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ABSTRACT 

The FE2 Gold Deposit forms part of Sadiola Mine located in south-

western Mali - nearby the border with Senegal - approximately 440km 

north-west of the capital Bamako, and 70km south of the city of 

Kayes.  

Sadiola Mine is made up of 7 open pits (the Main Pit, FN3, FE2, FE3, 

FE4, Tambali and Sekokoto). Gold (Au) mineralisation is spatially 

associated with a complex alteration pattern, pointing to a 

mesothermal origin for the Au mineralisation. 

The Main Pit deposit contains an Oxide portion and a deeper 

Sulphide zone comprised of unweathered material below the pit. In 

2010, mining of the Oxide portion was concluded. Currently, Sadiola 

does not have the plant capability to treat Sulphides due to its 

hardness and most of the Oxide Mineral Reserve in the concession 

has been depleted. The FE2 deposit is expected to provide Oxide 

Ore for 7 months based on the current mine plan. The Oxide mining 

on the Sadiola concession has an expected life of 3 years. 

Sadiolaôs future is thus tied to the fate of the Sadiola Sulphides 

Project (SSP), targeted at exploiting the Sulphide zone Ore.  In the 

absence the SSP materialising to date, focus has shifted to the FE2 

deposit to scavenge any remaining Oxide Ore, to prolong mine life. 

The previous Mineral Resource model was generated in June 2014. 

The model was based on grade control drilling information. The 

current Mineral Resource Estimate (MRE), presented in this research 

report, was prompted by an Advanced Grade Control (AGC) drilling 

campaign that took place during October 2014 to identify additional 

Oxide Ore Mineral Resource (Indicated, Inferred and Blue Sky 

Potential). 
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The AGC drillholes (12.5m (X) by 12.5m (Y) drill spacing) have been 

drilled mostly as infill drilling and all holes had accompanying assay 

data. 

The Ore and Graphite mesh modelling was conducted using the 

grade interpolation technique in Leapfrog® mining software. The 

Hardness, Redox, Laterite and Classification wireframes were 

created in Datamine® Studio 3 software. A lower geological cut-off of 

0.32g/t Au was applied to the mineralised domains. Three domains 

were estimated: EZONE 1 (Laterite and Saprolite Ore); EZONE 2 

(Hard Ore i.e. Sulphides) and EZONE 3 (Waste). 

All estimation into the Mineral Resource model was done in 

Datamine® Studio 3. Ordinary Kriging (OK) was used to estimate the 

Au grades; Inverse Power of Distance (IPD) to estimate ñhardness 

probabilitiesò for isolated hard/blastable material above the hard/soft 

contact; and Indicator Kriging (IK) used to estimate the distribution of 

the Graphitic alteration. 

The Au estimation process was optimised using Quantitative Kriging 

Neighbourhood Analysis (QKNA). The estimates were validated 

visually, statistically and using swath analyses.  

Uniform Conditioning (UC) was used to estimate the recoverable 

Mineral Resource in EZONES 1 and 2 for the reporting of the 

distribution of grades above various economic cut-offs. The Selective 

Mining Unit (SMU) size assumed for the FE2 UC process was 10m 

(X) x 10m (Y) x 3.33m (Z) and was based on the selectivity 

achievable with the current mining equipment.  

Given the panel size of 25m (X) x 25m (Y) x 10m (Z), there were 

about 18 SMUs in each panel.  A tonnage adjustment factor was 

applied and was based on a volume representing half the SMU size.  

It was expressed as a percentage of the panel size (2.7%).  Any 

proportions smaller than this percentage were removed as they 
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would not be practically recoverable (these volumes would be too 

small to mine with the selected equipment). 

The Mineral Resource was classified in accordance with the South 

African Code for Reporting of Exploration Results, Mineral Resources 

and Mineral Reserves (SAMREC) and the Australian Joint Ore 

Reserves Committee (JORC) guidelines. A drill spacing of 25m (X) 

by 25m (Y) was considered sufficient to classify the Mineral Resource 

as Indicated, and 50m (X) by 50m (Y) as Inferred. 

 Areas covered by larger drill spacing were considered to be Blue Sky 

Potential (not an official Mineral Resource Category, but used for 

internal purposes by AngloGold Ashanti Limited (AGA) to estimate 

possible mineralisation potential).  No Measured Mineral Resource 

was defined.  The classification criteria are based on studies 

completed for other, similar Sadiola deposits (such as FE3 and FE4).  

The 2014 Mineral Resource model was compared with the updated 

Mineral Resource model (2015) within a common volume i.e. within 

the Business Plan (BP) 2015 $1,600 Mineral Resource shell and the 

$1,200 Mineral Reserve design (below the topography as no mining 

has taken place at FE2) to quantify if the Oxide Ore potential had 

increased as a result of the model update (Table 1).  

The detailed Reconciliation study showed that the new estimate 

identified an additional 7,191 ounces of Indicated Mineral Resource ï 

of which, 1,893  ounces was previously classified as Inferred Mineral 

Resource but was upgraded to the Indicated Mineral Resource 

category as a result of the new Mineral Resource model. 

The reason for the increase is due to the new drilling results which 

resulted in the extension of some of the mineralised zones and 

showed better continuity for others. 
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Table 1:Model reconciliation by broader material types: 2014 vs. 2015 MW cut-off grades 

 

A checklist of assessment and reporting criteria based on the JORC 

code showed that no major risks to the model exist. 

