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INTRODUCTION

The terms of reference (ToR) for the Roxgold gold mining project located in south western Burkina Faso is
required in accordance with Article 9 in Decree no 2001-342/PRES/PM/MEE on the scope, content and
procedure of the Environment Impact Study and Statement.

Roxgold Inc. is a Canadian mineral exploration and development company listed on the Toronto Stock
Exchange where it has its headquarters. Its branch in Burkina Faso, ROXGOLD SARL is located in
Ouagadougou.

Currently, it focuses on its Yaramoko permit, particularly the area known as Zone 55, on which it has a
significant gold deposit. Implementation of the mine will contribute among others to increase state revenue,
to create jobs in the region and to improve the provision of basic social infrastructure for the benefit of
neighboring communities

Pursuant to Decree No. 2001-342/PRES/PM/MEE of 17 July 2001 on the scope, content and procedure of
the environmental impact study and statement, the Roxgold Yaramoko mining project is subject to an
Environmental and Social Impact Assessment. The implementation of the project needs to consider key
potential risks and impacts on the biophysical and human environment; this requires implementation of an
Environmental and Social Impact Assessment in accordance with national regulations on the environment.

The ToR needs to be submitted to the Ministry in charge of the Environment and the Ministry in charge of
Mines in order to obtain official approval to commence the Environmental and Social Impact Assessment
(ESIA). The ESIA is required to:

(i) Complete the feasibility study of The Project so as to obtain a mining permit,
(i) Raise funds on the international capital market for financing the project.
(iii) Assess the social acceptability of the project;

(iv) Comply with the national regulations.

ROXGOLD SARL has hired the Geosciences, Energy and Environment Consultancy (BEGE) to conduct this
Environmental and Social Impact Assessment (ESIA).

According to the above mentioned legislation, these Terms of Reference include;
e Project Description
e Description of the baseline environment
o Establish the limits of what is included in or excluded from the ESIA
e Identification of potential impacts

e Public Consultation plan




. BACKGROUND AND CONTEXT

1.1. COMPANY INTRODUCTION & BACKGROUND

Roxgold Inc. is a Canadian mineral exploration and development company listed on the Toronto Stock
Exchange, where it has its headquarters. Roxgold operates its branch in Burkina Faso, ROXGOLD SARL
that was established in 2011 with its offices located in Ouagadougou.

Roxgold is committed to operating its exploration and development activities in Burkina Faso with very high
degree of integrity and responsibility to our host communities and environments. Roxgold is committed to
working closely with the regulatory bodies and government of Burkina Faso to ensure we operate our
business in accordance with the laws of the country.

Roxgold takes its corporate, social and environmental obligations seriously. Appended to these Terms of
Reference is Roxgold’s Environmental and Sustainability Policy.

The Company is developing a number of exploration concessions in Burkina Faso, where it holds five
permits: Yaramoko, Solna (03) and Bouboulou. Currently the main focus is on its Yaramoko permit on which
the company intends to develop its project in an area known as Zone 55, which has a deposit containing
nearly 2.4 million tons of ore with about 1 million ounces of gold. The company has a drilling program
underway to further develop and define this deposit and increase reserves and therefore the life of the mine.

Prior to its inception in 2011, most of Roxgolds concessions were held by Riverstone before being sold to
Roxgold. Historically Roxgold has performed exploration activities on the properties utilizing the skills of its
geological tem. In late 2012, activities have shifted to include defining a development project at the 55 Zone.

Roxgold has hired a group of high level Executives, with various skills in the field of mining projects
implementation in sub-Saharan Africa. Indeed, these Executives have experience in the design, permitting
and implementation of several similar mining projects (in Senegal, Ghana, Céte d'lvoire, Mali and Tanzania).
They will apply their skills and expertise for the implementation and management of the Yaramoko gold
project in Burkina Faso.

Similarly, Roxgold is continuing to develop its employee base and group, growing its size and capacity in
preparation for the development and operational phases. Roxgold executives and management have
experience in developing personnel from similar regions and will bring high level trainers and mentors to the
business to facilitate the growth of the local working group.

Roxgold Inc. is considering underground mining of the Yaramoko gold deposit. Among facilities and
equipment necessary for the proper operation of the production unit, there will be a processing plant, a
tailings storage facility, a camp and a set of related infrastructure.

1.2. ROXGOLD SUSTAINABILITY AND ENVIRONMENT POLICY

Roxgold is committed to keeping our environmental impact as low as possible and maintaining a balance
between environmental and socio-economic priorities of all aspects of the business, as well as of the
communities affected by company activities. We advocate a strong sense of environmental stewardship,
taking a sustainable approach to activities whilst contributing to the economic development of the regions in
which we operate. To /this end, the company strives to:




¢ Identify environmental impacts in all business planning exercises and ensure appropriate mitigation
measures and controls;

e Comply with and where possible exceed the requirements of relevant legislation, international best
practice standards and other legal obligations for which we are accountable;

e Make sufficient resources available to meet our environmental objectives, including effective and
sustainable closure upon completion of activities;

e Develop, implement and continually improve environmental management systems to ensure that
environmental processes are integrated into all aspects of the business;

e Ensure all employees and contractors understand their individual environmental management
responsibilities;

¢ Maintain a high degree of emergency preparedness to effectively respond and recover from any
environmental incident;

o Ensure suitable waste management practices are achieved through established reduction, re-use,
recycling and correct waste disposal strategies;

¢ Implement effective systems to address the environmental risks of transporting, storing, handling and
disposal of hazardous materials;

e Monitor environmental performance through audits, workplace inspections and environmental
sample analysis to identify issues and opportunities for continual improvement;

e Build and promote environmental protection within the community by providing training and support;

e Communicate with honestly and consult openly on our activities with all relevant stakeholders to
ensure transparency with respect to socio-environmental performance;

¢ Maximize local employment and support initiatives to enhance capacity building of our host
communities;

e Be respectful of local cultures, values and traditions and have an overall positive impact on the
communities in which we operate.

1.3. CONTEXT AND JUSTIFICATION

The Environmental and Social Impact Assessment is a crucial component of the sustainable development
policy of Burkina Faso. As such, it is protected by several provisions in national law as well as in international
law.

At the national level, we can mention the adoption of numerous laws including the Agrarian and Land
Reform (1996), the Environment Code (1997), the Forest Code (2011), the Water Code (2001), the Mining
Code (2003) and regulations including Decree No. 342-2001 of 17 July 2001 on the scope, content and
procedure of the Environmental Impact Study and Statement.

At the international level, Burkina Faso endorsed declarations and ratified many conventions that recognize
the central role of environmental assessment in the promotion of sustainable development.

Burkina Faso is very active in terms of gold production with six new mines that started operations the last
four years. It should be noted that since 2009 gold has become the first export product in Burkina Faso.

In addition, in February 2013 Burkina Faso was declared “fully compliant” by the Board of Directors of
Extractive Industries Transparency Initiative (EITI), which indicates its good governance in the mining sector
(regular publication of payments as income and others; availability of a multi-stakeholder monitoring
mechanism).




II. LOCATION OF THE YARAMOKO PROJECT

ROXGOLD holds the Yaramoko mining exploration permit on which it has identified a significant gold
resource estimated at 2.4 million tons of ore containing approximately one million ounces of gold. This
geological model suggests the existence of a considerable potential for greater resource.

The Yaramoko exploration permit is located in the rural commune of Bagassi, Province of Balé, in the Boucle
du Mouhoun region (see Figure 1).

The exploration permit covers an area of 168 km?2 while the influence zone covers 16 kmZ2. The site is located
at approximately 225 km from Ouagadougou and 100 km from Dédougou. On National Highway No.1 (RN1)
Ouagadougou-Bobo, it is accessible from the village of Ouahabou where you take the regional road No. 26
(R26) which leads to Bagassi. Access from Dédougou is also possible via the National Highway No. 10
(RN10) to the junction with the regional road R26. Within the framework of the mine development, farms
within Bagassi will be directly impacted.
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Figure 1: Location map of the project area

The coordinates of the influence area of the mining project (see dotted line on figure 2) are listed in the table
below.




Table 1: UTM Coordinates of the area concerned by the Yaramoko Gold Project (ADINDAN system, zone
30)

N° Points Coordinates X Coordinates Y
0D 470,163 1,295,883
1|/E 470,108 1,297,377
2|F 469,952 1,297,368
3|G 469,769 1,297,396
4|H 469,650 1,297,570
511 469,652 1,298,008
6(J 469,222 1,298,005
7K 469,021 1,298,653
8L 468,859 1,298,870
9|M 468,323 1,299,200
10 |A 468,327 1,301,832
11|B 471,689 1,301,823
12| C 471,682 1,295,870
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Figure 2: Materialization of the vertices of the area concerned by the project

The project area has been demarcated in a restricted, expanded and regional area.
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[ll. DESCRIPTION OF THE YARAMOKO GOLD MINING PROJECT

The Yaramoko deposit will be operated as an underground mine using the technique of inclined long-hole
blast drilling, long hole open stoping extraction, with backfilling if necessary. (See figure 3).

The amount of extracted ore will be approximately 270,000 tons per year for a production of approximately
100,000 ounces of gold per year. The plant will operate 24 hours a day and 365 days per year; it will process
about 740 tons of ore per day from the gold deposit of the area known as Zone 55.

The mine whose construction will take two years, will employ 400 workers, including an estimated 50
expatriates at steady state. It will have a life estimated at 10 years with possibility of extension, if new
resources are identified.

Where equal competences exist in the local community, Roxgold will look to prioritize local youth in its
recruitment policy to ensure the local communities benefit from capacity building and skills development from
the project.

A small quarry will be operated above the underground mine with the primary aim to rehabilitate the artisanal
mining sites, produce materials essential for the construction of different structures as well as for
underground backfilling.

The various buildings and facilities will be located within a secure fence. The ore processing plant will be
supplied with water from a dam built in the northeast of the deposit, with a capacity of 3.2 million m?3 (See
Figure 3). Electricity supply to the mine will be through the use of an oil-fired power plant.

The project includes three main components:
- Mining operations;

- Ore processing;

- Related infrastructure

12
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3.1. MINING OPERATIONS

Roxgold is planning an underground mining operation to a depth of 700 m, through blast-hole open stoping
method and long-hole drilling using jumbos. The drill holes will be exploded with explosives.

The deposit will be accessible at the north side from a ramp inclined at 12 ° (See figure 4)

The ramp will facilitate access to and from underground production activities depending on the configuration
of the deposit. It will be used to set up networks of electricity and water supply services, ventilation services
for the galleries of the mine, transportation of personnel and materials in the mine.

Production drives will be carried out next to the ore body, piercing galleries in the ore.

The broken ore is collected by small bucket loaders, to the underground and intermediary disposal site and
transported by larger chargers and carriers and brought on the surface storage area.

You ensure that a minimum of 3 months supply of ore for the processing plant is available on this of the raw
ore storage area in case of performance problems of the mine.

Implementation of these operations requires equipment such as drilling jumbos, scoop trams, loaders,
auxiliary service equipment; light vehicles.

14
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Figure 4: Schematic Diagram of Underground Mining Operations



3.2. ORE PROCESSING

Metallurgical testing to date illustrates gold recovery of about 60 to 85% by gravitational concentration;
the overall recovery can reach + 95% through leaching.

In addition, more advanced additional tests to confirm these results and document the engineering
and design work will be carried out, which will help refine the final ore processing process.

At this stage, the design of the processing plant includes the following major activities:

- Primary and secondary crushing;

- Recycle Crushing, grinding and classification;

- Recovery of coarse gold through gravitational concentration and leaching of residues;
- CIL and gold recovery through carbon elution;

- Tailings storage and Water Storage Facilities

A detailed Process Flow Diagram (PFD) is appended to this document for readers’ reference.

Ore from the mine will be put on the storage area located near the feed silo of the crushing plant.

A feeder with tray located under the silo will be supplied from a screen that will provide the oversized
ore to the primary crusher with jaws set at 150 mm.

The crushed ore is transported to the sizing screen through the product release conveyor. The screen
will help to separate the two sizes of materials: the oversized material (over 35 mm) will be transported
to the secondary crusher. The material of smaller size (less than 35 mm) will be transported by
conveyor to the storage silo of the fine ore.

The material transported dry from the screen by conveyor will be directed to the secondary crusher set
at 35 mm.

The crushed secondary ore will end in a conveyor and it will be transported dry to the sizing screen for
a new screening.

Here, the dust control in the crushing plant will be performed using the high-pressure air produced by
a compressor together with water.

A conveyor under the fine ore silo will supply the ball mill which grinds the ore to a fine particle size.

A coarse portion of the ball mill product is subject to gravity concentration whereby coarse gold is
collected from the stream and removed via centrifugal concentrators. A leaching process using
cyanide and caustic soda to the reactor temperature will help to extract gold from the coarse
concentrate to produce supersaturated liquor that will be pumped to a storage tank for its extraction in
an electro-winning cell.

The fine pulp sorted from refusal of cyclones is directed to leaching tanks (CIL). Each CIL tank will
have screens of carbon sequestration mechanically cleaned.



Activated carbon will be maintained in all tanks except for the first, while cyanide is added to the first
tank to leach gold from ore.

Carbon has excellent adsorption properties and once gold is "leached out" in the solution by cyanide, it
is adsorbed preferentially on the activated carbon.

In the CIL circuit, the main concept is that gold is leached from the ore and then adsorbed on carbon.

Once gold is adsorbed onto carbon, the barren pulp can pass to the tailings.

Pumps mounted on the hopper of the tailings will transfer the tailings sludge to the Tailings Storage
Facility. Roxgold is investigating the use of a compacted clay lining in the basin of the Tailings Storage
Facility to minimize any potential seepage.

Carbon containing the adsorbed gold is then subject to an elution process. The pickling solution will be
injected with caustic soda and sodium cyanide and then preheated to a temperature of 125 °C. This
hot pickling solution is then introduced into the bottom of the elution column to extract gold from
carbon and release it into the solution.

The supersaturated solution is then pumped into the electro-winning cells to put down gold on the
cathode gridded in stainless steel, where it will be washed in the cell prior to its transfer into the
electric calcining furnace. The dry product from the furnace will undergo direct fusion using fluxing
agents in a LPG bars furnace to produce ingots.

The following reagents will be used in the gold processing and concentration process: calcium
hydroxide, sodium cyanide, caustic soda, hydrochloric acid, activated carbon, diesel and steel grinding
media.

3.3. RELATED INFRASTRUCTURE

Among others, the following facilities are planned for the proper operation of the mine development
project:

- Areservoir providing water for a processing plant
- A sewage system for plant and camp sites

- A power production and supply plant;

- Atailings storage facility;

- A camp for staff

3.3.1. Water supply

During the four months of rainy season, rainwater will be captured and stored in the water storage
facility located at the east of the processing plant site in an adjacent valley. Water will be pumped from
the facility and transported to the plant site.

The amount of water collected during this period will be sufficient to ensure water supply for the
project throughout the year.

The Water Storage Facility is located approximately 2.5km North East of the processing plant. It is
located in an adjacent valley, utilizing favourable natural topography for storage of water. The material

17



required to build the storage dam will be recovered from within the basement so as to reduce the
footprint of impact on the project area. A pumping system at the Water Storage Facility is used to
transfer water back to the Processing Plant. The pipe runs alongside the access road between the
water storage facility and the processing plant.

Roxgold understands the sensitivity around water and its value in the community. In the event, later in
the mines life when the project possibly exhibits a positive water balance, Roxgold would look to make
available to the local community, some of this excess water. This would need to be done in a very
controlled and considered way in consultation with the community to ensure that expectations are met
and safety of the community is maintained.

Indeed, this facility should have a capacity of about 3.2 million cubic meters at full height to meet the
operational requirements of the mine while taking into account the high rate of evaporation during dry
season.

To achieve this storage capacity, the final embankment to build will be approximately 500 m long, its
height shall be at the highest point of 14 m and this will require 120,000 m3 of backfill material. (See
Figure 5) The material needed to create this backfilling would come from the basin of the installation
as well as the quarry for restoration of artisanal activities.

18
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Figure 5: Raw Water Reservoir Implementation Plan




It is planned that the community has controlled access to this system where practical and possible for
watering the animals and certain controlled agricultural applications.

Water from the reservoir will be treated by a station of “reverse osmosis” type and stored in a tank to
obtain and provide drinking water to the camp and the general use on the site.

The return water from clarification from the tailings storage facility will be pumped to the process water
pond in the plant site, so that the values of the residual reactants are retained in the process.
Precautions will be taken so that there is no mixing or dilution of the liquid flows with the Water

Storage Facility.

A drainage system will be constructed to serve the plant buildings and the camp. All wastewater will
be treated before the treated effluent is pumped to the tailings storage facility.
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3.3.2 Tailings Storage Facility

The tailings storage facility will be located in an adjacent valley, south-east of the processing plant.
This facility should have a capacity of about 3 million cubic meters; which will provide for the
operational needs of the mine and take into account the heavy rain falls during the rainy season. The



facility will be fenced to prevent livestock from entering the site and it will be designed and constructed
in accordance with ANCOLD standards.

To achieve this storage capacity, the final embankment to be built will have an approximate length of
800 m, a height of 18 m and it shall require 230,000 m3 of backfill material (see Figure 6)

Levels of contaminants from discharged sludge shall comply with the laws of Burkina Faso for levels
of Weak Acid Dissociable (WAD) and levels of free cyanide in tailings ponds.

The material needed for its backfilling will come from the basin of the facility and the artisanal activities
restoration quarry.

Roxgold intends to develop the base of the Tailings Storage Facility with a compacted clay liner.
However, in the case of both the Water Storage facility and the Tailings Storage Facility, there will be
further engineering and impact studies performed as part of the ESIA, beyond what is presented here
in this Terms of Reference document.

21



DIGUE DE RESIDUS

i

“— 320nn FEVETEMENT DU SOL DE FASILE PERMEASLITE

53000 ALMUVY

Figure 7: Plan d'implantation du remblai de la digue de résidus




3.3.3 Electricity supply

The Yaramoko mining project (mine, plant and camp facilities) will be powered by a diesel plant on the
site of the processing plant. The total charge under normal condition is estimated at 3.0 MW
distributed as follows: 1.50 MW for the processing plant and the other surface facilities, and 1.50 MW
for underground mining operations.

To meet different requirements, especially for servicing and maintenance and taking into account
possible failures, it has been estimated that the power station should be equipped with 6 diesel
engines of 835 kW each, of which four will operate continuously while two will be a reserve supply.
This gives an installed capacity of 5 MW, with an annual electricity production estimated at 24,000
MW,

Fuel storage facilities contributing to ensure three months of operation will be implemented on site.
Similarly, it is expected that about 6.0 million liters of diesel fuel would be required per year for the
operation of the power plant.

In the case of the Fuel Storage facility, there will be further engineering and impact studies performed
as part of the ESIA, beyond what is presented here in this Terms of Reference document.

3.3.4. Camp Accommodation

Roxgold plans to accommodate about 300 people to maintain and manage the project. The
accommodation facilities to meet the needs of these employees include the following main
components: kitchen with dining area and dining room for 300 people; separate bedrooms; dormitories
for men; two laundry rooms (laundries); recreation center / sports hall; sports field; secure building.

3.3.5. Other infrastructures

With regards the national road network nomenclature, the extended project area is squared by
national roads, regional roads, county roads and more or less developed rural tracks. Most of these
tracks are non-inventoried.

Apart from the above mentioned infrastructure, the project will require the construction of roads and
access pathways, and a heliport, etc.

Overall, the implementation of the above-mentioned infrastructure will affect the biophysical and
human environment elements, namely, vegetation, wildlife habitat, agricultural farms, soil and
landscape.

To reduce the negative impacts associated with the construction of infrastructure, the Promoter shall
ensure the optimization of different parameters. Indeed, it will consist to avoid as far as possible, the
most sensitive environmental locations among which there are sacred places, cultural sites, etc.

The main buildings and infrastructure of the mine will be located within a secure fence adjacent to the
high security fence of the treatment plant. A security company will be locally hired for this purpose; this
company will cope with the management of security and access to the pithead of the mine will be
conditioned by the wearing of a badge issued by the Administration of the mine.

3.3.6 Description of Project Economics

Given the high gold grade of the deposit, the Yaramoko project is therefore very small in physical size
and impact on the ground. Roxgold are very pleased by this not only due to the reduced impact on our
environment, but the effect these factors have on the project economics. Because of the small
footprint and size of the facilities, the project will be built with a very modest and manageable Capital
cost.



Also, given the high grade and simplicity of operations, Yaramoko is likely to be a profitable mine
producing surpluses at a variety of gold prices. These economics will be finalized in a study and
included in the ESIA for consideration in context of the broader project. Aspects such as capital cost,
operating cost, profit margin, NPV, IRR as well as an estimate of expenditures in Burkina Faso will be
included in the report.

3.3.7 Potential Project Impacts
Though not exhaustive, the following list of potential impacts that are likely to be associated with this
project:

- Impact on air quality (dust, fumes, various gases, etc.);

- Impact on the quality of groundwater and surface water;

- Impact on aquatic ecosystems ;

- Impact on soil and landscape (turbidity and changes in the landscape );

- Impact on people (loss of arable land, loss of income, loss of timber and property, cultural
impacts, population growth, pressure on real estate and the basic social infrastructure,
conflicts between communities and so on, etc);

- Economic impacts (job creation , provision of community infrastructure, economic growth in
the project area, benefits for the state, improving the status of women etc);

- Various Risks (traffic accidents, collision, industrial hazards, hazardous spills, pollution of all
kinds).

Within the ESIA Report, the Promoter details measures of mitigation, compensation, benefit
enhancement and risk management to address these potential impacts.

Roxgold acknowledges that the issue of compensation for loss of arable land is an important and
sensitive one. Roxgold therefore intends to address this particular impact in the ESIA in accordance
with international best practice as well as taking guidance from successfully executed compensation
exercises in the region.

IV. EXPECTED SERVICES FROM THE CONSULTANT

These terms of reference are required by legislation, in order to obtain environmental approval to
conduct an Environmental and Social Impact Assessment (ESIA) of the Yaramoko gold mining
Project, according to the regulations in force in Burkina Faso while taking into account the standards
of the International Finance Corporation (IFC), the Equator Principles, the UN Global Compact,
Principles of International Council on Mining and Metals.

4.1. METHODOLOGICAL APPROACH

The ESIA implemented is intended to be comprehensive, complete and in accordance with national
regulations and international standards. The methodology focused mainly on the following aspects:

- Literature review and mapping

This task will be done based on the information available (previous studies and reports on the project
area, base maps, etc.). It helped to understand the administrative and customary organization, to
better know potential problems related to the use and/or management of natural resources in the
project area, etc. This also applies to all the biophysical and social baseline studies which will have a
literature review component whereas this only seems to apply to the community/social aspect.

- Informing administrative and customary authorities of the project
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Contacts have been established with the main administrative and customary authorities in the
departments concerned by the project in order to:

- Present the project so as to have their eventual adherence during its implementation. Their
issues and concerns need to be gathered to ensure that they are addressed by the project;

- Collect in situ data available on the environment physical state and the socio-economic
situation of villages in the project area, as well as any other relevant information necessary
for the conduct of the study.

- On-site Data Collection

This has been done through exchanges during village meetings, semi-structured interviews, and
individual interviews with resource persons (heads of concessions, Councilors, Chiefs of land...) of the
area and through observations and/or direct measurements.

The information collected and measurements in situ in the framework of the study must have a
guantitative and qualitative character and their collection have been done by adopting the key
measurement tools and devices adapted and tested in relation to the mining sector.

This aspect also applies to biophysical data collection (e.g. water, soils, biodiversity etc.)

- Preparation of various reports and graphics

The Consultant will produce at the end of their investigation the essential graphic documents as well
as a report according to the standard plan specified in Decree 2001-342PRES/PM/MEE on the scope,
content and procedure of the environmental impact study and statement (physical and electronic
versions on CD)

4.2. CONTENT OF THE ESIA REPORT

The preparation of the ESIA report has been made according to the instructions contained in the
Standard Plan for writing (see Decree No. 2001-342 of 17 July 2001 and particularly article 7) taking
into account the major innovations occurred in the meantime as well as new paradigms in the area.
Without being exhaustive, the constituent parts of the ESIA report include:

- Non-technical summary

- Legislation, legal and institutional framework including permitting requirements;
- Description of the project;

- Baseline description of the physical, biological and human environment;

- Analysis of project impacts on different areas of the environment (physical, biological and
human environment);

- Analysis of project alternatives;

- Mitigation and impact reduction measures;

- Environmental and social management Plan(s);
- Procedures for public consultation;

- Conclusion.

4.2.1. Legislation, legal, political and institutional aspects

This section addressed in detail the national reference political, legal, regulatory and institutional
framework of the study (including international conventions to which Burkina Faso is a party) as well
as the performance standards of the International Finance Corporation (IFC) regarding management
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of the project's environmental impact, the principles of social and environmental performance of
international donors.

4.2.2. Presentation of the project Promoter

In this section the consultant has briefly described the context in which the project will be
implemented, making a presentation of the project promoter along with experiences accumulated in
the mining sector:

- General information on the promoter;

- Experience of the promoter in the mining sector;
- Availability of the promoter’s investment plan;

- Availability of an environmental policy

- ldentification of the promoter;

- Brief presentation of the Consultancy responsible for the implementation of ESIAs.

4.2.3. Rationale of the project

In this section, the Consultant highlighted information on the following key points:
- Objectives of the project;

- Background of the project

- Variants;

Through this section, the Consultant highlighted:

- The problems and/or needs that motivate the implementation of the project;
- The choice of the site;

- Constraints and/or requirements related to mining;

- Major issues and concerns compared to other similar projects.

This section helped to identify the project’s environmental, socioeconomic and technical stakes at
different scales: local, regional, national or international eventually.

4.2.4. Description of the project

On the basis of maps and other graphic documents available, the Consultant provided information on
the following points:

- Location of the site;

- Overall plan of the project (mining waste basin, retention basin, etc.);
- Size and capacity of the project;

- Staff needed for the implementation of the project;

- Facilities, infrastructure and services;

- Mining, servicing and/or maintenance activities; offsite Investment (access roads, reservoirs or
water pipes, supply in electricity, telephone, airport, etc.).

- Lifespan of the project;
- Types of production, existence of by-products;
- Description of production factors: raw materials used, energy, etc.;

- Indication of the progress of the work program (expected date of commencement and completion
of work, duration of the different phases, etc.
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- Description of techniques and/or methods for ore extraction and processing;
- Hydraulic balance and water supply;

- Types of non-mining waste produced;

- Manpower and related training program;

- Total cost of the project.

In sum, the description facilitated the identification and analysis of impacts. In other words, it has
been done in relation to the activities that are likely to interact with the human and biophysical
components at different stages of the project. The Consultant made the information collected
understandable.

4.2.5. Definition of the perimeter or the study area

The Consultant determined the boundaries of the study area and indicated whether the EIA should
consider adjacent or distant areas. The study highlighted the different parts of the territory that may
be affected by project-related activities (roads, supply of consumables and other borrow materials,

etc.).

Besides, the Consultant found it necessary to describe several areas of study, which can facilitate the
study and description of environmental components using the appropriate level of perception as
appropriate.

The study area provided accurate information with respect to: (i) management of water resources,
borrow material, health and safety, (ii) identification and involvement of relevant departments
concerned by the problem, (iii) the accurate location of resources likely to be a cause of conflict.

4.2.6. Description of the initial state and its environment

4.2.6.1. Identification of components of the environment

Here, the Consultant conducted an analysis of the initial state of the environment (physical, biological
and socio-economic environment) in the specific area of work; in order to have a thorough
understanding of the components of the environment before implementing the project.

The map data have been supplemented by field trips to supplement and/or update information
previously collected. To do so, various collection and inventory techniques have been used. The
baseline state will concern the following aspects and parameters:

- Climate/atmosphere: rainfall, wind direction, humidity, temperature, weather conditions,
regeneration, microclimate, evapotranspiration, etc. The study of the air quality is based on a
series of measurements of dust and pollutants. Measurements are made on a daily basis during
the rainy season and dry season in different places deemed relevant by the Consultant. The
sampling site is located in order to be able to monitor air quality between the mine infrastructure
and potential sensitive receptors and changes to the baseline conditions. The results of this
campaign helped to establish charts on the daily evolution of dust concentration and monthly
averages for different seasons and conduct comparisons with national and international standards
of air quality.

- Noise: the Consultant found it necessary to conduct a series of measurements of noise over a
period of at least four to six months to determine noise levels in the project area. Different
measurement points are chosen in a way to cover all sensitive areas (and potentially sensitive
receptors) likely to be affected by the project development activities. The Consultant proposed a
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protocol to measure the ambient noise (measurement time, measurement area, and measurement
periods) that have been discussed with the client.

- Water: Groundwater (quantity, quality, etc.); piezometry, speed and direction of flow; surface
water (watercourses and water bodies existing in the project area (quality, natural state,
floodplain, infiltration, etc.). To this end, the Consultant found it necessary to:

Conduct a campaign for monitoring surface water (flow, physical and chemical
characteristics of the various streams in the project area.) This campaign has been
conducted in the rainy season and dry season

Conduct a campaign for monitoring groundwater (flow and chemical characteristics of the
aquifers in the project area.) This campaign has been conducted in the rainy season and
dry season. Several bores have been developed on the project site for this purpose;

Develop a map of the current state of surface water resources centered on the project
area and its surroundings;

Propose relevant sites for the implementation of piezometers (site of the processing unit,
park for residues, waste rock piles, etc.) that have been the object of monitoring for the
follow-up of characteristics (level and quality) of groundwater ;

Ensure monitoring of hydraulic structures (boreholes, traditional wells, large diameter
wells) in the villages of the project area;

Develop a map of the sampling points of surface water and groundwater;

Identify and characterize existing current users of water (surface water and groundwater)
in and around the study area to determine their respective vulnerability to changes in the
availability of quality and quantity of water, including health risks;

Identify and describe ecosystems dependent on water in the study area, in collaboration
with the ecology and biodiversity component.

A permit for the construction of the raw water reservoir should be obtained from the
Ministry of Water as part of the ESIA.

The following tasks have been conducted for the study of soils and land use:

- Soils: description of different types of soils with their features and properties; land use (crops and
land tenure, etc.).

A study of the morphological characteristics of soils with a morphological map of soils
centered on the project area with recommendations on whether topsoil needs to be
stockpiled separately for future rehabilitation purposes;

A study of the chemical characteristics of soils;

An assessment of land particularly the soil suitability for cultivation accompanied by a map
showing their crop suitability;

Recoding of geographical coordinates of soil pits made;

A study of land use.

- Fauna and flora: description of the present vegetation and flora; description of wildlife and their
habitat, this section will be supplemented by the following aspects:

A more detailed description of the various features of vegetation to establish the
environmental value of the various configurations;

Identification of resource persons in the project area and its surroundings (traditional
healers and female traditional health practitioners, pastoralists, herbalists, local farmers)
to conduct an ethno-botanical study that helps to establish the social value (medicinal,
food, artisanal use, etc. by local communities) of different plant and animal species. In this
register, the Consultant developed a list of economic activities that could be affected by
the project;

A study of aquatic ecosystems;
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A description of any sensitive areas, species, and ecosystems has been done including
protected areas and communal forests etc.

Development of a vegetation map and sensitivity map indicating the location of sensitive sites
(species, natural features, ecosystems ) centered on the project area

Analyze the current state of natural resources in the project area (management, degradation).

Landscape: landscape description indicating the morphology, dominant elements, guidelines,
visual conditions, ecological specificities importance of the area, etc.

Man and habitat:

The Social Baseline Study provided national, regional and local contextual information on the
social setting of the Project. Data collected includes:

Demography;

Local history;

Administrative divisions and local government;
Land tenure;

Livelihoods;

Natural resource use - agriculture and forestry, aquaculture, fish farming, soil extraction,
sliding, town-planning, industry and services, leisure, recreation, tourism, other forms of
use;

Artisanal mining :

Local skills;

In-country supply chains of goods and services potentially required for the project;
Public and social services;

Education;

Development programs in the area;

Local community initiatives ;

Local perception of current and future livelihoods;

Local cultural practices and ;

Local perceptions of the project.

Health: the implementation of the project will be a potential source of difficulties related to safety,
public health, including HIV/AIDS. A specific and more detailed study on health has been
conducted. It helped to:

Examine comprehensively the current health issues (diseases, infrastructure, personnel,
availability of medicines in the project area);

Investigate specific health problems on gold panning sites in the project area;

Identify potential public health and safety risks to which neighboring communities will likely
be exposed with the project implementation;

Identify the major language (s) of communication of riparian communities in order to better
develop the communication strategy for awareness campaigns;

Consider if the means is best suited for the awareness campaign and propose a
preliminary plan for community health.

Socio-cultural heritage:
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e Elements or groups and species to be preserved
e Historical forms of land use;

e Map of sensitive sites discovered in the vicinity of the project including an inventory of
cultural heritage: archaeological, ethnographic riches, etc. ;

e Anunderstanding of any permits required for their potential disturbance

- Local and regional infrastructure: health, water, education, transport and communication facilities,
etc. ;

- Other stakeholders in the project area: NGOs, development projects, etc.

Linkages between the different sector-based/specialist studies have been established by the
Consultant.

