.  
 
Petrographic studies of drill core show all kimberlite samples along the strike length of the dyke are 
Group 2 variety, coherent hypabyssal (magmatic) kimberlite (Robey, 2017).  
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However, there are blows (or pipes) along the dykes where they intersect the regional structure and 
these kimberlites tend to be volcaniclastic (TKB) in nature, as found in Marsfontein M1 pipe. Based on 
historical data and information governed by confidentiality agreements on Marsfontein and 
Klipspringer, for example petrography, mineral chemistry and diamond data (outside scope of this 
paper), it can be stated that the kimberlite dyke systems have very similar mineral chemistry, 
petrography, and diamond distributions and in fact are probably part of the same kimberlite dyke/pipe 
complex.  The diamond size frequency distribution is expected to be similar, though the magmatic 
component could be finer. Marsfontein is an example of volcaniclastic facies diamond size frequency 
and Klipspringer a magmatic one. (Marshall and Campbell, 2018). 
 
Microdiamond Analysis 
MSA was contracted to process eight kimberlite drill core samples weighing a total of 160.46 kg by 
caustic fusion and perform microdiamond analysis (MiDA) (Cronwright, 2017). 
 
The MSA microdiamond method is ISO17025 accredited and employs caustic fusion digestion by 
approved subcontractor Min-Met Equipment (Pty) Ltd and MSA diamond analysts perform sorting of 
the caustic residue to recover microdiamonds down to 75 μm. Sample chain of custody is critical 
through the entire sample acquisition and analysis process.   
 
MSA monitors the quality control and diamond recovery by adding synthetic diamonds (yellow cubo-
octahedral synthetic diamonds, ‘QC spikes’) to each sample prior to the caustic fusion process. A total 
of 260 QC spikes were added, and 254 were recovered indicating a 97.7% recovery rate. This is above 
the industry-accepted recovery criteria of 90%. The QC spike losses mostly occurred at the smallest 
spike size fraction of -106 to + 75 μm synthetic spikes.   
 
Table I shows the weight of eight kimberlite drill core samples (labelled B3015 to B3022) that were 
sampled from three localities along the en-echelon dyke system, named ’Central Blow’, ’Second Blow’, 
and the ’Dyke Proper’.  MSA collaborates with each client to ensure all relevant information e.g. 
geological logging data is integrated with MiDA results when subsequent interpretation work is carried 
out, so that it can be suitably contextualised. 
 
In total, 223 natural diamonds were recovered from the eight samples, and the stones were individually 
measured, weighed, and described in terms of crystal shape, colour and surface features like inclusions 
and etching features. The individual diamond measurements that MSA employs makes it possible to 
’virtually’ sieve the diamonds, allowing for more robust macro-micro diamond modelling. The detailed 
descriptions allow for early identification of unique diamond populations that may carry through into 
the macrodiamond size range.   
 

Table I. Frischgewaagt 2017 BSP macrodiamonds: sieve and physical weights. 
 

Sample Sample Weight Total no. Diamond size fractions (mm) 

location ID  (kg) diamonds +1.18 +0.85 +0.6 +0.425 +0.3 +0.212 +0.15 +0.106 +0.075 

Central 
Blow 

(58.2kg) 

B3015 6.65 4 0 1 0 0 1 0 0 0 2 
B3016 2.45 5 0 0 0 0 0 0 2 0 3 
B3021 49.1 59 0 0 0 2 4 3 14 17 19 

Dyke 
Proper 

(27.1kg) 

B3017 10.6 9 0 0 0 0 1 1 1 3 3 
B3018 10.45 20 0 0 0 0 1 1 7 6 5 
B3019 6.05 7 0 0 0 0 0 0 1 1 5 

Second 
Blow 

(75.16kg) 

B3020 10.2 16 0 0 0 2 1 3 1 6 3 

B3022 64.96 103 0 0 1 3 2 6 25 34 32 

  Total 160.46 223 0 1 1 7 10 14 51 67 72 
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Preliminary Grade Estimation from MiDA 
The MSA microdiamond results, together with available macrodiamond results of the 2015 BSP, were 
modelled by Dr J.J. Ferreira, an expert in microdiamond assessment, to provide a preliminary diamond 
grade for the dyke and blow system (Ferreira, 2017) as part of early stage exploration evaluation to 
determine if further work is warranted.   
 
