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1.0 SUMMARY 

1.1 Introduction 

Upon completion of the acquisition of the Massawa Gold Project (Massawa) on March 4 2020, Teranga Gold 
Corporation (Teranga) commenced internal work and also engaged a number of external consultants to 
undertake Pre-feasibility Study engineering and design and this NI 43-101 compliant Technical Report. The 
principal contributors to the work and this Technical Report are shown in Table 1.1. 

Table 1.1 Study Contributions 

Contributor Scope 

Teranga Gold Corporation 
(Teranga) 

Project history, exploration, geology, mineral resources, mining, reserve 
statement, elements of infrastructure, relevant Capex and Opex, economic 
analysis 

Lycopodium Minerals Canada 
Limited (Lycopodium) 

Metallurgy and testwork interpretation, process plant, process 
infrastructure, relevant Capex and Opex, coordination and compiling of 
Technical Report 

Land & Marine Geological 
Services Pty Ltd (L&MGSPL)  

Tailings storage facility 

Digby Wells Environmental Environment, community and permitting 

The effective date of this Technical Report is July 26 2020. 

1.2 Project Ownership and Location 

Teranga owns and operates the Sabodala Gold Project (Sabodala) and has purchased the adjacent Massawa 
from Barrick Gold Corporation (Barrick).  Massawa includes several gold deposits and has been the subject 
of previous studies and Technical Reports by Barrick and others, the latest of which was the Technical Report 
on the Feasibility Study of the Massawa Gold Project, Senegal, dated September 23, 2019 with an effective 
date of December 31, 2018. It is Teranga’s intent to mine the gold deposits on the Massawa property and 
treat the ore through the existing whole ore leach plant (WOL) at Sabodala (with some modifications) and a 
new refractory ore treatment plant (ROT) to be constructed adjacent to the WOL plant. Pending completion 
of the formalities required to fully integrate and merge Massawa with and into Sabodala, such treatment of 
ore from Massawa through Sabodala's facilities is expected take place pursuant to an ore supply 
arrangement and a related mining services agreement between Massawa SA and Sabodala Gold Operations 
(SGO) for such interim period. 

Each of Sabodala and Massawa (collectively referred to herein as the Sabodala-Massawa Project or the 
Project) are located in southeast Senegal, approximately 650 km east-southeast of the capital city of Dakar 
and 96 km north of the town of Kedougou.  The Sabodala-Massawa Mining Licenses and Regional Land 
Package locations are shown in Figure 1.1. 
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Figure 1.1 Project Location Map 

Source:  Teranga Gold Corporation, July 2020 

1.3 History 

1.3.1 Sabodala Property 

The only historic operation at the site was by Eeximcor-Afrique SA in 1997-98, which mined and stockpiled 
80,000 t of which 38,000 t at a grade of 4.4 g/t Au were processed, producing approximately 4,400 oz of 
gold. 

On November 23, 2010, Teranga completed the indirect acquisition of the Sabodala gold mine and a 
regional exploration package. 
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In January 2014, Teranga executed a new merged mining convention for Sabodala (referred to herein as the 
Sabodala Mining Convention) with the Government of Senegal which further expanded the Sabodala Mining 
License to 291.2 km2 with the inclusion of the Gora gold project.    

On January 29, 2016, a Presidential Decree extended the term of the Sabodala Mining License to January 26, 
2025. 

1.3.2 Massawa Property 

Randgold Resources Limited (Randgold) discovered the Massawa gold deposit in early 2004 utilizing soil 
surveying methods. 

On March 4, 2020, Teranga completed the acquisition of a 90 percent interest in the Massawa Gold Project 
from a wholly-owned subsidiary of Barrick Gold Corporation (Barrick) and its joint venture partner, 
Compagnie Sénégalaise de Transports Transatlantiques Afrique de l’Ouest SA (CSTTAO) with the 
Government of Senegal holding the remaining 10 percent interest in Massawa. 

1.3.3 Past Production at Sabodala 

Open pit mining commenced in 2009. 

Open pit production at Sabodala to date is summarized in Table 1.2. 

Table 1.2 Past Production at Sabodala 

Year 
Tonnes Milled Head Grade Recovery Gold Produced 

(kt) (Au g/t) (%) (koz) 

2009 1,806 3.12 92% 167 

2010 2,285 2.12 91% 141 

2011 2,444 1.87 90% 131 

2012 2,439 3.08 89% 214 

2013 3,152 2.24 91% 207 

2014 3,622 2.03 90% 212 

2015 3,421 1.79 92% 182 

2016 4,025 1.81 93% 217 

2017 4,221 1.87 92% 233 

2018 4,069 2.03 92% 245 

2019 4,161 1.98 91% 241 
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1.4 Geology and Mineralization 

The Sabodala-Massawa Project is located in the West African Craton, within the 2,213 Ma to 2,198 Ma age 
Kedougou-Kenieba inlier.  The Sabodala and Massawa Mining Concessions and exploration permits straddle 
two major divisions of the Inlier; the volcanic-dominated Mako Supergroup to the west, and the sediment-
dominated Diale-Dalema Supergroup to the east. 

The Sabodala-Massawa Project district occurs in the West African (Birimian) Paleoproterozoic metallogenic 
province, which extends from Senegal and Mali through north-eastern Guinea, Ivory Coast, Ghana, Burkina 
Faso, and as far east as Niger. 

The region includes several world-class gold deposits such as Loulo and Sadiola in Mali, and Ashanti (Obuasi) 
in Ghana.   

The properties comprising the Sabodala-Massawa Project can be subdivided into three project areas: 

• The Sabodala Mining Concession (also referred to herein as the Sabodala Mining License (ML))
comprising the original Sabodala mining concession, the additional Gora ML Expansion area and
the former SOMIGOL Mining Concession.

• The Massawa exploitation permit (referred to herein as the Massawa Mining License).

• The Sabodala-Massawa Project regional exploration permits comprising Sounkounkou,  Bransan
(Lots A, B and C) and Kanoumba.

These are shown in Figure 1.2 below. 

Gold deposits in the West African metallogenic district, including those on the mining concessions 
comprising the Sabodala-Massawa Project and the adjacent exploration permits, show many characteristics 
consistent with their classification as orogenic (mesothermal) gold deposits and prospects.  Orogenic gold 
systems are structurally controlled deposits formed during regional deformation (orogenic) events.  

Orogenic deposits are typically localized adjacent to major faults (shear zones) in second and third order 
shear zones within volcano-sedimentary (greenstone and sedimentary) belts between granitic domains 
(commonly for Precambrian deposits such as the West African Birimian, Abitibi Greenstone Belt of Canada, 
and Yilgarn region of Western Australia) or in slate belt turbidite sequences (many Phanerozoic deposits). 
Fluid source for these systems remains controversial: they generally involve a dominant metamorphic fluid 
component, consistent with their setting and relative timing, however, in many districts, there is evidence 
for a contributing magmatic fluid inducing early oxide-rich alteration assemblages, as is seen at Sabodala-
Massawa Project. 



Sabodala-Massawa Project  Page 1.5 
Pre-feasibility Study 
National Instrument 43-101 Technical Report 

5139\16.04\5139-GREP-001_0  S1 August 2020 

Lycopodium 

Figure 1.2 Property Geology 

Source:  Teranga Gold Corporation, July 2020 



Sabodala-Massawa Project  Page 1.6 
Pre-feasibility Study 
National Instrument 43-101 Technical Report 

5139\16.04\5139-GREP-001_0  S1 August 2020 

Lycopodium 

1.5 Exploration Status 

The Sabodala-Massawa Project hosts a significant, yet underexplored, regional-scale gold system, and there 
is excellent potential to increase the Mineral Resources where existing mineralization, identified prospects, 
and targets are open along strike and at depth along the corresponding structural corridors and the vast 
area between the two major regional structures. 

The Project is comprised of two mining licenses totalling approximately 611 km2, and a combined regional 
exploration land package of approximately 915 km2, located within the highly prospective Mako 
Supergroup. 

Established deposits are located on the first-order structures: the Sabodala and Sofia deposits are located 
on the Sabodala-Sofia structure (SSZ), and the Massawa and Delya deposits are located on the Main 
Transcurrent Shear Zone (MTZ). Approximately 38 km of the SSZ and 40 km of the MTZ are located on the 
properties comprising the Sabodala-Massawa Project. 

In addition, the structural corridors between and adjacent to the two regional structures have good potential 
to host additional mineralization where early stage exploration programs have returned favourable results 
in numerous prospects and targets in adjacent parallel, and second and third order structural zones. These 
structural zones consist of northwest trending linking structures between major shear zones as well as 
structures wrapping around major intrusions, all of which form prospective sites for gold deposit formation. 

Datasets available to assist with target generation include exploration drilling, regional soils, rock-chip 
sampling programs, EM, radiometrics, aeromagnetics and local IP.  Outside the deposits hosting the 
currently defined Mineral Resources reported herein, more than 70 prospects have been identified and drill 
tested with almost 2,000 holes (RC or DD), and 10,000 RAB holes.  Teranga uses a phased approach to the 
property wide exploration program.  A review of the existing data, evaluation of results, and prioritizing drill 
targets is underway.   

A $10M drilling program commenced in March 2020 at Sofia, Massawa CZ and NZ to upgrade and increase 
Mineral Resources, both along strike and at depth. Additional drilling is planned at the high priority satellite 
deposits and prospects, Tina, Delya and Samina, to further define and increase Mineral Resources. 

1.6 Mineral Resources 

Mineral Resources for the Sabodala-Massawa Project are estimated for 25 gold deposits and prospects 
located on the Sabodala and Massawa mine licenses, and the Bransan exploration permit (Figure 1.3). 
Mineral Resources are reported inclusive of Mineral Reserves at an effective date of December 31, 2019 
(Table 1.3). 
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Block grade and density estimates are constrained by domains representing the mineralization, lithology, 
and weathering surfaces, and Mineral Resources are reported within pit shells generated in Whittle software 
using the Lerchs-Grossman algorithm. Only classified blocks greater than or equal to the open pit cut-off 
grades and within the open pit shells were reported. 

For reporting of underground Mineral Resources, only classified blocks greater than or equal to the 
underground cut-off grade were reported. In addition, Deswik Stope Optimizer software was used to 
generate wireframe models to constrain blocks satisfying minimum size and continuity criteria at the 
Sabodala deposit. 

The Qualified Person (QP) for the Mineral Resource estimates is Patti Nakai-Lajoie, who is a full-time 
employee of Teranga and not independent, and is a Qualified Person in accordance with NI 43-101.  Ms. 
Nakai-Lajoie is not aware of any environmental, permitting, legal, title, taxation, socio-economic, marketing, 
or political issues that would materially affect the Mineral Resource estimates. 

Table 1.3 Open Pit and Underground Mineral Resources Summary as at December 31, 2019 

Category/Property/Mining Method 
Tonnage 
(000 t) 

Grade 
(g/t Au) 

Contained 
Metal 

(000 oz Au) 

Measured Resources 

Sabodala OP 16,367 1.23 645 

Sabodala UG 0 0 0 

Massawa OP 494 4.57 73 

Massawa UG 0 0 0 

Total Measured Resources 16,860 1.32 717 

Indicated Resources 

Sabodala OP 53,535 1.34 2,314 

Sabodala UG 6,384 3.75 771 

Massawa OP 28,043 3.43 3,095 

Massawa UG 0 0 0 

Total Indicated Resources  87,962 2.19 6,180 

Measured + Indicated Resources 

Sabodala OP 69,901 1.32 2,959 

Sabodala UG 6,384 3.75 771 

Massawa OP 28,537 3.45 3,168 

Massawa UG 0 0 0 

Total Measured + Indicated Resources 104,823 2.05 6,897 
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Inferred Resources 

Sabodala OP 11,489 1.11 411 

Sabodala UG 5,254 3.34 565 

Massawa OP 6,796 2.25 491 

Massawa UG 2,582 4.50 373 

Total Inferred Resources 26,120 2.19 1,840 
Notes: 
1. CIM definitions were followed for Mineral Resources.
2. Open pit oxide Mineral Resources are estimated at cut-off grades ranging from 0.35 g/t Au to 0.50 g/t Au.
3. Open pit transition and fresh rock Mineral Resources are estimated at cut-off grades ranging from 0.40 g/t Au to 1.20 g/t Au.
4. Underground Mineral Resources are estimated at a cut-off grade of 2.00 g/t Au at Sabodala, and at 2.84 g/t Au at Massawa.
5. Measured Resources at Sabodala include stockpiles, which total 4.3 Mt at 0.75 g/t Au for 104,000 oz.
6. Measured Resources at Masato include stockpiles, which total 2.5 Mt at 0.69 g/t Au for 55,000 oz.
7. Measured Resources at Maki Medina include stockpiles, which total 0.1 Mt at 0.78 g/t Au for 3,000 oz.
8. Measured Resources at Golouma include stockpiles, which total 0.4 Mt at 0.75 g/t Au for 9,000 oz.
9. High grade assays were capped at grades ranging from 1.5 g/t Au to 340 g/t Au.
10. Mineral Resources are inclusive of Mineral Reserves.
11. Open pit shells were used to constrain open pit resources.
12. Mineral Resources are estimated using a gold price of $1,450/oz.
13. Sum of individual amounts may not equal due to rounding.
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Figure 1.3 Location of Deposits Containing Mineral Resources 

Source:  Teranga Gold Corporation, July 2020 
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1.7 Mineral Reserves 

The Sabodala Mineral Reserve estimate is composed of open pit and underground deposits. 

Open Pit Deposits: 

1. Sabodala

2. Masato

3. Golouma West

4. Niakafiri East

5. Niakafiri West

6. Maki Medina

7. Goumbati West/Kobokoto

8. Sofia Main

9. Sofia North

10. Central Zone

11. North Zone

12. Delya

Underground Deposits: 

1. Golouma South

2. Kerekounda

3. Golouma West 1

4. Golouma West 2

The Golouma West, Sabodala, Goumbati West/Kobokoto and Maki Medina open pit deposits are currently 
being mined by conventional open pit methods. With the acquisition of Barrick’s Massawa Project, the 
following deposits were added to SGO’s reserves: Sofia Main, Sofia North, Central Zone, North Zone and 
Delya.   

The Proven and Probable Mineral Reserves for the deposits are based on only that part of the Measured 
and Indicated Resources that falls within the designed final pit limits.   

Mineral Reserve cut-off grades are based on current operating practice and 2019 costs projected to the 
LOM.  The Reserves are based on a gold price of $1,250/oz. 

The Mineral Reserve estimate as at December 31, 2019, is presented in Table 1.4. 
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Table 1.4 Mineral Reserve Estimate as at December 31, 2019 

Deposits 
Proven Probable Proven and Probable 

Tonnes 
(Mt) 

Grade 
(g/t) 

Au 
(Moz) 

Tonnes 
(Mt) 

Grade 
(g/t) 

Au 
(Moz) 

Tonnes 
(Mt) 

Grade 
(g/t) 

Au 
(Moz) 

Sabodala 1.88 1.64 0.10 2.75 1.41 0.12 4.63 1.50 0.22 

Masato 17.77 1.13 0.64 17.77 1.13 0.64 

Golouma West 2.10 2.01 0.14 2.10 2.01 0.14 

Maki Medina 0.84 1.19 0.03 0.84 1.19 0.03 

Niakafiri East 4.49 1.34 0.19 9.43 1.14 0.34 13.92 1.20 0.54 

Niakafiri West 1.13 1.10 0.04 1.13 1.10 0.04 

Goumbati West and Kobokoto 1.39 1.33 0.06 1.39 1.33 0.06 

Stockpiles 7.22 0.73 0.17 7.22 0.73 0.17 

Subtotal Open Pit with Stockpiles 13.59 1.06 0.46 35.40 1.21 1.38 48.99 1.17 1.84 

Golouma West 1 Underground 0.62 6.07 0.12 0.62 6.07 0.12 

Golouma West 2  Underground 0.45 4.39 0.06 0.45 4.39 0.06 

Golouma South  Underground 0.47 4.28 0.06 0.47 4.28 0.06 

Kerekounda  Underground 0.61 4.95 0.10 0.61 4.95 0.10 

Subtotal Underground 2.15 5.01 0.35 2.15 5.01 0.35 

Total Sabodala Mine Lease 13.59 1.06 0.46 37.55 1.43 1.73 51.14 1.33 2.19 

Sofia Main 5.47 2.66 0.47 5.47 2.66 0.47 

Sofia North 2.76 1.87 0.17 2.76 1.87 0.17 

Central Zone 0.54 3.94 0.07 9.40 3.52 1.06 9.94 3.54 1.13 

North Zone 5.60 4.23 0.76 5.60 4.23 0.76 

Delya 0.88 3.56 0.10 0.88 3.56 0.10 

Total Massawa Mine Lease 0.54 3.94 0.07 24.11 3.30 2.56 24.65 3.32 2.63 

Total Reserves 14.13 1.17 0.53 61.67 2.16 4.29 75.79 1.98 4.82 

1. CIM definitions were followed for Mineral Reserves.

2. Mineral Reserve cut-off grades range from 0.41 g/t to 0.61 g/t Au for oxide, 0.47 g/t to 0.79 g/t Au for fresh rock and 1.39 g/t to
1.41 g/t Au for refractory ore, based on a $1,250/oz gold price.

3. Underground Mineral Reserve cut-off grades range from 2.3 g/t to 2.6 g/t Au based on a $1,200/oz gold price.

4. Mineral Reserves account for mining dilution and mining ore loss.

5. Proven Mineral Reserves are based on Measured Mineral Resources only.

6. Probable Mineral Reserves are based on Indicated Mineral Resources only.

7. Sum of individual amounts may not equal due to rounding.

8. The Niakafiri Main deposit is adjacent to the Sabodala village and relocation of at least some portion of the village will be
required, which will necessitate a negotiated resettlement program with the affected community members.
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Information in Table 1.4 relating to the Mineral Reserve estimates associated with the Sabodala and Massawa 
mine lease is based on information compiled and reviewed by Mr. Stephen Ling, P.Eng.  Mr. Ling is a full-
time employee of Teranga and is not ‘‘independent’’ within the meaning of NI 43-101. 

1.8 Mining 

1.8.1 Open Pit Mining 

During 2020 H1, mining at Sabodala pit, Golouma, Maki Medina, Goumbati West/Kobokoto was on going. 
In addition, during the first half of 2020, development activities began at the Massawa mine lease for mining 
to start in 2020 Q3 at Sofia pits. The development work includes continuing the haul road from Golouma pit 
area towards Sofia deposits, as well as infrastructure around the pit areas. Production will then continue into 
the following year and beyond. 

The mining method utilized is conventional truck and shovel open pit mining. The mining operation is 
effective at selectively separating ore from waste, and in separating the four-ore categories that are 
stockpiled if not immediately milled. These are, namely, high grade, medium grade, low grade, and marginal 
as defined in Table 1.5.  

Table 1.5 Grade Classes for Ore Movement 

Code Category Grade Interval 

A High Grade > 2.0 g/t Au

B Medium grade 1.5 – 2.0 g/t Au 

C Low Grade 1.0 – 1.5 g/t Au 

D Marginal 0.5 – 1.0 g/t Au 

Additional higher grade stockpile bins are utilized at times where mining areas are at a higher grade than 
the average LOM grade and would be the case at several Massawa mine license deposits such as Central 
Zone and North Zone. 

Several of the deposits in the LOM contain orebodies that requires a selective approach and would result in 
production being undertaken with the main front shovels and require supported by a smaller excavator fleet 
to minimize ore dilution and maximize ore recovery.  

The current primary mobile equipment fleet as at the time of this report is shown in Table 1.6. 



Sabodala-Massawa Project  Page 1.13 
Pre-feasibility Study 
National Instrument 43-101 Technical Report 

5139\16.04\5139-GREP-001_0  S1 August 2020 

Lycopodium 

Table 1.6 Primary Mining Fleet 

Mining Fleet No. of 
Machines 

Komatsu 785 Haul Trucks 24 

Komatsu PC3000 Hydraulic Shovel 3 

Komatsu PC2000 Hydraulic Shovel 1 

Komatsu PC1250 Hydraulic Shovel 4 

Komatsu WA900 Loaders 3 

Sandvik DP1500 Drill 3 

Sandvik DI550 Drill 2 

SKF 12 Drills 2 

Sandvik D25K 6 

Komatsu HD465-7R Water Cart 3 

Komatsu GD825A-2 Grader 7 

Komatsu D375-6R Dozers 9 

Komatsu WD600 Rubber Tire Dozer 2 

Based on the current LOM plan, no additional mobile equipment purchases will be required beyond 2020, 
only replacements as required. As part of ongoing optimization work, replacement units might not be the 
same make and model as the current mobile fleet.  

Currently, a contractor that has been working with Sabodala since 2015 undertakes the long haul of ore 
material from satellite deposits; as such, the equipment required for long haul is not part of the Sabodala 
mining fleet. 

1.8.2 Underground Mining 

The selected mining method is Cut and Fill for use at the underground deposits at Sabodala. Two deposits 
will be mined concurrently in order to meet the current mine life schedule, with each deposit scheduled at 
500 tpd production, providing approximately 1,000 tpd combined peak underground ore production. 
Kerekounda and Golouma South will be mined first.  Once they are exhausted, the Golouma West deposits 
will be mined.   

The underground mine construction begins in year 2027, with ore production in 2028. The open pit mining 
ends in year 2034 and the remaining LOM comprises mining from the underground and stockpile reclaim. 
With additional open pit resources and reserves, it is anticipated that the underground portion will be 
extended further in the future from the current LOM schedule. 

1.8.3 LOM Production Schedule 

A detailed LOM production schedule is shown in Table 1.7. 
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Table 1.7 LOM Production Schedule 

                     
LOM MINING PLAN LOM 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 

Sabodala 

Ore Mined Mt 4.6 1.0 0.6         0.2 2.5 0.4                 
Ore Grade g/t 1.50 1.36 1.31         1.06 1.64 1.49                 

Contained Oz Moz 0.22 0.04 0.03         0.01 0.13 0.02                 
Waste Mt 35.9 9.4 1.6         14.4 9.5 1.0                 

Golouma 

Ore Mined Mt 2.1 2.1                                 
Ore Grade g/t 2.01 2.01                                 

Contained Oz Moz 0.14 0.14                                 
Waste Mt 8.3 8.3                                 

Maki Medina 

Ore Mined Mt 0.8 0.8                                 
Ore Grade g/t 1.19 1.19                                 

Contained Oz Moz 0.03 0.03                                 
Waste Mt 3.6 3.6                                 

Niakafiri 

Ore Mined Mt 15.1           1.5 4.7 2.1 3.5 3.2               
Ore Grade g/t 1.19           1.25 1.24 1.03 0.99 1.43               

Contained Oz Moz 0.58           0.06 0.19 0.07 0.11 0.15               
Waste Mt 59.8           4.5 9.8 15.9 25.0 4.6               

Goumbati West 
Kobokoto 

Ore Mined Mt 1.4 0.1 0.4               0.9               
Ore Grade g/t 1.33 1.34 1.74               1.17               

Contained Oz Moz 0.06 0.00 0.02               0.03               
Waste Mt 11.8 0.6 3.5               7.6               

Masato 

Ore Mined Mt 17.8                   0.5 1.5 5.6 4.9 3.3 1.8     
Ore Grade g/t 1.13                   0.80 0.95 1.12 1.24 0.95 1.41     

Contained Oz Moz 0.64                   0.01 0.05 0.20 0.20 0.10 0.08     
Waste Mt 114.0                   13.1 28.4 24.4 25.0 21.6 1.5     

Sofia  
(North/Main) 

Ore Mined Mt 8.2 2.0 1.3 3.0 0.2   1.6 0.1                     
Ore Grade g/t 2.40 2.50 2.84 2.54 1.39   1.82 1.77                     

Contained Oz Moz 0.63 0.16 0.12 0.24 0.01   0.09 0.01                     
Waste Mt 45.0 9.2 12.3 13.9 1.2   7.6 0.8                     

Central Zone 

Ore Mined Mt 9.9   2.0 1.6 1.7 4.4 0.2                       
Ore Grade g/t 3.54   2.54 2.89 3.77 4.07 5.36                       

Contained Oz Moz 1.13   0.16 0.15 0.21 0.57 0.04                       
Waste Mt 33.9   6.1 6.7 7.4 13.2 0.5                       
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North Zone 

Ore Mined Mt 5.6   0.6 1.0 1.5 0.9 1.6                       
Ore Grade g/t 4.23   3.83 4.70 3.32 4.04 5.12                       

Contained Oz Moz 0.76   0.07 0.15 0.17 0.12 0.26                       
Waste Mt 67.2   10.8 10.7 23.0 15.5 7.3                       

Delya 

Ore Mined Mt 0.9           0.9                       
Ore Grade g/t 3.56           3.56                       

Contained Oz Moz 0.10           0.10                       
Waste Mt 6.8           6.8                       

Underground 
Ore Mined Mt 2.1                 0.1 0.3 0.3 0.3 0.1 0.2 0.4 0.4 0.2 
Ore Grade g/t 5.01                 5.00 4.95 4.63 4.33 4.39 5.55 5.36 5.52 4.76 

Contained Oz Moz 0.35                 0.02 0.05 0.05 0.04 0.01 0.03 0.06 0.07 0.02 

Summary 

Ore Mined Mt 68.6 6.0 4.9 5.6 3.5 5.3 5.8 5.0 4.5 4.0 4.9 1.9 5.9 5.0 3.5 2.2 0.4 0.2 
Ore Grade g/t 2.11 1.94 2.57 3.02 3.42 4.07 2.96 1.25 1.36 1.14 1.52 1.63 1.26 1.30 1.17 2.07 5.52 4.76 

Contained Oz Moz 4.65 0.37 0.40 0.54 0.38 0.69 0.55 0.20 0.20 0.15 0.24 0.10 0.24 0.21 0.13 0.15 0.07 0.02 
Waste Mt 386.4 31.2 34.3 31.4 31.5 28.7 26.7 25.0 25.4 26.0 25.3 28.4 24.4 25.0 21.6 1.5 0.0 0.0 

Movement Mt 455.0 37.2 39.2 36.9 35.0 34.0 32.4 30.1 30.0 30.0 30.2 30.3 30.2 30.1 25.1 3.7 0.4 0.2 

Summary 
Stockpile Ore Balance Mt   9.1 9.7 11.0 9.0 8.8 9.1 8.7 7.9 7.2 7.9 5.6 7.3 8.1 7.4 5.4 1.7 0.0 

Stockpile Grade g/t   0.91 0.87 1.16 1.16 1.97 2.25 1.47 1.01 0.90 1.02 0.93 0.91 0.88 0.70 0.69 0.69 0.00 
Contained Oz Moz   0.27 0.27 0.41 0.33 0.56 0.66 0.41 0.26 0.21 0.26 0.17 0.21 0.23 0.17 0.12 0.04 0.00 

 
 

                   
LOM PROCESSING PLAN LOM 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 

Mill Production 
Sabodala 
WOL Ore 

Ore Milled Mt 51.1 3.1 1.1 0.6 1.5 0.9 1.8 2.8 4.0 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.0 1.9 
Head Grade g/t 1.33 1.89 1.45 0.89 0.73 0.71 1.17 1.52 1.38 0.94 1.40 1.42 1.43 1.42 1.43 1.44 1.15 1.02 

Contained Oz Moz 2.19 0.19 0.05 0.02 0.03 0.02 0.07 0.14 0.18 0.13 0.19 0.19 0.19 0.19 0.19 0.19 0.15 0.06 
Oxide % 15% 12% 35% 40% 49% 50% 63% 27% 28% 7% 22% 10% 4% 11% 4% 0% 0% 0% 

Produced Oz Moz 1.97 0.17 0.05 0.02 0.03 0.02 0.06 0.12 0.16 0.11 0.17 0.17 0.17 0.17 0.17 0.17 0.13 0.06 

Mill Production 
Massawa 
WOL Ore 

Ore Milled Mt 18.2 1.0 3.2 3.7 2.8 3.4 2.4 1.4 0.2                   
Head Grade g/t 2.44 2.67 3.42 3.25 1.75 2.06 1.68 1.76 1.23                   

Contained Oz Moz 1.43 0.09 0.35 0.39 0.16 0.23 0.13 0.08 0.01                   
Oxide % 48% 71% 56% 39% 65% 33% 44% 47% 33%                   

Produced Oz Moz 1.25 0.08 0.31 0.34 0.14 0.18 0.12 0.07 0.01                   

Mill Production 
Massawa 
ROT Ore 

Ore Milled Mt 6.5       1.2 1.2 1.2 1.2 1.2 0.5                 
Head Grade g/t 5.77       6.82 5.83 6.42 5.99 4.44 4.24                 

Contained Oz Moz 1.20       0.26 0.23 0.25 0.23 0.17 0.07                 
Oxide % 0%       0% 0% 0% 0% 0% 0%                 

Produced Oz Moz 1.06       0.23 0.20 0.22 0.20 0.15 0.06                 
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Total Mill  
Production 

Ore Milled Mt 75.8 4.1 4.2 4.3 5.5 5.5 5.5 5.4 5.4 4.7 4.2 4.2 4.2 4.2 4.2 4.2 4.0 1.9 
Head Grade g/t 1.98 2.08 2.92 2.92 2.57 2.68 2.55 2.57 2.05 1.29 1.40 1.42 1.43 1.42 1.43 1.44 1.15 1.02 

Contained Oz Moz 4.82 0.28 0.40 0.40 0.46 0.47 0.45 0.45 0.36 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.15 0.06 
Oxide % 22% 27% 50% 39% 47% 28% 41% 27% 22% 7% 22% 10% 4% 11% 4% 0% 0% 0% 

Produced Oz Moz 4.28 0.24 0.36 0.36 0.40 0.40 0.40 0.40 0.32 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.13 0.06 
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1.9 Metallurgy 

The Massawa mine license area currently holds three major gold deposits.  These are the Massawa Central 
Zone and North Zone (CZ and NZ), Sofia (Sofia Main and Sofia North), and Delya deposits.  There are several 
other satellite deposits within the permit area. 