4.2.6.2. Definition and analysis of alternatives

The aim here was to analyze reasonable alternatives (including the no project option) for the proposed
project site, technology, design and the processing process in terms of potential impacts on the
environment and their relevance to local conditions.

4.2.6.2.1. Description of alternatives

The Consultant presented the different solutions and options including location on map and
appropriate technology.

Brief description of each variant helped to identify processes and activities likely to affect the
environment.

4.2.6.2.2. Comparative Analysis of variants

The Consultant primarily defined technical, economic, and environmental criteria. Subsequently,
these criteria formed the basis for discrimination of variants. At the environmental level, the major
advantages and disadvantages as well as the most worrying temporary disadvantages served as
points of comparison. Ultimately, the Consultant established the comparative balance of variants,
which helped to retain the most optimal.

4.2.6.3. Justification for the choice of the variant selected

The comparative analysis indicated the basic differences between variants in terms of environmental
impacts, technical difficulties, cost and financing. The variant selected was not only the one that
meets the project objectives but it is also acceptable at the environmental, technical, economic and
social levels.

4.2.7. Identification and analysis of potential impacts of the project

The ESIA helped to further the identification and assessment of impacts at different phases of project
implementation in order to provide detailed, reliable and objective data and information on the
potential impacts of the project on physical, biological and human environments : Evaluation of
potential positive and negative impacts of the project in quantitative terms if possible, proposals for
mitigation, compensation and enhancement measures and the identification of any residual negative
impacts that cannot be mitigated. This part may, if appropriate, consider cumulative impacts.
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4.2.7.1. Identification of impacts

Identification of all environmental impacts has been conducted. The project's potential environmental
effects have been highlighted; a suitable scale map indicated clearly: the limits of the excavations;
buildings and roads; location of mining production units, etc.

This analysis covered the different phases of project implementation: exploration, mining and closure.
It focused on the components of the environment and the following non-exhaustive significant
impacts:

- Climate/atmosphere ;

- Natural landscape ;

- Fauna and flora ;

- Soils;

- Water Resources and Hydrology;

- Man and their housing;

- Social, cultural and socio-economic conditions
- Cultural heritage and other monuments;
- Safety and technology accident risk;

- Waste production;

- Residual impacts after closure;

- Development induced (for example, traffic)

In summary, the Consultant gave an indication of the potential impacts induced by the project, as well
as the method of compensation for the affected farms (farmers and landowners).

The context and approach adopted by BEGE and ROXGOLD made it possible to gain the support of
local traditional land owners to move on from the critical project areas peacefully and in a timely
manner.

4.2.7.2. Impacts Analysis

The Consultant identified the impacts that have been classified according to the environmental
elements affected and analyzed taking into account their nature (positive, negative), their duration
(short, medium or long-term; temporary, lasting or permanent) their character (direct or indirect) their
intensity (negligible, low, medium and high) their scale (local, regional).

The identification and assessment of impacts have been conducted at different phases of the project.
For this purpose, the tools and methodology used by the Consultant have been described.

In total, implementation of the ESIA helped to make available to stakeholders in the project, a set of
data sufficiently reliable and objective on the positive and negative impacts caused by the project on
different environments.

4.2.8. Measures for mitigation, compensation and enhancement of the impacts on the
environment

The measures are divided into two major groups: general and specific measures.

General measures apply to components of the gold mining project as well as to all activities.
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Specific measures relate only to certain aspects of the activities or components, such as destruction
of vegetation, expropriation of landowners, efficient management of waste generated by the mine,
etc.

Here, the Consultant proposed concrete measures for mitigation, compensation and
enhancement/capacity building.

4.2.9. Site rehabilitation and closure plan

The Consultant proposed a preliminary/conceptual plan for operational restoration and rehabilitation
for the rehabilitation of the mine site. This plan must be applied before the actual extraction and it
covers the period of mine closure. In addition, it describes the main activities of rehabilitation and
closure and the various components of the mine, and estimates the costs of rehabilitation and
closure.

4.2.10. Environmental and social management plan

In this section, the Consultant describes the process for controlling the environmental protection
measures recommended. To this end, the Consultant developed a detailed plan for monitoring the
effective implementation of the above-mentioned measures and effects of the project during its
lifetime. This plan includes two distinct components: mitigation measures and their costs; monitoring
and oversight program.

Elements included within that Environment and Social Management plan (ESMP) are elements of the
following sub-plans:

e Social management plan ;
e Stakeholders’ Engagement Plan

e Community development Plan

4.2.10.1. Mitigation measures and their costs

The aim here consisted to further consider all the measures recommended in the study by assigning
them a cost and indicating those responsible for their implementation (Ministry of the Environment and
Sustainable Development, Ministries in charge of mines, health, agriculture and water, territorial
administration; promoters, NGOs, associations, etc.).

Thus, the following elements have been considered in detail:

- Atmosphere/Emissions: noise, dust and gas emissions;

- Water management: surface and ground water supply (hydraulic structures) water quality;
- Soil management: project site preparation activities, erosion/sedimentation;

- Management of ecosystems: terrestrial, aquatic, ecological sustainability.

4.2.10.2. Environmental Monitoring and Oversight Program

This program includes environmental monitoring and environmental oversight and related indicators.

4.2.10.2.1. Environmental Monitoring

Environmental monitoring will consist of observing the evolution of the relevant components of
different environments (biological, physical, and human) affected by the project implementation.

The monitoring program should take into account at least the following aspects:

- ldentification of actions and components to be subject to monitoring;
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- Description of activities and resources provided for monitoring;

- Means provided to control negative impacts identified ;

- The timing chart for the implementation of the monitoring (period, frequency, those responsible).

The Consultant provided an estimate of the cost of the monitoring and oversight program
implementation (see Table 2 below).

Table 2: Analysis of the monitoring program

Activities

Measures

Costs of
measures

People
responsible

Implementation
periods

Station for monitoring climate
parameters

Monitoring of air quality

Monitoring of surface water
quality

Monitoring of groundwater
quality

Communication and social
monitoring

Monitoring the mine
rehabilitation plan

Monitoring of resettlement
measures if appropriate

Capacity building for
communities

4.2.10.2.2. Environmental Oversight

The environmental oversight describes the means and mechanisms used to ensure compliance with
legal and environmental requirements in force. The oversight program includes at least:

- The list of legal and regulatory obligations and requirements related to consideration of the
environment in the project implementation;

- Description of the means provided for the proper functioning of equipment and facilities and

measures in case of occurrence of problems;

- The timing for the implementation of mitigation measures;

- Mechanisms and frequency of submission of periodic reports on the results of oversight programs

to the competent authorities.

The oversight program is accompanied by the cost of the measures (see Table 3 below)

Table 3: Environmental Oversight Program

Activities

Measures

Costs of
measures

People
Responsible

Implementation
periods
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Environmental inspection

Routine monitoring

Environmental audit

4.2.10.2 3. Indicators of environmental monitoring and oversight

The Consultant has taken into account the following key elements in the environmental monitoring and
oversight:

- Water quality ;

- Air quality ;

- Level of noise ;

- Soil and vegetation; their degradation levels;

- Status of evolution: plant cover, wildlife habitats, landscape, respiratory diseases and
STI/AIDS;

- Conditions and livelihoods of communities.

In summary, the ESMP includes the following key points:
- Areminder of the EIA conclusions;
- Summary tables of impacts and their evaluation;
- Areminder of mitigation, compensation, enhancement and support measures;
- Summary tables of measures;
- Public inquiries on the implementation of the ESIA,;
- Non-mining waste management;
- Aspects related to safety and hygiene at work;
- Emergency response plan;

- The environmental monitoring and oversight program specifying the levels of responsibility
and monitoring indicators and their frequency;

- Responsibilities and institutional arrangements for implementation;

- The costs of measures and monitoring and oversight program.

4.2.11. Communication and public information, public inquiry

4.2.11.1. Communication and public information

The Consultant has taken the necessary measures for the broadest possible information to reach and
inform project stakeholders so that they can objectively give their opinion and concerns related to the
project and the technical choices made.

4.2.11.2. Public Inquiry

A public inquiry shall be conducted as part of the ESIA. It is initiated by the Ministry in charge of
environment in order to gather favorable opinions and counter-proposals from the different
stakeholders of the project. The support of the Consultant will be needed during the inquiry. The
Sponsor will contribute to the practical organization of this inquiry.

34




V. PREPARATION OF DOCUMENTS AND REPORTS

At the end of the study, the following documents must be prepared and submitted by the Consultant:
Thematic maps, ESIA Report accompanied by the Executive Summary;

5.1. THEMATIC MAPS

Without limitation, the graphic documents (plans and maps) listed below have been prepared and
attached to the report at the end of the study:

- Map of soils;

- Map of the vegetation and sensitive areas (location of species, habitats and ecosystems) ;
- Map of the hydrographic network;

- Map of the socio-economic infrastructure;

- Map of localities, land patterns and location of sacred places and archaeological and cultural
heritage sites;

- Plan of the mine site mass: including location plan of the various buildings and facilities:
administrative, production, sanitation and hygiene, servicing and maintenance, support facilities
for production, lines of communication, power lines and water pipes, etc.

- Location map of the mining pits;
- Etc.

5.2. DOCUMENTS AND REPORTS

The Consultant shall provide draft reports in one (1) copy on paper form and one (1) copy in electronic
format; and then final reports in one (1) copy in paper form and one copy in electronic format, which
take into account the comments and observations from relevant departments of the Ministry of
Environment and Sustainable Development as well as those from the sponsor.

5.2.1. References

The references of all written, published or unpublished documents, used in the study have been given
at the end of the report.

5.2.2. APPENDICES

They include, among others:

- Minutes of public consultation meetings (administration, communities, resource persons,
institutions) including the attendance list. This register shall specify any other means of
consultations (e.g. surveys) that were used to obtain the views of affected persons or groups;

- Tables presenting the relevant data referred to or summarized in the main text;
- Plan of stakeholder engagement/public inquiry and publication plan;

- The action plan that (i) describes the activities required for the implementation of the various
mitigation/compensation measures or corrective actions to be undertaken, (ii) prioritizes these
actions, (iii) includes the time for their implementation work, and (iv) describes the
communication schedules with affected communities where a publication or consultation is
planned;

- Any other document deemed relevant.

V1. COMPOSITION OF THE CONSULTANT’S TEAM AND DURATION OF THE MISSION
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6.1. CONSULTANT’S TEAM

For the conduct of this mission, the consultant’s team consisted of the following personnel:

- One (01) Environmentalist-Head of Mission;
- One (01) Agronomist-soil specialist;

- One (01) hydro-climatologist;

- One (01) hydro-geologist;

- One (01) forester;

- One (01) GIS Specialist;

- One (01) Specialist in sanitary engineering;

- One (01) Specialist in industrial and environmental risks;
- One (01) Socio-anthropologist/Archaeologist;
- One (01) Sociologist ;

- One (01) Specialist in road traffic;

- One (01) Lawyer/Jurist;

- One (01) Specialist in rural land tenure;

- Six (06) Surveyors

Each of these experts have a cumulative minimum of 15 years’ experience in their fields of expertise.

6.2. DURATION OF THE MISSION

The duration of the mission is estimated at six months, including the filing of the draft report (two
months) and implementation of the monitoring (measurements to be made).

VII. EQUIPMENT TO PROVIDE FOR THE MONITORING

The Consultant shall document the following elements:

1)E-samplers (PMio_and PM,s monitors) and solar panels

N\
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The E-SAMPLER is a light-scatter aerosol monitor. The E-sampler provides accurate, dependable and
relevant data for ambient air monitoring. There are two E-samplers installed at Roxgold mine camp,
one monitoring PM1o and the other PMzs.

Data is recorded on an hourly basis and downloaded once a month. Each E-sampler has two solar
panels and one battery installed to provide a continuous supply of power to the E-sampler.

2) Weather Station

The weather station installed at the Roxgold mine camp is the Vantage Pro2 weather station series.
The weather station measures barometric pressure, temperature, humidity, rainfall, wind speed and
direction, UV/solar. The weather has been calibrated and records data on an hourly basis. The
weather station has been set up on top on the mine office and the console has been installed in the
mine so that continuous readings can be recorded. Data will be downloaded once a month by a
trained technician from Roxgold

3) Dust fallout and gas monitors

Gas monitors

Dust fallout monitor

There are eight dust monitors installed within the Roxgold mine concession consist of a stand, bucket
holder, clamp, pin, lock and bucket. The bucket is filled with water and sodium hypochlorite is added
as an algaecide. The bucket is changed every month and sent to the lab for analysis.
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The Radiello passive sampling method does not involve the pumping of any air, as gases adsorb onto
material contained in a collection cartridge which is located behind a diffusive barrier. Gas sampling
will be done on a monthly basis at 6 sites for the first four months, and thereafter on a quarterly basis
at four sites.

Noise

It is also planned to undertake noise measurements for the period under review to determine noise
levels in the project area. Once on the ground, three measurement points will be carefully chosen to
cover all sensitive areas likely to be affected by the implementation activities of the project. The
proposed equipment is as follows: SL4022 — High Accuracy Sound level Meter | Class 1

Water Resources

For water resources, the mission will:

- Measure the flow and water levels on the main river and two of its tributaries over the period under
review.

- Follow the groundwater piezometric level by installing piezometers.

The mission proposes the installation of 10 piezometers distributed in strategic areas and taking into
account the type of aquifer.

1) Staff gauges: REF: OTT: 3 staff gauges are desired for this mission. For the Yaramoko 2x1m
that is a total of 4 staff gauges of 1 m

Staff gauges in enameled steel sheet
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The mission envisages two readings per arm and per day: 6:00 am and 6:00 pm and improvised
readings in case of floods/decline.

2) Universal Reel : REF : C31 OTT : Desired number 1

The mission envisages a reading per day and per arm. While waiting to assess the real depths on the
ground, we maintain suspension on the pole.

3) Dip Meter

39


http://www.ottfrance.com/web/ott_fr.nsf/id/pa_echelles_fr.html
http://www.ottfrance.com/web/ott_fr.nsf/id/pa_c31moulinet_fr.html

The standard dip meter is a lightweight water level measuring instrument, designed for routine
groundwater monitoring. The dip meter is 100m in length with a light indicator and polyethylene tape.

Disposable bailers are a type of grab sampler used in ground water monitoring wells to retrieve a
water samples from below the ground surface. Disposable bailers consist of a hollow tube with a
check valve at the bottom and a handle at the top. To retrieve a water sample from a well, a tether
cord is attached to the handle at the top of the disposable bailer and the bailer is lowered into the well
where it contacts the groundwater. The weight of the disposable bailers causes them to sink into the
fluid. Hydrostatic pressure of the fluid pushes up on the check valve (usually a ball check) causing the
valve to open and water to flow into the tube. Water entering a disposable bailer will seek its own level
so that a partially submerged bailer will be partially full and a fully submerged bailer will be full. When
the disposable bailer has filled to its submerged level the valve closes, preventing water from
escaping. There are 24 disposable polyethylene bailers on-site.
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APPENDIX 2

ROXGOLD LOCAL RECRUITMENT AND CONTENT POLICY




Roxgold’s local recruitment and content policy forms part of the company’s overall human resources policy,
adhering to Burkina Faso national labour laws and ILO core standards. Roxgold believes that respecting and
working collaboratively with our host communities is key to our success as a company and as good
neighbours. In striving for a legacy of long-lasting social and economic growth for the communities in which
we operate, the company recognizes that the utilization of local labour and materials has great potential to
bring mutual benefits. Roxgold supports local recruitment as a means to directly boost the local economy
and to provide capacity building to enhance long-term sustainable development of social and human
capital for Burkina Faso, and more particularly for the local area around the Yaramoko Gold Project.
Further, we see this is a foundational principle in fostering community involvement and relationship-
building.

Roxgold is determined to encourage the development of a motivated, competent and productive workforce
with a strong proportion of Burkinabe citizens, especially those hailing from the Yaramoko Gold Project
zone of influence. To this end, the following principles will guide Roxgold’s recruitment during the
development and operations of the Yaramoko Gold Project in Burkina Faso:

e Roxgold will ensure equal employment opportunities are offered to all Burkinabe nationals, without
discrimination based on gender, ethnicity or age, and will seek to involve locally identified vulnerable
people/groups;

e Roxgold will favour locally-hired unskilled labour over those outside the region, as well as seeking to
emphasize locally available materials and equipment that meet company needs, holding its consultants and
contractors to the same standard whenever possible;

e  For all unskilled labour, Roxgold’s local hiring targets are as follows:

o 80% immediate vicinity of the mine
o 10% regional
o 10% national

e Through a Local Hiring Committee, coordinated by the host communities, we will work closely with local
authorities and other local stakeholders to pinpoint locally available personnel (either skilled or unskilled,
depending on company needs vis-a-vis available local skills) and strive to spread the benefits of direct and
indirect employment as broadly as possible in the local area;

e In collaboration with staff and contractors, the company will seek to provide relevant training and education
programs to local employees to develop capacities, delivered by a mixture of action learning (on-the-job
structured training) and formal training courses, held both on site and externally;

This recruiting policy will be reviewed and evolve accordingly with time through development and
operational phases.
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Executive Summary

Introduction

SRK Consulting (UK) Limited (SRK) on behalf of Roxgold Incorporated (Roxgold) has
undertaken a geochemical assessment of the Acid Rock Drainage and Metal Leaching
potential (ARDML) of waste material from the Yaramoko project, Burkina Faso. The
study was undertaken as part of a feasibility study examining the economic viability of a
future underground mine and onsite concentrator. This report presents the approach
taken, the main findings and draws conclusions on the potential for ARDML generation
from waste rock.

Methods

In order to assess the potential for ARDML associated with the Yaramoko project SRK
carried on a characterization program of the potential waste rock from the mine site. In
order to complete this assessment a review of the site geology was undertaken and the
primary material types likely to be encountered on site delineated. Then potential waste
rock samples representative of the wall rock were collected and static laboratory testing
was performed in Maxxam Laboratories (Canada) on those samples.

Mine waste is typically classified and tested according to material type and the number
of samples selected for geochemical testing is based on the relative percentage of each
material type predicted to be mined from the geologic model. The term ‘material type’
typically denotes a unique combination of rock type, alteration type and oxidation state,
referring to the basic lithological description of the rock. Based on the observed
variations in primary lithology, alteration and oxidation, a total of three material types
were identified for the Yaramoko site, Granitoid (GD), Mafic Volcanic (MV) and Quartz
Vein Zone (QV).

To characterize the potential waste rock samples a series of short term (‘static’)
geochemical tests were undertaken to allow the preliminary assessment of the acid rock
drainage and metal leaching (ARDML) characteristics. While wastes were expected to
have low acid rock drainage (ARD) potential an appropriate assessment was undertaken
to confirm this.

For the purposes of the geochemical assessment, 28 samples representative of the
different lithologies were collected (14 from GD, 12 from MV and 2 from QV)
representing the wall rock. The following tests were undertaken on the samples:

e Mineralogical Assessment — assessment of the potential mineralogical controls on acid
generation and metal(loid) release using optical microscopy and X-Ray spectroscopy;

e Acid Base Accounting (ABA) — with siderite correction, analysis of potentially acid
generating sulphur species and acid neutralizing carbonate species. Simple mass
balance provides an estimate of the sample acidity generation potential;



e Strong acid (Aqua regia) extraction of solids — strong acid dissolution of the sample and
elemental analysis by ICP-OES/ICP-MS to determine the available elemental quotient of
metals and metalloids within the sample;

¢ Deionized water leach — using the MEND SFE protocol at a liquid to solid ration of 3:1. In
the test the sample is with deionized water and the resulting leachate analyzed for
dissolved constituents. This gives an indication of the elements immediately available for
release from the sample; and

e Static Net Acid Generation (NAG) test with NAG leachate analysis — all the sulphide
present in the sample are oxidized by reaction with hydrogen peroxide. Gives an
indication of the high end estimate of the acidity potentially released by the sample
through oxidative weathering.

Waste Rock Mineralogy

All the samples were analyzed by X-Ray diffraction (XRD) and amongst the collected
potential waste rock samples ten were selected for optical and secondary electron (SEM)
microscopy. The results of these observations indicate that the samples consist mostly of
silicates (quartz, albite and clinochlore). Sulphides were found in traces amount in all
samples (0.1 to 0.2 wt%) mainly in the form of medium grained pyrite with chalcopyrite,
pyrrhotite and molybdenite present as ultra-trace. Acid neutralising minerals are present
in most samples, as both carbonates in the form of calcite and dolomite and (in the case
of the MVOL lithology) mafic and ultramafic silicates in the form of phlogopite and
actinolite.

Acid Generation Potential

The results of the ABA and NAG testwork shows that the majority of waste rock
samples collected can be classified as non-acid forming (NAF) material. Six samples are
categorized as uncertain but only one of the 28 samples collected was considered to be
Potentially Acid Forming (PAF) as determined through Acid Base Accounting (ABA)
and confirmed through NAG testing with the sample generating acidic pH leachate (pH
3). The remainder of the samples generating near-neutral (pH 7 to 7.5) to alkaline (pH 8
to 10) leachates. The NAG pH behaviour can be attributed to a generally low content of
acid generating sulphide minerals (consistently less than 0.8%) combined with high
concentration of acid neutralising carbonate minerals within the waste rock material. It
should be noted that in a number of uncertain sample cases, complete oxidation of
sulphide within the NAG tests was not realized and therefore the tests are not thought to
be fully confirmatory of ARD potential. Although these samples are not thought likely to
generate acidic leachates, it is recommended that further testing is undertaken to fully
quantify the ARD potential

In summary, the Yaramoko wall rock material potential for acid generation is considered

to be low. However, it is possible that localized generation of acid may occur in small
pockets characterized by higher sulphide material.

Metal Leaching Potential

The results of aqua regia digestion found arsenic, sulphur, selenium and gold to be
enriched in all material types with respect to the Geochemical Abundance Index (GAI)



values and silver, phosphorus, lanthanum and barium in three samples. Despite being
enriched all the values with the exception of gold were close to the analytical method
detection limit and represent the generally low content of these elements in the rock

During the deionized water leach test (carried out at a liquid to solid ratio of 3:1), no
metal(loid)s were found to be released at concentrations in excess of relevant water
quality guidelines. It can therefore be deduced that the potential for immediate (short
term) release of problematic solutes from the waste rock disposal (WRD) facility should
be minimal.

During the NAG leach extraction in which the sulphide minerals are oxidized with
hydrogen peroxide, no element were found to exceed the International Finance
Corporation (IFC) and Burkina Faso effluent discharge to surface water guidelines. Only
aluminium was found to exceed the Burkina Faso drinking water guidelines in all
lithologies. This observation is likely a reflection of the alkaline pH of the final leach
solution and the elevated solubility of aluminium under elevated pH conditions.

In the case of the Granitoid lithology, copper (0.009mg/L) and manganese (0.07 mg/L)
were found to be higher than the CCME and the Burkina Faso Drinking Water guidelines
respectively. While in the Mafic Volcanic lithology Selenium (0.0019 mg/L) and Iron
(0.14 mg/L) were found higher than the Drinking water and CCME guidelines. It must
be noted that the aqueous concentrations measured are generally low and concern the
solutions generated by the waste material prior to any geochemical effect e.g. laboratory
to field up-scaling, precipitation of secondary minerals, surface speciation, and dilution.

Potential for Water Quality Impacts

The findings of this report demonstrate that the waste rock samples from the Yaramoko
project tested by SRK have a low acid generation potential and are unlikely to release
significantly elevated concentrations of problematic elements under normal weathering
conditions. However, a low potential for leaching of elements arsenic, selenium,
antimony, copper and manganese has been indicated.



Three potential seepage sources have been identified on the Yaramoko project as
follows:

Temporary waste rock dump;

Underground workings, backfilled waste and wall rock; and
Leaching of waste rock used for construction within the mine facilities.

Potential water quality impacts resulting from these sources are given in Table i.

Table i:

Summary of Potential Water Quality Impacts at the Yaramoko Project

Source

Cause Impact Receptor

Temporary waste

Potential for low level leaching

i . Surface water and
of sulphate, selenium, antimony,

groundwater receptors

Atmospheric weathering / oxidation of
waste rock followed by subsequent

rock dump - - arsenic, copper and ; L

leaching by rainwater manganese. in receiving catchment
Underground Atmospheric weathering / oxidation of Potential for low level leaching ~ Groundwater in vicinity
workings, backfill and wall rock during mine life  of sulphate, selenium, antimony, of the 55 zone once
backfilled waste  followed by mobilisation during mine  arsenic, copper and groundwater has fully
and wall rock void flooding manganese. recovered

Waste rock used
as construction
material

Potential for low level leaching
of sulphate, selenium, antimony,
arsenic, copper and
manganese.

Surface water and
groundwater receptors
in receiving catchment

Atmospheric weathering / oxidation of
waste rock followed by subsequent
leaching by rainwater

Reco

mmendations

Prior to operation:

It is recommended that sequential NAG tests are carried out on samples with a net
neutralisation potential less than 20 kg CaCO3 eq/t. This will give a better indication of
the total leachable component and potential final leach pH of the samples;

It is recommended that conservative geochemical modelling of the source term is
performed to quantify fully the leaching potential of the waste and wall rock; and
Humidity cell testing should also be considered if conservative geochemical modelling
indicates the potential for water quality impacts downstream of the mine waste facility.

Mine operation and closure mitigation requirements:

It is recommended to locate the temporary waste rock storage facility on a low
permeability layer and collect and monitore seepage water quality prior to reuse or
discharge to the environment. This will ensure that suitable mitigation control measures
are in place in the event that low quality water is realized;

The backfilling of all waste rock to a level below the recovered water table should be
undertaken prior to, or at point of mine closure to limit the potential weathering of solutes
from these materials;

Monitoring dewatering water quality prior to discharge. Ensure that suitable mitigation
control measures are in place in the event that non-compliant water quality is realized:;
and

Monitoring of surface and ground water quality downstream from the mine site during
operation and following closure. Assessment of the water quality against a set of site
specific water quality objectives based water usage and key receptors to be agreed with
the relevant regulating authority.



3CR016.002 / U5629 — Roxgold Inc.

Report on the Geochemical Assessment of Waste Rock from the Yaramoko Gold Project, Burkina Faso Page 1

Table of Contents

1 Introduction and Terms of ReferencCe........ccccccvviiiiiiiiiiiiiiiee 5
1.1 PUIPOSE QNG SCOPE ..ccueiiiieiitiee ettt ettt ettt ekt e e sk bt e s s b b et e o aa b b et e e aab b et e e e nab e e e e anb b e e e e nbr e e e enbneeeeannee 5
1.2 Theory of Acid Rock Drainage and Metal Leaching (ARDML) ........couiiiiiiiiiiiiieieee e 6

FZ2N = ¥ Tod o | o YU [ o Yo .9
P20 R o ToF 1 (T o IO PP PPR PR 10
P O 10 1 = (O PP PUR PR 12
2.3 Geology and MINEraliZation ...........ccoooiiiiii i —————— 14

P2 N R S {=To [0 g = 1 I ©1=To] (oo | O PP PP PT O PPPPN 12
A W o Tor=| N CT=To] (oo |V PO PU PP POPPPPPPPPRP 15
2,41 MINEIAlIZATION ..ottt ettt e bbb b nree s 17
2.5 WVALET it e e e e e o e e et e e e e e n e e et e e e e e aa e e e e e e e aaaa 16
T8 R o 1Yo [ (oo T=To] (o T |V PP PP TP PP OPPRPN 18
ST o 1Yo 1 (0] (0o | O O PO U PRSP OPPPPN 18
2.8 IMINE PLAN ...ttt e e e e e a e e e e e e e e e e e 22
2.7 Previous GeochemiCal TESHNG .....ccocoeeiiiie e 21
A N R VT T (= Lo o3 S € T=To Tox 1= 0 VI3 i 21

IV =34 g o To [o] (o Yo | V2SN 25
R R 111 o o 8T 1o o PO PP OPPPRPOPPRP 25
K A S = 10 11 o] 1T PP PUPPRPPPPPRP 22

3.2.1 Delineation of Material TYPES ......ooeiiiiiieiiiiie ettt 22
3.2.2 Summary of Site Visit and SamMPliNgG ...........uuuuiuimimiiiiiii e ———————————— 26
3.3 SAMPIE PreparaliOn .......cccooiiii e ———————— 25
3.4 GEOCHEMICAl TESUNG ..o i 30
3.5 MineralogiCal ASSESSIMENL ........ccci i ——————— 27
3.6 SHALIC TESIWOIK ..ottt ettt et e e st e e s r e e e e san et e e s nr e e e e s bne e e e anreeeeaa 31
3.6.1  ACIH BASE ACCOUNTING ..eeeiitiieeiiiteie ettt ettt e ettt e e e st e e e e aab et e e e aabe e e e e aabaeeeenene 31
3.6.2 Net ACid GENEration TESHING........uieiiiiieeiiiiie ettt e et e e st e e s sbeeeeeneee 29
3.6.3  PASEE TESES .oeiiiiiiiiiitiii ettt e et e e e e et e e e s e e e s 33
3.6.4 Multi Element ANalysis Of SOlIUS ........ooiiiiiiiiiiiie e 34
3.6.5 Deionized WaLer LEACK. ... ...cooiiiiiieiiiie ettt et 35
3.6.6 Hydrogen Peroxide Leach (NAG test [eachate)........cccceeviviiieiiiiiiiiiiiee e 31
3.6.7 Guidelines Used FOr ASSESSIMENT .......ccciiiiiieiiiiie ettt 32
3.7 Quality Control / QUAIILY ASSUFAINCE.......cciiiiiiiiiiiiieaie ettt e e e e ettt e e e e e s e bbb bt e e e e e e s abbbreeeaaeeeaaans 37

A RSUITS v e e e 431



3CR016.002 / U5629 — Roxgold Inc.

Report on the Geochemical Assessment of Waste Rock from the Yaramoko Gold Project, Burkina Faso Page 2
4.1 MINEralogiCal ASSESSIMENT ... ..ciuuiiieiiit ettt e et e et et e e e b e e e s e bbe e e e e nbneeeenanee 431

4.2  Acid Generating POTENTIAL ..........uiiiiiiiiii ittt e s e annneeas a7
4.2.1 Paste pH and EC MEASUIEMENTS ........uutiiiiiiieeeitiieeeitieee e st e e sbee e e e sbee e e s sbreeeesabnneesansneeeeans 49

4.2.2 Assessment of Acid Potential and Neutralisation Potential .............ccocooeeiiiiieiiiiiee e 50

4.2.3  ACIH BASE ACCOUNTING ...vttiiiutiieeeiitiiee ettt e e ettt e e e sttt et e e e e st b e e e sabbe e e e sabbeeeeaabbeeeeanbneeeeannreeeeans 51

4.2.4 Net ACid GENeration TESHNG ....cccvvriiiieeeii i e e e s s s e e e e e e s st e e e e e e s st ar e e e e e e s e s snrenneeeees 52

4.2.5 Acid Generating Capacity SUMMAIY........cccuuuireeeeeiiiitiieereeeessssrnrreereeeesssssrnseeeeeeesssnssreseeeeeees 54

4.3 Solute Leaching POENTIAL..........cuiiiiiiiiiiiiiic e e s s e e e s e et e e e e e e s e s snnranaeeeees 56
4.3.1 MUI-EIEMENT ANAIYSIS....eeiiiiiiiiiiiiiii et s e e e e e s s e e e e e e ssnt e e e e e e e s s annrenneeeaes 58

4.3.2 Deionized Water LEACH. ........oiiiiee et 59

4.3.3  NAG LEACKNALE ... .eeeiieiieiie ettt e et e e et bt e e s bb e e e abreeaeaa 61

I O7o ] o [od [T 1S o] o K-S PP PPPPP RPN 62
5.1 ACIH GENEIALION ...ttt ettt ettt e st e e s et e e st et e e aan et e e san e e e e e rre e e e e anne e e e nnreeeeaa 62

5.2 Metal Leaching Potential ... 63

5.3 Metal Leaching PoOtential ... 63

6 RECOMMENUALIONS ..oiiiiiiiiiiiiiiii ettt et e e e e e e e e e e e e eeees 64
L A o o] g (ol @] o 1= = 1T ] o R PP OUPRPOPPPPPPPPRP 64

6.2 Mine Operation and Closure Mitigation REQUIrEMENT ...........ocuiiiiiiiiiiiiiieie e 65

A = =T =T 0 (o] =T PP PPPPPPPPPP 67
AP P EN DD X A e 68
APPENDIX B .o 71

List of Tables

Table 1: Mineral Groups According to Neutralization Potential (Sverdrup, 1990)......cccceeeeiiieeeeciieeeeeeiiee e, 8
Table 2: Core Intervals Selected for ANAIYSIS ......cciicuiiiiiiiiiiie et e e sree e e re e s e bae e s e abeeeessaseeas 28
Table 3: ABA Data INtEIPIrEIALION. .......veiie e ectee ettt ettt e e e s ee e e e etre e e e s tb e e e eeabaeeeensbaeesesbaeesanseseeesseneeennsenas 32
Table 4: Interpretation of GAl Values for Multi-Elemental ASSay Data ..........ccccveeeeeciieeeeciieeeeeireeeeeeieeeeesveens 34
Table 5: Table of Water Guidelines Used Within this StUdY.........cccccuiiiiiiiiriiiieec e 36
Table 6: Percentage of Acceptable RPDs for Duplicate SAmpIES.........ececcveeeeeiiieeeiciiee e ecieeeeeevee e e 37
Table 7: Phases Found and Their Relative Percentages in the Yaramoko Field Duplicates.............ccccceuu.ee.. 41
Table 8: Mineralogy of Waste ROCK LitNOIOQY ......cccccuiiiiiiiiiiiiiiieee ettt svee e e e e e s e abre e e e 45
Table 9: Mineralogy of Waste ROCK SAMPIES.......ccoucuiiiiiiiiiiiiiiiiee ettt e s sbee e s s e s sabee e s sabeeas 48
Table 10: Summary of Waste Rock ABA TeStWOrk RESUIES .......uuiiiiiiiiieiiiiieceriee et 47
Table 11: Summary of Waste Rock NAG TeStWOrk RESUILS ........eeeeiiiiieiiiieie ettt 49

Table 12: Summary of Multi-Element Assay Showing GAI Values for Key Parameters Relating to ARDML.. 52

Table 13: Deionized Leach Elemental Concentrations (in mg/L) Compared to WHO, IFC, CCME and Burkina
FaSO MAC GUIAEINES ...cccviiiiiiiiiiiiiite e s 53

Table 14: Hydrogen Peroxide Leach Elemental Concentrations (in mg/L) Compared to Guidelines



3CR016.002 / U5629 — Roxgold Inc.