However, some key recommendations were made and include: 

¶ Testing domaining and variography at various geological cut-offs  

¶ Performing an updated Classification study to confirm the suitability 

of the Classification criteria used 

¶ Soft Oxide density probe measurements reported in  2015 were 

significantly higher than in 2014. Further work needs to be done to 

confirm the validity of the density results before updating the 2015 

density values 

¶ Testing estimation software used in the estimation process against 

similar software in the industry to single out the one that provides the 

most accurate results 

¶ Further work should be carried out to assess the effect of top cuts 

and top caps on the resulting Mineral Resource models 

¶ Further work is required on boundary analysis going forward as in 

reality the Laterite and Saprolite are very different, despite the results 

of the statistics suggesting that they are similar.  
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¶ The latest LIDAR survey had not been provided at the time of Ore 

wireframe modelling. A new survey needs to be carried out to ensure 

that drillholes collar positions used in the modelling were correct 

¶ Further work is required to understand what method is best to model 

the extent of the graphitic alteration and how to optimise the method 
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1. INTRODUCTION 

An understanding of the geology of a deposit is fundamental to the 

Mineral Resource Estimation process.  Mineral Resource estimates 

are constrained by the 3D geological model (geometry, grade 

distribution, structural nature, complexity, etc.), of the deposit and 

hence any geological uncertainty  arising thereof.  

The quality of the Mineral Resource estimate is further impacted on by 

the choice and applicability of estimation techniques applied in the 

estimation process: 

"If geostatistics are to give improved reserve estimates, two conditions 

must be satisfied: geologists must be aware of the methods that are 

available to them to control the quality of the geostatistical study and 

geostatisticians must appreciate those areas in which geological input 

is required if credible results are to be obtained" - (Rendu,1984, p. 

166) 

The estimation process methodology used is deposit specific because 

every deposit is unique. The estimation process depends on the 

Geological model which is itself dynamic since every new hole  drilled 

necessitates the need to update the model based on the new 

information. It is for this reason that a 3D Geological model was 

generated  for the FE2 Mineral Resource Estimate.  

This work was carried out on behalf of AngloGold Ashanti Limited. This 

research report, is written as part of the requirements for obtaining a 

Masters in Science in Mining Engineering at the University of the 

Witwatersrand.  

The FE2 Gold Deposit forms part of Sadiola Mine, located in south-

western Mali -nearby the border with Senegal -approximately 440km 

north-west of the capital Bamako, and 70km south of the city of Kayes 

(Figure 1). The Mine has an expected life of 3 years. 
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Figure 1: Sadiola Mine locality map (SEMOS, 2012, pp 19) 

 

Sadiola Gold Mine is operated by the Societe dôExploration des Mines 

dôOr de Sadiola S.A. (SEMOS). The project is a joint venture operation 

between AGA (41%), IAMGOLD (41%), and the State of Mali (18%) 

(mining-technology.com, 2015); however it is managed by AGA.   

The Sadiola mining permit covers an area of 302 km2. Figure 2 shows 

the concession area along with the location of Yatela Gold Mine - 

situated 20 km north-west of Sadiola, also a joint venture operation 

between  AGA (40%), IAMGOLD (40%), and the State of Mali (20%), 

also managed by AGA. 

Mining at Sadiola commenced in 1996 and at Yatela in 2000. The two 

mines combined have produced more than 8.4 million ounces of gold 

using open pit mining. 

Sadiola Mine is made up of 7 open pits (the Main Pit, FN3, FE2, FE3, 

FE4, Tambali and Sekokoto) (Figure 2).  
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Figure 2: A lithological map of the Sadiola mining district showing the main mine lease 

boundaries. Tambali and Sekokoto not shown (SEMOS, 2012, pp 20). 

 

The Main Pit deposit contains an Oxide portion (Oxides) and a deeper 

Sulphide zone (Sulphides) comprised of unweathered material below 

the pit. In 2010, mining of the Oxide portion was concluded. Currently, 

Sadiola does not have the plant capability to treat Sulphides due to its 

indentation hardness and most of the Oxide Mineral Reserve has been 

depleted.  

The satellite Ore bodies - FE3 and FE4 - south-east of the Main Pit 

have since contributed some gold through minor production activities. 
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This contribution has however declined due to operational challenges, 

such as declining grades in the FE3 and FE4 pits; Ore losses in the 

eastern wall of the FE4 pit and extended mill shut-downs and 

increased operational costs. 

In an attempt to salvage the life of mine, plans to expand the Main Pit 

to access the Sulphides and erect a new plant capable of treating the 

hard material were drawn up and the Sadiola Sulphides Project (SSP) 

borne, but to date has been unsuccessful.  

Sadiolaôs future is tied to the fate of the SSP and in the absence of it 

materialising, focus has shifted to foraging for the final remnants of 

Oxides in the concession. 

The FE2 deposit is one such area that possesses Oxide potential, 

necessitating the need for an updated Mineral Resource model of the 

deposit to prolong mine life. 

The Sadiola exploration strategy is to build a comprehensive 

understanding of the remaining Oxide potential in the short term and to 

extend the Sulphide potential in the longer term.  

Oxide exploration on the Sadiola concession has reached maturity and 

exploration work that was previously focussed primarily on follow up 

drilling at various prospective targets and identifying new targets has 

since ceased due to declining gold prices.  

A reliable estimate of the FE2 Mineral Resource is therefore critical to 

the livelihood of Sadiola Mine. 

1.1. BACKGROUND INFORMATION 

Considerable work has been covered at Sadiola Mine, and is well 

documented in company reports referred to by SEMOS, 2012 and 

referenced throughout this dissertation.  
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The exploration potential at Sadiola was originally based on 

widespread evidence of artisanal gold workings and small scale mining 

by locals in the area. Written records of the workings date back 250 

years with some believing that this could date back even 1000 years 

ago due to the extent of the old mine workings.  

As part of an aid programme financed by the European Development 

Fund, a German company named Klöckner Industries, conducted a 

regional geochemical survey (The Mali Quest 1 Project) for the Malian 

government. During this time (October 1987 to August 1989), 48,000 

samples were collected for geochemical analysis. The samples were 

sourced near the villages of Sadiola and Dinnguilou and contained 

high gold, arsenic and antimony anomalies. 

