
 

 

Eighth World Conference on Sampling and Blending 
 
Paper Number: 61 

 
Underground bulk sampling, uniform conditioning and  
conditional simulation - unrealistic expectations? 
 
I Clark 1,2 and S C Dominy 3,4 
 
1. FAusIMM, Professor of Practice, Department of Mining and Mine Surveying, University 

of Johannesburg, Auckland Park, Johannesburg 2006, RSA. Email 
geoecosse@kriging.com 

2. Director and Principal Consultant, Geostokos Ltd, Alloa Business Centre, Whins Road, 
Alloa FK10 3SA, Scotland. 

3. FAusIMM(CP), Visiting Associate Professor, Camborne School of Mines, University of 
Exeter, Penryn, Cornwall TR10 9FE, England. Email s.dominy@e3geomet.com 

4. Adjunct Professor, Department of Mining and Metallurgical Engineering, Western 
Australian School of Mines, Curtin University, Bentley, WA 6102, Australia.  

 



 

 

ABSTRACT 
Bulk sampling programmes are typically applied in coarse gold mineralised systems to verify 
resource/reserve grades. In recent years, there have been controversies surrounding some 
results of underground bulk sampling exercises compared to the predictions using diamond 
drill data. Just how realistic is it to predict 100 t lots from drilling that was designed to model 
blocks of several thousand tonnes? This study looks at the variation of relatively small units 
within larger planned mining units and compares some of the geostatistical techniques which 
purport to provide tools for such studies. Relative difficulty of application, computer timings 
and summaries of results will be used to illustrate the likely variation in bulk sampling units as 
opposed to mining units and large scale planning units. A case study based on publicly 
available data from a gold project in North America is presented. A simplistic and unconditional 
geostatistical simulation model demonstrated that up to 50 per cent of a relatively high-grade 
mining block could show as uneconomic low-grade sub-blocks. A subsequent presentation 
(Clark, 2017) will consider a similar demonstration using uniform conditioning. Erroneous 
impressions of early sampling results can lead to unsupported pre-judgements of the final 
results. Bulk sampling programmes require detailed planning based on ore characteristics, 
where protocols must fit the mineralization type. Any programme requires definition of aims 
and data quality objectives, across grade, geological, geotechnical and geometallurgical 
parameters. 
 
INTRODUCTION 
Background 
Sampling is a critical issue throughout the mine value chain, where it includes the sampling of 
both in-situ and broken material. In all cases, the aim is to gain a representative sample to 
accurately describe the material in question. The data produced must be fit-for-purpose to 
contribute to a Mineral Resource (and/or Ore Reserve) reported in accordance with an 
accepted international reporting code (e.g. The JORC Code, 2012). Quality assurance/quality 
control (QA/QC) is critical to maintain data integrity through documented procedures, sample 
security, and monitoring of precision, accuracy and contamination. 
 
Coarse gold-bearing mineralisation is generally characterised by a high in-situ nugget effect 
and prone to high sampling nugget effect if sampling activities are not optimized (Pitard, 2007; 
Dominy, 2014a). Particles greater than 100 µm in size are generally considered to be coarse. 
The sampling nugget effect is directly related to the sampling process: that is, to the size of 
the field samples taken; the effectiveness of collection; sample preparation (crushing, 
pulverizing and splitting); the size of sub-samples after splitting; and analysis. Many of these 
problems can be overcome through the use of larger sample and assay charges, and 
procedures to minimize sampling errors. 
 
Bulk sampling 
Bulk sampling generally provides the most effective way to assess grades in complex often 
high-nugget gold deposits, producing samples in the order of hundreds or thousands of 
tonnes. It is also used extensively in the evaluation of hard rock diamond deposits (Rombouts, 
2003). Programmes provide extensive information across geology, geotechnical parameters 
and geometallurgy. It can effectively be seen as a risk reduction tool by verifying 
resource/reserve grades estimated from drill holes (John and Thalenhorst, 1991; Cintra et al, 
2007; Dominy, Johansen and Annels, 2001; Dominy and Petersen, 2005; Dominy, Platten and 
Xie, 2008; Johansen and Dominy, 2005; Thalenhorst and Dumka, 2010; Dominy et al, 2017). 
Grade determination options include: 
 

1) Whole lot or batch processing in a process plant (e.g. Bindal Gruver, Norway and 
Yellowjacket, Canada: Dominy, Platten and Xie, 2008; Sao Francisco, Brazil: Cintra et 
al, 2007; Engineer, Canada: Dominy and Platten, 2012; Gwynfynydd, UK: Dominy, 
Johansen and Annels, 2001; Empire Ranch, USA: Roberts, Dominy and Nugus, 2003; 
Sao Antonio, South America: Dominy et al, 2017) 



 

 

2) Whole lot or sub-sample split through pilot plant (e.g. Bendigo, Australia: Dominy, 
Johansen and Annels, 2001; Sao Antonio, South America: Dominy et al, 2017); or 

3) Lot splitting via a sampling tower for laboratory processing (e.g. Eureka-Walhalla, 
Australia; Owl Creek and Hoyle Pond, Canada: Labine, 1991a/b; Nalunaq, Greenland: 
Dominy and Petersen, 2005; Tiriganiaq, Canada: Strathcona, 2009; Sao Antonio, 
South America: Dominy et al, 2017). 

 
The first [1] option provides the most defendable results given that, assuming rigorous design 
and operation, all material is processed and actual gold grade and recovery determined. 
Options [2] and [3] may lead to option [1], but only provide an estimate of gold grade and 
recovery (Dominy et al, 2017). Option [3] may be problematic on a round-by-round basis 
unless the sampling protocol is rigorously defined. The decision of whether to use a mill or 
sampling tower is related to a number of issues which includes programme aims, mill or tower 
availability, cost, minimisation of sampling errors, and nature of the mineralisation. 
 
Application of Theory of Sampling 
 Background 
Sampling errors are defined in the Theory of Sampling (TOS) as promulgated by the works of 
Gy (Gy, 1982, 2004; Pitard, 1993). Uncontrolled sampling errors lead to an elevated nugget 
effect (Carrasco, 2009; Clark, 2009; Pitard; 2007; Dominy, 2014a). In the coarse gold 
environment it is difficult to achieve representative samples, which often leads to an enhanced 
nugget effect (Dominy, 2014a; 2017). 
 