The first metallurgical testing of samples from these deposits was conducted in 2008 and since then a 
significant number of testwork campaigns have been completed on the Massawa deposits.   

Free-milling or whole-ore-leach (WOL) gold mineralization occurs in Sofia and much of CZ, plus the oxide 
zones of all the deposits. The free-milling material will be treated through the existing Sabodala (WOL) 
treatment plant. In addition, there is refractory mineralization in the fresh rock zones of the northern part of 
CZ as well as NZ and Delya.  Testwork shows the refractory mineralization to be amenable to bio-oxidation 
(BIOX) treatment prior to gold extraction and which significantly improves gold recovery.  The refractory 
material will be treated in a new refractory ore treatment (ROT) plant that is proposed to be constructed 
adjacent to the WOL plant. 

The 2020 SGS metallurgical testwork program combined with all the previous historical testwork programs 
conducted for Massawa deposits provides a sufficient representative and complete database to support a 
pre-feasibility level study.  The process design criteria derived from interpretation of the testwork is 
appropriate for use in this study’s process design and for the Project’s economic analysis. 

The extensive past and current metallurgical testwork campaigns demonstrate two distinct behaviours: 

• Oxides and some fresh rock sulphides exhibit free-milling characteristics suitable for gold
extraction by conventional cyanidation process (WOL). The CZ zone also contains significant
gravity recoverable gold.

• Some fresh rock sources (from the north of the Central Zone, North Zone and Delya) are highly
refractory and exhibit very low gravity recoverable gold.  Oxidation of the gold-bearing sulphides
is required to achieve acceptable gold extraction, and flotation and BIOX is combined to achieve
gold recoveries in excess of 85%.

Using the optimal processing route for each ore type, gold recovery was estimated based on testwork results 
to date.  The predicted LOM average recoveries for each ore type are summarized in Table 1.8. 
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Table 1.8 Recoveries Summary by Ore Type (%) 

Ore Type WOL Oxides WOL Fresh Refractory 

Sofia Main 92 86 - 

Sofia North 91 86 - 

Central Zone 93 85 88 

North Zone 85 - 88 

Delya 93 - 88 

Source:  Lycopodium 2020 

1.10 Process Plant 

Additions and modifications are immediately required to the existing Whole Ore Leach (WOL) plant to 
prepare it for treating higher grade material from the Massawa pits (Phase 1). A new Refractory Ore 
Treatment (ROT) plant is required to treat refractory ores commencing in 1Q 2023 (Phase 2).  

The WOL process plant modifications are designed based on a plant throughput of 4.0 million tonnes of 
free-milling ore per year, with an average gold head grade of 1.51 g/t, achieving 91.2% gold recovery.  In 
the short term, however, peak head grades of up to 2.8 g/t are anticipated.  

The ROT process plant is designed based on a plant throughput of 1.2 million tonnes of refractory ore per 
year, with an average gold head grade of 6.04 g/t, achieving 88.3% gold recovery. 

The existing WOL plant at the Sabodala operation has a design capacity of approximately 4.2 million tonnes 
(or an average of over 500 tonnes per operating hour) of a blend of fresh and oxide ore per year and which 
has been achieved since the last upgrade was completed in 2016.  The plant comprises facilities for crushing, 
grinding, leaching, carbon-in-leach (CIL) cyanidation, acid wash and elution, electrowinning, bullion 
smelting, carbon regeneration and tailings disposal. 

The first phase of the project is to upgrade the WOL plant to treat the higher grade Massawa ores, which is 
planned to commence in the second half of 2020, with upgrades planned for installation during the course 
of the first half of 2021. The upgrades required are summarized below: 

• Installation of a gravity circuit.

• Addition of 2 x leach tanks.

• Potential addition of 2 x CIL tanks.

• Installation of a 10t (carbon) acid wash and elution circuit.

• Installation of a larger carbon regeneration circuit to match the increased elution capacity.
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• Addition of additional electrowinning capacity in the existing goldroom. 

The second phase of the project is to modify the existing crushing circuit to campaign crush the refractory 
ores and the installation of the ROT plant to process the Massawa refractory ores.  The treatment of 
refractory ores is expected to commence in January 2023 and will continue for at least 5 years. The Phase 2 
changes and additions are summarized below: 

• Modification of the existing crushing circuit to campaign crush Massawa ores 12 h/d using Primary 
Crusher No.2. 

• Installation of a Single Stage SAG circuit with recycle pebble crusher. 

• Installation of a flotation circuit with fine grinding of the concentrate prior to BIOX treatment. 

• Installation of a BIOX circuit for oxidation of the sulphide concentrate. 

• Installation of a CCD and neutralization circuit to recover and wash the oxidized product and 
neutralize and stabilize the acidic BIOX liquors. 

• Installation of a CIL circuit to leach the oxidized product of the BIOX circuit. 

• Installation of a 5t (carbon) acid wash and elution circuit. 

• Installation of a carbon regeneration circuit; 

• Installation of a goldroom. 

A simplified block flow diagram showing the configuration of the process plants in the period when both 
the WOL and ROT circuits are in operation is provided in Figure 1.4. The layout of the WOL and ROT plants 
and nearby infrastructure is shown in Figure 1.5. 
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Figure 1.4 Simplified Block Flow Diagram 
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Figure 1.5 Process Plant General Arrangement 
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Key process design criteria derived from the existing operation of the WOL plant and interpretation of the 
Massawa testwork reports are outlined in Table 1.9. 

Table 1.9 Summary of Key Process Design Criteria 

Criteria Unit WOL Plant ROT Plant 

Plant Feed Rate Mtpa 4.0 1.2 

LOM Head Grade g/t Au 1.5 6.0 

Design Head Grade g/t Au 2.8 6.5 

Operating Schedule d/y 365 365 

Milling Circuit Utilization % 91.3 91.3 

Bond Ball Mill Work Index kWh/t 20.3 22.1 

SMC - Axb - 35.3 22.4 

Mill Feed Specific Gravity - 2.8 2.8 

Mill Feed Moisture % 4 4 

Mill Feed Size (P80) Mm 150 150 

Milling Circuit Throughput t/h 500 150 

Mill Circuit Product Size (P80) Microns 90 90 

Flotation Industrial Retention Time Min N/A 120 

Flotation Mass Pull % N/A 14 

BIOX Feed Rate t/h - 21 

Leach/CIL Retention Time h 32 24 

Elution Plant Capacity (per batch) t 10 5 

Predicted Gold Recovery (Design) % 91.2 88.3 

Source: Lycopodium Process Design Criteria, May 2020. 

1.11 Services and Infrastructure 

1.11.1 Existing Infrastructure 

Sabodala 

The Sabodala mine has been in production since 2009 and has in place all the infrastructure required to 
support the open pit mining operation and 4 Mtpa WOL treatment plant.  This includes, but is not limited 
to, a secure water harvesting and storage facility (the Large Raw Water Dam and East Raw Water Dam), a 
site heavy fuel oil (HFO) power station, accommodation and recreation facilities for non-local staff, an 
airstrip, an open pit mining fleet, the processing plant itself, a tailings storage facility (TSF) and all the 
necessary offices, warehouses and workshops to sustain the operation. 
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In particular, the site has a trained and experienced workforce whose competencies extend beyond those 
required to operate and maintain the mining and processing operations to skills in supply chain 
management, human resources and industrial relations, environmental management and community 
relations. 

Existing port facilities in Dakar, and local logistics companies providing transport to and from site, have 
supported the operation for over twelve years and are adequate to meet the needs of the expansion project. 
Teranga has a corporate office in Dakar with a team managing logistics, government liaison, personnel 
transport and other management functions. 

Massawa 

As part of the acquisition of the Massawa project from Barrick, Teranga took possession of the three main 
mining areas; Sofia, Central/North Zones and Delya, along with each areas existing infrastructure. The 
exploration camp, next to the Central Zone deposit, is in the process of being upgraded for operational use 
to house some of the exploration, geology and other operational personnel working at the Massawa 
deposits. While the main administration office will be at the Sabodala plant area, several office buildings will 
be maintained at the Massawa camp for exploration staff and other personnel. Other facilities at the 
Massawa camp include kitchen and meals facilities, a laundry and water and sewage treatment facilities.  

Infrastructure required outside of the camp, at Massawa includes waste dumps, ROM pad, pit dewatering 
systems and roads.  

1.11.2 Power Supply 

The current Sabodala site power requirements average 20 MW at a 0.8 power factor. The existing HFO power 
station has 4 x 7.625 MVA generators, 2 x 8.15 MVA generators and 2 x 750 kW diesel black-start generators. 
For much of the time three operating generators are sufficient to supply power to the site with a fourth 
sometimes needed during peak demand to avoid shedding of non-essential loads. This is not expected to 
change following the addition of the modest Phase 1 loads. 

Once Phase 2 of the project is commissioned site loads are predicted to increase to about 40 MW at a 0.8 
power factor. 

The approach adopted is that Phase 2 will expand the power station with the addition of a further 3 x 8.15 
MVA generators.  This is a conservative assumption as it maintains the status quo with three standby 
generators available most of the time, when two standbys units is more the industry norm.  

1.11.3 Water Supply 

Water for Sabodala is sourced from two fresh water dams and, in the event of an emergency, via a 42 km 
pipeline from the Falémé River.  To date, pumping of water from the Falémé River has not been required. 
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The current operations of the WOL plant are sustained by recycled water from TSF1 (water in plant tailings 
plus rainfall, less water entrained in settled tailings and lost by evaporation). With the construction of TSF2 
direct rainfall catchment will increase significantly.  It is expected that WOL operations will continue without 
the requirement for water from the dams.  

The ROT plant will require modest volumes of fresh water for use in the BIOX plant where recycled process 
water cannot be used as it is toxic to the BIOX bacteria. This will be sourced from the water storage dams. It 
is not anticipated that water will be drawn from the Falémé River. 

1.11.4 Tailings Storage Facility 

Tailings from the Sabodala-Massawa Project will be stored in the existing and planned tailings storage 
facilities (TSFs) at Sabodala.   

The Pre-Feasibility Study (PFS) of the TSFs, which given the absence of specific Senegalese Design Standards 
for TSFs, has been executed based on the ANCOLD ‘Guidelines on Tailings Dams - Planning, Design, 
Construction, Operation and Closure’, Rev 1 dated July 2019; DMIRS (formerly DMPWA) Code of Practice 
‘Tailings storage facilities in Western Australia’, dated 2013; ‘Guide to the preparation of a design report for 
tailings storage facilities (TSFs)’, dated August 2015; ICOLD Bulletin 153 ‘Sustainable Design and Post-
Closure Performance of Tailings Dams’, dated 2013 and the Global Tailings Standard (GTS), released as Draft 
for Public Consultation in November 2019.   

The PFS, executed in accordance with the Guidelines, Codes of Practice and most of the requirements 
proposed in DRAFT GTS demonstrate that the tailings from Sabodala-Massawa Project can be safely stored 
in the existing and planned TSFs at Sabodala.  Forward works detailed in the PFS, contain comments and 
recommendations for further actions which may be required to meet the GTS where there is a variance from 
the design Guidelines and Codes of Practice used in the preparation of the PFS. 

1.11.5 Site Water Management 

Sabodala 

Site water management practices that are in compliance with Teranga’s environmental obligations are well 
developed with monitoring protocols in place.  Water management practices for the open pits, waste dumps 
process plant and other impacted areas will be unchanged by the combined project. 

In particular, decant water from TSF1 is currently returned for use in the process plant with zero discharge 
to the environment and little or no requirement to use fresh water from the raw water dams (depending on 
the seasonal / annual rainfall) to top up the process water circuit. 
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Following construction of TSF2 the increased TSF footprint will increase both the rainfall catchment area and 
the opportunity for evaporative loss of excess water.  With dust generation on the TSF beaches a problem 
during the dry season the surplus water can be managed by controlled evaporation from the TSF beaches 
with the added benefit of dust suppression.  

The supernatant water on TSF1B (BIOX CIL water) is unsuitable for return to the ROT plant and may be 
unsuitable for use in the WOL plant. At worst a small water treatment plant may be required to remove 
deleterious elements and cyanide decomposition products from this stream before returning this water to 
the process water circuit.  An allowance has been made in the capital estimate for such a water treatment 
plant. 

Massawa 

Water management at the Massawa site will comprise of pit dewatering, pit perimeter wells and other water 
run-off captured from ROM pads and waste dumps.  

For the CZ, NZ and Delya deposits, there are indications that in-pit dewatering and other waste dump run-
off may contain low levels of arsenic and antimony. The low levels are such that a simple greensand filtration 
system, which is highly effective at simple adsorption at these lower concentrations, is sufficient and this has 
been included in the design.  

1.11.6 Accommodation 

The current Sabodala on-site accommodation has beds for 1,088 staff and visitors. There are four types of 
accommodation units, from shared rooms with common ablution facilities to single rooms and private 
ablution facilities 

The camp at Massawa will be used for accommodation as required.  As part of the on-going work, SGO is 
expanding the Massawa camp, raising capacity to a total of 345 beds. 

With minor additions, the existing camps will be adequate for the Phase 1 construction. Allowance has been 
made in the estimates for Phase 2 to either expand the number of beds in the camp, which will then be 
back-charged to construction contractors occupying the rooms, or for the contractors to mobilize temporary 
accommodation to the site, or a combination of the two approaches. A strategy for construction 
accommodation will be developed in more detail in the Feasibility Study project execution plan. 
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1.12 Environmental and Social Impact 

In accordance with the Senegalese Environmental Code (2001) and the Sabodala Mining Convention, an 
Environmental and Social Impact Assessment (ESIA) has been completed for both the SGO mining license 
and the Massawa mining license. These ESIAs were prepared to meet national legal and regulatory 
requirements, including those of the Senegalese Environmental Code and related texts. They were also 
aligned with the requirements of sectoral codes where applicable to the projects, in consideration of 
consultations carried out as part of the studies, including international good practice, such as the 
International Finance Corporation (IFC) Performance Standards. The environmental permits were issued after 
the completion of the ESIA validation processes for each of the two mine licenses.   

Teranga is committed to best practice in corporate governance. It has formalized commitments to 
conducting its business and affairs in accordance with the highest ethical standards by enacting a Code of 
Business Conduct and Ethics. As a company, Teranga strives to comply with all applicable mining codes and 
national and international laws, and adhere to the Extractive Industry Transparency Initiative (EITI). 

A preliminary Hazard and Risk Assessment was conducted to assess the environmental and social risks of 
the Project and is part of all the ESIAs. Beyond conducting this preliminary assessment for all its projects, 
SGO undertakes annual risk assessment to update its risk register and review management plans according 
to the risks’ consequence. The combined project's identified hazards and risks will be integrated in SGO's 
annual review.  

SGO’s monitoring program is currently being updated concomitantly with the overall ESMP to better cover 
all project extensions, including Niakafiri, Goumbati-Kobokoto and those required for the combined 
Sabodala-Massawa Project.  The program will be conducted by Sabodala-Massawa Project Sustainability 
Department on an ongoing basis and will ensure compliance with the commitments agreed to as part of the 
various ESIA and environmental obligations. These measures to implement will also be applied to the sub-
contractors and will be included in the technical specifications according to their respective activities. 

The development of the Sofia deposit is expected to result in the economic activity displacement of 14 
households current residing in two communities: Bambaraya (13 households) and Tinkoto (1 household). 
The development of NZ & CZ deposit is also expected to result in the economic activity displacement from 
the surrounding communities, a RAP covering this area is currently ongoing to identify the PAPs. A 
comprehensive resettlement and livelihood restoration process was required to mitigate, manage, and 
compensate for these displacement impacts, and to ensure the safety and wellbeing of nearby residents 
during mine development and operation. Displacement impacts can generate budget, schedule, and 
relationship risks for a project when not managed effectively, as well as risks to the socio-economic stability 
of affected communities. 

The Rehabilitation and Mine Closure Plan (RMCP) will be reviewed as part of the next phase of the study 
and the closure and rehabilitation costs will be added into the existing Sabodala GO RMCP.  The overall goal 
is to combine Massawa and Sabodala deposit rehabilitation costs that have already been updated as part 
of the PFS into one comprehensive RMCP report.  
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1.13 Capital and Operating Costs 

1.13.1 Capital Costs 

All costs are expressed in US$ and based on Q2 2020 pricing.  The estimate is deemed to have an accuracy 
of ±25%.   

The LOM capital costs are compiled based on the requirements to support the LOM production schedule as 
outlined in this report. Table 1.10 presents the LOM capital cost estimated on an annual basis and is 
separated between sustaining capital and development capital. The total LOM sustaining capital is $241M 
and the total development capital is $409M. 
 
Sustaining cost for the open pit mine consist primarily of replacing aged equipment.  
 
The underground equipment and development capital accounts for all costs required to purchase the mobile 
equipment, fixed equipment, and develop the underground workings. This amount includes the 
preproduction and production periods. 
 
The general, administration and sustaining capital expenditures include all the necessary capital required to 
sustain the camp facilities, security and other general administration departments. The LOM estimation is 
based on the current annual costs and adjusted for the inclusion of Massawa deposits and facilities. 

The Phase 1 and Phase 2 process plant capital cost estimates were compiled by Lycopodium.  An allowance 
of 15% of the project direct costs was made for owners costs related to management of the process plant 
engineering, procurement and construction. 

L&MGSPL provided quantities for the TSF1 and TSF2 development and associated works.  Rates, indirect 
costs and contingency were then applied by Lycopodium to derive the capital estimates. 
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Table 1.10 Capital Cost Summary 

Total Capital Costs 
Units 
(M) 

LOM 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 

Sustaining  

Mining Equipment US$ 74 15 7 11 6 10 4 4 2 1 5 6 3 - - - - - 

Processing US$ 46 3 2 2 4 5 4 4 4 3 2 2 2 2 2 2 2 1 

G&A and Other  US$ 49 7 9 4 4 8 2 3 2 2 1 2 2 2 1 1 1 0 

TSF1 and TSF2 US$ 53 4 13 24 7 0 - - - - - 3 - - 2 - - -

Pit Dewatering US$ 19 - 5 4 4 4 2 - - - - - - - - - - -

Total Sustaining US$ 241 29 37 45 25 27 12 11 8 6 9 12 6 3 5 3 2 1 

Projects & Development 

UG Development US$ 102 - - - - - - - 24 23 9 2 1 9 18 10 4 1 

Massawa - Phase 1 US$ 37 29 8 - - - - - - - - - - - - - - -

Massawa - Phase 2 US$ 219 - 71 148 - - - - - - - - - - - - - - 

Community Relocation US$ 50 8 30 12 - - - - - - - - - - - - - - 

Total Development US$ 409 37 109 160 - - - - 24 23 9 2 1 9 18 10 4 1 

Sum of individual amounts may not equal due to rounding.
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1.13.2 Operating Costs 

A summary of the LOM operating costs are presented in Table 1.11. The total LOM operating cost is 
approximately $2,560M and ranges from $37M to $215M on an annual basis, with the higher costing years 
being the year the ROT plant is in operation. 

The assumptions for HFO and LFO price used in the PFS was based on the current 2020 prices seen at 
Sabodala.  

• 2020 = HFO: $0.37 per litre and LFO: $0.70 per litre.

• 2021 onwards = HFO: $0.35 per litre and LFO: $0.65 per litre.

The LOM open pit operating costs were calibrated to the current actual costs at Sabodala. The equipment 
fleet replacement schedule was forecasted based on the age of the fleet at the end of 2019. The Sabodala 
mine fleet will be used at the Massawa pits and Massawa will, for practical purposes, be operated as a 
satellite operation; however, as noted earlier, pending completion of the formalities required to fully 
integrate and merge Massawa with and into Sabodala, the mining and processing of ore from Massawa will 
be subject to an ore supply arrangement and a related mining services agreement between Massawa SA 
and SGO for such interim period. Massawa ore material will be transported to the Sabodala plant by road 
truck. The ore long haul will be undertaken by the current contractor responsible for ore long haul at 
Sabodala since 2015.  

The underground mining costs were estimated based on first principles, sourcing budgetary quotes, 
evaluating cost databases, and assessing comparable projects. The costing was based on the mining study 
completed by RPA (RPA 2015). 

The general and administration (G&A) costs consist of the material and personnel costs related to the mine 
infrastructure and site administration. Items included are camp facilities, security, and other general 
administration departments.  The costs are based on the current actual costs at Sabodala and adjusted for 
the additional footprint. 

