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AMARA = YAOURE GOLD PROJECT — COTE D’'IVOIRE
MINING PLC — APRIL 2015

EXECUTIVE SUMMARY

The Yaouré Gold Project has a long history of mining - both commercial and artisanal. Until now
the Project has exploited solely the oxidised ore. The proposed mining expansion will lead to the
mining of the sulphide minerals, requiring additional waste characterisation. It is likely that the
climatic condition at Yaouré will lead to the generation of drainage during particular seasons of the
year.

This report details the results (Phase I) of the geochemical testwork programme commissioned by
Amara Mining PLC for the Yaouré Gold Project. Amec Foster Wheeler designed and managed a
geochemical testing programme to characterise the waste rock, tailings and potential construction
materials that will be generated as a result of the implementation of the Yaouré project.

Waste Rock

A total of 76 representative waste rock samples were specifically selected from waste lithologies
to cover the whole planned open pit, both the CMA pit area and Yaouré Central pit areas, in terms
of spatial and representative lithological distribution as the initial step of the characterisation study.

The waste rock samples were characterised by Acid Base Accounting (ABA) and Net Acid
Generation (NAG). There was a good correlation between total sulphur and sulphide sulphur,
suggesting that most of the sulphur is present as sulphide. Almost 59% of the samples had total
sulphur <0.1%, which is one of the criteria used by the European Union in the classification of inert
waste. Only two samples with higher total sulphur results were considered potentially acid
generating according to Net Neutralisation Potential (NNP) and Neutralisation Potential Ratio
(NPR) results.

Seven samples - representing the range of sulphur content and the different lithologies - were
selected for further characterisation using X-Ray Fluorescence (XRF), X-Ray Diffraction (XRD)
including Rietveld analysis and short-term leaching using the US EPA Synthetic Precipitation
Leaching Procedure (SPLP). XRF trace element results indicated that there are some elements of
potential concern in terms of metal leachability, having concentrations significantly higher than
those of the average Earth’s crust. The mineralogical characterisation confirmed the ABA / NAG
results, with some samples containing sufficient calcite to indicate that a neutral pH would be
maintained, and others with little sulphide content and therefore limited driving force for acid
generation. Based upon the short term leaching results, metal leachability is not expected to be a
significant issue.

Construction Materials

A total of 23 construction material samples were subjected to total sulphur via LECO and XRF
major and trace elements analyses.

The results from the construction materials samples showed that they are more mineralized than
the waste rock, with a peak in samples with total sulphur between 0.1% and 0.2%. It was not

Report No: A151-15-R2286 4‘
damec
foster

Project No.: 7824140151 Executive Summary | wheeler



YAOURE GEOCHEMICAL CHARACTERISATION

WASTE ROCK, CONSTRUCTION MATERIALS AND TAILINGS
YAOURE GOLD PROJECT — COTE D’IVOIRE

APRIL 2015

possible to conclude that there are not potential issues in terms of Acid Rock Drainage (ARD) or
Metal Leachability (ML) from these samples.

Tailings

Six tailings samples representing different domains (Oxide, Transition, CMA Sulphide Upper, CMA
Sulphide Lower, Sulphide Upper and Sulphide Lower) were provided for geochemical testwork.
The samples are being subjected to ABA, NAG, XRF, XRD Mineralogy (including Rietveld
guantification) and SPLP testwork. These samples were generated simulating a conventional
milling and cyanidation circuit.

The tailings samples had total sulphur values up to 1%. The ABA and NAG results showed that Y
CMA L tailings are potentially acid generating. The oxide tailings (YO) might have metal leachability
with respect to Arsenic. It is not possible to provide a definite conclusion without developing a
geochemical model charting the evolution of the chemistry of the tailings facility as the different
tailings types are deposited.

Recommendations

It is recommended that further characterisation work is carried out for the construction material
samples with higher total sulphur values in order to assess their acid generation and metal
leachability potential.

A larger number of samples should be tested for total sulphur in order to provide a higher degree
of confidence for the sulphur levels across the waste rock material and increase the statistical
reliability of the database as part of the next phase of the Project development.

If it is necessary to establish the quality of the seepage for the tailings then it is recommended that
a geochemical model is developed.

Itis also recommended that the baseline water quality data is reviewed by an ARD specialist when
complete and available.
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INTRODUCTION

In June 2014, Amec Foster Wheeler Earth and Environmental (UK) Ltd (AMEC Foster
Wheeler) was retained to carry out testwork management for Amara Mining PLC’s (Amara)
Yaouré Gold Project (Yaouré or the Project). This testwork programme included process,
geotechnical and geochemical testwork programmes.

Amec Foster Wheeler designed and managed the geochemical testing programme to
characterise the waste rock, tailings and potential construction materials that will be
generated as a result of the implementation of the Yaouré project. The aim of this study is
to document the likely behaviour of the future waste rock, tailings and construction
materials and provide mitigation if required and inform the waste management. This report
summarises the findings of this testwork.

Amec Foster Wheeler have been reliant upon background information from the scoping
report for the ESIA carried out by Amec Foster Wheeler (Report no. A152-14-R2267).
Further information will be available from the baseline studies being carried out as part of
the ESIA by Amec Foster Wheeler, along with further definition of the project design.

The terms of reference for this report are:

¢ Review background information and generate a sample list for testing, site visit can be
coordinated with geotechnical visit to minimize costs

¢ Define a testing programme, request quotations from at least two laboratories, review
them and recommend the preferred bidder to Amara

o Liaise with the selected laboratories to ensure smooth progression of the testing
programme and check the quality of the outputs

e Interpretation of the results; and

o Generate a report suitable to stand alone or be integrated into another agreed
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2.0 BACKGROUND

2.1 Project Location

The Yaouré Gold Project is located in the Bouaflé Prefecture of the Marahoué Region in
Cote d’lvoire. The Project is approximately 40 km northwest of the political capital
Yamoussoukro, 260 km northwest of the administrative capital Abidjan and 25 km from
the regional capital Bouaflé. The mine is located approximately 6 km west from Lake
Kossou and the associated hydro-power station. The Project location is indicated in Figure
2-1.

The Project is a brownfields open pit gold mining operation which has historically and
recently been subjected to various gold mining activities.

\
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Figure 2-1: Amara Yaouré Project Location
N

2.2

221

Lake Kossou

780000
1

\ hE
N'da Koffi| °
[~ Yobouékro

8y \L\J M - < ¥
5 Ww\\ju = - A Aua \ S
= NP NPT P AT ?\‘ﬂ_/ (fYaokro
0 05 1 2 24S Patizia - | s g >
ST Kilometers | - !'/57 S ,f* ,:AR\ | "I [
T T
220000 225000
Project Legend pd p
i 4, MALI | BURKINA-
Scoping Study, sie  RoadT L FASO!
Yaoure Gold Project, [ current Mine Site  Road Type RUINEA | —
Céte d'lvoire —— Power line @ Primary e ,,("\._l‘} 1
Title 10m Elevation === Secondary ™ C;i ‘COJ'E A p
Yaoure Gold Project Locality Map Contour —— Tertiary MR ;"DJ)’Q!BE S /
Map Number Revision I:I Settlement ——— Unclassified %{F ah ’}Lj‘;,ui‘ {
7879140152-0010 0 LBERIAT W/ | L SHANA
- —— Track S W S Oy
Date Size \f e —i A
28/08/2014 A4 Fig. L
Drawn Checked Approved NORTH ATLANTIC OCEAN
AC AP AP Client {/i. Amara Mining plc. & International House
Coordinate System Y= 4th Floor, 29-30 Cornhill, Dover Place, Ashford
WGS 1984 UTM Zone 30N AMAR_A\?: London EC3V 3NF ame Kent, TN23 1HU

Climate
General Climate of Cote d’lvoire

The climate of Céte d’lvoire is influenced by the Inter-tropical Conversion Zone. This gives
rise to an equatorial climate in the south, tropical climate in the centre and semi-arid
climate in the north of the country. Average temperatures range between 25°C and 32°C,
while the average rainfall for the country is approximately 1000 mm.
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According to the 2007 ESIA conducted by SGS for Cluff Mining, four definite seasons can
be distinguished in Céte d’lvoire:

¢ Dry season (December-May)

o Wet season (May-July)

e Dry season (July-October)

e Wet season (October-November).

The winds are moderate, generally from the south-west quadrant, except for September
and January when the Harmattan blows from the north-north-east (LaSource, 1997).

2.2.2 Climate for the Yaouré Project Site
Climate data at the Yaouré site have been gathered since 2009. A new weather station
was installed on site in 2014, providing temperature and rainfall data.
Temperature
Site specific average and maximum temperatures are included in Table 2-1. Average
temperatures range from 22°C to 32°C throughout the year.
Table 2-1: Yaouré Project Average Monthly Temperature, °C, 2009-2013 (Amara Weather
Station)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
2009 | 39.8 | 29.4 | 285 | 284 | 27.7 | 273 | 253 | 253 | 262 | 268 | 269 | 27.8
2010 | 285 | 293 | 29.8 | 295 | 288 | 27.1 | 258 | 257 | 26,6 | 27.3 | 28.0 | 27.3
2011 | 26.6 | 29.0 | 29.1 280 | 27.0 | 254 | 258 | 269 | 27.3 | 27.9 | 265
2012 | 27.4 | 288 | 298 | 285 | 222 | 265 | 253 | 250 | 265 | 269 | 222 | 269
2013 | 26.7 | 29.7 | 290 | 290 | 27.7 | 26.8 | 255 | 251 | 26.1 | 27.1 | 275 | 268
Rainfall
Rainfall at Yaouré has been monitored at site since 2009, with some gaps in data. The
mean monthly rainfall for the period 2009-2013 is presented in Table 2-2.
Annual average rainfall for the Project area is approximately 1100 mm. The average
monthly data are similar to the data for Kossou and Yamoussoukro. May 2013 was
especially wet.
Table 2-2: Yaouré Monthly Rainfall: 2009-2013 (Source: Amara)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
2009 | 0.0 | 352 |219.8 | 153.1 | 105.8 | 67.8 | 46.8 | 164 | 484 | 102.0 | 838 | 0.0
2010 | 6.0 86 | 768 | 90.4 | 199.6 | 167.3 | 143.2 | 137.0 | 137.4 | 1716 | 29.4 | 9.6
2011 | 0.0 | 103.0 | 208 128.8 | 152.0 | 118.0 | 208.0 | 137.0 | 171.2 | 0.2 0.0
2012 | 0.2 | 90.0 | 132.0 | 175.4 | 202.4 | 2455 | 33.4 | 119.2 | 167.2 | 188.1 | 482 | 3.6
2013 | 0.0 | 422 | 1387 | 309.8 | 422.6 | 65.0 | 12.0 | 74.4 | 1295 | 102.8 | 69.2 | 13.0
Further historical rainfall data can be gathered from the regional stations and is
documented in the Amec Foster Wheeler scoping ESIA report.
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Humidity and Evaporation

Table 2-3 includes the monthly average evaporation, absolute humidity, solar insolation
data for Lake Kossou weather station located 5.5 km ESE of the project. Rainfall at Kossou
exceeds the evaporation, making this a water surplus area.

Table 2-3: Evaporation, Humidity and Insulation Data for Kossou (Source: LaSource, 1997)
c o 5 = z c — =g Q = > 3} [}
S|le|=]<|=|3|3|22|a|c]|2]|2a <

Evaporation

(mm) 108 | 109 | 102 80 60 48 49 51 44 48 50 71 788

Absolute
Humidity 63.1 | 643 | 688 | 73.3 | 77.1 | 79.4 | 80.2 | 79.9 | 79.1 | 77.8 | 72.6 | 69.6 74.0
(mm)

Insolation (h) | 201 | 190 | 201 | 208 | 204 | 154 | 111 96 119 | 171 | 174 | 153 1986

The data for mean annual precipitation and pan evaporation is used to carry out an initial
evaluation of percolation in waste rock dumps. As a rule of thumb, if annual precipitation
is less than 250 mm and pan evaporation rate is above 1,900 mm, it is very likely that
natural percolation will not occur in measurable quantities. In areas where precipitation
exceeds 500 mm, it can be assumed that some measurable percolation will occur. In the
case of the Yaouré project, the climatic conditions are such that drainage is likely to occur
during the wet seasons.