The fundamental sampling (FSE) and grouping and segregation (GSE) errors are irreducible 
random errors related to the inherent heterogeneity and characteristics of the material being 
sampled. They lead to poor precision and can only be minimized through good protocols. The 
other errors arise as a consequence of the physical interaction between the material being 
sampled and the technology employed to extract the sample. They result in bias, which can 
be reduced by the correct application of sampling methods and procedures. A sample can be 
described as being representative when it results in acceptable levels of bias and precision 
(Pitard, 1993; Dominy, 2016). 
 
All error variances are cumulative and contribute to the total sampling (variance) error, which 
in turn contributes to the nugget effect. FSE and GSE are likely to contribute between 
approximately 50 per cent and 90 per cent, and extraction (EE) to analytical (AE) errors up to 
25 per cent of the total sampling error (Pitard, 1993). 
 
The FSE equation is used to optimize sampling protocols (Gy, 1982, 2004; Pitard, 1993). It 
requires definition of the liberation diameter - dL - (François-Bongarçon and Gy, 2002; Dominy 
and Platten, 2007; Dominy, Xie and Platten, 2008). In the strictest sense, dL represents the 
mineral liberation size, below which 95 per cent of the material must be ground in order to 
liberate at least 85 per cent of the gold (Gy, 1982; Pitard, 1993). The presence of discrete 
coarse gold particles even after comminution, reduces the probability of any sub-sample 
containing a representative number of gold particles. Consequently, for gold mineralization dL 
is defined as the coarsest gold most influential particles (François-Bongarçon and Gy, 2002; 
Pitard, 2004; Dominy, 2014a; Dominy and Xie, 2016). Thus dL is effectively the screen size 
that retains 5 per cent of gold given a theoretical lot of liberated gold. If gold particle clustering 
is observed, the combined clustered-particle liberation diameter (dLclus) needs to be defined. 
Parameters dL and dLclus vary depending upon the comminution state of the lot. 
 
The dL and other parameters define the sampling constant (K). The value of K is dependent 
on the microscopic geostatistical properties of the minerals, and varies with gold grade and 
dL. As dL reduces, so the value of K increases; conversely, as grade reduces, K gets bigger. 
Large K values are related to samples with a high dL and low grade. The higher the K value, 
the more challenging an ore type is to sample effectively. 



 

 

 
The use of the FSE equation represents an idealized expectation that may or may not be 
attained in practice, but it does provide a starting point from which protocols can be optimized. 
Results of QA/QC programmes will provide evidence for representivity, particularly through 
the application of duplicate field and laboratory samples. 
 

Data quality objectives 
A sample can be described as being representative when it results in acceptable levels of bias 
and precision. Whilst precision (reproducibility) can be determined, bias is difficult to estimate 
without generally impractical and costly experimental efforts. 
 
Danish Standard (DS3077, 2013) recommends that the total sampling variability can be 
quantified by the relative sampling variance (RSV): the percentage coefficient of variance for 
repeat sample values. A generalized value of ±20 per cent or less is recommended, where 
higher values signify poor precision, indicating that the sampling procedure requires 
improvement. The RSV encompasses all sampling and analytical errors in the entire field-to-
aliquot process. RSV measures the total empirical sampling variance influenced by the 
heterogeneity of the lot being sampled under the current sampling procedure (DS3077, 2013). 
 
The accepted value of RSV is up to the practitioner and based upon the nature of the 
mineralisation in question, the data quality objectives and what is cost-effective and practical. 
In minerals sampling, achieving an RSV of ±20 per cent is generally impossible due to the 
geological nugget effect. However, a great effort can be made to minimize the RSV through 
TOS and QAQC application, even in the coarse gold environment (Dominy, 2017; Dominy et 
al, 2017). 
 
Pitard (2013) states that the total variance for resource and grade control sampling should not 
be more than ±32 per cent, with the FSE component not more than ±16 per cent (Pitard, 2013). 
All sampling variances are cumulative and contribute to the total, which in turn contributes to 
the sampling nugget effect. In reality, the fundamental sampling and grouping and segregation 
errors are likely to contribute up to 90 per cent, with delimitation, extraction and analytical 
errors up to 25 per cent of the total (Pitard, 1993). 
 
For an individual field sample to be representative, particularly in coarse gold mineralisation, 
may be impractical (Dominy, 2014a/b and 2017; Dominy et al, 2017; Pitard, 2007 Dominy et 
al, 2000; Dominy and Petersen, 2005; Johansen and Dominy, 2005; Cintra et al, 2007; 
Dominy, Platten and Xie, 2008). A theoretical field sample mass of many tonnes could be 
required to achieve an acceptable RSV. A reasonable strategy is to collect multiple samples 
across a given domain. Each sample may be locally unrepresentative, but appropriately 
spaced samples informing an optimized kriged block model will provide for a more robust 
estimate. 
 
Pretivm Brucejack project 
The Pretivm Resources Brucejack project Valley of Kings (VOK) deposit is a coarse gold-
dominated stockwork system characterised by zones of very high-grades within lower grade 
mineralisation (Snowden, 2012; 2013). The deposit contains a global mineral resource of 12.2 
Moz Au (Pretivm, 2016). During 2013, Pretivm undertook the VOK underground bulk sampling 
programme (BSP), which aimed to verify grade within a section of the VOK block model. In 
late 2013 there was some robust debate regarding the validity of the BSP approach (Pretivm, 
2013c). Komnenic (2014) reports: 
 

“In October 2013, independent consultant Strathcona Mineral Resources walked away 
from Pretivm Resources' Valley of the Kings resource in British Columbia, claiming 
there were ‘no valid mineral resources’ there.” 

 



 

 

Further, Komnenic refers to an article by Koven (2013) which includes the following 
statements: 
  

“There are no valid gold mineral resources for the [VOK] zone, and without mineral 
resources there can be no mineral reserves, and without mineral reserves there can 
be no basis for a feasibility study,” Strathcona said. The firm went on to say that 
Pretivm’s statements about probable mineral reserves and future gold production from 
the project are “erroneous and misleading”. 
 
“According to Strathcona, the proper way to evaluate the bulk sample from Valley of 
the Kings is to take a small amount of material (a “sample tower”) for analysis. Pretivm 
believes the right thing to do is to run the entire 10 000 t sample through the mill and 
see how much gold is produced.” 