In January 1990, the Government of Mali granted exploration rights to  

Klöckner Industries to conduct a large scale gold exploration 

programme in the Sadiola area which identified the presence of 

significant Oxide gold. 

In 1991, Watts, Griffis and McOuat (WGM) reviewed the work of 

Klöckner Industries and prepared a preliminary economic assessment 

of Sadiola on behalf of IAMGOLD. The preliminary feasibility study 

spurred on a large exploration drilling programme (from 1991 to 1992) 

to delineate and confirm the Sadiola Mineral Resource. In December 

1992, WGM estimated a probable Mineral Reserve of 22.3 million 

tonnes of Oxide mineralisation with an average gold grade of 3.3 g/t.  

In October 1992, a joint-venture agreement with Anglo American 

(ñAACò) was signed for the construction and management of any mine 

developed at Sadiola. A feasibility study on the Sadiola Gold Deposit 

dated December 1993 and prepared by AAC was presented to the 

Government of Mali. In August 1994 the Government of Mali issued an 

exploitation permit (the ñSadiola Mining Permitò).   
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SEMOS was incorporated on 14 December 1994 as the joint venture 

company to hold the Sadiola Mining Permit, to exploit the Sadiola gold 

deposit and to carry out exploration activities within the Sadiola area.  

1.2. LITERATURE REVIEW 

Whilst extensive literature was reviewed to ensure that the results and 

findings for this work were correct, the AGA Mineral Resource 

guidelines were prioritised based on past tried and tested results.  

The Mineral Resource estimation process is iterative, requiring a good 

understanding of common practice and relevant literature. For 

guidance on the estimation process followed for the research, a series 

of relevant but not prescriptive papers were reviewed in a monogram 

on Good Practice in Resource and Reserve Estimation published by 

the Australian Institute of Mining and Metallurgy.  

Key authors referred to in the monogram include Amos, Q G, 2001; 

Appleyard, G R, 2001; Duke, J H and Hanna, P J, 2001; Guibal, D, 

2001; Stephenson, P R and Vann, J, 2001; Stoker, P T and Gilfillan, J 

F, 2001; whose case studies and guidance set the premise for the 

work as they demonstrated superior knowledge in each area of the 

estimation process. 

The estimation process is founded on a good understanding of the 

underlying geology (regional and local) as well as the stratigraphy and 

mineralisation style. This information in the form of reports, maps and 

reviews were sourced from the SEMOS site office and corroborated 

with academic articles such as those by Diene et al., 2012 and 

Masurel et al., n.d. and Masurel et al., 2012. In addition, detailed work 

focused on geological descriptions and interpretations has been 

carried out over the years in collaboration with the University of the 

Witwatersrand. Notable authors include Professor Kim Hein and Dr 

Greg Cameron for AngloGold Ashanti. This information assisted in the 

geological modelling. 
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The data used for the modelling and analysis were sourced directly 

from site. All drillhole and surface sampling data for FE2 is stored in a 

Microsoft SQL database using AGA customised Century Systems 

Fusion software since 2002.  The database is derived from several 

sources with quality controls in place to prevent errors being 

introduced to the database.  

According to Stephenson and Vann (2001) and Gilfillan and Stoker 

(2001) rigorous system and quality checks are to be performed on the 

database to verify that the sampling, assay and survey data informing 

the estimate is free of errors and that the database is representative, 

accurate, and precise. Therefore, the collar, survey, alteration, assay, 

lithology, hardness, and Redox data - provided in .csv format - was 

checked to ensure that the data used for estimation (historical grade 

control drillholes and newly drilled advanced grade control data) were 

error free.  Where new information became available, the historical 

grade control holes were used to guide the mineralised wireframes and 

updates. 

Light detection and Ranging (LIDAR) surface topography strings were 

defined from a LIDAR survey carried out in 2013. The data was 

sourced from the on-mine survey department and was confirmed to be 

the latest available. LIDAR refers to the remote sensing technique that 

utilises light (pulsed radar) to measure distances to the earth to 

generate a 3D model of the earth's surface. These strings were 

validated and used in Datamine® to create a wireframe of the 

topographic surface using the Digital Terrain Model (DTM) function.  

The FE2 mineralisation is controlled by a combination of lithology, 

structure, weathering and alteration.  Wireframes were generated for 

the topography, weathering surfaces, hardness boundaries, extent of 

the graphitic alteration and gold mineralisation.  
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Stephensen and Vann (2001), emphasise that the interpretations 

derived from drillhole sample data represents often less than 0.001% 

of the geological body and any errors at this level can dramatically bias 

grade and tonnage results. The geological meshes serve as the basis 

for the geological model which in turn is the foundation of the resource 

estimate therefore care must be taken to ensure that no error is 

propagated or introduced in the process.  

A key step to be taken is the approach of re-interpreting the 

mineralized envelopes created using Leapfrog® softwareôs grade 

interpolation technique. This step prevents allowing the software to 

make assumptions on the geology without understanding.  

Carras  (2001) highlights the importance of the user's knowledge: 

ñMost resource modelling procedures are attempts at modelling from 

sparse data, based on assumptions made by the geologist and mining 

engineer, and assumptions inherent in the mathematical modelling 

algorithms used. Assumptions made by the geologist and mining 

engineer are often well stated, understood and often questioned. 

Assumptions inherent in the modelling algorithms are very rarely 

understood or stated and seldom questionedò. 

Operational mines such as Sadiola, have a good geological 

understanding that is supplemented by a large amount of historical 

data. This knowledge of the Ore body behaviour guides the modelling 

and has been fine-tuned over the years using reconciliation results 

which were also assessed. 