Hydrology
Rivers and Catchments

The project site is mainly drained by perennial and non-perennial drainage lines of the
Bandama River. Many stream courses are ephemeral, only flowing during one of the wet
seasons.

The whole of the Project site lies within the same sub-catchment whose waters all flow
into either Kossou Lake or the Bandama (Blanc) River south of Kossou Dam, north of
Toumbokro. This sub-catchment boundary also encloses the Inner Exploration Licence
area and runs south from Kossou Lake to N'da Koffo Yobouékro, southwest to Lotanzia,
and then ESE to the Bandama north of Toumbokro. The Bandama River is the longest in
Cote d’lvoire at 800 km, flowing almost north-south through the centre of the country to
discharge into the Tagba Lagoon and the Gulf of Guinea.

Surface Water Quality

The site has a long history of mining activity, including a heap leach operation and both
historical and present artisanal mining.

Surface water monitoring has been carried out the site intermittently since 2006, with
regular monitoring implemented since 2014, testing for standard physical and chemical
parameters including heavy metals. This will provide baseline surface water quality
measurements for the site, details of which will be reported in the ESIA.
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The regional geology of the Project area (SRK, 2008') is comprised of a series of
Archaean, Birimian, greenstone belts separated by older migmatites and granites. The
Angovia deposit itself occurs within one of the Birimian greenstone belts and is hosted by
the Yaouré Unit, which is comprised of a mafic and metavolcanic series, felsic instusives
and minor conglomerates in association with calk-alkaline and ultramafic intrusives, all of
which strike in a north-north-east orientation.

The majority of the Project area is underlain by mafic volcanics, which are predominantly
massive and in the form of pillowed basalts. The north part of the area is intruded by
massive granodiorite that locally has a subtle porphyritic texture. Elsewhere, but mainly
associated with the main Yaouré Zone, there are numerous porphyry sills. A volcaniclastic
unit, mainly of epiclastic origin, is situated near the contact of the granodiorite to the north.
The granodiorite intrusive to the north is not mineralised while the one in the Yaouré pit
contains quartz veins which are well mineralised.

The mineralisation at Yaouré is contained within two shallow dipping (<30 Degrees) gold
bearing north-south trending packages controlled by a thick zone of brittle-ductile
shearing. The Yaouré Central package is a 200 metre thick, lower grade mineralised zone
with higher grade lenses and cross-cutting high grade sub-vertical quartz veins. The CMA
package is a more discrete, relatively continuous 20 metre thick zone approximately 140
metres above the Yaouré Central body.

The Yaouré unit forms a syncline of tholeiitic basic metavolcanics and sediments overlain
by more acidic volcanic rocks. The tholeiitic rocks are thought to have been formed
following hydrothermal alteration and are composed of chert, disseminations and veinlets
of pyrite, pyrrhotite, chlorite, epidote, tourmaline and carbonates. The overlying acidic to
intermediate volcano-sedimentary rocks are thought to represent pyroclastic and acidic
pyroclastic flows.

All of the above rocks have been intruded by basic to ultra-basic plutonic rocks and acidic
intermediate calc-alkaline volcano-plutonic rocks and the whole package is in turn overlain
by the Benou polygenic conglomerate. All of these have been deformed by a series of east
west striking shear zones and intruded by associated greyish quartz veining.

Primary and secondary lateritic weathering profiles have also developed throughout the

area above the conglomerate. The gold mineralisation itself appears to be primarily
located in structurally controlled alteration zones in intermediate volcanic rocks.

The geology of the Project is indicated in Figure 2-2.

1 SRK, Technical Review of the Angovia Gold Mine, Mount Yaouré, Cote d’lvoire (NI 43-101 Report), 2008
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Technical Description of Yaouré Gold Project

Amara intends to commence mining at Yaouré, through the expansion of the brownfields
site. Expansion will involve upgrade of existing facilities and construction of new facilities
where required. The life of mine (LoM) is expected to be 13 years. It is expected that the
project will consist of the following:
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e Expansion/deepening of existing open pits to cover an area of approximately
179.2 hectares (ha).

e Establishment of new mine waste facilities including a Tailings Management Facility
(TMF), waste rock dump (WRD), process water dams and overburden stockpiles.

e Mineral & Ore Stockpiles
e Processing Plant.

o Ancillary Facilities.

Acid Rock Drainage

One important problem associated with mining minerals which might be sulphide related
is the potential for acid rock drainage (ARD) to occur. ARD takes place when reactive
sulphides come into contact with oxygen and water in the presence of iron/sulphur
oxidising bacteria and there is insufficient or ineffective alkaline material to stop the
oxidation reaction or to neutralise its products. ARD is a dynamic and spatial problem and
occurs if the acidity generated is higher than the neutralisation capacity of the system at
any stage of the life cycle of the natural phenomenon of sulphide oxidation. The term ARD
is applied to the resulting leachate, seepage or drainage.

The two main sulphide minerals associated with ARD are the gangue minerals pyrite and
pyrrhotite. Pyrite is relatively abundant and is not usually recovered in the processing of
ore. When pyrite and pyrrhotite are not recovered or oxidised in the processing of the ore
they may become the source of acidity. Carbonate-bearing rock (e.g. limestone) and
reactive silicates usually provide the naturally occurring neutralisation capacity of the
system.

Acidic drainage is generated according to the following three overall equations:

2FeS, +70, +2H,0 2™ _,2FeSO, +2H,SO, . )
4FeSO, +2H,S0O, + 0, — 2™ _,9Fe (SO,), +2H,0; 2)

FeS, + Fe,(SO,), —> 3FeSO, +2S.. 3)
The neutralisation aspect of the problem is usually represented by the following equation:
H,SO, +CaCQO, + H,0 —» CaS0,.2H,0 +CO,. (4)

Equations 1 to 4 represent, in very general terms, the basic chemistry of ARD, however
its manifestation can vary depending on the physical and mineralogical characteristics of
the material, method of disposal and the local climatic conditions. It is due to the
interactions of these factors that ARD is considered a site-specific problem. In some cases
even when the material is not ARD generating there might be a problem of leachability of
trace elements. This is usually assessed by using short-term leachability tests.

The quality of the drainage from waste rock dumps is particularly influenced by the particle
size distribution of the materials deposited in the dump. The fine particles have a
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disproportionate influence on the quality of the drainage and therefore particular care
should be taken when predicting future drainage quality from a waste rock dump.

Summary

Up to now mining at the Project has exploited the oxidised ore that is not prone to ARD
generation. SGS undertook sampling to determine ARD potential in July 2010, and the
results confirmed that there was no ARD problem associated with the operations at that
stage.

The proposed mining expansion will lead to the mining of the sulphide minerals and
additional ARD testing will be undertaken. The manifestation of ARD can vary depending
on the physical and mineralogical characteristics of the material, method of disposal and
the local climatic conditions. It is due to the interactions of these factors that ARD is
considered a site-specific phenomenon. The key to ARD generation is that the presence
of sulphide is the driving force for acid generation and therefore without sulphide no ARD
occurs. It is likely that the climatic condition at Yaouré will lead to the generation of
drainage during particular seasons of the year.

Should a significant potential for generation of ARD be indicated during the geochemistry
assessment then the Project may be suitably designed to include best industry practice
for its effective management. This aspect will be investigated in the ESIA study.

Y
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3.0 APPROACH TO THE PROGRAMME

WL

Figure 3-1 illustrates the sequence of methods and techniques used during the
investigation in order to achieve confidence in the predictions and mitigation measures
proposed, if required. The methodology is general and therefore it is applied to different
waste streams with different emphasis.

Figure 3-1: General Methodology of Waste Characterisation.
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Central to the characterisation of potentially acid generating samples is the possibility for
mis-classification by Acid Base Accounting (ABA) into the incorrect category. In order to
minimise this possibility it is recommended to test the samples by at least two different
ABA methods.

Sample selection was carried out by Amara under the supervision of an Amec Foster
Wheeler Geotechnical Engineer.
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Stage 1 - Total Sulphur Determination

The measurement of total sulphur via LECO® (high temperature combustion followed by
infrared detection) gives an indication of the potential presence of sulphides, which are the
driving force of acid generation. Total sulphur is a conservative approach, as it includes
sulphur as sulphate, elemental sulphur and sulphur as sulphide.

Stage 2
Acid Base Accounting (ABA)

ABA is usually the first step in the prediction and evaluation of ARD. In general, ABA aims
to determine on one hand the acid generation potential (directly related to the sulphide
content of the sample) and on the other hand, the neutralisation potential. By comparing
these two values, samples may be classified as potentially acid generating, lying within a
zone of uncertainty or unlikely to generate ARD. ABA can be considered to be equivalent
to characterising the chemical thermodynamics of a system, i.e. ABA indicates what can
happen but it does not guarantee that it will happen and if it happens it does not indicate
when or at what speed it will occur. If a sample is potentially acid generating then in order
to confirm whether a sample will generate ARD and to what degree of intensity, kinetic
testing is necessary.

There are a considerable number of methods available to carry out ABA. Experience has
shown that those methods using the calculation of acid generation based on total sulphur
and/or the neutralisation potential of every alkalinity generating material in the sample are
more prone to misclassify the sample into the wrong category. The method chosen here
for ABA testing is the “Modified ABA” (Lawrence and Wang, 19972) which is considered
(on the basis of comparative testwork) to provide a more realistic value for the acid and
neutralisation potentials. Net Acid Generation (NAG) testing (described in Section 3.2.2)
was also undertaken in order to check and complement the results obtained using ABA
and as the basis of potential waste rock classification in the field. The methods used in
ABA and NAG testing are described in Appendix A.

Two parameters are usually calculated to classify material in terms of ARD. These are as
follows:

e The net neutralisation potential (NNP) which is neutralisation potential (NP) minus the
acid potential (AP)
e The neutralisation potential ratio (NPR) which is the NP divided by the AP.

The ABA screening criteria adopted in this interpretation are mainly those recommended
by the British Columbia Ministry of Employment and Investment of Canada and
reproduced in Table 3-1. The AP and NP are expressed in the same unit which is
kg CaCOzs/tonne of material. In this section the word “acidity” denotes the presence of
mineral acidity (free hydrogen ions) in the sample. Most life processes in natural waters
are seriously impaired if the pH lies outside the range 4.5 to 10.3. If the pH of water falls
below 4.5 this indicates the presence of mineral acidity (that is, if any further hydrogen

2 Modified Acid Base Accounting Procedure, R.W. Lawrence and Y. Wang. 4™ International Conference on Acid
Rock Drainage. May 31 — June 6, 1997 Vancouver, B.C. Canada. p.464.
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ions are added, from whatever process, these hydrogen ions will remain as such in
solution). Acidity is the result of the acid potential being realised.

Table 3-1: ABA Screening Criteria — NPR.

Potential for ARD Initial NPR | Comments

Likely <11 Likely ARD generating.

Possibly l:lto2:1 Possibly ARD generating if NP is insufficiently reactive or is
depleted at a faster rate than sulphides.

Low 2:.1to4:1 Not potentially ARD generating unless significant preferential

exposure of sulphides or extremely reactive sulphides in
combination with insufficiently reactive NP.

None >4:1 No further testing is required unless material is going to be used
as a source for alkalinity.

An alternative screening criterion is the Net Neutralization Potential (NNP) as shown in
Table 3-2.

Table 3-2: ABA Screening Criteria — NNP.