Process plant operating costs were developed by Lycopodium with input from Teranga based on treatment 
rates of 4.0 Mtpa for the WOL plant and 1.2 Mtpa for the ROT plant.  Both plants are scheduled to operate 
24 h/d, 365 d/y with a 91.3% plant utilization (nominal 8,000 h/y) and a target P80 grind size of 90 µm.  The 
operating cost estimate was compiled from a variety of sources.  The WOL plant operating cost estimated 
is based on the operating cost of the current Sabodala operation.  The ROT operating costs were estimated 
using a template prepared to reflect that plant but using some inputs, for example labour rates and reagent 
unit costs, from the current operation.
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Table 1.11 Operating Cost Summary 

Operating Costs 
Unit 

LOM 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 

OP Mining US$/t mined 2.6 2.8 2.5 2.9 2.7 3.0 2.9 2.4 2.3 2.4 2.2 2.4 2.4 2.2 2.4 3.1 - - 

UG Mining US$/t milled 72.2 - - - - - - - - 76.3 74.9 73.3 77.3 79.7 76.5 66.5 64.4 78.1 

Processing WOL US$/t milled 10.2 10.7 10.5 10.8 9.7 11.2 9.7 9.9 9.7 10.0 9.9 10.0 10.1 10.0 10.1 10.1 11.0 10.8 

Processing ROT US$/t milled 36.1 - - - 36.1 36.1 36.1 36.1 36.1 36.1 - - - - - - - - 

General & Admin. US$/t milled 4.0 5.0 5.3 5.2 3.9 4.0 3.9 4.0 3.9 3.7 4.2 4.2 4.2 4.2 3.6 3.1 2.7 2.3 

OP Mining US$M 1,158 103 100 107 94 103 95 71 68 72 67 71 72 66 59 10 - - 

UG Mining US$M 155 - - - - - - - - 7 22 26 20 7 13 24 25 12 

Processing WOL US$M 709 44 45 47 42 47 42 42 41 42 42 42 42 42 42 42 44 20 

Processing ROT US$M 234 - - - 43 43 43 43 43 18 - - - - - - - - 

General & Admin US$M 304 21 22 22 22 22 22 22 21 18 18 18 18 18 15 13 11 4 

Total Operating Costs US$M 2,560 168 167 176 201 215 201 178 174 156 148 156 152 133 129 90 79 37 



Sabodala-Massawa Project  Page 1.31 
Pre-feasibility Study 
National Instrument 43-101 Technical Report 

5139\16.04\5139-GREP-001_0  S1 August 2020 

Lycopodium 

1.14 Economic Analysis 

A cash flow projection has been generated from the LOM production schedule and capital and operating 
cost estimates, and is summarized in Table 1.12.   
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Table 1.12 Cash Flow Summary 

LOM Cash Flow Summary Unit LOM 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 

Production Koz 4,285 245 359 360 400 400 400 400 320 173 173 173 173 173 173 173 133 56 - 

Gold Price $/oz 1,600 1,600 1,600 1,600 1,600 1,600 1,600 1,600 1,600 1,600 1,600 1,600 1,600 1,600 1,600 1,600 1,600 1,600 - 

Revenue US$M 6,859 395 575 576 640 640 640 640 512 277 277 277 277 277 277 277 213 89 - 

Total Cash Cost (3) US$M 2,921 177 196 205 235 257 240 210 200 170 163 171 168 149 144 105 90 41 - 

Sustaining Capex US$M 254 41 37 45 25 27 12 11 8 6 9 12 6 3 5 3 2 1 - 

Regional Administration US$M 34 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 1 - 

All-in Sustaining Costs (AISC) US$M 3,209 221 234 252 262 286 255 223 210 178 173 185 176 155 151 110 95 43 - 

All-in Sustaining Costs (AISC) (3) $/oz 749 893 652 699 655 715 637 558 656 1,028 1,003 1,069 1,017 894 875 633 711 779 - 

Development Capex US$M 409 37 109 160 - - - - 24 23 9 2 1 9 18 10 4 1 - 

Franco-Nevada Gold Stream (4) US$M 140 14 12 12 12 12 12 12 12 12 12 12 9 - - - - - - 

Cash Flow Before Taxes,  
 Mine Closure and Other 

US$M 3,101 124 220 153 366 342 374 405 266 64 83 78 91 114 107 157 114 45 - 

Taxes, Mine Closure, and Other (5) US$M 664 41 41 70 65 68 61 68 73 47 11 12 9 10 16 13 15 43 1 

Net Cash Flow US$M 2,438 83 179 83 301 275 312 337 193 17 71 65 82 104 91 144 99 2 (1) 

Minority Interest US$M 228 - - 10 8 30 27 31 34 19 2 7 7 8 10 9 14 10 0 

Cash Flow After Minority Interest US$M 2,210 83 179 73 293 245 285 306 159 (2) 70 58 76 96 81 135 84 (8) (1)
(1) Excludes any capitalized deferred stripping adjustments beyond 2020
(2) Royalties include Government of Senegal royalties on total production
(3) Total cash costs per ounce and all-in sustaining costs per ounce are non-IFRS financial measures and do not have a standard meaning under IFRS. Total cash costs per ounce and all-in sustaining costs/oz are before
cash/non-cash inventory movements and amortized advanced royalty costs, and excludes allocation of corporate overheads. Please refer to non-IFRS Performance Measures.
(4) The Franco-Nevada Gold Stream assumes a fixed number of gold ounces
payable each year until Q3 2031
(5) Taxes, mine closure and other includes income taxes paid to the Government of Senegal, government social fund, initial $15M payment in 2020 related to an advance royalty for future Massawa production and waiver
by the Government of Senegal of its equity participation right to elect, on its behalf or on behalf of the private sector, to purchase up to an additional 25% of Massawa, working capital, closure cost payments, and plant
residual value.  Sustainability costs and exploration costs are not included.
Sum of individual amounts may not equal due to rounding.
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The mine life undiscounted cash flow after tax and after minority interest totals $2,210M using a $1,600/oz 
gold price. The NPV’s sensitivity to gold price is presented in Table 1.13. The average annual gold production 
during the next 10 years of operation (2021-2030) is 315,000 oz/year and average all-in sustaining costs 
(AISC) are US$715/oz. 

Table 1.13 NPV Sensitivities (US$M) 

Gold Price US$/oz $1,500 $1,600 $1,700 $1,800 

After-tax NPV 0% $2,133 $2,438 $2,742 $3,046 

After-tax NPV 5% $1,550 $1,777 $2,004 $2,231 

After-tax after minority interest NPV 0% $1,936 $2,210 $2,484 $2,758 

After-tax after minority interest NPV 5% $1,416 $1,622 $1,827 $2,033 

The Senegalese Government has a 10% free carried interest in Sabodala-Massawa. 

In February 2016, SGO received an exemption for the payment and collection of Value Added Tax (VAT). 
This VAT exemption is governed by an amendment to the existing mining convention and is enforceable for 
six years, expiring on May 2, 2022.  

Further, SGO applied for and was approved for qualification under a free export enterprise (EFE) investment 
program in Senegal, and on November 16, 2018, SGO was granted EFE status, which guarantees SGO an 
exemption from customs duties, including parafiscal levies, business tax, registration fees as well as 3% 
employer payroll tax until October 15, 2021. Even with the exemption from business tax under EFE, Sabodala 
is committed to voluntarily contribute an annual amount of $1.2 million to support local communities 
around the Sabodala mine. 

1.15 Conclusions and Recommendations 

1.15.1 Conclusions 

Through the acquisition of the Massawa property, Teranga has developed the Sabodala-Massawa Project 
into a top-tier Birimian gold complex.   

The Measured and Indicated Mineral Resources as of December 31, 2019 inclusive of Mineral Reserves are 
estimated to total 104.8 Mt grading 2.05 g/t Au for 6.9 million ounces of gold.  In addition, a total of 26.1 
Mt of Inferred Resources are estimated at a grade of 2.19 g/t Au for 1.8 million ounces of gold.  These 
estimates include both the open pit and underground Mineral Resources for the Sabodala and Massawa 
Mining Licenses and Sabodala regional exploration permit.   
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The Proven and Probable Reserves as of December 31, 2019 are estimated to total 75.8 Mt grading 1.98 g/t 
Au for 4.8 million ounces of gold. These estimates include both the open pit and underground Mineral 
Reserves for the Sabodala and Massawa Mine Licenses.   

Acquisition of the Massawa properties, in the short term, provides a source of significant quantities of ore, 
suitable for treatment through the Sabodala WOL plant, but at significantly higher grades than the ores 
available from the existing pits. Only modest modifications and additions are required to the WOL plant to 
optimize that plants capability to treat the Massawa ores. These modifications have been identified and 
costed and work is underway to implement them (the Phase 1 project). 

The existing water supply, power supply and general mine infrastructure is adequate to support the ongoing 
WOL operations. Further development of the tailings storage facilities is required and this has been scoped 
and costed. 

The project is expected to create job opportunities for local communities, assist in social upliftment through 
community based projects and skills development as well as contribute to formalising mining activities in 
the area in a manner that exercises duty of care to the natural and social environment.  

Further opportunities to improve the project have been identified and these will be investigated through a 
series of optimization studies and during the coming Feasibility Study (FS). 

1.15.2 Recommendations 

It is recommended phased development, as outlined in this Technical Report, should be advanced. The next 
phase of development will be focussed on providing access to, and treatment facilities for, the high grade 
free-milling ores at Massawa, completing a FS for the treatment of the Massawa refractory ores and 
continuing exploration efforts to expand the Mineral Resource.  

The budget for the next phase of the Massawa-Sabodala development is $58.2 M broken down as follows: 

• Phase 1 general site: $6.0M

• Phase 1 mining: $4.9M

• Phase 1 process plant: $14.3M

• Phase 1 site development: $10.6M

• Phase 1 sustainability: $1.4M

• Exploration: $10.0M

• Metallurgical test work: $2.0M
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• Owner’s management: $1.0M 

• ESIA: $1.0M 

• Site investigations: $1.5M 

• Plant design optimization: $2.0M 

• Miscellaneous optimizations: $1.5M 

• Feasibility study: $2.0M 

The budget for the next phase of development includes capital items from the consolidated project Capex 
presented in Section 21 and items included in the corporate accounts in support of a Feasibility Study (FS).  
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2.0 INTRODUCTION 

2.1 Report Background and Contributors 

Teranga Gold Corporation (Teranga) owns and operates the Sabodala Gold Project (Sabodala) in 
southeast Senegal, approximately 650 km east-southeast of Dakar. On March 4, 2020, Teranga completed 
the purchase of the adjacent Massawa property from Barrick Gold Corporation (Barrick). The Massawa 
property includes several gold deposits and has been the subject of previous studies and Technical 
Reports by Barrick and others, the latest of which was the Technical Report on the Feasibility Study of 
the Massawa Gold Project, Senegal, dated September 23, 2019 with an effective date of December 31, 
2018. It is Teranga’s intent to mine the gold deposits on the Massawa property and treat the ore through 
the existing whole ore leach plant (WOL) at Sabodala (with some modifications) and a new refractory ore 
treatment plant (ROT) to be constructed adjacent to the WOL plant.  

Upon completion of the purchase Teranga engaged a number of external consultants and commenced 
internal work to undertake Prefeasibility Study engineering and design and this NI 43-101 compliant 
Technical Report. The principal contributors to the work and this Technical Report are shown in Table 
2.1. 

The effective date of this Technical Report is July 26, 2020. 

Table 2.1 Study Contributors 

Contributor Scope 

Teranga Gold Corporation Geology, mining (including capital and operating estimates), Mineral 
Resource Estimate, Statement of Mineral Reserves, general and 
administration costs, site power, sustaining costs, closure costs, economic 
analysis. Interpretations and conclusions. 

Lycopodium Minerals Canada 
Limited (Lycopodium) 

Metallurgical testwork interpretation, process plant (including capital and 
operating costs), plant infrastructure, preliminary execution plan and 
schedule, compile capital and operating cost estimates, coordination and 
compiling of report. Interpretations and conclusions. 

Land & Marine Geological
Services Pty Ltd (L&MGSPL) 

Tailings storage facilities, TSF water balance. 

Digby Wells Environmental Environment, community and permitting. 
Source: Lycopodium 2020 

Metric system units (SI Units) have been used throughout this report. All currency in this report is in 
United States dollars (US$) unless otherwise stated. 
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2.2 Authors and Responsibilities 

The report Qualified Persons and their contributions are shown in Table 2.2. 

Table 2.2 Authors and Responsibilities 

Author Company Sections 
Manochehr Oliazadeh Lycopodium Minerals Canada 1.11.3, 1.13.1, 1.15, 18.2, 18.3, 18.5, 21.1.4, 

25.4, 25.7 and 26.3. 
Sindy Cheng Lycopodium Minerals Canada 1.9, 1.10, 1.13.2, 13, 17, 21.2.1, and 26.3-

26.4. 
James Christopher Lane L&MGSPL 1.11.4, 2, 18.4 and 27.
Graham Trusler Digby Wells Environmental 1.12, 1.15, 2, 20, 25.5, 26.5, and 27 
Patti Nakai-Lajoie Teranga Gold Corporation 1.2-1.6, 1.15, 2, 4-12, 14, 25.1, 25.2, 26.1, 

and 27. 
Stephen Ling Teranga Gold Corporation 1.1, 1.7, 1.8, 1.11.1, 1.11.6, 1.13, 1.14, 1.15, 

2, 3, 15, 16, 18.1, 18.6, 19, 21.1.1, 21.1.2, 
21.1.6, 21.2.1, 22.2.2, 22, 23, 24, 25.3, 25.6, 
26.2, 26.6, and 27. 

2.3 Site Visits 

The following Qualified Persons have visited the Sabodala and / or Massawa sites. 

Table 2.3 Site Visit Summary 

Qualified Person Date of Visit(s) Purpose of Visit 
Manochehr Oliazadeh Did not visit the site 
Sindy Cheng Did not visit the site 
James Christopher Lane December 19, 2019 To review ongoing TSF operations and procedures, as 

well as complete design strategy and geotechnical 
investigation reviews 

Graham Trusler November 1, 2018 To review Massawa site environmental and social 
surroundings. 

Patti Nakai-Laioie November 10, 2019 To review ongoing Sabodala grade control work and 
exploration activities. 

Stephen Ling February 16, 2020 To review ongoing Sabodala mining and development 
work, as well as process plant upgrades. 
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2.4 Declaration 

Lycopodium is not an insider, associate or affiliate of Teranga and holds no financial interest in Teranga 
or the Sabodala-Massawa Project. No prior arrangements or agreements between Lycopodium and 
Teranga are dependent on the outcomes, conclusions or recommendations of this report. 

Lycopodium is currently providing consultancy, design and engineering services to Teranga relating to 
Phase 1 of the Sabodala-Massawa Project execution, as well as other Teranga owned properties. 
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2.5 Abbreviations 

Abbreviation Meaning  

% Percent/percentage 

µm/µ Micrometre (micron) 

Ai Abrasion Index 

AMD Acid mine drainage 

ARD Acid rock drainage 

ASTER®/ASTER Biological water remediation technology licensed by Outotec (Finland) Oy 

Axb 
SMC comminution testing index that is inversely proportional to the resistance to 
impact breakage 

BBWi / BWi Bond ball mill work index 

BIOX®/BIOX Biological oxidation technology used under license from Outotec (Finland) Oy 

BLEG Bulk Leach Extractable Gold 

BLK Blank (blind to the preparation laboratory) 

BOO Build-Own-Operate 

BRWi / RWi Bond rod mill work index 

BV Bed volumes 

CaO Calcium oxide (lime or quicklime) 

CCD Counter-current decantation 

CIL Carbon in Leach 

cm Centimeter 

CoV Coefficient of variation 

CRM Certified Reference Material 

Cu Copper 

CWi Crushing Work Index, Bond low-energy impact 

CZ Central Zone 

d Day 

DD Diamond Drill 

DGPS Differential Global Positioning System 

Dia. Diameter 

EFE Free Export Enterprise 

EIA Environmental Impact Assessment 

EPCM Engineering Procurement and Construction Management 

ERP Emergency Response Plan 

ESIA Environmental and Social Impact Assessment 

ESMP Environmental Social Management Plan 

FA Fire Assay 

FD Field Duplicate (blind to preparation laboratory) 
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Fe Iron 

FEED Front End Engineering Design 

FEL Front end loader 

FS Feasibility Study 

g Gram 

G&A General and Administration 

g/t Grams per tonne 

GARD Global Acid Rock Drainage 

GTS Global Tailings Standard 

GWh Gigawatt hours 

H2SO4 Sulphuric acid 

ha Hectare 

HCl Hydrochloric acid 

HCN Hydrogen cyanide 

HDPE High density poly-ethylene 
HFO Heavy fuel oil 

Hg Mercury 

HQ 63.5 mm diameter core drill tube 

h Hour 

ICP Inductively couple plasma 

ID2 Inverse distance squared 

ID3 Inverse distance cubed 

IHC In-house referenced material 

IP Induced polarization 

IPAQ Hewlett-Packard brand name for data logger device 

IRR Internal rate of return 

kg Kilogram 

kg/t Kilograms per tonne 

km Kilometre 

kPag Kilopascal Gauge 

kW Kilowatt 

kWh Kilowatt-hour 

kWh/t Kilowatt-hour per tonne 

L Litre 

LAPD Lab-Aware Pulp Duplicate (known to the analytical laboratory) 

LOM Life of mine 

LW LeachWELL 

m Metre 

M Millions 
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M&I Measured and Indicated 

m2 Metres squared, square metre 

m3 Metres cubed, cubic metre 

m3/h Cubic metres per hour 

MC Master Composite 

MCC Motor control centre 

min minutes 

ML Leachable metals 

MLCM Million Loose Cubic Metres 

mm Millimetre 

MRE Mineral Resource estimate 

mS Micro-Siemen 

Mt Million tonnes 

Mtpa Million tonnes per annum 

MPa Megapascal 

MW Megawatt 

NaCN Sodium cyanide 

NaOH Sodium hydroxide, caustic soda 

NC Non certified reference material 

Ni Nickel 

NN Nearest neighbour 

NSR Net smelter royalty 

NZ North Zone 

OIT Operator interface terminals 

OK Ordinary kriging 

OP Open Pit 

oz Ounce (Troy), 31.104 grams 

PAP Project Affected People 

PCS Process control system 

PD Pulp Duplication (blind to analytical laboratory) 

PEA Preliminary Economic Assessment 

PFS Pre-feasibility Study 

pH Measure of acidity/basicity 

PLC Programmable logic controller 

pmp Probable maximum precipitation 

pmf Possible maximum flood 

ppb Parts per billion 

ppm Parts per million 
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PQ 85 mm diameter core drill tube 

QA/QC Quality Assurance/Quality Control 

QEM-RMS Method of determining mineralogy of a sample using an electron microscope 

QKNA Quantitative Kriging Neighborhood Analysis 

RAB Rotary air blast 

RAP Relocation Action Plan 

RC Reverse Circulation 

RLP Regional Land Package 

RMCP Rehabilitation and Mine Closure Plan 

rpm Revolutions per minute 

ROM Run of mine 

ROT 
Refractory ore treatment (plant) – proposed plant for treating Massawa refractory 
ores 

RQD Rock Quality Designation 

RSD Rotary sample divider 

SCADA Supervisory control and data acquisition 

sec Seconds 

SGO Sabodala Gold Operations SA 

SMC Sabodala Mining Company SARL 

SMU Selective mining unit 

SOP Standard Operating Procedure 

STD Standard (blind to the preparation laboratory) 

t Tonne 

Te Tellurium 

TGC Teranga Gold Corporation 

ToR Terms of Reference 

TSF Tailings storage facility 

TVA Taxe sur la Valeur Ajoutée (Value Added Tax) 

UCS Unconfined compressive strength 

U/F Underflow 

UG Underground 

UPS Un-interrupted power supply 

US$ United States dollar 

UTM Universal Transverse Mercator 

V Volt 

VAT Value Added Tax 

VLF-EM Very low frequency – electromagnetic 

VMP Vibrating wire piezometers 

WAD Weak acid dissociable 
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WOL Whole ore leach (existing Sabodala process plant) 

WRD Waste rock dumps 

w/o Without 

w/w Weight/weight 

yr Year 

XFR X-Ray fluorescence
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3.0 RELIANCE ON OTHER EXPERTS 

3.1 Legal Standing of Tenement 

Regarding the legal standing of the tenements, in compiling this report the authors have relied on two 
letters provided by Teranga:  

• An opinion regarding mining titles relating to Sabodala Gold Operations SA and Sabodala
Mining Company SARL in connection with a facility agreement dated April 13 2018 by Francoir
Sarr and Associates, Société Civile Professionnelle D’avocats, 33, Av. L. S. Senghoor BP – 160,
Dakar, Senegal, dated December 24 2019, and,

• An opinion regarding the mining rights, titles and permits held by Massawa SA by Francoir Sarr
and Associates, Société Civile Professionnelle D’avocats, 33, Av. L. S. Senghoor BP – 160, Dakar,
Senegal, dated March 4 2020.

Neither letter raises any concerns regarding the standing of the rights titles and permits nor reveal any 
pending court action in Senegal. 
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4.0 PROPERTY DESCRIPTION AND LOCATION 

4.1 Property Location 

The Sabodala-Massawa Project is located in southeast Senegal, approximately 650 km east-southeast of 
the capital city of Dakar and 96 km north of the town of Kedougou. The Sabodala-Massawa Mining 
Licenses and Regional Land Package locations are shown in Figure 4.1. 

Figure 4.1 Location Map 

Source: Teranga Gold Corporation, July 2020 
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4.2 Land Tenure 

In Senegal, in addition to the regime governing artisanal mining, there are two major levels of permitting 
required to undertake mineral exploration and development. The first, an exploration permit (permis de 
recherche), allows for exploration work to be undertaken for an initial period of up to four years, 
renewable twice for up to three years per renewal. The second, an exploitation permit (permis 
d’exploitation), of which two types exist depending on the size and scale of the project, allows for mining 
activities to be carried out for durations of up to five years for smaller scale projects and between five 
years to 20 years for larger scale projects. Small scale exploitation permits are renewable for three years 
at a time without any limit on the number of renewals, while exploitation permits for larger scale projects 
are renewable as many times as is necessary until the resource is exhausted. 

In each case, a “mining convention” or “mining agreement” is the initial contractual agreement between 
the investor and the State. Such contract sets out the legal, fiscal, administrative, and specific corporate 
conditions under which the permit holder shall undertake its operations. 

Table 4.2 summarizes Teranga’s properties in Senegal by type, with outlines of each permit provided in 
Figure 4.2. 

Table 4.1 Summary of Properties 

Project Name Type 
Area 
(km2) 

Permit Holder 
Interest 

(%) 
Royalty 

(%) 
Sabodala Sabodala Lot-A Mining 245.6 SGO 90 5 
Sabodala Sabodala Lot-B Mining 45.6 SGO 90 5 
Sabodala Bransan Lot-A Exploration 75.59 SMC 70 N/A 
Sabodala Bransan Lot-B Exploration 2.58 SMC 100 N/A 
Sabodala Bransan Lot-C Exploration 259.7 SMC 100 N/A 
Sabodala Sounkounkou Exploration 291.7 SMC 100 N/A 
Massawa Massawa Mining 320.2 Massawa  SA 90 5 
Massawa Kanoumba Exploration 286.1 Massawa (Jersey) Limited 100 N/A 
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Figure 4.2 Property Boundaries 

Source: Teranga Gold Corporation, July 2020 
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4.2.1 Sabodala Mining Concession 

The Sabodala Mining Concession, located at 13°11'5"N latitude, 12°6'45"W longitude, was originally 
granted on May 2, 2007 pursuant to a Mining Agreement (the “Sabodala Mining Agreement”) executed 
on March 23, 2005.  On April 7, 2015, the Sabodala Mining Agreement was amended and restated to 
reflect the incorporation of a larger mining concession area.  This included the adjacent and former 
Golouma mining concession, and the Gora project area that had been elevated from an exploration 
permit into a mining concession.  On July 29, 2015, a Presidential Decree was issued confirming the 
perimeters for the new Sabodala Mining Concession comprised of a total area of 245.6 km2 (the Sabodala 
Perimeter) and 45.6 km2 (the Gora Perimeter), to be collectively referred to as the Sabodala Mining 
License.  The dimensions of the current mining concession are approximately 23 km north-south by 11 
km east-west within the Sabodala Perimeter and approximately 10 km by five km within the Gora 
Perimeter. 

Pursuant to the terms of a shareholders’ agreement between the State of Senegal and one of Teranga’s 
wholly-owned Mauritius subsidiaries which established SGO in November 2007, the Senegalese 
Government retained a 10% free carried interest in SGO.  Dividend rights of the State are triggered only 
after repayment of Teranga’s initial capital investment in the Project and all other third party debt owing 
by SGO. 

On May 2, 2015, the eight-year tax holiday granted to SGO under its Mining Agreement and its Mining 
License expired.  SGO’s fiscal framework is stabilized as to the regime in place in Senegal as of the date 
of its original Mining Agreement (March 23, 2005), subject to mutual agreement otherwise.  For instance, 
and notwithstanding the foregoing, SGO has agreed with the State to pay a 5% net smelter royalty (NSR) 
as part of an investment agreement executed with the State in 2013. 

In February 2016, Teranga received an exemption for the payment and collection of Value Added Tax 
(VAT).  This VAT exemption is governed by an amendment to the existing mining convention and is 
enforceable for six years, expiring on May 2, 2022.  Further, SGO applied for and was approved for 
qualification under a free export enterprise (EFE) investment program in Senegal, and on November 16, 
2018, SGO was granted EFE status, which guarantees SGO an exemption from customs duties, including 
parafiscal levies, business tax, and registration fees, as well as 3% employer payroll tax, until October 15, 
2021. 

4.2.2 Sabodala Regional Land Package 

The Regional Land Package (RLP) refer to a collection of exploration permits that surround or are 
otherwise within close proximity to the Sabodala Mining License.  Until 2016, the RLP was comprised of 
eight separate permits covering a total surface area of 967 km2.  Of the eight exploration permits that 
comprised Teranga’s RLP, five are or were held solely by SMC, a wholly owned indirect subsidiary of 
Teranga, and three are held by joint venture partners, with SMC holding a majority interest in each permit. 
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Working with the Senegalese Ministry of Mines, Teranga filed applications in the fall of 2016 for 
reissuance of new exploration permits that would comprise approximately 2/3 of the 967 km2 RLP 
pursuant to the terms of Senegal’s new and current 2016 Mining Code.  On March 2, 2018, Teranga was 
granted two new exploration permits, Sounkounkou and Bransan Lot A, Lot B and Lot C, comprising a 
combined area of 629 km2.   

All exploration permits are granted by ministerial decree and are subject to a Mining Convention signed 
with the state of Senegal. The gold exploration permits are held in a combination of full SMC ownership 
and earn-in joint ventures where SMC is the funding and managing party. 

All permits (exploration or exploitation/mining) are linked to an executed mining convention with the 
Government of Senegal, which governs the mineral rights of the permit holder, and typically contain the 
following key terms: 

• Exclusive right to apply for an exploitation permit provided a feasibility study is completed.

• The Senegalese Government will be entitled to a 10% free carried interest in the mining
operation.

• Senegalese import duty exemption on mining equipment, fuel, explosives, and chemicals.

Given the Sabodala Mining Convention executed April 7, 2015 and its provisions extending to SMC 
exploration permits, it is anticipated that exploration permits that move into production utilizing the 
Sabodala mill will be considered “satellite deposits” and as such incorporated into it.  As a result, the 
fiscal terms included under the Sabodala Mining Convention, including royalty and taxation rates as well 
as other fiscal incentives, are anticipated to be applied to these future operations.  

Summary of Agreements in Place over SMC's Exploration Permits 

There are currently only two underlying Agreements related to the Regional Exploration Permits: 

• Axmin Joint Venture – whereby Axmin has elected to revert to a 1.5% NSR on selected prospects
within the Sounkounkou Permit.

• Bransan Agreement – although this permit, Bransan Lot A, is fully held by SMC, there is a 30%
ownership right assigned to a Senegalese company, Senegal Nominees Limited.

Axmin Joint Venture 

A joint venture between Axmin Ltd. (AXM) and SMC was signed on September 30, 2008 (the Axmin JV). 
The Axmin JV originally involved the Sounkounkou and Heremakono exploration permits which have 
been combined to form the new Sounkoukou Permit. 
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When SMC reached its 80% equity position in the Axmin JV in 2011, the two parties renegotiated the 
agreement, and these revised terms were established: 

• AXM elected not to participate in further development of the Gora resource.  AXM retained the
right to a 1.5% NSR from all production that results from the resource, or production from new
discoveries that may arise in a defined 50 km2 block around Gora.

• AXM elected not to participate on a 20% basis on all identified targets and prospects as of that
date.  As of the date of this report, AXM has continued to elect its 1.5% NSR right on all
identified targets and prospects across both exploration permits.  New targets may be defined
from regional work and added to this list as they arise.

• AXM retains a 1.5% NSR on any new targets and prospects on which they elect to not continue
their 20% interest.

• In the case where both SMC and AXM are involved in the construction of a mine, the 10% free
carried interest of the Republic of Senegal will be absorbed by both parties proportionally.

• Presently, SMC can exit the joint venture at any time with 30 days' notice.