To model the diamond size frequency, an iterative simulation process is applied to derive model 
parameters, generating a diamond parcel for comparison with microdiamond sampling results, until 
simulated and actual diamond parcels display identical size distributions.  The assumed model is tested 
by simulating a large typical diamond parcel including diamonds from the entire size range, which can 
be compared with microdiamonds and macrodiamonds from the sampling programme. The size 
distribution model is accepted if it reproduces both the micro- and macrodiamond size distributions as 
obtained from sampling. The mathematical modelling approach is based on large amounts of empirical 
evidence and personal experience. With reliable data-sets, is a highly useful technique, but it requires 
significant experience and there is no set of guidelines as to how the fitting process occurs (Petersen, 
2017). 
 
The 27 kg ’Dyke Proper’ sample yielded insufficient microdiamond stones for modelling, but the 
estimated grade for the combined blow sample (’Central Blow’ and ’Second Blow’, combined weight 
133 kg) was calculated and ranged between 20 and 270 cpht at a bottom cut-off size (BCOS) of 0.6 mm.   
 
The high degree of uncertainty in grade is due to the nature of the distribution of stones in the size 
classes, small sample size and low stone counts. Two of the microdiamond size classes above 0.6 mm 
contain one microdiamond each which had a destabilizing effect on modelling, consequently the grade 
estimate models were repeated using several approaches: based on average stone density, a size 
distribution model using all size classes, and a size distribution model that excluded the two +0.6 mm 
microdiamonds.  
 
A size distribution model based on stone counts per size class was obtained by means of a simulation 
exercise and the total diamond content model is shown in Figure 4. The ’optimistic’ upper diamond 
content model (’Maximum MiDA Model’) in Figure 4 is based on individual microdiamond points 
excluding the two +0.6mm microdiamonds.  The upper end of the estimated grade range is supported 
by the results of the 2015 BSP macrodiamonds (Ferreira, 2017). 
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Figure 4. Total diamond content model from 133 kg combined sample from ’Central’ and ’Second Blow’. The 
lower curve is fitted according to the size and stone density model, and upper curve the ’Maximum MiDA 

model’ (Ferreira, 2017). 
 
The lower line in Figure 4 indicates the model based on microdiamond diamond ’size and stone density’ 
and represents the formal method of modelling diamond content based on microdiamonds. The more 
optimistic ’Maximum MiDA Model’ is based on the individual microdiamond points shown in the 
graph. The model assumes the microdiamonds in the size classes to be reflecting diamond content on 
their own, regardless of the underlying size distribution. In the case of a sufficiently large sample parcel 
of diamonds the two models normally coincide. The large range in diamond content estimates (20 cpht 
to 270 cpht) illustrates the high level of uncertainty due to small sample size and low stone counts. The 
models require more diamonds before higher levels of confidence can be achieved. (Ferreira, 2017). 
 
The modelling was repeated by Dr Kurt Peterson (Petersen, 2017) and the grade refined to 78 cpht with 
a range of 64–113 cpht at BCOS of +1mm.  The macrodiamond results from the 2015 BSP recovered 
insufficient stones from the critical +1–3mm size fractions which are required to anchor the grade 
estimations by modelling with the microdiamonds and verifying the model with the macro diamonds 
recovered. Historical total content data and empirical data (from professional experience) was used as 
a proxy to bridge between the micro-and macrodiamond data-sets.   
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The resulting average empirical total content model (Petersen, 2017) is shown in Figure 5, with 
microdiamond data shown in red and macrodiamond data from 2015 BSP in blue. 
 

 
Figure 5. Average empirical total content (Petersen, 2017). 

 
The red stippled boundary lines representing ’upper boundary’ would indicate this is a fine diamond 
producer, possibly with considerable grade and lower $/carat value); and ’lower boundary’ a mid-
sized diamond producer, possibly with very few larger stones. 
 