NNP (kg CaCOslt) Potential for ARD Comments

<-20 Potentially acid generating Equivalent to Likely
Between —20 and +20 | Zone of uncertainty Equivalent to Possibly/Low
>+20 Not potentially acid generating | Equivalent to None

The NNP criterion is more relevant to samples with sulphide content of less than 1% and
a relatively low or negative NP.

3.2.2 Net Acid Generation (NAG) testing

NAG tests use hydrogen peroxide (H20-), a strong oxidising agent capable of rapidly
oxidising sulphide minerals, to assess whether a sample is capable of neutralising the
potential acidity produced by sulphide oxidation. This test can be carried out in the field or
in a laboratory.

Hydrogen peroxide is added to a ground up sample, oxidising the sulphides. The acidity
(pH) of the NAG liquor indicates the net amount of un-neutralised acidity produced per unit
weight of sample. This is used to determine the sample classification.

As shown in Table 3-3, a sample is defined as non-acid forming (NAF) when it has a final
NAG pH > 4.5. A sample is defined as potentially acid forming (PAF) when it has a final
NAG pH <4.5.3

Table 3-3: NAG classification.

Classification Final NAG pH
Non-acid forming (NAF) >4.5
Potentially acid forming (PAF) <4.5

An indication of the form of the acidity is provided by initially titrating the NAG liquor to pH
4.5, then continuing the titration up to pH 7, using sodium hydroxide (NaOH). The titration
value at pH 4.5 includes acidity due to free acid (i.e. H>SO,) as well as soluble iron and

3 ARD Test handbook — Project P387A Prediction and Kinetic Control of Acid Mine Drainage”, AMIRA International
Ltd., May 2002
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aluminium. The titration value at pH 7 also includes metallic ions that precipitate as
hydroxides at pH values between 4.5 and 7 and the acidity of hydrogen peroxide. The
acidity from hydrogen peroxide will depend on the degree of decomposition but can be up
to 20 kg CaCOs equivalents per tonne in each single additional NAG test. Like all
laboratory tests, it is important to consider differences from field conditions when using
these data.

Paste pH

Paste pH provides an indication of the history of the sample. Usually 20 g of sample is
mixed with an equal amount of water and the pH of the paste generated is measured.

Paste pH is a simple, rapid, and inexpensive screening tool that indicates the presence of
readily available NP (generally from carbonate) or stored acidity. The outcome of the test
is governed by the surficial properties of the solid material being tested, and more
particularly, the extent of soluble minerals, which may provide useful information regarding
anticipated mine water quality. For example, acidic paste pH values in combination with
elevated sulphate sulphur generally suggest the presence of acidic sulphate salts that
could cause short-term or long-term water quality issues.

Stage 3
XRF/XRD

Selected samples were subjected to whole rock mineralogical characterisation in order to
determine whether the NP obtained from the ABA tests is reactive or not, and to indicate
the type of sulphide and sample matrix. Mineralogical characterisation is an important tool
and check on the interpretation of the other testing carried out as part of the geochemical
analysis. X-ray Diffraction (XRD) is used to identify crystalline phases and X-ray Rietveld
analysis allows quantification of the different phases present.

Synthetic Precipitation Leaching Procedure (SPLP)

The purpose of short-term leachability tests is to provide an indication of the mobility of
various metals when waste is exposed to a leaching agent. In this study the Synthetic
Precipitation Leaching Procedure (SPLP) developed by the US EPA is used. This was
developed to simulate the leachate that would be generated from acid rain falling on and
percolating through a mine waste pile. The results from this test indicate whether samples
may be classified as hazardous or non-hazardous under US EPA regulations. If the
sample is classified as hazardous, then there are specific regulations governing the
materials disposal. The results can also be used as the basis for planning the sweep of
elements to be analysed as part of a kinetic testing programme, if required. Further details
of the procedure are provided in Appendix B.
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4.0 METHODOLOGY

4.1 Lithology Database Review

A geological database was provided with simplified coding, which was based on selection
according to the first two characters of the geological code in the original database (Bill
Bond coding), and screened to include sections lying only in the PEA pit. The resulting
codes are:

o MINERAL — Mineralised: all samples with =0.5 g/t Au
e WASTE: <0.5 g/t, coded as below
o 1 OV_LAT - overburden + laterite

2 _SAPROL - saprolite
3_SAPROK - saprock
4 FR_OXI - fracture oxidation (equivalent to transition zone)

5 BAS_VC - basalt volcanic — the dominant unit (over 50% of the sampled
intersections)

o 6_BAS PO - basalt porphyry
o 7_GD_POR - granodiorite and other porphyry intrusives
e OTHER —other codes which are only a small proportion of the overall sampled metres.

Since the drilling is fairly regularly spaced, the sampled lengths were used as a proxy for
the relative volumes of material falling within the pit. This information was used to guide
the number of samples per lithology, as detailed in Table 4-1.

Table 4-1: Lithology distribution and sample numbers.

Lithology Code Sum o(:nl_)ength Percinl_tali\?e (of Per\(lzvez:gfl\%e) (of Néj;nbrﬁrégf
1_OV_LAT 973.00 4.65% 5.14% 6
2_SAPROL 2438.19 11.66% 12.89% 13
3_SAPROK 978.51 4.68% 5.17% 6
4 FR_OXI 1306.91 6.25% 6.91% 7
5_BAS_VC 10116.36 48.39% 53.49% 27
6_BAS_PO 2006.02 9.60% 10.61% 11
7_GD_POR 1094.32 5.23% 5.79% 6

MINERAL 1831.96 8.76%
OTHER 160.57 0.77%
Sum (ALL) 20905.83
Sum (WASTE) 18913.31 76
4.2 Sample Selection

A total of 99 core samples were collected as part of the geochemical characterisation
programme of which:

o 23 samples were obtained from the same locations as geotechnical samples in order
to sample the proposed construction materials — these samples will be herein identified
as the “construction material samples”.
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e 76 waste rock samples were specifically selected from waste lithologies to cover the
whole planned open pit, both the CMA pit area and Yaouré Central pit areas, in terms
of spatial and representative lithological distribution. These samples were selected
through analysing the west-east geological sections reproduced in Appendix C.

The number of samples per lithology for both waste rock and construction material
samples is given in Table 4-2. Figure 4-1 and Figure 4-2 show the locations of the waste
rock and construction material samples respectively. Details of the locations, sample
numbers and lithology is given in Appendix D.

Table 4-2: Number of samples per lithology.

Lithology Number of Waste Number of Construction
Rock Samples Material Samples
1_OV_LAT 6 0
2_SAPROL 13 3
3_SAPROK 6 0
4 FR_OXI 7 0
5_BAS_VC 27 18
6_BAS_PO 11 2
7_GD_POR 6 0
Grand Total 76 23

Report No: A151-15-R2286

Project No.: 7879140152

Page 4-15

\
amec 4“

foster
wheeler



AMARAZ

YAOURE GEOCHEMICAL CHARACTERISATION
WASTE Rock, CONSTRUCTION MATERIALS AND TAILINGS
YAOURE GOLD PROJECT — COTE D’IVOIRE

MINING PLC APRIL 2015
Figure 4-1: Waste rock sample locations.
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Figure 4-2: Construction material sample locations.
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4.3 Sample Testwork
The testwork for Yaouré can be split into the following stages:
1. a. Sample preparation for all samples (99)

b. Total Sulphur via LECO for Construction Material samples (23)
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4.4

4.5

c. Acid Base Accounting (ABA) (Modified Sobek Method, Lawrence and Wang) and
Net Acid Generation (NAG) for all Waste Rock samples, this includes Total Sulphur
and Total Sulphate (76)

2. a. X-Ray Fluorescence (XRF) (Major and Trace elements) for all Construction Material
Samples (23)

b. XRF and X-Ray Diffraction (XRD) Mineralogy (including Rietveld quantification) for
selected Waste Rock samples (7)

3. Synthetic Precipitation Leaching Procedure (SPLP) (US EPA method 1312) for the
selected Waste Rock samples (7)

Six tailings samples were made available following metallurgical testwork and were
subjected to ABA, NAG, XRF, XRD Mineralogy (including Rietveld quantification) and
SPLP testwork.

Logistics

Waste rock & construction material samples were shipped by Amara to the SGS
Laboratory in Cornwall, who carried out the sample preparation, total sulphur via LECO®
testing and ABA and NAG testing.

Following this testing, samples were transported to Royal Holloway University of London
(RHUL) laboratories, where they were prepared for XRF and XRD analyses, and the SPLP
leaching procedure was carried out with leachates dispatched to ALcontrol laboratories.

Six tailings samples were provided following testwork at Wardell Armstrong laboratories
in Cornwall, UK. The tailings sample was dried and prepared at SGS, where it was then
split, with SGS carrying out ABA and NAG testwork, and RHUL carrying out XRF, XRD
and SPLP leaching. The SPLP leachate was analysed at ALcontrol.

Laboratories

SGS Minerals Services UK Ltd
Wheal Jane, Truro
Cornwall, UK, TR3 6EE

RHUL Laboratories

Department of Earth Sciences

Royal Holloway, University of London
Egham, Surrey TW20 OEX, UK

ALcontrol Laboratories
Hawarden Business Park, Manor Road,
Flintshire, UK, CH5 3US
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4.6 Summary
A summary of the logistical information is provided in Table 4-3.
Table 4-3: Summary of sample numbers and laboratories used during the study.

Testwork Laboratory # Samples

Construction Sample Preparation SGS Cornwall 23

Material Total Sulphur via LECO® SGS Cornwall 23

Samples XRF RHUL 23
Sample Preparation SGS Cornwall 76
ABA SGS Cornwall 76
NAG SGS Cornwall 76

Waste Rock XRE RHUL 7

Samples
XRD RHUL 7
SPLP Leaching Procedure RHUL 7
SPLP Leachate Analysis ALcontrol 7
Sample Preparation SGS Cornwall 6
ABA SGS Cornwall 6
NAG SGS Cornwall 6

Tailings Sample | XRF RHUL 6
XRD RHUL 6
SPLP Leaching Procedure RHUL 6
SPLP ALcontrol 6
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5.0 RESULTS AND DISCUSSION

Laboratory results certificates are provided in Appendices E (SGS), F (RHUL) and G
(ALcontrol).

5.1 Waste Rock Samples
511 ABA and NAG

The 76 waste rock samples were subjected to ABA and NAG testwork, as discussed in
Section 3.2.

Total Sulphur

As part of the ABA and NAG results for the 76 waste rock samples, total sulphur is
measured. A histogram of the data overall is presented in Figure 5-1. The same data is
shown according to lithology in Figure 5-2.

Figure 5-1:  Histogram showing the total sulphur results for the waste rock samples.
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59% (45/76) of the waste rock samples had total sulphur <0.1%. This is one of the EU
Inert Waste classification criteria®.

4 EU Commission Decision of 30 April 2009 completing the definition of inert waste in implementation of Article
22(1)(f) of Directive 2006/21/EC of the European Parliament and the Council concerning the management of waste
from extractive industries (notified under document number C(2009) 3012) (2009/359/EC).
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Figure 5-2:  Histogram showing total sulphur results per lithology for the waste rock samples.
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For waste rock samples, in terms of lithology, the samples coded as 1_OV_LAT,
2 _SAPROL and 3_SAPROK all had total sulphur <0.1%, suggesting that these lithologies
are unlikely to cause acid drainage. The other lithologies presented samples with total
sulphur >0.1%, with lithology 5_BAS_VC presenting a notable peak in samples with 0.1%
to 0.3% total sulphur. The highest total sulphur results were in lithologies 5 BAS_VC
(0.68%), 4 _FR_OXI (0.81%) and 6_BAS_PO (1.43%).

Sulphide Sulphur

There was a strong correlation between total sulphur and sulphide sulphur as shown in
Figure 5-3, suggesting that total sulphur can be used as a good proxy for sulphide sulphur.