Report on the Geochemical Assessment of Waste Rock from the Yaramoko Gold Project, Burkina Faso Page 3

Table 15: Hydrogen Peroxide Leach Elemental Release (in mg/kg) Compared to the Whole Rock

Concentrations

................................................................................................................................................... 58
Table 16: Summary of Potential Water Quality Impacts at the Yaramoko Project .........coccoveuvevenee 60
List of Figures
Figure 1: Yaramoko Project LOCAtION MapP ......ceeeiiiiiiiiiiiieieeeiiiiiiitreeeeeesesiieaeeeeeesessssasssenesesssssnsssssnesessssssnsnsnnns 11
Figure 2: Yaramoko Concession (red circle) in Relation to Local Towns and Villages. Grid Squares Represent

I e e e e e e e s e SR e s e ne s ben e 12
Figure 3: Burkina Faso Climatic Zones (EIES Yaramoko Report, 2013) .....cccoccveeerrireeeeniieeeenreeeeereee e 13
Figure 4: Average Monthly Rainfall in BOromo (1971 t0 2011) ....cecevoieeeriiiereriiieeeesireeeeeirereesreeeeenreeessneees 14
Figure 5: Geology of Greenstone Belts in SW Burkina Faso (Metalka et al., 2011).............. cocoeeeevveceeiiennnnn. 15
Figure 6: Generalized Vertical Section through the Weathering Granitic ROCK ...........ccoovvieeiiiiiiiiiiieceeen. 16
Figure 7: Generalized Vertical Section through the Weathering Granitic ROCK ..........c..ccccovevierveciveininne. 17
Figure 8: Catchment Area Relevant to the Yaramoko Project .........cccceeveeiiii, 20
Figure 9: Groundwater Contours and Flow at Yaramoko with Proposed Site Layout Overlain ....................... 21
Figure 10: Site LAYOUL OVEIVIEW ...cccceeeiieeieiececee ettt e e e e e e e e e e e e e e e e e e e e e e e e e eaee s 23
Figure 11: Conceptual Underground Mine Plan Considered for the Preliminary Economic Assessment
(AGP, 2003).....ceeeeeie ettt et st e sas st ss et st s s et a8 8 8 e RSt e et 23
Figure 12: View Looking West (Leapfrog SIMUIALION) ..........ueeiriiiieriiiiieeeiieee ettt e e 27
Figure 13: View Looking North (Leapfrog Simulation) ........ccooovvviiiiiiii e, 28
Figure 14: Scatter Plot Comparing the Field Duplicates for the NAG Solution Chemistry....................39
Figure 15: Scatter Plot Comparing the Field Duplicates for the Deionized Water Leach Test .......cccevveuennn.n. 39
Figure 16: lon Balance Plot for the NAG Extract and Deionized Water Leach Showing the Sum of
Anions Plotted Against the Sum of Cations (MEG/L) ...t ess s e 40

Figure 17: XRD Patterns: Sample SRK 2863 and its Duplicate SRK 2865 (top), Sample SRK 2846 and its
Duplicate SRK 2866 (middle); and Sample SRK 2853 and its Duplicate SRK 2867 (bottom).. 43

Figure 18: XRD Data for All Samples, Classified by Lithology ........ccccoeeeviiiiiii, 43
Figure 19: Box and Whisker Plot Describing the Distribution of Total Sulphur (wt%) in All the

Samples and in the Samples Analyzed by Optical MICIOSCOPY ......ccvvmrvrrerrineereiseisiieissisessess s senees 46
Figure 20: Box and Whisker Plot of Paste EC and pH Measurements for the Waste Rock .................... 47

Figure 21: Comparison of Neutralization Potential Calculated from Carbonates and with Siderite
Correction

Figure 22: Scatter Plot Comparing: NPR* and NNP* (top), Total Sulphur and NPR (middle); and
Acid Generating Potential and Neutralizing Potential of the Waste Rock Material

Figure 23: Scatter Plot comparing the Total Sulphur to the Sulphide Sulphur (wt%) in the ABA
O O K . ..ttt e e e e ——————— 5
2



3CR016.002 / U5629 — Roxgold Inc.

Report on the Geochemical Assessment of Waste Rock from the Yaramoko Gold Project, Burkina Faso Page 4

Figure 24: Box and Whisker Plot of the Acid (top) and Neutralization (bottom) Potential of Each
Lithological Type

Figure 25: Scatter Plot Comparing Measured NAG pH with Neutralization Potential Ratio ............... 55
Figure 26: Scatter Plot Comparing NAG pH Measured After Heating the Sample and Sulphide
Sulphur Content of the Waste Rock

...................................................................................................................................... 56

Figure 27: Scatter Plot of the Ficklin Metals (mg/kg) Release as a Function of NAG pH ........cccc....... 57
Figure 28: Scatter Plot of Antimony Release (mg/kg) as a Function of NAG pH .......ccccccoeuvvverevreene. 58
Figure 29: Scatter Plot of the Arsenic Release (mg/kg) as a Function of NAG pH ........ccccccevvvveeennnn. 59

Figure 30: Scatter Plot of the Selenium Release (mg/kg) as a Function of NAG pH .......ccccccceveveae. 60



3CR016.002 / U5629 — Roxgold Inc.

Report on the Geochemical Assessment of Waste Rock from the Yaramoko Gold Project, Burkina Faso Page 5

1 Introduction and Terms of Reference

SRK Consulting (UK) Limited (SRK) has been requested by Roxgold Inc. (Roxgold, hereinafter also
referred to as the Company or the Client) to conduct a geochemical assessment of the Acid Rock
Drainage and Metal Leaching (ARDML) potential of waste material from the Yaramoko project,
Burkina Faso. The study was undertaken as part of a feasibility study examining the economic
viability of a future underground mine and onsite concentrator. This report details the approach
taken, presents the main findings of the work and draws conclusions on the potential for ARDML
generation from waste rock at the Yaramoko project, Burkina Faso.

1.1 Purpose and Scope

The data and analysis presented herein are results from static geochemical characterization testing
carried out on twenty eight samples representative of potential waste rock from the Yaramoko
project.

The main objectives of the geochemical characterization study are as follows:

e To characterize the geochemistry of potential waste material according to lithology,
weathering, alteration and sulphide content;

e To quantify the acid forming characteristics of potential waste material and to assess its
potential to generate acid drainage upon weathering; and

e To determine the potential for solute release and to assess the metal mobility from the
Yaramoko waste material

Typically a geochemical characterization programme would initially apply a number of static
testwork methods (e.g. Acid Base Accounting, Net Acid Generation testing, leach testing and a multi
element assay) to characterize the ARDML potential in absolute terms. The term static testing is used
to describe absolute analytical methods applied to determine the acid generation and metal leaching
characteristics of a given material type at the time of testing. They do not account for temporal
changes that may occur in the material as chemical weathering proceeds. Static tests provide a
balance of acid generating and acid consuming reactions at an end point and also may be used to
determine the potential magnitude of leaching metals from a given material. By contrast kinetic
testing evaluates the rate of sulphide oxidation and metal release over time. Static testing is typically
carried out as an initial screening evaluation method in order to determine where more
comprehensive Kinetic testing is warranted. The geochemical characterization study presented herein
utilized only static testwork methods to assess ARDML potential of waste rock from the Yaramoko
project.
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The following activities were completed as part of the geochemical characterization program:

e Review of site geology and identification of the primary material types;

e Collection of core samples representative of potential waste rock available from the
exploration programmes; and

e Static laboratory testing of representative waste rock material to assess ARDML potential.

This report has been prepared by SRK to provide Roxgold with a description of the objectives,
approach, test methods and findings of the geochemical characterization study. It should be stated
that SRK’s opinion are based on laboratory analysis of samples undertaken by third party
laboratories and subsequently supplied to SRK.

Unless otherwise stated, SRK has used suitably qualified and accredited laboratories for the analysis
of all environmental samples. SRK has accepted such results in good faith and has exercised
reasonable care in auditing and reviewing the supplied information; however, SRK is not otherwise
responsible or liable for the conduct or accuracy of any of the samples or the results. The laboratory
results are provided in full in Appendix A and B should independent verification be required.

1.2 Theory of Acid Rock Drainage and Metal Leaching (ARDML)

The term ‘Acid Rock Drainage and Metal Leaching’ (ARDML) refers to the generation of acidic,
metal- and sulphate-rich waters that result from the weathering of sulphide minerals (particularly
pyrite — FeSz) under oxidizing conditions. The process may occur naturally in sulphide-bearing rock
strata, but is commonly accelerated by mining activity, such as excavation, which increases the
likelihood of exposure of sulphide minerals to air and water, effectively accelerating natural
weathering processes.

The general equation for pyrite oxidation is summarized below:

4 FeS2 (s) +11 02 (g) + 14 H20 (I) > 4 Fe(OH)3 (s) + 8 SO42-(aq) + 16 H+ (aq)

However, the equation can also be written for general metal sulphides as:

2 MeS (s) + 302 (g) + 2 H20 (I) > 2 Me2+(aq) + 2 SO42-(aq) + 4 H+ (aq)
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Metal sulphide + Air + Water = Mobilized metal + Salts + Acidity

Pyrite and other sulphides are not abundant minerals at Yaramoko, though acid generation may occur
if there is not sufficient neutralising capacity within the host rocks. However, even in the absence of
acid generation the release of potentially problematic concentrations of metals can still occur at near-
neutral leaching conditions.

The ability of a mineral to react with water will depend on its solubility under specific
hydrogeochemical conditions. In arid environments such as in Burkina Faso, these minerals can
represent an important source of potential acidity and metal release in partially oxidized material.
Hence these minerals are important as both potential sinks and sources of acidity in the rocks,
sulphate and possibly metal ions on precipitation and rapid release on exposure to moisture
(Nordstrom, 1982; Cravotta, 1994; Bowell et al., 1996).

Acid-neutralization reactions result from water-mineral reactions and buffering of acidity (H+ ions)
in drainage. This buffering is frequently accompanied by the precipitation of secondary minerals
(Kwong and Ferguson, 1997; Lawrence and Wang, 1997; Nordstrom and Alpers, 1999). These
reactions can reduce acid generation by forming an inhibitory surface coating on the reactive
sulphides and acid-forming partly oxidized metal-sulphate minerals.

Carbonate minerals are the most active neutralization component in the deposit and these minerals
(e.g., calcite, dolomite and ankerite) readily dissolve under acidic conditions to provide bicarbonate
alkalinity, which results in neutralization of acid and precipitation of metal hydroxides. The order of
carbonate neutralizing capacity is:

calcite>dolomite>malachite=ankerite>siderite.

In the case of siderite and, to a lesser extent ankerite, the reason for the limited neutralizing capacity
is that ferrous iron in these minerals are an additional potential source of acidity due to the strong
hydrolysis of the resulting ferrous iron in solution and for malachite, copper is produced that forms
soluble copper-carbonate complexes in preference to carbonic acid or bicarbonate. This order of
reactivity is partly controlled by equilibrium mass-action constraints and partly by kinetic limitations
(Morse, 1983).
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Carbonate minerals (especially calcite) have often erroneously been thought of as the only geological
source of Neutralization Potential (NP). However, carbonates primarily occur in limestone, dolomite

and marble rock types while the majority of geological materials are composed of silicates and
hydroxide-oxide minerals. The weathering of silicate minerals (e.g. feldspar and amphibole) as a
proton sink has been demonstrated in previous studies (e.g. Sverdrup, 1990; Moss and Edmunds,
1992; Kwong and Ferguson, 1997). To assess the buffering capacity of mine wastes, silicate and
hydroxide minerals therefore must also be considered. From soil acidification studies, Sverdrup
(1990) divided the most common minerals into six groups according to pH dependency of their
dissolution rate (Table 1).

From the relative weathering rates of the mineral groups shown (Table 1), minerals in the poor to
negligible neutralizing categories are unlikely to react, due to their sluggish reaction rates. Even for
minerals in the intermediate and fast mineral weathering groups, they will not be practical

neutralizing materials unless they occur in excess of ~10% (Sverdrup, 1990).

Table 1: Mineral Groups According to Neutralization Potential (Sverdrup, 1990)

. . Buffering pH Approx. Relative
Group Name Typical minerals Range! (s.u.) NP?Range Reactivity3
. . Ici i lomi i
LDissolving ~ CAcite: aragonite, dolomite, magnesite, 6-11.2  7.8-14.8 1.0
aragonite, portlandite and brucite
2 Fast Anorthite, nepheline, olivine, garnet, jadeite,
' . leucite, clinochlore, spodumene, kutnahorite 55-11 2.8-0.6.2 0.6
weathering L . .
diopside, siderite and wollastonite
Epidote, zoiste, enstatite, hyperthene, augite,
3.Interm.ed|ate heden_berglte., hqrnblende, glal_Jcophane, _ 48-73 17.5.8 04
weathering tremolite, actinolite, anthophyllite, serpentine,
chrysaotile, talc, chlorite, biotite.
4.Slow Albite, oligoclase, labradorite, vermiculite,
' . montmorillonite, manganite, goethite, 24-51 0.5-2.9 0.02
weathering L .
gibbsite and kaolinite.
5.Very slow . . .
: K-feldspar, ferrihydrite and muscovite 22-41 0.2-0.6 0.01
weathering
6.lnert Quartz, hematite, rutile and zircon 3.3-35 <0.01 0.004

1 buffering pH range evaluated by crushing 5g of pure mineral and mixing with 5SmL of distilled water and left to react for 30 minutes.
The pH of the distilled water was 3.4 s.u.

2 NP range assessed as equivalent buffering potential of 10 g of pure mineral to calcite and titrated with hydrochloric acid. So for
example, 10g of portlandite (Ca(OH)2) was found to have the equivalent capacity to neutralize HCI acid as 14.8g of calcite, whereas
10g of hornblende was required to buffer HCI acid to a similar pH to only 3.1g of calcite.

3 Calculated from Sverdrup’s equation (1990), see below and based on 100% mono-mineral sample
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The accumulation of solutes in solution will lead to saturation with respect to some species.
Consequently in response to either saturation or destabilization as aqueous species, these compounds
precipitate as secondary minerals such as arsenates, phosphates, carbonates, sulphates or hydroxides.
An important control on the diversity of the precipitated mineral assemblage is pH. At low pH,
oxyhydroxides, and sulphates are commonly the main precipitates while at higher pH other salts such
as carbonates and hydroxides become more abundant. Some solutes can be attenuated through
adsorption onto mineral surfaces, noticeably iron hydroxides and clays. This is the process of
element binding at the mineral-solution interface and is pH dependent (Sigg and Stumm, 1980; Deng
and Stumm, 1994). Many oxide surfaces change from being positively-charged at low pH (thus
attracting anions) to negatively-charged at high pH (thus attracting cations).

As water pH increases above 3 s.u., HFO may precipitate and ultimately crystallize to form goethite
or other ferric hydroxides (Bigham, 1994). As pH increases, ferric hydroxide solubility tends to
decrease with a minimum being around pH 6-7 su. At low pH, precipitated HFO tend to scavenge
negatively charged oxyanions as the surface of the HFO is positively charged in the Helmholtz layer
(Deng and Stumm, 1994). In low pH environments these HFO particles are usually colloidal sized
and have a high reactivity proportional to their surface areas. As the pH increases and colloid
particles aggregate as Fe-OH bonds become longer and more rigid due to the excess of hydroxyl
molecules, the surface pH of the particles change and become negative. In the case of goethite this
occurs at a pH between 6 and 9 (Hiemstra and van Riemsdijk, 1996). The point at which this occurs
is termed the point of zero charge. As pH increases beyond the zero point of charge, the surface of
the HFO becomes more negatively charged and particles tend to attract metallic cations and release
any sorbed oxyanions.

Where seepage from waste dumps or tailings percolate through alluvium or rocks containing iron
oxides or clays then chemical attenuation of trace elements may occur and as such present a passive
form of water treatment. In circum-neutral to alkaline oxic environments, arsenic and selenium form
species such as HnAsO4-(3-n) and HnSeO4-(2-n) respectively (Bowell, 1994). These show strong
affinity in mildly acidic to neutral soils for attenuation and as such may be removed from seepage
preferentially. At higher pH they do not form sparingly soluble solids and as such are mobilized.
Conversely metallic cations are not adsorbed at low pH but as pH increases so too does attenuation
by precipitation and adsorption mechanisms in the soil as they form strong metal-hydroxide affinity.
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2 Background

2.1 Location

The Yaramoko project is located 1 km north east of the town of Bagassi, in the Balé province of
south-central Burkina Faso as shown in Figure 1 and Figure 2.
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Figure 1: Yaramoko Project Location Map
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Figure 2: Yaramoko Concession (red circle) in Relation to Local Towns and Villages. Grid
Squares Represent 5km

2.2 Climate

Burkina Faso has a primarily tropical climate with two very distinct seasons (Figure 3). The average
monthly rainfall is depicted in Figure 4, in the rainy season, the country receives between 600 and
900 mm of rainfall. The rainy season lasts approximately seven months, starting in April and
finishing in October.

The Boromo weather station (Figure 3) located 30 km west of the project was used in this report
(EIES Yaramoko Report, 2013) and a monthly average of 72.4 mm was experienced throughout the
year from 1971 to 2011 (Figure 4), while the dry season average (November to March) was 2.5 mm
and the wet season average was 122.4 mm in the same time period. Minimum evaporation and
evapotranspiration values are 139.2 mm and 122.8 mm respectively for the wet season. During the
dry seasons these values are 346.2 and 181.6 mm.
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The weather in Yaramoko is classified as North-Soudanian (Figure 3) with minimal and maximal
temperature varying in a day between 16 °C and 39 °C.
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Figure 3: Burkina Faso Climatic Zones (EIES Yaramoko Report, 2013)
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Figure 4: Average Monthly Rainfall in Boromo (1971 to 2011)

2.3 Geology and Mineralization

2.3.1 Regional Geology

The Yaramoko project is located in the Baole-Mossi Paleoproterozoic domain in Burkina Faso
(Figure 5), which forms the southern part of the West African Craton. The NNE-trending Boni Shear
Zone divides the project into predominantly volcanic and volcaniclastic rocks of the Hounde
Greenstone Belt to the west, and mixed intrusive and volcanic rocks of the Diebougou Granitoid
Domain.
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Figure 5: Geology of Greenstone Belts in SW Burkina Faso (Metalka et al., 2011)

2.4 Local Geology

Locally the site geology mainly comprizes granite and mafic volcanic rock with the overlying soils
primarily comprising laterite and underlying saprolite composed mainly of residual weathered host
rock and a surface of shallow transported material. The saprolite consists of alteration products
derived from the underlying weathered rock; therefore its composition, thickness and extent differ
from one rock type to another.

A representative generalized weathering profile for the mafic volcanic lithology, presented in
Figure 6, was generated from the SRK Geotechnical boreholes.
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Figure 6: Generalized Vertical Section through the Weathered Mafic Volcanic Rock

From top to bottom the layers observed are:

e Athin layer of laterite (1.05m average thickness);

¢ A yellowish-green saprolite, clay rich, with an average thickness of 1.43m, strongly
weathered, friable with remnant mafic volcanic fragments;

e The fissured mafic volcanic (average thickness of 7.84m), strongly fractured; and

The fresh mafic volcanic (bedrock). Permeable only locally, where deeper discontinuities or
propagation of fractures persist.

Similarly, a representative weathering profile for the granitoid rock is presented in Figure 7. The
vertical weathering profile over granite at Yaramoko is significantly more developed than the mafic

volcanic. Conversely, the fissured layer is of the mafic volcanic is generally much thicker than the
granites. From top to bottom the layers observed are:

e A thin layer of laterite (0.97m average thickness);

A yellowish-brown saprolite (alloterite), clayey-sandy composition, with an average thickness
of 7.11m, strongly weathered, friable and mostly unconsolidated. Derived from prolonged in-

situ decomposition of bedrock but contains only minor traces of granite. Exhibits a soil-like
composition;
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¢ A vyellowish-grey thick saprolite (Isalterite), clayey-sandy composition with an average
thickness of 9.80m, highly weathered, semi-consolidated with remnant granite and some
preserved fissures;

e The fissured granite (average thickness of 7.84m), strongly fractured; and
e The fresh granite (bedrock). Permeable only locally, where deeper discontinuities exist.

Laterite
Average thickness: 0.97m

Saprolite (alloterite)
Average thickness: 7.11m

Saprolite (isalterite)
Average thickness: 9.80m

Fissured Granite
Average thickness: 7.84m

Fresh Basement

Figure 7: Generalized Vertical Section through the Weathering Granitic Rock

2.4.1 Mineralization

The Yaramoko project targets gold mineralization in the 55 Zone that is associated with low-sulphide
quartz veins and attendant altered schists forming one tabular zone inside a narrow reverse-oblique
shear zone dipping steeply to the south. The average thickness of the gold mineralization varies from
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less than one to more than 17 m. The mineral resources extend from the surface to a depth more than
1,000 metres. The 55 Zone transects the contact of the granite and volcanic rocks of the Diebougou
Granitoid Domain.

2.5 Water

2.5.1 Hydrogeology

The groundwater flow system at Yaramoko consists of two inter-connected flow systems; the
fissured weathered zone and permeable discontinuities in the fresh bedrock. Overlying the fissured
weathered zone is a weathering profile of unsaturated laterites and saprolites.

The fissured weathered zone forms the transition from the unconsolidated saprolite to the
unweathered (fresh) bedrock and has little intergranular porosity, but contains water in permeable
fractures. This fissured layer acts as the main transmissive and storage layer in the overall composite
aquifer. The thickness of this layer can be variable, between 3 and 15 m, with the greatest
thicknesses often observed in mafic volcanic rock.

The fresh basement is permeable only locally where deeper discontinuities are present. These
discontinuities can be as permeable as the fissured layer; however they occur much less frequently.
Recharge to any permeable discontinuities is likely to be derived from the overlying fissured bedrock
layer, where connected.

Measured groundwater elevations can vary between 265maRL and 333maRL in the project area.
Groundwater elevations are highest to the north and lowest to the south, and indicate an overall
southerly regional flow direction that mirrors topography in a subdued form. Based on flow
directions and regional catchment delineation, groundwater is likely to be discharged into the
Mouhoun River, although flow rates are considered to be low.

2.5.2 Hydrology

The Yaramoko project lies within the Grand Balé River catchment (Figure 8) which itself is a
tributary of the Mouhoun River (Black Volta) which eventually flows into Lake Volta in Ghana,
prior to discharge into the Atlantic Ocean. Although detailed information on local catchment
discharge flows was not available at time of writing, an assessment based on regional information
and local catchment delineation has been undertaken by the Bureau d'Etudes des Géosciences, des



3CR016.002 / U5629 — Roxgold Inc.

Report on the Geochemical Assessment of Waste Rock from the Yaramoko Gold Project, Burkina Faso Page 19

Energies et de I’Environnement BEGE as part of the hydrological baseline assessment within the
ESIA (BEGE, 2013).

A watershed exists between the deposit location and proposed location of the tailings and water
storage dam with surface water flow drainage the area of the proposed tailings storage facilities
(TSF) and WSD flowing to the south east towards the village of Pahin.

Currently no detailed information is available on surface water flow volumes in the sub catchments
of the Grande Bale. All local river channels are intermittent flowing only in the wet season or in
times of high rainfall. Man made permanent / semi-permanent water bodies have been created
through construction of check dams. A check dam exists downstream of the Bagassi village
receiving surface drainage from the mine location.

The river known as Grand Balé, whose tributaries drain the area of the mining permit has a
hydrometric station. This station known as Grand Balé in P4 is part of the national hydrometric
network. Located downstream of the project area, it was created in 1966 and it is equipped with a
staff gauge.

Grand Balé, in the P4 station, has a watershed of 3,510 km?; the inter-annual flow of the river, 9 out
of 12 months, is 2.71 m3/s (source : Explanatory note for the hydrogeological map of Burkina Faso,
1/500,000 scale, sheet of Bobo- Dioulasso, Ministry of Water ; IWACO, September 1993).

The volume of surface water resources mobilized by the dams is estimated at 3.29 million m? (water
balance program). The main facilities are constructed:

The dam of Petit Balé;

The dam of Vy (0.85 million m3);

The dam of Bagassi (0.92 million m3); and
The dam of Yaramoko (0.5 million m3).

The last three dams, above are irrigation dams with developed areas. The Influence Area of the
Yaramoko project straddles sub-basins No. 3, 4 and 5 of the Grand Balé. Given the limited capacity
of surface water mobilization works which exist there, and unfavourable hydrogeological context
(hard-rock area), the operation of the proposed mine will require the construction of a dam to meet
water needs.
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Figure 8: Catchment Area Relevant to the Yaramoko Project
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Figure 9: Groundwater Contours and Flow at Yaramoko with Proposed Site Layout Overlain
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2.6 Mine Plan

The Yaramoko project described in Figure 10 is located 1 km north east of the town of Bagassi, in
the Balé province of south-central Burkina Faso. The Indicated mineral resources are estimated at 2.2
million tonnes containing approximately 900,000 ounces of gold.

The proposed mine plan envision extraction of the Indicated mineral resources from an underground
mine to a depth of approximately 700m (Figure 11). Typically a decline application with long-hole
open stopping being the basis of the method employed. Due to the competency of the rock hosting
the deposit, it is believed that minimal backfilling will be necessary to maintain mining operations
and will only be performed when required. Backfilling will be conducted with waste rock.

; : :

LRl ]
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Figure 10: Site Layout Overview
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Figure 11: Conceptual Underground Mine Plan Considered for the Preliminary Economic
Assessment (AGP, 2013)

A small pit may be developed at surface in order to remediate artisanal workings and generate some
of the materials required for construction. This will be developed in the shallow zone above the
underground mine.

This pit would also generate waste rock necessary for backfilling. Stockpiles of waste rock produced
from the pit would be trucked back down to the underground operations and deposited in the voids
created by mining. Any waste rock that is unable to be utilized immediately underground will be
placed on a temporary waste rock dump located on surface. However, most / all of the waste rock
generate during mining will be utilized as backfill by the end of mine life and that most / all waste
rock stored in the temporary waste rock dump will be deployed for this purposes by end of mine life.

The preliminary economic assessment envisions an ore extraction rate of approximately

270,000 tonnes per year, an annual gold production of approximately 100,000 ounces for a Life of
Mine of 10 years. The processing plant will involve crushing, gravity concentration and carbon in
leach. The plant will operate 24 hours a day and 365 days per year. Water for the operation will be
supplied with water from a storage dam (WSD) built in the northeast of the deposit, Electricity
supply to the mine will be through the use of an oil-fired power plant. A TSF will be located to the
northeast of the plant. Accommodation for 300 people will also be constructed at the site.
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2.7 Previous Geochemical Testing

2.7.1 Waste Rock Geochemistry

A previous geochemistry study was undertaken by Lawrence Consulting (2013). This study was
based on the results an ARD Static Test program carried out in the laboratories of Maxxam Analytics
in Burnaby, British Columbia, Canada. Sixteen split core samples (0.3m in length) from geotechnical
testing were selected by Roxgold for the test program. Roxgold indicate that the samples represent
typical rocks from the hanging wall and footwall of the deposit. They comprized 3 lithologies:
granitoid (GR), mafic volcanic (MV) and felsic dike material (FD). The Static Test program
comprized detailed elemental analysis; short-term leachability testing; acid base accounting (ABA),
including paste pH, paste EC, sulphur speciation Analyzes, and the determination of neutralization
potential (NP) by three methods. The ABA results were used to classify samples as potentially acid
gforming (PAF), Uncertain PAF, or non-acid forming (NAF).

The geochemistry of the rock samples is characterized by the low concentrations of most elements
relative to crustal abundance reference values. In short-term leachability tests, the only metal of
environmental concern that exceeded an arbitrary reference value was aluminium. The samples were
also characterized by low concentrations of sulphide minerals. Neutralisation Potential (NP) values
were relatively high, particularly with the MV lithology. The source of NP appears to be
predominantly calcite.

The ABA data shows that 14 of the 16 samples tested can be classified as NAF due to low sulphur
content and high NP. The remaining 2 samples were classified as PAF, although one of these is from
the dike material and its contribution to the overall ABA balance of the deposit would be very small.
The other PAF sample is from lithology GR and contained coarse pyrite grains. The abundance of
such material should be determined. The results of the study support the preliminary conclusion that
the risks of ARD and metal leaching at Yaramoko site are low.
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3  Methodology

3.1 Introduction

SRK has undertaken a waste rock characterization program to define the potential of waste materials
associated with the Yaramoko project to generate acid and/or leach deleterious constituents.

The following activities were completed as part of the geochemical characterization program:

o Review of site geology and delineation of the primary material types;
¢ Collection of 28 drill core samples representative of wall rock; and
e Static laboratory testing of selected samples.

The results of the characterization program that are applicable to the waste material evaluation are
summarized in the following sections.

3.2 Sampling

3.2.1 Delineation of Material Types

The first step of the characterization program was to delineate the material types associated with the
Yaramoko site. Mine waste is typically classified and tested according to material type and the
number of samples selected for geochemical testing is based on the relative percentage of each
material type predicted to be mined from the geologic model.

The term ‘material type’ typically denotes a unique combination of rock type, alteration type and
oxidation state, referring to the basic lithological description of the rock.

The main rock types identified for the Yaramoko site include:

e Granitoid (GD);
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¢ Mafic Volcanic (MV); and
e Quartz Vein Zone (QV).

Based on the observed variations in primary lithology, alteration and oxidation, a total of three
material types were identified for the Yaramokao site.

3.2.2 Summary of Site Visit and Sampling

A site visit was undertaken from July 21 to 24, 2013 by Dr. Andrew Barnes (Senior Geochemist) and
Dr. Julien Declercq (Consultant Geochemist) from SRK. The primary purpose of the site visit was to
collect quarter core samples of the main lithological units to undergo static testwork characterization.
Twenty-eight core samples were collected.

In addition, discrete grab samples were collected for mineralogical assessment to assist in the
interpretation of analytical results.

Prior to the site visit a sample list was generated based on the information provided by Roxgold. The
goal was to select core intervals representative of the main lithologies (i.e. granitoid and mafic
volcanic rock), having a good spatial distribution to maximize representatively and avoiding the the
gold mineralization as the interest laid in characterizing the geochemical properties of waste rock.

In order to focus the sampling program, a 10 metres zone on either side of the mineralized zone was
defined and only the samples included in this zone were considered as being potentially exposed
during mining.

In addition, as sulphide is a critical component in the generation of acid drainage, the samples were
further sub-divided based on visual estimate of observed sulphide content in core as three categories:

e Lessthan 2.5 % sulphide;
e Between 2.5 and 5 % sulphide; and
e Above 5 % sulphide. .

Core descriptions log carbonate as absent or present only.
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It should be noted that sulphide volume by areas determined from geological logging as opposed to
geochemical methods is commonly associated with significant error. Therefore the above criteria
was meant as a rough indication only of the actual sulphide content of each sample.

The above criteria were then used to select the sample intervals and samples from each group were
selected. Two core intervals specifically belonging to a quartz vein zone were also selected being
defined as representative of the ore materials. The selected core intervals are presented in Figure 12
and Figure 13.
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Figure 12: View Looking West (Leapfrog simulation)
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Figure 13: View Looking North (Leapfrog simulation)

Left: showing the distribution of the samples around the main gold zone, depicted in grey, red

symbolizes the mafic volcanic lithology and green the granitoid.

Right: with the addition of the carbonate distribution (in transparent white), the gold distribution (in
yellow for the <5 grams per tonne grade) and the sulphide distribution (in blue). The two samples in
blue represent quartz vein zone.

Depicting the previous geochemical testing waste rock geochemistry exploration assays data with the
spatial distribution of the samples coloured in accordance to their lithology. The final as collected

sample list is given in Table 2.