 
The purpose of this contribution is to illustrate the likely variation between individual small 
scale bulk samples taken within a larger volume using geostatistical methods. In simple terms, 
this discussion will concentrate on what to expect from individual small (around 100 t) volumes 
within a larger final volume totaling 10 000 t – when taken in-situ during mining. This situation 
differs completely from that covered by mainstream Theory of Sampling (TOS) which is 
relevant to rock which has been mined, crushed and blended before subsampling. The 
geostatistical study considers how small block values vary within a larger block before the 
material is mined. TOS is applied to the material from the small block after it has been mined 
and homogenized.  
 
This discourse uses publicly available sources of information and the geostatistical models 
have been simplified for the illustrative examples. To further separate this discussion from the 
official statement of resources and reserves, the methodology applied here is very different 
from that reported by the company. It is emphasized that no part of this contribution claims to 
provide an evaluation of the Brucejack VOK project. 
 
Given the challenges of representative sampling of coarse gold ores, and the application and 
reconciliation of bulk sampling programmes, this paper presents an overview of some critical 
issues and the approach taken at VOK. It adds to a modest body of published matter on the 
subject and will be of interest to practitioners working on these challenging orebodies. 
 
BRUCEJACK VALLEY OF KINGS CASE STUDY 
Introduction 
The VOK deposit is a coarse gold-dominated stockwork system characterised by localised 
zones of very high-grades within lower grade background mineralisation (Snowden, 2012; 
2013). The project is located in northwestern British Columbia, approximately 65 km north of 
Stewart. The current global deposit grade reported at a cut-off of 5 g/t Au eq. is 21 Mt at 18 
g/t Au for 12.2 Moz Au (Measured, Indicated and Inferred Mineral Resources; Pretivm, 2016). 
 
During Q3 2013, Pretivm undertook a bulk sampling programme within a section of the VOK 
Indicated Mineral Resource. The area sampled was chosen for a numbers of reasons, where 
it: represented stockwork mineralization; contained a good representation of the high-
grade/low-grade mix, including a range of grades from waste to very high; had an expected 
mean resource grade above cut-off; and was expected to have predicted metallurgical 
properties. 
 
The 1345 m level BSP zone was accessed via underground development. A 10 000 t bulk 
sample was mined out via 4 m by 3.5 m by 2.7 m development rounds to produce 
approximately 100 t to 110 t per round. The area was cover drilled by 200 close-spaced (down 
to 7.5 m spacing) HQ diamond core holes. 
 



 

 

Each round was passed through a sampling tower to produce sub-samples for laboratory 
analysis. A number of issues were flagged with the sampling tower approach (Pretivm, 2013c). 
The entire bulk sample was processed at the Contact plant, Montana, USA during Q1 2014. 
 
This discussion is based on material in the public domain, principally Snowden (2012, 2013), 
Tetra Tech (2012, 2014), and news releases and presentations from the Pretivm website 
(www.pretivm.com). 
 
Gold Mineralisation  
Mineralisation characteristics 
VOK is an intermediate sulphidation Au-Ag epithermal system. Gold mineralisation is 
predominantly hosted in west-northwest trending quartz-sericite-pyrite alteration zone, bearing 
stockworks and breccia veins of variable intensity (Figure 1). The stockworks are relatively 
continuous along strike (several tens of metres to several hundreds of metres) and are 
characterised by the presence of millimetre- to decimetre-scale transitional meso- to 
epithermal veins of pyrite, quartz, quartz-carbonate, and quartz-adularia that form intense 
cross-cutting networks within the stockworks. Mineral phases observed in the veins include: 
pyrite, tetrahedrite, tennantite, chalcopyrite, galena, sphalerite, molybdenite, arsenopyrite, 
pyrrhotite, pyrargyrite, polybasite, acanthite, native silver, native gold, and electrum. Veins are 
hosted in a folded sequence of fine-grained volcanic siltstone and sandstone, variably silicified 
polylithic volcanic conglomerate, and latite fragmental rocks. 
 
Gold is typically present as gold-rich electrum (2:1 - Au/Ag ratio) within deformed quartz-
carbonate vein stockworks, veins, and subordinate vein breccias. The mineralisation exhibits 
an extremely skewed grade population, where the high-grades and majority of the metal are 
located in less than 5 per cent of the data. Individual gold grades range up to 41.5 kg/t Au and 
27.7 kg/t Au Ag over 0.5 m. The grades have been shown from the mining to be a normal part 
of the mineralization, and in some instances spatially continuous. 
 
Coarse high-grade electrum occurs in close proximity to the conglomerate-andesite 
fragmental contact that outlines an eastward plunging syncline. Along this contact, a layer of 
intense silica alteration formed. It is thought that this layer acted as an impermeable boundary 
allowing pressure to build up below. Subsequent fracturing of this boundary is likely to have 
resulted in rapid depressurization, boiling and deposition of electrum in very high-grade veins 
(e.g. drillhole SU-115, 18.7 kg/t Au over 0.6 m; Figure 2). 
 
Ultra-high grade veins 
During the BSP a number of ultra-high grade veins were identified. The most important was 
the Cleopatra vein which varies in orientation from NNE to NNW (615E drive: Figure 3; 
Pretivm, 2013b). The vein is near vertical and generally between 0.5 m to 0.6 m in width. It is 
traceable in development for approximately 85 m, and above and below the 1,345 m level for 
50 m. The E-W vein strikes E-W with a steep northerly dip. The vein is between 0.5 m to 0.6 
m wide and is traceable in development for approximately 35 m (615L drive: Figure 3). Both 
veins are characterised by coarse visible electrum (Figure 2) and very high local grades (e.g. 
E-W vein: drillhole VU-084, 2.7 kg/t Au over 0.5 m and Cleopatra vein: drillhole VU-182, 715 
g/t Au over 8 m including 9.9 kg/t Au over 0.5 m). 
 
Characteristics of gold 
High grade mineralisation at VOK is characterised by the presence of coarse visible gold 
observed as individual particles, clusters, mega-clusters and masses (Figure 2). Gold up to a 
few millimetres in size are also reported in lower grade ore. 
 
Screen fire assay (SFA) has been undertaken on samples from VOK. Higher grades typically 
show more gold retained on the screen, hence more gold above 106 µm in size. Above 5 g/t 
Au, >25 per cent of the gold was >106 µm in size, rising to >50 per cent at grades >15 g/t Au. 



 

 

As samples are comminuted prior to screening, the proportion of +106 µm gold is a relative 
indicator of coarse gold present.  
 