Figure 5-3:  Plot showing good correlation between total sulphur and sulphide sulphur.
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Paste pH
The paste pH results are displayed graphically in Figure 5-4. The average paste pH value
for the 76 samples was 9.54, with a median of 10.07, minimum 5.20 and maximum 11.20.

Figure 5-4. Paste pH vs total sulphur results by lithology for the waste rock samples.
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As can be seen in Figure 5-4, samples with total sulphur >0.1% all had paste pH results
>9. The samples with paste pH <9 all had low total sulphur and are from the lithologies
that would be expected to be oxidised, thus likely to contain mainly sulphate rather than
sulphide, namely 1_OV_LAT, 2 SAPROL and 3_SAPROK.

The high paste pH values indicate that the samples have been stored/handled correctly
and that if they contain sulphides, these are not oxidised on contact with the solution.

ABA - NNP

The NNP criteria is considered most appropriate assessment tool for the classification of
these samples. As presented in Figure 5-5 and Table 5-1, 7 of 76 NNP results were
classified as “Uncertain”, with NNP’s in the range -20- to +20 and Total Sulphur >0.1%
with the remainder being classed as “not potentially acid generating”. No samples were
classified as “potentially acid generating” (NNP <-20, total sulphur >0.1%). This suggests
that there may be neutralising minerals sufficient to neutralise any acid that may be
generated.
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Figure 5-5: NNP vs total sulphur results by lithology for the 76 waste rock samples.

300 ~

¢ 1 OV _LAT
. m 2 SAPROL
4 %
250 4 3 SAPROK
L ]
» . X 4 FR_OXI
200 P ¥ 5 BAS VC
*
= ° ® 6 BAS PO
(=]
9 150 A X 7 _GD_POR
r) *
S ¢ ——NNP +20
3 ® X
+ 100 - ——NNP-20
(-9
z x
X *
50 . W
'.\:’X& Not potentially acid generating
s %K [ ]
0 * T T T T T T T i 1
Zone of uncertainty
50 J Potentially acid generating
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
Total S [%]

Table 5-1: Summary of the ABA NNP results by lithology.

Lithology Not-PAG Uncertain Total
1_OV_LAT 6 6
2_SAPROL 13 13
3_SAPROK 5 1 6
4 FR_OXI 5 2 7
5_BAS_VC 25 2 27
6_BAS_PO 9 2 11
7_GD_POR 6 6
Total 69 7 76
ABA - NPR

The ABA NPR results are presented graphically in Figure 5-6 and summarised in
Table 5-2. The two samples that were highlighted in the NNP results with high total sulphur
and uncertain classification with regards to ARD potential are here classified as “possibly”
acid generating (NPR between 1 - 2).
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Figure 5-6: ABA NPR Results vs. total sulphur for waste rock samples.
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Note: Two samples with negative NPs and therefore negative NPR, with total sulphur <0.01% are
not displayed on this graph.

Table 5-2: Summary of the ABA NPR results by lithology.

Lithology None Low Possibly Total
1 OV_LAT 6 6
2_SAPROL 13 13
3_SAPROK 6 6
4 FR_OXI 6 1 7
5 BAS_VC 26 1 27
6_BAS_PO 10 1 11
7 GD_POR 6 6
Total 73 1 2 76

NAG Classification

Only one sample (lithology 4_FR_OXI, Sulphide S 0.74%) had a final NAG pH such that
it was classified as “potentially acid forming” (final NAG pH <4.5), as is shown in Figure
5-7. The remaining 75 samples that were analysed were classified as “Non-acid forming”.
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Figure 5-7: Final NAG pH vs total sulphur for waste rock samples. Only one sample was
considered potentially acid forming with a NAG pH of 2.86.
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Whilst the NAG results suggest that the sample with 1.43% total sulphur (Lithology
6_BAS_PO) is not acid generating, it should be borne in mind that single stage NAG
testing was carried out, and for samples with total sulphur >1%, sequential NAG is
recommended as the full acid potential may not have been realised.

Based on these results, seven samples as detailed in Table 5-3 were selected from the
waste rock samples for further analysis through XRF, XRD and SPLP in order to
characterise the different lithologies and covering the range of sulphur content of all the
samples tested.

Table 5-3: Details of the waste rock samples selected for further analysis.
Sample Ref. Lithology Borehole ID Total S [%]
003 7_GD_POR YDDO0031 0.11
046 6_BAS_PO YDDO0095 0.09
051 2_SAPROL YDDO0105 0.01
059 5_BAS_VC YDDO0121 0.68
062 6_BAS_PO YDDO0130 1.43
066 5_BAS_VC YDDO0137 0.16
086 4_FR_OXI YDDO0151 0.16

5.1.2 Whole Rock Analysis
XRF Results
The XRF results for major oxides and trace elements are given in Table 5-4 and Table 5-5

respectively for the waste rock samples. High ‘loss on ignition’ (LOI) values relate to high
volatile contents (e.g. water and carbon dioxide) and a high ferrous iron content.
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Table 5-4:

Sample
Ref.

Lithology
SiO,
TiO,
Al,Os
Fe,O3
MnO
MgO
CaO
K,0
Na,O
P20s
Sum
LOI

f/’\

PLE
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Major Oxides XRF results for the 7 waste rock samples (%).

003

7
GD_POR
61.01
0.48
14.00
4.84
0.05
2.65
4.60
1.26
3.89
0.19
93.0
7.0

046

6 BAS_PO

51.79
1.02
14.42
13.67
0.21
7.49
11.16
0.14
2.10
0.09
102.1
2.1

051

059

062

2SAPROL = 5BAS VC @ 6BAS_PO

51.53
1.23
17.17
16.71
0.32
1.92
0.71
0.07
0.04
0.07
89.8
10.2

44.82
0.98
12.78
12.88
0.19
6.26
11.26
0.32
1.10
0.08
90.7
9.3

47.89
1.03
13.67
13.68
0.19
6.24
10.98
0.07
1.56
0.09
95.4
4.6

066

5BAS_VC

48.81
1.09
14.33
14.82
0.22
6.77
9.86
0.09
1.85
0.09
97.9
2.1

APRIL 2015
Average
086 Eartr?
aFr Ox1 = Crust®
48.90 59.07
0.82 1.03
14.15 15.22
12.48 3.1
0.19
7.62 3.45
9.67 5.1
0.25 3.11
2.38 3.71
0.07 0.3
96.5

3.5

The average Earth’s crust content has been included in Table 5-4 in order to put the
composition of the samples into context. The granodiorite (sample 003) shows in general
a similar composition to the Earth’s crust composition and therefore significant change to
the composition of this material would not be expected by being exposed to the
atmosphere. For the rest of the samples tested, silica, sodium, potassium and phosphorus
are below the average, while in general iron and calcium are above the average
composition. The high concentration of calcium would support the results from the ABA
testing indicating that a very small percentage of samples are potentially acid forming.

5 From Levinson, A A, 1974. Introduction to Exploration Geochemistry. Reproduced in Australian Institute of
Metallurgy Field Geologists’ Manual, 4" ed., 2001.
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Table 5-5: Trace element XRF results for the 7 waste rock samples (values in ppm unless
stated otherwise).

Sample Ref. 003 046 051 059 062 066 086 Average
Lithology 6 2 5 6 5 4 Earth’ss
GD_POR | BAS_PO @ SAPROL | BAS_VC BAS_PO BAS VC FR_OXI Crust
As 18 10 6 <5 16 <5 5 1.8
Ba 685 34 341 39 37 37 44 425
Bi 5 5 6 4 6 6 6 0.17
Ce 58 19 34 26 14 21 27 60
Cl (%) <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 0.013
Co 13 37 49 36 38 40 36 25
Cr 108 231 233 214 208 218 232 100
Cu 12 103 148 88 104 99 109 55
Ga 16 12 21 14 15 16 14 15
Ge 3 <3 <3 <3 <3 <3 <3 15
Hf 6 4 4 <3 <3 7 3 3
| 9 7 <2 6 3 2 5 0.5
La 23 <5 15 <5 <5 <5 <5 30
Mo <2 <2 6 2 5 3 6 15
Nb 5 3 4 3 3 4 3 20
Ni 50 116 145 111 95 100 129 75
Pb 6 3 2 3 0.9 <1 5 125
Rb 34 3 2 11 1 2 10 90
S (%) <0.005 0.009 <0.005 0.128 0.095 0.055 0.054
Sb 15 <2 6 4 4 2 8 0.2
Sc 24 <15 243 <15 <15 <15 <15 16
Se <3 <3 <3 <3 <3 <3 <3 0.05
Sn 10 11 9 8 10 13 13 2
Sr 369 134 16 108 127 127 126 375
Th 12 8 8 8 9 8 5 10
U <3 <3 <3 <3 <3 <3 <3 2.7
\Y 86 298 398 324 305 323 276 135
w <3 <3 <3 <3 <3 <3 <3 15
Y 11 22 47 22 25 25 19 30
Zn 40 89 318 93 93 99 87 70
Zr 109 60 83 61 62 64 50 165

The waste rock samples showed elevated As, Bi, | and Sb with respect to the average
Earth’s crust, indicating that these may be elements of environmental concern, with Cr and
V also high in all samples except the Granodiorite (003).The Limit of Detection (LoD) for
Se was too high with respect to the average Earth’s crust to allow a conclusion to be
reached.

Mineralogy (XRD Rietveld Quantification)

Itis clear from the number of peaks in the XRD traces (see Figure 5-8) that the mineralogy
of the samples is complex. However, the mineralogy is mostly dominated by plagioclase
feldspar, chlorite, amphibole, calcite and K-mica (with lesser pyroxene, hematite and
quartz in some samples).

For the quantification, additional minerals were identified and included in the calculations.
The weight % of minerals present, derived from Rietveld quantification, is given in
Table 5-6. Note that values below about 4% are less accurate and the presence of those
phases given as below 1% is uncertain. Plagioclase feldspar has been modelled as albite
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and andesine; K-feldspar as orthoclase; amphibole as actinolite; and K-mica as muscovite
and biotite.

Figure 5-8:  XRD traces for the 7 waste rock samples.
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Table 5-6: XRD Rietveld Quantification Mineralogy results for the 7 waste rock samples.

Sample Ref. 003 046 051 059 062 066 086
Lithology GD_7POR BASG_PO SAPZROL BASS_VC BASG_PO BASS_VC 4FROXI
Quartz 19.3 2.4 20.3 16.8 7.3 5.8 2.2
Graphite 7.0 0.6 6.7 8.8 4.6 2.8 0.9
Albite 39.1 30.0 3.2 15.2 20.4 22.6 29.6
Andesine 0.2 2.5 0.0 0.0 2.5 0.0 0.0
Muscovite 7.0 0.0 0.0 25 2.1 2.3 3.1
Biotite 0.7 0.3 15 3.9 0.9 0.9 0.9
Calcite 8.8 0.9 0.1 19.5 9.3 15 1.2
Kaolinite 0.9 0.4 28.5 0.1 0.0 0.0 0.0
Orthoclase 0.0 2.1 0.0 3.1 3.0 35 4.7
Garnet (Ca-Fe) 0.7 2.1 0.7 35 2.0 2.6 2.8
Pyroxene, 10.1 4.0 0.0 05 1.2 17 46
Hematite 0.0 0.0 2.9 0.0 0.0 0.0 0.0
Pyrite 0.0 4.4 0.0 0.6 31 4.0 4.1
Jarosite 0.6 0.6 11 11 0.7 0.8 0.5
Actinolite 0.0 35.2 0.0 1.6 27.2 32.4 31.4
Chlorite 5.4 14.6 34.8* 22.7 15.7 19.0 14.0
* Abundant smectite (montmorillonite) present and included in this figure; possibly as a mixed layer
phase.