Table 2: Core Intervals Selected for Analysis

Sample Description

Testing Undertaken

SRK ID HoleID  From To Litho. Duplicat. [ABA WE MES NAG XRD MICTOsc
SRK 2835 YRM-11-DD-011 448 479  GR - - - -
SRK 2839 YRM-11-DD-039 139 239  GR - - - - _
SRK 2849  YRM-12-DD-084  201.3 211.3  GR - - - -
SRK 2841 YRM-12-DD-088 854 954  GR - - - - -
SRK 2848  YRM-12-DD-100  119.7 1297  GR - - - -
SRK 2852 YRM-12-DD-117  251.0 2610  GR - - - -
SRK 2859 YRM-12-DD-168 2784 2884  GR - - - -
SRK 2850 YRM-12-DD-176 6340 6440  GR - - - -
SRK 2860 YRM-12-DD-204 5434 5505  GR - - - -
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SRK 2842 YRM-12-DD-205 351.9 355.5 GR - - - — -

SRK 2864 YRM-12-DD-225 140.1 142.1 GR - - - - - -
SRK 2861 YRM-12-DD-242 860.4 870.4 GR - — - — - —
SRK 2863 YRM-12-DD-250 1,026.8 1,036.8 GR SRK 2865 - - - - - -
SRK 2862  YRM-13-DD-272 602.8 612.8 GR - - — - -

SRK 2838 YRM-11-DD-024 58.5 68.5 MV - - - - -

SRK 2836 YRM-11-DD-050 247.7 255.2 MV — - - - -

SRK 2846 YRM-12-DD-112 219.7 229.7 MV SRK 2866 - - - - -

SRK 2845 YRM-12-DD-148 224.4 229.7 MV - — - - - -
SRK 2858 YRM-12-DD-204 596.1 606.1 MV - — - - - -
SRK 2847 YRM-12-DD-219 248.3 249.8 MV - - - - -

SRK 2843 YRM-12-DD-237 432.3 443.0 MV - - - - -

SRK 2854 YRM-12-DD-242 920.0 930.0 MV - — - - - -
SRK 2856 YRM-12-DD-245 612.8 622.8 MV - - - — —

SRK 2853  YRM-12-DD-253 819.6 823.2 MV SRK 2867 - - - - -

SRK 2855 YRM-12-DD-253 823.2 831.7 MV - - - - -

SRK 2840 YRM-12-DD-077 310.5 312.2 Qv — - - — -

SRK 2844 YRM-12-DD-169 310.0 319.7 Qv - — - - - -
SRK 2837 YRM-12-DD-076 330.0 340.0 MV - - - - -

SRK 2851 YRM-12-DD-157 360.0 380.0 MV - - - — - -
GR, Granitoid

MV, Mafic Volcanic

QV, Quartz Vein Zone

3.3 Sample Preparation

The samples selected onsite were cut into quarter core and the core was bagged on site prior to being
sent to ACTLAB in Ouagadougou, Burkina Faso, for a preliminary preparation. This involved the
following:
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e Primary crush of the entire core interval to 100% < 6.3 mm;

e Split 25:75 sample through riffling and put aside 75% split of < 6.3 mm material;

o With 25 split of < 6.3 mm material, crush first to < 2.0 mm and then split a 500 g load to be
pulverized;

e For samples in which duplicates are to be prepared, two 500 g pulverized splits should be
produced. The duplicate and main sample should be labelled appropriately as indicated on
the sample list;

e Split the remaining < 6.3 mm material to an approximately 3 kg sub sample. For duplicate
samples, two 3 kg splits should be produced and labelled accordingly as indicated on the
sample list; and

e The 500 g of pulp and corresponding 3 kg of < 6.3 mm sample should then be packaged and
shipped to the chosen specialist ARD testing laboratory.

From the original 28 core samples, three duplicates were generated by ACTLAB and the total
31 samples were shipped to Maxxam industrial and Environmental laboratory in British Columbia,
Canada.

3.4 Geochemical Testing

Static geochemical characterization of the material was undertaken by Maxxam Laboratories. The
testwork methods selected for this project are designed to assess the bulk geochemical characteristic
of the tailing sample and to determine the potential of this material to generate acid or release metal.

The methods selected assess the total acid generating or neutralising potential of the waste material
and the aqueous elemental concentration of the solution reacting with the material. The testing
methodologies used in the geochemical characterization are as follows:

Mineralogical Assessment — assessment of the potential mineralogical controls on acid generation
and metal(loid) release using optical microscopy and X-Ray spectroscopy

Acid Base Accounting (ABA) — with siderite correction, analysis of potentially acid generating
sulphur species and acid neutralizing carbonate species. Simple mass balance provides an estimate of
the sample acidity generation potential.

Multi-element analysis of solids — acid dissolution of the sample and elemental analysis by ICP-
OES/ICP-MS to determine total metal and metalloid content.

Deionized water leach — using the MEND SFE protocol at a liquid to solid ration of 3:1. In the test
the sample is with deionized water and the resulting leachate Analyzed for dissolved constituents.
This gives an indication of the elements immediately available for release from the sample.
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Static Net Acid Generation (NAG) test with NAG leachate analysis — all the sulphide present in
the sample are oxidized by reaction with hydrogen peroxide. Gives an indication of the high end
estimate of the acidity potentially released by the sample through oxidative weathering.

3.5 Mineralogical Assessment

Mineralogical analysis of the waste material was undertaken using optical microscopy, Secondary
Electron Microscopy with Energy Dispersive X-Ray Spectroscopy (SEM - EDS) and X-Ray
diffraction (XRD).

Optical Microscopy

The principal method of mineralogical analysis used for this study is Optical Microscopy. This was
completed on polished thin sections of core material. A Meiji MX9000 microscope fitted with a
mounted Canon EOS 600D digital camera has been used in this study.

Scanning Electron Microscopy

A Cambridge S360 Scanning Electron Microscope with INCA wave- and energy-dispersive X-Ray
spectroscopy was utilized for semi-quantitative analysis of minerals present within the polished thin
sections. This method allows micro-chemical data to be collected that reports the chemical
composition of the surface of the mineral phase in the polished section. The electron beam utilized to
gather the information required is approximately 1 to 5 um in diameter, so even very small phases
can be quantified.

X-Ray Diffraction

The XRD analysis was undertaken at the School of Earth and Ocean Science, Cardiff University,
UK. A scan was run using the Philips PW1710 Automated Powder Diffractometer using Cu Ko
radiation at 35kV and 40mA, between 2 and 70 °26 at a scan speed of 0.04 °26/s. From the scan,
phases were identified using Philips PC Identify software and from the peak areas, semi quantitative
analysis was performed and a percentage of each phase present calculated and weighting factors
were applied where necessary.

3.6 Static Testwork

3.6.1 Acid Base Accounting
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ABA undertaken by the Maxxam Laboratory and indicates the theoretical potential for a given
material to produce net acid conditions. The approach does not take into account mineralogy,
kinetics or other influencing factors controlling natural sulphide oxidation. The technique can be
considered as characterising the ‘total potential reservoir of acidity or alkalinity in a given material’.

The ABA testwork is used to determine the acid generating potential (AP) and neutralising potential
(NP). The Acid Potential (AP) is determined by the sulphide sulphur content while the neutralization
potential is controlled by the inorganic carbon content of the sample. Results are expressed in
kilograms of CaCOs equivalent per tonne.

From the values of AP and NP it is then possible to evaluate the Net Neutralization Potential (NNP),
the balance between acid generation potential and the neutralisation potential, and Neutralization
Potential Ratio (NPR) for the sample.

NNP[kg,_,qu) =NP— AP

And

NPR =

AP

The NNP allows the classification of samples according to their potential for acid generation or
consumption, a positive value indicating a neutralisation capacity and a negative value, acid
generation as summarized in Table 3.

Table 3: ABA Data Interpretation

NNP
Classification NPR
(kg CaCOs eqit)

Potentially Acid Forming NNP<-20 NPR<1
Non Acid Forming (NAF NNP>20 NPR>3
Uncertain (UNC) -20<NNP<20 1<NPR<3

3.6.2 Net Acid Generation Testing
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Net acid generation tests (NAG) are based on the principle that hydrogen peroxide accelerates the
oxidation of sulphide minerals. The acid generated would dissolves any acid neutralizing minerals
and acid generation/neutralization could then be measured directly. The static NAG test differs from
the ABA test in that it provides a direct semi empirical estimate of the overall sample reactivity,
including any acidity generated by semi-soluble minerals (e.g. Alunite), as well as other potentially
acid generating sulphates and sulphides.

As such the NAG test often provides a better estimate of field acid generation than the more
commonly used ABA method which only uses the sample sulphide content.

The NAG analysis was carried out by Maxxam according to the method described by EGI (2002)
which essentially involves intensive oxidation of a pulverized sample using hydrogen peroxide. For
the purposes of the testwork, 2.5 g of pulverized sample was refluxed with 250mL H20; for a
minimum of three hours. After the completion of the reaction a sub sample was collected for ICP-
OES/ICP-MS analysis and the remaining leachate titrated with sodium hydroxide (NaOH) in two
stages (to pH 4.5 and to pH 7) to determine the NAG value.

During the titration process metals will precipitate, generating acidity by releasing protons (H+) into
the system. Thus the NAG value is characteristic of both the original hydrogen ion acidity and also
the metal released acidity. The NAG value was calculated as follow:

Tr{H'.. O i

X X 49 X T’{"."EGH X C."."EDH

M

NAG =

With NAG the net acid generation of the sample expressed in kgH2SOa4/tonne, V202, representing
the volume of initial hydrogen peroxide solution in mL, X depicting the volume used to determine
the NAG by titration (mL), Vnaon represents the volume of NaOH used in the titration procedure in
mL, Cnaon Stands for the concentration in mol/L of NaOH used in the titration, and M is the mass of
sample reacted in g.

In general a NAG pH less than 4.5 and a NAG value greater than 5 kg H.SO4 equivalent per tonne
are indicative of a potentially acid forming material (PAF).

3.6.3 Paste Tests
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Measurements of paste pH and paste Electrical Conductivity (EC) were carried out in order to assess
the short-term reactivity of the waste material. The test involves mixing one part solid to two parts
deionized for 15 minutes. Measurements of pH and EC are then measured and recorded.

pH is a measure of the acidity or basicity of an aqueous solution and the negative logarithm of the
activity of H™.

EC is a measure of a material ability to conduct electricity; in solution it is proportional to the
concentration of dissolved ions in solution. Thus it can be used as an approximation of the potential
for solute leaching from the materials.

3.6.4 Multi Element Analysis of Solids

A multi elemental analysis of tailing material was compiled by Maxxam to provide an absolute upper
limit on the available upper metal concentrations in the sample. The analysis was conducted by
digesting the sample with acid using Aqua Regia (HCI, HNO3) followed by the analysis of the
resulting solution by ICP -MS. This determination included the major elements, e.g. aluminium,
calcium, magnesium, sodium, potassium, iron, sulphur and trace elements, e.g. zinc, copper,
cadmium and lead. The results of the multi elemental assay were compiled and compared to the
Geochemical Abundance index (GAI) (Mason, 1996) which compares the concentration of an
element to its average crustal abundance. This method is useful in determining the relative
enrichment of a given element relative to its average abundance. GAI value for element i is
calculated as follow:

C;
GAI, =log [—1 c o ]

Where C is the concentration of element i as measured by the multi elemental assay and S the
average crustal abundance of i (Mason, 1996). Materials are then assigned a GAI value between 0
and 6 based on the degree of enrichment as summarized in Table 4. According to the INAP (2002)
protocol, a GAI value greater than 3 indicates a significant enrichment.

Table 4: Interpretation of GAIl Values for Multi-Elemental Assay Data

GAl Value Interpretation

0 < 3 times average crustal concentrations
1 3 to 6 times average crustal concentrations

2 6 to 12 times average crustal concentrations
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3 12 to 24 times average crustal concentrations
4 24 to 48 times average crustal concentrations
5 48 to 96 times average crustal concentrations
6 > 96 times average crustal concentrations

3.6.5 Deionized Water Leach

A deionized water leach was carried out to give an indication of short-term metal mobility and to
identify constituents that are immediately available for release from the Yaramoko tailing sample.
The testing was carried out by Maxxam and a single batch method using Standard MEND SFE
methodology was followed. The test used a liquid:solid ratio of 3:1 and agitation for 24 hours. The
solution was then filtered and measurements were made for pH, conductivity, major and minor
elements.

3.6.6 Hydrogen Peroxide Leach (NAG test leachate)

The leachate generated during the NAG test was analyzed for aqueous species by inductively
coupled plasma — optical emission spectrometry/ inductively coupled plasma — mass spectrometry
(ICP-OES) / (ICP-MS) following filtration to <0.45um. As the aggressive oxidising conditions of the
H20, used in the NAG test effectively leached all physically exposed or chemically available
sulphide minerals, this test gives an indication of the potential for high level metal release that would
occur during exposure of the material to oxygen. The hydrogen peroxide leach oxidizes all available
sulphides within the sample and therefore should theoretically mobilize all elements associated with
those sulphide minerals. The NAG test gives a quantitative assessment of release from the NAG test,
which itself, gives only quantitative information.

3.6.7 Guidelines Used For Assessment

Leachates generated from the deionized water leach were compared to internationally recognized
guidelines such as the world health organisation (WHO) drinking water guidelines, the International
Finance Corporation (IFC) mine effluent guidelines and the Canadian Council of the ministers of the
Environment (CCME) guidelines for the protection of aquatic life. Burkina Faso also possesses water
quality guidelines and the maximum allowable concentrations (MAC) for used water discharge in
surface water as well as drinking water guidelines in Burkina Faso were used as a mean of
comparison.
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This comparison against water quality guidelines was carried out to assess the potential for
contamination of local water supplies and to assess the potential future water quality of any source
term generated. During the data assessment the minimum (i.e. most stringent) standard was used to
identify potential non compliance (Table 5)

Table 5: Table of Water Guidelines Used Within this Study

Burkina Faso

WHO CCME Burkina Faso

Element Units IFC Effluent to
(2011) (long term) Drinking Water

Surface Water
pH S.u. 6.5-8.5 6-9 6.5-9 6.4-10.5 6.5-8.5

Antimony mg/L 0.02 0.1
Arsenic mg/L 0.01 0.1 0.005 0.14 0.01
Barium mg/L 0.7 5 0.1
Beryllium mg/L 0.01 0
Boron mg/L 2.4 1.5 2 1
Cadmium mg/L 0.003 0.05 0.005 0.1 0.001
Chloride mg/L 120 600 200
Chromium mg/L 0.05 0.1 0.1 0.05

Cobalt mg/L 0.5
Copper mg/L 2 0.3 0.002 1 0.02
Fluoride mg/L 15 120 10 0.7
Iron mg/L 2 0.3 20 0.1
Lead mg/L 0.01 0.2 0.001 0.5 0.05
Magnesium mg/L 200 0
Manganese mg/L 0.4 1.2 0.05
Mercury mg/L 0.006 0.002 0.026 0.17 0.0005
Molybdenum mg/L 0.07 0.5 0
Nickel mg/L 0.07 0.5 0.025 2 0
Nitrate mg/L 11.3 13 50 25
Nitrite mg/L 0.06 0.197 1 0




3CR016.002 / U5629 — Roxgold Inc.

Report on the Geochemical Assessment of Waste Rock from the Yaramoko Gold Project, Burkina Faso Page 37
Selenium mg/L 0.04 0.001 0.8 0.01
Sodium mg/L 300 0
Tin mg/L 0.8 0.01
Uranium mg/L 0.015 0.015
Zinc mg/L 0.5 0.03 5 0.5

3.7 Quality Control / Quality Assurance

The Maxxam laboratories are accredited to the requirements of ISO/IEC 17025:2005. All analyzes
conducted by the laboratory included Certified Reference Materials (CRM) or in-house standards as
well as reagent blanks and duplicates. Three duplicates chosen by the lab were systematically
assessed, in addition, three duplicate field samples were collected and analyzed blind as part of the
geochemical characterization study. The laboratory analyzes of duplicate samples were compared in
order to assess the reproducibility of the data. Data quality was assessed by means of the Relative
Percentage Difference (RPD), which is calculated as the difference between the two values divided
by their mean and expressed in percent.

Assessment of the values was then made using the following classification:

e RPD <= 15 % - Acceptable
o RPD >15 % <= 25 % - Semi-quantitative
e RPD > 25 % - Unacceptable

The results are presented in Table 6, which shows a variable percentage of acceptable RPDs for each
of the laboratory methods. The slightly lower percentage of acceptable RPDs apparent for the NAG
metals and deionized water leach results is likely to be a function of the low reported concentrations,
with values that were generally at or near analytical detection limits. This results in greater apparent
difference between replicate analyzes. All of the testwork methods showed a high proportion (>90%)
of acceptable RPDs, with the Field duplicates being generally less accurate (by 2% in average) than
the internal Maxxam duplicates.

Table 6: Percentage of Acceptable RPDs for Duplicate Samples

Percentage of Maxxam
Test Acceptable Internal
RPDs Duplicates

Field
Duplicates
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Paste tests

ABA

NAG

NAG Metals

Multi Element Analysis

Deionized Water Leach

100%

81%

100%

80%

93%

82%

100%

97%

99%

94%

97%

96%

99%

94%

97%

95%

99%

96%

Scatter plots comparing internal and field duplicates for the static tests are presented in Figure 14 and
Figure 15. These show good correlation between replicate analyzes as well as between field
duplicates. This indicates generally good data quality. In the case of the Deionized Water Leach field
duplicates (Figure 15) not enough original sample was available to analyze the field duplicate of

sample SRK 2853.
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Figure 14: Scatter Plot Comparing the Field Duplicates for the NAG Solution Chemistry
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Figure 15: Scatter Plot Comparing the Field Duplicates for the Deionized Water Leach Test
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lon Balance

lonic balances have been conducted for the major ion species, whereby all concentrations are
evaluated with respect to their charge contribution in milliequivalents per litre (meg/L). On the basis
that the samples should be electrically neutral, imbalances in the net charges reflect inaccuracies of
the data or an incomplete analysis (i.e. an ionic component is unaccounted for). Analytical error due
to natural variation is known to occur and is generally accepted; charge balance errors of around 5-
10% are usually considered to be acceptable within typical analytical error margins. Charge balance
errors in excess of 10% are indicative of either missing ion components (not included in the analysis)
or poor analysis quality.

lonic balance calculations were carried out for the NAG extract and deionized water leach test
solutions to assess the electrical balance between cations and anions in Figure 16.
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Figure 16: lon Balance Plot for the NAG Extract and Deionized Water Leach Showing the Sum
of Anions Plotted Against the Sum of Cations (meq/L)

It must be noted that while the suite of cation analyzed was complete, such was not the case for the
anions where chloride was not analyzed. This missing major anion might generate lon Balances
shifted towards cations.
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The results show that for the NAG extract (solid diamonds) ion balance generally follow a

1:1 relationship. 10 samples have error margins higher than 15%, which indicates poor analysis and
20 are within 10% indicating an analysis of reasonable quality. There is no apparent bias toward
positive or negative values.

The results show that for the deionized water leach (empty diamonds) ion balance do not follow a
1:1 relationship. 12 samples have error margins higher than 15%, which indicates poor analysis and
12 are within 10% indicating an analysis of reasonable quality. There is a bias toward positive values
consistent with alkalinity and chloride not being analyzed.

X-Ray Diffraction

The field duplicates were also Analyzed by XRD and the comparisons are reported in Table 7 and
are shown in Figure 17. The difference between the different duplicates is less than 10% for all
estimated amounts. The pattern also shows a good agreement between the original sample and the
duplicate, the difference is in the intensity of the different rays. This difference in intensity can be
explained by a different orientation of the various minerals present in the sample being Analyzed
and/or a variation in the quantity of minerals.

Table 7: Phases Found and Their Relative Percentages in the Yaramoko Field Duplicates

SRK SRK SRK SRK SRK SRK

Phase 2863 2865 Phase 2846 2866 Phase 2853 2867
(%) (%) (%) (%) (%) (%)

Quartz 65 55 Quartz 40 38 Quartz 45 49
Albite 24 32 Actinolite 24 28 Albite 39 37
lllite 7 9 Albite 21 18 lllite 13 12

Clinochlore 3 3 Clinochlore 15 16 Clinochlore 2 2

Calcite 1 1 Actinolite 1 -
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Figure 17: XRD Patterns: Sample SRK 2863 and its Duplicate SRK 2865 (top), Sample SRK
2846 and its Duplicate SRK 2866 (middle); and Sample SRK 2853 and its Duplicate
SRK 2867 (bottom)

4 Results

4.1 Mineralogical Assessment

As part of the ARDML assessment 28 samples and three field duplicates of waste rock were
submitted for X-Ray diffraction while ten samples were selected for mineralogical assessment
(optical microscopy and SEM, see Appendix C). These were selected from core waste rock intervals.
The XRD patterns acquired from the samples analysis are illustrated in Figure 18.

The patterns define three groups based on the major peaks and their intensities, these groups
correspond to the three main lithologies previously defines (GR, MV, QV).
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Figure 18: XRD Data for All Samples, Classified by Lithology

Blue: Granitoid (GD)
Red: Mafic Volcanic (MV)
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Black: Quartz Vein Zone (QV)
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Table 8: Mineralogy of Waste Rock Lithology

Sample ID GR MV Qv

Lithology Average Average Average

Mineral Group Mineral Alteration / Ideal Formula % % %
SiO2 polymorphs Quartz SiO2 553 373 203
Feldspar Albite NaAlSizOs 333 233 413
Amphibole Actinolite Caz(Mg,Fe)sSisO22(OH)z2. 0.11 113 0
lllite Ko.6Mgo.25Al1.8Al0.5Siz5010(OH)2 62 62 32
Mica Muscovite KAI3SizO10(OH)2 22 272 102
Phlogopite KAIMg3SizO10(OH)2 0 42 0
Misc. Phyllosilicate Clinochlore MgsAl2SizO10(OH)s 32 143 133
Calcite CaCOs3 12 32 1072
Carbonate
Dolomite CaMg(CO:s): 0 12 62
Sulphide* Pyrite FeS2 <1%? <1%? <1%?

* Determined by optical microscopy
1 <1% Trace minerals
2 1-10% Minor minerals

3 >10% Major minerals

XRD Summary

The results of the mineralogical assessment are summarized in Figure 19 and Table 9 and
demonstrate that the potential waste rock material is characterized by a lack of sulphur bearing
species. The absence of sulphur minerals suggests that the waste material will have a very low
potential for acid generation. XRD is a method with lower sensitivity to sulphidic minerals, therefore
those results will have to be corroborated by SEM and optical microscopy observations.
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Figure 19: Box and Whisker Plot Describing the Distribution of Total Sulphur (wt%) in All the
Samples and in the Samples Analyzed by Optical Microscopy

Total sulphur concentration provided by ABA test

Acid-neutralising minerals are present to some extent in most samples. In particular calcite is present
as a minor component within 8 of the samples, two of which also contain dolomite as minor mineral,
thus making carbonate minerals a significant component of those samples; and as a trace component
within a further nine samples (Table 9).

Other acid-neutralising minerals are present in the form of ultramafic and mafic aluminosilicate
minerals such as phlogopite (one samples) and actinolite (ten samples) mainly in the MV lithology.

Optical and SEM Summary

Sulphides were observed in all submitted samples at trace concentrations (<1 wt%). This optical
assessment is confirmed by the accounting of total sulphur performed during the static test as
illustrated by the box and whiskers plot of Figure 19. This figures depicts the total sulphur in all the
samples and in the ones selected for the optical microscopy assessment, mean values for all the
samples are 0.11 wt% and mean values in the sample selected for optical assessment is slightly
higher at 0.20 wt%. Those values are well within the 1 wt% determined by optical and SEM
microscopy. The main sulphide mineral observed was pyrite with ultra-trace (<0.1 wt%) proportions
of chalcopyrite, pyrrhotite and molybdenite. Where observed the pyrite was usually subhedral to
euhedral and medium-grained. Pyrite grains were generally located within the interstitial space
between the main silicate minerals quartz, albite and clinochlore. Within three of the ten submitted
waste rock samples gold was found located as inclusions within pyrite (SRK2834, SRK2844 and
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SRK2845). This gold mineralization was generally fine-grained and consisted of gold amalgam (Au,
Ag, Hg), with roughly 3 atomic % mercury present as solid solution which is likely to be mobilized
by cyanide leach solutions in the process reporting to the tailings facility.

Carbonate minerals were observed in all but two submitted samples, and was present in minor or
major proportions in four of the samples. The main carbonate mineral observed was calcite, though
dolomite was a major mineral in one sample and ankerite was observed in three samples. From the
wider static test investigation it is observed that the carbonates exceed the sulphide content with
minimal acid-generation potential. However, the presence of ankerite within these three samples
should be noted as their proportion in relation to calcite did not appear to be negligible. If this is a
common occurrence throughout the waste rock then a reduction in neutralisation capacity can be
expected.

In summary, sulphide proportions are generally low and predominantly consist of medium-grained
pyrite. There is a general excess of carbonate material compared with sulphide material, and this is
confirmed in the static tests performed to date. However, ankerite is present within three of the
samples, and at proportions which would lead to a reduction in neutralisation potential if the latter is
calculated solely on inorganic carbon content. Chalcopyrite and molybdenite contents were
negligible, so although present they are unlikely to lead to much Cu or Mo leaching.

The mineralogical data suggests that there are few acid generating minerals in the samples tested and
at least a moderate amount of neutralising minerals.

Majority of carbonates are present as calcite with some dolomite. Iron / manganese containing
carbonates also present but although they are detected their amounts are negligible.

Sulphides mainly present as pyrite with trace pyrrhotite, chalcopyrite and molybdenite (only in one
sample). Arsenic sulphides are not detected, and trace element concentrations within pyrite also not
detected (As, Se, Sb, etc)
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Table 9: Mineralogy of Waste Rock Samples

Samole ID SRK SRK SRK SRK SRK SRK SRK SRK SRK SRK SRK SRK SRK SRK SRK SRK
P 2835 2836 2837 2838 2839 2840 2841 2842 2843 2844 2845 2846 2847 2848 2849 2850
Lithology GR MV MV MV GR QV GR GR MV QV MV MV MV GR GR GR
Mineral Mineral  Alteration ideal % % % % % % % % % % % % % % % %
Group Formula
SIO2 Quartz SiO2 463 403 30° 538 61°3 0 46°% 58% 383 398 413 403 273 558 543 553
polymorphs
Feldspar Albite NaAlSisOs 403 353 203 243 293 67% 428 38°% 26°% 143 153 213 123 30% 36°% 313
Amphibole Actinolite  Caz(Mg,Fe)sSigO22(0OH)2. 0 0 173 0 0 0 0 0 20°3 0 0 243 0 0 0 0
llite Ko.6MQo.25Al1.8Al0.5Si3.5010 0 0 52 62 0 0 92 22 0 62 133 0 143 0 62 102
(OH)2
Mica . .
Muscovite KAIzSizO10(OH)2 92 16°3 0 0 10 193 0 0 0 0 0 0 0 10%? 0 0
Phlogopite KAIMgsSizO10(OH): 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Misc. Clinochlor .
. MgsAl2SizO10(OH)s 32 163 238 173 0 32 22 22 16°% 22% 203 158 218 22 22 32
Phyllosilicate e
Calcite CaCOs 22 0 52 0 0 113 172 0 0O 82 113 0O 82 32 22 12
Carbonate
Dolomite  CaMg(CO:s)2 0 0 0 0 0 0 0 0 0 113 0 0 183 0 0 0
0 0 <10
Sulphide* Pyrite FeS2 nd. nd. nd. nd <1/(1) nd. nd. nd. nd <1/2 1/2 nd. nd. nd nd nd

AB/tj—rb—ah —jfc

EIES YRM Roxgold_07-2014_Vol2-ANNEXES_FINAL (2)
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sample o SRK SRK SRK SRK SRK SRK SRK SRK SRK SRK SRK SRK SRK SRK SRK
P 2852 2853 2854 2855 2856 2858 2859 2860 2861 2862 2863 2864 2865 2866 2867
Mineral Mineral Lithology GR GR MV MV MV MV GR GR GR GR GR GR GR MV MV
Group
SiO2 .
Quartz  SiO2 543 453 423 0 373 363 543 593 50% 513 653 553 553 383 493
polymorphs
Feldspar Albite NaAISisOs 20% 393 253 0 21% 16°% 393 293 313 343 243 333 323 283 373
Amphibole  Actinolite  Caz(Mg,Fe)sSisO22(OH)2 0O 12 92 223 102 30% 0 O O 12 O O 0 183 0
lllite KosMgozsAlisAlosSiasOw0 g, 135 g2 o 165 o 52 92 153 102 72 72 92 0 123
(OH)2
Mica . .
Muscovite KAI3Si3010(0OH)2 o o o0 O ©o0 11 o 0 0 O o 0 0 0 o0
Phlogopite  KAIMgsSizO10(OH)2 o o o086 0O O 0O 0O O O o 0 0 0 o0
Misc. Clinochlor 1 46Al2Siz010(OH)e 62 22 163 52 163 82 22 Q0 42 42 32 42 32 163 22
Phyllosilicate e
Calcite  CaCOs 52. 0 0 138 0 O 0 32 0 0 12z 12 12z 0 0
Carbonate
Dolomite  CaMg(COs)2 o o o0 O O O o 0O O O 0O 0 0 0 ©0
<19 0 0 <1% <10
Sulphide*  Pyrite  FeS: nd. nd % nd ond M g ond T ona M nd nd ona

1

1

*  Determined by optical microscopy

n.d. Not determined

AB/tj—rb—ah —jfc

EIES YRM Roxgold_07-2014_Vol2-ANNEXES_FINAL (2)
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1 <1% Trace minerals
2

1-10% Minor minerals

3 >10% Major minerals

AB/tj—rb—ah - jfic EIES YRM Roxgold_07-2014_Vol2-ANNEXES_FINAL (2)



4.2 Acid Generating Potential

4.2.1 Paste pHand EC Measurements

Paste pH and EC tests were carried out in order to assess the short-term reactivity of the core
samples and existing waste material. The results are provided in full in Appendix B and are
presented as a box and whisker plot for each material type in Figure 20. This shows that all core
samples generated moderately alkaline (pH 8.9 to 10.2) paste pH values, which is likely to be a
function of the generally high carbonate content and disequilibrium between dissolved carbonate
species and atmospheric CO2(g).

Paste EC values ranged between 110 and 335 puS/cm with a mean for all samples of 179 uS/cm.

Figure 20: Box and Whisker Plot of Paste EC and pH Measurements for the Waste Rock

4.2.2 Assessment of Acid Potential and Neutralisation Potential

In order to undertake ABA, it is necessary to determine both an Acid generation Potential (AP) and
acid Neutralising Potential (NP) for each sample. For the Yaramoko project, AP was determined
from the total sulphur content of the sample assuming that all sulphur was present as pyrite (FeS>).
The total sulphur content of the core samples which was used in the calculation of AP was found to
vary from below analytical detection limits (<0.01 wt%) in the majority of the material types to a
maximum of 0.68 wt% in one of the MV samples. Use of total sulphur for calculation of AP is
justified at Yaramoko as due to the generally low sulphate sulphur content of most samples
(<0.1wt%). Use of the calculated sulphide sulphur value is likely to introduce a considerable error
into the calculations that may result in spurious results.

NP was calculated via two methods:




1. NP by titration (NPTITR) - assesses actual neutralising potential through titration
with acid. Although this method largely assesses the potential for carbonate mineral
buffering, some fast reacting silicate minerals are also partially dissolved in the test.

2. The NP titration included a hydrogen peroxide step in order to correct for potential
errors due to the presence of iron and manganese in the carbonate minerals like
siderite (FeCOs3) and ankerite (Ca(Fe,Mn)Mg(COs3)) which were observed during the
site visit. Iron and manganese in carbonates reduces the overall buffering capacity of
these minerals.




The results of the two methods, measured and corrected NP values have been compared in Figure
21. The data follow a trend and show a clear bias toward the siderite corrected values which seems
to indicate an overestimation of the siderite amount in the samples. This observation is consistent
with the results of the mineralogical assessment in which iron and manganese bearing carbonate

(ankerite) was only detected in trace amounts.
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Figure 21: Comparison of Neutralization Potential Calculated from Carbonates and with

Siderite Correction

4.2.3 Acid Base Accounting

ABA was carried out in order to assess the balance of AP and NP of the samples. ABA was carried
out on 28 samples of core material representative of potential waste material. The results are
summarized in Table 10 and are provided in full in Appendix B. In addition, scatter plots showing
the acid generating characteristics of the core samples are provided in Figure 22.

Table 10: Summary of Waste Rock ABA Testwork Results

Total

Lithology # Sulphur

Avg Acid Avg
Generation Neutralizing

NNP

NPR




Potential™

Potential

Total Sulfur {wt%)

wt% kg CaCOs eq/t
GR 14 0.11 29.5 26.3" 21.1
MV 12 0.24 38.6 34.8 20.9
Qv 2 0.12 43.5 39.3" 20.5
# Number of samples representing material type
* Indicates non-acid forming characteristics
** From total sulphur
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Figure 22: Scatter Plot Comparing: NPR* and NNP* (top), Total Sulphur and NPR (middle);
and Acid Generating Potential and Neutralizing Potential of the Waste Rock
Material (bottom)

* Both calculated from total inorganic carbon

Total sulphur is compared to the sulphide/sulphur content (wt%) in Figure 23 and describes a 1:1
linear relationship. Total sulphur can then be used interchangeably in the following of this study.
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Figure 23: Scatter Plot comparing the Total Sulphur to the Sulphide Sulphur (wt%) in the ABA
Testwork




Materials are generally considered to be non-acid forming (NAF) if there is three times excess of
neutralizing capacity (i.e., NP/AP > 3), but are considered potentially acid forming (PAF) if the
ratio of NP to AP is less than 1 (Figure 22). The average acid generating potential was found to be
between 3.4 and 4.2 kg CaCOs eq/t for all material. Average neutralization potential by titration was
found to be greater than 20 kg CaCOs eq/t for all material types with the highest being in the Quartz
Vein Zone (43.5 kg CaCOs eq/t). This indicates that in most cases the available NP is in significant
excess to the available AP and the majority of the samples can therefore be classified as a Non Acid
Forming (NAF) material.