Bransan Agreement 

This agreement was signed on July 4, 2007, subsequent to SMC acquiring the original Bransan permit in 
October 2006.  The agreement stipulates that the initial ownerships are 70% SMC and 30% Senegal 
Nominees (SN).  SMC is responsible for 100% funding of the exploration work and is the manager. 

Once a discovery is made and a development decision is made, SN has the right after 120 days to either: 

• Convert to a contributing interest, in which case SN will have to fund its share of the
development costs.

• Not to convert to a contributing interest, in which case SN will dilute to a 10% equity holding
in the mine development with SMC's shareholding increasing to 90%.

SN will only be entitled to receive benefits from production after SMC has recovered all of its joint venture 
and development costs. 

The start of the mining will require the formation of a special purposes company, which will allow the 
Republic of Senegal to receive its 10% equity stake. The equity ratios will be diluted proportionally to 
accommodate the Senegal equity.  In the case where SN has diluted: Republic of Senegal 10%, SMC 81%, 
and SN 9%. 
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4.2.3 Massawa Mining License 

On March 4, 2020, Teranga completed its acquisition of a 90%  interest in the Massawa  Gold Project 
from a wholly-owned subsidiary of Barrick Gold Corporation (Barrick) and its partner Compagnie 
Sénégalaise de Transports Transatlantiques Afrique de l’Ouest SA (CSTTAO).  The Government of Senegal 
continues to hold the remaining 10% non-contributory interest in Massawa. 

The Massawa Mining License includes the majority of the gold deposits acquired from Barrick and is 
contiguous with the Sabodala Lot-A Mining Concession. The Massawa Mining License was granted to 
Randgold on February 21, 2020 (and subsequently transferred to Massawa SA on March 3, 2020) and is 
governed by the Kanoumba Mining Convention and amendment no. 1 thereto, dated April 14, 2010 and 
February 13, 2020, respectively (collectively referred to herein as the Kanoumba Mining Convention).  

4.2.4 Massawa Regional Land Package 

The Kanoumba exploration permit extends to the southwest of the Massawa Mining License and covers 
286 km2.  This permit was granted on February 25, 2020 as a component of the granting of the Massawa 
Mining License.  

4.3 Existing Environmental Liabilities 

There is an abandoned processing facility which operated in 1998 near the current Sabodala pit.  The 
predecessor operator of Sabodala reported that the historical tailings were moved to the current tailings 
storage facility. 

There has been no significant artisanal mining within the Sabodala Perimeter apart from sporadic hard 
rock working at Faloumbo, a small mechanically excavated open cut at Kerekounda, and minor alluvials 
at Sutuba.  There has been no significant artisanal mining within the Sabodala regional exploration 
permits and the Kanoumba exploration permit. These areas have not been contaminated by these 
workings such that it could reasonably stand out as a liability or obligation for remediation.  Artisanal 
workings within the Gora Perimeter have ceased with the commencement of mining operations at 
Sabodala and their workings have either been remediated through the progression of mining or 
otherwise incorporated within the overall mine closure plan for the Gora deposit.  The Massawa deposits 
have not been exploited by artisanal mining, possibly due to their relatively low grade surface expression.  

The QP of this section is not aware of any environmental liabilities on the property.  Teranga has all 
required permits to conduct the proposed work on the property.  The QP is not aware of any other 
significant factors and risks that may affect access, title, or the right or ability to perform the proposed 
work program on the property. 
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5.0 ACCESSIBILITY, CLIMATE, LOCAL RESOURCES, INFRASTRUCTURE AND 
PHYSIOGRAPHY 

5.1 Physiography 

Topography in the area is generally undulating with a gentle gradient to the north and west towards the 
major river courses in the area. The area includes a network of small seasonal streams between undulating 
hills and ridges.  The elevation varies from approximately 100 m to 350 m above sea level. Vegetation 
ranges from savannah to thick bushes and large trees on hillsides.  Watercourses are typically marked by 
palms. 

5.2 Accessibility 

The Project is located in southeast Senegal, approximately 650 km east-southeast of the capital city of 
Dakar.  Access to the Project from Dakar is by sealed road, Highway N1, to the regional centre of 
Tambacounda and then via a good all-weather sealed road, Highway N7, 230 km southeast to Kedougou, 
connecting with 96 km of sealed and laterite-surfaced roads.  A 1,250 m sealed public airstrip, capable 
of handling light to medium sized aircraft is located at the north end of the property. 

5.3 Climate 

In Kedougou, the highest monthly average temperatures are between March and May (typical range 
from 31ºC to 40ºC). The lowest monthly average temperatures are between December and January 
(typical range from 17ºC to 26ºC). The annual Harmattan is a dry wind that blows from the north, usually 
from December to February, resulting in dusty and hazy skies. 

There is a distinct tropical wet season from May to October, with most rain falling from storms between 
August and September, and a dry season from December to April.  Mean annual rainfall at Sabodala 
mine site is approximately 1,130 mm.  It is possible to operate year round, however, the schedule allows 
for a reduced mining rate and for predominantly fresh rock ore to be processed in the wet season. 

5.4 Surface Rights for Mining Operations, Water, Power and Labour 

The Sabodala Mining Convention, discussed in Section 4, granted all necessary surface rights to SGO to 
conduct exploration and mining activities at Sabodala. The Kanoumba Mining Convention granted all 
necessary surface rights to Massawa SA to conduct exploration and mining activities at Massawa.  

Water for Sabodala is sourced from two fresh water dams and via a 42 km pipeline from the Faleme River 
in the event of an emergency.  To date, water sources from the Faleme River have not been required. 

Power is generated on site (details in Section 18). 
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Personnel comprising the workforce are sourced from the surrounding villages, towns, and the city of 
Dakar.  Senior staff come from various parts of the world. 

Just beyond the eastern boundary of the former Sabodala Lot-A Mining Concession is the village of 
Khossanto, a regional centre, which has telephone service, a government office, schools, and a medical 
centre.  

There are eleven villages on the Sabodala Lot-A Mining Concession. The Sabodala village is 
approximately two kilometres south of the Sabodala pit and is in part is located above the Niakafiri 
deposit. Faloumbo village is to the north-northeast of Sabodala pit and is close to the Faloumbo 
workings.  Medina Sabodala is located less than one kilometre south of Sabodala.  Eight other villages 
located on the Mining Concession but further from the mine each house 500 to 2,500 people. Subsistence 
gardens and a scattering of small fields including sorghum and maize surround the villages.  All villages 
have essential public infrastructure such as elementary schools, health posts or health huts, and a water 
supply consisting of a water tower at Bransan or water wells. 
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6.0 HISTORY 

6.1 Sabodala Property 

A soil sampling program carried out by Bureau de Recherches Géologiques et Minières (BRGM) in 1961 
resulted in the discovery of Sabodala, which had not previously been recognized by the local artisanal 
miners, as the gold was fine-grained.  A summary of subsequent ownership and general account of work 
performed is listed in Table 6.1. 

Table 6.1 Ownership Periods and Work Completed 

Year Company Work Completed 

1961 BRGM Regional geology, soil sampling, pitting, and trenching in regional 
areas of artisanal mining. 

1971-1973 Soviet-Senegal JV 513 m diamond drilling in 19 holes in quartz vein style 
mineralization. 

1973-1983 BRGM 5,856 m diamond drilling in 53 holes, 263 m percussion in 30 holes. 

1984-1994 Société Minière de 
Sabodala-Paget Mining 
Ltd. JV 

4,705 m reverse circulation drilling in 61 holes, 192 m diamond 
drilling in 4 holes. 
Constructed airstrip and exploration camp. 
Resource estimate by Continental Resource Management Pty Ltd. 
Metallurgical studies by ALS Ammtec. 
Rock mechanics studies by Barrett Fuller and Partners. 
Feasibility Study by Lycopodium. 

1997-1998 Eeximcor-Afrique SA Granted exploitation permit. Constructed 200,000 tpa processing 
plant. 

Some outstanding findings of the work done over the subsequent tenure periods are summarized below. 
Despite progressively encouraging results, Sabodala did not progress to production due to the gold price 
and other factors. 

• The drilling by the Soviet-Senegal JV reported significant intercepts of 12.2 m at 5.8 g/t Au, 69
m at 1.9 g/t Au, and 25 m at 3.6 g/t Au.

• The drilling by BRGM (second tenure) reported very positive intercepts of 8 m at 7.9 g/t Au, 35
m at 5.6 g/t Au, and 18.6 m at 27.6 g/t Au, though it was not specified whether these were from
percussion or from core holes.
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• The drilling highlights for the next period of work by Société Minière de Sabodala-Paget Mining
Ltd. JV were 28 m at 6.8 g/t Au, 13 m at 29.8 g/t Au, 18 m at 12.1 g/t Au, and 25 m at 9.2 g/t
Au.

The only historic operation at the site was by Eeximcor-Afrique SA, which mined and stockpiled 80,000 t 
of which 38,000 t at a grade of 4.4 g/t Au were processed, producing approximately 4,400 oz of Au. 

Following Parliamentary approval of the new Senegal Mining Code on November 24, 2003, the 
Government of Senegal decided to accelerate development of the country's mineral resources.  As part 
of this plan, a consortium of international companies, including Mineral Deposits Limited (MDL), were 
invited to tender for the exploration and exploitation of the Sabodala deposit. 

MDL lodged a fully compliant bid for Sabodala on June 7, 2004, and was advised by the Government of 
its selection on October 25, 2004. The bid was a joint venture between SMC (70%) and private Senegalese 
interests (30%).  Exploration drilling began in June 2005.  SMC subsequently exercised its option to 
acquire the remaining 30% minority interest for a mixture of cash and shares. 

On May 2, 2007, MDL received Mining Concession status for Sabodala by decree of the President of 
Senegal. The decree includes the following provisions: 

• Ten year mine lease.

• The holder of the mining permit was exempt from VAT, land, and property taxes as well as
company tax for a period of eight years from the date of the notification of the issue of the
mining concession.

• The holder of the mine permit was exempt from import duties for a period of eight years from
the date of the notification of the issue of the mining concession.

• The holder of the mining permit is exempted from export tax for the products resulting from
its mining activities within the area of the awarded mining permit.

• A royalty (termed a 'mining tax') equivalent to 3% of gold sales is payable to the Senegalese
Government.

• The Republic of Senegal retains a 10% free carried interest after project capital is recovered
with interest.

SMC has continued to conduct exploration activities on the Sabodala RLP as described in Sections 9 and 
10.
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On November 23, 2010, Teranga completed the indirect acquisition of the Sabodala gold mine and a 
regional exploration package by way of a restructuring and demerger from MDL (the Demerger). As part 
of the Demerger, the following transactions were completed: 

• The shares held in the gold-related operating and exploration companies (collectively, the
100% owned Mauritius entities, Sabodala Gold (Mauritius) Limited and SGML (Capital) Limited,
as well as the Senegalese subsidiaries, namely the 90% owned Sabodala Gold Operations SA
and 100% owned Sabodala Mining Company, as well as shares held in Oromin Explorations Ltd,
(Oromin) and an intercompany loan receivable from SGO, were transferred to Teranga in
consideration for the issuance of 200,000,000 common shares of Teranga to MDL and C$50
million in deferred consideration.

• On December 7, 2010, the company completed the initial public offering (IPO) in Canada and
Australia. In Canada, after exercise of the over-allotment option, a total of 36,617,900 common
shares of Teranga were issued for gross proceeds of approximately C$110 million. In Australia,
9,000,000 common shares of Teranga were issued for gross proceeds of A$27 million. Total
gross proceeds of the IPO were C$137 million.

• A loan of C$50 million, part of the deferred consideration for the transfer of the gold assets to
Teranga from MDL, was repaid from the IPO proceeds.

On October 4, 2013, Teranga completed the acquisition of Oromin Explorations Ltd. (Oromin) which held 
a 43.5% participating interest in a joint venture, the Oromin Joint Venture Group (OJVG). The OJVG held 
a 90% interest, along with 10% held by the government of Senegal, in a 212.6 km2 mining concession 
contiguous with the Sabodala Mining License awarded to the OJVG through the same bid process 
announced in October 2004.   

On January 15, 2014, Teranga completed a $135 million gold stream transaction with Franco-Nevada 
Corporation (Franco Nevada) to fund its acquisition of the balance of the OJVG that it did not already 
own, and retire half of the Company’s then outstanding $60 million loan facility (the Gold Stream 
Transaction).  Pursuant to the Gold Stream Transaction, Franco Nevada purchased a fixed annual amount 
of gold in the amount of 22,500 oz from SGO for the first six years of the agreement, and thereafter a 
right to 6% of future gold production.   

Subsequent to its acquisition of the OJVG, Teranga executed the new Sabodala Mining Convention with 
the Government of Senegal which further expanded the Sabodala Mining License to 291.2 km2 with the 
inclusion of the Gora gold project.     

On January 29, 2016, a Presidential Decree extended the term of the Sabodala Mining License to January 
26, 2025. 
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The Sabodala Mining Convention includes a commitment to invest $1,225,000/year in social 
development programs within the region, $350,000/year towards training and logistical support, as well 
as $30,000/year to district administration support. In addition, SGO is required to pay to the State an 
amount equal to 1% of the average “spot” price gold during the previous 12 months for each additional 
ounce of recoverable reserves independently confirmed within the Sabodala Mining License, after 
deduction of mining royalties payable to the State, with such amount being payable in three equal annual 
instalments beginning on May 1 of the three years following the discovery of the applicable additional 
recoverable reserves. 

6.2 Massawa Property 

From December 1996 to January 2000, AngloGold Ashanti Limited (AngloGold Ashanti) conducted 
regional geochemistry, sampling and mapping, airborne surveying, and drilling over selected targets. 
Results of soil sampling indicated that 37% of the samples collected returned grades greater than 0.5 g/t 
Au. Soil sampling was carried out over 12 identified targets, of which four were selected for additional 
work where soil sampling revealed encouraging gold in soil anomalies over areas KA, KB, KC, and KD. 
These areas were followed up with rotary air blast (RAB) and diamond drilling.  A total of 21 diamond 
drill (DDH) holes for 3,451 m were drilled, results from which included 10.9 m at 1.96 g.t Au from 0 m in 
KB99004D, 18 m at 1.23 g/t Au from 56 m in KA98001D, and 51.4 m at 0.7 g/t Au from 40 m in KA98003D. 

Randgold discovered the Massawa gold deposit in early 2004 utilizing soil surveying methods. The 
ground was selected based on a mineralised structure that was interpreted from Landsat imagery to 
extend south from the Sabodala gold deposit and Niamia Permit in the north, where thick sequences of 
deformed volcaniclastics including andesitic lithic tuff were found. The regional soil sampling program 
at 1,000 m by 100 m spacing took place between late 2003 and early 2004. A total of eleven targets were 
identified, among which seven were ranked as a priority for detailed work. 

Due to the low tenor of the Massawa anomaly, it was originally selected as a secondary target. A soil grid 
at Massawa was completed in mid-2005 which identified a 3.5 km long, 100 m to 400 m wide gold in soil 
anomaly at greater than 50 ppb Au. Subsequent soil sampling in 2008 extended the anomaly to the south 
and north by a further 3.4 km for a total strike length of 6.2 km. 

The first trench was positioned over the anomaly in November 2006. MWTR001 was located on the SW 
part of the soil anomaly and returned an encouraging result of 10.9 m at 2.03 g/t Au which was followed 
up by exploratory RAB drilling. Positive results from the RAB holes resulted in further diamond drilling 
campaigns.  

The southern portion of the Massawa target is within the original Kanoumering Permit, which was taken 
over from AngloGold Ashanti in 2002. This area had been subject to a considerable amount of exploration 
work involving reconnaissance and soil sampling and mapping, airborne survey and drilling over selected 
targets, but no drilling over the Massawa anomaly. Table 6.2 summarises the work completed over 
Massawa CZ and Massawa NZ. 
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Table 6.2 Summary of Exploration at Massawa CZ and NZ 

Year Work Program 

2004 Regional soil program returned anomalous results. 

2005 Soil sampling 200 m by 50 m returned a 3.5 km long, 0.1 km to 0.4 km wide anomaly at >50 
ppb Au. 

2006 Field validation of soil anomalies and rock chip sampling. The first trench MWTR001 returned 
10.9 m at 2.03 g/t Au. 

2007 Geological mapping and litho-sampling over entire Massawa target. 
RAB Phase 1: 400 m spaced lines, 95 holes for 3,291 m confirmed bedrock mineralisation over 
2.8 km. 
Second phase of trenching (three trenches completed). 
DD Phase 1: 400 m spaced lines, seven holes (MWDDH001 to MWDDH 007) for 1,645 m. 
Results included: MWDDH002 – 12.16 m at 2.93 g/t Au from 135.94 m; MWDDH003 – 9.3 m at 
3.79 g/t Au from 78 m, 5.96 m at 5.08 g/t Au from 94.04 m; MWDDH006 – 16.13 m at 4.15 g/t 
Au from 132.45 m; MWDDH007- 10.75 m at 9.08 g/t Au from 159 m. 

2008 Extended soil grid to south and north, mapping, and litho-sampling: 
Southern extension: 379 soil samples. 
Northern extension: 293 soil samples extended the soil anomaly from 3.5 km to 6.2 km long. 
Infill RAB: line spacing closed to 200 m, 65 holes for 2,399 m (MWRAB096 to MWRAB160). 
Southern extension: 146 holes for 5,175 m (MWRAB160 to MWRAB306). 
Northern extension: 67 holes for 2,583 m (MWRAB307 to MWRAB373). 
DD Phase 2: 36 holes (MWDDH008 to 043) for 6,395 m, completed over 7.7 km comprising 
deep and shallow drill holes. 

2009 DD Phase 3: 51 holes (MWDDH044 to MWDDH094) for 9,844 m. 100 m by 50 m DDH spacing 
and exploration drilling to the north, update of Mineral Resource estimates using MWDDH001 
to MWDDH081. 
DD: 193 holes for 48,624 m at 50 m by 50 m spacing completed into two phases: 
Phase 1 testing the geological continuity. 
Phase 2 investigating at deeper mineralization from first phase and comprising exploration 
geotechnical and density drill holes. 
RC drilling Phase 1: 84 holes for 6,272 m (MWRC001 to MWRC090) testing oxide material at 
shallower depth. 

2010 Deep DD Phase 1: Eight holes (MWDHH452 to MWDDH455 and MWDDH459 to MWDDH462) 
for 6,099 m at 300 m by 700 m spacing, testing underground potential. 
Step-out drilling includes four holes for 1,605 m testing the mineralization continuity along 
strike in north of and at Massawa South. 
Infill deep DD Phase 2: Six holes totalling 3,615 m to confirm Phase 1 drill program. 
Twin DD: Six DD twin holes for 1,369 m, to test the mineralisation variability in the CZ. 
RC drilling Phase 2: 104 holes for 7,169 m subdivided in two phases. 
78 holes (5,096 m) to confirm mineralization continuity at surface. 
26 holes (2,073 m) twinning drill holes that displayed poor recovery in oxide material. 
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Year Work Program 

2013 Pre-feasibility: RC grade control (GC) drilling: 640 holes for 34,542 m at 5 m by 5 m spacing, 
testing continuity of high-grade quartz-stibnite-Au veins in the CZ. 
Pre-feasibility: PQ (85 mm) DD twin drilling: Five representative RCGC holes in the CZ were 
twinned by five PQ holes (MWDDH510 to MWDDH514) to investigate sample size bias. 
Pre-feasibility RC: RC GC drilling - 217 holes totalling 8,370 m in NZ2 (10 m by 10 m spacing). 

2014 A CZ trenching program aimed to better understand the orientation of the high-grade quartz-
stibnite-Au veins and improve geological model across the mineralization. 16 trenches 
totalling 1,131 m. 
CZ Twin Holes: Six RC holes were twinned with six DD holes to investigate sample size bias 
and assay techniques (fire assay vs LeachWELL vs screen fire). 

2015 Pre-feasibility RC drilling in CZ: Drill orientation drilling (10 m by 15 m spacing) over 60 m 
strike of CZ and down to a vertical depth of 100 m, to determine optimum drill spacing for 
drill out of the CZ. 
NZ2 Sulphide RC Drilling: 14 holes for 1,495 m drilled over two fences at 10 m by 15 m 
spacing to test down-dip continuity of high-grade mineralization. 
CZ Remodel: Remodel of CZ separating phase 1 and phase 2 domains. 

2016 Pre-feasibility RC GC Drilling in the CZ: Four GC grids (Blocks A to D) were completed along 
the strike of the CZ. Grid spacing of 10 m by 15 m, testing mineralisation down to a vertical 
depth of 100 m, and included 128 holes for 11,583 m. Aims of the program:  
To test the 2015 geological model. 
Provide material for metallurgical and geochemical testwork. 
Trench Program: 10 trenches (817.5 m) excavated across the strike length of the deposit to 
trace the surface expression of the mineralization and to test the revised structural model. 
NZ Oxide RC Drilling: 61 holes for 2,619 m across the NZ to test oxide mineralization in zones 
not tested by trenches (>4 m thick laterite cover). 

2017 CZ Pre-feasibility: Trench program at CZ: Five trenches (290.75 m) excavated at CZ across the 
strike length of the deposit to trace the surface expression of the mineralization and to test 
the revised structural model. 
CZ Pre-feasibility: RC drilling at CZ: 1 GC grid (Block G); 86 holes completed for 8,648 m and 
spacing 15 m by 10 m. 
NZ Pre-feasibility: RC drilling at NZ1: Two GC grids (Block F and H) were completed along the 
strike of NZ1. Grid spacing of 15 m by 10 m and included 138 holes for 14,706 m. 
Randgold reported results of a Pre-feasibility study in an NI 43-101 report dated May 12, 2017 
(Randgold, 2017). 
CZ Feasibility: RC drilling at CZ: Four GC grid for pilot plant (PP1, PP2, PP3, PP4) completed 
along the strike of CZ within $1,000 pit shell. Grid spacing of 15 m x 10 m, testing 
mineralization down to a vertical depth of 100 m. The aims were: 
To test the geological and mineralization model. 
Provide material for metallurgical and geochemical testwork. 
This program included 293 holes for 40,303 m. 
Trench Program at NZ1: one trench excavated along the strike at Block H, NZ1 to better 
understand the control and orientations of the high grade intersected during the RC drilling at 
Block H. 
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Year Work Program 
NZ Pre-feasibility: RC GC drilling at NZ2: 64 holes completed totalling 7,224 m at 10 m by 5 m 
spacing for two blocks (Block I and Block J), testing continuity of high grade and 
mineralization variability in NZ2. 
NZ Pre-feasibility: Phase 2 metallurgical test DD holes at NZ2: six holes completed for 942 m. 
CZ Feasibility: DD Phase 1 Camp 20: Metallurgical test + Twins Holes: six DD completed for 
942 m over block G. 
NZ Pre-feasibility: Camp 27-29: Two DD holes completed totalling 111 m for metallurgical test 
work. 
CZ Feasibility: RC Drilling at CZ: Two GC grids (Block K, Block L) completed along the strike of 
CZ within $1000 pit shell. Grid spacing of 15 m by 10 m, to a vertical depth of 100 m, and 
included 59 holes for 7,735 m. 

2018 CZ Feasibility: RC GC drilling: 749 holes totalling 75,538 m completed along the strike of CZ 
within $1,000 pit shell with different grid spacing from south to the north: 30 m x 10 m; 15 m 
by 10 m; 20 m by 10 m; 30 m by 20 m.  
The aims were: 
To test and confirm the geology and ore model. 
Provide material for metallurgical and geochemical test work. 
CZ Feasibility: DD Phase 2 Camp 20: Metallurgical test: four DD holes completed for 679 m 
over Block A, Block C, and PP3. 
Trench Program at CZ: Three trenches excavated at CZ across the strike length of the deposit 
to trace the surface expression of the mineralization and to confirm the revised model. 
CZ Feasibility: RC GC drilling: CZFW Phase 1 drilling to test the potential in the eastern part 
(FW mineralized zones); 25 holes spacing 45 m by 10 m for a total depth of 1,789 m.  
CZ Feasibility: RC GC drilling: CZFW Phase 2 drilling to confirm the potential in the eastern 
part (FW mineralized zones); 50 holes spacing 15 m by 10 m over 240 m strike for a total 
depth of 2,986 m.  
RC Deep Drilling Program over CZ: To test potential (over 8 g/t Au) at 20 m RL, beyond the 
$1,000 pit shell. seven holes completed for 2,017.5 m 
Sterilization: Waste Dump: Air core program: 25 holes for 757 m completed to sterilise the 
eastern part of the $1,000 pit shell. 

Other than the regional soil geochemistry from AngloGold Ashanti, all of the work at Sofia was completed 
by Randgold over several years of exploration, as summarized in Table 6.3. Exploration between 2004 
and 2015 is described for both Sofia Main and Sofia North. 



Sabodala-Massawa 
Pre-feasibility Study 
National Instrument 43-101 Technical Report 

5139\16.04\5139-GREP-001_0 S6 

Page 6.8 

August 2020 
Lycopodium 

Table 6.3 Summary of Exploration at Sophia 

Year Work Program 

2004 A soil survey program was undertaken by Randgold resulting in anomalous zones defined by 
background of 30 ppb Au. 
A total of 25 pits and eight trenches were completed over this target with encouraging results. 

2005 Results of the five trenches and eight DD holes performed over the target at a 400 m space 
lines outlined a low-grade heterogeneous mineralization varying between 44 m at 2.0 g/t Au 
from 51 m in SFDDH002 and 5 m at 0.4 g/t Au from 64.42 m in SFDDH007. 
Two phases of DD were completed during this field campaign of five holes each (SFDDH001 
to SFDDH005 totalling 1,007.4 m and SFDDH006 to SFDDH008 totalling 895.5 m). 

2006 During the Phase 2 DD program, a total of three DD holes under trenches were completed: 
SFDDH006 to SFT014, SFDDH007 to SFT011, and SFDDH008 to SFT013. 

2010 An intensive RC exploration drilling program with 4,900 m drilled at 100 m by 200 m drill 
spacing. Drilling included infill lines and drilling underneath previous RAB holes or trenches. 

Sofia Main 

2015 Sofia Main RC drill program: Five holes totalling 884 m, targeting the high-grade 
mineralization in sulphide material. The high-grade zone was extended to a 350 m strike 
length at Sofia Main. 
Sofia Main Trenching Program: Aimed to express the mineralization at surface and to 
understand structural control of the high-grade gold. A total of four trenches for 561.7 m were 
excavated. 
Sofia Main RC drilling: Eight holes drilled to extend the high-grade panel at 80 RL up to 650 m 
strike. 