The wireframe interpretations are used in Datamine® Studio 3 to code 

the drillhole samples according to mineralisation, lithology, weathering 

and structure.  Samples within the mineralised envelope are deemed 

as ñOreò and those outside, as ñWasteò.   
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As a result, the Domaining exercise was less of an arbitrary process 

since the new wireframe was guided by the 2014 grade boundaries 

which were constructed with a sound understanding of the grade 

continuity and geological controls on the grade distributions.  

Domains are defined as zones which are geologically and statistically 

homogenous (supported by variography and statistical analysis) (Duke 

and Hanna, 2001).  Glacken and Snowden, 2001, define domains as 

areas or volumes within which the characteristics of the mineralization 

are more similar than outside the domain.  

The domains for FE2 were defined using grades in an iterative process 

of selecting mineralised intersections in each borehole using 

Leapfrog® Mining Software.  

Domains should conform to the geology. In this case, the geological 

units are the same as the mineralisation domains therefore the grade 

modelling is constrained entirely by the geological modelling and the 

resource model is a reflection of the geology (Glacken and Snowden, 

2001). Glacken and Snowden (2001) draw attention to Domaining as a 

process that assists in reducing the problem of preferential data 

clustering and its bias on statistical analysis and variography that arise 

because of the natural tendency to drill or take more samples in higher 

grade areas, causing data to be misrepresented. 

Glacken and Snowden (2001), also state that summary statistics 

should be presented to detect if any trends are evident in the data. 

Plotted data distributions were used for this to depict any trends 

evident within the domains to assist in selecting interpolation 

techniques; defining subsets within the data and highlighting outliers 

and extreme grade values and essentially establish if a  relationship 

between variables exists. 

This is followed by Exploratory Data Analysis which ensures that the 

domains are well understood and quantified. Blackwell and Sinclair 
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(2001, pp. 181-191) explain the relationship between domains and 

variography. The authors describe  domains as being the basis for 

variography which in turn, is the first step in geostatistical analyses and 

thus fundamental to the success of the estimation process. 

The practical considerations for the estimation methods used in the 

Mineral Resource Estimate were further guided by the work of 

Blackwell and Sinclair (Chapter 10, pp 215-241 2002) who illustrate 

how Kriging is an optimal block or point estimation technique.  

Kriging weights are allocated using  a least squares procedure that 

minimises the estimation variance therefore making the sample 

weights unbiased. Correct semi-variogram models that capture the 

grade continuity are a requirement for Kriging to work.  

Experimental variograms are estimates of the óunderlyingô variogram 

and some irregularity is generally expected according to Guibal (2001). 

Supervisor® (v8) geostatistical software will be used to calculate and 

model the variograms and evaluate the directions of continuity.  

Kriging, however, is a óminimum variance estimatorô only if the search 

neighbourhood is properly defined. Bertoli et al., (2003), explain that a 

Quantitative Kriging Neighbourhood Analysis (QKNA) should be 

carried out to determine what optimum combination of search 

neighbourhood and block size results in conditional un-biasedness 

during Kriging, as defined by the user.  

The true block grades are never known but the relationship between 

the true block and estimated values are inferred based on the 

assumption that the variogram models are representative of the 

domains (stationarity) and that a linear regression can define the 

relationship between true and estimated grades at the specified 

support ï blocks in this case.  
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During Quality Kriging Neighbourhood Analysis (QKNA), the 

neighbourhood was optimized to ensure the best regression statistics 

in order to reduce or eliminate conditional bias. The process involves 

smoothing because the data set is exhaustive (information effect) and 

the variance of the estimated block values will be lower than that for 

the true block values. QKNA assists in deciding how much smoothing 

is needed for conditional unbiasedness. 

The choice of estimation method applied depends on the 

appropriateness of the method to the depositôs geology and the 

available data.  

Indicator Kriging (IK) was used to estimate the extent of the Graphitic 

alteration. The concept of IK is discussed by Blackwell and Sinclair 

(2001, pp 252).  

 

For this research, the graphite codes in the drill logs were used. IK is 

good when dealing with categorical data. The main motivation for 

using IK is the fact that it is non-parametric.  All the samples that 

contained graphite alteration were given a value equal to 1 and the 

remaining samples a value equal to 0 i.e. the data undergoes a non-

linear transformation to indicator values (0 or 1) based on the presence 

or absence of graphite alteration. Values that are greater than a 

particular alteration intensity received these indicator values. The 

results of IK provides probabilities for the condition i.e. presence or 

absence of graphite alteration.  

 

Ordinary Kriging is then applied to the indicator transformed values to 

provide a value between 0 and 1 for each point estimate. The resulting 

estimates were plotted and did not capture the known extent of the 

graphite alteration well.   A Leapfrog® interpolant for graphitic 

alteration was also created and used instead, since the results were 

more realistic than that of the IK.  
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"Hardness probability" estimation was run to identify isolated 

hard/blastable material using the Inverse Power of Distance (IPD) 

method which is used for its robustness and ease of use (Babak and 

Deutsch, 2008). This technique is the accepted technique used by 

AGA, due to the reliability of results of past estimates. 

 

Exponents ranging from 1 to 5 were investigated, but the power of 2 

proved to be optimal. Past trial-and-error exercises have also proven 

that the power of 2 is optimal. 

 

Estimates of the "hardness probabilities" are assigned weights based 

on how close they are to actual values. This technique was used 

because no prior information is required for the interpolation , unlike 

OK where a variogram is known and the assumption of stationarity 

applies (Babak and Deutsch, 2008.). It also assists when little data is 

available and a quick visualisation of the variable is needed. 