Gravity recoverable gold (GRG) testing was undertaken on numerous samples as part of the 
metallurgical characterisation (Tetra Tech, 2012 and 2014). The overall GRG is 46 per cent 
from 71 samples with an average grade of 21 g/t Au. A three-stage GRG test recovered 35 
per cent of gold during stage 1, effectively representing gold >680 µm in size in a 17 g/t Au 
sample. As samples are comminuted prior to concentration, the proportion of GRG is a relative 
indicator of coarse gold present at the given grind size. The final plant design aims to recover 
45 per cent of gold via gravity (Tetra Tech, 2012 and 2014). 
 
Bulk sampling programme background 
Bulk sample collection 
A series of cross-cut were developed across the mineralised zone (Figure 3). The bulk 
samples were taken as individual development rounds by mechanized mining. Each round 
was trucked to surface and placed in designated sample bay prior to feeding to the tower 
(Figures 4 and 5). 
 
Description of the BSP sample tower flow-sheet 
The sample tower flow-sheet comprised of a primary jaw crusher, vibratory screen, secondary 
cone crusher, which reduced the ore to P100 -2 cm (Figure 4 and Table 1). The crushed ore 
was then conveyed to the sample tower where each round of approximately 100-110 t 
(average 105 t) was split down to two 30 kg samples through a series of automatic sample 
cutters. The reject from the first pass through the sample tower was reintroduced for second, 
third and fourth runs, collecting a further two 30 kg samples each time (Table 1). Figure 4 
shows the flow of material through the sample tower. 
 
The ore to the sample tower was loaded into the feed chute, passing into the primary jaw 
crusher (Figure 5). The crushed ore was fed by conveyor to a vibratory screen. Oversized 
material rejected by the screen passed to a secondary cone crusher, and the crusher product 
returned to the vibratory screen. The undersize from the screen was conveyed via a weigh 
belt conveyor to the sample tower.   
 
The first sub-sample was taken by a linear autosampler (Figure 5). The reject from the sampler 
was conveyed to the product bin. The sample dropped via a chute into a second auto-sampler, 
with the reject from this sampler also added to the final product conveyor. This process 
collected approximately 1 per cent of the sample (approx. 1 t). 
 
The sample from the second auto-sampler was further crushed by a small cone crusher to 
produce a final product with a P95 of -1 cm.  The crushed material was then sub-sampled by a 
rotary splitter to produce the final two 30 kg samples, each collected in a separate bucket 
(Figure 5). The reject from the final sampler was collected in a bulk bag. 
 
Laboratory protocols 
All 30 kg sub-samples produced by the sample tower were sent to a commercial laboratory 
for processing (Figure 6 and Table 1). Samples were dried at 70ºC, prior to grinding to P95 -2 
mm by dry rod milling. The ground sample was then rotary split to duplicate 2 kg sub-samples. 
Each sub-sample was then further ground in a dry rod mill to P95 -106 microns. The sub-
sample was subjected to SFA. 
 
FSE equation calculations 
Key inputs are gold grade and the liberation diameter. No direct assessment of dL was reported 
for VOK, so the authors propose a range of values at key project grades (Table 2). High- to 
extreme-grade zones display strong gold networks or mega-clusters that could fill an 
imaginary sphere of 1 cm (vol. 0.52 cm3) or greater (Figure 2). Such mega-clusters have an 



 

 

impact locally, where a single 1 cm particle exists in a tonne of 8.5 g/t Au ore giving a K value 
of 227,000. Where a series (117) of 1 cm mega-clusters exist in a 1,000 g/t Au ore, the K value 
will be 1,930. 
 
FSE analysis was undertaken across four grades and a range of dL and dLclus values. The 
results show that across the different scenarios many of the FSE values are either high or 
extreme risk (Table 3). At low and cut-off grades the values are problematic. A dL or dLclus value 
of 1,000 µm to 2,500 µm at 5 g/t Au is a reasonable assumption, yielding FSE’s of ±32 per 
cent and ±64 per cent. At higher grades the issue is less marked, though still critical given dL 
or dLclus values of 2,500 µm to 5,000 µm at 15 g/t Au, yield FSE’s of ±26 per cent and ±44 per 
cent. 
 
Table 4 shows an analysis of FSE based on bulk sample lots (rather than individual rounds) 
as per the previously reported protocols. In this case the FSE values are much improved, 
given the greater sample masses used. For the entire bulk sample lot, the FSE ranges from 
±3 per cent to ±9 per cent depending upon dL value applied. 
 
The focus for optimized sampling should be on the lower grade mineralization, particularly 
around the cut-off grade. Any optimized protocol for low-grade mineralization will be 
appropriate for the high-grade mineralization. If the most important and challenging scenario 
is at the cut-off grade (5 g/t Au; dL 2,500 µm), then the following protocol may achieve an 
acceptable FSE on a round-by-round basis: 
 

• Crush 110 t to P90 -1 cm and split off 5 t 
• Crush 5 t to P90 -0.5 cm and split off 750 kg 
• Submit for full laboratory assay via gravity concentration 

 
This yields an FSE of ±17 per cent. Reduction of the 750 kg final sub-sample for splitting is 
high risk, as gold is likely to be liberated with a high probability of segregation and loss. An 
option would be to grind the entire 750 kg to P90 -1 mm and then rotary split in half. Then one 
of the two splits taken randomly, would be passed through a gravity concentrator. This would 
retain the FSE at ±17 per cent and minimize segregation and loss. 
 
RSV analysis of results 
Results from the programme are presented in the appendices of Snowden (2013). Sample 
duplicates indicate precision within the BSP zone (Table 5). The lowest precision is displayed 
by the assays, with a pairwise RSV of 22 per cent. As expected, the field samples taken as 
pairs of contiguous bulk samples yield the highest RSV of 60 per cent. The high RSV value 
for the field duplicates reflects the heterogeneity of the mineralization and the sub-optimal 
sample protocol on a round-by-round basis. 
 
Table 6 shows comparison of sample type. As expected, the smaller assay cuts show the 
largest RSV value, which decreases with sample mass. The RSV values are high across all 
sample types, testifying to the heterogeneity of the mineralization. 
 
FSE and pairwise RSV back-analysis 
The BSP tower and mill process batches provide a grade pair (across each development drive; 
Figure 3), where the mill grade is effectively the truth and the tower grade an estimate (Table 
7). The mill grade is the result of entire batch processing, thus FSE is effectively zero and 
other sampling error are minimal. The tower grade is the result of sample splitting, where the 
dominant error is the FSE. Other sampling errors are likely to be present, but are considered 
to be minimal given the tight procedures used during processing. 
 