2016 Trenching Program: Aimed to better express the mineralization at surface and to understand 
structural control of the high-grade gold. A total of 30 trenches, at 50 m by 50 m spacing, for 
2,529.25 m were excavated. 
Seven DD holes to test the high-grade mineralization at depth (0 RL). No success and model 
review for additional drilling. 
Exploration DD: 18 holes (SFDDH016 to SFDDH033) totalling 4,500 m to investigate revised 
geological model of flat high-grade mineralization at 80 RL. 
Infill RC drilling: 53 holes for 8,062 m at 40 m by 40 m spacing for Indicated Mineral Resource 
estimation. 

2017 Exploration DD: Eight holes (SFDDH034 to SFDDH041) totalling 2,191 m to test high-grade 
mineralization at depth and extension. 
Step-out and Infill RC Drilling: 25 holes totalling 3,508 m divided into step-out drilling at 40 m 
by 40 m spacing for testing the extension north and south of the Indicated Mineral Resource 
and 20 m by 20 m infill drilling (three holes for 1,369 m). 
Metallurgical Program: 19 DD holes (SFMET005 to SFMET023) totalling 1,952 m. Provide 
material for metallurgical testwork. 
Re-drilling RC holes: Seven holes for 1,016 m after survey program. 
Resource and Infill DD: Seven DD holes (SFDDH042 to SFDDH047 and SFDDH051) totalling 
1,538 m.  
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Year Work Program 
Provide material for metallurgical testwork: Two DD holes for 65 m and 40 m. 

2018 Provide material for metallurgical test work: One DD hole for 45 m. 
Resource Drilling: One DD hole for 130 m. 

Sofia North 

2015 Trenching Program: Aimed to express the mineralization at surface of the north-south branch 
of the Sofia structure. A total of two trenches for 385.08 m were excavated. 

2016 Trenching Program: Aimed to test the continuity of the mineralization at surface. A total of 
three trenches for 153.8 m were excavated. 

2017 Infill Trenching Program: Aimed to express the continuity of the mineralization at surface and 
to understand structural control. A total of eight trenches for 667.5 m were excavated. 
RC drilling: 95 holes totalling 1,148 m comprising:  
A grid spacing of 30 m by 30 m infill drilling designed over 600 m on the +2 g/t Au to 5 g/t 
Au area, testing mineralization down to a vertical depth of 100 m, and included 50 holes 
totalling 6,508 m for potential conversion to Indicated Mineral Resources.  
Step-out drilling at the northern and southern parts of 30 m by 30 m grid to test continuity of 
the mineralization with 45 holes for 5,360 m. 
DD Program: Six holes totalling 1,154 m comprising: 
Two twin holes (SFDDH048 and SFDDH049) for 310 m to characterize the mineralization and 
provide material for metallurgical testwork. 
One exploration hole for 230 m to test the mineralization at depth. 
Three resource holes for 614 m. 
Infill RC Drilling: two holes for 210 m for testing mineralization under SFTR021. 
Metallurgical Program: eight holes totalling 515.5 m to provide material for metallurgical 
testwork. 

2018 Fourteen RC holes for 1,048 m completed targeting potential additional indicated resources. 
Over 2 g/t Au mineralization confirmed within the 600 m Indicated Resource area. 
Mineralization confirmed in the north for 3 koz potential. Lower grade than expected 
intersected in the south. 

Delya was discovered in early 2004 by a regional soil survey. Exploration carried out at Delya is 
summarized in Table 6.4. 

Table 6.4 Summary of Exploration at Delya 

Year Work Program 

2004 Kounemba Regional Soil Program: Discovery of the Delya soil anomaly, anomalous points 
>100 ppb Au on regional lines (100 m by 100 m) over 4 km

2005 Soil sampling 200 m by 50 m. Defined a +1.8 km long, 0.1 km wide anomaly at >100 ppb Au 
trending N030°. 

2006 Mapping and litho-sampling. 
Pitting (26) and first trenching (2) completed. 
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Follow-up trenching (eight trenches) delineated two parallel bedrock mineralized zones over 
at least 1,000 m. 
Additional soil grid to south with mapping and litho-sampling extended the soil anomaly from 
3 km to 6 km long. 
DD Phase1: Five holes (DLDDH001 to DLDDH 005) completed at 100 m to 200 m spacing for 
966.84 m over 1 km strike length. Results included: DLDH001 - 9.83 m at 1.80 g/t Au, 
DLDH002 - 12.44 m at 5.07 g/t Au, including 7.00 m at 8.19 g/t Au; DLDH003 - 3.00 m at 1.80 
g/t Au, and DLDH004 - 3.8 m at 4.80 g/t Au. 
First trench (DLTR011) testing strong soil anomalous values to the south. 

2007 RAB Phase 1: Two heel to toe RAB lines, 35 holes (DLRAB001 to DLRAB035) for 959 m allowed 
extending to the north and south the above-mentioned 1 km zone of mineralization within 
the + 6 km soil anomaly. 
DD Phase 2: DLDDH006 completed underneath the DLRAB030 (21 m at 4.87 g/t Au) to the 
southern extension. 
RAB Phase 2: Four heel to toe RAB lines at 400 m to 600 m spacing, 35 holes (DLRAB36 to 
DLRAB070) for 1,401 m completed to test the southern soil anomaly. 

2010 Phase 1 Exploration RC Drilling Program: 32 holes (DLRC001 to DLRC032) completed at 100 m 
drill spacing for 2,671 m. 

2017 Phase 2 Infill RC Drilling Program: 27 holes (DLRC033 to DLRC059) drilled at 50 m by 50 m 
spacing for 2,822 m over a 1 km strike length of the main Delya system to understand the 
potential and increase the resolution of the geologic model.  
Twin Holes: One RC hole DLRC013 was twinned with one DDH (DLDDH007) with the aim to 
ascertain the geology and the controls of the high-grade mineralization. 
Metallurgical Drilling: One DD hole (DLDDH008) drilled for bacterial oxidation batch 
amenability tests (BIOX BAT). 
Phase 1 Scout Step-Out RC Drilling Program: Aimed at testing southern strike extension of the 
Delya Main mineralized system. 
17 RC holes (DLRC059 to DLRC090) for 2,011 m completed at Delya South for strike extension 
of the Delya Main system. 
Shallow Oxide DD Program: Ten shallow DD holes for 418.5 m at 100 m spacing completed in 
the main zone for oxide density measurements. 
RC Conversion Drilling Program: 57 holes (DLRC091 to DLRC148) drilled at 25 m by 20 m 
spacing for 4,714 m over a 1 km strike length for Indicated Mineral Resource estimation. 
Delya Main Trenching Program: aimed to confirm both the grade and geometry of the 
geology at surface of the Main Ore Zone (MOZ) and Hangingwall Ore Zone (HWOZ) 
mineralization. A total of 22 trenches for 917.10 m were excavated at 50 m spacing. 

2018 Phased Step-out Trenching Program:  Aimed at testing strike extension of the Delya Main 
mineralized system toward the south and north: 
Delya South: 13 trenches for 928.10 m at 100 m spacing brought the surface resolution of the 
Delya shear extension to 100 m spacing over an 800 m strike length. 
Delya North: 12 trenches for 897.8 m at 100 m to 200 m spacing over 1.4 km long soil 
anomaly +50 ppb Au. Trenching confirmed the northern continuity of the Delya HW lode and 
defined the locality of the sub-parallel NE striking main Delya shear located further east. 
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Tina is located in the Bakan Corridor located NW of Massawa CZ.  Exploration carried out at Tina is 
summarized in Table 6.5. 

Table 6.5 Summary of Exploration at Tina 

Year Work Program 

2007 Geological mapping. 
Soil sampling with 1,219 samples collected. 
Extensive litho-sampling and follow-up trenches (TNTR001, TNTR002, TNTR003, and TNTR004) 
for 336.7 m revealed mineralization associated with deformed (semi-ductile to brittle) and 
altered felsic intrusive: TNTR002: 32 m at 1.15 g/t Au, and TNTR003: 32 m at 1.22 g/t Au. 
Additional three trenches (TNTR005, TNTR006, and TNTR007) completed for 235 m to identify 
the shape of the mineralized felsic intrusive defined from litho-sampling and previous 
trenching. 

2008 Soil sampling extension of the Tina soil anomaly to the south: 265 samples collected. 

2011 Exploration RC Drilling: Eighteen RC holes (TNRC001 to TNRC018) for 1,470 m completed over 
a 700 m strike length at 100 m to 200 m spacing to test underneath a shear hosted gold 
mineralization associated with a felsic intrusive.  

2018 Thirty-four trenches for 534.2 m testing over 275 m NE strike of outcropping mineralization 
and potential eastern branch. Results confirm NNE orientation. 
Litho-sampling and mapping confirm geological setting. 
Eight RC holes for 1,204 m completed testing over a 275 m NE potential. Results include: 52 m 
at 2.23 g/t Au from 68 m (TNRC023A) and 43 m at 2.02 g/t Au from 84 m (TNRC020). Confirms 
NNE orientation. 
Two trenches for 300 m completed to gain structural measurements and observations to the 
geological setting to mineralization. NNE and NNW orientations to mineralization observed – 
controls relating to vein intensity, disseminated sulphides, proximity, and location of 
granodiorite intrusive rocks. 

The Bambaraya deposit is located in the north corner of the Massawa Mining License proximal to the 
north-south Sabodala Shear Corridor approximately 18 km to the north of Sofia deposit. Exploration 
carried out at Bambaraya is summarized in Table 6.6. 
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Table 6.6 Summary of Exploration at Bambaraya 

Year Work Program 

2004 Soil sampling on a 200 m by 50 m grid (837 samples) defined three anomalous areas (> 100 
ppb Au) zone east, zone south, and zone west (QT zone).  
Three historical trenches (BBTR001, BBTR002, and BBTR003) for 64 m previously dug in the 
early 1970s across the vein-ridge, were re-opened, deepened, and re-sampled. 
DD: Five holes (BBDDH001 to BBDDH005) for 1,001 m drilled across the +1,800 m long +100 
ppb Au soil anomaly and anomalous trenches. 

2005 Mapping and target assessment: Selective sampling carried out over old trenches aimed to 
differentiate gold distribution from ferruginous and fresh QT. 
Three trenches: BBTR004 to BBTR006 for 282.2 m completed throughout the target with the 
aim to assist in geological mapping and assess the QT zone and grade continuity. 
Soil was extended to the south of the target with 129 samples collected. 
Two trenches: BBTR007 and BBTR008 completed for 199.5 m each: BBTR007 100 m north of 
Trench BBT004 (6 m at 1.76 g/t Au, 4 m at 5.48 g/t Au, and 12 m at 4.06 g/t Au) and BBTR008 
100 m south of Trench BBT006. 

2006 Trenching: BBTR009, 150 m in length. 
Pitting: 14 pits. 
Infill Trenching: Four trenches (BBTR010, BBTR011, BBTR012, BBTR013) for 542 m aimed at 
accurately defining the geometry of the different mineralization sets and investigating for 
lateral extension of the mineralization. 
Validation of anomalous soils undertaken in the NE part of the grid. 
Intensive litho-sampling from the few outcrops confirms the latest values in a N140° massive 
quartz vein (250 m by 5 m) with anomalous values ranging from 0.69 g/t Au up to 105 g/t Au. 
Further to the north, a stream bed saprolite of felsic intrusive with N130° quartz veins assayed 
38.6 g/t Au. 

2007 Two trenches (BBNTR001 and BBNTR002) for 99 m to the NE of the target completed over a 
N130° oriented and mineralized felsic intrusive and over N350° quartz vein bearing visible 
gold. 
Four DD holes (BBDDH006 to BBDDH009) totalling 761.93 m were completed, aiming to 
investigate the defined three to four sub-parallel zones of mineralization at surface, over a 
strike length of 800 m. 

2010 Seven RC drill holes (BBRC003 to BBRC005, BBRC007 to BBRC010) for 588 m were drilled 
under or between existing DD holes in an attempt to confirm the main mineralized zone. 

On March 4, 2020, Teranga completed the acquisition of a 90 percent interest in Massawa from a wholly-
owned subsidiary of Barrick Gold Corporation (Barrick) and its joint venture partner, Compagnie 
Sénégalaise de Transports Transatlantiques Afrique de l’Ouest SA (CSTTAO) with the Government of 
Senegal holding the remaining 10% interest in Massawa. 
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6.3 Past Production at Sabodala 

Open pit mining commenced in the Sabodala pit in 2009 and continued until halted in June 2015. 
Additional open pit mining started at Masato in September 2014 and at Gora in July 2015.  Mining of the 
Masato Phase 1 pit was completed in March 2016 and the Masato Phase 2 pit was completed in January 
2016. Mining commenced at Golouma South and Kerekounda in 2016, and at Golouma West in 2017. In 
2018, mining commenced at Koulouqwinde and at the last phase of Sabodala. Mining was completed at 
Gora and Golouma South in 2018, and at Kerekounda and Koulouqwinde in 2019. Mining at Maki Medina 
commenced in 2019. Sabodala, Golouma West, and Maki Medina mining is ongoing. Mining of the last 
phase at Masato will commence in future.  Open pit production at Sabodala to date is summarized in 
Table 6.7. 

Table 6.7 Past Production at Sabodala 

Year 
Tonnes Milled Head Grade Recovery Gold Produced 

(kt) (Au g/t) (%) (koz) 

2009 1,806 3.12 92% 167 

2010 2,285 2.12 91% 141 

2011 2,444 1.87 90% 131 

2012 2,439 3.08 89% 214 

2013 3,152 2.24 91% 207 

2014 3,622 2.03 90% 212 

2015 3,421 1.79 92% 182 

2016 4,025 1.81 93% 217 

2017 4,221 1.87 92% 233 

2018 4,069 2.03 92% 245 

2019 4,161 1.98 91% 241 
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7.0 GEOLOGICAL SETTING 

7.1 Regional Geology 

The West African Craton can be divided into three main regions exposed beneath Phanerozoic cover. In 
the north, the Reguibat Rise extends over Mauritania and western Algeria and consists of an Archaean 
terrane in the west and Paleoproterozoic (Birimian) terrane in the east. The southern Leo Rise covers a 
large area over southern Mali, Côte d’Ivoire, Burkina Faso, Niger, Ghana, and Guinea; and is separated 
from the Reguibat Rise by the Late Proterozoic to Phanerozoic sedimentary Taoudeni Basin. The western 
Archaean portion, known as the Man Shield, is separated from the eastern Birimian Supergroup of the 
Baoule Mossi domain by the Sassandra fault. Two Birimian inliers, the Kayes and Kedougou-Kenieba, 
suggest the continuity of the Proterozoic basement underneath the Taoudeni intra-cratonic basin. The 
Sabodala-Massawa Project is located within the 2,213 Ma to 2,198 Ma age Kedougou-Kenieba inlier 
(Figure 7.1 and Figure 7.2). 
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Figure 7.1 Location of the Kedougou-Kenieba-Inlier in the West African Craton 

Note- Limits of West African Craton; 2+3- Taoudeni Basin; 4- Pan-African Belts; 5- Archean (stripes) and Birimian 

terranes (Gueye et al., 2008) 
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The Sabodala and Massawa Mining Licenses and exploration permits straddle two major divisions of the 
Inlier; the volcanic-dominated Mako Supergroup to the west, and the sediment-dominated Diale-Dalema 
Supergroup to the east. The Mako Supergroup consists mainly of tholeiitic basalts and andesitic lavas 
(massive and pillowed flows) with minor komatiitic units interbedded with volcanoclastic sediments 
(pyroclastic banded tuffs and agglomerates), quartzite and chert as well as ultramafics, dolerites, and 
gabbros. The Diale and Dalema Supergroup are characterized by folded sandstones and siltstones 
interbedded with calc-alkaline ash and lapilli tuffs that are more pelitic and siliceous in the Diale 
Supergroup and more calcareous in the Dalema Supergroup.  

The Mako and Diale-Dalema supracrustal sequences are intruded by a series of variably deformed 
granitoid intrusions that range in age from 2,160 Ma to 2,000 Ma. These include the Karkadian Batholith 
that bounds the Mako Belt to the west, and several major large stocks in the central Mako Belt in the 
project areas. Northeast trending intermediate to felsic and later, post-tectonic mafic dykes are present 
throughout the region, the latter forming prominent linear magnetic features. Felsic and intermediate 
composition dykes are often spatially associated with shear zones hosting gold mineralization, and locally 
are host to significant gold mineralization themselves. Lithologies in the region are affected mainly by 
lower greenschist grade metamorphism. 

7.1.1 Regional Structural Setting 

Birimian rocks of the Kedougou-Kenieba inlier show a polycyclic deformation and metamorphic history. 
The first phase of deformation was compressive followed by a later transcurrent movement and 
deformation.  Major crustal shear zones regionally bound, and influence the overall north-northeast 
lithologic grain in the region. These include a north-northeast trending shear zone which is interpreted 
to form a boundary between the Mako and Diale-Dalema groups which is termed the Senegal-Tombo 
Shear Zone or Main Transcurrent Shear Zone (MTZ) by different authors.  The MTZ hosts the Massawa 
and Delya deposits.   

The MTZ converges with, and may join to the north in Mali with the major northerly trending Senegal-
Mali Shear Zone, which is spatially associated with several major gold deposits, including Sadiola and 
Loulo in Mali.  Intense zones of high strain are also present in the eastern portions of the Mako 
Supergroup confirming the presence on the property of a major structural corridor referred to as the 
Sabodala Structural Corridor (SSC). 
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High strain zones and apparent truncations of lithologic features on the Sabodala and Sounkounkou 
permits suggest the presence of second and third order shear zones at the property scale, which may 
control the localization of gold mineralization. The structures wrap around major intrusions, and 
northwest trending linking structures between major shear zones are also present, all of which form 
potentially prospective sites for gold deposit formation. The transcurrent deformation has been 
interpreted as being synchronous with gold mineralization and the emplacement of several calc-alkaline 
granites.  Field relationships suggest that gold mineralization on the Property and other deposits in the 
region are probably coeval with latter stages of shear zone development.  Regional greenschist 
metamorphism has also been interpreted as being associated with both compressive and transcurrent 
phases of deformation. 

Figure 7.2 Schematic Geology and Endowment of the Kedougou-Kenieba Inlier 

Source:  Teranga Gold Corporation, July 2020 
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7.1.2 Regional Surficial Geology 

Lateritic weathering combined with duricrust formation is still active in the region.  Apart from local hills 
and resistant lithologies, much of the terrain is covered by laterite and ferricrete resulting in limited rock 
outcrop.  Hills which occur in east and southeastern portions of the Sabodala Mining Concession and in 
the western portion of the Sounkounkou permit form some of the best exposed outcrop areas on the 
projects.  Oxidation depth in the region is highly variable, but is generally several tens of metres.  Towards 
the northwest, thick soils and colluvial materials cover large tracts of land.  Close to the Falémé River, 
small lenses of lateritized alluvial deposits can be observed. 

7.2 Property Geology and Mineralization 

The properties comprising the Sabodala-Massawa Project can be subdivided into three project areas: 

• The Sabodala Mining Concession (also referred to herein as the Sabodala Mining License (ML))
comprising the original Sabodala mining concession, the additional Gora ML Expansion area
and the former SOMIGOL Mining Concession.

• The Massawa exploitation permit (referred to herein as the Massawa Mining License).

• The Sabodala-Massawa Project regional exploration permits comprising Sounkounkou,
Bransan (Lots A, B and C) and Kanoumba.

Individual permit areas are listed in Table 4.1 in Section 4 of the report.  The Project and permit areas are 
illustrated in Figure 7.3. 

The following sections have been largely taken from AMC (2014) and Barrick (2019). 
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Figure 7.3 Property Geology 

Source:  Teranga Gold Corporation, July 2020 
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7.2.2 Sabodala Mining Concession 

The Sabodala Mining Concession prospects and deposits are shown in Figure 7.4. 

Sabodala Deposit 

Lithology 

Lithologies generally trend north-northeast to northeast with steep dips, although local variations are 
apparent.  Lower greenschist grade metamorphic assemblages affect lithologies.  Mafic volcanic rocks 
dominate in the sequence and interflow sediment horizons occur locally in the mafic volcanic sequence, 
with the most prominent being a cherty horizon referred to as mylonite by Painter (2005).  Other interflow 
units comprise narrow carbonaceous (graphitic) mudstone-siltstone horizons, which locally are often 
exploited by shear zones. 

Ultramafic rocks are present throughout the stratigraphy and are variably and often intensely affected 
by alteration and high strain zone development. Fresher varieties, which retain primary textures, are 
mottled with relict igneous texture suggesting that they mainly comprise intrusive sills and dykes. 

Dykes of several varieties intrude both the volcanic sequence and the ultramafic sills.  These include at 
least two phases of porphyritic dykes of probable intermediate to felsic composition that preferentially 
intrude along shear zones in altered ultramafic units and mineralized shear zones. These are typically one 
metre to 10 m thick. Later, post-mineralization, fresh mafic dykes that are up to several tens of metres in 
thickness trend north-northeast generally sub-parallel to the lithologic sequence.  The late mafic dykes 
are not associated with, and crosscut mineralization and its hosting structures. 

Structure 

The following is largely taken from Rhys (2009): 

Principal structures on the Sabodala Mining Concession form a steeply west-northwest dipping, north-
northeast trending shear zone network, which has previously been referred to as the "Sabodala Shear 
Zone". The north-northeast trending shear zones at Sabodala likely represent first and second order 
structures of regional scale to first order features such as the MTZ , while the northwest trending shear 
zones may be third order features that accommodate strain between these higher order features. 

Two dominant foliations have been recognized: a locally intense (S1) foliation that trends east west to 
northeast and a north-northeast trending steep northwest dipping foliation (S2). The foliation is 
inhomogeneous and large areas in the massive mafic volcanics, gabbro, and felsic intrusions often lack 
foliation or are only weakly foliated.  Field relationships indicate that the gold mineralization at Sabodala 
and other deposits in the region is likely to be coeval with later stages of shear zone development. 
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Figure 7.4 Sabodala Mining Concession Prospects and Deposits 

Source:  Teranga Gold Corporation, July 2020

Mineralization 

The Sabodala deposit comprises a network of mineralized shear zones and associated surrounding sets 
of quartz breccia veins and vein arrays that are discordant to, and cut across the hosting volcanic 
stratigraphy.  Mineralization is most intensely focused in and west of where the shear zone network 
intersects, and crosscuts the mylonitic chert unit.  The best-developed mineralization extends from the 
chert unit westward to the ultramafic-hosted Ayoub's Thrust, in the steeply west-northwest dipping host 
sequence comprising the volcaniclastic unit, mafic volcanic units and gabbro that lie between the chert 
and the shear zone.  The deposit is developed over a strike length of at least 600 from the Sutuba deposit 
southwest of the current open pit, northward to several hundred metres north of the open pit, where it 
is open at depth. Within and northward from the current open pit, the deposit plunges moderately to 
the north; while at the south end of the deposit, the plunge is shallow to the south.  The mineralization 
plunges vary with the orientation of, and intersections between the principal mineralized structures, 
which host and are surrounded, by gold mineralization. 
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Gold mineralization at the Sabodala deposit occurs in a combination of occurrences.   Continuous grey 
quartz shear veins along shear zone surfaces in the Main Flat and Northwest shear zones, in sets of 
quartz-carbonate-albite-pyrite extension veins, in coalescing extension and shear vein domains forming 
zones of quartz-carbonate matrix breccia, and in areas of pervasive tan to pink coloured carbonate-
albite-sericite-pyrite alteration which surrounds and links between veins, shear zones and breccia. 
Multiple generations of veins are evident, but the most voluminous veining and alteration forms the 
youngest generations. 

Gold mineralization of all styles is associated with pyrite in association with extension and shear veins as 
clots, grains and along slips surfaces within veins, as pervasively disseminated envelopes around veins, 
and disseminated in broad zones of carbonate-albite alteration surrounding shear veins.  Locally pyrite 
forms veinlets, which both cut across, and in other areas are cut by, quartz-carbonate albite veins, 
suggesting multiple pyrite generations, occurring within both pyrite veinlets and quartz-carbonate 
veinlets.  Pyrite is variable in grain size and ranges from cubic to anhedral.  Pyrite of all grain sizes from 
mineralized zones is spatially associated with grains of native gold along crystal margins, in fractures 
within pyrite, or encapsulated in pyrite grains.  Coarse gold is absent (Ross and Rhys, 2009). 

Niakafiri East Deposit 

The Niakafiri East deposit consists of the former Niakafiri Main, Dinkokono, and Niakafiri Southeast 
deposits, which are located adjacent to and along strike from each other. Gold mineralization is located 
within the north-northeast trending Niakafiri Shear Zone that extends across the Niakafiri East area.  Gold 
mineralization comprises sets of quartz veins, shear veins and disseminated pyrite developed in the 
ultramafic-hosted carbonate altered ductile Niakafiri Shear Zone, steeply dipping to the west. 
Mineralization is generally concentrated in areas of both most intense strain, and most pervasive 
dolomite-sericite alteration where networks of quartz extension and shear veins are developed, often 
spatially associated with fine-grained pink felsic dykes that occur in close proximity to the mineralized 
shears.  The intersection of north-northeast and north-northwest trending shear vein sets and associated 
fringing sets of steeply dipping, east-west trending extension veins defines steep northerly plunging 
shoots. 

The dominant alteration mineral in the Niakafiri Shear Zone is dolomite with variable muscovite (sericite) 
content, and quartz, albite and pyrite as other common alteration minerals. In the southern part of the 
Niakafiri East deposit, the carbonate dominated hydrothermal alteration is relatively widespread, and as 
at Masato, fuchsite (Cr-mica) is present in addition to the carbonate-silica-sericite alteration assemblage, 
particularly within ultramafic units. 

The mainly steeply dipping extension and shear veins at Niakafiri East that are associated with areas of 
gold mineralization are generally more highly strained than those at the Sabodala deposit, and may form 
an older set of veins than the main stage shallow dipping Sabodala vein arrays. 
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Niakafiri West Deposit 

The Niakafiri West deposit consists of the former Niakafiri Southeast and Niakafiri West deposits, which 
are located adjacent to and along strike from each other, and is located parallel to and approximately 
0.5 km west of the Niakafiri East deposit.  Niakafiri West is located in a north-northeast trending shear 
zone that extends through the Sutuba and Soukhoto areas, and is possibly associated with the Ayoub’s 
Thrust at the Sabodala deposit. As at Niakafiri East, Niakafiri West consists of north-northeast trending 
steeply west dipping, strongly sheared, and altered mafic and ultramafic volcanic rocks.  