The mineralogy of the waste rock samples analysed by XRD is dominated by
ferromagnesian silicates (amphibole, chlorite, mica) and plagioclase feldspar. Some
samples also contain elevated amounts of calcite, kaolinite and other silicates. This
observation is supported by the XRF chemical analyses, which show high Fe, Mg, Ca, Al
and Si.

There are some discrepancies between the pyrite content derived by Rietveld and from
the total sulphur determinations. Assuming that the total sulphur analyses are correct,
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then the Rietveld analysis is over-predicting the pyrite content for samples 046
(6_BAS_PO), 066 (5 BAS VC) and 086 (4_FR_OXI). In general the accuracy of Rietveld
around 4% content is less reliable as noted previously.

Different minerals have different rates at which they release their neutralisation potential.
Carbonates and fast weathering aluminium silicates are able, if present in sufficient
guantity, to sustain a neutral pH. The mineralogy described in Table 5-6 is consistent with
a limited number of samples with potential for acid generation. The granodiorite (sample
ref 003) and basalt volcanic and porphyry (samples ref 059 and 062) have relatively high
proportions of calcite in comparison with the average sulphide sulphur content for the
samples tested and therefore this confirms that these samples are not acid forming.

Samples ref 046, 066 and 086 contain over 70% albite, actinolite and chlorite. Although
these minerals are not fast weathering; they are able to release some alkalinity into the
system. Therefore even if these samples contained the level of pyrite as calculated by
Rietveld, significant acid generation would not be expected.

The saprolite sample (ref. 051) has no potential to generate acidity and contains significant
amounts of clay minerals.

SPLP Leachate

Table 5-7 presents the pH and conductivity readings from the SPLP leachate. The SPLP
leachates were alkaline pH. Table 5-8 presents the multi-element ICP sweep results for
the leachate, with US EPA limits for key metals®.

Table 5-7: SPLP leachate pH and Conductivity results for the 7 waste rock samples.
Conductivity

Sample pH (uS/cm)
003 8.4 135
046 8.8 80
051 7.9 40
059 8.1 90
062 7.9 135
066 8.2 85
086 8.3 80

6 US EPA SW846 Test Methods for Evaluating Solid Waste, Physical/Chemical Methods - Method 1312
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Table 5-8: SPLP Leachate analysis results for the 7 waste rock samples.

Units LOD 003 046 051 059 062 066 086 EI§A6
Fluoride mg/l <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
Sulphate mg/l <2 <2 <2 <2 <2 <2 <2 <2
Chloride mg/l <2 <2 <2 <2 <2 <2 <2 <2
“'égate as mgll <03 0335 <03 358 <03 <03 <03 <03
Aluminium ug/l <2.9 657 820 421 556 572 653 330
Mercury pg/l <0.01 <0.01 | <0.01 0.0135 <0.01 @ <0.01 @ <0.01 <0.01
Antimony ug/l <0.16 1.18 <0.16 @ <0.16 1.38 1.05 0.811 0.488
Calcium mg/l <0.012 @ 6.56 7.66 3.58 10.2 8.49 8.84 8.6
Arsenic pg/l <0.12 10.8 187 0281 0325 | 1.01 0.38 | 0.877 | 5,000
Sodium mg/l <0.076 @ 2.14 1.51 2.1 1.14 1.2 1.21 1.74
Barium pg/l <0.03 41.1 1.86 0988 @ 4.43 1.75 0.835 7.45 | 100,000
Magnesium mg/l <0.036 @ 0.617 1.29 1.53 1.18 1.12 1.25 1.75
Beryllium ug/l <0.07 <0.07 <0.07 <0.07 <0.07 <0.07 <0.07 <0.07
Potassium mg/l <1 1.67 <1 <1 3.45 <1 <1 <1
Silver ug/l <1.5 <1.5 <1.5 <1.5 <1.5 <1.5 <1.5 <1.5
Iron mg/l <0.019 <0.019 0.62 @ 0.148 <0.019 <0.019 0.167 0.104
Boron ug/l <9.4 <9.4 <9.4 <9.4 <9.4 <9.4 <9.4 <94
Cadmium ug/l <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 1,000
Chromium pg/l <0.22 12 9.71 9.05 8.34 151 1.88 1.85
Cobalt pg/l <0.06 <0.06 | 0.278 0.117 <0.06 @ <0.06 @ 0.097 0.076
Copper ug/l <0.85 <0.85 1.63 1.73 1.12 <0.85 <0.85 <0.85
Lead pg/l <0.02 <0.02 0.036  <0.02 <0.02 <0.02 <0.02 01 5,000
Manganese ug/l <0.04 0.82 8.34 4.69 5.47 1.24 3.08 2.35
Molybdenum = g/l <0.24 <0.24 <0.24 0.732 <0.24 0.41 0.274  10.5
Nickel pg/l <0.15 <0.15 | 0.854 0.8 0.19 0.23 0.316 0.579
Phosphorus = pg/l <6.3 <6.3 34.1 <6.3 31.8 7.23 18.2 14.3
Selenium pg/l <0.39 0.531 | 0.404 0573 <0.39 @ 0.614 | 0.639 0.708
Strontium ug/l <0.05 59.1 10.3 9.86 22 10.2 27 10.3
Tellurium ug/l <2 <2 <2 <2 <2 <2 <2 <2
Thallium pg/l <0.96 <0.96 | <0.96 <0.96 <0.96 @ <0.96 @ <0.96 <0.96
Tin pg/l <0.36 <0.36 | <0.36 <0.36 <0.36 @ <0.36 @ <0.36 <0.36
Uranium ug/l <1.5 <1.5 <1.5 <1.5 <1.5 <1.5 <1.5 <1.5
Titanium ug/l <15 <15 21.2 9.34 <1.5 <1.5 7.63 5.33
Vanadium pg/l <0.24 1.42 6.21 26 0.507 = 1.58 246  3.85
Zinc ug/l <0.41 <0.41 0.739  4.36 <0.41 <0.41 <0.41 <0.41

Arsenic, bismuth, indium and antimony were identified as elements of concern in terms of
metal leachability in Section 5.1.2. Considering that the waste rock samples were found
that have no or limited potential for acid generation, the results presented in Table 5-8
suggest that the metal leachability of these elements are unlikely to be significant under
neutral pH.

5.2 Construction Materials

The objective of the testing was to document whether mine waste could be used as
construction material for the TMF. Samples that were selected for geotechnical testing
were also characterised in a staged approach in order to minimise testing cost.
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5.2.1 Total Sulphur

23 Construction Material samples were subjected to Total Sulphur via LECO analyses.
Figure 5-9 shows the results for all samples, this is further split by lithology in Figure 5-10.

Figure 5-9:  Histogram showing the total sulphur results for the construction material samples.
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As discussed previously, without the presence of sulphides there is no driving force for
acid generation and therefore this was the first step in the characterisation of the
construction materials. Usually materials with less than 0.1% total sulphur have no or very
limited capacity to generate acidity. This is one of the factors used by the European Union
to classify samples as inert.

Figure 5-10: Histogram showing total sulphur results per lithology for the construction material
samples.
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The majority (18/23) of the construction material samples were of lithology 5 BAS VC,
which showed a peak in samples with 0.1-0.2% total sulphur, and one sample with 1.24%
total sulphur. lItis likely that this sample contains a veinlet of sulphidic material.
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A comparison of the total sulphur content of the construction material and waste rock
samples (see Figure 5-11, below) suggest that the construction material samples appear
to have on average higher total sulphur than the waste rock samples.

Figure 5-11:
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Figure 5-12

Chart showing the relative proportions of waste rock and construction material
samples in each total sulphur range.
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shows the location of the construction materials samples with a relatively

higher total sulphur content.
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Figure 5-12: Location of construction material samples with total sulphur 20.1%.
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Looking at the distribution of the construction material samples, the ones with the relatively
higher total sulphur content span between 61 and 118 metres in vertical spread and from
the figure above across the designated area for the sources of construction materials. This
would suggest that there is a need to better understand the likely behaviour of these
materials whether they are used or not for the initial intended purpose.
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5.2.2 XRF

The XRF results are summarised as averages per lithology in Table 5-9 for major oxides
and Table 5-10 for trace elements.

Table 5-9: Average XRF major oxides by lithology for the construction material samples (%).

2 SAPROL 5 BAS_VC 6_BAS_PO EarAtr‘{ .esracgrﬁs s

Sio, 47.27 47.03 44.56 59.07
Tio, 1.22 0.88 1.07 1.03
Al,Os 21.64 13.66 13.46 15.22
Fe;Os 18.57 12.34 14.36 3.10
MnO 0.15 0.18 0.20

MgO 0.45 6.64 6.45 3.45
cao 0.16 10.21 9.72 5.10
K20 0.41 0.25 0.03 3.11
Na,O <0.05 1.74 1.28 3.71
P.Os 0.06 0.07 0.09 0.30
Sum 89.99 93.01 91.20

Lol 10.01 6.99 8.80

The average results for the saprolite and the basalt samples are within the range of values
expected for this type of lithology when compared with the average Earth’s crust
composition. However, all samples have above average iron content and in the case of
the basalts have higher calcium and magnesium content than the average Earth’s crust
composition. This might be an indication of the presence of minerals with some
neutralization potential.
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Table 5-10: Average XRF trace elements by lithology for the construction material samples
(values in ppm unless stated otherwise).

Average Earth’s

Element 2_SAPROL 5_BAS_VC 6_BAS_PO Crusts
As 15.07 <9.11 <13.00 1.8
Ba 181.10 <32.73 23.00 425
Bi 5.83 5.24 5.45 0.17
Ce 33.67 25.38 25.65 60

Cl (%) <0.005 <0.005 <0.005 0.013
Co 67.07 36.84 44.05 25
Cr 366.73 233.18 217.65 100
Cu 228.77 95.38 133.75 55
Ga 23.03 13.97 15.55 15
Ge <3.10 <3.03 <3.00 15
Hf 5.60 <4.33 <3.00 3

| <4.47 <4.55 <5.55 0.5
La <6.83 <5.04 <5.00 30
Mo <9.50 <8.21 <2.00 15
Nb 3.97 <2.51 3.30 20
Ni 164.27 123.23 106.15 75
Pb <2.37 <2.35 4.35 12.5
Rb 12.27 <7.48 <1.00 90

S (%) <0.005 <0.035 0.098
Sb 8.00 <6.77 6.30 0.2
Sc 342.83 <15.77 <15.00 16
Se <3.00 <3.00 <3.00 0.05
Sn 11.57 11.84 11.25 2
Sr 10.07 139.47 171.85 375
Th 7.40 7.79 8.40 10
U <3.00 <3.00 <3.00 2.7
\% 394.87 297.14 334.55 135
w <12.60 <3.00 <3.00 15
Y 30.97 19.99 24.00 30
Zn 94.83 84.79 100.20 70
Zr 75.67 52.27 62.65 165

On average, the construction material samples had elevated As, Bi, Cr, Cu, I, Mo, Ni, Sb,
Sn with respect to the average Earth’s crust, indicating that these may be elements of
environmental concern. Sc was elevated in the 2_SAPROL lithology. The Limit of
Detection (LoD) for Se was too high with respect to the average Earth’s crust to come to
a conclusion.

By comparing the elements of environmental concern for the construction materials and
the waste rock it appears that the construction materials are more mineralised than the
waste rock and therefore also consistent with their higher total sulphur content.

Based on the limited testing undertaken it is not possible to conclude that these samples
are not acid generating or present no metal leachability issues. Therefore, from a
geochemical perspective, the waste rock as presented in section 5.1 seems to be a better
construction material.
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5.3 Tailings Samples

Six tailings samples were provided following the metallurgical testwork, as detailed in
Table 5-11.

Table 5-11: Details of the 6 tailings samples and expected tonnages (from the PEA).

SGS Sample No.