 

 

The pairwise RSV between the batches can effectively be considered FSE dominated (Table 
7). Consequently, given the true grade and known protocol, the liberation diameter can be 
back-estimated assuming various other values (e.g. g, f and alpha). 
 
In lower grade batches (Table 8: 645E and 555E) the RSV sits within the theoretical FSE 
range estimated previously (Table 4). Composite 585E RSV is very high, where the tower 
grade understates the mill grade by 47 per cent (pairwise RSV 44 per cent). This leads to an 
excessive and unrealistic dL being calculated. In the high grade composites (Table 8: 615E 
and 615L), the RSV is slightly higher than the theoretical FSE range (Table 4). 
 
The lower grade batch dL values appear a reasonable at around 1,500 µm. For grades >25 g/t 
Au, the values are much higher at >5,000 µm and likely reflect strong degrees of clustering at 
high grades. Alternately, if the liberation size values are considered to be high, then this 
suggests that other factors such as the GSE and AE may in fact be higher than anticipated. 
 
Reconciliation 
Snowden (2013) reports the results of the BSP and resource estimates. A summary is 
provided in Table 9. The BSP sampling tower campaign produced the grade closest to the mill 
reality. This is not surprising in that both campaigns were based on the same rock. Whilst BSP 
grades are likely to be unreliable on a round-by-round base, the total evaluation (e.g. Table 4: 
10 000 t represented by approx. 1.9 t) yielded an FSE range from ±3 per cent to ±9 per cent. 
The sampling tower was set up to minimize other sampling errors. 
 
The results were heavily influenced by the ultra-high grade Cleopatra and E-W veins (Figure 
3). Bulk samples along a 55 m section of Cleopatra yielded a grade of 80 g/t Au (range 5-218 
g/t Au) and along the 30 m E-W vein a grade of 30 g/t Au (range 6-119 g/t Au). Accepting the 
limitations of individual bulk sample grades from the tower, it is interesting to note that out of 
95 individual bulk sample grades, 34 were above 5 g/t Au but contained 94 per cent of the 
gold. Of the 34, 26 were attributable to either the Cleopatra or E-W veins. 
 
Review of the mill batch results (Table 7) demonstrates that grades >5 g/t Au relate again to 
the Cleopatra and E-W veins. Some 4,840 t at 34 g/t Au comes from the combined 615E and 
615L drives. The remainder (555E, 585E and 645E drives) provide for 5,460 t at 3.5 g/t Au. A 
subsequent resource estimate for the Cleopatra vein was 60 000 t at 38.8 g/t Au (at a 5 g/t Au 
eq. cut-off; Pretivm, 2013d) 
 
Comparison with the 2012 resource estimate yielded a difference of -11.7 per cent, which 
could be argued to be an acceptable under-call given the heterogeneous nature of the 
mineralisation and estimation errors (e.g. information effect). Comparison with the 2013 
resource estimate yielded a greater difference of -31.8 per cent. Beyond estimation errors, 
this probably reflects the fact that there is more drilling informing the estimate and that drilling 
is resolving small-scale heterogeneity (e.g. ultra high grade veins) more effectively and hence 
more variability in the model.  
 
GEOSTATISTICAL CONSIDERATIONS 
Change of Support 
Before presenting the geostatistical case study, it is valuable to review the change of support 
methodology as traditionally applied. Geostatistical evaluation is based on a model of 
geological continuity quantified in the semi-variogram graph. This model is based on the 
original sampling information available – for example, diamond drill cores or composites. The 
variation in this sampling can be observed and calculations can be carried out as to: 
 

• Payability: volume/tonnage above a specified cut-off grade; and  
• Pay value: average grade of the material above the specified cut-off grade. 

 



 

 

However, the results from such calculations are based on the possibility of selecting ore from 
waste on the scale of a drill core sample. In reality, mining selectivity is carried out on block 
averages rather than samples. That is, the average grade over the whole block is used to 
select whether the whole block is ore or waste. Block average values do not vary as widely as 
core samples. In ideal circumstances, the variance between average block values – denoted 
by Krige (1996) as BV (block variance) – can be derived using the semi-variogram model and 
the statistical distribution of the core samples. This is remarkably simple if the grades follow a 
Normal (Gaussian) distribution, but becomes more complex if the distribution is severely non-
Normal.  
 
Theoretically the variance of block averages is calculated by finding the average semi-
variogram value for all possible pairs of samples within the block. The value for BV is found 
by subtracting this within block variance from the total sill on the semi-variogram. If the 
samples follow a Normal distribution, block averages should also follow the Normal distribution 
allowing the comparison of payability and pay value between various possible block sizes. 
Figure 7 shows a comparison of theoretical curves for core samples, blocks of 2.5 m on a side 
and blocks of 10 m based on a Normal distribution for samples (drillhole cores) and the semi-
variogram model shown in Table 10.  
 
The impact of changing the block size follows a predictable behavior if the original data follows 
a Normal distribution. As the block size increases, the variance of the block grade reduces. 
High grades seen in individual samples are less likely to occur in block averages with that 
likelihood decreasing as the block size increases. If a cut-off is applied to the block values, the 
recovered grade will decrease as the block size increases. A slightly more complex situation 
holds for payability (mineable tonnage). For cut-offs below the average grade of the deposit, 
the bigger the block the higher the payability. For cut-offs above the average, the payability 
falls as the block size increases.  
 
Geostatistical simulation 
An alternative way to study change of support is to use a simulation which has the same 
statistical and geostatistical characteristics as the actual sample data. This is straightforward 
if the underlying distribution is Normal. Various methods of simulation are available and have 
been documented for over 40 years (Journel, 1974; Clark 1976). In this case the simplest 
Sequential Gaussian Simulation method has been used to produce simulated core values at 
various densities over a volume 200 m by 200 m by 40 m. This is the approximate volume 
covered by the underground development in the case study. For simplicity, only the main 
mineralized zone has been simulated.  
 
The Technical Reports for the project (Snowden, 2014) provide semi-variogram parameters 
for low grade and high grade mineralization separately. To simplify this illustration, a single 
model has been used (Table 10). The actual nugget effect has been reduced for this simulation 
to amplify the effect of changing block size as opposed to that protion of the nugget effect 
which might be utilized/quantified by TOS. As previously stated, no part of this illustration is 
intended for use in an evaluation of the project.  
 