Three GR samples are considered uncertain by comparing the NPR with NP (Figure 22), of those,
only one sample is defined as potentially acid forming when comparing NPR with total sulphur
(Figure 22) and NP with the acid generation potential (Figure 22), this sample SRK2864 became
acid in the NAG test with a solution pH of 3.2 (NAG extract). The gray shaded areas in the figures
indicate the uncertain zone where the samples might generate acidity.

Similarly three MV samples are considered uncertain with regard to their acid generation potential
(Figure 22) as well as when comparing NPR with Total Sulphur (Figure 22) and NP with Acid
Generation Potential (Figure 22). But none of those sample developed acidity in the NAG test.
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Figure 24: Box and Whisker Plot of the Acid (top) and Neutralization (bottom) Potential of
Each Lithological Type

4.2.4 Net Acid Generation Testing

Net Acid Generation (NAG) testing was carried out to determine the maximum potential acidity
release given complete oxidation of all exposed sulphide minerals in the samples. NAG testing was
carried out on 28 samples of waste material.

During the test the sample is reacted with H.O> at room temperature for 18 hours then heated up
until it stop degassing and finally boiled for five minutes. In this study the pH of the solution was
measured before and after heating the samples. The majority of the heat treated samples exhibit
higher pHs than before heating. The reason for this bias is unclear at present but may be linked to
the activation of carbonates species (calcite and dolomite). The samples showing an increase of
acidity after heat treatment, SRK 2853, 58 and 64 have traces or no carbonates which support this
hypothesis.

The results are summarized in Table 11 and the NAG pH is plotted against the Net Neutralization
potential in Figure 25 and with the sulphide content in the rock in Figure 26. There is a lower
sulphide content in the GR than MV and despite having both a low neutralization ratio and high
sulphide the NAG pH remains basic for both GR and MV.




A minimum NAG pH of 3.1 from a post heating GR sample was the only evident low pH, with the
next lowest pH (from MV) being 5.65. Although greater than 4.5 pH units, both these NAG pH
values are indicative that acid generation might occur without being fully neutralized by the
available NP. This demonstrates that these samples (SRK2425 and SRK2426) do have the potential
to generate acidity if weathering conditions favoured depletion of NP before AP was fully depleted.

All other samples showed neutral NAG pH indicative of carbonate buffering.

The average NAG pH for the different lithologies is comprised between 7 and 7.5, which is neutral
and therefore indicative of potentially NAF material. This result is consistent with the ABA
testwork results.

Table 11: Summary of Waste Rock NAG Testwork Results

Average Average Average NAG Value

Lithology  # |\ pH* NAG pH ** kg H2S04 eqit
&R 14 7.0 9.9 3.4
MY 12 7.2 9.6 6.4
ov 5 7.5 9.7 3.3
Total 28 7.2 9.7 4

* Before heating

** After heating
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4.2.5 Acid Generating Capacity Summary

The general excess of NP to AP in the Yaramoko waste rock material means that the potential for
acid generation is considered to be low. However, although the probability of the entire waste
material generating acidic leachate is low, it is possible that localized generation of acid may occur
in small pockets of higher sulphur / lower carbonate material where acid generating potential
exceeds acid neutralising potential.

4.3 Solute Leaching Potential

4.3.1 Multi-Element Analysis

Agua Regia acid digestion followed by solution analysis was used to determine the available metal
content of reduced minerals in the core samples that could be potentially released to the
environment. The results of the multi-element assay are summarized in Table 12 which shows
concentrations of key parameters relating to ARDML compared to average crustal abundance.

Table 12: Summary of Multi-Element Assay Showing GAIl Values for Key Parameters Relating

to ARDML

Al As Cd Cr Co Cu Fe Pb Mn Mo Ni S Sbh Se U Zn

Lithology #
mg/Kg

Avg Crustal Abundance™ 81,300 1.8 0.2 100 25 55 50,000 13 950 15 75 260 0.2 0.05 1.8 70
GR 14 6579 1.0 01 10 5 17 16,021 2 29 1 8 1,207 0.1 0.5 0.7 42
MV 12 20,767 3.1 0.1 94 28 82 51,342 2 800 1 40 2,342" 0.1 0.6 0.3 79
Qv 2 18,950 44 0.1 42 19 44 42,800 2 765 0 27 1,400° 0.1 0.6 0.3 72
Average 28 15,432 3 0 49 17 48 36,721 2 620 0 25 1,650" 0.1 1 04 64

* 3 to 6 times average crustal concentrations
** 6 to 12 times average crustal concentrations

*** Mason, 1966

The results show that most that most environmentally significant elements are below or close to
their relative natural abundance in the waste material. However, gold, arsenic, sulphur and selenium
are shown to be enriched compared to average crustal concentrations. Antimony was not found to

10



be enriched with respect to average crustal abundance despite being mobilized to some extent in the
NAG test. Ag, P, La and Ba are also enriched with respect to their respective GAI values but only in
a limited number of samples. Their enrichment might be due to the presence of a phosphate bearing
phase where phosphorus is substituted in minor amounts by lanthanum and barium.

It should be noted here that Aqua Regia does not facilitate a complete digestion of all minerals
within a sample. In most cases there will be a residue silicate matrix that will resist acid breakdown.
However, Aqua Regia is effective in the breakdown of most sulphide minerals, secondary sulphate
minerals, and the majority of oxide and hydroxide minerals as well as most gold and gold
amalgams. Aqua Regia is given here to represent the complete element quotient that may
potentially be available for release during natural weathering processes. As Aqua Regia digestion is
not a total analysis method, the comparison to average crustal abundance though the calculation of
GAl is taken as an approximation only in order to highlight where elemental concentrations are
elevated.

Tellurium calculated GAI values shows apparent enrichment in the averaged lithologies compared
to average crustal concentrations however this trace element is below the detection limits of the
analytical techniques, therefore this apparent enrichment is artificial and due to the reporting limit
used.

4.3.2 Deionized Water Leach

A single stage deionized water leach was carried out on the waste rock samples. The leach was
carried out to determine the components that are immediately available for release from the
samples. In particular the leaching of key parameters relating to ARDML was assessed to determine
their potential mobility in the secondary environment. The leaching procedure utilized a single stage
leach, with a liquid to solid ratio of 3 to 1.

The results of the deionized water leach test are summarized in Table 13, which shows elemental
concentrations compared to WHO, IFC, CCME and Burkina Faso MAC guidelines. The pH of the
solution is moderately alkaline (pH 9.6) which confirms the results of the NAG and ABA tests and
supports the observation that the Yaramoko waste material is non-acid forming. The Ficklin metal
(the sum of copper, cadmium, cobalt, nickel, lead and zinc) release from the waste sample was

0.1 mg/L. This constitutes an alkaline solution with low metal concentrations.

Table 13: Deionized Leach Elemental Concentrations (in mg/L) Compared to WHO, IFC, CCME
and Burkina Faso MAC Guidelines

Al As Cd Cr Co Cu Fe Pb

Lithology # pH mg/L
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Detection Limit 0.0005 0.00002 0.000005 0.0001 0.000005 0.00009 0.001 0.000005
GR 14 9.5 0.275 0.0008 0.000005 0.0001 0.00003 0.0008 0.014 0.00002
MV 12 9.6 0.253 0.0004 0.000005 0.0002 0.00001 0.0005 0.013 0.000007
Qv 2 9.6 0.400 0.0005 0.000005 0.0001 0.00003 0.0014 0.005 0.000007
Total / Avg 28 9.6 0.309 0.0005 0.000005 0.0001 0.00002 0.0009 0.010 0.00001
WHO 6.5-8.5 - 0.01 0.003 0.05 - 2 - 0.01
IFC 6-9 - 0.1 0.05 0.1 - 0.3 2 0.2
CCME 6.5-9 - 0.005 0.005 - - 0.002 0.3 0.001
MAC 6.4 -10.5 10 0.14 0.1 0.1 0.5 1 20 0.5
BF DW 6.5-8.5 0.7 0.01 0.001 0.05 - 0.02 0.1 0.05
Mn Mo Ni S Sb Se U Zn
Lithology # pH mg/L
Detection Limit 0.05 0.00005 0.00005 10 0.00005 0.00002 0.000002 0.0001
GR 14 9.5 0.001 0.0009 0.004 10.9 0.0009 0.0002 0.00006 0.0006
MV 12 9.6 0.001 0.0006 0.001 10.0 0.0006 0.0002 0.00001 0.0003
Qv 2 9.6 0.0008 0.0002 0.001 10.0 0.0002 0.0002 0.00004 0.0004
Total / Avg 28 9.6 0.001 0.0006 0.002 10.3 0.001 0.0002 0.00003 0.0004
WHO 6.5-8.5 0.4 0.07 0.07 - 0.02 0.04 0.015 -
IFC 6-9 - - 0.5 - - - - 0.5
CCME 6.5-9 - - 0.025 - - 0.001 0.015 0.03
MAC 6.4 -10.5 1.2 0.5 2 - 0.1 0.8 - 5
BF DW 6.5-8.5 0.05 - - - - 0.01 - 0.5

4.3.3 NAG Leachate

The results of the hydrogen peroxide leach test are summarized in Figure 27. This shows elemental
release of Fiklin metals (sum of Cd, Co, Cu, Ni, Pb, Zn) (in mg/kg) compared to solution pH. The
gray area indicates the uncertain zone where sample can possibly go acid, one GR sample belongs
to this category. This shows that while several elements are released at detectable concentrations,
generally less than 5% of metal inventory of the waste was mobilized under the intensive oxidising
conditions of the NAG test. Consequently elemental release from the wall material is considered
low. Figure 28, Figure 29 and Figure 30 show Sh, As and Se release against NAG test pH. These
elements constitute oxyanions which are characterized by general increasing mobility with
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increasing pH. This habit can be seen with antimony which shows a maximum release of less than
0.1 mg/kg release. Arsenic and selenium both show a greater release generally between 0.01 and 1
mg/Kkg.
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Figure 27: Scatter Plot of the Ficklin Metals (mg/kg) Release as a Function of NAG pH

0.1

|
8
9,
o ° , B ®GR
] ® = MVOL

0.01 ‘ AQVZ

NAG Test Antimony Release (mg/kg)

0.001 T T T T T

NAG pH (s.u.)

Figure 28: Scatter Plot of Antimony Release (mg/kg) as a Function of NAG pH
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Figure 29: Scatter Plot of the Arsenic Release (mg/kg) as a Function of NAG pH
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Figure 30: Scatter Plot of the Selenium Release (mg/kg) as a Function of NAG pH
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Table 14: Hydrogen Peroxide Leach

Elemental Concentrations (in mg/L) Compared to

Guidelines

Al As Cd Cr Co Cu Fe Pb
Lithology # pH mg/L
Detection Limit 0.0005 0.00002 0.000005 0.0001 0.000005 0.00005  0.0011 0.000005
GR 14 9.6 2.35 0.0008 0.00002 0.003 0.003 0.009 0.036 0.00012
MV 12 10.3 1.61 0.0005 0.00001 0.01 0.0005 0.0009 0.143 0.00004
Qv 2 11.6 349  0.0001 0.000005 0.006 0.00001  0.0003 0.009 0.00003
Total / Avg 28 10.5 248  0.0005 0.00001 0.007 0.001 0.003 0.063  0.00006
WHO 6.5-8.5 - 0.01 0.003 0.05 - 2 - 0.01
IFC 6-9 - 0.1 0.05 0.1 - 0.3 2 0.2
CCME 6.5-9 - 0.005  0.0051 - - 0.002 0.3 0.001
MAC 6.4 -10.5 10 0.14 0.1 0.1 0.5 1 20 0.5
BF DW 6.5-8.5 0.7 0.01 0.001 0.05 - 0.02 0.1 0.05

Mn Mo Ni SO4 Sb Se U Zn
Lithology # pH mg/L
Detection Limit 0.00005 0.00005 0.00002 - 0.00002 0.00004 0.000002 0.0001
GR 14 9.6 0.070 0.005 0.0014 22.7 0.0004 0.0004 0.0002 0.006
MV 12 10.3 0.019 0.006  0.0008 29.5  0.0003 0.002  0.00002 0.001
Qv 2 11.6 0.001 0.003  0.0003 7.6 0.0003 0.0005 0.000002 0.001
Total / Avg 28 10.5 0.030 0.005 0.0008 19.9 0.0003 0.0009 0.00006 0.003
WHO 6.5-85 0.4 0.07 0.07 - 0.02 0.04 0.015 -
IFC 6-9 - - 0.5 - - - - 0.5
CCME 6.5-9 - - 0.025 - - 0.001 0.015 0.03
MAC 6.4 -10.5 1.2 0.5 2 600 0.1 0.8 - 5
BF DW 6.5-8.5 0.05 - - 150 - 0.01 - 0.5

Table 15: Hydrogen Peroxide Leach

Rock Concentrations

Elemental Release (in mg/kg) Compared to the Whole
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Al As Cd Cr Co Cu Fe
Lithology # pH mg/kg
GR 14 9.6 235 0.08 0.002 030 0.31 0.90 3.55
MV 12 10.3 161 0.05 0.001 1.06 0.05 0.09 14.30
Qv 2 11.6 349 0.01 0.001 060 0.00 0.03 0.94
Total /Avg 28 10.5 248 0.05 0.001 065 0.12 0.34 6.26

Pb  Mn Ni S Sb Se U Zn
Lithology # pH mg/kg
GR 14 9.6 0.012 6.99 0.14 1443* 0.04 0.04 0.02 0.64
MV 12 10.3 0.004 194 0.08 1675* 0.03 0.19* 0.002 0.13
Qv 2 116 0.003 0.09 0.03 1000* 0.03 0.05 0.0002 0.15
Total /Avg 28 105 0.006 3.01 0.08 1373* 0.03 0.09 0.006 0.31

* Indicates >75% of sample inventory leached

** |ndicates between 25% and 50% of sample inventory leached

16



5 Conclusions

The static testwork carried on the predicted waste material from the Yaramoko project can be
characterized as having globally low potential for acid generation, with a low risk of developing
metal leaching behaviour that will have a negative catchment scale impact. However, the reader
should be mindful that a number of elements were slightly elevated in some samples and were
found to be mobilized in aggressive leaching tests. With this in mind, including common sense
mitigation measures to minimize local scale water quality impacts is advisable. The main
conclusions are discussed in more detail as follow:

5.1 Acid Generation

The results of the ABA and NAG testwork demonstrate that the majority of waste rock at
Yaramoko can be largely classified as non-acid forming (NAF) material. Six samples are
categorized as uncertain but only one of the 28 samples collected are considered to be Potentially
Acid Forming (PAF) material as determined through Acid Base Accounting (ABA). This sample
generated acidic pH leachate (pH 3) during the Net Acid Generation (NAG) tests, with the
remainder of the samples generating circum-neutral (pH 7 to 7.5) leachates. This lack of acid
generation behaviour can be attributed to the generally low content of acid generating sulphide
minerals combined with high concentration of carbonate minerals within the waste rock material.

The potential for acid generation of theYaramoko waste rock material is considered to be low.
Localized generation of acid may occur in small pockets containing higher sulphide content.

5.2 Metal Leaching Potential

The results found arsenic, sulphur, selenium and gold to be enriched in all material types with
respect to the Geochemical Abundance Index (GAI) values and silver, phosphorus, lanthanum and
barium in a three samples. Despite being enriched all the values with the exception of gold were
close to the analytical method detection limit and represent the generally low content of these
elements in the rock.

During the deionized water leach test (carried out at a liquid to solid ratio of 3:1), no metal(loid)s
were found to be released at concentrations in excess of relevant water quality guidelines, it can
therefore be deduced that the potential for immediate (short term) release of problematic solutes
from the WRD facility should be minimal.
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During the NAG leach extraction in which the sulphide minerals are oxidized with hydrogen
peroxide, the following observations were made:

¢ No element were found to exceed the IFC and Burkina Faso effluent discharge to surface
water guidelines in addition; and

e Only aluminium was found to exceed the Burkina Faso drinking water guidelines in all
lithologies, and is likely a reflection of the alkaline pH of the final leach solution and the
elevated solubility of aluminium under these pH conditions.

In the case of the Granitoid lithology, copper (0.009mg/L) and manganese (0.07 mg/L) were found
to be higher than the CCME and the Burkina Faso Drinking Water guidelines respectively.

Selenium (0.0019 mg/L) and Iron (0.14 mg/L) were found higher than the Drinking water and
CCME guidelines in the Mafic Volcanic lithology.

It must be noted that the concentrations are generally low and concern the solution generated by the
waste material prior to any geochemical effect e.g. lab to field upscaling, precipitation of secondary
minerals, surface complexation, and dilution. Therefore it is important that a preliminary calculation
of source term concentration be undertaken to fully quantify the leaching potential of the above
elements.

It should be noted, that although not detected in leachates from the waste rock, mercury was
identified in Au:Ag:Hg amalgam within sulphide. The mercury associated with gold will likely be
mobilized during cyanidation leaching of the ore and be entrained in the tailings pore water.
Therefore, monitoring of mercury concentrations in the tailings should be made during mine
operation.

5.3 Metal Leaching Potential

The findings of this report demonstrate that the potential waste rock samples from the Yaramoko
project have a low acid generation potential and are unlikely to release significantly elevated
concentrations of problematic elements under normal weathering conditions. However, a low
potential for leaching of elements arsenic, selenium, antimony, copper and manganese has been
indicated.

Two potential sources have been identified in the Yaramoko deposit from the following sources:
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e Temporary waste rock dump;
e Underground workings, backfilled waste and wall rock; and
e Leaching of waste rock used for construction within the mine facilities.

Potential water quality impacts resulting from these sources are given in Table 16.

Table 16: Summary of Potential Water Quality Impacts at the Yaramoko Project

Source Cause Impact Receptor
. . Potential for low level Surface water
Atmospheric weathering / .
Temporary e leaching of sulphate, and groundwater
oxidation of waste rock . : .
waste rock selenium, antimony, receptors in
followed by subsequent . g
dump : : arsenic, copper and receiving
leaching by rainwater
manganese. catchment
Underground Atmospheric weathering / Potential for low level Groundwater in
workings, oxidation of backfill and wall  leaching of sulphate, vicinity of the 55
backfilled rock during mine life followed selenium, antimony, Zone once
waste and by mobilisation during mine  arsenic, copper and groundwater has
wall rock void flooding manganese. fully recovered
Waste rock  Atmospheric weathering / Potentlal for low level Surface water
o leaching of sulphate, and groundwater
used as oxidation of waste rock . : .
, selenium, antimony, receptors in
construction followed by subsequent . g
. . : arsenic, copper and receiving
material leaching by rainwater
manganese. catchment

In addition to the waste rock, mineralogical assessment of samples showed the presence of
AuAgHg amalgam within sulphide minerals. Although this is not a risk within the waste rock
materials, the mercury associated with gold will likely be mobilized during cyanidation leaching of
the ore material and be entrained in the tailings pore water. Therefore, monitoring of mercury
concentrations in the tailings should be made during mine operation.
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6 Recommendations

6.1 Prior to Operation

e Itis recommended that sequential NAG tests are carried out on samples with a net
neutralisation potential less than 20 kg CaCOs eg/t. This will give a better indication of the
total leachable component and potential final leach pH of the samples;

e Itis recommended that conservative geochemical modelling of the source term is performed
to fully quantify the leaching potential of the waste and wall rock; and

¢ Humidity cell testing should also be considered if conservative geochemical modelling
indicates the potential for water quality impacts downstream of the mine waste facility.

6.2 Mine Operation and Closure Mitigation Requirements

e Itis recommended to locate the temporary waste rock storage facility on low permeability
layer collect and monitors seepage water quality prior to reuse or discharge to the
environment. This will ensure that suitable mitigation control measures are in place in the
event that low quality water is realized,;

e The backfilling of all waste rock to a level below the recovered water table should be
undertaken prior to, or at point of mine closure to limit the potential weathering of solutes
from these materials;

¢ Monitoring dewatering water quality prior to discharge. Ensure that suitable mitigation control
measures are in place in the event that non-compliant water quality is realized; and

¢ Monitoring of surface and ground water quality downstream from the mine site during
operation and following closure. Assessment of the water quality against a set of site specific
water quality objectives based water usage and key receptors to be agreed with the relevant
regulating authority.
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Table 7.1: Aqua Regla Metals Test Results for project YARAMOKD

Maxxam Sample ID Mo cu Ph Zn ag NI Co Mn Fe a8 u 2u Th
sampls No
Unitz ppm ppm ppm ppm ppm ppm ppm * ppm pm ppo ppm

HTEE29 SHK 2835 07 20.7 B 2 =0.1 27 71 2.03 OLE 0.7 45 31
HTEE30 SRK 2836 14 53.1 2.2 T =0.1 20.7 262 5.51 37 0z G606 0.5
HT8631 SREK 2837 06 D6 7a =0.1 34.0 31.9 5.43 5.1 <0 5.7 0.5
HT8E32 SRK 2838 0.5 1.0 112 =0.1 3.1 29.7 7.5 1.2 0z 27.6 09
HTEE33 SHEK 2833 0. 2.4 31 =0.1 34 3.2 1.3 5 0.5 139 5.1
HTEE34 SRK 2840 0.1 0.4 25 45 =0.1 5.5 46 1.40 =0.5 0.4 21.8 19
HTB635 SREK 2821 0.y 135 26 3a <0.1 3.1 27 1.16 i 0.5 16.3 52
HTEE35 SHK 2842 0.2 38.3 2.1 2 =0.1 2.8 6.1 205 OB 0.3 229 38
HTEE37 SREK 2843 0.5 121 0.9 &1 =0.1 1E.E 235 37 14 =0 431 0.4
HTEE3S SRK 2844 0.3 ET.4 1.3 24 0.2 4E. 337 7.16 8.2 0z 1430 0.7
HT8639 SRK 2844 DUP 0.3 B1.3 11 9 01 4E.6 356 7.3 74 o a2z [
HTEE40 SHK 2845 0.7 736 1.6 95 1.0 5.3 31.7 £.59 2.1 =0 3120 0.4
HTEE41 SRK 2846 0.5 150 0.4 70 =0.1 14.5 244 447 rd, ' I, 0.5
HTEE42 SRK 2847 0.3 EB.E 2.3 121 o IE4 234 B.10 3.5 ' 0.7
HTE643 SREK 2845 i3 111 23 A7 <0.1 1.8 22 115 i 0.7 3
HTEE44 SHEK 2843 0. 75 2.0 34 =0.1 1.3 1.7 1.19 07 0.5 540
HTEE4S SRK 2850 0.3 16.4 1.9 23 =0.1 5.9 52 1.50 1.9 1.2 34
HTEE45 SHEK 2852 0.3 21.1 1.8 25 =0.1 382 9.8 217 OLE 0.e 34
HTE647 SRK 2853 07 28.5 3.6 51 <0.1 3.4 7.3 1.55 =05 0.5 23
HTEE43 SHEK 2854 14 ED.E 0.5 102 =0.1 14.E 29.5 512 26 0.3 1.1
HTEE43 SRK 2855 =0.1 114 10.3 62 =0.1 219 3.73 11.0 2. 15.8
HTEESD SHEK 2855 DUP =0.1 117 10.7 ES ={.1 21E 3.70 1.5 2. 17.3
HTEES SRK 2856 0. E 0.4 71 =0.1 0.9 476 1.6 2 0.5
HT8ES2 SHK 2858 0 0.5 53 =0.1 26.9 3.40 1.9 0.1 0.8
HTEES3 SRK 2850 [\ 4. 2.3 40 =0.1 1.7 1.20 5 0.8 5.4
HTE654 SREK 28560 b & 1] A7 =0.1 2.3 247 167 0.3 . 21
HTEESS SRK 2851 0.6 25.0 2.0 55 =0.1 10.5 364 1.55 0.9 3. 340
HTB655 SRK 28562 0.2 106 2.3 52 =<{0.1 3.4 313 171 0.7 28 3.4
HTEEST SRK 28563 i 23.0 1.6 56 =0.1 9.8 288 1.45 0.5 =0.5 33
HTEES8 SREK 28564 o 18.6 13 34 =0.1 5.2 263 1 § 0.5 6.9 40
HTEESD SRK 2865 20 221 1.6 43 =0.1 8.6 303 1.43 =05 0.5 0.5 28
HT&E60 SRK 2866 0.4 147 04 71 <0.1 137 573 443 29 <l 36 0.5
HTEEE1 SHEK 2856 DUP 0.E 153 0.s =] ={.1 14.1 57E 45 2.8 0.1 =0.5 0.5
HTE662 SREK 28567 10 276 38 k] =0.1 7.6 2309 1.56 05 0.4 571 26

QAGC

Duplicates

HTS653 Dup |SRK 2865 18 222 16 29 =<{.1 9.2 6.8 2a7 45 o7 [ o7 <05 30 ]