 

The FE2 deposit lends itself well to the use of Ordinary Kriging (OK) as 

an estimation technique for gold mineralisation. OK is used on 

composites whose local mean is unknown (Blackwell and Sinclair, 

2001, pp. 231).  

The geometry of the mineralisation domains are represented as 3D 

arrays of blocks in the model. Hence, each domain is kriged block by 

block based on the requirements defined by the user in the QKNA 

exercise such as search distance optimisation and selecting the 

minimum and maximum number of samples  

Kriging provides the best estimate since it provides the smallest 

standard error; narrowest confidence interval and most confidence 

(lowest risk). 
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The block model grades were estimated using OK in Datamine® 

Studio 3. Datamine® Studio 3 was also used for data manipulation, 

earlier statistics, block modelling, validation and reporting.  

Boundary analyses were undertaken using the Bloy® Geostats kit to 

determine whether or not the grade variations across the 

mineralisation-waste boundaries are ñhardò or ñsoftò.ñHardò boundaries 

are defined by abrupt changes in grade whilst ñsoftò boundaries allude 

to more gradual changes.  

Unusually high grade samples (also called extreme values) result in 

overestimation of a resource. Histograms, log probability plots and 

mean and variance plots are analysed to determine which grade cap is 

the most appropriate per domain.  

Top cuts (99th percentile or above) are generally applied to remove 

the extreme grade values from the resource database whilst including 

the high-grade assays below the top cut that are recognized as a real 

feature of the assay distribution (Pocock, 2001, citing Enterprise 

Metals, 1990).  

The impact of applying top cuts was evaluated by Pocock (2001). The 

results showed that the application of a cut-off leads to changing the 

inherent characteristics of the data. Attempts to apply even very high 

cut-offs still reduces the variation in mean gold grade as well as the 

percent relative standard deviation (RSD) between datasets.   

 

In addition, Pocock (2001) found that wide spaced drilling produced 

strongly biased datasets and showed sensitivity to outliers and a 

disproportionate contribution of a few samples to the average grade of 

an estimate (especially in smaller data sets).The suitability of applying 

cuts or capping to the data was assessed but further work is required 

in this area in future. 
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The mining method and mine selectivity to be used is important when 

considering recoverable resources. When the selective mining units 

are small in comparison to the data spacing - over smoothed estimates 

result from using linear estimation techniques like OK (Deraisme and 

Roth, n.d.).  

 

Therefore,  it is important to be able to calculate the distribution of the 

block grades from the distribution of sample grades also referred to as 

a change of support (Deraisme and Roth, n.d.). This is achieved via 

Uniform Conditioning. 

 

ñUniform Conditioning (UC) provides a method for creating a resource 

model that is representative of the variability of the deposit for a 

defined selective mining unit (SMU), which if used for mine planning 

and reserve calculation can increase the confidence in the resulting 

reports and mine plansò (dataminesoftware.com, 2015). 

In mining, resources are estimated into larger mine planning blocks 

called panels but are mined as selective mining units (SMU). SMUs 

are defined as the smallest volume of material on which the decision 

between Ore and Waste is based. The estimation of recoverable 

resources therefore depends on the volume on which the Ore/Waste 

decision is made i.e. the support effect (Neufeld et al, 2005). The UC 

process to be followed is based on the work by Neufeld et al, 2005. 

 

The aim of UC is to estimate the tonnage and the metal content of 

blocks inside a panel conditionally to the sole panel grade, which is 

estimated assuming local stationarity (e.g. Ordinary Kriging) 

(geovariances.com, 2015). 

 

Since the grade estimation process is complex, it is essential to test if 

the resultant estimates are a good representation of the input sample 

data. AngloGold Ashanti uses a validation checklist to ensure that the 

http://www.geovariances.com/
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quality of the data represented by the model is error free. Some error 

checks include generating statistics and grade plots to ensure that the 

composited input data is free from negative grades and absent values.  

The block model estimates are validated as follows: 

¶ Visually comparing the model estimates against input 

grades 

¶ Comparison of the global and input means 

¶ Sectional plots of number or composites, model grades and 

composite grades 

¶ Grade-tonnage curves 

¶ No negative grades occur 

¶ All blocks have and estimate and a density for tonnage 

weighting in statistics 

¶ No overlapping of blocks occurs 

Classification of tonnage and grade estimates is done according to 

differing degrees of geosientic confidence. 

In general, to move a Mineral Resource from infered to measured, the 

level of confidence should increase. One way, to increase the 

confidence is to use estimates based on optimised drill hole spacing. 

Drillhole spacing exercises are carried out to see at which spacing the 

confidence is the highest. 

AGAôs bases its classification on the Mineral Resource and Reserve 

Committee's guidelines. The metal content above the Ore cut-off is 

measured to an accuracy of 90% confidence at 15% error over a 

period of 3 months for Measured and for 1 year for Indicated.  

The 15% error 90% confidence method is adapted from Anglo 

American and the idea is to estimate the average grade above cut-off 

with less than 15% relative error and 90% confidence.  
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The classification criteria are based on studies completed for other, 

similar Sadiola deposits (such as FE3 and FE4) - an updated 

classification study to confirm its suitability is recommended. 

The mineral resource has been classified in accordance to the South 

African Code for the Reporting of Exploration Results, Mineral 

Resources and Mineral Reserves (SAMREC) and Joint Ore Reserves 

Committee (JORC) Code.  

The JORC code checklist of assessment criteria to identify any 

inherent risks to the resource estimate is also included in this report. 

Model reconciliations quantify the differences between the new and 

previous model since the same methodologies were applied. These 

differences are determined by comparing a common volume between 

the two models i.e. the old versus the new model. 

 

The reconciliation is also based on in-house standards. 

1.3. RESEARCH QUESTION 

The previous Mineral Resource model for the FE2 gold deposit was 

generated in June 2014. The model was based on Advanced Grade 

Control (AGC) drilling information available at that time.  