Values from a standard Normal distribution were simulated at a resolution of 0.5 m. From this 
basic data, simulated samples were aggregated into blocks of various sizes. For this 
illustration, blocks 2.5 m by 2.5 m by 2.5 m and blocks 10 m by 10 m by 10 m will be considered 
for detailed discussion. Given the average SG quoted for VOK, two 2.5 m blocks are roughly 
equivalent to 100 t and three 10 m blocks are equivalent to 10 000 t. These block sizes were 
chosen as a compromise between the ideal choices of 3.33 m and 15 m and the block sizes 
used in the actual project which were based on a parent block of 10 m. The representativity of 
these choices can be seen later in Figure 16. 
 



 

 

A composite probability plot (Figure 8) for basic samples and the two block sizes, shows the 
decreasing standard deviation with block size. The average grade, of course, does not change 
with block size until a cut-off is applied. Payability and pay value graphs are shown (Figure 9) 
for the simulated values and blocks. These compare well with the theoretical curves shown 
previously considering the limited volume studied as opposed to the theoretical infinite 
population. 
 
Realistic statistical distribution 
However, it is rare that grades in a mineral deposit follow a Normal distribution. Precious 
metals, in particular, tend to follow highly skewed distributions with many very low values, a 
moderate bulk of medium high values and a long tail into the high grades – sometimes leading 
to empirical top-cutting and capping methods to avoid the inordinate impact of rare high 
erratics. In many cases, the distribution may be interpreted as a lognormal distribution – that 
is, the logarithm of the grade may be Normal. Robust theory is available to apply lognormal 
geostatistics (LK) dating back to Sichel’s 1952 publication. However, in many cases the 
Lognormal model is inappropriate and alternatives are sought. Possibly the most common 
methodology currently in use to tackle complex distributions is multiple indicator kriging (MIK) 
which has a well-established history, for example in Australia (Vann, Guibal and Harley, 2000). 
 
The VOK mineralization consists of (at least) two separate geological populations (Snowden, 
2012, 2013; Figure 10). One is a low grade, highly skewed mineralization which might be 
characterized as a background population. The other is a much higher grade, still very highly 
skewed population characterized by extremely high grade occurrences in the drillhole data 
(e.g. Cleopatra vein; Pretivm, 2013b,d). The populations may represent different structural 
events with the wider stockwork zone, particularly the ultra high grade veins (e.g. Cleopatra 
and E-W). Alternatively, the ultra-high grade component may be envisaged as a Poisson point 
pattern (cf. Mooney, Board, and Boisvert, 2015). This is however not resolved at present and 
does not constitute a significant part of this current presentation. 
 
Using the basic Gaussian simulation, a back transformation can be carried out to produce any 
required probability distribution of sample values – following the relevant normalized semi-
variogram model. Lacking the VOK base data, a simplified statistical distribution has been 
chosen for illustrative purposes only. This statistical model is a mixture of two lognormal 
distributions. The low grade population has a mean of around 0.6 g/t Au with a logarithmic 
variance of 1. The high grade population has a mean around 15 g/t Au and a logarithmic 
variance of over 6. The mixing proportions are 80 per cent low grade and 20 per cent high 
grade. Such a model results in sample (drill core) values following a probability plot similar to 
that in Figure 11.  
 
Simulating the complex model 
The original simulation was made using a standard Normal (Gaussian) distribution and a 
simplified semi-variogram model based on that applied in Snowden (2013). Grades were 
simulated on a 0.5 m grid over a volume 100 m by 100 m by 40 m to represent the development 
volume. These grades have been transformed from standard normality to follow a mixed 
Lognormal distribution whilst still following the required semi-variogram structure. The 
transformation is a simple geometric process, mapping the Normal probabilities onto the 
mixed-model probabilities.  
 
The new back-transformed grades – now in g/t Au – were then aggregated to provide averages 
for 2.5 m cubes and for 10 m cubes. Figure 12 shows the histograms for the three supports 
with grade shown on a logarithmic scale for clarity. Figure 13 shows the same information in 
the form of a probability plot, also using a logarithmic scale for gold grades.   
 
The grade/payability curves (Figure 14) comparing selectivity for different supports (block 
sizes) demonstrate the expected behavior for grade and percentage of blocks payable. For 



 

 

example, 23 per cent of cores simulated have grades above 1 g/t Au, whilst 31 per cent of 2.5 
m blocks, and almost 50 per cent of 10 m blocks average above 1 g/t Au. The reverse is true 
for grades recovered, showing larger blocks tend to average lower grades than smaller blocks 
or cores.  
 
Expectations from bulk sampling 
The main purpose of this contribution is to show how the grades in small units vary as mining 
proceeds. Unlike classical sampling concerns (TOS), rock mined in-situ has not been crushed, 
mixed or blended. Geostatistical modelling allows the study of how grades vary from one block 
to another whilst still in place.  
 
The salient details for this study (however academic) are: 
 

• The block model is based on a 10 m parent block size, averaging around 3,000 t; 
• The experimental underground mining was studied in 100 t lots as development 

proceeded; 
• Grades are related to one another but will vary widely until all 10 000 t is mined, 

blended and subsampled for analyses; and  
• The grades within each domain follow a highly skewed distribution with many low 

grades diminishing in frequency as the grades become higher. 
 
The projected average grade of the underground development at VOK was 4,000 oz Au from 
10 000 t mined. This is equivalent to an average grade of just under 12.5 g/t Au. From the 
detailed simulation described, all 10 m blocks were selected with average grades between 12 
g/t Au and 13 g/t Au.  
 
Three of these 10 m blocks were selected at random for illustration. The grade/payability 
graphs in Figure 15 show how the grades of 2.5 m blocks vary within 10 m parent blocks. Each 
curve represents 64 small blocks geographically within a single larger block.  

 
These few examples show that anything up to 50 per cent of the 64 small 2.5 m blocks within 
a 10 m parent block could be below 1 g/t Au. In practice, many apparently barren 100 t lots 
could be mined before significant grades were achieved. 
 
To confirm the usefulness of this analysis, the variability of grades of sub-blocks within the 
parent block for this range of grades – 11 g/t Au to 13 g/t Au – was compared for two scenarios. 
The mean of the 10 m block and standard deviation of the 2.5 m sub-blocks within the 10 m 
block are plotted in Figure 16(b). For comparison, the left graph in Figure 16(a) shows the 
variability of 5 m by 3 m by 2.5 m sub-blocks (around 105 t) within 15 m cubes (around 10 000 
t). The variability in both cases is similar, giving confidence in conclusions drawn from the 
simplified study. 
 