Mineralization at Niakafiri West is similar to the Niakafiri East deposit, comprising sets of variably 
deformed quartz extension veins and quartz-carbonate-sericite-tourmaline-pyrite shear veins developed 
in tan to pale green carbonate alteration zones in areas of high strain. Alteration is similar to that at 
Niakafiri East and dominated by carbonate-silica-sericite and locally fuchsite.  As at Niakafiri East, fine-
grained pink felsic dykes occur in close proximity to the mineralized shears.  Recent drilling in the 
northern part of Niakafiri West indicates that gold mineralization occurs as both moderately to steeply 
dipping shear veins and as broader, flatter lying zones of similar altered shear veins. 

Masato Deposit 

The Masato deposit is located several kilometres to the north of Golouma West, within a zone of highly 
magnetic mafic and ultramafic volcanics.  The geology of Masato is dominated by a north-northeast-
south-southwest (~020º) trending ductile shear zone several tens of metres in width. The mineralization 
is hosted in multiple shear fabric-parallel zones within the broader shear zone. This shear zone is 
traceable to the north and particularly to the south, where it appears to host further mineralization at 
Niakafiri East.  

The shear zone fabric dips approximately 70º west with local areas of intense metre-scale folding. Some 
ultramafic rocks are affected by the shearing and commonly appear “greasy”, possibly resulting from 
alteration by talc and serpentine.  Carbonate dominated alteration is relatively widespread; however, 
fuchsite is present in addition to the carbonate-quartz-sericite assemblage, particularly within ultramafic 
units.  Pink felsic dykes occur in close proximity to the mineralized shear zone. 

Gold mineralization is associated with intensely altered zones dominated by the presence of carbonate, 
silica, and pyrite.  The Masato deposit hosts multiple generations of mineralization veins.  Early white-
grey coloured quartz-feldspar veins are commonly highly deformed and barren.  The veins dip to the 
west and strike broadly parallel to the main trace of the deposit. 
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Golouma Area Deposits 

The geology of the Golouma area is dominated by moderately deformed massive flows and pillowed 
basaltic rocks.  The rocks are moderately chloritized, which in some instances is accompanied by the 
development of epidote replacement. Hydrothermal carbonate-dominated alteration overprints the 
rocks where deformed by ductile shear. In areas of low strain, the alteration yields a wispy appearance, 
but in more highly deformed zones, it imparts a buff or salmon-pink colouration and is associated with 
anomalous gold concentrations.  Several felsic dykes, up to 5 m in width, occur throughout the Golouma 
area and appear to be intimately associated with the gold mineralization, particularly in Golouma South. 
A small number of mafic dykes have been recognized in drill core, including one larger gabbroic dyke 
approximately 12 m in width. 

Golouma West Deposit 

The geometry of the Golouma West deposit consists of two broadly east-west trending shear zone-
hosted, sheet-like bodies, which together have a total strike length of approximately 900 m and a north-
northeast trending appendage, referred to as the West Limb.  In plan, the east-west trending bodies are 
offset by approximately 140 m in a dextral sense along the east-northeast striking Golouma West Fault. 
As such, it appears these bodies were originally emplaced along a single east-west structure. The West 
Limb is approximately 200 m in length and dips moderately to steeply towards the west-northwest. 

The principal zone of mineralization at Golouma West changes orientation from east-west to north-
northeast where it intersects a strong north-northeast oriented shear zone of the Sabodala Structural 
Corridor.  In section, the main mineralized zone dips 75° to 80º south, broadly parallel to the main east-
west ductile cleavage. The West Limb dips at -65º west transitioning to approximately -45º at depths of 
200 m. A series of thick northeast oriented quartz-carbonate veins define the trace of the sheet-like body, 
which has similar mineralogical and alteration characteristics to Golouma West.  Mineralization is open 
both to the east and west of the main east-west body although it appears to weaken to the east. High-
grade shoot controlled mineralization remains open at depth in several areas of the deposit opening the 
opportunity for underground mining in the future. 

Golouma South Deposit 

Golouma South occupies a Sabodala Structural Corridor parallel north-northeast oriented ductile shear 
zone with mineralization occurring in a sheet like body, dipping 50° to 65º west. Mineralization has been 
defined over a strike length of approximately 640 m and down to 560 m below surface. 

The deposit consisted of sub-parallel mineralized zones coinciding with higher strain zones within the 
northeast oriented shear zone. Similar to Golouma West, gold is associated with the highest strain parts 
of the shear zone, corresponding to areas of intense alteration and the presence of quartz veins.  The 
veins are predominantly oriented parallel to the shear fabric and tend to be localized on the margins 
between high and low strain domains. 
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The true thickness of mineralized zones varies from 2 m to 20 m, but is typically 5 m to 12 m.  Gold 
distribution is more uniform than at Golouma West, but higher-grade shoots have been noted.  These 
shoots plunge steeply toward the west-southwest and are thought to occur at the intersection between 
the northeast oriented shear zone and zones of intense east-west shearing.  High grade mineralization 
at the base of the open pit suggest that a future opportunity for underground mining exists here. 

Golouma North Deposit 

The Golouma North deposit is located approximately 1.0 km north-northeast of the northernmost 
Golouma pit and 0.5 km northwest of the Kerekounda deposit. The gold mineralization at Golouma North 
is associated with three spatially close shear directions. Most of the gold intersections are associated with 
a north-northeast shear that is up to 20 m wide and extends at least 250 m along strike, while two other 
gold bearing shears trending east-northeast and northwest cross into the main north-northeast shear.  

Maki Medina Deposit 

The Maki Medina gold deposit extends across an approximate 1,000 m strike length and is situated along 
the same steeply west dipping, north-northeast trending structural zone that hosts Masato and Niakafiri 
to the north, and GKK and Kinemba to the south. At Maki Medina Main, the host mafic metavolcanics 
and tuffaceous volcanoclastic sediments are strongly sheared and carbonate dominated alteration is 
widespread. The main mineralized zone consists of several west dipping, variably sheared zones of 
quartz-carbonate alteration and quartz-carbonate-tourmaline veining. Several shear parallel, fine-
grained, pink felsic dykes occur in close proximity to the mineralized shears. 

Goumbati West – Kobokoto Deposit 

The Goumbati West – Kobokoto deposit (GKK) is located southwest of the Maki Medina gold deposit 
and is an extension of the Niakafiri West Shear, part of the same steeply west dipping north-northeast 
trending structural zone that hosts Masato.  The gold mineralization at GKK occurs within a 1.2 km long 
segment of this extensive north-northeast trending shear structure as a gold in quartz vein system 
comprised of several zones occurring in a sequence of epiclastics and basalt. 
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Gora Deposit 

Gora is hosted by a moderate to steep southeast dipping, northeast trending sequence of turbiditic 
sandstone, siltstone, carbonaceous siltstones, and mudstone which is at least locally overturned by tight 
to isoclinal folding which are consistently down facing towards the west. The sedimentary package 
hosting the veins is of undetermined thickness, but from limited outcrops and IP data is estimated to be 
in the order of 500 m to 600 m thick in the Gora area. At Gora the sedimentary package is intruded and 
probably bounded by various sill-like intrusions to the east and west, including gabbro, felsic porphyries, 
minor granitic dykes, and large amounts of quartz-monzodiorite plugs and dykes.  The hosting sediments 
have been affected by upper greenschist grade metamorphic conditions, defined by aluminosilicate 
porphyroblasts and biotite, probably in the thermal aureole of the surrounding intrusions. Hosting 
lithologies contain a slaty foliation which strikes parallel but which dips variably with respect to bedding. 

Veins dip between 45º and 55º to the southeast.  Veins vary locally to several metres thick and typically 
are banded with grey and white quartz.  Dark grey bands and stylolites in the veins may contain 
carbonaceous material, possibly tourmaline, and reddish Fe-oxides probably after pyrite.  The veins occur 
in narrow shear zones, which are locally manifested as narrow zones of more intense foliation on vein 
margins. In many locations, these selvedges are very carbonaceous and up to 0.5 m thick. Left steps in 
the outcrops of veins in plan may suggest either in echelon stepping of the veins and/or left lateral offsets 
on late sinistral faults known to be developed regionally. 

The gold occurs as fine grained, but visible gold has been observed in core from several holes, with the 
largest measuring up to 120 µm.  Gold occurs as free grains on the boundaries of quartz crystals with a 
very small proportion of gold encapsulated or attached to pyrite. The abundance of visible gold in 
polished sections did not correlate well with gold grade in the assay intervals. Where abundant gold was 
observed, the flakes occurred in discrete clusters. 

Kerekounda Deposit 

The Kerekounda deposit is located approximately 1.5 km to the north of the Golouma South deposit, 
within the same east-northeast-west-southwest structural trend that hosts the mineralization of the 
Golouma area.  The deposit was hosted by weakly to moderately deformed mafic volcanics, similar to 
the host rocks at Golouma.  The main ductile foliation orientation is 060°-240°, consistent with the east-
northeast trending regional structure.  
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Three distinct shear zones host the mineralization at Kerekounda. Each zone typically ranges from one 
metre to 10 m width and high-grade shoots plunge steeply toward the west-northwest. The plunging 
shoots appear to be controlled by the intersection of the regional north-northeast trending shear zone 
fabric, which controls the location of mineralization in the Golouma-Kerekounda area, with the discrete 
north-northwest trending shear zones that host the mineralization. Of the three mineralized shears, it is 
the eastern most shear which is most prevalent. It comprises a quartz-carbonate vein and multiple veins 
and/or vein breccias, within a broader zone of carbonate dominated alteration.  The highest gold grades 
occur with the quartz veins especially those containing tourmaline while lower grades are generally found 
in the adjacent altered rock.  Kerekounda is considered a candidate for future underground mining. 

A relatively thick unmineralized north-northeast trending mafic dyke cuts the deposit and several smaller 
mafic dykes cross-cut the mineralization. Additionally, felsic dykes occur in the hangingwall and along 
the contact between the mafic volcanics and tuffaceous sediments, within the footwall to the 
mineralization. 

Kourouloulou Deposit 

The Kourouloulou deposit is situated directly west of the northern continuation of the Golouma South 
shear zone.  The deposit consists of four broadly east-southeast striking mineralized veins arranged 
parallel to each other within a zone that dips steeply towards the south.  A number of the veins are high 
grade in nature.  Kouroulouou has both open pit and future underground options. 

Mamasato Deposit 

The Mamasato deposit geology consists of mafic metavolcanics that have been strongly deformed and 
sheared by an east-west striking, moderately north dipping, 30 m to 50 m wide shear zone.  Several 
prominent, narrow, fine-grained, pink, felsic dykes occur proximal to the gold mineralization, and minor 
intermediate dykes occur in both the hanging wall and footwall of the main shear.  Oxidation at 
Mamasato extends to depths of 30 m to 50 m.  Gold mineralization at Mamasato consists of three narrow, 
sub-parallel zones (2 m to 10 m) that strike to the west and dip moderately to the north.  These zones 
are characterized by weak to moderate intensity, carbonate-dolomite-sericite-silica-pyrite alteration, with 
localized quartz veining. 
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Kinemba Deposit 

The geology of the Kinemba deposit consists of massive to locally strongly sheared mafic metavolcanics 
intruded by a prominent magnetic mafic (gabbro) dyke, and minor intermediate to felsic dykes. The shear 
zones and dykes commonly strike towards the northeast and dip moderately to steeply westward, parallel 
to the regional trend.  Oxidation at Kinemba can reach depths of up to 70 m (vertical), making it an ideal 
target for ore blending procedures.   Gold mineralization at Kinemba is found in multiple zones of weak 
to moderate carbonate-albite-silica-sericite-pyrite alteration, varying in width from 5 m to 30 m, which 
are hosted by strongly sheared mafic metavolcanic rocks. Mineralization trends approximately north-
northeast, dipping steeply westward (-80°), and has been traced over a strike length of approximately 
600 m to a depth of 200 m. 

Koutouniokollo Deposit 

The geology at the Koutouniokollo deposit consists of strongly deformed mafic metavolcanics and minor 
volcanoclastic sediments, which are locally intruded by fine-grained pink felsic dykes.  The mafic 
metavolcanics have been strongly deformed by two separate shear zones, with shearing oriented either 
west-northwest or north-northeast. 

Gold mineralization at Koutouniokollo is located in two structural/alteration zones and in northwest-
trending brittle veins.  The first structural trend strikes to the north-northeast and dips steeply west-
northwest.  Mineralization is characterized by strong to intense carbonate-silica-albite-sericite alteration, 
with local silicification and carbonate-quartz-tourmaline veining hosted in strongly sheared to locally 
brecciated mafic metavolcanics over widths of 10 m to 30 m.  The second zone of mineralization is hosted 
by a west-northwest striking moderately to steeply southwest dipping shear zone. Gold mineralization 
along this structure is more sporadic, except in the vicinity of the intersection with the north-northeast 
structure.  Anomalous gold mineralization is associated with quartz-tourmaline veining and pervasive 
silicification. 

Kouroundi Deposit 

The geology of the Kouroundi deposit consists of mafic metavolcanics, which have been locally strongly 
deformed by two major shear zones.  The main gold bearing shear zone strikes to the northwest and 
dips approximately 40° to the southwest, and is generally 10 m to 40m wide.  The second major shear 
zone is located at the southern end of the prospect and is perpendicular to the main gold bearing shear 
zone.  The second shear zone strikes westerly, dips steeply to the north, is approximately 25 m to 35 m 
in width and appears to cut off gold mineralization where it intersects the main gold bearing shear. 
Prominent and minor intermediate dykes intrude both shear zones, and are oriented generally sub-
parallel to the strike of both shears.  The most prominent intermediate dyke is located in the footwall of 
the gold bearing shear and is approximately 10 m in width and strikes towards the north.  
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Oxidation at Kouroundi is quite variable; with oxidation in the hanging wall commonly extending down 
30 m to 50 m.  Oxidation within the footwall is more intermittent with oxidation locally extending to 
depths of over 100 m, especially towards the north, where the mineralized zone extends beneath a very 
thick laterite plateau. 

Gold mineralization at Kouroundi is characterized by strong to intense carbonate-sericite-silica-albite-
pyrite alteration with local quartz-tourmaline veining hosted in strongly sheared mafic metavolcanics. 

Golouma Northwest Prospect 

The Golouma Northwest zone trends west-northwest and sub-parallel to the main Golouma West zone. 
A fairly continuous zone of gold mineralization has been defined and traced for approximately 400 m on 
strike and 120 m down-dip.  

A felsic dyke intrudes the central portion of the mineralized zone, and is interpreted to be the same felsic 
dyke that is present in the Kerekounda deposit. This dyke is approximately 5 m to 10 m in width, strikes 
to the northeast, dips moderately northwest, and crosscuts the main gold zone.  

Gold mineralization at Golouma Northwest is hosted by a relatively narrow (2 m to 10 m), east-southeast 
striking shear zone that dips steeply to the south. Alteration, characterized by moderate to strong 
carbonate-sericite-silica-pyrite mineral assemblage, is accompanied locally by quartz-tourmaline veining. 

Goumbati East Prospect 

The Goumbati East prospect is located three kilometres southwest of the Golouma West deposit and is 
hosted within the same north-northeast trending regional structure.  This prospect has been outlined by 
soil geochemistry over a strike length of approximately 400 m and drilled along a 200 m strike length.  A 
narrow, altered, shear hosted quartz vein system with local widening, within hosting mafic volcanic and 
intrusives has been partially delineated by drilling, however, strike length appears limited. 

Maleko Prospect 

Maleko mineralization is hosted within a broad north-northwest oriented granitic body intruding mafic 
volcanics and tuffaceous sediments within the regional north-northeast trending structural corridor.  An 
oblong, 600 m by 300 m gold geochemical anomaly was evaluated with mechanized trenching, and later 
drilling.  Maleko comprises a series of both north-northwest and north-northeast trending, moderately 
dipping, silicified shear zones predominantly hosted by the granitic intrusive body.  
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Sekoto Prospect 

Sekoto area geology consists of a central granodiorite stock, which has intruded adjacent, deformed to 
highly strained mafic metavolcanics and sediments.  Late, massive, fine grained, narrow, intermediate-
mafic dykes intrude all of the units.  Oxidation at Sekoto commonly extends 30 m to 40 m below surface 
(vertical), and to greater depth along structures and under laterite cover.  Gold mineralization at Sekoto 
is hosted within and along the margins of the variably altered, massive to weakly deformed, medium 
grained, granodioritic intrusive, associated with multiple sub-parallel zones of replacement-style pink 
carbonate-silica-pyrite alteration that range in thickness from three metres to 30 m. The zones strike 
towards the north or northeast and dip moderate-steeply towards the west.  

Soukhoto and Faloumbo Area Prospects 

The Soukhoto and Faloumbo areas contain widely spaced east-northeast trending and steeply dipping 
quartz veins that vary from 5 cm to 50 cm thick, with strike lengths of at least several tens of metres. The 
veins occur in foliated mafic volcanic rocks and comprise white quartz with local prismatic fill, and have 
thin foliated envelopes.  These veins occur in areas of high strain between the more intense shear zones 
and associated subsidiary structures, potentially linking between the larger shear zones or occurring in 
areas of strain accommodation at bends and terminations of individual shear zone strands. 

7.2.3 Massawa Mining License 

Massawa Deposit (NZ and CZ) 

The Massawa stratigraphy is dominated by a western package of volcaniclastic rocks and an eastern 
package of greywackes, with bedding striking at 210° ± 10° and dipping steeply (75° to 80°) toward the 
west. Several igneous rocks including sills of gabbro, felsic intrusions, and feldspar (and/or quartz-
feldspar) porphyries intrude this dominantly clastic sequence. Core photographs of the main lithologies 
are shown in Figure 7.5.  

The volcaniclastic rocks have a bimodal mineralogy with both mafic and felsic variants. They consist of a 
package of agglomerates, lapilli tuffs, tuffs, ash-tuffs, and fine-grained carbonaceous ash-tuffs and 
include both purple and green variants. The purple colouration probably indicates deposition in an arid 
to semi-arid terrestrial environment. Laminated, fine-grained, volcaniclastic material is often green and 
could represent ash fall into standing water. The coarser volcaniclastic rocks are matrix supported and 
include elongated and sub-rounded felsic lithic clasts (up to 5 cm in size) with glassy textures and 
rounded mafic clasts (up to 10 cm in size). 
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Figure 7.5 Core Photographs of Dominant Lithologies at Massawa 

A- Volcaniclastic; B- Greywacke; C- Carbonaceous schist; D- Gabbro; E- Quartz-feldspar porphyry, July 2020
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Felsic and lithic wackes, which underlie the volcaniclastic rocks to the east, are composed of fine-grained 
layers at the top of the sequence with coarser units at the base. Graded bedding is common within these 
rocks and shows a downward younging direction implying that the steeply west dipping volcano-
sedimentary package is overturned, with the volcaniclastic rocks being older than the greywackes. 

At its northern end, the Massawa deposit is bounded by two prominent carbonaceous shale layers which 
act as the hanging wall and footwall of the mineralization. The carbonaceous shale is very fine grained, 
well laminated, and is inter-bedded with the coarser-grained greywackes. Layers are variable in thickness, 
on a millimetre scale, and form discontinuous lenses. Graphitic bands are common where the rock is 
more deformed and these units are referred to as graphitic schists. The greywacke and shale package 
displays soft sediment deformation fabrics typical of turbidite systems including load casts, slump and 
flame structures, and intra-sedimentary faults. 

Two main concordant gabbroic bodies are present at Massawa. The sills are up to 30 m in thickness; 
although towards the north they occur as narrow bands ranging from 0.5 m to 18 m in thickness. The 
gabbros predate shearing and host gold when intersected by the mineralized structures. Outside of the 
mineralized system, gabbro sills are massive and coarse grained.  

Quartz porphyry and fine-grained felsic sills, forming sheets 2 m to 60 m thick, occur throughout the 
deposit but are generally thicker and more abundant in the southern portion of the deposit. The 
porphyries are intrusive into the volcano-sedimentary sequence and show contacts against greywacke, 
volcaniclastic rock, and carbonaceous shale. The quartz-feldspar porphyry has a tonalitic mineralogy, 
comprising phenocrysts of oligoclase/andesine (altered to sericite) and quartz (50:50 ratio), and a 
groundmass composed of fine-grained plagioclase, albite, and small amounts of quartz. The earliest sills 
display a weak foliation and weak to strong alteration. Younger intrusive units are unaltered, undeformed 
and cross-cut the sheared rocks, and thus the emplacement of the porphyries spans the shearing event. 

Late stage (post-mineralization) mafic dykes (less than 15 m thick) crop out in the southern part of the 
mineralized body, where they intrude both the volcaniclastic rocks and the greywackes. 

Massawa lies on a NE trending (030° to 035°) sinistral structure, likely a second order splay off the 
neighbouring MTZ. To the south and north of Massawa, the NE trending shears are dextrally offset by 
discordant north-south structures, resulting in dilation and mineralization. The mineralization is 
associated with anastomosing brittle-ductile shearing commonly localized at intrusive contacts. 

The Massawa deposit occurs over a strike length of 4.5 km and is divided into two zones (Central Zone 
and Northern Zone) that differ in terms of host rock geology, mineralogy, structural controls, and 
metallurgy. The Central and Northern zones are separated by a 0.3 km gap zone, where less intense 
deformation is observed. Both mineralized zones are discussed separately below. 



Sabodala-Massawa 
Pre-feasibility Study 
National Instrument 43-101 Technical Report 

5139\16.04\5139-GREP-001_0 S7 

Page 7.20 

August 2020 
Lycopodium 

Massawa Central Zone 

Mineralization in the Central Zone (CZ) is hosted by an anastomosing brittle-ductile shear network 
localised by pre-existing gabbro and felsic porphyry intrusive contacts. The CZ is divided into four blocks 
based on metallurgy (Block 1 to Block 4) generally becoming more refractory to the north, associated 
with higher arsenopyrite content and a change in host lithology from volcaniclastics to sediments 
(greywacke) (Figure 7.6, Figure 7.7, and Figure 7.8). 

Figure 7.6 Geological Map of the Massawa Central Zone Showing Geometry of the 
Mineralized Zones 

Source:  Teranga Gold Corporation, July 2020 
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There is a deposit scale correlation between increasing brittle-ductile strain and increasing gold grade, 
with the grade of mineralization variable along strike and down-dip related to the variable strain 
associated with the structural framework. The continuity of mineralization is localized along gabbro and 
felsic porphyry intrusive contacts (Figure 7.8) with high-grade mineralization associated with high strain 
and arsenopyrite (Figure 7.9). 

Numerous vein opening directions and vein styles highlight high fluid overpressure, with differential 
stress trending toward zero. Previously, a genetic link between quartz-stibnite veins and high-grade 
mineralization was made leading to a ‘Phase 1 and Phase 2’ nomenclature. Subsequent review with 
additional drilling has advanced the understanding of the geological setting and mineralization style, 
with quartz-stibnite veins observed parallel to and cross-cut by brittle-ductile shearing related to 
mineralization. Subsequent analysis highlighted no significant statistical correlation between gold grade 
and stibnite content, with a good correlation noted with arsenopyrite. The grade and continuity to 
mineralization is now characterized by alteration style, deformation intensity, and intrusive contacts.  

Low-grade (+1 g/t Au) mineralization is associated with weak to moderate shearing with silica-carbonate 
alteration and disseminated sulphides with weak strain. Arsenopyrite is rare. High-grade (+3 g/t Au) 
mineralization is associated with high strain including brecciation, extensional and shear veins, with 
moderate to strong silica-carbonate alteration and sulphides. Arsenopyrite is the dominant sulphide 
associated with gold, with arsenopyrite and pyrite also observed as vein selvedges +/- visible gold.  

Veins identified by trenching and diamond drilling vary in style and include extensional, sheared, and 
boudinage veins. Veining associated with +1 g/t Au mineralization is sub-parallel in orientation to 
primary strain (shearing) highlighting the genetic link between deformation and mineralization. 
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Figure 7.7 Level Plan in the Central Zone of Massawa at 150 m RL 

Source:  Teranga Gold Corporation, July 2020 
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Figure 7.8 Core Photographs Showing Alteration and Mineralization Styles Present in the 
Central Zone 

A- Quartz-Stibnite-Au Vein with Proximal Sericite-Carbonate Alteration of Volcaniclastic Host with Disseminated 

Arsenopyrite and Pyrite in the Wallrock. B- Coarse Visible Gold Associated with Stibnite Veins. C and D- Silicified Rock

with Fine Disseminated and Stringer Distal Pyrite and Lesser Amounts of Arsenopyrite, July 2020

Massawa Northern Zone 

The Northern Zone (NZ) has a strike length of 2.5 km and consists of a main NNE trending mineralized 
structure with discontinuous footwall (FW) and hanging wall (HW) lodes (Figure 7.10 and Figure 7.11). 
Mineralization is localized in a damage zone adjacent to highly strained bands of fine- to medium-
grained felsic and lithic wacke, wacke with subordinate carbonaceous shales, and gabbros. The NZ is sub-
divided into two further zones based on structure (Northern Zone 1 and Northern Zone 2). 
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The southern 1.1 km of the Northern Zone (NZ1) hosts discontinuous, weaker gold mineralization 
(average grade of 1 g/t Au to 1.5 g/t Au). The weakly silicified, brittle-ductile, mineralized shear is less 
than 10 m in thickness and is sub-vertical to steeply dipping to the ESE. The higher-grade but narrow 
mineralization is focussed at the margins of a medium-grained greywacke and lithological contacts with 
contrasting grain size. Northern Zone 2 (NZ2) represents the northern and highest grade (>4 g/t Au) 
portion of the deposit. Mineralization is predominately confined to a single, continuous, narrow zone (10 
m to 15 m average width), which is sub-vertical to steeply dipping (>70°) to the WNW. The mineralization 
is bounded by two prominent carbonaceous shale horizons within the sedimentary sequence. 

Figure 7.9 Geological Map of the Massawa Northern Zone Showing Geometry of the 
Mineralized Zones 

Source:  Teranga Gold Corporation, July 2020 
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Mineralization in the NZ is characterised by disseminated arsenopyrite and arsenian pyrite. No quartz-
stibnite visible Au veins are seen in the northern parts of the deposit. High grade is associated with crack 
seal carbonate veining where arsenopyrite intensifies at the margins. Early silicification is less significant 
in the NZ, where the alteration is mainly composed of sericite, carbonate, and chlorite alteration affecting 
both sedimentary rocks and the gabbro unit. Primary and tectonic rock fabrics are often still clearly visible. 

Two mineralized domains are modelled in the NZ: 

1. A higher-grade domain (average 5 g/t Au) consists of 7% to 10% disseminated sulphides
(arsenopyrite>pyrite) associated with ductile shearing with extensional quartz-carbonate veins.

2. A lower-grade domain (average 1.5 g/t Au) consists of 1% to 3% disseminated sulphides
(pyrite>arsenopyrite) associated with brecciation and extensional quartz-carbonate veins.