Blanks

Method Blank =0.01

Method Biank =0.1 =0, =0.1 =1 =0.1 =0.1 =1 =1 =0.5 =0 =0,

Method Blank <05

Rafarence Matoral

REF OREASASEA (%) 220

Trug values REF OREAS45SEA 2265

Pemcent Diference -249

Rafarence Mataral

REF QREASA45EA PPM 1.20 E45 142 31.0 0.200 36T 511 402 5.90 1.7 10.3

Trus Valuss REF OREAS4SEA PPM 178 ] 143 30 0311 357 52 400 14 173 10.7

Pemcent Dienence -32.6 -8.9 0.7 1.3 -35.7 249 -1.7 0.5 2149 1.7 -3.7

Raference Mataral

REF OREAS45EA PPB 58.3

Trus values REF OREAS45EA PPB 53

Percent Differance 118

Rafarence Matoral

DE10 % 271

Trus Valusa D510 % 2713

Percent Diferance 0.3

Rafarence Mataral

D510 ppm 13.8 15 154 369 1.90 7.0 12.8 593 472 260 T.60

Trusg Valugs D510 ppm 14.63 15461 150.55 3523 136 T46 123 ge1 437 1539 7.5

Percent Diilference 5.1 13 25 46 =31 32 0.3 T B.D 0.4 13

FRafarence Mataral

D510 ppo 60.2

Trug valugs DS10 ppb 9.3

Pemcent Diference -34.5

Detection Limis a1 o1 0.1 1 .1 1K) o 1 .81 0.5 et 0.5 01

Acme 10X DX 1DX 10X 1DX 10X 1DX 10X 10X DX 10X 10X 10X
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Table 7.2: Aqua Regla Metals Test Rasulta for project YARAMO KO
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Maxzam sampile ID sr cd 5D Bl v ca P La cr Mg Ba Tl B
Sample No
Units ppm ppm ppm ppm ppm % ppm ppm % ppm % ppm
HT2620  |SRK 2E3s 15 <D.1 <0.1 <01 23 o i3 ] 063 3 D.033 <20
HT8E30  |SRK 2B36 93 (K] <01 02 128 4 & 34 183 13 0.042 <20
HT8£31  |SHk B3t 5 <01 0.1 =01 158 2.07 s 17 161 10 0,123 =20
HT8£32  |SRK 2B38 52 <01 0.1 <01 176 3 7 <1 1.70 18 0.0&0 <20
HT2£33  |SRK 2E30 11 <01 0.1 0.2 15 [RE 49 3 0.2 a4 D.018 <20
HT8E34  |SRK 2640 27 <01 <01 <01 16 ERE 14 2 22 35 0.004 <20
HT8E35  |SREK 2B21 13 <0.1 0.1 0.1 2 0.50 73 2 0.20 35 0.004 <20
HT2£38  |SHK B4z 13 <01 <01 <01 27 111 5 2 038 30 0.041 <20
HT2£37 _ |SRK 2B43 20 <0.1 <0.1 <01 140 1.57 4 13 1.13 3 D.140 <20
HT8638  |SRK 2644 E <01 <01 <01 I 15E s &1 273 13 D0.024 <I0
HT8E30 _ |SRK 2644 DUP 2 <0.1 <0.1 =01 223 469 5 33 2.81 14 0.02 <20
HT2E40  |SHK JE4S 27 <01 <01 0.2 125 4 3 a1 2.27 23 D0.013 <20
HT2E41  |SRK 2B46 14 <01 0.2 <0.1 114 1.11 4 a 096 7 0.200 <20
HT8E42  |SRK 2847 135 0.2 <01 (K] o] 5.52 g 24 227 K 0.030 <20
HT8£43  |SREK 2B4E 21 <0.1 <0.1 =0.1 3 0.09E 20 2 0.7 31 0.007 <20
HT8E42  |SRK 2E40 12 <01 <01 <01 2 0.6 5 2 0.2 30 0.022 <20
HT8E45  |SHK 2650 10 <01 03 =01 14 (R 70 2 041 31 D.045 <70
HT8E48  |SRK 2852 34 <01 <01 =01 i 1.68 75 52 Dol 23 D.033 <20
HT8E47__ |SREK 2B53 D <0.1 0.2 =0.1 B [ 5 5 0.47 a7 0.000 <20
HT8E48  |SRK 254 10 <01 0.1 <01 127 1.28 7 7 120 13 D178 <20
HT8E49  |SmkK 2655 230 <01 0.1 (K] 111 102 532 411 2990 D.045 <70
HT2E50_ |SRK 2E55 DUP 230 <01 0.2 0.1 100 B 104 o5 1 R 3100 D.057 <20
HTEEE1  |SREK 2BESE 7 <01 <01 =01 154 1. 4 23 1.30 2 D.205 <20
HT8E52  |SRK 2B3E 11 0.1 0.1 <01 108 1. E 10 0,54 27 D.1E2 <20
HT8E53  |SmkK 2650 [ <01 <01 =01 3 0. 37 3 013 29 D.023 <70
HTSE54  |SHK 2B5D 2 <0.1 <0.1 =0.1 3 0. = 3 022 4 0.076 =20
HT8E55  |SRK 2B51 42 <01 0.2 (K] 10 1. 15 5 D.45 25 D.033 <20
HT8E56  |SRK 2Bs2 15 0.2 <01 <01 10 [ 5] 5 043 28 0.070 <20
HT8E5T  |SRK 2853 7% <01 <01 02 13 [ ] 5 040 30 0.053 <20
HT8E58  |omk oBsa o <01 <0.1 =01 17 0. 5 3 ES 32 D0.028 =20
HT8E50  |SRK 2855 23 <01 0.1 <01 12 0. 20 5 0.40 20 0.057 <20
HTSEE0__ |SREK 2B56 13 <0.1 0.2 =0.1 118 1. 4 3 0.05 5 D.123 <20
HT8E61 _ |SRK 2656 DUP 14 <01 0.2 <01 17 1. 4 3 0.96 7 0.203 <20
HT8EE2  |SmK 2BsT 41 <01 0.2 =01 15 0. 23 5 DB 34 0.002 =20
QAGC
Duplicatss
HT2650 Dup |SAK 2855 24 <01 <01 <01 12 .26 0.036 3 5 0.30 20 D.057 <20
Blanks
Metnod Blank <001 | <0.001 =0.01 <0.001
Method Blank <1 <0 <0.1 <01 =2 <1 =1 =1 <20
Method Blank
Rafarence Mataral
REF DREACASEA (%) D.0400 | 0.0280 0.0000 0.0960
Trus valuss REF OREASASEA 0.032 0.023 0.055 0,108
Percent Dierence 250 34 53 189
Rafarence Matanal
REF OREAGASEA PPM 400 <01 0.200 0200 308 7.00 E73 123 <I0
Trug valugs REF OREASASEZ PPM 4.05 0.03 0.64 0.2 255 ERE B3 148
Percent Diference EF] £58 231 a4 145 78 20
Rafarence Mataral
REF OREASASEA PPE
Trus Values REF OREAS4SER PPB
Percent Diference
Rafarence Mataral
0510 % 1.07 0.0740 D.760 0.0720
Trus valugs D510 % 1.08 0.073 B 0.077
Percent Dierence EE] 53 3.7 55
Rafarence Matanal
D510 ppm £6.0 150 710 g 220 16.0 550 an <20
Trug Valugs D510 ppm £7.1 48 351 11.65 43 175 545
Percent Diference B a8 253 13 23 EE 6.2
Rafarence Mataral
D510 ppo
Trus valuss D510 pph
Percent Diference
Deteciion Limits 1 0.1 0.1 0.1 2 0.01 0.007 1 1 0.07 1 0.001 20
Acme 70X 10X 10X 10X DX 10X 0% 10X 0% 10X 10X 10X 10X
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Table 7.3: Aqua Regla Metals Teat Results for project YARAMOKD
Maxzam Sample ID &1 Ha K W Hg Sc Tl 5 Ga Se Te
Sample No
Units % % % ppm ppm ppm ppm % ppm ppm ppm
HT&E629 SRK 2835 0.82 0047 .11 0.3 0.01 22 =<{].1 =i1.05 3 =0.5 =02
HTE8E3D SRK 2836 1.86 0.025 0.a7 0.1 =0.01 14.5 =<f].1 0.32 7 =0.5 =02
HTEE31 SREK 2837 2.39 0.060 0.a7 0.3 0.02 8.3 =il 1 0.19 9 =0.5 =02
HTE&E32 SRK 2838 .44 0.020 0.08 0.1 0.01 20.5 =i.1 0.1% 13 =0.5 =0.2
HTB8E33 SRK 2839 0.47 0.038 0.13 2.7 0.01 A =<f].1 =105 2 =0.5 =02
HTBE34 SRE 2840 0.63 0.065 017 =01 0.01 32 =<{].1 0.06 3 =0.5 =02
HTBE3S SRK 2841 0.32 0.029 .11 =01 0.04 0.5 =<{].1 0.11 1 =0.5 <02
HT8E36 SREK 2842 0.72 0.039 0.13 0.4 0.01 32 =il 1 0.14 4 =0.5 =02
HTGB637 SRK 2843 1.63 0.064 0.08 <0.1 0.01 102 (.1 0.20 7 LG <02
HTE8E38 SREK 2844 316 0.014 0.a7 0.2 0.03 21.1 =<f].1 0.22 11 0.7 =02
HTBE39 SRK 2844 DUP 3.19 0.013 0.a7 0.2 0.02 21.7 =<f].1 0.22 12 0.5 =02
HTEE40 SRK 2845 3.02 0.007 212 =0.1 014 10.5 =i.1 0.61 10 =0.5 2.8
HTEE41 SREK 2846 1.73 0.076 0.04 =0.1 0.01 5.2 =il 1 0.16 [ 1.0 =02
HTBE42 SRE 2847 271 0014 0.09 =0.1 =0.01 15.5 =<{].1 0.29 10 =0.5 =02
HTEBE43 SREK 2848 0.49 0.043 0.14 =0.1 0.03 (1] =<{].1 =105 2 =05 <02
HTBE44 SRK 2849 0.41 0.034 0.11 =0.1 =0.01 1.0 =<f].1 0.08 2 =0.5 =02
HTE8E45 SRK 2850 0.75 0.043 017 =0.1 0.01 1.1 =f].1 =i1.05 3 =0.5 =02
HTBE4E SRK 2852 1.13 0.033 0.13 =0.1 =0.01 3.7 =<f].1 0.05 4 =0.5 =02
HTBE4T SRK 2853 0.63 0.043 0.22 0.1 =0.01 12 =<f].1 0.20 3 =0.5 =02
HTEE43 SRK 2854 1.88 0.055 0.13 0.5 0.01 4.7 ={.1 0.21 il =0.5 =0.2
HT&E49 SRK 2855 3.32 0.010 2499 a2 =0.01 44 0.7 0.06 i) 0E =02
HTEBESD SRK 2855 DUP 3.47 0.010 3.02 0.2 0.01 4.5 0.8 0.06 9 A =02
HTBES1 SRK 2856 1.91 0056 0.30 0.3 =0.01 6.7 =<{].1 0.16 7 =05 <02
HTBES2 SRK 2858 1.40 0101 0.16 =0.1 0.02 6.2 =<f].1 0.22 5 0LE =02
HTBES3 SRK 2859 0.44 0.044 0.09 =0.1 =0.01 1.1 =f].1 =005 3 =0.5 =02
HT8ESS SRK 2860 0.69 0.041 Q.16 =0.1 0.03 0.B 0.2 ={1.05 3 =0.5 =02
HTBESS SRK 2861 0.76 0.040 0.11 =0.1 =0.01 1.0 =<f].1 0.10 3 0.8 =02
HTG&E56 SRK 2862 0.82 0.043 017 0.1 =0.01 1.1 =<{].1 =i1.05 4 =0.5 =02
HTBEST SRK 2863 0.75 0044 0.13 0.1 0.01 1.0 =<f].1 0.07 3 =0.5 =02
HTESESS SRE 2864 0.64 0.058 .11 =0.1 0.02 1.7 =il 1 0.7a 4 0 =02
HTBES3 SRK 2885 0.74 0.033 0.12 0.2 0.02 0.9 =<{].1 0.06 3 =05 <02
HTBEED SRK 2866 1.73 0.0480 0.04 =0.1 0.01 5.5 =<f].1 016 & 0LE =02
HTBEE1 SRK 2866 DUP 1.75 0.080 0.04 =0.1 =0.01 5.6 =f].1 0.16 ] R =02
HT8EE2 SREK 2867 0.63 0.047 0.22 0.1 0.01 1.2 =il 1 0.20 3 =0.5 =02
QAGC
Duplicatss
HTE659 Dup |SRK 2B6S 0.73 0.033 0.12 0.1 =0.01 0.5 =<f].1 0.07 3 =05 [ =02
Blanks
Methd Biank <001 =0.001 =0.01 =0.05
Method Blank =0.1 =0.01 =0.1 =(].1 =1 =0.5 <=2
Method Blank
Raferance Mataral
REF OREASASEA (%) 3.06 0.0160 0.0500 =105
Trug Values REF OREAS4SES 3.32 0027 0.053 0.044
Percent Diference -7.8 -40.7 5.7
Raferance Mataral
REF OREASASEA PPM <0.1 D.0200 778 (.1 12.0 0.700 <02
Trug Values REF OREAS45ELS PPM 034 T8 0.072 1.7 2.09 011
Pemcent Diference <041 0.1 2.6 665
Referance Matanal
REF OREAS4SEA PPB
Trus Values REF OREAS4SES PPB
Pemant Difference
Raferance Mataral
DE10 % 1.04 0.0670 0.340 0250
Trug Valuss D510 % 1.08 0086 0.35 0.3
Pemcent Diference -1.9 1.5 2.9 -3.3
Rafarance Matanal
DS10 ppm 3.00 0.330 2.90 5.0 4.00 260 5.30
Trug Values DS 10 ppm 3.34 0.283 28 473 4.3 2.3 4.3
Pefcent Diference -10.2 14.2 3.6 4.4 -7 13. &.4
Raferance Mataral
D510 ppl
Trug Values D510 ppb
Pemcant Difference
Detection Limits oot .00t oot o1 0.0 o1 o 0.05 1 0.5 0.2
Acme 10X TOX 1DX 10X 10X 10X 10X 10X 10X 10X TOX
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XRD Data - Mineralogy
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NED Analvsis of 31 Samples (Project U5629)

Bulk analyses were carried out on the 31 samples. Scans were min using the Philips
PW1710 Automated Powder Diffractometer using Cu Ko radiation at 35KV and
40mA, between 2 and 70 26 at a scan speed of 0.04 °28/s. From the scans, phases
were identified and from the peak areas, semi quantitative analysis was performed and
a percentage of each phase present calculated. Weighting factors were applied where

NECESsary.

Therefore, results for the samples are as follows:

SRK 2835
Phase Found Percentage
Quartz 46
Albite 40
Muscovite 9
Clinochlore 3
Calcite 2
SRK 2836
Phase Found Percentage
(Quartz 40
Albite 35
Clinochlore 16
Muscovite g
SRK 2837
Phase Found Percentage
Quartz 30
Clinochlore 23
Albite 20
Actinolite 17
Tllite 5
Calcite 5
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SRE 2838
Phase Found Percentage
Quartz 53
Albite 24
Clinochlore 17
Illite 6
SREK 2839
Phase Found Percentage
Quartz 61
Albite 20
Muscovite 10
SRE 2840
Phase Found Percentage
Albite 67
Muscovite 19
Calcite 11
Clinochlore 3
SRK 2841
Phase Found Percentage
Quartz 46
Albite 42
Tlite 9
Clinochlore 2
Calcite 1
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SRK 2842

Phase Found Percentage
Quartz 58
Albite 38
Clinochlore 2
Illite 2
SRE 2843
Phase Found Percentage
Quartz 38
Albite 26
Actinolite 20
Clinochlore 16
SRK 2844
Phase Found Percentage
Quartz 30
Clinochlore 22
Albite 14
Dolonmute 11
Calcite 8
Tlite 6
SRK 2845
Phase Found Percentage
Quartz 41
Clinochlore 20
Albite 15
Tlite 13
Calcite 11
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SRK 2846

Phase Found Percentage
Quartz 40
Actinolite 24
Albite 21
Clinochlore 15
SRK 2847
Phase Found Percentage
Quartz 29
Clinochlore 21
Dolomite 18
Tilite 14
Albite 12
Calcite 8
SRK 2848
Phase Found Percentage
Quartz 55
Albite 30
Muscovite 10
Calcite 3
Clinochlore 2
SRE 2849
Phase Found Percentage
Quartz 54
Albite 36
Tlite 6
Clinochlore 2
Calcite 2
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SRK 2850

Phase Found Percentage
Quartz 55
Albite 31
Tlite 10
Clinochlore 3
Calcite 1
SRE 2852
Phase Found Percentage
Quartz 54
Albite 20
Tilite ]
Clinochlore ]
Calcite 5
SRK 2853
Phase Found Percentage
Quartz 45
Albite 39
Illite 13
Clinochlore 2
Actinolite
SRK 2854
Phase Found Percentage
Quartz 42
Albite 25
Clinochlore 16
Actinolite g
Tilite 8
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SRK 2855

Phase Found Percentage
Phlogopite 60
Actinolite 22
Calcite 13
Clinochlore 3
SRK 2856
Phase Found Percentage
Quartz 37
Albite 21
Tllite 16
Clinochlore 16
Actinolite 10
SREK 2858
Phase Found Percentage
Quartz 36
Actinolite 30
Albite 16
Muscovite 10
Clinochlore 8
SREK 2859
Phase Found Percentage
Quartz i
Albite 39
Illite 3
Clinochlore 2
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SRK 2860

Phase Found Percentage
Quartz 59
Albite 20
Tlite 9
Clinochlore 3
SRK 2861
Phase Found Percentage
Quartz 50
Albite 31
Tllite 15
Clinochlore 4
SRK 2862
Phase Found Percentage
Quartz 51
Albite 34
Illite 10
Clinochlore 4
Actinolite 1
SRE 2863
Phase Found Percentage
Quartz 65
Albite 24
Tllite 1
Clinochlore 3
Calcite 1
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SRK 2864

Phase Found Percentage
Quartz 55
Albite 33
Tlite 7
Clinochlore 4
Calcite 1
SRK 2865
Phase Found Percentage
Quartz 55
Albite 32
Tilite g
Clinochlore 3
Calcite 1
SRK 28066
Phase Found Percentage
Quartz 38
Albite 28
Actinolite 18
Clinochlore 16
SRK 2867
Phase Found Percentage
Quartz 49
Albite 37
Tllite 12
Clinochlore 2
131013
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APPENDIX 4 :
RESULTS OF SOIL BASELINE LEVEL ANALYSES (CHEMICAL
ANALYSIS AND PROFILES OF SOIL STUDIED)



Profile BA 55
Description date (authors)

1°) SOIL CLASSIFICATION
- CPCS (1967)

- WRB

- Coordinates

2°) ENVIRONMENT OF THE PROFILE
- Location

- Vegetation and/or use

- Physiographic Position

- Surrounding Topography
- Microtopography

- Slope

- Parent Material

- Hydric Condition

- Drainage

- Groundwater

- Surface coarse elements
- Rocky Outcrop

- Erosion

- Human Influence

:13/06/2012 (NEBIE, PARE)

: Poorly developed regosolic erosion soils
: regosol thaptoleptic.

: Bagassi-Koussaro road

: sorghum field in Faidherbia albida park
: connecting glacis

: slightly ondulated

: none.

:0;5%

: schists

: dry profile

: normal

: not affected

: abundant quartzite pebbles
: schists and quartzites

: strong sheet erosion

: crops

3°) MORPHOLOGICAL DESCRIPTION OF THE PROFILE

0-14 cm: dark brown (7.5 YR 3/4) when moist; sandy loam; 60% of ferruginous gravel and quartz;
subangular blocky structure poorly developed into fine and medium elements; soft consistency;
numerous fine, very fine and average pores; many roots ranging from very fine to fine; well developed

biological activity; distinct transition.

12-48 cm: yellowish red (5YR4/6) when moist; clay loam; 90% of ferruginized schists ; crumbly
consistency ; numerous pores that are large, medium and fine; and many roots ranging from very fine
to fine; well developed biological activity; distinct transition.

48-110 cm: horizon of weathered and soft schists; few and very fine roots; less visible biological

activity.

Over 110 cm: unaltered schist bed

BA 55 soil sample analysis results

No. of Laboratory 1409

1410

No. of origin BA 55




Depth (cm) 0-14| 14-48
TEXTURE LS A
Clay % 13.73 [ 41.18
Total silt % 25.49 | 25.49
Total sand % 60.78 [ 33.33
WATER CONSTANTS

pF 2.5 % 23.88 |33.02
pF 3.0 % 15.98 | 25.15
pF 4.2 % 10.80 [ 18.01
ORGANIC MATTER

Total organic matter % 3,822 |2,276
Total carbon % 2,217 | 1,320
Total nitrogen % 0,147 10,111
C/N 15 12
PHOSPHORUS in ppm of P

Total phosphorus 405.5 [419.0
Available phosphorus 5.74 |5.74
POTASSIUM in ppm of K

Total Potassium 641.1 [438.3
Available Potassium 79.09 | 27.36
SOIL REACTION

pH of water (p/v: 1/2.5) 6.28 |[6.35




Profile BA84
Description Date (authors) :21/06/2012 (NEBIE, PARE)

1°) SOIL CLASSIFICATION

- CPCS (1967) : Brown, eutrophic, tropical and poorly developed soils
- WRB : Episkeletal, hypovertic Cambisols
- Coordinates :-

2°) ENVIRONMENT OF THE PROFILE

- Location : North of Yaramoko

- Vegetation and/or use : sorghum field under Vitellaria paradoxa and Faidherbia albida park.
- Physiographic Position : peripheral depression

- Surrounding Topography : slightly ondulated

- Microtopography : none

- Slope : 1.5%

- Parent Material : schists

- Hydric Condition : dry to fresh profile

- Drainage : normal

- Groundwater : not affected

- Surface coarse elements : abundant quartzite pebbles
- Rocky Outcrop :none

- Erosion : sheet erosion

- Human Influence : crops

3°) MORPHOLOGICAL DESCRIPTION OF THE PROFILE

0-20 cm: dark brown (10YR3/3) when moist ; spotless; clay loam; 60% of ferruginous gravel and
quartz; subangular blocky structure poorly to moderately developed into fine and medium elements ;
crumbly consistency ; many pores ranging from very fine, fine, medium to large; fairly numerous roots
ranging from very fine to fine; well developed biological activity; distinct transition.

20-50 cm: light olive brown (2.5 Y 5/6), when moist; silty clay; 20% quartz gravel and ferruginous and
ferro-manganic concretions; subangular blocky structure poorly to moderately developed into
medium and coarse elements ; consistency ranging from firm to fresh; quite many pores ranging from
very fine to fine; quite numerous roots ranging from very fine to fine; well developed biological
activity; distinct transition.

50-66 cm: light olive brown (2.5Y5/6) when moist; silty clay; 15% of ferruginous concretions and
weathered rock debris; sub-angular blocky structure poorly to moderately developed into medium,
coarse and fine elements; firm consistency ; few pressure faces ; fairly numerous pores ranging from
very fine to fine and medium; few and very fine roots; poorly developed biological activity; distinct
transition.

66-120 cm: horizon of weathered rock; very few and very fine roots; poorly developed biological
activity.

Note: presence of some fine shrinkage cracks in the profile.




Results of the analyses of BA 84 soil samples

No. of Laboratory

1425 |1426 \1427

No. of origin

BA 84

Depth (cm) 0-20 | 20-50| 50-66
TEXTURE LA AL LAF
Clay % 33.33 |41.18 |37.25
Total silts % 31.38 |43.13 |45.10
Total sands % 35.29 |15.69 |17.65
WATER CONSTANTS

pF 2.5 % 30.16 |36.17 |35.62
pF 3.0 % 21.28 |28.21 |27.65
pF 4.2 % 18.69 [23.59 |24.01
ORGANIC MATTER

Total organic matters % 0.710 |0.481 |1.422
Total carbon % 0.412 |0.279 |0.825
Total Nitrogen % 0.034 |0.026 |0.073
C/N 12 11 11
PHOSPHORUS in ppm of P

Total Phosphorus 243.3 |135.2 |108.1
Available Phosphorus 9.66 |8.75 10.56
POTASSIUM in ppm of K

Total Potassium 4049.3|2111.6 |1792.9
Available Potassium 82.07 |30.34 |31.34
SOIL REACTION

pH of water (p/v: 1/2.5) 6.25 |6.37 6.45




Profile BA 39
Date of description (authors)

1°) SOIL CLASSIFICATION
- CPCS (1967)

- WRB

- Coordinates

2°) ENVIRONMENT OF THE PROFILE
- Location
- Vegetation and/or use

:19/06/2012 (NEBIE, PARE)

: Hydromorphic, brown, eutrophic, and tropical soil
: Gleyic Cambisol

: lowland of Bagassi
: cornfield in savannah park with Faidherbia albida

- Physiographic Position : Lowland

- Surrounding Topography : almost flat

- Microtopography : None

- Slope :0.5%

- Parent Material : alluvium

- Water Status : fresh at surface, wet in depth
- Drainage : imperfect

- Groundwater : not affected

- Surface coarse elements :none

- Rocky Outcrop :none

- Erosion : very poor sheet erosion

- Human Influence

: Plowing

3°) MORPHOLOGICAL DESCRIPTION OF THE PROFILE

0-22 cm: dark brown (10YR4/3) when moist ; few brown spots; silty clay; subangular blocky structure
moderately developed into medium, coarse and fine elements; crumbly consistency ; numerous pores
ranging from medium to fine and very fine ; numerous roots ranging from fine to very fine; well
developed biological activity, distinct transition.

22-62 cm: olive brown (2.5Y4/3) when moist; some brown spots; clay; some fine ferruginous gravel;
subangular blocky structure poorly to moderately developed into coarse and medium elements; firm
and fresh consistency; numerous pores being very fine and fine; quite a few roots ranging from very
fine to fine; well developed biological activity; gradual transition.

62-105 cm: olive brown (2.5Y4/4) when moist; 15% of yellowish dark brown spots (10YR4/6) and
gray (10YR5/1) clay ; few ferruginous concretions ; angular blocky structure moderately developed
into coarse and medium elements; sticky to wet consistency; some sliding surfaces ; fairly numerous
pores ranging from fine to very fine and medium; very few and very fine roots ; fairly developed
biological activity.

Results of the analyses of BA 39 soil samples

No. of Laboratory 1404 |1405 |1406

No of origin BA 39

Depth (cm) 0-22 | 22-62|62-105
TEXTURE LAF A AS




Clay % 31.37 |43.14 |41.18
Total Silts % 49.02 (37.25 |3.92
Total Sands % 19.61 |[19.61 |54.90
WATER CONSTANTS

pF 2.5 % 37.65 |31.65 |33.57
pF 3.0 % 29.10 |25.34 |26.73
pF 4.2 % 16.84 |16.60 |16.76
ORGANIC MATTERS

Total organic matters % 3.751 |1.619 |1.155
Total Carbon % 2.176 |0.939 |(0.670
Total Nitrogen % (0.147 |0.073 |0.058
C/N 15 13 12
PHOSPHORUS in ppm of P

Total Phosphorus 7299 |364.9 |283.8
Available Phosphorus 11.77 |7.85 3.62
POTASSIUM in ppm of K

Total Potassium 2730.9|1977.6 | 1035.9
Available Potassium 108.43|170.11 |116.39
SOIL REACTION

pH of water (p/v: 1/2.5) 6.86 7.12 7.24




Profile BA60
Date of description (authors)

1°) SOIL CLASSIFICATION
- CPCS (1967)

- WRB

- Coordinates

2°) ENVIRONMENT OF THE PROFILE
- Location

- Vegetation and/or use

Nauclea latifolia, Cordya mixa

- Physiographic Position
- Surrounding Topography
- Microtopography

- Slope

- Parent Material

- Water Status

- Drainage

- Groundwater

- Surface coarse elements
- Rocky Outcrop

- Erosion

- Human Influence

:17/06/2012 (NEBIE, PARE)

:Vertic, hydromorphic, tropical, and eutrophic brown soil
: Gleyic and vertic Cambisols

: developed lowland of Yaramoko
: Corn plots in savannah park with Ficus gnaphalocarpa,

: developed plain
: almost flat
: none

:0.5%
:alluvium

: fresh

: imperfect

: not affected
:none

:none

:in poor sheet
: plowing

3°) MORPHOLOGICAL DESCRIPTION OF THE PROFILE

0-22 cm: very dark grayish brown (10YR3/2) when moist ; spotless ; silty clay; some ferruginous
gravels; angular blocky structure moderately developed into medium and coarse elements ; firm

consistency ; fairly numerous pores ranging from fine to very fine and medium; numerous roots that
are very fine and fine; well developed biological activity; gradual transition.

22-60 cm: olive brown (2.5Y4/3) when moist; 5% gray spots (10YR5/1) and dark grayish brown spots
(10YR4/6); clay ; few ferruginous gravels; angular blocky structure moderately developed into coarse
and medium elements;, many sliding surfaces ; firm consistency ; few pores ranging from very fine to
fine; few roots ranging from fine to very fine; well developed biological activity; gradual transition.

60-100 cm: olive brown (2.5Y4/3) when moist ; 10% yellowish brown spots (10YR5/6) and gray spots
(10YR5/1); clay ; few ferruginous and ferro-manganic concretions; angular blocky structure poorly to
moderately developed into coarse and medium elements; firm consistency ; fairly numerous sliding

surfaces ; few pores ranging from very fine to fine; rare and very fine roots ; poorly developed

biological activity.

Note: presence of fine shrinkage cracks in the profile and at the ground surface.

Results of the analyses of BA 60 soil




samples

No. of Laboratory 1411 1412 1413
No. of origin BA 60

Depth (cm) 0-22 22-60 60-100
TEXTURE A A A
Clay % 47.06 52.94 50.98
Total silts % 39.21 33.33 35.29
Total sands % 13.73 13.73 13.73
WATER CONSTANTS

pF 2.5 % 38.27 40.72 55.17
pF 3.0 % 30.71 32.60 31.68
pF 4.2 % 19.18 21.32 20.44
ORGANIC MATTER

Total organic matter % 3.398 1.315 0.941
Total Carbon % 1971 0.763 0.546
Total nitrogen % 0.154 0.066 0.051
C/N 13 12 11
PHOSPHORUS in ppm of P

Total Phosphorus 675.8 324.4 270.3
Available Phosphore 12.07 6.64 4.83
POTASSIUM in ppm of K

Total Potassium 1412.6 |1035.9 1789.2
Available Potassium 148.22 |41.28 35.32
SOIL REACTION

pH of water (p/v: 1/2.5) 6.40 7.24 7.26




Profile BA25
Date of description (authors) :18/06/2012 (NEBIE, PARE)

1°) SOIL CLASSIFICATION

- CPCS (1967) : Vertic, ferruginized, torpical, eutrophic brown soil.
- WRB : Endohypogleyic and hypovertic Cambisol
- Coordinates :-

2°) ENVIRONMENT OF THE PROFILE

- Location : Bagassi-Yaramoko Road

- Vegetation and/or use : Sorghum field in savannah park with albida, Vitellaria paradoxa,
Acacia seyal

- Physiographic Position : peripheral depression

- Surrounding Topography : slightly ondulated

- Microtopography :none

- Slope 1%

- Parent material : schists

- Water Status : dry profile

- Drainage : normal

- Groundwater : not affected

- Surface coarse elements : spreading of quartz gravel
- Rocky Outcrop :none

- Erosion :in diffuse sheet

- Human Influence : culture

3°) MORPHOLOGICAL DESCRIPTION OF THE PROFILE

0-24 cm: brown (10YR4/3) when wet; silty clay; 10% ferruginous gravel and quartz subangular blocky
structure moderately developed into medium and fine elements ; crumbly consistency; numerous
pores ranging from fine to very fine and medium ; many roots ranging from fine to medium, very fine;
well developed biological activity; distinct transition.

24-52 cm: yellowish brown (10YR5/4) when moist; clay; 20% ferruginous gravel and quartz; angular
blocky structure moderately developed into coarse, fine and medium elements; firm consistency; some
sliding surfaces; quite numerous pores ranging from medium to very fine and fine; quite numerous
roots that are fine, medium and very fine; well developed biological activity; distinct transition.

52-77 cm: yellowish brown (10YR5/6) when moist; clay; 15% quartz gravels and ferruginous
concretions ; angular blocky structure poorly to moderately developed into medium and coarse
elements; firm consistency; some sliding surfaces ; few pores that are very fine and fine; few roots
ranging from fine and very fine; fairly developed biological activity ; gradual transition.

77-105 cm: light olive brown (2.5Y5/6) when moist; 10% gray spots (2.5Y5/2); clay; 5% quartz
gravel, weathered rock and ferruginous concretions ; angular blocky structure poorly developed into
coarse, medium and fine elements ; firm and fresh consistency; some sliding surfaces ; few pores being
very fine and fine ; rare roots being fine and very fine ; fairly well developed biological activity; gradual
transition.




105-125 cm: horizon of weathered rocks; not visible roots; poorly developed biological activity

Note: Presence of fine shrinkage cracks of 2nd to 3rd places

Results of the analyses of BA 25 soil samples

No. of Laboratory 1397 |1398 |1399 |1400
No. of origin BA 25

Depth (cm) 0-24|24-52|52-77| 77-105
TEXTURE LA A A A
Clay % 39.22 |52.94 |43.14 |45.10
Total silts % 25.49 |25.49 |25.49 |33.33
Total Sands % 35.29 |21.57 |31.37 |21.57
WATER CONSTANTS

pF 2.5 % 27.74 |35.17 |35.94 |44.97
pF 3.0 % 20.81 [29.18 |[28.99 |36.00
pF 4.2 % 13.78 {19.50 |19.48 |24.31
ORGANIC MATTER

Total organic matter % 2.188 |1.102 |0.481 |0.336
Total Carbon % 1.269 [0.639 |0.279 |0.195
Total nitrogen % 0.096 |0.055 |0.026 |0.019
C/N 13 12 11 10
PHOSPHORUS in ppm of P

Total Phosphorus 256.8 |175.7 |162.2 |175.7
Available Phosphorus 543 |4.83 5.74 4.53
POTASSIUM in ppm of K

Total Potassium 387.5 (329.6 |2354 |119.5
Available Potassium 3432 (3233 |27.36 |35.32
SOIL REACTION

pH of water (p/v: 1/2.5) 6.48 |6.39 6.48 6.55
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Profile BA31
Date of description (authors) :16/06/2012 (NEBIE, PARE)

1°) SOIL CLASSIFICATION

- CPCS (1967) : Hydromorphic ferruginized, torpical, eutrophic brown
soil

- WRB : Endohypogleyic Cambisol

- Coordinates -

2°) ENVIRONMENT OF THE PROFILE

- Location : Bagassi-Ouahabou road
- Vegetation and/or use : sorghum field in park with Vitellaria paradoxa,
Piliostigma thoningii, Lannea microcarpa, Ziziphus mauritiana.

- Physiographic Position : peripheral depression

- Surrounding Topography : almost flat

- Microtopography :none

- Slope :0.5%

- Parent Material -

- Water Status : dry profile

- Drainage : normal to moderate

- Groundwater : not affected

- Surface coarse elements :none

- Rocky Outcrop :none

- Erosion : in diffuse sheet

- Human Influence : plowing

3°) MORPHOLOGICAL DESCRIPTION OF THE PROFILE

0-24 cm: Dark yellowish brown (10YR3/4) when moist; clay loam ; few ferruginous and ferro-
manganic concretions; subangular blocky structure poorly developed into medium, fine and coarse
elements; crumbly consistency ; numerous pores that are medium, fine and very fine; many roots
ranging from fine to very fine; well-developed biological activity ; gradual transition.

24-60 cm: Dark yellowish brown (10YR4/4) when moist; silty clay; 5% of ferruginous and ferro-
manganic concretions; subangular blocky structure poorly to moderately developed into medium, fine
and coarse elements; firm consistency; quite numerous pores that are fine, very fine and medium ;
fairly numerous roots that are medium, coarse and fine; well developed biological activity; gradual
transition.

60-106 cm: olive brown (2.5Y4/4) when moist; 5% gray spots (10YR5/1) and dark yellowish brown
spots (10YR4/6): 20% of ferruginous and ferro-manganic concretions; angular blocky structure
weakly to moderately developed into coarse, medium and fine elements; firm consistency ; few
pressure faces ; few pores that are very fine and fine ; quite many roots that are fine, medium, and very
fine.

Results of the analyses of BA 31 soil samples
" No. of Laboratory ’ 1401 ’ 1402 ’ 1403 ‘
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No. of origin BA 31

Depth (cm) 0-24| 24-60| 06-106
TEXTURE L LA LA
Clay % 2745 |29.41 |37.25
Total Silts % 37.26 |33.34 |31.38
Totatl Sands % 35.29 |137.25 |31.37
WATER CONSTANTS

pF 2.5 % 27.14 |28.01 |32.52
pF 3.0 % 17.21 |18.63 |23.11
pF 4.2 % 10.06 |11.03 |15.14
ORGANIC MATTER

Total organic matter % 2.115 /0.890 |0.871
Total Carbon % 1.227 10.516 |0.505
Total nitrogen % 0.087 | 0.044 |0.044
C/N 14 12 11
PHOSPHORUS in ppm of P

Total Phosphorus 202.7 [169.0 |121.6
Available Phosphorus 3.32 |5.74 4.23
POTASSIUM in ppm of K

Total Potassium 2209 [105.0 |199.2
Available Potassium 42.28 |52.72 |33.33
SOIL REACTION

pH of water (p/v: 1/2.5) 596 |6.10 6.41
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Profile BA 69
Date of description (authors)

1°) SOIL CLASSIFICATION
- CPCS (1967)

- WRB

- Coordinates

2°) ENVIRONMENT OF THE PROFILE

- Location
- Vegetation and/or use

:19/06/2012 (NEBIE, PARE)

: Leached tropical ferruginous soil with concretions
: Ferric Lixisols

: Road of Niankongo to Kahin
: savanna shrubland with Balanites aegyptiaca, Lannea acida,

Tamarindus indica, Securinega virosa, Anogeissus leiocarpus, Acacia machrostachya.

- Physiographic Position
- Surrounding Topography
- Microtopography

- Slope

- Parent Material

- Water Status

- Drainage

- Groundwater

- Surface coarse elements
- Rocky Outcrop

- Erosion

- Human Influence

: upper slope
: almost flat

: none
:1-2% N-S

: dry profile
: normal
: not affected
:none
: crust
: gully erosion
: field in the vicinity

3°) MORPHOLOGICAL DESCRIPTION OF THE PROFILE
0-13 cm: light gray (10YR7/2) when dry; brown (10YR5/3) when moist; sandy loam; without coarse
elements ; subangular blocky structure weakly developed into fine and medium elements; soft

consistency: many pores ranging from very fine to fine and medium; quite many roots being fine, very

fine and large; well-developed biological activity ; distinct transition.

13-32 cm: very pale brown (10YR7/3) when dry; yellowish brown (10YR5/4) when moist; sandy clay
loam ; few ferruginous concretions ; subangular blocky structure poorly developed into fine, medium

and coarse elements; hard consistency: numerous pores being large, medium, fine, very fine; fairly

numerous roots that are fine, very fine, medium; well-developed biological activity ; gradual transition.

32-75 cm: very pale brown (10YR7/4) when dry; yellowish brown (10YR5/6) when moist; sandy clay;
some ferruginous concretions ; subangular blocky structure poorly developed into coarse and medium

elements; very hard consistency; many pores being very fine, fine, medium and large; few roots that

are fine, very fine ; well developed biological activity; distinct transition.

75-110 cm: very pale brown (10YR7/4) when dry, brownish yellow (10YR6/6) when moist; 5%
yellowish red spots (5YR5/6); clay loam; 20% of ferruginous concretions ; subangular blocky

structure developed into coarse, medium, fine elements; hard consistency; many pores that are large,

medium, fine; few roots that are very fine and fine;, poorly developed biological activity.