Comments on the simulation study 
The simulation used to illustrate this presentation is unconditional. More realistic results could 
be achieved using the actual local data to estimate actual 100 t sub-samples within the 
development area. It would also be an interesting exercise to compare the likely variation 
between sampled grades and the actual grades achieved during the first round of sampling, 
before Strathcona withdrew from the project and those sampled afterwards.   
 
It should also be borne in mind that no extra variation due to estimation or kriging of block 
grades is included in this study. Actual samples taken within estimated blocks would show 
even more variation than has been illustrated here.  
 
CONCLUSIONS 



 

 

• The VOK project bears dominant coarse gold mineralisation, though the proportions 
of gold particle sizes are not quantified. Mineralisation is high-nugget effect 
characterised by restricted zones of very high-grades within a low-grade background 
mineralisation. Gold within the low-grade zones appears to be coarse and clustered, 
and in high-grade zones similarly coarse and clustered with local discrete zones of 
ultra-dense gold networks. 

• Given the nature of the VOK mineralisation, Pretivm opted to undertake the BSP 
which aimed to verify grade within a section of the block model. Though it must be 
understood that any bulk sample (zone) may or may not be truly representative of 
the entire resource. A total of 10,000 t in 100-110 t development rounds has been 
collected. Individual bulk samples were passed through the sampling tower, 
reducing a 110 t primary sample on site to a 30 kg sub-sample. The sub-samples 
were sent to a commercial laboratory to be further reduced to multiple 2 kg screen 
fire assay charges. The individual bulk sample RSV was high at 200 per cent. 

• FSE values for the BSP on a round-by-round basis are generally high (±17-29 per 
cent) to extreme (±30-64 per cent) depending upon the dL/dLclus-grade scenario used. 
Duplicate values of both BSP assay cuts (2 kg) and bulk sample duplicates yield 
high HARD and RSV values. To achieve round-by-round representivity, a protocol 
is suggested that produces a 750 kg sub-sample for full gravity processing to achieve 
an FSE of ±17 per cent. On a drive composite and campaign basis, the FSE values 
are generally acceptable (±3-9 per cent and ±17 per cent). The BSP estimated grade 
undercalled the mill reconciled grade by 9.5 per cent. 

• Application of a sampling tower for bulk sampling programmes is a potentially valid 
approach, but requires careful planning to ensure that the required outcomes are 
met. It may not be possible or practical to provide representative lot-by-lot 
assessment. A group of well-designed and handled bulk samples are unlikely to 
represent the entire orebody. 

• Using a simplistic and unconditional geostatistical simulation model, it is 
demonstrated that up to 50 per cent of a relatively high-grade mining block could 
show as uneconomic low-grade sub-blocks. Erroneous impressions of early 
sampling results can lead to unsupported pre-judgements of the final results. These 
results support the Pretivm statement that the so-called bulk sampling can best be 
judged by collecting all of the planned tonnage before stating any conclusions. 

 
  
RECOMMENDATIONS 

• Bulk sampling programmes require detailed planning based on ore characteristics, 
where protocols must fit the mineralization type. 

• Bulk sample site(s) require representation of both grade spatial and population 
distribution within the ore zone. 

• A programme requires definition of aims and DQOs, across grade, geological, 
geotechnical and geometallurgical parameters. 

• Programme aims must take into account the nature and quality of the estimate(s) 
being tested. Specific consideration is required of estimation block size and bulk 
sample size in context of data spacing. 

• The application of a mill or sampling tower needs to consider availability, likely 
programme cost, achievable FSE and sampling error minimization, and the nature 
of mineralisation. A sampling tower should not be applied without careful planning. 

• The project team must agree an appropriate reporting strategy and stick to it, save 
in exceptional circumstances. Where exceptional circumstances are identified, 
actions must be carefully considered by all stakeholders; knee-jerk reactions are ill-
advised. 
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FIGURES 
 

FIG 1 - VOK stockwork veining and breccias (upper) and laminated vein (lower) [From 
Pretivm Resources Inc.] 

 
 

 
 

FIG 2 -  Visible gold in core and rock samples from VOK [From Pretivm Resources]. 
 

 

 
 
 
 



 

 

FIG 3 - Underground development for the VOK BSP. Upper: location of bulk sample 
development; Lower: Geological [From Pretivm Resources]. 

 

 

 
 



 

 

FIG 4 - Sample tower components and flow diagram [Pretivm, 2013a]. 

  

 

 
FIG 5 - BSP sampling tower system. From top left clockwise – primary ore storage bins prior 

to feeding to the primary crusher; general view of the sampling tower unit; primary linear 
auto-sampler; 30 kg sub-samples for laboratory submission prior to weighing and sealing 

[From Pretivm Resources]. 
 
 



 

 

FIG 6 - Laboratory flow-sheet [Pretivm, 2013a]. 

 

 
 

FIG 7 - Selection for an ideal Normal distribution using case study simplified semi-variogram. 
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FIG 8 - Probability plot for simulated values: drillhole cores, 2.5 m and 10 m block averages. 
 

 
 
 
FIG 9 - Selection for a simulated Normal distribution using case study simplified semi-
variogram. 
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FIG 10 – VOK grade probability plot (Snowden, 2013). 

 
FIG 11 - Mixed lognormal model.{Note axes reversed from Figure 10) 

 

 



 

 

FIG 12 - Histograms for backtransformed cores; 2.5 m blocks and 10 m blocks. 
 

 
 

 
 

FIG 13 - Probability plots for backtransformed cores; 2.5 m blocks and 10 m blocks. 
 

 
 
 



 

 

FIG 14 - Grade/payability curves for backtransformed cores; 2.5 m blocks and 10 m blocks. 
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FIG 15 - Grade/payability curves for grades of 2.5 m blocks within 10 m blocks. 
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FIG 16 - Mean grade of block versus standard deviation of sub-blocks within block. 
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TABLES  
TABLE 1 

Summary of tower sample protocol detail, see also Figures 4 and 6. 
Activity/stage  Low grade (<5 g/t Au)  High grade (>5 g/t Au)  

Tower feed mass 100-110 t 100-110 t 
Primary crush and split P100 -2 cm 800 kg P100 -2 cm 800 kg 
Secondary crush and split P90 -1 cm 2x 30 kg P90 -1 cm 2x 30 kg 
No. of passes through tower 4 4 
No. of 800 kg sub-samples 4 (3.2 t) 4 (3.2 t) 
No. of 30 kg sub-samples 
(pails) 

8 (240 kg) 8 (240 kg) 

No. of 2 kg assay sub-samples 6 (12 kg) 16 (32 kg) 
Laboratory crush and split P95 -2 mm 2 kg P95 -2 mm 2 kg 
Laboratory milling P95 -100 µm P95  -100 µm 
Assay method 2 kg SFA with 2x FA30 2 kg SFA with 2x FA30 

SFA: screen fire assay; FA30: fire assay with 30 g charge. 
 