Compared to the CZ, higher total sulphide contents (averaging 3% to 5%); higher average arsenopyrite-
pyrite ratios (0.5-1); and higher arsenic levels are recorded. Gold is largely refractory to direct cyanide 
leaching developed within the crystal lattice of arsenopyrite and, to a lesser extent, arsenian pyrite. 

Sofia Deposit 

The NE trending Sabodala-Sofia structure defines a major terrane boundary that separates a continuous 
unit of predominantly mafic-ultramafic rocks (dunite, gabbro, basalts, and dacitic lavas) to the west, and 
andesitic lavas and tuffs to the east. The country rocks are intruded by gabbros, diorites, and narrow 
quartz-feldspar porphyries (QFP). The diorites are spatially related to the mineralization and commonly 
altered to silica-albite. The QFP has a tonalitic mineralogy comprising of distinctive rounded quartz and 
plagioclase. 

The FW geology consists of a package of chlorite altered equigranular gabbro with subordinate basaltic-
andesite lavas and tuffs. The gabbro package is up to 60 m thick thinning toward the north-east ranging 
from 10 m to 20 m in thickness. The gabbro predates shearing and hosts gold when intersected by the 
mineralized structures. Here it is commonly altered and strained with strong silica-albite-chlorite-sericite 
on the western margin of the package. Underlying the gabbro are lithic-wacke, lapilli and ash tuffs, and 
occasional carbonaceous shales and siltstones. All intrusive rocks have a weak foliation and weak to 
strong alteration with strain developed at the lithological contacts. Late dolerite dykes cross-cut all units 
described above and post-date mineralization. 

The Sofia deposit comprising Sofia Main and Sofia North, lies on a NE trending (015° to 040°) structure 
which is likely a second or third order splay off the main Sabodala-Sofia Shear. At Sofia Main, the 
structures are modelled to be inter-connecting listric (20° to 80°) thrusts with zones of high strain and 
alteration developed in the FW. To the north of Sofia Main, the system turns to the NNE with the steep 
west dipping mineralization developed at the eastern contact of the Western Mafics. 



Sabodala-Massawa 
Pre-feasibility Study 
National Instrument 43-101 Technical Report 

5139\16.04\5139-GREP-001_0 S7 

Page 7.26 

August 2020 
Lycopodium 

Sofia is located approximately 10 km to the west of Massawa, along the more than 30 km long 010° 
Sofia-Sabodala Shear Zone which hosts the Sabodala gold deposit 27 km to the north and a series of 
interstitial deposits along the Sabodala Structural Corridor. Gold mineralization has been delineated over 
a four-kilometre strike length and is controlled by both the host lithology and geometry of strong brittle-
ductile structures. The mineralized shear has been differentiated into two zones based on different 
structural trends along the tectono-stratigraphic boundary. At Sofia Main, brittle-ductile structures strike 
040°, whereas at Sofia North mineralized structures strike 010° (Sofia North). 

Sofia Main Zone 

Mineralization at Sofia Main has a strike length of 1.4 km and was developed within a compressive system 
where changes in HW geometry from sub-vertical to steep/moderate west dipping has a structural 
control on the mineralization. Hydrothermal mineralization is localised in areas of relatively low fluid 
pressure associated with fault jogs. Prospective zones of localised extension can also be created within 
thrust zones at bends in the HW ramp (low/moderate to a high angle) (ii) and/or intersections with lower 
angle inter-shear thrusts and splays. 

In the HW adjacent to the mineralized zone, strained tuffs and a re-crystallised and highly altered and 
magnetized rock of ultra-basic origin are spatially associated to the high-grade mineralization. This dyke 
or ‘Fe-stone’ is continuous along strike and is parallel to the ‘hanging wall shear’. At surface, the ‘Fe-
stone’ is a distinctively highly weathered, iron oxidized, and silicified rock that retains its magnetic 
qualities. The eastern contact of these zones can be characterized by proto-mylonitic textures with 
intense silica-sericite alteration. Within these zones, isolated brittle structures develop, fragmenting the 
rock. These are characterised by high sericite-chlorite content and associated silica-carbonate veins that 
can often be traced down dip. These brittle-ductile structures are distinctly developed at the HW contact 
of the mineralized zone where the strain is orientated sub-parallel to the core axis with intrafolial folds 
prominent with increased brecciation associated at the contact with the higher-grade zones. This 
brecciation and associated alteration represents a likely fluid pressure boundary where the maximum 
relative pressure difference (high pressure versus low pressure) is directly related to the tenor of gold 
(extension).  

Mineralization in the Sofia MZ is predominantly hosted in a quartz-diorite intrusive that has been strongly 
altered by albite-silica and overprinted by late silica-carbonate-sericite-pyrite mineralization. The silica-
carbonate bleaching is distinct and can pervasively alter the dark magnetite rich ‘Fe–stones’ directly 
implicated at the HW of the high-grade mineralization. High grade is generally developed within 
stockworks and brecciated zones in the quartz diorite host, with the ductile strained zones characterized 
by high sericite content with lower Au content. The albite-silica phase of alteration is thought to act as a 
ridged body between the bounding structures under high strain with slip along the shear facilitated by a 
high fluid pressure model causing brecciation. Albite-silica sericite alteration developed in the HW (Sofia 
structure 2/SF2) and FW zones (Sofia Structure 1/SF1) can display progressively high strain with sulphides 
up to 5%, however, they do not display the high gold grades associated with the Sofia MZ and are 
generally below 1 g/t Au. 
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The steeply west dipping (65° to 80°) immediate FW geology is commonly composed of a NE (035° to 
045°) strike continuous mafic sequence (gabbro with subordinate basalts and tuffs) that is sub-parallel 
to the main mineralized lode. Discontinuous zones of high-grade mineralization are commonly hosted 
in silica albite chlorite veins where the strain transfers and continues into the FW of the system. 

The mineralogy is dominated by pyrite with trace Cu-sulphides. Gold is predominately free milling, 
associated with pyrite and silicate gangue. Gold grain compositions consist on average of 93% Au with 
7% Ag. 

In the south of the Sofia Main, a lode of high grade (above 3 g/t Au) mineralization, referred to as the 
Footwall Zone (FWZ) is developed in the FW gabbro, immediately east of the bounding FW shear of the 
Sofia MZ. Over 300 m in strike, the mineralization is modelled to be related to lower angle splays off the 
steeper FW shear. From the south, the splays open out to the east with a higher tenor of gold where the 
structures close at the angle of the FW shear down dip. Along strike to the north, these secondary 
structures begin to merge with the FW shear, again increasing the tenor of gold. This suggests that there 
is strong structural control on the mineralization in the south, with strain and grade increasing at 
structural intersection. 

Two styles of mineralization are evident: 

1. Silica-albite-chlorite-pyrite alteration commonly forms at the sheared western margin of the FW
gabbro. The silica-albite alteration is less intense than the Sofia MZ, whereas chlorite is more
abundant. The alteration typically displays a banded appearance and is not completely textually
destructive.

2. Silica-carbonate ± albite veining. It is characterised by typically weakly foliated rocks with high-
grade intercepts associated with localized higher strain zones. The wallrocks appear to display
chlorite-magnetite alteration typically developed within fine-grained contact of the gabbro. This
mineralization style tends to occur at the intersection between the FW shear and the secondary
lower angle splay.

The structural model prescribes the fault linkage and shear geometry in the HW as the likely primary 
structural control of the mineralization. This suggests that the mineralization can develop where these 
high strain jogs occur with relative low fluid pressures (extension) facilitating fluid influx and slip along 
the shear associated with brittle deformation. In addition, the interaction of the intra-shear faults in the 
HW are likely implicated. Fluid interactions with rock within the FW gabbro and the ‘Fe-stone’ may localise 
mineralization at the contact. The lithological variations also may have a rheological control. 
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Sofia North Zone 

Sofia North has a strike length of 2.3 km and consists of one main NNE trending mineralized structure 
and a discontinuous FW lode. Mineralization is mainly hosted in moderately altered quartz diorites, 
andesitic ash tuffs, and gabbros (western mafics). The northern zone is sub-divided in two mineralization 
styles based on structure (strain/alteration) and vein hosted styles (intensity). The main mineralized 
structure that controls the strain and alteration is developed at the major eastern contact of the Western 
Mafics that turns in strike from 040⁰ to 010⁰ and has been delineated over more than 2 km by 200 m 
spaced trenching and RC drilling. The structure is strike continuous from Sofia Main. The structure is 
steep to west dipping and planar with the western mafic stratigraphy. 

At Sofia North, the diorite is comparatively narrower compared to Sofia Main with elevated grades above 
the redox boundary suggesting a supergene influence. A second, high-grade (>5 g/t Au) but narrow 
mineralized zone is hosted in silica carbonate veins commonly developed within the HW stratigraphy 
lithological contacts (gabbros/lavas), suggesting that the strain has transferred from the FW (Sofia Main) 
to the HW. 

The mineralization is defined by a strong occurrence of fine disseminated pyrite (1%) accompanied by 
strong quartz, albite, and carbonate alteration. Mineralization occurs in quartz-albite altered intermediate 
intrusives as at Sofia Main, with quartz ± magnetite ± chlorite. Vein hosted mineralization in the mafic 
host is spatially associated with chlorite-rich shears with silica carbonate veining. 
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Figure 7.10 Geological Map of Sofia 

Source:  Teranga Gold Corporation, July 2020 
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Delya Deposit 

The lithological sequence is composed of massive and foliated andesite to the west, and an eastern 
sedimentary package consisting of shales, carbonaceous shales, lithic, and feldspar-wacke. These units 
are intruded by a wide gabbro unit. These lithologies have undergone strong ductile deformation, with 
structures trending NE (030° to 040°) and steeply dipping to the east. The main Delya mineralized 
structure is located at the contact between the gabbro and the sedimentary package and is bounded by 
two carbonaceous shale units. 

Three parallel zones of mineralization have been defined at Delya, over a one-kilometre strike length. 
The main zone of mineralization is hosted at the lower margin of the gabbro within highly sheared, 
silicified and sericitized schist. The mineralized zone varies in thickness from 3 m to 10 m (average of 5 
m), contains higher grades (up to 5 g/t Au), and dips to the east at 85°. The other branches are located 
to the west and have an average dip of 84° to the west. Mineralization has been drill tested to a vertical 
depth of 150 m below the surface. 

The mineralization and alteration assemblage consists of sericite-silica-carbonate and chlorite alteration, 
associated with strong disseminated fine arsenopyrite and pyrite. Arsenopyrite is dominant over pyrite 
(similar ratios to the Massawa NZ). Gold is largely refractory in nature and locked up in the crystal lattice 
of arsenopyrite. 
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Figure 7.11 Geological Map of Delya 

Source:  Teranga Gold Corporation, July 2020

Tina Deposit and other Prospects on the Bakan Corridor 

The Tina deposit is located along the Bakan Corridor that groups together a number of anomalous gold 
in soil and rock anomalies (Tiwana, Tizia, Tina, Bakan, and Khosa). Mineralization along this corridor is 
controlled by the over 10 km long Kossanto Shear. This belt parallel structure is reactivated at Tina by a 
north-south belt discordant dextral fault that runs from Sabodala’s Golouma targets to the north down 
to Massawa in the south. The Tina deposit is defined by a 1,500 m long and up to 20 ppb Au NE trending 
soil anomaly. 

The geology of the Tina region comprises NE sequence of felsic and intermediate volcanic rocks 
(andesite, dacites, and rhyodacites), tuff, cherts, and felsic intrusive suites ranging from diorite to 
monzonites. Field structural studies show a dominant NE foliation, discrete NS foliation, and three main 
directions of quartz vein: NE, NS, and ESE.   
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Disseminated pyrite-Au mineralization has so far been intersected in drill core over a 700 m strike length, 
with an average width of 15 m and remains open in all directions and at depth. Two mineralized branches 
have been identified in strongly sheared and altered (silica, sericite, and K-feldspar) felsic intrusive and 
gossanous tuffs:  

1. A main western branch, which is steeply dipping, occurs on several sub-parallel sets (although
two are more continuous), and is hosted by a felsic intrusion.

2. An eastern lower grade mineralized branch, which also forms several narrow sets, dips 75° to the
west, and is related to shear tuffs and gossanous rocks.

Recent interpretation indicated a potential upside towards the south (still open in all directions) and 
within the tuffs, outside the felsic intrusive. The structure continuity coincides in the field with gossanous 
rocks and a strong soil anomaly over at least one kilometre along strike that remains largely untested. 

Bambaraya Deposit 

Bambaraya is located in the NW corner of the Massawa Mining License along the Sabodala Shear 
Corridor, approximately 18 km to the north of Sofia. The NE trending (approximately 032°) shear zone 
marks the brecciated contact between pillowed basalts and massive and foliated andesites. These 
volcanic rocks have been intruded by gabbro, dolerite, and felsic plutonic rocks near the deposit.  

The deposit is distinguished by a 50 m to 150 m wide, 2.2 km long gold in soil anomaly (50 ppb Au). To 
date, bedrock mineralization has been intersected over 900 m. Bambaraya is characterised by Loulo-style 
mineralization, with gold linked to quartz-tourmaline veins. These veins run oblique (010º) to the main 
shear geometry. An updated geological and structural model distinguishes two mineralized bands: a 
thicker western branch with more consistent grades, which dip steeply to the west (approximately 70°); 
and an eastern branch which moderately dips to the east (approximately 60°). The eastern mineralization 
is in a potential dilatational zone where NE structures were dextrally reactivated by two north-south 
structures. Within this corridor, the mineralization is east dipping, whereas it dips towards the west 
outside the reactivated corridor.  

Additional detailed geological mapping along the Bambaraya corridor has proved the continuity of the 
quartz-tourmaline veins towards the south. Subsequently, this work highlighted potential upsides on 
both the eastern and western branches. A strike length of 300 m remains untested along the western 
branch, whereas the updated geological model suggests a possible southern extension of the eastern 
branch over at least 450 m. 

The mineralization assemblages are dominated by pyrite, with gold mineralization located within the 
quartz-tourmaline veins (visible gold) and/or in the alteration selvages around these veins. Alteration 
consists of silica-tourmaline-iron carbonate-sericite. 
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Makana 

The Makana target near the Sabodala-Sofia structure is interpreted to be at the southern margin of the 
ENE striking Makana splay observed in the field and interpreted from geophysics. Situated on a 
topographic high and characterised by high soil anomalism, the target has had little exploration work 
and has been worked extensively over 10 years by artisanal miners.  

Key field observations and remote sensing interpretation identified two key structural trends; ENE 
associated with steep north dipping silica carbonate veining with visible gold and a NE orientation 
modelled to be concordant to the local stratigraphy. Both are modelled to be semi-continuous for more 
than 300 m in places.  Weak mineralization is observed at northwest-dipping geological contacts with 
associated shear-veining as well as an area of weak ductile deformation.  

7.2.4 Sabodala Regional Exploration Permits Overview 

Prospects and deposits located on the Regional Exploration Permits are shown in Figure 7.12. 

Figure 7.12 Sabodala Regional Exploration Prospects and Deposits 

Source:  Teranga Gold Corporation, July 2020 
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7.2.5 Bransan Lot A Permit 

Diadiako Deposit 

The Diadiako deposit occurs in a northwest trending shear zone that is located in a crustal scale shear 
system on a major regional scale geologic contact between basement Kakadian granite-gneiss and Mako 
Supergroup basalts and metavolcanics.  Host rocks to mineralization at Diadiako are well-foliated mafic 
volcanics and basalts. 

Mineralization occurs as auriferous pyrite occurring in quartz veins and breccia systems hosted within 
orange/pink albite-hematite altered metavolcanics.  

Mineralized quartz veins commonly contain laminated and brecciated internal textures, and are generally 
mottled grey in colour.  Vein margins commonly host displacement surfaces that are lineated and 
mantled with dark grey to black cataclastite composed of finely comminuted vein, wallrock, and sulphide 
(pyrite).  Vein quartz is characteristically opaque, suggesting that recrystallization is pervasive and caused 
by ongoing deformation of the vein breccia system or by an overprinting metamorphic event. 

Goumbou Gamba Prospect 

Goumbou Gamba is hosted by a north trending granitic sill that is localized in alternating mafic volcanic 
rocks and highly strained talc-chlorite altered ultramafic rocks.  Areas of high strain locally wrap around 
granite intrusions to the east, forming bends and steps, and locally penetrating into and offsetting 
margins of these intrusions.  Continuations of potentially the same chert-mudstone horizon that occurs 
in the Sabodala pit are present on the Bransan permit, west of the Goumbou Gamba prospect. Mature 
trough cross-bedded quartzite and black shale also outcrop west of the Goumbou Gamba prospect. 
Mineralization occurs as narrow discontinuous quartz veins with disseminated pyrite which dip at 40° to 
85° east. 
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7.2.6 Bransan Lot C Permit 

Marougou Deposit 

The Marougou prospect is located 3 km southwest of the Tourokhoto prospect and also within the broad 
MTZ. The turbiditic sedimentary rocks of the Diale-Dalema Supergroup described above predominantly 
underlie Marougou.  These strata include greywacke, siltstone, and shale units intruded by felsic 
porphyry. Bedding appears to dip moderately to steeply west-northwest.  Argillic alteration is pervasive 
throughout the sequences in the area.  The surface gold anomaly at the Marougou prospect was 
originally defined by termite mound geochemistry. The anomaly was further defined by subsequent 
rotary air blast (RAB) drilling.  Reverse circulation (RC) drilling programs identified a series of north-
northeast trending northwest dipping (25°-45°) auriferous quartz vein lenses with disseminated pyrite 
developed over a 1,200 m strike length down to depths of 170 m below surface.  Recent diamond drilling 
and mechanized trenching indicates that gold mineralization occurs in quartz veins, stringers and 
stockworks developed in medium to coarse-grained immature sandstones. 

Tourokhoto Prospect 

The Tourokhoto prospect is located within the MTZ.  Geology is marked by the transition from the more 
volcanic Mako Group in the west to the more sediment-dominated series of the Diale-Dalema Super 
group to the east. 

At this prospect, the Mako volcanic group is represented by sedimentary formations with major fine 
pelitic sediments locally with some basaltic lava flows.  The centre of the prospect contains a large 
sheared gabbro/gabbro-diorite, surrounded by a black shale series intercalated with basaltic pillow lava 
units which can up to several tens of metres in width. 

The Mako sediment cannot be visually differentiated from the Diale sediments: it is very fine and 
completely deformed.  At surface, fine saprolitic particles covers the soil mixed with erosional products 
of the once covering lateritic plateaus. Shales are visible within the cutting rivers beds and only some late 
doleritic dykes are showing some variation in this very continuous area. 

The centre of the Tourokhoto prospect is characterized by a large gabbro-gabbrodiorite body possibly 
intercalated with black shales and orientated north-northeast paralleling the MTZ trend. The gabbro is 
sub-vertical, sheared, and locally mineralized. Some porphyroblastic dolerite dykes with larger feldspar 
crystals also intrude the sequence. 

To the east of the gabbro, hematitic black shales are encountered, these are highly sheared and locally 
strongly mylonitized and trend N25-35°E.  The many sub-parallel shear zones have a very high hematite 
content that weathers to a highly ferruginous fine-grained unit that in places appears gossanous.  A 
medium size iron-rich hill, partially oxidized into a gossan, crops out in the north of the prospect. 
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This mylonitic zone and sheared corridor are a product of the intense deformation that occurred along 
the MTZ.  These ferruginous sheared sediments can be traced over strike lengths of several kilometres 
from north to south.  The black shale units located between the gabbro body and the pillow lava basalts 
are host to the main area of deformation. 

Basaltic pillow lava flows are intercalated with the black shales.  Generally modest in size, a few metres 
to ten metres wide, they show very well defined pillow structures.  Some gold mineralization is known to 
occur along these more brittle units. 

Eastward, past this intense zone of alteration lie the sediments of the Diale Group.  The Diale Group is 
characterized by medium to fine-grained sediments, varying from pelites and shales to greywacke and 
sandstones. Minor basalt units are present. The first Diale unit encountered is a very fine pelitic unit also 
called Dembala Berola Pelites. This unit form large planes of clayey, white-grey soils that turn to very fine 
dust on the bush tracks during the dry season and extensive mud planes in the wet season. 

From the aeromagnetic images, the MTZ can be interpreted as a major N35°E trending shear, which is 
clearly crosscut by major N70°E fault structures. It appears that the MTZ is compartmentalized into several 
fault-bounded blocks by these later N70°E faults/shears. These later faults/shears are not visible in the 
field in the Tourokhoto Prospect but may contribute as significant structures for mineralization.  Late 
classic N135°E brittles faults are crosscutting the formations.  They are fairly visible in the field, cutting 
through the dolerite dykes and pillow-lava flow units.  The local drainage pattern is influenced by this 
trend. 

Goundameko Prospect 

The turbiditic sedimentary rocks of the Diale-Dalema Supergroup described above underlie the 
Goundameko prospect. It is located on major 070º trending structures but some local north-northeast 
trending structural elements are also visible.  The main surface gold anomaly consists of three sub-
parallel north-northeast trending anomalies about 2.5 km long along strike and approximately two 
kilometres in width.  Trenching has intersected quartz-sulphide stockworks in greywacke, short strike 
length, one to two metres wide quartz veins, and stringer zones of quartz over widths of two to three 
metres.  RC drilling indicates that felsic intrusive units may be present at depth. 

Dembala Hill Prospect 

The Dembala Hill prospect contains gold mineralization associated with a gabbro-diorite intrusion 
occurring within turbiditic sedimentary rocks of the Diale-Dalema Supergroup described above. The 
prospect has been extended to include a 4,000 m long buried intrusive body interpreted from the 
aeromagnetic data set. The intrusion sits along a gold bearing structure that parallels the MTZ. 
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Saiansoutou Prospect 

The Saiansoutou prospect is located on the permit of the same name and is defined by a 2.8 km long 
north-south trending surface gold anomaly defined from analysis of termite mound samples. The 
anomaly is associated with a strong arsenic response and a buried intrusive is indicated by an 
aeromagnetic response.  The turbiditic sedimentary rocks of the Diale-Dalema Supergroup described 
above underlies the prospect. 

7.2.7 Sounkounkou Permit 

Soreto Prospect 

The Soreto prospect is hosted by folded northeast and east-northeast trending sequences of Mako 
volcano-sedimentary schistose turbiditic sandstone, siltstone, greywacke, and mudstone units.  Gabbro, 
granodiorite, felsic porphyries, minor granitic dykes and large quartz-monzodiorite plugs and dykes 
intrude the sedimentary package.  The hosting sediments have also been affected by upper greenschist 
grade metamorphic conditions. 

The gold mineralization which is often visible occurs in smoky and white quartz veins developed in 
sheared and brecciated intrusives and sediments, which have undergone intense albite-sericite alteration 
and micro-fracturing developed over widths of 2 m to 15 m. Visible gold often occurs in the white and 
smoky quartz veins. The quartz veins and gold mineralization appear to be controlled by north and north-
northeast trending structures, dipping both moderately and steeply to the southeast. (50º to 70º). 
Conjugate northwest southeast trending structures with associated gold mineralization have also been 
observed. These structures are interpreted as being related to regional shear and thrust zones. Pyrite and 
trace amounts of chalcopyrite are present in both mineralized and unmineralized samples. Gold 
mineralization also appears to be closely associated with the presence of quartz-feldspar porphyry dykes. 
Surface exposures of the quartz veining and coincident surface geochemical anomalies extend in excess 
of 3,000 m along strike. 

Nienienko Main Prospect 

The Nienienko Main prospect is underlain mainly by andesitic lavas with associated sub-volcanic mafic 
intrusions, inter-layered with variably altered sedimentary horizons of the Mako volcano-sedimentary 
supergroup.  A large granitic intrusion occupies the northwestern portions of the prospect, with several 
gabbroic and doleritic to felsic dykes intruding the sequence.  Lithologies generally trend north-northeast 
to northeast with steep dips, although local variations are apparent. 

Gold mineralization is mainly associated with flat lying and locally folded white and smoky quartz veins 
developed within granodiorite, granite, and andesitic units that are brecciated in places.  The gold 
mineralization has been traced in trench excavations over a distance of 1,200 m and coincides with a 
termite geochemical soil anomaly extending over a 2,500 m strike length.  The mineralization appears to 
be controlled by regional scale north-northeast trending decollement and imbricate thrust systems. 
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Nienienko Regional Prospects 

Detailed geochemical soil sampling programs testing co-incident gold-molybdenum-copper and 
potassium anomalies identified by earlier regional termite mound sampling programs in areas adjacent 
to the Nienienko Main area have identified several separate gold mineralized shear zones which trend 
north-northeast  or west-northwest regional structural trends which commonly host other gold deposits 
in the region.  The shear zones frequently have quartz-carbonate alteration with quartz-carbonate-
tourmaline veining and are sometimes gossanous. 

Cinnamon Prospect 

The Cinnamon group of prospects are underlain by Mako volcanosedimentary units comprised 
predominantly of fine-grained siltstone, shale, and tuffaceous units intruded by felsic and multiple 
gabbroic dykes and sills.  Numerous narrow and discontinuous shear hosted quartz veins were identified 
by soil and termite mound geochemistry, prospecting and trenching.  Gold mineralization has been 
identified locally in both the quartz veining and altered host wall rock units, however, continuity along 
strike has not yet been demonstrated . Additional exploration is warranted on some of the Cinnamon 
prospects, which have not yet received more than a cursory evaluation.  Cinnamon’s geochemical 
anomalous pattern, when included with both Honey and Jam, comprise the Doughnut geochemical and 
structural target within the RLP. 

Honey Prospect 

The Honey group of prospects are underlain by Mako volcanosedimentary units comprised of fine 
grained siltstone, shale, and tuffaceous units intruded by felsic and multiple gabbroic dykes and sills. 
Many of the soil geochemical anomalies at Honey mimic the regional north-northeast structural overprint 
common throughout both the Sabodala Mine License and RLP.  The primary exploration target within 
Honey is associated with a north-northeast trending set of mafic intrusives within coarse and fine grained 
metasedimentary units.  A continuous zone of gold mineralization has been identified by trenching as 
well as RC and DDH drilling over a strike length in excess of 1 km, however, grades and widths of 
mineralization are currently not at economic levels.  Further exploration should be considered for both 
the primary exploration target at Honey as well as undrilled secondary geochemical anomalies with 
positive trench results. 
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Jam Prospect 

The Jam prospect is underlain by Mako volcanosedimentary units comprised of fine grained siltstone, 
shale, and tuffaceous units intruded by felsic and multiple gabbroic dykes and sills.  The primary 
exploration target identified to-date at Jam is comprised of altered and quartz veined metasediments 
adjacent to a silicified and altered felsic sill-like body traceable in trenching for approximately 300 metres 
in lateral extent.  Mineralization continuity to depth could not be demonstrated by early-stage DDH 
evaluation.  Additional geochemical targets should be evaluated by ground truthing and possibly 
trenching.  Gold mineralization at Jam is quite similar in nature to that observed at both Cinnamon and 
Honey which jointly comprise the Doughnut anomaly which is bounded by intersecting NNW and NNE 
structural zones. 