The current Geological Model and Mineral Resource Estimate was 

prompted by an Advanced Grade Control drilling campaign that took 

place during October 2014 in an attempt to identify additional Oxide 

Ore.  

The question is therefore: 

"Does the FE2 deposit contain additional Oxide Ore Mineral Resource 

(Indicated, Inferred and Blue Sky Potential) and if so, how much?" 
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1.4. STATEMENT OF OBJECTIVES OF THE DISSERTATION 

The main objectives of this research were to, based on the new AGC 

drilling information, assess the Oxide Ore Mineral Resource potential 

of the FE2 gold deposit including: 

¶ Produce a 3D Geological model of the deposit 

¶ Analyse the assay data using classical Statistics and 

Geostatistical techniques 

¶ Estimate the Oxide potential of the Mineral Resource 

¶ Generate a Mineral Resource Model for the FE2 deposit 

¶ Generate a Uniform Conditioning model for the FE2 resource 

¶ Test the reliability of the estimates 

¶ Reconcile the new model with the previous model and against 

the sample data 

1.5. RESEARCH METHODOLOGY AND THESIS STRUCTURE 

The dissertation follows a quantitative methodology supported by 

industry research and the company guidelines stipulated by AngloGold 

Ashanti. The thesis is structured to outline the entire estimation 

process in 11 Chapters with the final chapters left for 

recommendations for future work and Risk Analyses.  

The methods employed in this study included: 

¶ Compilation and validation of drill hole data provided by site 

(bias testing;  boundary analyses; reviewing data collection, 

lithological logging, sample preparation and analysis, quality 

assurance and quality control, bulk density and appraisal of 

database integrity)  

¶ Statistical and Geostatistical analysis of the data and an 

evaluation of the results 

¶ 3D geological modelling of wireframes for the gold 

mineralisation and graphite alteration and Digital Terrain Models 

for the REDOX, Hardness and Laterite zones 
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¶ Exploratory Data Analysis to test  and develop estimation zones 

(stationarity, compositing, domaining and cut-off grade 

determination) 

¶ Variography (down-hole and directional variograms, determine 

nugget and variogram ranges; assessment of variogram 

parameters) 

¶ Quantitative Kriging Neighbourhood  Analysis (analysis of slope 

of regression, krige weights, minimum and maximum number of 

samples, block size determination, discretisation and sear range 

optimisation) 

¶ Block Modelling (boundary analysis, search strategies, grade 

capping and cutting study, block model fields) 

¶ Mineral Resource Estimation (Estimate Au, graphite and 

hardness probability values into the resource model using 

appropriate estimation techniques) 

¶ Post process of Krige results with Uniform Conditioning in 

Isatis® Geostatistical Software 

¶ Model Validation  

¶ Assess the risk associated with the model and classify the 

mining panels in accordance to the guidelines stipulated by 

AngloGold Ashanti Limited 

¶ Detailed reconciliation study including Classification of the 

Mineral Resource  

¶ Comparing the new geological model and Mineral Resource 

estimate with previous geological models and Mineral Resource 

estimates for FE2 
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2. GEOLOGY 

This chapter outlines the geological interpretations used for the 

modelling; the type of data used in the modelling (including the 

different drilling campaigns contained in the database used for the 

estimate) and is a summary of the process followed to create the 

geological model and estimation domain selection. 

Simplified geological profiles for the FE2 deposit are available on the 

geology archive compiled by IAMGOLD that can be accessed on their 

website (iamgold.com, 2015). For more detailed explanations, the 

reader is directed to the papers by Diena et al., (2012) , Masurel, et al., 

n.d. and  Masurel et al., 2012. 

2.1. REGIONAL GEOLOGY 

The Sadiola deposit is located on the West African craton in the Malian 

portion of a Paleoproterozoic inlier known as the Kedougou-Kenieba 

window (KKI). It is bound by the Kenema-Man Shield in the northeast; 

the Pan-African Mauritanide Hercynian Belt in the west; and by un-

deformed Neoproterozoic and Palaeozoic sedimentary formations of 

the Taoudeni in the south (Figure 3) (Diena et al., 2012). 
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Figure 3: Map of Regional Geology showing Kedougou-Kenieba Inlier and surrounding Pan-

African Belts (Masurel, et al., n.d) 

 

The Birimian components of the KKI have been interpreted as a 

collage of at least two N-S trending terranes. To the west, an older (+/- 

2.2 Ga) greenstone belt volcano-sedimentary succession intruded by 

major Calc-alkaline batholiths belongs to the Saboussire Formation. It 

is separated from the dominantly sedimentary Kofi Formation by the 

major north to northeast trending Senegalo-Malian Shear Zone (Aida 

et al., 2012 and Masurel, et al., n.d). 
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A more detailed view of the KKI and the shear zones is presented in 

Figure 4 together with several additional significant gold bearing 

deposits that are hosted within the splays of the Senegalo-Malian 

Shear Zone (Masurel et al., n.d.).  

 

Figure 4: Geology of the Kedougou-Kenieba Inlier showing the regional Main Transcurrent 

Shear Zone (MTZ and the Senegalo-Malian Shear Zone (SMS) (iamgold.com, 2015) 

 

The Kofi Formation is significantly younger and has been intruded by 

Calc-alkaline batholiths dated at 2.0 ï 2.05 Ga. Metamorphic grade 

includes Greenschist facies, with Amphibolite grades developed locally 

near major intrusions (Aida et al., 2012 and Masurel, et al., n.d). 

The Sadiola deposit is located in the north central section of the 

window and is hosted by sediments of the Kofi Formation, which have 

been intruded by numerous felsic intrusives. The sediments consist of 
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fine-grained Greywacke - believed to be distal turbidites; and impure 

carbonates with minor tuffs and acid volcanics. 