 
Bulk Surface Sampling in 2017 
A follow-up bulk surface sampling exercise by BOD was carried out in November 2017; a sample 
equivalent to 305.38 dry tons of kimberlite and host rock was sampled from a 42 m trench on 
Frischgewaagt, along the strike of the dyke (see Figure 6 and 7).   
 
The aim was to provide additional confidence to the macrodiamond results obtained previously by:  

• Processing an accurately known quantity under controlled processing conditions  
• To recover stones in 1-3 mm size fraction, to link up the microdiamond – macrodiamond 

results 
• Refine the grade estimate 
• Estimate the true total diamond content 
• In addition, the programme aimed to recover sufficient diamonds for valuation and that could 

be used to inform the financial model. 
 
A total of 512 diamonds weighing 62.883 carats were recovered from this sample following treatment 
through an independent integrated processing facility. The plant comprised crushing and re-crush 
circuits, a dense media separation (DMS) plant, and grease and X-ray technology for final diamond 
recovery. 
 
Table II tabulates the number of macro stones per sieve class as well as the carat weight and average 
stone size (Ferraris and Bouquet, 2018). 
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Table II. Thorny River Diamond Project – Sieve and physical diamond weights 
 

Sieve Results    Physical Diamond Weights   
Size Stones Carats Av.  Size From To Stones Carats Av. stone 

size 

> 100      +14.8  14.8 ∞    
+60      +10.8  10.8 14.8    
+45      +10  9.8 10.8    
+30      +9  8.8 9.79    
+20      +8  7.8 8.79    
+15      +7  6.8 7.79    
+10.8      +6  5.8 6.79    
5-10      +5  4.8 5.79    
+23 Total     +4  3.8 4.79    
+23     +3  2.8 3.79    
+21     10grn 2.5 2.79    
+19 2 3.96 1.98  8grn 1.8 2.49 4 8.28 2.070 
+17 3 5.63 1.88  6grn 1.4 1.79 0 0.00 0.000 
+15 1 0.95 0.95  5grn 1.2 1.39 1 1.29 1.290 
+13 1 0.98 0.98  4grn 0.9 1.19 4 4.10 1.025 
+12 20 11.86 0.59  3grn 0.66 0.89 4 3.03 0.758 
+11 21 7.61 0.36  +11 av 0.42  35 14.27 0.408 
+9 34 6.87 0.20  +9 av 0.25  34 6.87 0.202 
+7 32 3.81 0.12  +7 av 0.15  32 3.81 0.119 
+5 126 8.57 0.07  +5 av 0.08  126 8.57 0.068 
+3 84 2.7 0.03  +3 av 0.04  84 2.70 0.032 
+1 74 1.21 0.02  +1 av 0.02  74 1.21 0.016 
TOTAL 398 54.15 0.136  TOTAL 5.96 7.75 398 54.13 0.136 

 
 
The recovered diluted grade of 20.69 cpht was much lower than the estimated total content average of 
78 cpht by Peterson (2017).  
 
Interlaced Consulting assessed the data generated from the 2017 BSP sample, together with the results 
of the 2015 BSP (Peterson, 2017) and microdiamond work (Cronwright, 2017), to derive an estimated 
macro diamond grade. Bulk sampling of weathered dyke systems to recover high kimberlite content 
samples is reportedly difficult (Rogers and Davidson, 2005). The gradational boundary of kimberlite 
and parallel faulting during dyke emplacement create uncertainty of the contact between kimberlite 
and host rock, that leads to excessive external dilution. It was noted that dilution of this sample presents 
the biggest uncertainty in deriving an adjusted in-situ kimberlite grade (Coward, 2018).  
 
The proportion of kimberlite in the bulk sample was calculated by dividing estimated volume of the 
kimberlite by the measured volume of the excavation. As it was difficult to discern the contact between 
kimberlite and waste, the width of the dyke used in the calculation was based on measurements of 
kimberlite width in transverse cores extracted from below the trench. The undiluted grade was 
combined with metallurgical process efficiencies and the modelled diamond size frequency distribution 
to determine the undiluted in-situ total content grade range of 46-74 cpht (at BCOS of +1 mm) (Coward, 
2018). Modelling work was also undertaken by Busiswe Carol Ringane and Dr Kurt Petersen (Petersen, 



242 

2018), with similar results to Coward (2018). These correlate with the published resource grade of the 
neighbouring Klipspringer Mine of 49 cpht (at BCOS of +1 mm) (Bartlett, 2012). 
 