Note: slaking crusts on the surface and many channels of water erosion.
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Results of the analyses of BA 69 soil samples

No. of Laboratory 1414 1415 1416 | 1417
No. of origin BA 69

Depth (cm) 0-13 13-32 | 32-75| 75-110
TEXTURE L LS L L
Clay % 13.73 15.69 |27.45 |23.53
Total silt % 41.17 |31.37 |29.41 |39.22
Total sand % 4510 |52.94 |43.14 |37.25
WATER CONSTANTS

pF 2.5 % 17.43 15.97 18.79 |22.01
pF 3.0 % 12.32 12.81 1592 |18.23
pF 4.2 % 5.17 9.51 13.16 |15.24
ORGANIC MATTER

Total organic matter % 1919 |1.138 |0.802 |0.693
Total Carbon % 1.113 |0.660 |0.465 |0.402
Total nitrogen % |0.087 |0.055 0.044 |0.036
C/N 13 12 11 11
PHOSPHORUS in ppm of P

Total Phosphorus 175.7 |162.2 135.2 |108.1
Available Phosphorus 11.77 7.24 10.56 |9.66
POTASSIUM in ppm of K

Total Potassium 10641.2|11394.5|9699.5 |8757.8
Available Potassium 55.21 16.41 19.40 |24.37
SOIL REACTION

pH of water (p/v: 1/2.5) 5.16 4.60 433 443
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Profile BA76
Date of description (authors) :18/06/2012 (NEBIE, PARE)

1°) SOIL CLASSIFICATION

- CPCS (1967) : Leached ferruginous tropical soil with spots and
concretions

- WRB : gleyic, hypoferric, rhodic lixisol

- Coordinates -

2°) ENVIRONMENT OF THE PROFILE

- Location : South of San

- Vegetation and/or use : sorghum field in savannah park with Vitellaria paradoxa Lannea
microcarpa, Acacia seyal, Piliostigma thonningii, Parkia biglobosa, Diospyros mespiliformis.
- Physiographic Position : downslope

- Surrounding Topography : almost flat

- Microtopography :none

- Slope :0.5%

- Parent Material -

- Water Status : dry profile

- Drainage : normal to moderate

- Groundwater : not affected

- Surface coarse elements :none

- Rocky Outcrop :none

- Erosion : diffuse sheet

- Human Influence : crops

3°) MORPHOLOGICAL DESCRIPTION OF THE PROFILE

0-17 cm: dark brown (7.5 YR 3 /4) when moist; sandy loam ; few ferruginous concretions ; subangular
blocky structure poorly developed into coarse, medium, fine elements; hard consistency; numerous
pores that are large, medium, fine; fairly numerous roots that are fine and very fine; well-developed
biological activity ; distinct transition.

17-40 cm: bright brown (7.5 YR4/6) when moist; sandy clay; subangular blocky structure poorly
developed into coarse and medium elements; little hard consistency when dry ; numerous fine and
large pores; numerous roots that are fine, medium and large; well developed biological activity; 5% of
ferruginous and ferro-manganic concretions; distinct transition.

40-76 cm: yellowish red (5YR4/6) when moist; 10% of grayish brown spots (10YR5/2); silty clay; 15
% of ferruginous and ferro-manganic concretions; massive structure ; hard consistency ; many pores

that are medium, fine, very fine, large; few roots that are fine and very fine; well-developed biological
activity ; gradual transition.

76-110 cm: bright brown (7.5 YR4/6) when moist; 20% of yellowish red and gray spots; silty clay;10%
of ferruginous concretions; massive structure; very hard consistency when dry ; numerous pores that
are fine and very fine; few roots being fine and very fine; well-developed biological activity.
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Results of the analyses of BA 76 soil samples

No. of Laboratory 1421 |1422 |1423 |1424
No. of origin BA76

Depth (cm) 0-17 | 17-40| 40-76| 76-110
TEXTURE L LA A A
Clay % 13.73 [35.29 |41.18 [41.18
Total silt % 43.13 |33.34 |27.45 |27.45
Total sand % 43.14 |31.37 |31.37 |31.37
WATER CONSTANTS

pF 2.5 % 22.61 |21.82 |26.15 |26.30
pF 3.0 % 10.02 |15.88 |18.53 [18.89
pF 4.2 % 796 |14.26 |1593 |16.41
ORGANIC MATTER

Total organic matter % 1.564 |0.657 |0.445 |3.183
Total carbon % 0.907 |0.381 |0.258 |1.846
Total nitrogen % {0.070 |0.029 |0.022 |0.125
C/N 13 13 12 15
PHOSPHORUS in ppm of P

Total Phosphorus 189.2 |202.7 |148.7 |148.7
Available Phosphorus 5.74 9.36 9.96 10.87
POTASSIUM in ppm of K

Total Potassium 9322.8|1996.0 [3672.6 |3861.0
Available Potassium 48.25 |31.34 |55.21 |73.12
SOIL REACTION

pH of water (p/v: 1/2.5) 588 |5.15 5.15 5.20
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Profile BA103
Date of description (authors) :18/06/2012 (NEBIE, PARE)

1°) SOIL CLASSIFICATION

- CPCS (1967) : Leached ferruginous tropical soils with spots and
concretions

- WRB : gleyic, hypoferric, rhodic lixisol.

- Coordinates :-

2°) ENVIRONMENT OF THE PROFILE

- Location : East Kahin

- Vegetation and/or use : sorghum field in savannah park with Vitellaria paradoxa Parkia
biglobosa.

- Physiographic Position : average slope

- Surrounding Topography : almost flat

- Microtopography :none

- Slope :0.5%

- Parent Material -

- Water Status : dry profil

- Drainage : moderate

- Groundwater : not affected

- Surface coarse elements : none

- Rocky Outcrop :none

- Erosion :in diffuse sheet
- Human Influence : crops

3°) MORPHOLOGICAL DESCRIPTION OF THE PROFILE

0-14 cm: brown (10YR4/3) when moist; sandy loam; subangular blocky structure poorly developed
into fine, medium and coarse elements; soft consistency; numerous pores that are large, medium and
fine; few roots that are fine and very fine ; well-developed biological activity; distinct transition.

14-36 cm: dark brown (7.5YR4/4) when moist ; 5% of yellowish dark brown spots (10YR4/6); clay
loam ; few ferruginous and ferro-manganic concretions; subangular blocky structure poorly developed
into coarse and means elements; hard consistency when dry, numerous large, medium and fine pores,
rare roots that are very fine; well developed biological activity; distinct transition.

36-64 cm: bright brown (7.5 YR4/6) when moist ; 10% of yellowish red spots (5YR4/6); silty clay;
30% of ferruginous concretions ; subangular blocky structure poorly developed into coarse and
medium elements; hard consistency; numerous pores that are medium, fine, large; not visible roots;
well developed biological activity; gradual transition.

64-103 cm: yellowish brown (10YR5/4) when moist; 10% of yellowish red spots; silty clay; 50% of
ferruginous and ferro-manganic concretions; massive structure; very hard when dry; numerous pores
that are large, medium and fine; not visible roots; well developed biological activity.
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Results of the analyses of BA 103 soil samples

No. of Laboratory 1431 |1432 |1433 |1434
No. of origin BA 103

Depth (cm) 0-14 | 14-36| 36-64| 64-103
TEXTURE LF LA A A
Clay % 15.69 [33.33 |43.14 |[43.14
Total silt % 56.86 |[41.18 |35.29 |33.33
Total sand % 2745 |2549 |21.57 |23.53
WATER CONSTANTS

pF 2.5 % 22.87 |24.35 |31.73 |2691
pF 3.0 % 13.35 |16.60 |21.28 |20.23
pF 4.2 % 9.87 |13.65 [18.06 |16.12
ORGANIC MATTER

Total organic matter % 2.064 |1.531 |0.978 |0.586
Total Carbon % 1.197 10.888 |0.567 |[0.340
Total nitrogen % 0.087 |0.070 |0.048 |0.034
C/N 14 13 12 10
PHOSPHORUS in ppm of P

Total Phosphorus 162.2 |162.2 |189.2 |175.7
Available Phosphorus 5.13 241 543 4.23
POTASSIUM in ppm of K

Total Potassium 916.3 |1314.8 {1713.2 |1633.5
Avalable Potassium 130.32(49.24 |34.32 |30.34
SOIL REACTION

pH of water (p/v:1/2.5) 589 |5.51 5.52 5.49
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Profile BA44
Date of description (authors) :17/06/2012 (NEBIE, PARE)

1°) SOIL CLASSIFICATION

- CPCS (1967) : Moderately deep, indurated, leached, ferruginous and
tropical soil

- WRB : Epipetric Plinthosols

- Coordinates :-

2°) ENVIRONMENT OF THE PROFILE

- Location : South of Sipohin

- Vegetation and/or use : millet field in park with Vitellaria paradoxa.
- Physiographic Position : Upper slope

- Surrounding Topography : almost flat

- Microtopography :none

- Slope :0.5%

- Parent Material :-

- Water Status : fresh profile

- Drainage : normal

- Groundwater : not affected

- Surface coarse elements : ferruginous gravel

- Rocky Outcrop : crust at 10 m of profile
- Erosion : sheet erosion

- Human Influence : crops

3°) MORPHOLOGICAL DESCRIPTION OF THE PROFILE

0-20 cm: brown (10YR4/3) when moist; sandy loam; 40% of ferruginous gravel; subangular blocky
structure poorly developed into fine and very fine elements; crumbly consistency; numerous pores
that are large, medium and fine ; fairly numerous roots that are fine, very fine; well developed
biological activity; distinct transition.

20-48 cm: yellowish brown (10YR4/3) when dry; sandy clay loam; 5 % of ferruginous gravel;
subangular blocky structure poorly developed into medium and fine elements; crumbly consistency;
numerous pores being large, medium and fine; few roots that are fine and very fine; poorly developed
biological activity; regular abrupt transition.

48-95 cm: horizon ferruginous and porous shell, weakly cemented; very few and very fine roots.
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Results of the analyses of BA 44 soil samples

No. of Laboratory 1407 | 1408
No. of origin BA 44

Depth (cm) 0-20| 20-48
TEXTURE L L
Clay % 11.76 | 13.73
Total silt % 37.26 |35.29
Total sand % 50.98 |50.98
WATER CONSTANTS

pF 2.5 % 16.92 |17.01
pF 3.0 % 10.61 | 11.04
pF 4.2 % 6.75 |6.56
ORGANIC MATTER

Total organic matter % 2.133 | 1.065
Total Carbon % 1.237 | 0.618
Total nitrogen % 0.096 | 0.051
C/N 13 12
PHOSPHORUS in ppm of P

Total Phosphorus 202.7 |189.2
Available Phosphorus 543 [8.15
POTASSIUM in ppm of K

Total Potassium 503.5 |460.0
Available Potassium 61.18 | 21.39
SOIL REACTION

pH of water (p/v: 1/2.5) 6.64 |6.51
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Profile BA 12
Date of description (authors) :20/06/2012 (NEBIE, PARE)

1°) SOIL CLASSIFICATION

- CPCS (1967) : Deep, indurated, leached, tropical and ferruginous soil
- WRB : endopetroplinthic, ferric, chromic Lixisol
- Coordinates -

2°) ENVIRONMENT OF THE PROFILE

- Location : Bounou-Mamou Road

- Vegetation and/or use : corn field in park with Lannea microcarpa, L. acida, L. velutina,
Prosopis africana, Vitellaria paradoxa, Parkia biglobosa, Sclerocarya birrea, Diospyros mespiliformis.
- Physiographic Position : upper slope

- Surrounding Topography : almost flat

- Microtopography :none

- Slope :0.5%

- Parent Material -

- Water Status : dry profile

- Drainage : normal

- Groundwater : not affected

- Surface coarse elements : Spreading of gravel

- Rocky Outcrop :none

- Erosion : low sheet erosion

- Human Influence : crops

3°) MORPHOLOGICAL DESCRIPTION OF THE PROFILE

0-10 cm: brown (10YR4/3) when moist; sandy clay loam; 10% of ferruginous gravel; subangular
blocky structure poorly developed into coarse and medium elements; hard consistency ; numerous
pores that are large and fine; few roots that are very fine and fine ; well developed biological activity;
distinct transition.

10-64 cm: brown (7.5 YR5/4) when moist; silty clay; 90% of ferro-manganic concretions; sub-angular
blocky structure poorly developed into fine and very fine elements ; hard consistency ; numerous
pores that are medium, large and fine; few roots that are very fine; well developed biological activity;
irregular abrupt transition .

64-90 cm: horizon of ferruginous carapace; not visible roots; low biological activity.

Results of the analyses of BA 44 soil samples
No. of Laboratory 1395 |1396

No. of origin BA 12
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Depth (cm) 0-10 | 10- 64
TEXTURE LF A
Clay % 15.69 |43.14
Total silt % 54.90 |39.21
Total sand % 29.41 |17.65
WATER CONSTANTS

pF 2.5 % 26.81 |27.84
pF 3.0 % 16.35 |22.33
pF 4.2 % 7.84 |16.09
ORGANIC MATTER

Total organic matter % 2.633 |1.459
Total Carbon % 1.527 |0.846
Total nitrogen %|0.111 |0.073
C/N 14 12
PHOSPHORUS in ppm of P

Total Phosphorus 256.8 |243.3
Available Phosphore 6.34 241
POTASSIUM in ppm of K

Total Potassium 1977.6|4103.6
Available Potassium 190.01|52.23
SOIL REACTION

pH of water (p/v: 1/2.5) 6.64 |6.73
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Profile BA 101
Date of description (authors) :20/06/2012 (NEBIE, PARE)

1°) SOIL CLASSIFICATION

- CPCS (1967) : Deep, indurated, leached, tropical and ferruginous soil
- WRB : Gleyinc and endopetroplinthic lixisol
- Coordinates -

2°) ENVIRONNEMENT OF THE PROFILE

- Location : Bounou-Mamou Road
- Vegetation and/or use : sorghum field in park with Vitellaria paradoxa.
- Physiographic Position : downslope

- Surrounding Topography : almost flat

- Microtopography : none

- Slope :0.5%

- Parent Material -

- Water Status : dry profile

- Drainage : moderate.

- Groundwater : not affected

- Surface coarse elements : none

- Rocky Outcrop :none

- Erosion :in sheet erosion

- Human Influence : Crops.

3°) MORPHOLOGICAL DESCRIPTION OF THE PROFILE

0-18 cm: pale brown (10YR6/3) when dry ; 5% of bright brown spots (7.5YR4/6); sandy loam ;
subangular blocky structure poorly developed into fines, coarse and medium elements; soft
consistency; numerous pores being very fine, fine and medium; fairly numerous roots that are very
fine and fine; well developed biological activity; gradual transition.

18-41 cm: pale brown (10YR6/3) when dry; 10% of bright brown spots (7.5YR5/6); clay loam ;
subangular blocky structure poorly developed into coarse, medium and fine elements; slightly hard
consistency ; numerous pores that are very fine, fine; medium and large; few and very fine roots ; well
developed biological activity; distinct transition.

41-63 cm: brownish gray (10YR6/2) when dry ; 5% of bright brown spots (7.5 YR5/6); silty clay ; 15%
of ferruginous concretions ; subangular blocky structure poorly developed into fine means and coarse
elements; little hard consistency when dry; few pores that are large, medium and fine; rare roots that
are very fine; well developed biological activity; irregular abrupt transition.

More than 63 cm: ferruginous shell

Results of the analyses of BA 101 soil samples

No. of Laboratory 1428 |1429 1430
No. of origin BA 101
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Depth (cm) 0-18 | 18-41| 41-63
TEXTURE LF LF LA
Clay % 9.80 15.69 |37.25
Total silt % 68.63 |58.82 [41.18
Total sand % 21.57 |25.49 |21.57
WATER CONSTANTS

pF 2,5 % [20.53 [23.09 |31.99
pF 3,0 % |9.79 15.37 |18.88
pF 4,2 % 6.82 12.58 |17.09
ORGANIC MATTER

Total organic matter % 0.978 |0.838 |0.817
Total Carbon % 0.567 |0.486 |0.474
Total nitrogen % 0.044 |0.041 |0.041
C/N 13 12 12
PHOSPHORUS in ppm of P

Total Phosphorus 135.2 |148.7 |148.7
Available Phosphorus 10.26 |3.32 3.92
POTASSIUM in ppm of K

Total Potassium 1155.4 | 2669.4 | 3625.5
Available Potassium 42.28 2537 |36.31
SOIL REACTION

pH of water (p/v: 1/2.5) 5.59 4.87 4.89
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Profile BA72
Date of description (authors) :19/06/2012 (NEBIE, PARE)

1°) SOIL CLASSIFICATION

- CPCS (1967) : Surface pseudogley, low humic hydromorphic soil
- WRB : vertic gleysol
- Coordinates :-

2°) ENVIRONMENT OF THE PROFILE

- Location : lowland of Niankongo

- Vegetation and/or use : rice field in park with Mitragyna inermis, Ficus gnaphalocarpa.
- Physiographic Position : lowland

- Surrounding Topography : almost flat

- Microtopography : none

- Slope :0.5%

- Parent Material : alluvium

- Water Status : dry profile in the 1sthorizon, fresh beyond
- Drainage : imperfect.

- Groundwater : not affected

- Surface coarse elements : none

- Rocky Outcrop :none

- Erosion :in sheet erosion

- Human Influence : crops

3°) MORPHOLOGICAL DESCRIPTION OF THE PROFILE

0-26 cm: dark brown (10YR3/3) when moist; 30% of yellowish red spots (5YR4/6); silty clay;
subangular blocky structure poorly developed into very coarse material; very hard consistency; few
pores that are very fine and fine; numerous roots that are very fine, fine and medium; well developed
biological activity; distinct transition.

26-67 cm: dark gray (10YR4/1) when moist; 20% of dark brown yellowish spots (10YR4/6); clay ;
angular blocky structure moderately developed into coarse, medium and fine elements; firm
consistency; few pores that are fine and very fine; numerous roots being fine and very fine; poorly
developed biological activity; gradual transition.

67-115 cm : gray (10YR5/1) when wet; 20% of dark yellowish brown spots (10YR4/6); clay ; angular
blocky structure poorly developed into coarse and very coarse elements; firm consistency; some
pressure faces; few pores that are very fine and fine; few and very fine roots ; poorly developed
biological activity.

Note: presence of a number of shrinkage cracks in the profile and at the ground surface.
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Results of the analyses of BA 72 soil samples

No. of Laboratory 1418 |1419 |1420
No. of origin BA 72

Depth (cm) 0-26 | 26-67| 67-115
TEXTURE LAF A A
Clay % 35.29 |5490 |58.82
Total silt % 5491 |35.30 |25.49
Total sand % 9.80 9.80 15.69
WATER CONSTANTS

pF 2.5 % |40.98 |72.47 |44.81
pF 3.0 % |31.72 |37.25 |36.68
pF 4.2 % |27.74 |33.19 |32.43
ORGANIC MATTER

Total organic matter % 3.574 |2.489 |1.210
Total Carbon % [2.073 |1.444 |0.702
Total nitrogen % (0.140 |0.125 |0.066
C/N 15 12 11
PHOSPHORUS in ppm of P

Total Phosphorus 581.2 |601.5 |216.3
Available Phosphorus 7.24 5.13 6.64
POTASSIUM in ppm of K

Total Potassium 3107.6|7251.1 |3861.0
Available Potassium 60.18 |62.17 |46.26
SOIL REACTION

pH of water (p/v: 1/2.5) 4.45 541 5.96
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Table of the contents of heavy metals

SOIL SAMPLES / Recvd Arsenic |Cadmiu |Copper |Mercury |Nickel |Lead Zinc
PROFILES-PROF Wt. (As) m (Cd) (Cu) (Hg) (Ni) (Pb) (Zn)
DESCRIPTION kg ppm Ppm ppm Ppm ppm ppm ppm
DETECTION 0.02 0.02 0.01 0.01 0.005 0.1 0.01 0.1
BA12 0-10 0.66 13.45 0.01 29.3 0.015 13.0 11.25 | 15.0
BA12 10 - 64 0.84 27.0 0.04 64.7 0.011 21.2 30.9 22.0
BA25 0-24 0.58 5.81 0.06 100.0 0.024 41.0 5.60 54.8
BA25 24 -52 0.62 3.97 0.04 109.5 0.025 42.0 4.39 67.8
BA25 52-77 0.53 412 0.04 125.5 0.018 43.6 3.51 80.4
BA25 77 - 105 0.56 2.47 0.03 124.5 0.014 32.7 2.35 92.4
BA31 0-24 0.63 1.96 0.02 71.9 0.015 60.4 5.87 24.9
BA31 24 -60 0.68 4.26 0.02 94.7 0.016 76.6 6.89 211
BA31 60 -106 0.77 3.36 0.05 95.5 0.016 91.8 9.01 24.2
BA39 0-22 0.66 4.03 0.06 74.8 0.040 28.9 8.12 73.4
BA39 22 -62 0.65 2.17 0.03 78.4 0.017 34.3 6.55 58.3
BA39 62 -105 0.76 1.68 0.02 715 0.012 31.2 5.38 52.2
BA44 0-20 1.01 14.00 0.01 41.3 0.017 12.0 15.15 | 149
BA44 20 -48 091 16.40 <0.01 50.7 0.016 11.8 20.2 14.2
BA55 0- 14 0.80 8.37 0.04 227 0.019 51.2 10.85 | 55.6
BA55 14 - 48 0.79 6.03 0.05 263 0.019 77.2 12.15 | 56.1
BA60 0 -22 0.73 2.74 0.07 85.6 0.019 35.3 5.67 70.6
BA60 22 -60 0.80 2.16 0.03 82.5 0.015 38.2 5.49 65.4
BA60 60 - 100 0.67 1.85 0.03 73.2 0.011 35.6 531 56.6
BA69 0-13 0.55 2.94 0.01 19.75 0.014 12.0 4.03 3.7
BA69 13 -32 0.55 3.07 <0.01 19.80 0.009 11.9 4.10 2.9
BA69 32-75 0.59 3.23 <0.01 16.05 0.010 9.2 4.62 2.9
BA69 75-110 0.61 7.79 <0.01 17.15 0.012 8.5 7.10 2.8
BA72 0-26 0.57 2.08 0.06 43.5 0.027 22.5 7.12 45.9
BA72 26 - 67 0.52 2.94 0.06 65.4 0.015 37.0 8.79 62.2
BA72 67 - 115 0.58 4.59 0.05 78.4 0.019 51.9 791 63.6
BA76 0-17 0.56 1.75 0.01 18.85 0.013 12.9 7.54 9.5
BA76 17 - 40 0.64 4.43 0.01 239 0.008 15.1 10.25 | 10.2
BA76 40-76 0.58 4.33 <0.01 239 0.012 15.9 14.75 | 9.4
BA76 76 - 110 0.58 2.10 <0.01 18.70 0.011 13.3 12.85 | 8.2
BA84 0-20 0.65 9.09 0.04 156.5 0.012 63.1 9.02 44.2
BA84 20 -50 0.60 211 0.02 62.6 0.018 358 5.33 35.9
BA84 50 - 66 0.64 1.78 0.05 65.0 0.023 52.7 4.54 42.7
BA101 0-18 0.69 1.08 0.02 9.34 <0.005 6.0 3.72 3.8
BA101 18 -41 0.67 1.06 <0.01 11.65 <0.005 6.7 4.79 3.8
BA101 41-63 0.78 3.59 <0.01 23.8 <0.005 11.6 7.34 4.8
BA103 0- 14 0.57 1.89 0.01 12.00 0.005 8.3 4.87 7.4
BA103 14 -36 0.56 3.66 0.01 18.55 0.007 12.2 5.70 8.1
BA103 36 - 64 0.60 7.78 <0.01 26.7 <0.005 15.0 9.03 9.8
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SOIL SAMPLES / Recvd Arsenic |Cadmiu |Copper |Mercury |Nickel |Lead Zinc
PROFILES-PROF Wt (As) m (Cd) (Cu) (Hg) (Ni) (Pb) (Zn)
BA103 64 -103 0.67 12.90 <0.01 35.6 0.010 15.4 18.05 | 7.1
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Executive Summary

Introduction

Roxgold Incappointed SRK Consulting (South Africa) Pty Ltd to undertake a baseline air quality
monitoring study for the proposed gold mining project near Yaramoko, Burkina Faso.

This report documents the findings of the first four months of baseline air quality monitoring that
was undertaken from May to August 2013.

Objectives

The following objectives have been outlined for the baseline study:
e Describe the climatic conditions of the proposed project area;

e Conduct four months of baseline air quality monitoring to assess and determine ambient air
quality conditions within the proposed project area and areas that are likely to be affected by the
project activities for the period under review; and

¢ Identify existing sources of emissions (particulate and gaseous) in the project area.
Scope of work

The following scope of work was undertaken for the baseline study:

The relevant regulatory framework (World Bank/International Finance Corporation guidelines) for
air quality control was reviewed and summarised, as they apply to the project;

A site visit was undertaken during April 2013 and the following tasks were completed:

— An air quality sampling protocol was prepared for this site;

— A dust and gas monitoring network to monitor to undertake periodic air quality sampling and
analysis of dust fallout, particulate matter <10 microns, particulate matter <2.5 microns,
nitrogen dioxide and sulfur dioxide was installed;

— A weather station was also installed at the Roxgold Mine Camp to monitor rainfall,
temperature, wind speed and wind direction on an hourly basis;

— Roxgold staff were trained to maintain and operate the monitoring network that was set up
for this site;

e Laboratory results were assessed and compared against relevant standards or guidelines; and
A baseline report (this report) was compiled detailing the following:

— A description of relevant climatic conditions, and
— A description of the baseline air quality within the project area.

Climate

Meteorological data has been collected for the period from May 2013 to August 2013. The total
rainfall for the period is 840 mmmost of which falls from June to August. The average temperature
for the period under review is 27.8°C, with a maximum temperature of 40°C recorded in May and a
minimum temperature of 20° recorded in June, July and August. The prevailing winds are from the
north and northwest with a lower occurrence of winds from the north-northwest and north-
northeast. The average wind speed at the Roxgold Mine Camp for all hours is 1.69 m/s (6.1 km/hr.)
with maximum speeds lower than 8.8 m/s (31.7 km/hr.) for the period May 2013 to August 2013.
With the current climatic conditions observed in the area it is expected that the potential for dust
dispersion is lower during this period (May to August) as a result of the relatively wet conditions
and low winds speeds.
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Summary of baseline air quality results

The following was observed from the dust fallout data:

Dust fallout concentrations exceeded the Action Residential Level 14 times and the Action
Industrial Level7 times during the monitoring period (Details of exceedances are provided in
Table ES 1); and

The highest measured dust fallout concentration was 2,026 mg/m2?/day at RGDMO05 and the
lowest recorded concentration was 24 mg/m?/day also at RGDMO05.

Table ES 1: Summary of dust fallout results

Sampling Minimum Maximum No. of exceedances No. of exceedances
point measured measured of Action of Action
concentration concentration ResidentialLevel IndustrialLevel
(mg/m?/day) (mg/m?/day)
RGDMO1 137 973 2 0
RGDMO02 48 1,611 2 1
RGDMO03 85 1,572 1 1
RGDMO04 40 1,175 1 0
RGDMO05 24 2,026 2 2
RGDMO06 168 1,216 2 1
RGDMO07 435 784 1 0
RGDMO08 364 2,061 3 2

The following was observed from the PM data:

The 24-hour PMio concentrations are low and below the World Bank/IFC guideline level of
50 ug/m3 except on the 26 June 2013 where a PMiwo concentration of 148 ug/m3 was
measured.The average 24-hour PMi1o concentrations were below the World Bank/International
Finance Corporation guideline of 50 pug/m? for the entire monitoring period with a maximum
average 24-hour concentration of at 34.8 pg/ms.

The baseline 24-hour PM2s concentrations were low and below the World Bank/IFC guideline of
20 pg/m?3 for most of the monitoring period, the World Bank guideline level was exceeded two
times, on the 29 April 2013 (33.1 pg/m®) and the 30 April 2013 (22.7 pg/m?).The PMzs
concentrations were below the World Bank/International Finance Corporation guideline of
20 ug/m?® for the entire monitoring period, with a maximum average 24-hour concentration
measured at 12.2 ug/m3.

Table ES 2: Summary of PMyresults

Sampling Minimum measured Maximum average 24 hour No. of exceedances
point concentration (ug/m?3) measured concentration of guideline
(ng/m?)
PMaio 11.2 34.8 0
PMzs 3.2 12.2 0

The following was observed from the gas data:

The gasconcentrations were below the respective guidelines for the entire monitoring period from
May 2013 to August 2013.

Table ES 3: Summary of gasresults

‘ Sampling ‘ Minimum measured | Maximum measured ‘ No. of exceedances
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point concentration (ug/m3) concentration (ug/m3) of guidelines
SOz <0.27 6.95 0
NO2 <0.35 0.47 0
Conclusions

Based on the findings of this assessment the following were concluded:

Based on SRK’s observations made during the site visit no major dust sources were identified
within the proposed project area other than windblown dustand the entrainment of dust by
vehicles, especially on unpaved roads;

Based on the location of the site and the tropical climate of the area, windblown dust generation
within the project area is expected to be low as a result of rainfall occurring during the wet
season and high during the dry season;

The on-site weather station is suitably located to record climatic data in the area, and compares
very well to data obtained from the Boromo weather station (located ~ 34km east) similarities
between the datasets were observed;

The dust fallout data for the period from May 2013 to October 2013 falls entirely within the wet
season (March to October) experienced in the project area.The may results may be
representative of the transition between the of the two season seasons and this may be the
reason for the relatively elevated duct fallout concentrations’ measured during May;

The 24-hour PMio concentrations are low and below the World Bank/IFC guideline level of
50 pg/m3 except on the 26 June 2013 where a PM1o concentration of 148 ug/m? was measured.
Dust generating activities such as vehicle entrainment of dust, windblown dust from the roadside
etc. may contribute to the PMio concentrations measured at the Roxgold mine camp;

The baseline 24-hour PM2s concentrations were low and below the World Bank/IFC guideline of
20 pg/m?3 for most of the monitoring period, the World Bank guideline level was exceeded two
times, on the 29 April 2013 (33.1 pg/m?) and the 30 April 2013 (22.7 pg/m?). The PM2.s monitor
experienced a fault which affected the collection of suitable data for two months (June and July)
during the monitoring, however, it has been repaired and monitoring has continued;

The baseline SOz and NO: levels in the project area suggest that the levels of these gases in the
ambient air in the area are low. The 24-hr SOz and 1-hr NO2 monitoring results were below their
respective World Bank/IFC guidelines for the period under observation; and

Currently, the villages within and surrounding the proposed project areas have been identified as
sensitive receptors. The villages of Yaro, Haho, Doussi, Kaho, Siphohin and Bagassi are closest
to the mining operations and may be within the impacted zone. Baseline dust fallout levels
exceed the Action Residential Level during May, suggesting that during the dry season dust
fallout level are naturally elevated in the area.

Recommendations

The continuation of the existing monitoring program to determine seasonal trends for dust and
gas is required. Monitoring during construction and operational phases to determine the levels
and extent of impacts associated with the mining operation will be required to compare against
baseline concentrations.

Where necessary during the construction and operational phase make minor adjustments to
accommodate the installation of new infrastructure as and when this occurs i.e. should new
infrastructure result in the existing network being damaged then a substitute point in the vicinity
of the existing location must be installed. In instances where activities change such that
monitoring of dust and gas is required then the network must be adjusted accordingly;

Log any activities taking place in and around the mine area that could impact on air quality
should, so as to determine whether that activity has had an influence on air quality;

PMi1o and PM:2s monitoring needs to continue as monitoring in order to establish dry season
conditions (November to March). Continuous monitoring during the seasons will allow for
suitable trends in PM1o and PM2s to be established; and

Reduce project vehicle speeds on unpaved roads and limit speeds to less than 40 km/hr on
roads especially those passing through villages.
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Disclaimer

The opinions expressed in this Report have been based on the information supplied to SRK
Consulting (South Africa) Pty Ltd (SRK) by Roxgold S.A.R.L (Roxgold). The opinions in this
Report are provided in response to a specific request from Roxgold to do so. SRK has exercised all
due care in reviewing the supplied information. Whilst SRK has compared key supplied data with
expected values, the accuracy of the results and conclusions from the review are entirely reliant on
the accuracy and completeness of the supplied data. SRK does not accept responsibility for any
errors or omissions in the supplied information and does not accept any consequential liability
arising from commercial decisions or actions resulting from them. Opinions presented in this report
apply to the site conditions and features as they existed at the time of SRK’s investigations, and
those reasonably foreseeable. These opinions do not necessarily apply to conditions and features
that may arise after the date of this Report, about which SRK had no prior knowledge nor had the
opportunity to evaluate.
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1 Introduction and Background

1.1 Introduction

Roxgold Inc (Roxgold) appointed SRK Consulting (South Africa) Pty Ltd (SRK) to undertake a
baseline air quality monitoring study for the proposed gold mining project near Yaramoko, Burkina
Faso.

This report documents the findings of the first four months of baseline air quality monitoring that
was undertaken from May to August 2013.

1.2 Background

Roxgold is a Canadian registered company, listed on the TSX Venture Exchange, with exploration
assets in Burkina Faso as well as registered offices in Toronto and in Ouagadougou where its
Burkinabe entity, Roxgold SARL is based. It is a gold focussed exploration company with 5
tenements in the country (Yaramoko, Solna (3) and Bouboulou), with the focus being on its
Yaramoko concession, where the company intends to develop its project around the 55 Zone gold
deposit. The total company tenements in Burkina Faso cover an area of 620km?. The proposed
project area in the Yaramoko concession is 167 km?.

The Yaramoko Gold Project is 100% owned by Roxgold and features the proposed development of
an underground mining operation, processing plant, tailings storage facility, accommodation camp
and all related infrastructure to mine and process ore from the 55 Zone gold deposit. The project is
located in Burkina Faso, West Africa, approximately 180 km southwest of the capital,
Ouagadougou (Fig 1-1 — Site locality).