Code Domain Tonnage (Mt)

(SGS 567-)
YO Yaouré Oxide 1006 4.87
YT Yaouré Transition 1007 8.77
Y CMA U Yaouré CMA Sulphide Upper 1008 13.36
Y CMA L Yaouré CMA Sulphide Lower 1009 24.26
YU Yaouré Sulphide Upper 1010 12.29
YL Yaouré Sulphide Lower 1011 29.26

The procedure followed for the generation of these samples is consistent with a
conventional milling and cyanidation circuit.

5.3.1 Pre-leaching results
Pre-leaching results were provided by the metallurgist.

Table 5-12:  Key metals, Sulphur and Carbon results for the head samples, (pre-leach).

Element Unit YO YT YCMAU YCMAL YU YL
Au ppm 1.23 1.33 3.35 2.82 2.44 2.69
Calculated Au ppm 15 1.64 2.85 2.88 2.03 1.75
ALS Check Au ppm 1.29 2.29 2.85 3.14 3.5
Ag ppm 0.61 0.28 0.4 0.34 0.5 0.32
Cu % 0.016 0.015 0.007 0.007 0.019 0.014
Pb % <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Zn % 0.011 0.006 0.005 0.006 0.005 0.004
S(sul) % 0.016 0.32 0.79 1 0.68 0.43
S(tot) % 0.038 0.35 0.84 1.04 0.72 0.46
C(org) % 0.03 0.01 0.01 0.02 0.02 0.01
C(tot) % 0.064 1.6 3.18 3.15 1.37 181
ALS Check C(tot) % 0.05 1.67 3.26 3.22 141 1.83

Table 5-13:  XRD results for the head samples, (pre-leach) [%)].

Mineral YO YT Y CMA U YCMA L YU YL

?Vermiculite 3.9 1.3 0.0 0.0 0.0 0.0

lllite+Mica 12.1 12.3 11.5 9.5 8.4 111
Serpentine 12.3 0.0 0.0 0.0 0.0 0.0

Chlorite 7.5 21.8 19.5 18.1 25.0 24.6
Quartz 41.4 26.8 18.5 23.4 30.6 25.1
K Feldspar 2.8 1.2 1.3 1.6 1.8 0.0
Plagioclase 8.3 15.8 13.4 14.1 15.0 13.3
Amphibole 0.0 0.0 TR 0.0 1.0 1.8
Calcite 0.0 21 1.0 1.6 7.3 7.2
Fe-Dolomite 0.0 18.6 32.1 28.6 7.7 14.2
Siderite 0.0 0.0 0.0 0.0 0.0 0.0
Pyrite 0.0 0.0 2.6 3.1 31 2.6
Hematite 21 0.0 0.0 0.0 0.0 0.0
Goethite 9.6 0.0 0.0 0.0 0.0 0.0
Total 100 100 100 100 100 100
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Table 5-14: ICP results for the head samples, (pre-leach).
Element Unit YO YT Y CMA U YCMA L YU YL
Ag ppm 0.48 0.24 0.61 0.3 0.57 0.29
Al % 7.29 6.19 5.73 5.75 6.27 6.28
As ppm 40.9 17.3 7.9 8.2 13.9 21.8
Ba ppm 230 240 260 320 240 260
Be ppm 1.02 0.77 0.9 0.91 0.72 0.82
Bi ppm 10.25 1 0.34 0.62 1.29 2.92
Ca % 0.34 3.14 5.81 5.86 5.11 5.68
Cd ppm 0.12 0.11 0.08 0.09 0.1 0.07
Ce ppm 17.2 27.5 57.8 62.5 20.3 29.9
Co ppm 57.8 38.3 36.9 38 35.1 34.7
Cr ppm 281 215 197 197 133 156
Cs ppm 1.94 1.68 1.24 1.44 1.39 2.53
Cu ppm 144.5 130 84.1 81.7 169.5 141
Fe % 8.41 6.08 6.64 6.48 5.77 5.67
Ga ppm 16.7 16.8 14.1 14.55 15.85 16.05
Ge ppm 0.2 0.15 0.18 0.2 0.15 0.17
Hf ppm 1.1 1.6 1.4 1.4 1.5 1.7
In ppm 0.064 0.057 0.054 0.055 0.054 0.05
K % 0.99 1.08 1.09 0.98 0.81 1.13
La ppm 8.8 11.8 26.3 25.1 9 12.9
Li ppm 145 16.8 14.6 15 13.6 17
Mg % 1.21 2.7 3.12 3.17 2.6 2.74
Mn ppm 1230 971 1130 1110 939 994
Mo ppm 8.97 8.25 8.87 16.35 5.46 15.35
Na % 0.62 1.66 1.83 1.98 1.73 1.61
Nb ppm 15 2.7 31 3.1 2.8 3
Ni ppm 1415 115 111.5 114.5 88.2 98
P ppm 430 540 1090 1110 450 580
Pb ppm 6.1 4.9 5 6.6 8.3 6
Rb ppm 35.6 42.3 36.4 35.5 29.3 42.1
Re ppm 0.002 0.009 0.004 0.004 0.006 0.008
S % 0.01 0.33 0.85 1.07 0.73 0.47
Sb ppm 3.35 2.53 3.2 3.22 2.33 2.47
Sc ppm 36.2 30.3 27.5 27.5 24.8 26.3
Se ppm 2 2 1 1 2 2
Sn ppm 1.4 0.7 0.5 0.6 0.7 0.8
Sr ppm 50 172 278 350 229 250
Ta ppm 0.11 0.24 0.17 0.16 0.2 0.2
Te ppm 2.61 0.59 0.91 1.12 0.87 2.01
Th ppm 1.1 1.7 2.3 2.4 1.6 2
Ti % 0.334 0.362 0.373 0.356 0.403 0.374
Tl ppm 0.2 0.2 0.17 0.16 0.14 0.2
ppm 0.4 0.5 0.6 0.6 0.6 0.7
\Y% ppm 307 205 210 193 178 177
w ppm 24.8 22.7 23.2 23.9 9.5 17.5
Y ppm 9.6 10.4 9.1 8.6 13.2 12.3
Zn ppm 117 78 82 79 72 69
zr ppm 38.1 54.4 53.9 59.4 48 56.1
)/
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The ABA and NAG results for the tailings are summarised in Table 5-15.

Table 5-15:  Summary of the ABA and NAG results for the six tailings samples.

Parameter [units]

Paste pH [1]

Total Sulphur [%)]

Sulphide [%)]
Carbonate [%]

NP1 [t CaCO5/1000 t]
AP [t CaCO5/1000 t]

Net NP [t CaCO4/1000 t]

NP/AP [1]

NAG Final pH [1]
NB: [1] denotes that the measurement is dimensionless (has no units).

YO
8.48
0.03
0.02
0.18
12.4

0.6
11.8
19.9
6.00

YT
8.10
0.33
0.3
1.68
138.2
9.4
128.8
14.7
6.42

Y CMA U

8.77
0.79
0.76
3.27
242.0
23.8
218.3
10.2
7.75

YCMAL

8.57
0.98
0.95
3.2
24.1
29.7
-5.6
0.8
8.15

YU
8.75
0.7
0.66
1.54
132.0
20.6
111.4
6.4
7.19

YL
8.57
0.44
0.41

1.9

161.2
12.8

148.4
12.6
6.40

Based on the above ABA results presented in Table 5-15, the only sample that is
potentially acid generating is Y CMA L. However the NAG test would suggest otherwise.

5.3.3 Whole (Rock) Tailings Analysis

XRF

The XRF results are presented for the tailings samples in Table 5-16 for major oxides and
Table 5-17 for trace elements.

Table 5-16: Average XRF major oxides by lithology for the tailings samples (%).

Average
YO YT YCMAU YCMAL YU YL Earth
Crust®
SiO, 56.93 50.99 45.07 45.34 54.57 51.12 59.07
TiO, 0.99 0.77 0.76 0.72 0.71 0.65 1.03
Al,O4 15.17 12.92 11.11 10.98 12.51 12.33 15.22
Fe,0; 13.35 9.87 10.02 9.64 9.11 8.73 3.1
MnO 0.16 0.14 0.15 0.15 0.13 0.14
MgO 2.37 5 5.35 5.35 4.64 4.78 3.45
CaO 0.69 471 8.13 8.27 7.48 8.06 5.1
K,0 1.34 1.46 1.36 1.24 1.06 1.43 3.11
Na,O 0.96 2.38 2.41 2.54 2.35 2.14 3.71
P,Os 0.1 0.12 0.23 0.23 0.1 0.13 0.3
Sum 92.1 88.4 84.8 84.7 92.9 89.6
LOlys 7.9 11.6 15.2 15.3 7.1 10.4
Iron content is above while sodium and potassium are below average
)/
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Table 5-17: XRF trace elements concentrations for the tailings samples (values in ppm unless
stated otherwise).

Average
YO YT Y CMA U Y CMA L YU YL Earth
Crust®
As 33 11 5 5 9 13 1.8
Ba 256 305 315 399 273 330 425
Bi 13 5 7 5 6 6 0.17
Ce 33 47 63 53 41 27 60
Cl (%) <0.005 <0.005 <0.005 <0.005 <0.005 <0.005

Co 39 30 30 29 25 25 25
Cr 282 340 411 422 519 436 100
Cu 136 95 63 61 115 96 55
Ga 19 16 13 14 15 14 15
Ge 3 3 <3 <3 3 <3 1.5
Hf 4 4 4 7 9 <3 3

| 4 6 6 11 4 <2 0.5
La 9 6 27 29 <5 6 30
Mo 14 23 29 37 52 46 1.5
Nb 2 4 4 4 3 4 20
Ni 156 169 179 181 260 195 75
Pb 12 5 5 8 13 7 12.5
Rb 40 40 39 36 31 42 90
Sh 7 6 11 14 2 6 0.2

S (%) <0.005 0.06 0.21 0.28 0.21 0.12

Sc 186 55 <15 <15 <15 <15 16
Se <3 <3 <3 <3 <3 <3 0.05
Sn 11 9 9 8 7 7 2
Sr 53 176 261 330 220 239 375
Th <3 7 5 9 5 6 10
U <3 <3 <3 <3 <3 <3 2.7
\% 389 280 287 265 215 220 135
W 24 6 17 15 <3 <3 15
Y 23 15 15 14 13 12 30
Zn 131 75 77 77 74 63 70
Zr 77 76 71 70 69 70 165

The results presented would suggest that the following elements are of potential
environmental concern: As, Bi, |, Mo, Sb and W. Other elements that are above average
are: Cr, Cu, Ni, Sn and V. The detection limit for Se did not allow to reach any conclusion.

Mineralogy (XRD Rietveld)

It is immediately clear from the number of peaks that the mineralogy of the samples is
complex. However, the mineralogy is mostly dominated by quartz, plagioclase feldspar,
chlorite, pyroxene, carbonates and K-mica. Figure 5-13 shows the XRD trace for tailings
sample YO (Oxide tailings, Sample N0.1006). The other 5 tailings samples showed broad
similarity, demonstrated in Figure 5-14.

For the quantification, additional minerals were identified and included in the calculations.
The weight % of minerals present, derived from Rietveld quantification, is given in
Table 5-18. Note that values below about 4% are less accurate and the presence of those
phases given as below 1% is uncertain. For the quantification, plagioclase feldspar has
been modelled as andesine; K-feldspar as orthoclase; amphibole as hornblende
(pargasite); K-mica as both muscovite and biotite; chlorite as an Fe-rich variety
(chamosite); and pyroxene as a mixture of both ortho- and clino-varieties. Although calcite
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has been identified in some samples, there is also an abundance of another carbonate

(the lar

ge peak at 31°); this has been modelled as ankerite (a Ca-Fe-Mg carbonate).

Although the main phases have been clearly identified, the matches between observed
and modelled traces are not always ideal. This is probably due to problems with modelling
the exact varieties of silicates present — especially feldspar, pyroxene, amphibole and
chlorite.