 
 

Figure 6. Drone imagery of the 45 m long trench after sampling. The blow is to the west, the dyke bifurcates 
 in the east (green is kimberlite, pink is granite).  The kimberlite thickness varies from 1-4 m, with average 

thickness of 2m. 
 

 
 
Figure 7. The trace of the Thorny River kimberlite fissure on Frischgewaagt showing the average width of 1-2 m 

at surface (photo by J.A.H. Campbell). 
 
 
MIDA AND MACRO DIAMOND POPULATION COMPARISON 
 
The valuation of a parcel of 83 diamonds (54.32ct) recovered during the 2017 BSP was undertaken by 
QTS Kristal Dinamika (Ferraris and Bouquet, 2017). The macrodiamond crystal shape population was 
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compared to the MSA microdiamond crystal shapes (Cronwright, 2017).  In Figure 8 it is visually 
confirmed that dodecahedral shapes dominate both populations. A smaller population of octahedra and 
maccles (octahedral contact twinned crystals) was present but no cubic crystals were noted in neither 
the microdiamond nor macrodiamond populations. 
 
Diamond crystal shapes are considered to reflect their formation environment in the Earth’s mantle 
(Robinson, 1979). A diamond suite from a kimberlite host that exhibits numerous primary morphologies 
(octahedrons, cubes, cubo-octahedrons, twins, or aggregates) can therefore be interpreted to represent 
numerous populations of diamonds from different and/or distinct sources within the mantle. 
Dodecahedral shapes are considered to be resorbed form octahedral crystals (Robinson, 1979). 
 
The diamonds recovered from Frischgewaagt during the 2017 BSP support an early-stage observation 
that the microdiamond crystal shape can give an indication of macrodiamond crystal shape of the 
deposit, to be verified with additional microdiamond and macrodiamond sampling and chemical and 
infrared studies. 
 

  

Figure 8. Crystal shape of 223 microdiamonds (left) compared to 83 macrodiamonds from 2017 bulk sampling 
programme.  

 
Note that terminology for crystal shape in Figure 8 is as per reports issued by Cronwright (2017) and 
Ferraris and Bouquet (2017). 
 
 
CONCLUSION 
 
Early project evaluation using MiDA presents junior explorers, and larger companies wishing to expand 
their resources, with a cost-effective way of optimizing their greenfield and brownfield exploration 
budgets.  The information gained from MiDA sampling extends beyond micro-diamond grades, and 
can also be integrated with geological information, historical diamond size frequency distributions, and 
early stage diamond population characterization. This has potential to create a better understanding of 
the targeted orebody, and even with limited bulk sampling can achieve a fairly well constrained range 
of grades.   
 
MiDA is cost-effective as a first stage in characterising a kimberlite target, to assess the preliminary 
grade and assessing if there is merit in continued expenditure on more advanced and costly exploration 
methods i.e. drilling and bulk sample processing by trenching or large-diameter drilling.  
Microdiamond data also does not suffer from the same degree of diamond breakage as in large-diameter 
drilling or BSP programmes, therefore with sufficient MiDA testing in conjunction with a relatively 
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small macrodiamond data-set, an accurate macrodiamond SFD can be predicted, (Campbell and Jooste, 
in press; Lynn et.al., 2014).   
 
The 2017 BSP exercise on Frischgewaagt recovered insufficient diamonds to enable a resource estimate 
to be made from macrodiamonds alone, but by combining the results with the microdiamond data the 
total carat content (TCC) range could be calculated.  This project illustrates how microdiamond analysis 
was crucial for a preliminary valuation.   
 
In order to narrow the grade range of the Vutomi deposit, additional bulk sampling needs to take place; 
this will also supply the required 500 carats to be valued to establish an Inferred Resource estimate. 
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