The mining operation is estimated to deliver up to 300,000 tonnes of ore annually to the processing
plant, producing approximately 100,000 troy ounces of gold per annum. The project resource is
estimated at approximately 2.4 million tonnes of ore containing nearly 1 million ounces of gold. It
is anticipated that the project will have a project development period of approximately 2 years and
then operate for a further seven to ten years. In addition, Roxgold is actively exploring on the
Yaramoko Concession which has the potential to increase both production and the mine life.
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2 Objectives and Scope of Work
2.1 Objectives

The following objectives have been outlined for the baseline study:
e Describe the climatic conditions of the proposed project area;

e Conduct four months of baseline air quality monitoring to assess and determine ambient air
quality conditions within the proposed project area and areas that are likely to be affected by the
project activities for the period under review; and

e |dentify existing sources of emissions (particulate and gaseous) in the project area.

2.2 Scope of Work

The following scope of work was undertaken for the baseline study:

e The relevant regulatory framework (IFC guidelines) for air quality control was reviewed and
summarised, as they apply to the project;

e A site visit was undertaken during April 2013 and the following tasks were completed:
— An air quality sampling protocol was prepared for this site;

— A dust and gas monitoring network to monitor to undertake periodic air quality sampling and
analysis of dust fallout, particulate matter <10 microns (PMuio), particulate matter <2.5
microns (PMz:), nitrogen dioxide (NOz) and sulfur dioxide (SO2) was installed;

— A weather station was also installed at the Roxgold Mine Camp to monitor rainfall,
temperature, wind speed and wind direction on an hourly basis;

— Roxgold staff were trained to maintain and operate the monitoring network that was set up
for this site;

e Laboratory results were assessed and compared against relevant standards or guidelines; and
e A baseline report (this report) was compiled detailing the following:

— A description of relevant climatic conditions, and

— A description of the baseline air quality within the project area.

3 Assumptions and Limitations

The following assumptions and limitations apply to this study:

e Dust (PM1o, PM25 and dust fallout) is the main pollutant of concern that has been identified and
assessed in this study. Gases such as SOz and NO: have also been identified as potential
pollutants of concern. However, they are considered to be minor pollutants that are unlikely to
have a major impact on the project environment during all phases of the development;

e The monitoring period is too short to determine any significant trends in the baseline data. This
report has included all data collected to date i.e. May 2013 to August 2013; and

e Data from the on-site weather station is limited as monitoring began in April 2013 and where
data is available, the period of the data is too short to determine any trends.

4  Ambient air quality guidelines and standards

Guidelines published by the World Bank/International Finance Corporation (WB/IFC) in the
Environmental, Health and Safety (EHS) General Guidelines document in 2007 is presented in this
section. It should be noted that the guidelines presented in the EHS document have been adopted
from the World Health Organization (WHO) guidelines. The SANS 1929:2011 standards have been
used to interpret the dust fallout results and have been included as reference standards.
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4.1 Particulate Matter

Particulate matter (PM) comprises of airborne particles that include dust, smoke and soot.
Particulate matter can either be emitted naturally (e.g. windblown dust of roads) or through human
activity (e.g. stack emissions). It is defined by size, with coarse particles being between 2.5-10
microns, fine particles less than 2.5 microns, and ultrafine particles less than 0.1 microns.

Particulate matter has adverse effects on humans such as respiratory illnesses (asthma and
bronchitis) or cardiovascular diseases. It also can affect vegetation in two ways, firstly, by
inhibiting the plant’s photosynthetic properties by coating the leaves, thereby blocking the
penetration of natural light. Secondly, various chemical compounds e.g. metals in the particulate
matter could be deposited onto soils and absorbed by vegetation, hindering plant growth. The
uptake of metals by plants has the potential to contaminate the vegetables and fruit that may be
consumed by humans and animals.

4.1.1 PMio

Ambient air quality guidelines and standards for inhalable particles or PMyo (i.e. particulates with
an aerodynamic diameter of less than 10 pum) are presented in Table 4-1. PMyo is important as it
provides a measure of coarse respirable dust, which has the potential to affect human health.

Table 4-1: Air quality guidelines and standards for PMyg in pg/m3.

WB/IFC Guidelines?

Maximum 24-hour
Concentration

Annual Average
Concentration

Interim Target 1 1502 702
Interim Target 2 1003 508
Interim Target 3 754 304
Guideline 50° 20°

the IT-2 level

level

2) Interim target-1 (1T-1) — These levels are associated with about a 15 % higher long term mortality risk relative to the AQG level.

1) World Bank/IFC, 2007.Environmental, Health and Safety guidelines. General EHS guidelines: Environmental. Air emissions and ambient air quality.

3) Interim target-2 (1T-2) — In addition to the other health benefits these levels lower the risk of premature mortality by approximately 6% [2-11%] relative to

4) Interim target-3 (IT-3) — In addition to the other health benefits these levels reduce the mortality risk by approximately 6% [2-11 %] relative to the 1T-2

5) Guideline (AQG) — In addition to the lowest levels at which total cardiopulmonary and lung cancer mortality have been shown to increase with
more than 95 %confidence in response to long term exposure to PMz.s

4.1.2 PMz2s

Ambient air quality guidelines and standards for inhalable particles or PM2s (i.e. particulates with

an aerodynamic diameter of less than 2.5 um) are presented in Table 4-2. PM2 s provides a measure
of fine respirable dust which has the potential to affect human health.
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Table 4-2: Air quality guidelines and standards for PMzs in pug/m3.

WB/IFC Guidelines? Maximum 24-hour Annual Average
Concentration Concentration
Interim Target 1 752 352
Interim Target 2 503 2538
Interim Target 3 37.54 154
Guideline 205 10°

1) World Bank/IFC, 2007.Environmental, Health and Safety guidelines. General EHS guidelines: Environmental. Air emissions and ambient air
quality.

2) Interim target-1 (IT-1) — These levels are associated with about a 15 % higher long term mortality risk relative to the AQG level.

3) Interim target-2 (IT-2) — In addition to the other health benefits these levels lower the risk of premature mortality by approximately 6% [2-11%]
relative to the IT-2 level.

4) Interim target-3 (IT-3) — In addition to the other health benefits these levels reduce the mortality risk by approximately 6% [2-11%] relative to
the IT-2 level.

5) Guideline (AQG) — In addition to the lowest levels at which total cardiopulmonary and lung cancer mortality have been shown to increase with
more than 95 %confidence in response to long term exposure to PMz.s.

4.2 Sulfurdioxide (SO>)

Sulfur dioxide (SO.) is a colourless gas and has a strong odour. It is a primary pollutant, which can
react easily with other substances and form secondary pollutants such as sulfur trioxide and sulfuric
acid, amongst others. SO is formed through human activities through mainly industrial processes
that contain sulfur.

SO> is damaging to the human respiratory function when inhaled, causing coughing and shortness
of breath. Either long term exposure or exposure to a large dose can result in chronic respiratory
disease and the risk of acute respiratory illness. The relevant international guidelines and standards
for ambient SO levels are presented in Table 4-3.

Table 4-3: Ambient air quality guidelines and standards for SO in pg/m3.

WB/IFC Guideline?! Maximum 24-hour Concentration in ug/m?3
Interim Target 1 1252
Interim Target 2 508
Guideline 20*

1) World Bank/IFC, 2007 .Environmental, Health and Safety guidelines. General EHS guidelines: Environmental. Air emissions and ambient air
quality.

2) Interim target -1 (IT-1).

3) Interim target -2 (IT-2) — Intermediate goal based on controlling either motor vehicle emissions, industrial emissions and/or emissions from
power production. This would be a reasonable and feasible goal for some developing countries (it would be achieved within a few years)
which would lead to significant health improvements that, in turn, would justify further improvements (such as aiming for that AQG guidelines).

4) Guidelines (AQG)

4.3 Nitrogen dioxide (NO>)

Nitrogen dioxide (NO) is a naturally forming gas with a strong odour. Small quantities can be
produced by plants, soil and water, but anthropogenic activities such as the combustion of fossil
fuels, and biomass are the source of most NOz in the air. Human respiratory tract irritation
represents a direct effect of NO. exposures. Due to it being relatively insoluble (relative to sulfur
dioxide), NO2 can penetrate deep into the lungs, causing potential tissue damage. Effects of NO>
exposure include alveolar tissue disruption and obstruction of the respiratory bronchioles. Long
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term effects of exposure include increased potential for lung infections. The relevant international
guidelines and standards for ambient NO: levels are presented in Table 4-4.
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Table 4-4: Ambient air quality guidelines and standards for NO; in pug/m3.

WB/IFC Guideline? Maximum 1-hour Concentration Annual Average Concentration

Guideline 200 40

1) World Bank/IFC, 2007.Environmental, Health and Safety guidelines. General EHS guidelines: Environmental. Air emissions and ambient air
quality.

2) N/S — not specified

4.4 Dust fallout standards

Monitoring of dust deposition is considered to be the most practical and cost effective approach to
obtaining an indication of baseline dust levels across the concession area, and was therefore
implemented for this Project.

As Burkina Faso does not have standards or guidelines for dust deposition, South African standards
have been used as a reference guideline to interpret the data and not as a compliance standard.
South African National Standards (SANS 1929:2011) for dust deposition are presented in Table 4-
5. There are international standards for dust deposition, but these are mainly for residential areas, so
to compare these international dust deposition standards to a mine site may not be appropriate.
However, the SANS 1929:2011 dust depositions standards have been designed to accommodate
areas such as the mining industry. Furthermore the dust fallout monitoring is being used as an
indicator of dust levels in the project area and alert authorities, environmental and/or operational
managers of problematic areas that may need some form of management or mitigation to be
implemented.

Table 4-5: SANS 1929:2011. Target values given in mg/m?/day.

Level Dust fall rate (D) Permitted frequency of exceeding dust fallout rate
(mg/m?/day,
30-day average)
Target 300
Action residential 600 Three within any year, no two sequential months
Action industrial 1200 Three within any year, not two sequential months
Alert threshold 2 400 None. First incidence of dust fall rate being exceeded requires

remediation and compulsory report to relevant authorities.

The SANS 1929:2011 standards stipulate Action and Alert Levels with guidelines on what actions
should be taken if there are frequent exceedances above a stipulated level (Table 4-5). Three
exceedances of the Action Residential Level and Action Industrial Level are permitted within a
year, but not for two sequential months. If there are more than three exceedances within a year, or
two in consecutive months, then remediation will be required to reduce dust fallout to the
acceptable levels. Any exceedance above the Alert Threshold Level will result in immediate
remediation and the relevant authorities must be informed. As these standards are used for
interpretive purposes these conditions will not be adhered to.
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5 Methodology

The baseline climate and air quality monitoring undertaken to date entailed collating and reviewing
the available information, reviewing legal requirements, undertaking field surveys, and analysing
data. To achieve the objectives and to ensure the relevant climate and air quality information was
reviewed and incorporated into the study, a phased approach was adopted. The following phases of
work were undertaken:

e Phase 1: Site visit, data collection (existing data), and data review.

e Phase 2: Setting up of the baseline gas, dust fallout and PM monitoring network and training
Roxgold staff to operate the monitoring system.

e Phase 3: Data collection for dust fallout, PM1o, PM2s and gas.
e Phase 4: Data processing and reporting.

5.1 Sitevisit

Prior to SRK’s site visit, Roxgold staff had already undertaken a site reconnaissance based on eight
locations that SRK had identified prior to them undertaking the site visit. Based on Roxgold’s
findings it was decided that these eight locations were suitable to install the air quality monitoring
equipment. SRK’s site visit took place from the 25 April 2013 to 29 April 2013.

5.2 Installation and set-up of baseline monitoring network
5.2.1 Selection of monitoring locations

A meteorological and air quality monitoring network was set up by the air quality specialist team
from SRK and Roxgold to monitor baseline conditions in and around the project area. Monitoring
commenced on 26 April 2013 and was completed until 31 August 2013. The monitoring network is
currently run and maintained by Roxgold staff, who were trained by SRK during April 2013.

The climate and air monitoring network comprises the following:
e One weather station;
e One continuous PM1o monitoring station;
¢ One continuous PM2s monitoring station;
e Eight dust fallout monitoring points; and
e Six passive gas monitoring points.

The monitors are appropriately located in and around the mine concession area. The dust and gas
monitoring locations (Table 5.1and Figure 5.1) were selected taking cognisance of the proposed
mine layout in relation to the sensitive receptors and the required security of the monitoring
equipment.

Due to security concerns and lack of a reliable power source, PM1o and PM2 could only be
monitored at the Roxgold mine camp. Within the mine concession area, dust fallout was measured
to obtain spatial information regarding dust deposition levels within the project area.
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Table 5-1: Air quality sampling locations.

Monitoring Field ID Village Co-ordinates (WGS) 84
RGDM 01 Yaro 0467543m E; 1304237m N
RGDM/GM102 Haho 0466726m E; 1301701m N
RGDM/GM 03 Doussi 0465973m E; 1297812m N
RGDMO04 Kaho 0467941m E; 1293937m N

Dust and gas
RGDM/GM 05 Siphohin 0466796m E; 1296758m N
RGDM/GM 06 Bagassi 0467895m E; 1298398m N
RGDM/GMO07 Bagassi (55 Zone) | 0469915m E; 1299057m N
RGDM/GMO08 Roxgold Camp 0473578m E; 1301298m N

Particulate Matter

RGPM10-0001

Roxgold Camp

0473578m E; 1301298m N

RGPM2:5-0002

Roxgold Camp

0473578m E; 1301298m N

Weather station

Weather Station

Roxgold Camp

0473578m E; 1301298m N

1 RGDM/GM refers to Roxgold Dust Monitoring/Gas Monitoring Point.
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5.2.2 Installation and sampling methodologies

This section summarises the methodology and activities undertaken to date. A detailed dust and gas
monitoring protocol is included in Appendix A.

Dust fallout
e For the purposes of this investigation the dust sampling period was monthly (30 days + 2 days);
e Where possible the sample buckets were swapped on the first working day of every month;

e No sample preservation was required other than ensuring the buckets were sealed immediately
after the buckets were removed from the stands;

e The sealed buckets were dispatched to, M&L Laboratory Services a SANAS accredited
laboratorybased in Johannesburg South Africa for analysis;

e The samples were dispatched on a monthly basis as per the standard accepted protocol used
for the dispatch of water samples from the site; and

¢ Results were normalised to a daily or thirty day period.

An example of the dust fallout monitor that was used is presented in Figure 5-2.

== srk Roxgold Air Quality Monitoring Project No.
Dust fallout monitor 457084

Figure 5-2: Dust fallout monitor installed within the Roxgold mine concession.

PMz1o and PMzs monitoring

Ambient PM1o and PM2s monitoring is being conducted on a continuous basis at the Roxgold mine
camp since the start of the monitoring. The results were normalised to daily and 24-hour averaging
periods. PM1o and PM2.s monitoring commenced on the 29 April 2013. A photograph of the PM
monitoring stations is presented in Figure 5-3.
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== srk : Roxgold Air Quality Monitoring Project No.
PMio and PMzs monitors 457084

Figure 5-3: PM1p and PM2smonitors installed at the Roxgold Mine Camp.

Passive gas sampling

Gas monitoring was conducted using Radiello passive gas monitoring badges which contain the
absorbent gas cartridges (Figure 5-4). The badges were exposed to the atmosphere over a 24-
hour period at all sampling points. The gas cartridges were returned to the original vial marked
with the sample location on the side of the vial;

Gas samples were collected every month since the start of the monitoring program from May to
August 2013;

The gas cartridges were exposed for a 24-hour period with the start and end time and date being
recorded on the field sampling logs sheet;

No sample preservation was required other than keeping the samples cool (out of direct
sunlight); and

The gas cartridges were sent to an accredited laboratory, M&L Laboratory Services.
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==srk cor

SOz and NO2 gas monitors

Roxgold Air Quality Monitoring

Radiello gas monitor

Project No.
457084

Figure 5-4: Radiello gas monitors

Weather station

Meteorological monitoring is being conducted on a continuous basis at the Roxgold mine camp

since the start of the monitoring. The weather station was installed on top of the Roxgold offices
(Fig. 5-5) at the mine camp. The results were normalised to hourly averaging periods.
Meteorological monitoring commenced in April 2013.
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= ark Roxgold Air Quality Monitoring

Weather station

Project No.
457084

Figure 5-5: Weather station at Roxgold Mine Camp

5.3 Data collection

Data for the different air pollutants that were targeted were collected in the following manner:

PM1o and PM2;5s:

— Monthly downloads by Roxgold staff. Data was sent through in an Excel spreadsheet.

Dust fallout:

— Dust fallout buckets collected by Roxgold staff were sent to M&L Laboratory Servicein South
Africa. The buckets were gravimetrically analysed for dust and laboratory certificates which
were sent to SRK. These results were captured into an Excel spreadsheet and a dust fallout

concentration was calculated and expressed in mg/m?/day.
Passive gas sampling:

— Passive gas badges were sent to M&L Laboratory Servicein South Africa as well. The
badges were analysed for SOz and NO2. Laboratory certificates were sent after the analyses

for either pollutant.
Meteorological data:

— Monthly downloads from Roxgold staff. Data was sent through in a text format and

processed by SRK.

5.4 Data processing and reporting

5.4.1 PMaiw and PM2zs

PM data is recorded for every hour on the monitors. A 24-hour concentrations was calculated and
compared to the from the WB/IFC guidelines. The results were tabulated and presented in graphs.
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5.4.2 Dust fallout

The dust fallout sampling method is based on the American Society for Testing and Materials
(ASTM) D1739 — 94 (Standard Method for Collection and Measurement of Dustfall). Dust fallout
results are reported in milligrams (mg) from the laboratory. These results were then added to the
calculation below, and the reported in mg/m?/day. These results are then compared to the SANS
1929:2011 standards for dust fallout.

Calculate the fallout rate D? in milligrams/m? (mg/m?):

Where: D — Deposition rate;

W — Total mass of particulate matter (soluble and insoluble); and

A — Cross sectional area of the inside diameter of the top of the sampling container.
5.4.3 Passive gas sampling

No data processing is required for the gas results, apart from the NO- results which had to be re-
calculated to 1 hour concentrations. The gas samples were compared to the respective 24 hour SO
and 1 hour NO2 guidelines.

5.4.4 Meteorological data

Meteorological data was recorded every hour by the on-site weather station for a few parameters
such as rainfall, temperature, wind speed and wind direction for the purposes of establishing and
understanding site specific meteorological conditions. Meteorological data are important as it
affects the dispersion of dust within the project area. The wind speed and wind direction are
summarised into a spread sheet and then imported into the Lakes Environmental wind rose plot
program to produce wind roses for specific times or seasons. The rainfall and temperature data are
summarised by month for the period under review and presented in tables and graphs.

6 Meteorological Conditions

Meteorological data was downloaded from the on-site weather station located at the Roxgold Mine
camp. The data collected was collected from May 2013 to August 2013.

Meteorological data was also downloaded from www.weatherbase.com. The closest weather station
to the Roxgold site is Boromo which is located approximately 34 km east of the Roxgold weather
station. Rainfall data for Boromowere not available.Meteorological data for this weather station will
be used to compare against data obtained from the on-site Roxgold weather station.

The following datasets were downloaded from the site:
e Temperature data for a 22 year period; and

2Should the user need to determine the daily rate of deposition then the deposition rate D from
above needs to be divided by the number of days that the dust monitor has been exposed to the
atmosphere and to obtain a monthly rate of deposition the daily rate of deposition needs to be
multiplied by 30 days to give a deposition rate in milligrams/m2/month (mg/m2/month).

NADH/REDD EIES YRM Roxgold_07-2014_Vol2-ANNEXES_FINAL (2) October 2013


http://www.weatherbase.com/

SRK Consulting: Project No: 457084 Page 17

e Average wind speed data for a 16 year period.
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6.1 Rainfall

Rainfall is an important parameter with respect to air quality, since air quality deteriorates during
the dry season and improves during the wet season especially with respect to dust. During the wet
season, air pollution, and more specifically in this case, dust particles, are removed from the
atmosphere. Dust emissions are suppressed due to the damp soil conditions and increased
vegetation cover. During the dry season dust emission levels increase as the soils dry up and the
vegetation cover decreases. On-site rainfall data was obtained from the on-site weather station
situated at the Roxgold mine camp.

The rainfall data was downloaded for the period May 2013 to August 2013. The total rainfall for the
period is 840mm, with the highest rainfall falling in July (267 mm) and the lowest in May (161
mm). The on-site rainfall data is presented in Table 6-1 and Figure 6-2.

Table 6-1: Total monthly rainfall at the Roxgold mine camp for the period May 2013 to August

2013.
Month | Rainfall (mm)
May 161
June 164
July 267
August | 248
Total 840

Rainfall at Roxgold Mine Camp for the period April 2013 to August 2013
300

267
248

250

200

150

100

Rainfall (mm)

50

May June July August

Month

M Rainfall

Figure 6-2: Rainfall at the Roxgold mine camp for the period May 2013 to August 2013

6.2 Temperature

The average, maximum and minimum monthly temperaturescalculated using the recorded the on-
site weather station data for the period May to August 2013 are presented in Table 6-2. Temperature
data from www.weatherbase.com for Boromo is presented in Table 6-3. A comparison of the
average temperatures from the on-site weather station and Boromo are presented in Figure 6-3.
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The average monthly temperatures for the on-site weather station ranges from 25°C (August) to
31°C (May) witha maximum recorded temperature of 40°C (May) and a minimum recorded
temperature 0f20°C (June, July and August).

Table 6-2: Average, maximum and minimum monthly temperatures at the Roxgold mine camp
for the period April 2013 to August 2013

Month | Average | Maximum | Minimum
May 31 40 22
June 29 36 20
July 26 34 20
August | 25 31 20

The average temperatures are similar between both the sites, as temperatures recorded at Boromo
are 26°C (August) to 31°C (May). The maximum temperature at Boromo was 42°C (May, June and
August) and the minimum temperature was 16°C (July).

Table 6-3: Average monthly, maximum and minimum temperature at Boromo for a 22 year

period
Month | Average | Maximum | Minimum
May 31 42 20
June 28 42 20
July 27 38 16
August 26 42 20

Comparison of average monthly temperatures at the Roxgold mine camp and
Boromo
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Figure 6-3: Comparison of average monthly temperatures at the Roxgold mine camp and
Boromo

6.3 Wind

The wind field for an area is an important parameter with respect to air quality and winds can
generate dust emissions as well as control the dispersion of an emissions plume. The degree to
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which winds can influence dispersion depends on wind speed. Higher wind speeds result in longer
travel distance and dilution of the pollutants and lower, more stable wind conditions result in
shorter travel distance and build-up of pollutant levels (especially gases) over a smaller area.

Hourly meteorological data were obtained from the on-site weather station at the Roxgold Mine
Camp for the period May 2013 to August 2013. Figure 6-4presents the wind class frequency
distribution which shows that 89.5% of wind speeds are below 3.6 m/s at the site, whilst 10.5%
occur above 3.6m/s. Winds speeds are low in and around the project area.

The prevailing winds are from the north and northwest with a lower occurrence of winds from the
north-northwest and north-northeast (Figure 6-5a). Wind patterns observed during the day (Figure
6-5b) and at night (Figure 6-5 c-d) are different, with the winds from the north being more
prominent during the day and a relatively higher prevalence of winds from south-southwest
together with prevailing winds from the northwest to north-northeast at night. The average wind
speed at the Roxgold Mine Camp for all hours is 1.69 m/s (6.1 km/hr.) with maximum speeds lower
than 8.8 m/s (31.7 km/hr.) for the period May 2013 to August 2013. The average wind speeds for
daytime during the year are 2.11 m/s (7.6 km/hr.) with calms of 9.90%. The average wind speed
during the earlier parts of the night is 1.27 m/s (4.6 km/hr.) and the wind speed decreases during the
latter parts of the night to 1.13 m/s (4.1 km/hr.) with calms prevailing 36.47 % of the time.

Wind roses were also created for each month during the monitoring period (Figure 6-6). The
prevailing wind directions vary during the months, with the south-southwest winds prevailing in
May, northwest winds in June and the northerly components in July and August. The month with
highest average wind speed was June (2.15 m/s (7.74km/hr.)) with August (1.06 m/s (3.8 km/hr.))
recording the lowest average wind speed. The winds speeds recorded in May and July are 2.09 m/s
(7.5 km/hr.) and 1.44 m/s (5.2 km/hr.) respectively.

Based on the prevailing wind directions, any receptors located to the southeast and south-southeast
may be affected by dust generation by mine related activities especially during high speeds of
greater than 5.7 m/s (~20.5 km/hr.).Prevailing winds at the Roxgold Mine Camp can be
characterised as low speed winds that are relatively consistent throughout the period at the mine.

Table 6.4 and Figure 6-7 present a comparison of average monthly wind speeds for the Roxgold
Mine Camp and Boromo. Winds speeds at Boromo are slightly higher than wind speeds observed at
the Roxgold Mine Camp; however, the average monthly winds speeds are still very low. The
Boromo data verifies that wind speed data collected at the Roxgold mine camp is similar to regional
conditions.
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Wind Class Frequency Distribution
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Figure 6-4: Wind class frequency distribution.
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Figure 6-5: All hours, day time and night time wind roses.
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Figure 6-6: Monthly wind roses.
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Table 6-4: Comparison of wind speeds at the Roxgold Mine Camp and Boromo in m/s.

Month | Roxgold Mine Camp Boromo
May 2.09 2.2
June 2.15 2.2
July 1.44 2.2
August 1.06 1.6
Comparison of average montly wind speeds at the Roxgold Mine Camp and Boromo
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Figure 6-7: Comparison of average monthly wind speeds at the Roxgold Mine Camp and

Boromo.

7 Baseline Air Quality Results

7.1 Dust fallout

The SANS 1929:2011 dust fallout standards were used to interpret the dust fallout results.

Dust fallout results for the eight locations are presented in Table 7-1 for the period May 2013 to

August 2013 and Figure 7-1.

The following was observed from the dust fallout data received for the project area:

e In May 2013, the Action Residential Level of 600mg/m?/daywas exceeded at every location
during the monitoring period. This is important as it suggests that baseline dust levels during the
dry season are elevated even in the villages. Dust fallout may have been high during this month

due to the dusty conditions observed in the area as it was the end of the dry season.

e Eighty seven percent of dust fallout concentrations were below Action Residential Level of
600 mg/m?/day for June 2013with 13 % above the Level. Dust fallout concentrations at RGDM08
exceeded the Action Industrial Levelduring May and June.However, this point is not unexpected
as this point is in the Roxgold Mine Camp and dust generating activities from the vehicle

entrainment of dust will be the major source.

e In July 2013, there was only one exceedance of the Action Residential Level at RGDMO1 with a
dust fallout concentration of 624 mg/m?/day. Eighty seven percent of dust fallout concentrations

were below the Action Residential Level; and
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e The Action Residential Level was exceeded50% of the time during August. Dust fallout
concentrations measured at RGDMO5 (2,026 mg/m?/day) was above the Action Industrial Level.

e The daily dust fallout data shows that at least 78 % of the measured concentrations are above

300 mg/m?/day (SANS Target Level), whereas 78 % are below1,200 mg/m?/day.

e Although the monitoring period is too short to determine any significant annual seasonal trends
in dust fallout, it has been noted that dust fallout has decreased during June and July which
coincided with the start of the rainy season when compared to dust fallout concentrations in

May.

e Furthermore baseline dust fallout levels in the villages occasionally exceed the action residential
levels for the period under review suggesting elevated baseline dust levels can be expected

especially during the dry season.
Table 7-1: Dust fallout results for the period May 2013 to August 2013 in mg/m?/day.

Field ID May-13 Jun-13 Jul-13 Aug-13
RGDMO01 973 137 624 142
RGDMO02 1,611 48 433 606
RGDMO03 1,572 85 364 577
RGDMO04 1,175 40 369 412
RGDMO05 1,649 24 535 2,026
RGDMO06 1,216 168 388 1,143
RGDMO7 784 453 435 441
RGDMO08 2,061 2,049 364 764
SANS Target 300 300 300 300
SANS Action Residential 600 600 600 600
SANS Action Industrial 1,200 1,200 1,200 1,200
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Dust fallout for Roxgold for the peiod May 2013 to August 2013
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Figure 7-1: Dust fallout results for the period May 2013 to August 2013.
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7.2 Particulate Matter
7.2.1 PMaio

PM 1o data was collected for the period May 2013 to August 2013. The average daily
concentrations for the period are presented in Table 7-2 and the 24-hour concentrations in
Figure 7.2 for this period. The 24-hour PMzo concentrations presented in Figure 7-2 show one
exceedance of the WB/IFC 24-hour PM1o guideline of 50 ug/m3.A concentration of

148 pg/miwas recordedon 26 June 2013 which may be attributed to an increase in vehicle
movement at the Roxgold Mine Camp. The average daily concentrations show no
exceedances of the WB/IFC guideline (Table 7-2).

Table 7-2: Average 24 hour PMjio concentrations for the period from May 2013 to
August 2013.

Month PMio concentration
May-13 11.2
Jun-13 22.6
Jul-13 15.3
Aug-13 34.8
WB/IFC Guideline | 50
WBI/IFC IT1 75
WB/IFC IT2 100
WB/IFC IT3 150
24 hour PM;, concentrations at the Roxgold mine campe for the perios 14
May 2013 to 31 August 2013
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Figure 7-2: 24 hour PMo concentrations for the period May 2013 to August 2013.
7.2.2 PM2s

PM: 5 data was collected for the period 29 April 2013 to 31 August 2013, however, there is a
gap of two months in the dataset as the monitor has been sent to South Africa for repairs. The
average daily concentrations are presented in Table 7-3 and the 24-hour concentrations in
Figure 7-3. The average daily concentrations for May 2013 (12.2 ug/m?®) and August 2013
(3.2 pg/m?3) are below the World Bank/IFC PM2sguideline of 20 ug/m?.

The 24-hour PM2 5 concentrations presented in Figure 7.3 show two instances where the 24-
hour World Bank/IFC air quality guideline of 20 pg/m? was exceeded on 29 April 2013 and
30April 2013. The highest concentration recorded during the monitoring period was
33.1pg/m3recorded on 29 April 2013.

Table 7-3: Average 24 hour PMas concentrations for the period from May 2013 to
August 2013.

Month PM25 concentration
May-13 12.2

Jun-13

Jul-13

Aug-13 3.2

WB/IFC Guideline | 20
WBI/IFC IT1 37.5
WBI/IFC IT2 50
WBI/IFC IT3 75




24 hour PM, s concentrations at the Roxgold mine campe for the perios 14
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Figure 7-3: 24 hour PMzs concentrations at the Roxgold mine camp for the period 14
May 2013 to 31 August 2013.

7.3 Passive Gas Sampling

Gas monitoring within the project area was undertaken over a 24-hr period during from May
2013 to August 2013 at selected locations. The results were compared to the World Bank
guidelines. The 24-hr SO2 and 1-hr NO2 results are presented in Table 7.4 and Table 7.5
respectively. Laboratory certificates are presented in Appendix 2.

7.3.1 SO2

The 24 hour SO results for the four months selected were well below the World Bank/IFC
air quality guideline of 20 pg/m?2at all points.

Table 7-4: SO, results for the period May 2013 to August 2013 in pug/m?.

Field ID May-13 | Jun-13 | Jul-13 Aug-13
RGDMO02 2.1 4 0.40 -
RGDMO03 <0.27 3.95 <0.27 <0.27
RGDMO05 2.5 4.35 <0.27 -
RGDMO06 <0.27 3.85 <0.27 <0.27
RGDMO7 5 6.95 <0.27 -
RGDMO08 <0.27 3.65 2.85 -

World Bank/IFC IT1 125 125 125 125




World Bank/IFC IT2 50 50 50 50
World Bank/IFC AQG 20 20 20 20

7.3.2 NO2

The 1-hour NO> results werewell below the World Bank/IFC guideline of 200 ug/m? for all
months when the monitoring was undertaken.

Table 7-5: NO; results for the period May 2013 to August 2013 in pg/m?.

Field ID May-13 | Jun-13 | Jul-13 Aug-13
RGDMO2 0.40 0.39 0.45 -
RGDMO3 0.36 0.39 <0.35 <0.35
RGDMO05 <0.35 <0.35 <0.35 -
RGDMO6 0.38 0.50 <0.35 <0.35
RGDMO7 <0.29 <0.35 <0.35 -
RGDMO8 0.40 0.51 0.47 -
World Bank/IFC AQG | 200 200 200 200
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Conclusions

Based on the findings of this assessment the following were concluded:

9

Based on SRK’s observations made during the site visit no major dust sources were
identified within the proposed project area other than windblown dustand the entrainment
of dust by vehicles, especially on unpaved roads;

Based on the location of the site and the tropical climate of the area, windblown dust
generation within the project area is expected to be low as a result of rainfall occurring
during the wet season and high during the dry season;

The on-site weather station is suitably located to record climatic data in the area, and
compares very well to data obtained from the Boromo weather station (located ~ 34km
east) similarities between the datasets were observed;

The dust fallout data for the period from May 2013 to October 2013 falls entirely within the
wet season (March to October) experienced in the project area.The may results may be
representative of the transition between the of the two season seasons and this may be
the reason for the relatively elevated duct fallout concentrations’ measured during May;

The 24-hour PM1o concentrations are low and below the World Bank/IFC guideline level
of 50 pug/m3 except on the 26 June 2013 where a PM1o concentration of 148 pug/m3 w