 

 

TABLE 2 
Theoretical liberation diameter and K ranges for LG, COG, ROM and HG grades. 

Grade (g/t Au)  dL or dLclus  (µm) K Comment  
2 (low) 100 900 Fine gold dominated 

500 10 800 Individual 
1,000 30 500 Individual or clustered 

 
5 (cut-off) 

250 1,500 Individual 
500 4,300 Individual 

1,000 12 200 Individual 
2,500 48 200 Individual or clustered 

 
18 (run-of-mine) 

500 1,200 Individual 
1,000 3,400 Individual 
2,500 14 400 Individual or clustered 
5,000 38 000 Clustered 

 
>100 (high) 

2,500 2,400 Individual or clustered 
5,000 6,800 Clustered 
10 000 19 300 Mega-cluster 
20 000 54 600 Mega-cluster 

All dL values except one, provide K values that provide either major or extreme sampling challenges. 



 

 

TABLE 3 
FSE for BSP individual round composites through the sampling tower at LG, COG, ROM and 

HG grades. 
Grade (g/t Au)  dL or dLclus  (µm) FSE (%) 

 
2 (low) 

100 ±9 
500 ±30 

1,000 ±51 
 

5 (cut-off) 
250 ±11 
500 ±19 

1,000 ±32 
2,500 ±64 

 
18 (run-of-mine) 

500 ±9 
1,000 ±16 
2,500 ±29 
5,000 ±45 

 
>100 (high) 

2,500 ±10 
5,000 ±17 
10 000 ±29 
20 000 ±48 

 

 
TABLE 4 

FSE for BSP sample composite lots at a range of dL values. 
BS lot  BS tower 

grade 
(g/t Au) 

Total 
composite 

mass 
(t) 

Composite 
assay mass 

(kg) 

dL 
(µm) 

FSE 
(%) 

645E 1.8 1,935 228 
1,000 ±9 
2,500 ±19 

585E 2.1 2,250 256 
1,000 ±12 
2,500 ±24 

555E 5.0 1,440 180 
1,000 ±9 
2,500 ±18 

615L 29.2 1,480 488 
2,500 ±5 
5,000 ±9 

615E 35.3 2,945 520 
2,500 ±5 
5,000 ±8 

All 16.2 10 050 1,672 
2,500 ±4 
5,000 ±6 

10 000 ±10 
 

 
TABLE 5 

Summary of duplicate pair data. 
Duplica
te type 

Sub-
sample 
mass 

No. 
pairs 

Mean 
grade 

(g/t Au) 

RSV 
(%) 

Cum. errors  
measured 

Comment  

Assay 2 kg 245 29.7 25 Pulp and analytical errors Assay pair (2x 2 kg) 
Coarse 30 kg 81 12.9 35 Crush/split to analytical 

errors 
Pail duplicates (2x 30 kg) 

Coarse 60 kg 175 21.5 40 Crush/split to analytical 
errors 

Duplicate of pail 
duplicates (2x 60 kg) 

Field 
(in-situ) 

100 t 89 15.7 60 All errors; field to 
analytical. Incl. in-situ 
nugget effect 

Pairs of contiguous bulk 
samples along 
development 

Note: not all samples captured in this analysis. 
 
 
 
 



 

 

TABLE 6 
Summary of  sample results. Not all data used in final grade assignment. 

Sample type  Mass Number of 
samples 

Mean grade  
(g/t Au) 

Range 
(g/t Au) 

RSV 

Assay cut 2 kg 850 29.1 0.04-342.0 240% 
Pails 30 kg 495 16.0 0.04-245.6 225% 

Bulk sample 100-110 t 95 16.2 0.04-218.3 200% 
 
 

TABLE 7 
BSP comparison results between tower and mill feeds. 

BS 
composite 

Mill feed 
tonnage (t) 

Tower head 
grade 

(g/t Au) 

Mill head 
grade 

(g/t Au) 

Difference 
tower to mill 
head grade 
(%) [RSV %] 

Calc. FSE 
range 

(%) 

645E 1,875 1.8 2.3 -22 [17] ±9-19 
585E 2,170 2.1 4.0 -47 [44] ±12-24 
555E 1,415 5.0 4.4 +14 [9] ±8-18 
615L 1,965 29.2 25.5 +14 [10] ±5-9 
615E 2,875 35.3 39.9 -12 [9] ±5-8 
All  10 300 16.2 17.9 -10 [7] ±4-10 

 
 

TABLE 8 
BSP composite RSV for mill and tower grade pairs and back-estimated dL. 

BS composite  Composite 
tonnage 

(t) 

Composite mill 
head grade 

(g/t Au) 

Prev. est FSE 
range 

(%) 

BSP RSV for 
mill and tower 

result pair 
(%) 

Back -
estimated d L 

(µm) 

645E 1,875 2.3 ±9-19 17 1,200 
585E 2,250 4.0 ±12-24 44 NR 
555E 1,415 4.4 ±8-18 14 1,300 
All  10 300 17.9 ±4-10 7 7,000 

615L 1,965 25.5 ±5-9 10 4,500 
615E 2,875 39.9 ±6-8 9 7,000 

 
 

TABLE 9 
Summary of tonnage and grade results across bulk samples and resource estimations. 

Estimate  Tonnage  
(t) 

Grade 
(g/t Au) 

Comparison to mill  

BSP campaign 10 050 (through tower) 16.2 -10% 
Mill campaign 10 300 (processed) 17.9 -- 

2012 block model 10 300 15.8 -12% 
2013 block model 10 400 12.2 -32% 

 
 

TABLE 10 
Semi-variogram parameters. 

Nugget effect 0.10 
Range of influence 1 5 m 
Sill of component 1 0.45 
Range of influence 2 35 m 
Sill of component 2 0.45 

 
 
 