Figure 5-13: XRD trace for sample 1006 with peak markers for the main minerals present.
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Table 5-18:

Phase
Quartz
Chlorite
Muscovite
Biotite
Calcite
Ankerite
Goethite
Hematite
Pyrite
Orthoclase
Andesine
Hornblende
Pyroxene
Diaspore

YO

40.1

28
9.3
1.6
0
1
3.7
0.6
0
0
7.4
2.1
3.8
2.4

YT
22.6
17.9
9.5
0.9
1.8
15.9
0.6
0
0.7
0.5
13.7
1.8
11.6
2.3

Y CMA U
19.3
121
9.7
0.5
0.9
29
0.4
0
1.3
0.5
14.1
1.3
9.1
1.7

YAOURE GEOCHEMICAL CHARACTERISATION
WASTE Rock, CONSTRUCTION MATERIALS AND TAILINGS
YAOURE GOLD PROJECT — COTE D’IVOIRE

Y CMAL
18.8
12.2
6.9
1.5
1.2
19.7
0.7
0
2.1
0.9
17.4
0.9
16.3
1.4

YU
24.7
19.9

5.6

1.2

6.9
11.3

0.2

0

2.4

0

19

2.9

4.4

15

YL
23.8
17
6.9
2.3
7.4
12.1
0.3
0
2.1
0.3
17.5
4.4
4.5
1.3

APRIL 2015

XRD Rietveld Quantification Mineralogy results for the 6 tailings samples (wt %).

Sample 1006 (oxide tailings) is distinctive because it is dominated by quartz, Fe
oxides/hydroxides, K-mica and chlorite. Carbonate content is low. The mineralogy of the
other 5 samples is dominated by quartz, ferromagnesian silicates (amphibole, chlorite,
mica) and plagioclase feldspar. Some samples also contain elevated amounts of
carbonate (including calcite). This observation is supported by the chemical analyses,
which show high Fe, Mg, Ca, Al and Si, and some K and Na.

SPLP Leachate

Table 5-19 presents the pH and conductivity readings from the SPLP leachate. The SPLP
leachates were alkaline pH. Table 5-20 presents the multi-element ICP sweep results for
the leachate, with US EPA limits for key metals®.

Table 5-19:
Sample pH
YO 9.1
YT 8.2

Y CMA U 8.2
Y CMAL 8.2
YU 7.7
YL 7.7

Conductivity

[us/cm]

230
180
180
160
175
175

SPLP leachate pH and Conductivity results for the 6 tailings samples.
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SPLP Leachate analysis results for the 6 tailings samples.

Units
Fluoride mg/l
Sulphate mg/l
Chloride mg/l
Nitrate as NOg mg/l
Aluminium pg/l
Mercury ua/l
Antimony pg/l
Calcium mg/l
Arsenic ua/l
Sodium mg/l
Barium ua/l
Magnesium mg/l
Beryllium pg/l
Potassium mg/l
Silver pg/l
Iron mg/l
Boron pa/l
Cadmium pg/l
Chromium pg/l
Cobalt pg/l
Copper pg/l
Lead pa/l
Manganese pg/l
Molybdenum pa/l
Nickel pa/l
Phosphorus pg/l
Selenium pg/l
Strontium pg/l
Tellurium pg/l
Thallium pg/l
Tin pg/l
Uranium pg/l
Titanium pg/l
Vanadium pg/l
Zinc pg/l

LOD

<0.5
<2
<2
<0.3
<29
<0.01
<0.16
<0.012
<0.12
<0.076
<0.03
<0.036
<0.07
<1l
<15
<0.019
<9.4
<0.1
<0.22
<0.06
<0.85
<0.02
<0.04
<0.24
<0.15
<6.3
<0.39
<0.05
<2
<0.96
<0.36
<1.5
<1.5
<0.24
<0.41

YO

<0.5
<2
<2
0.411
171
<0.01
0.72
1.4
14.7
26.8
0.449
0.268
<0.07
<1
<1.5
0.427
<9.4
<0.1
9.09
1.31
1.04
0.115
3.23
6.27
4.02
138
0.667
3.76
<2
<0.96
<0.36
<15
8.02
26.2
0.602

YT

<0.5
<2
<2
<0.3
29.7
<0.01
0.659
11.4
1.87
7.76
1.38
2.76
<0.07
1.47
<15
<0.019
<9.4
<0.1
7.99
0.101
<0.85
<0.02
2.16
1.51
0.161
<6.3
1.66
25.5
<2
<0.96
<0.36
<1.5
<1.5
3.37
0.5

Y CMA
U

<0.5
<2
<2
<0.3
286
<0.01
0.555
12.8
0.725
3.48
935
4.8
<0.07
2.95
<15
<0.019
<9.4
<0.1
8.5
0.356
<0.85
<0.02
3.93
2.03
0.399
<6.3
0.934
110
<2
<0.96
<0.36
<15
<15
0.939
<0.41

Y CMA
L

<0.5
<2
<2
<0.3
358
<0.01
0.524
13.1
0.828
2.66
86.7
4.77
<0.07
2.89
<15
<0.19
<9.4
<0.1
8.64
0.251
<0.85
<0.02
3.99
3.22
0.351
<6.3
1.1
428
<2
<0.96
<0.36
<15
<15
1.11
0.423

YU

<0.5
<2
<2
0.58
288
<0.01
1.35
14.2
0.792
2.15
5.48
2.97
<0.07
2.7
<15
<0.019
<9.4
<0.1
8.23
0.143
<0.85
0.051
5.23
1.41
0.319
8.61
1.39
48.8
<2
<0.96
<0.36
<1.5
2.88
0.757
6.73

YL

<0.5
<2
<2
0.467
188
<0.01
1.78
15.7
1.74
1.46
4.56
2.23
<0.07
4.16
<15
<0.019
<94
<0.1
8.77
0.098
<0.85
<0.02
5.13
11
0.307
<6.3
1.64
58.9
<2
<0.96
<0.36
<1.5
<1.5
0.488
0.523

US EPA

5,000

100,000

1,000

5,000

The results presented in Table 5-20 above suggest that apart from for As for the oxide
sample YO, metals leachability is of limited concern. The results suggest that the other

elements of environmental concern will not solubilised on initial disposal.

Seepage

The quality of the seepage in any tailings facility will be a function of the composition of
the tailings (solid and liquid phases), method of deposition and containment, volume of
seepage and stage of development of the facility. Figure 5-15 illustrates the three
chemical environments that have been shown (by field studies) to develop with time in a
TMF that contains sulphide minerals. The three chemical environments are as follows:

e Oxidative:

This environment is characterised by the presence of oxygen and if

sulphide minerals are present in the tailings there is potential for ARD generation in
this layer.
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e Transition: In this environment there is no oxygen; but the products from the oxidative
process are still dominant.

e Reductive: This environment is characterised by a reductive potential, an environment
suitable for Sulphate Reducing Bacteria (SRB). These bacteria have the capacity to
reduce the sulphate-sulphur ion to sulphide-sulphur. In general this region has a
positive effect on the quality of the seepage as the presence of sulphide-sulphur
potentially will precipitate metal ions.

Figure 5-15: Chemical Environment in Tailings Management Facility Containing ARD Generating

Minerals
2FeS,+70,+2H,0 %M res0,+2H,50,
Oxidative 4FeS0,+2H,50,+0, 2N oo (50,),+2H,0
FeS,+Fe, (S0, ) 3FeS0,+25 |
Transition *H o1 Fe¥*

Reductive SO,>+SRB s

Y R — Y [

Tailings facilities are complex dynamic systems from a chemical environment perspective.
On initial deposition, all the tailings are under an oxidative environment; but as the tailings
depth increases then a reductive environment will develop. In addition, the presence of
CN makes the chemical system more complicated as different metals will complex with
the CN and the pH will also have an influence.

In the case of Yaouré only the Y CMA L tailings appear to have some potential for acid
generation and therefore the formation of a reductive environment will follow more rapidly;
but the order of deposition of the different tailings might disrupt the expected evolution of
the chemical environments in the facility. In order to establish the likely seepage quality
will require the development of a geochemical model based on the expected sequence of
deposition from the different tailings.

In order to establish the impact of the seepage quality, it will be necessary to set up a
predictive model of the likely outcome in terms of source-pathway-receptor through the
different phases of the project from initial deposition to closure of the TMF.

e The source to be considered would be the geochemistry of the tailings together with
the level of predicted seepage. This would allow the calculation of loading and some
sensitivity analysis.

e The pathway is the groundwater system, and in conjunction with understanding the
receptor will require a hydrogeological model. Itis understood that this is not available.
Basically, the chemistry would be piggy back on top of this model.

Y
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e It is understood that the receptors would be drinking water wells used by the
community.

So in conclusion, it appears that there is potential for metal leachability for As from the
initial deposition of the oxide tailings. As the evolution of the facility occurs this might
change; but without a geochemical model is not possible to establish this. In addition,
even if a source of metal leachability is established at this stage of project development it
is not possible to ascertain the pathways that would take the impacting seepage to the
receptors.

Y
Report No: A151-15-R2286 A

amec

foster
Project No.: 7879140152 Page 5-44 wheeler



6.0

6.1

6.2

6.3

YAOURE GEOCHEMICAL CHARACTERISATION

WASTE ROCK, CONSTRUCTION MATERIALS AND TAILINGS
YAOURE GOLD PROJECT — COTE D’IVOIRE

APRIL 2015

CONCLUSIONS & RECOMMENDATIONS

Waste Rock

ABA and NAG testing was carried out on 76 waste rock samples representing all the main
lithologies and good spatial distribution of the deposit. There was a good correlation
between total sulphur and sulphide sulphur, suggesting that most of the sulphur is present
as sulphide. The high Paste pH results indicated that the samples had been stored and
handled correctly; samples with low paste pH corresponded to lithologies that are
expected to have been oxidised. Two samples with higher total sulphur results (0.81% and
1.43% from lithologies 4 FR_OXI and 6 BAS PO respectively) were considered
potentially acid generating, according to NNP and NPR results. The NAG results
suggested that the 1.43% total sulphur sample may not be acid generating, however, this
should not be assumed from a single stage NAG test with total sulphur >1%. The
mineralogical characterisation of seven selected samples of the waste rock to represent
all the lithologies and the range of sulphide content encountered indicated that in three
samples there was sufficient calcite present to indicate that a neutral pH would be
maintained. The saprolite sample has limited sulphide content and therefore no driving
force for acid generation. The rest of the samples had an assemblage of albite, actinolite
and chlorite in sufficient quantity when compared with the sulphide content that it would
make it unlikely to generate any significant acidic drainage. In conclusion, based on the
samples tested it seems that the deposit has a low level of sulphides while at the same
time having sufficient neutralizing capacity and therefore it is unlikely that acidic drainage
of any significance will be generated. It was also found that metal leachability is not
expected to be significant as illustrated by the short term leaching results.

Construction Materials

The results from the construction materials samples showed that they are more
mineralised than the waste rock and due to the stage by stage approach undertaken, it is
not possible with the available data to disprove whether the basalts tested are potentially
acid generating or present a metal leachability issue. However, if we assume that the
construction materials will have to be mined and that they behave in a similar fashion to
the waste rock samples (this is total sulphur = total sulphide and similar ABA/NAG results)
then it is likely that these samples will be classified as having no or low potential for acid
generation.

Tailings

Six different tailings samples were characterised. Y CMA L tailings are potentially acid
generating while the oxide tailings (YO) might have metal leachability with respect to As.
It is not possible to provide a definite conclusion without developing a geochemical model
charting the evolution of the chemistry of the tailings facility as the different tailings types
are deposited.
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6.4 Recommendations

6.4.1 Waste Rock
In order to provide a sounder statistical basis for the conclusion reached in this report it is
recommended to test at least 300 samples for total sulphur selected following the same
principles as in this programme, as part of the next phase of project development.