The mineralisation has a strong structural control and is spatially 

associated with a complex weathering and alteration pattern as 

depicted in Figure 5, possibly associated with a mesothermal origin - 

typical for gold emplacement in West African Birimian rocks (Aida et 

al., 2012 and Masurel, et al., n.d). 

 

Figure 5: Geology of the Sadiola Hill Gold Mine Type Cross Section (SEMOS, 2012, pp 25) 

 

2.2. LOCAL GEOLOGY 

The FE2 deposit is a Gold (Au), Arsenic (As), Copper (Cu) ± Cobalt 

(Co) and Beryllium (Be) anomaly, located approximately 6 km north-

east of Sadiola along the contact between marble and metapelites. It 

occurs on the western limb of a syncline structure identified in the FE3 

and FE4 pits. The lithologies are folded and dip gently to the east (25-

50 degrees) and comprise of graphitic metapelites overlying impure 

carbonates.  
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The FE2 deposit is cross cut by a NNE-SSW structure, intruded by a 

dolerite dyke (Figure 6). 

 

Figure 6: Geological Map showing the site crosscut by a NNE-SSW structure which was later 

intruded by dolerite dykes (Masurel, Thebaud, Miller, & Ulrich) 

 

2.3. MINERALISATION 

Pervasive gold mineralisation ranging in grade from 2 g/t to 20 g/t 

occurs along the SFZ over a strike length of approximately 2,500 

metres and remains open to the north and south. The location and 
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geometry of high grade mineralisation appears to be controlled by the 

confluence of the SFZ with the 020º striking splays, resulting in steeply 

to vertically plunging zones within the plan of the SFZ.  

Gold mineralisation occurs in all of the four major rock types (Marble, 

Greywacke, Diorite and Quartz-Feldspar porphyry), and is spatially 

associated with a complex alteration pattern (Aida et al., 2012 and 

Masurel, et al., n.d). 

 Alteration assemblages identified to date include Calc-silicate, 

Potassic, ChloriteïCalcite and Carbonates, and point to a 

mesothermal origin for gold mineralisation. A summary of the alteration 

codes included in the model are presented in Table 2: 

Table 2: Summary of Alteration types identified at Sadiola Mine 

Alteration 

Code 
Description 

Alteration 

Code 
Description 

ALB Albitization LIM Limonitic 

BIOT Biotitization LIMJ Limonite joint 

CHL Chloritization KLN Kaolinitic 

CLC Calcite SERI Sericitite 

DOLC Dolomitization SIO Silification 

EPI Epidotization SMECT Smectite 

FSP Feldspatization TOUR Tourmaline 

GRAPH Graphitic KSIL 
Calc-silicate 

(actinolite-tremolite) 

HEM Hematitic CEB Calcite eyes bands 

HEMJ Hematite joint DEB Dolomite eyes bands 

 

Gold is associated with both arsenic and antimony dominated Sulphide 

assemblages including Arsenopyrite, Pyrrhotite, Pyrite, Stibnite and 

Gudmundite. Primary gold is extremely fine grained, dominantly less 

than 15 microns, with rare grains approaching 50 microns. 

The Sadiola Deposit has been intensely weathered to depths of up to 

220 metres.  
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The dolerite dyke is post mineralisation since it cross-cuts the 

mineralisation and displaces it. It is also generally barren. Later EW 

structures have also been identified. 

2.4. DATA COLLECTION 

The newly drilled AGC holes used for the 2015 model update are 

saved under the field YEAR = 2015. The detail of the holes pre-dating 

these are summarised below and saved under the field YEAR=2014 

which denotes that they were used in the 2014 model. The description 

of the drill campaigns provided below is a summary of the account 

detailed by SEMOS (2012). 

2.4.1. OLD DRILL HOLES (USED FOR 2012/2014 MODEL UPDATE) 

During 1993, the Marble/Metapelite contact was tested by drilling 

(SEMOS regional drillholes FE-001 to 003). The drilling showed that 

the mineralisation dipped shallowly to the east (25-50 degrees).  

Drillhole FE-003 gave a grade intersection of 2.99 g/t Au over a drilled 

width of 8.9 meters. 

During the early part of 1998, a small reconnaissance was conducted 

to the south of the FE2 prospect. A total of 9 holes, amounting to 450 

meters, were drilled along two fence lines (800m apart) at dip of -60 

degrees towards the west and to a depth of 50 meters. The holes were 

collared to target the nature of contact zone delineated by the IP 

survey that identified the Au, As and Cu anomaly. One encouraging 

intersection of 1.0 g/t Au over a 12 meter width at a depth of 38 meters 

was obtained from AFE2-022 drillhole. 

A Reverse Circulation (RC) reconnaissance drilling programme 

comprising 29 drillholes (1,506 m) was completed during December 

1998. The aim of the programme was to verify the main geochemistry 

anomaly which is situated in the vicinity of the old workings. Drilling 

was done at 50 m drillhole intervals along three fence lines 200 m 
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apart. Low order mineralisation (0.5 g/t - 1.5 g/t Au) was established 

over narrow widths. The best intersections were returned from 

drillholes AFE2-043 and AFE2-031 which contained 3.36 g/t over 6 m 

and 2.08 g/t Au over 20 m widths, respectively. 

In June 1999, as part of a phase I reconnaissance follow-up drilling 

programme, 958 m of RC drilling (16 holes) were completed. The 

presence of the diorite dykes within a marble host rock was considered 

an influencing factor in the localisation of the mineralisation in the area. 

The best intersection was returned by drillhole AFE2-058 (1.15 g/t Au 

over a drilled width of 8 m from 16 m to 24 m depth). 