6.4.2 Construction Materials
It is recommended that the 15 samples of construction materials with high total sulphur
are tested using ABA and NAG in order to prove/ disprove if they are potentially acid
generating or not;
Three selected samples to be characterised by XRD (Rietveld quantification) and short
term leaching in order to assess their metal leachability.

6.4.3 Tailings
If it is necessary to establish the quality of the seepage then it is recommended that a
geochemical model is developed

6.4.4 Others
It is also recommended that the baseline water quality data is reviewed when complete
and available.
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Sampled
Ril?enr]eprll?:e Sample Type BorleDhoIe F(r;J:Jr)n S.??Fnlqe)d Lithology X (m, UTM) Y (m, UTM)
001 Waste Rock YDDO0031 62 62.6 3_SAPROK 220895 777586
002 Waste Rock YDDO0031 99.54 100 5 BAS_VC 220876 777586
003 Waste Rock YDD0031 = 155.44 156.01 = 7_GD_POR 220849 777587
004 Waste Rock YDDO0032 12 13.2 2_SAPROL 220920 777386
005 Waste Rock YDD0032 = 171.24 171.8 5_BAS_VC 220840 777386
006 Waste Rock YDDO0036 40.44 40.89 5 BAS_VC 220864 777284
007 Waste Rock YDDO0042 36.54 36.82 4_FR_OXI 221020 777186
008 Waste Rock YDDO0042 265.8 266.38 5_BAS_VC 220903 777188
009 Waste Rock YDDO0043 74.7 75.25 5 BAS_VC 221002 777086
010 Waste Rock YDDO0043 181.21 181.9 7_GD_POR 220951 777086
011 Waste Rock YDDO0044 198.97 199.54 5 BAS_VC 220886 777492
012 Waste Rock YDDO0050 8 9.07 2_SAPROL 220984 776986
013 Waste Rock YDDO0050 46.99 47.59 6_BAS_PO 220966 776987
014 Waste Rock YDDO0O50 = 161.81 162.39 5_BAS_VC 220910 776989
015 Waste Rock YDD0050 = 178.72 179.29 | 7_GD_POR 220902 776990
016 Waste Rock YDDO0051 = 160.27 160.95 5_BAS_VC 220907 776882
017 Waste Rock YDDO0052 9.75 10 4 FR_OXI 220803 777434
019 Waste Rock YDDO0055 28.9 29.7 1 _OV_LAT 221322 777237
020 Waste Rock YDDO0055 46 46.5 2_SAPROL 221313 777237
021 Waste Rock YDDO0055 115.74 116.29 5_BAS_VC 221279 777236
023 Waste Rock YDDO0056 65.62 66.2 4_FR_OXI 221458 776688
024 Waste Rock YDDO0056 179.28 179.77 6_BAS_PO 221401 776687
025 Waste Rock YDDO0056 212.54 213.19 5 BAS_VC 221385 776687
026 Waste Rock YDDO0059 58.36 58.77 5_BAS_VC 220802 777487
027 Waste Rock YDDO0059 98.69 99.08 6_BAS_PO 220807 777487
030 Waste Rock YDDO0067 40.63 41.1 7_GD_POR 220914 777285
031 Waste Rock YDDO0073 37.35 38.09 2_SAPROL 220915 776685
032 Waste Rock YDDO0073 105 105.37 5_BAS_VC 220880 776683
033 Waste Rock YDDO0076 157 157.5 6_BAS_PO 221115 776692
034 Waste Rock YDD0076 = 183.05 183.5 5_BAS_VC 221102 776693
037 Waste Rock YDDO0082 59.3 59.62 3_SAPROK 221555 776886
038 Waste Rock YDD0082 = 129.06 129.64 | 7_GD_POR 221523 776883
039 Waste Rock YDDO0082 182.25 182.67 5 BAS_VC 221498 776881
042 Waste Rock YDDO0084 66 66.37 3_SAPROK 220956 776486
043 Waste Rock YDDO0084 90 90.39 5_BAS_VC 220944 776486
044 Waste Rock YDDO0090 125.38 126 6_BAS_PO 221117 777087
045 Waste Rock YDDO0094 79.15 79.87 5 BAS_VC 221698 777489
046 Waste Rock YDDO0095 195 195.43 6_BAS_PO 221684 777093
047 Waste Rock YDDO0095 246.48 247.04 5_BAS_VC 221660 777096
050 Waste Rock YDDO0098 51.09 51.67 6_BAS_PO 221076 777287
051 Waste Rock YDDO0105 18 18.64 2_SAPROL 221330 777784
052 Waste Rock YDDO0109 2.1 2.38 1 _OV_LAT 220951 776786
053 Waste Rock YDDO0109 321 33.8 3_SAPROK 220936 776787
054 Waste Rock YDD0109 48.6 49.5 4 FR_OXI 220928 776787
055 Waste Rock YDDO0109 89.3 89.86 5_BAS_VC 220909 776789
058 Waste Rock YDDO0121 41.95 42.72 2_SAPROL 220948 776586
059 Waste Rock YDDO0121 112 112.35 5 BAS_VC 220913 776586
060 Waste Rock YDDO0122 49.3 50 1 OV_LAT 221288 776887
061 Waste Rock YDDO0130 68 68.55 2_SAPROL 221099 776786
062 Waste Rock YDD0130 = 160.06 160.75 6_BAS_PO 221053 776785
063 Waste Rock YDDO0135 115.98 116.5 6_BAS_PO 221576 777488
066 Waste Rock YDDO0137 138.02 138.42 5 BAS_VC 221592 777286
069 Waste Rock YDDO0138 52 52.27 5_BAS_VC 221635 777389
070 Waste Rock YDDO0138 206 206.65 7_GD_POR 221557 777392
\/
Report No: A151-15-R2286 <~
amec
foster
Project No.: 7824140151 Appendices wheeler



=%

<

.

2
1/
7,

AMARAZ

YAOURE GEOCHEMICAL CHARACTERISATION
WASTE RocK, CONSTRUCTION MATERIALS AND TAILINGS
YAOURE GOLD PROJECT — COTE D’IVOIRE

MINING PLC APRIL 2015
Sampled
Ril?enr]eprll?:e Sample Type BorleDhoIe F(r;J:Jr)n S.??Fnlqe)d Lithology X (m, UTM) Y (m, UTM)
071 Waste Rock YDDO0140 13.6 14.3 2_SAPROL 221548 777588
077 Waste Rock YDDO0147 9.48 10 1_OV_LAT 221421 777688
078 Waste Rock YDDO0147 27 27.6 2_SAPROL 221413 777688
079 Waste Rock YDDO0147 49 49.6 3_SAPROK 221404 777689
080 Waste Rock YDDO0147 72 72.35 4_FR_OXI 221394 777689
081 Waste Rock YDDO0147 100 100.4 5 BAS_VC 221382 777689
082 Waste Rock YDDO0147 113.98 114.31 6_BAS_PO 221376 777689
083 Waste Rock YDDO0148 6.1 6.53 2_SAPROL 221573 777189
084 Waste Rock YDDO0150 15.4 15.85 2_SAPROL 221552 777389
085 Waste Rock YDDO0150 188 188.39 5 BAS_VC 221467 777384
086 Waste Rock YDDO0151 83 83.3 4 FR_OXI 221442 777088
087 Waste Rock YDDO0151 115 115.43 5 BAS_VC 221427 777088
088 Waste Rock YDDO0152 28 29.25 2_SAPROL 221568 776990
089 Waste Rock YDDO0152 63.02 63.43 5_BAS_VC 221551 776991
090 Waste Rock YDDO0152 72.99 73.32 6_BAS_PO 221546 776991
091 Waste Rock YDDO0155 75.1 75.52 3_SAPROK 221324 777587
092 Waste Rock YDDO0155 155 155.4 5 BAS_VC 221285 777587
093 Waste Rock YDDO0157 49.5 50 2_SAPROL 221518 776788
094 Waste Rock YDDO0157 70.85 71.28 4 FR_OXI 221507 776788
095 Waste Rock YDDO0157 131 131.38 5 BAS_VC 221478 776788
101 Waste Rock YDDO0039 10.23 11.15 1 OV_LAT 221032 777587
102 Waste Rock YDDO0104 50.5 51.35 1 OV_LAT 221287 776686
028 Construction Material YDDO0065 106.47 106.85 5_BAS_VC 221359 776838
029 Construction Material YDDO0065 117.82 118.22 5 BAS_VC 221353 776838
035 Construction Material YDDO0079 60.26 60.89 5 BAS_VC 221505 777489
036 Construction Material YDDO0079 76.32 76.87 5 BAS_VC 221497 777489
040 Construction Material YDD0082 81.36 81.93 5 BAS_VC 221545 776885
041 Construction Material YDDO0082 100.39 100.88 5 BAS_VC 221536 776884
048 Construction Material YDDO0095 59.09 59.53 5 BAS_VC 221751 777088
049 Construction Material YDDO0095 72 72.5 5 BAS_VC 221745 777088
056 Construction Material YDDO0116 53.56 53.96 5 BAS_VC 221234 777587
064 Construction Material YDDO0135 87.66 88.02 6_BAS_PO 221591 777488
065 Construction Material YDDO0135 107.19 107.61 6_BAS PO 221580 777488
067 Construction Material YDDO0137 47.02 47.35 5 BAS_VC 221637 777288
068 Construction Material YDDO0137 61.83 62.1 5_BAS_VC 221630 777288
072 Construction Material YDD0140 92.94 93.47 5 BAS_VC 221509 777589
073 Construction Material YDDO0145 75.58 75.92 5 BAS_VC 221646 776987
074 Construction Material YDDO0145 112.67 113 5 BAS VC 221628 776986
075 Construction Material YDDO0146 95.28 95.68 5 BAS_VC 221631 776890
076 Construction Material YDDO0146 108.29 108.74 5 BAS VC 221624 776890
096 Construction Material YDDO0157 87.45 87.73 5 BAS_VC 221499 776788
097 Construction Material YDDO0157 110.47 110.9 5 BAS VC 221488 776788
098 Construction Material YDDO0146 21.6 22.1 2_SAPROL 221667 776889
099 Construction Material YDDO0157 175 19.1 2_SAPROL 221533 776788
100 Construction Material YDDO0065 28.4 29 2 _SAPROL 221398 776838
M
Report No: A151-15-R2286 <~
amec
foster
Project No.: 7824140151 Appendices wheeler



YAOURE GEOCHEMICAL CHARACTERISATION

7 WASTE ROCK, CONSTRUCTION MATERIALS AND TAILINGS
-~ . R ,
AM AR A — YAOURE GOLD PROJECT — COTE D'IVOIRE
MINING PLC APRIL 2015
APPENDIX E
SGS Results Certificates
)\
Report No: A151-15-R2286 <~

amec

foster
Project No.: 7824140151 Appendices wheeler



YAOURE GEOCHEMICAL CHARACTERISATION

/i WASTE ROCK, CONSTRUCTION MATERIALS AND TAILINGS
~ . - )
AM AR A — YAOURE GOLD PROJECT — COTE D'IVOIRE
MINING PLC APRIL 2015
APPENDIX F
RHUL Results Reports
\
Report No: A151-15-R2286 <~

amec

foster
Project No.: 7824140151 Appendices wheeler



YAOURE GEOCHEMICAL CHARACTERISATION

/ WASTE ROCK, CONSTRUCTION MATERIALS AND TAILINGS
-~ 3 A ,
AM AR A — YAOURE GOLD PROJECT — COTE D'IVOIRE
MINING PLC APRIL 2015
APPENDIX G

ALcontrol Results Certificates

Y
Report No: A151-15-R2286 <~
amec

foster
Project No.: 7824140151 Appendices wheeler



	Yaoure ESIA Appendix 36 Waste Rock and Tailings Geochem Charact Report