In order to address the geological uncertainty, the Programme de 

developpement des Ressources (PDRM) was tasked to excavate five 

trenches over an anomalous area in 2000. The first trench, 140 m 

long, straddled the AFE2-043 intersection and some old workings to 

the west of this drillhole. The second trench, 100 m long, was 

excavated immediately south of the FE-001 to FE-003 drilling line 

(drillholes not found in the current database). The third trench, 140 m 

long, was positioned across a well-defined N-S trending conductivity 

contact delineated by the SPECTREM airborne Electro-Magnetic 

survey.  

Trench TR1 intersected three mineralised zones: 33 m width at an 

average grade of 4.5 g/t Au to the east, 19 m width at 1.8 g/t Au and 4 

m width at 8.2 g/t Au to the west. The last intersection coincided with 

the area of old workings.  

A 44 m wide barren area, consisting mainly of graphitic metapelite, 

separates the mineralised zone. Trench TR2 also intersected two 

mineralised zones: 32 m width at 2.7 g/t and 3 m width at 2.6 g/t Au. 

Trench TR3 returned 10 m width of 1.6 g/t Au. 

After the encouraging results obtained from the trenching, a short air 

core programme was drilled to rapidly delineate the mineralised zones 
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between trenches TR1 and TR2 and the possible extension to the 

north and south. Sixty-three vertical Reverse Air Blast (RAB) holes 

were drilled on 50 m x 20 m grid spacing. Holes were drilled to a depth 

of 40 m. This programme was completed during May and June 2000. 

The assays confirmed the grade obtained by trenching and the 

extension of the mineralisation to the north and south. 

From March to September 2000, an additional programme of a total of 

162 RAB drillholes amounting to 5,799 m and 7 RC holes of 340 m, 

were drilled on 100 m x 25 m grid spacing between trench TR2 and 

TR3. This programme was aimed at delineating a 30 m ï 50 m wide 

potential mineralisation zone over the strike length of 600 m. Its 

objective was reached and the strike length of the mineralisation 

increased from 400 m to 900 m open-ended towards the north. 

During May to July 2001, a drilling campaign of 97 inclined RC holes, 

amounting to 8,892 m, was laid out over the area of interest, reducing 

the drilling grid resolution to 50 m x 50 m. In addition 4 more trenches 

(TR4-TR7) were dug. Trench 5 and 6 were dug to the south of FE2. 

Trench TR4 returned 3 m at 2.20 g/t Au and trench TR7, 4 m at 1.82 

g/t Au. 

In April to June 2002, 75 RC holes, amounting to 8,670 m, increased 

the drilling grid resolution to 50 m x 25 m over a strike length of 

approximately 1.1 km.  

During February to May 2005, an additional drilling campaign of 182 

RC holes amounting to 16,322 m was carried out for increasing the 

drilling grid resolution to 25 m x 25 m.   

Since 1995, Boart Longyear has completed most of the drilling.  RC 

drilling is undertaken using 115 mm dual tube drill rods fitted with a 

tungsten carbide drag bit. Hard material is drilled with the use of a face 

sampling reverse-circulation hammer. 
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All drill collar positions were surveyed by the SEMOS mine survey 

team using a differential Global Positioning System (GPS).   Holes 

were also surveyed down-the-hole by making use of Sperry-Sun 

downhole camera survey equipment. 

2.4.2. NEW DRILL HOLES (INCLUDED IN THE CURRENT  MODEL) 

The last model update was done in June 2014. The current update 

was prompted by an Advanced Grade Control drilling campaign that 

took place during October 2014.   

The exploration drill data (752 holes at a 25m x 25m grid spacing) 

used for the previous estimate was combined with the new data (415 

holes at 12.5m x 12.5m grid spacing) to inform the new resource 

estimate. 

333 RAB holes (used for previous update) were excluded from the 

database due to poor sample quality. RAB drilling causes sample 

chips to be blown out along the side of the drillhole resulting in 

potential contamination and grade smearing.   

2.5. BIAS TESTS 

Due to the paucity or holes available for the estimate, it was 

considered best to combine the 2014 grade control (GC) and 

exploration (EX) database with the 2015 AGC database (both 

validated) into one for the estimation. Since these comprised of holes 

of different support, bias tests were completed to check for 

discrepancies between GC and EX grades in an area representative of 

being sampled by both GC and EX holes.  

Bias tests included using Quantile-Quantile (QQ) Plots and histograms 

to compare if the EX holes and GC holes had the same underlying 

sample grade distributions i.e. equally represented the bias test area. 
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QQ plots are used to plot the quantiles (fraction of data below a given 

value) of one data set against the quantiles of another, approximated 

by a straight line. QQ plots and histograms are good tools to visualise 

the distribution of the data. 

A total of 81 EX holes and 141 GC holes were located inside the bias 

area. The drill hole spacing does not influence the validity of the bias 

tests. 

The selected bias test area is shown in Figure 7 and includes the 

southern end of the modelled area which showed good 

representativeness of both grade control and exploration drillholes. 

Only samples occurring within the Ore wireframe were used in the bias 

testing. 

 

Figure 7: Bias test samples ï new versus old exploration holes 

 

The previous model estimate included 32 RAB holes. These holes, as 

stated earlier were removed from the database because the quality of 

the RAB sample is generally not considered adequate for resource 
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estimation (a significant amount of smearing and downhole 

contamination can occur).  

This may have compromised the integrity of the data used for the 

estimate previously. 

 

Figure 8: Plan view showing the location of the RAB and RC drillholes used in the 

2014 resource update. 

 

The histograms and summary statistics of the two bias test datasets 

(EX and GC) are shown below ï both datasets were grade capped 

prior to the analysis (to 0.1 g/t at the bottom end and 8 g/t at the top 