Diabougou Prospect 

The Diabougou prospect is hosted by folded northeast and east-northeast trending sequences of Mako 
volcano-sedimentary schistose turbiditic sandstone, siltstone, greywacke, and mudstone units.  Gabbro, 
granodiorite, felsic porphyries, minor granitic dykes and large quartz-monzodiorite plugs and dykes 
intrude the sedimentary package.  The hosting sediments have also been affected by upper greenschist 
grade metamorphic conditions. Gold mineralization is similar in style to Soreto mineralization. 

KA Prospect 

The KA prospect is hosted by Mako volcanosedimentary units comprised mainly of fine-grained siltstone, 
shale, and tuffaceous units intruded by felsic and gabbroic dykes. Gold mineralization occurs at the 
contact between a quartz-feldspar porphyry intrusive and siltstone-shale unit. The contact zone is often 
brecciated with multiple variably orientated, quartz vein stringers and sulphide box works following 
bedding and fold axial planer cleavages. 

KB Prospect 

The KB prospect is underlain by Mako volcanosedimentary units comprised of fine grained siltstone, 
shale, and tuffaceous units intruded by felsic and multiple gabbroic dykes and sills.  The hosting geology 
displays a series of tight antiformal and synformal folds that suggest a shallow plunge, which coupled 
with the dominantly brittle host gabbroic units, makes the exploration target both small and 
discontinuous.  

KC Prospect 

The KC prospect overlies Mako volcanosedimentary units comprised of fine grained siltstone, shale, and 
tuffaceous units intruded by felsic and gabbroic dykes and sills. Gold mineralization occurs within a north-
northeast trending shear structure with narrow discontinuous quartz veins and brecciated felsic 
intrusives, as well as alluvial gold in transported overburden ranging in thickness from 0.4 m to 0.6 m.  
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KD Prospect 

Mako volcanosedimentary units comprised mainly of fine-grained siltstone, shale, and tuffaceous units 
intruded by felsic and gabbroic dykes and Bouroumbourou granite host the KD prospect.  Gold soil 
anomalies coincide with northeast and northwest trending regional scale structures.  Trenching and 
diamond drilling confirm that the gold mineralization is associated with narrow, discontinuous layer 
parallel quartz veins developed within sheared and sometimes brecciated fine grained, silicified, 
tourmalinized and sometimes hematized sediments.  

7.2.8 Massawa Exploration Permit 

Kaviar and KB Prospects 

The Kaviar and KB prospects are located 1 km to the north and 1.5 km to the northwest of Tinkoto village, 
and are part of a highly prospective assigned orpailleur corridor that has been the subject of extensive 
artisanal mining activity. The in soil Au anomaly is one of the largest on the Massawa property covering 
an area 15 km2. Workings generally comprise large surface panning operations and numerous deep 
shafts. Regional targeting identified potential prospective relationships between modelled regional ENE 
structures and a kilometre scale topographic high that surrounds the Tinkoto granite, thought to be the 
source of the gold anomalism in the area.  

Positive results from field observations and litho sampling (up to 4.64 g/t Au) confirmed the potential for 
significant gold mineralization. All mineralized lithosamples >2g/t Au are associated with exposed areas 
of significant carbonate +/- silica alteration with visible sulphides +/- quartz-carbonate veining. 
Mineralized lithosamples are observed proximal to mapped ENE and NNE structures, intrusive rocks, and 
geological contacts.  

Tiguida 

Tiguida is located on the Sabodala-Sofia structure in the south-western corner of the Massawa 
exploration permit, at the western contact with a felsic intrusion.  Drilling has intersected mineralization 
in intermediate volcanic and intrusive rocks. 
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8.0 DEPOSIT TYPES 

The Sabodala-Massawa Project occurs in the West African (Birimian) Paleoproterozoic metallogenic 
province, which extends from Senegal and Mali through north-eastern Guinea, Ivory Coast, Ghana, 
Burkina Faso, and as far east as Niger (Figure 8.1). 

The region includes several world-class gold deposits such as Loulo and Sadiola in Mali, and Ashanti 
(Obuasi) in Ghana.  The metallogenic district is associated with Paleoproterozoic epigenetic gold deposits 
which occur in 2.25 Ga to 1.90 Ga granite-greenstone belts of the Birimian and Tarkwaian cycles, which 
were deformed and metamorphosed during the Paleoproterozoic Eburnean orogeny adjacent to the 
Archean Sao Luis Craton in Guinea, Sierra Leone, and Liberia.  Despite the abundance of known deposits, 
much of the region remains poorly explored. 

Gold deposits in the West African metallogenic district, including those on the Sabodala-Massawa Project 
and the company's adjacent exploration permits, show many characteristics consistent with their 
classification as orogenic (mesothermal) gold deposits and prospects.  In addition to the deposits in 
western Africa, these include some of the largest gold deposits globally of variable age, such as the 
Archean Hollinger and Red Lake deposits in Canada and Kalgoorlie in Australia. Orogenic gold systems 
are structurally controlled deposits formed during regional deformation (orogenic) events.  The term 
orogenic refers to deposits sharing common origin in metamorphic belts that have undergone regional 
compressional to transpressional deformation (orogenesis), often in response to terrane accretion or 
continent-continent collisional events. 

Orogenic gold deposits exhibit a range of styles dependent on metamorphic grade, setting, fluid type, 
and fluid/confining pressure.  They often include spatially associated quartz shear veins, extension vein 
arrays, shear zone and disseminated sulphide styles.  Greenschist metamorphic grade, vein dominated 
styles such as those developed in the Sabodala district contain quartz-carbonate ± albite ± K-feldspar 
veins with up to 10% (pyrite ± arsenopyrite ± base metals) sulphides and associated Fe-carbonate albite, 
chlorite, scheelite, fuchsite and tourmaline as associated vein and hydrothermal alteration assemblages. 
Vein systems and shear zones are often semi-brittle in style, including both brittle veining styles 
(extension veins and fault hosted brecciated shear veins), which alternate with periods of ductile 
deformation, producing sequences of early folded and younger less strained vein systems during latter 
periods of regional deformation at peak to immediate post-peak metamorphic timing.  Sigmoidal 
extension vein arrays are often present and are typical of the deposit style. This deposit type often also 
has great vertical extent providing potential for discovery of significant down dip and down plunge 
continuations of mineralized zones. 
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Orogenic deposits are typically localized adjacent to major faults (shear zones) in second and third order 
shear zones within volcano-sedimentary (greenstone and sedimentary) belts between granitic domains 
(commonly for Precambrian deposits such as the West African Birimian, Abitibi Greenstone Belt of 
Canada, and Yilgarn region of Western Australia) or in slate belt turbidite sequences (many Phanerozoic 
deposits). Fluid source for these systems remains controversial: they generally involve a dominant 
metamorphic fluid component, consistent with their setting and relative timing, however, in many 
districts, there is evidence for a contributing magmatic fluid inducing early oxide-rich alteration 
assemblages, as is seen at Sabodala-Massawa. 

Figure 8.1 Regional Geology West Africa 

Source:  Teranga Gold Corporation, July 2020
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9.0 EXPLORATION 

9.1 Introduction 

This section describes Teranga’s approach to exploration and results of the programs.  Previous 
exploration activities and results are described in Teranga (2016) and Teranga (2017).  Additional detail 
is provided for the period from January 2016 to December 2019.  Work by previous owners of the 
Massawa property is described in Section 6.  Additional detailed results for the following subsections can 
be found on the Teranga website (www.terangagold.com). 

9.2 Exploration Approach 

A phased approach has been used to explore the exploration permits. 

Phase 1: Target Generation 

The following data types are collected and compiled. 

• Airborne geophysics are interpreted and integrated with field geology (regolith and outcrop
mapping) to identify major prospective structures, lithologies and alteration zones that will
provide a project-scale regolith framework in which the context of any surface geochemistry
can be evaluated.

• Surface geochemistry to delineate gold-bearing corridors and targets.

• RAB drilling and trenching of prospective structures where extensive transported materials
render surface sampling of low effectiveness.

This work also includes geological mapping.  Phase 1 of the exploration process is essentially completed. 
Teranga’s future exploration programs will primarily be focused on Phase 2 and Phase 3 as outlined 
below, although, some aspects of Phase 1 continue as in the case of detailed soil grid coverage and 
trenching activities.  

Phase 2: Prioritization and Ranking 

Based on the compiled data from Phase 1 and the knowledge base of the exploration team, targets are 
prioritized by best chance of hosting economic mineralization that meets the following objectives: 

• To increase Mineral Reserves on the mine license, which entails:

- Measured, Indicated, and Inferred Resource conversion within economic pit limits.
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- Defining mineralized extensions along strike and outlining high-grade zones within
economic pit limits.

- Delineating and expanding underground Mineral Resources.

• Identify heap leachable reserves on the mining licenses and exploration permits:

- Delineating oxide ore in addition to areas already identified within the deposits being
mined or planned to be mined within the next few years.

- Delineating extent of transition zones, defining comminution parameters, and
determining amenability to various leaching processes.

- Selection criteria based on size amenable to mining recovery at a diluted economic
grade.

- Identify and evaluate open-pit satellite deposits within economic transportation
distances of current mining operations:

- Orebody geometry and diluted grades are required to support open pit mining.

- Deposits must have economic potential, leach amenability, and scalability for haul to
the Sabodala mine site.

• Standalone potential and to be exploited as open pit operations:

- Prioritization of targets within prospects with potential to yield in excess of one
million ounces of gold.

- Identification of targets with significant (>100 ppb Au) soil anomalies coinciding with
1st, 2nd and 3rd order shear structures supported by favourable trenching results.

- Flat lying gold mineralized structures similar in style to the Sabodala deposit are given
the highest preference.

Phase 3: Target Evaluation 

• Trenching is carried out in areas of shallow soil cover to map and sample the gold bearing
zones, provide initial third dimension observations of geology and structure, and provide a first
pass evaluation of their potential.
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• RC and diamond drilling are used to systematically test the defined targets towards
understanding mineralization continuity. The diamond drilling has an added benefit of enabling
the development of structural models towards understanding orientation of mineralization.

Where significant mineralization has been identified, systematic RC and diamond drilling is employed to 
ascertain overall dimension and quality of the target area. 

9.3 Exploration Status 

Tables 9.1 to 9.4 summarize the data collected on Sabodala Mining Concession and the RLP to date. 
Work on the property recently acquired from Barrick is summarized in Section 6. 

Table 9.1 Sabodala Mining Concession – Summary of Exploration Sampling 

Permit BLEG Soil Rock Chip 
No. 

Trenches 

Length of 
Trenches 

(m) 

Sabodala - Lot A 51 59,375 6,137 170 20,148 

Sabodala - Lot B 8 3,715 552 11 1,234 

Total 59 63,090 6,689 181 21,382 
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Table 9.2 Sabodala Mining Concession – Summary of Exploration Trenching 

Permit Deposit/Prospect Number Length 
(m) 

Sabodala Lot-A Golouma 28 2,297 

Goumbati East 4 438 

Kerekounda 3 575 

Kinemba 18 1,909 

Kobokoto / Goumbati West 21 2,451 

Koulouqwinde 9 1,628 

Makana 3 393 

Maki Medina 14 2,618 

Masato 29 1,685 

Masato NE 20 3,355 

Niakafiri Main / Dinkokono 5 930 

Saboraya 11 1,135 

Sekoto 2 335 

Torosita 3 400 

Sabodala Lot-B Zone ABC 11 1,234 

Total 181 21,382 

In addition, a total of 116 vertical channels were sampled at Masato as part of the trenching program. 

Table 9.3 Sabodala Regional Land Package – Summary of Exploration Samples 

Permit BLEG Soil Rock Chip 
No. 

Trenches 

Length of 
Trenches 

(m) 

Bransan - Lot A 11 13,583 2,086 0 0 

Bransan - Lot B 1 58 1 0 0 

Bransan - Lot C 69 8,233 2,324 61 8,820 

Sounkounkou 61 18,612 2,525 312 29,093 

Total 142 40,486 6,936 373 37,913 
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Table 9.4 Regional Land Package – Summary of Exploration Trenching 

Permit Prospect Number Length 
(m) 

Bransan - Lot C Cinnamon 9 2,083 

JC Corridor 1 215 

Marougou 45 4,854 

Tourokhoto 6 1,668 

Sounkounkou Cinnamon 4 274 

Diabougou 2 169 

Honey 24 3,596 

Jam 16 1,793 

JC Corridor 6 944 

KA 9 1,023 

KB 10 1,086 

KC 13 1,002 

KD 32 5,306 

Kodadian 6 409 

Leoba 27 3,956 

Nienienko 125 3,480 

Soreto 26 4,304 

Soreto North 5 716 

Souroundou 7 1,035 

Total 373 37,913 

 

Vertical channel sampling was also carried out as part of the trenching program at KA, KC, Nienienko and 
Soreto.   

9.4 January 2016 to December 2019 Exploration 

9.4.1 Sabodala Mining Concession 

Geophysical Surveys  

No geophysical surveys were undertaken during the reporting period. 
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Soil, Termite Mound, Rock Chip and Bulk Leach Extractable Gold Geochemistry 

A total of 3,689 soil samples were collected from a variety of prospects within the Sabodala Mining 
Concession (Table 9.1). Results were contoured and the geochemical anomalies identified will be 
followed up with prospecting, rock chip sampling and trenching.  During this reporting period, 405 rock 
chip samples were taken for analysis, both from within the soil geochemical anomalies and from 
additional prospecting beyond soil anomalies (Table 9.1). Favourable results will be followed-up with 
further detailed prospecting and trenching. In addition, fifty-six Bulk Leach Extractable Gold (BLEG) 
samples were collected from the Mining Concession as part of a broader regional scale BLEG program 
(Table 9.1). Favourable results will be followed-up with detailed evaluation activities. 

Trenching and Geological Mapping 

As surficial exposures are quite limited throughout much of the Mining Concession, Teranga utilizes 
mechanized trenching as a method of extracting both geological and structural information prior to 
drilling programs.  Trenches are designed to cross regional and local structural trends that display any, 
or a combination of, soil, termite mound and rock chip geochemical anomalies.  Trenches are mapped in 
detail and sampled at the base of each trench using a standard one metre sample interval.  Seventy-three 
trenches covering 8,868 m of exposure were excavated, mapped, and sampled (Tables 9.1 and 9.2). 
Favourable results will be followed-up with additional trenching and drilling. 

Table 9.5 Sabodala Mining Concession – Sample Summary 

Permit BLEG Soil Rock Chip 
No. 

Trenches 
Length of 

Trenches (m) 

Sabodala - Lot A 48 46 362 85 10,478 

Sabodala - Lot B 8 2,118 43 10 1,127 

Total 56 2,164 405 95 11,605 
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Table 9.6 Sabodala Mining Concession – Summary of Exploration Trenching 

Permit Deposit/Prospect Number 
Length 

(m) 

Sabodala - Lot A 

Golouma 2016 17 1884.1 

Goumbati East 2016 4 438 

Kerekounda 2016 3 575 

Kinemba 2016 4 245 

Kobokoto / Goumbati West 2016 35 4,234 

Koulouqwinde 2016 7 1438 

Niakafiri East 2016 1 143 

Saboraya 2016 9 883.3 

Koulouqwinde 2017 2 191 

Niakafiri East 2017 3 447 

Sabodala - Lot B Zone ABC 2016 7 904 

Sabodala - Lot B Zone ABC 2017 3 223 

 

9.4.2 Regional Land Package (RLP) 

Geophysical Surveys  

No geophysical surveys were undertaken during the reporting period. 

Soil, Termite Mound, Rock Chip and BLEG Geochemistry 

In total, 12,783 soil samples were collected from a variety of exploration targets and prospects 
throughout the RLP (Table 9.3). Results were contoured and the geochemical anomalies identified will be 
followed-up with prospecting, rock chip sampling and trenching.  During this reporting period, 318 rock 
chip samples were collected for analysis, both from within the soil geochemical anomalies and from 
additional prospecting beyond soil anomalies (Table 9.3). Favourable results will be followed-up with 
further detailed prospecting and trenching. No termite mound samples were collected during this 
reporting period, however, 138 BLEG samples were collected from across the entire exploration land 
package comprising the RLP (Table 9.3). Favourable results will be followed-up with detailed evaluation 
activities. 
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Trenching and Geological Mapping 

As surficial exposures are quite limited throughout much of the area comprising the RLP, Teranga utilizes 
mechanized trenching as a method of extracting both geological and structural information prior to 
drilling programs.  Trenches are designed to cross regional and local structural trends that display any, 
or a combination of soil, termite mound and rock chip anomalies.  Once trenches are excavated, they are 
mapped in detail and sampled at the base of each trench using a standard one-metre sample interval. 
During this reporting period, 164 trenches covering 22,748 m of exposure were excavated, mapped and, 
sampled (Table 9.3 and Table 9.4).  Favourable results will be followed-up with additional trenching and 
drilling.  

Table 9.7 Regional Land Package – Sample Summary 

Permit 
No. 

BLEG 
No. Soil 

No. Rock 
Chips 

No. 
Trenches 

Length of 
Trenches 

(m) 

Bransan - Lot A 10 6,103 0 0 0 

Bransan - Lot B 1 0 1 0 0 

Bransan - Lot C 62 467 163 61 8,819 

Sounkounkou 65 6,213 154 103 13,929 

Total 138 12,783 318 164 22,748 
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Table 9.8 Regional Land Package – Summary of Exploration Trenching 

Permit Prospect/Year Number 
Length 

(m) 

Bransan - Lot C 

Cinnamon 2016 9 2,083 

JC Corridor 2016 1 215 

Marougou 2016 25 2,777 

Tourokhoto 2016 6 1,668 

Marougou 2017 20 2,076 

Sounkounkou 

Cinnamon 2016 4 274 

Honey 2016 12 2,711 

Jam 2016 10 1,326 

JC Corridor 2016 4 892 

KA 2016 5 505 

KB 2016 10 1,096 

KD 2016 6 891 

Kodadian 2016 3 276 

Leoba 2016 19 3,021 

Nienienko 2016 1 140 

Soreto 2016 4 568 

Soreto North 2016 5 816 

Honey 2017 12 884 

Jam 2017 6 467 

JC Corridor 2017 2 62 

9.5 Exploration Potential 

The Sabodala-Massawa Project hosts a significant, yet underexplored, regional-scale gold system, and 
there is excellent potential to increase the Mineral Resources where existing mineralization, identified 
prospects, and targets are open along strike and at depth along the two major regional structures, 
corresponding structural corridors and the vast area between the two major regional structures. 

The Sabodala-Massawa Project is comprised of two mining licenses totalling approximately 611 km2, and 
a combined regional exploration land package of approximately 915 km2, located within the highly 
prospective Mako Supergroup. 
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Established deposits are located on the first-order structures: the Sabodala and Sofia deposits are located 
on the Sabodala-Sofia structure (SSZ), and the Massawa and Delya deposits are located on the MTZ. 
Approximately 38 km of the SSZ and 40 km of the MTZ are located on the Property. 

In addition, the structural corridors between and adjacent to the two regional structures have good 
potential to host additional mineralization where early stage exploration programs have returned 
favourable results in numerous prospects and targets in adjacent parallel, and second and third order 
structural zones. These structural zones consist of northwest trending linking structures between major 
shear zones as well as structures wrapping around major intrusions, all of which form prospective sites 
for gold deposit formation. 

Datasets available to assist with target generation include: exploration drilling, regional soils, rock-chip 
samples, EM, radiometrics, aeromagnetics and local IP.  Outside the deposits hosting the currently 
defined Mineral Resources reported herein, more than 70 prospects have been identified and drill tested 
with almost 2,000 holes (RC or DD), and 10,000 RAB holes.  Teranga uses a phased approach to the 
property wide exploration program.  A review of the existing data, evaluation of results, and prioritizing 
drill targets is underway.   

A $10M drilling program commenced in March 2020 at Sofia, Massawa CZ and NZ to upgrade and 
increase Mineral Resources, both along strike and at depth. Additional drilling is planned at the high 
priority satellite deposits and prospects, Tina, Delya and Samina, to further define and increase Mineral 
Resources. 
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10.0 DRILLING 

10.1 Summary 

Exploration drilling at the Property has been a combination of diamond drill core (DDH), reverse 
circulation (RC), RC with DDH tails, and rotary air blast (RAB).  Totals of 2,900 DDH holes for 541,713 m, 
7,241 RC holes for 760,771 m, 948 RC-DDH holes for 271,524 m and 15,941 RAB holes for 337,404 m 
have been drilled on the Sabodala-Massawa Project permits.  The majority of drilling on the Sabodala 
permits (Figure 10.1) was undertaken by Teranga and predecessors whereas the majority of drilling on 
the Massawa permits (Figure 10.2) was undertaken by Barrick/Randgold. Some previous exploration and 
drilling was conducted on the larger historic Massawa exploration permits, located outside the current 
Mining Concession and exploration permit. These holes were not included in the summary of drilling on 
the current Massawa Mining License (Table 10.1). 

Figure 10.1 Drilling on the Sabodala Mining License and Exploration Permits 

Source:  Teranga Gold Corporation, July 2020 



Sabodala-Massawa 
Pre-feasibility Study 
National Instrument 43-101 Technical Report 

5139\16.04\5139-GREP-001_0 S10 

Page 10.2 

August 2020 
Lycopodium 

Figure 10.2 Drilling on the Massawa Mining License and Exploration Permits 

Source:  Teranga Gold Corporation, July 2020 

10.1 Drilling Methods - Teranga 

Teranga has established and followed standard operating procedures for RAB, RC, and DDH.  Teranga 
follows a similar sampling method and approach for the Sabodala Mining Concession and RLP as 
previously outlined in AMC (2014).  The following sub-sections have been largely taken from that report. 

Drill hole collars are surveyed using a theodolite or Topcon differential GPS based on survey points 
triangulated from established monuments.  All holes are downhole surveyed using a Reflex Easy-Shot 
single shot tool.  The target of the hole dictates frequency of measurement.  Holes drilled on a 
predetermined grid are surveyed at 30 m intervals after the hole is completed.  Holes targeted specifically 
at a certain geologic feature are downhole surveyed as the hole progresses.  Ezy-Mark or ACE Tool is 
used for oriented core. To provide adequate coverage, orientation marks are inserted every three metres 
down the hole. 
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The geologist logs wet diamond drill core and RC chips following a consistent coding system for 
lithology, alteration, mineralization, and base of oxidation. Core logging also includes structural geology, 
geotechnical features including core recovery, rock quality designation (RQD), fracture frequency and 
infill, and hardness. The recovery for diamond drill core averages 95% for fresh rock and approximately 
80% to 90% for oxide. RC recovery averages approximately 85%. 

10.1.1 Reverse Circulation Drilling 

RC drilling is used for shallow exploration drill holes (<250 m) and pre-collars of deeper diamond tailed 
drill holes, where water inflow at depth makes RC drilling inefficient. RC cuttings are collected through a 
cyclone into a collector bag. The cuttings are sampled on one-metre intervals for each metre drilled. The 
one-metre interval cuttings are passed through a three-tier, one-eighth splitter resulting in an 
approximate 2.0 kg to 2.5 kg subsample. A geologist or geological technician is at the drill rig at all times 
it is in operation. 

All RC drill contractors have been requested to allow for sufficient air and appropriate technique to ensure 
dry samples are delivered > 95% of the time.  In the instances where some water ingress is unavoidable, 
damp or wet samples are dried prior to being split; clods are not force-fed through the riffles.  Plastic 
sample bags and calico collection bags are labelled with a permanent ink marker.  As a general policy, 
bulk RC bags are to be emptied and removed only on receipt of the assay results.  For resource drilling, 
mineralized intervals and three to five metres immediately adjacent on both sides, are retained either as 
laboratory rejects or by resampling the original bulk RC bags. 

The cyclone is cleaned regularly. To ensure compatibility, the drill log and sample book are regularly 
checked against the hole depth as drilling proceeds.  The drill log has a column for sample return quality 
that is noted as either “good”, or “poor”. 

A sample of the chips for the interval is stored in a plastic chip tray and received by the logging geologist. 
Sections are manually drawn in the field as the drilling progresses. 

10.1.2 Diamond Drilling 

All diamond drill holes are collared and drilled using HQ (63.5 mm dia.) or NQ (47.6 mm dia.) sized 
equipment. 

When larger diameter holes were required for geotechnical studies, PQ sized holes were drilled. Drill 
holes are typically drilled approximately perpendicular to the target mineralization from the hanging wall 
to or into the footwall.  A geologist is at attendance at the rig when it is in operation during day shift.   



Sabodala-Massawa 
Pre-feasibility Study 
National Instrument 43-101 Technical Report 

5139\16.04\5139-GREP-001_0 S10 

Page 10.4 

August 2020 
Lycopodium 

Core measurement blocks are inserted by the driller into the core boxes and the block position marked 
in the box in case of core movement during transport to the core logging facility.  Core orientation marks 
are rotated to the bottom of the core.  The core pieces are aligned in the core trays and the orientation 
line propagated along the length of the core.  A geologist respecting lithological and mineralization 
contacts marks the core for sampling. Sampling is mostly done in one-metre intervals, except on rare 
occasions where geological variations are examined in more detail. 

All drill core is photographed before it is sampled or disturbed during logging. For geotechnical 
purposes, core photographs are taken dry, as soon as possible after recovery to minimize the effects of 
breakage during handling or decomposition from exposure to air and water. The core is re-photographed 
wet for easier recognition of colours, geological features, and textures. Each core tray is photographed 
with a name board listing project location, drill hole number, tray number, start and end depths of tray, 
date and colour bar. 

The core is sawn in half lengthwise with a diamond saw, then sampled, bagged, and tagged. 

On resource drilling programs, bulk density determinations are carried out for both mineralized and 
barren host rocks, as well as on samples of the various weathering profiles. A 20 cm to 30 cm sample is 
taken from each five-metre interval of the split core.  Bulk density determinations are measured in-house 
using the immersion in water method.  Porous oxide samples were sealed with paraffin wax prior to 
taking measurements. 

10.1.3 Rotary Air Blast Drilling 

The RAB drill is used for reconnaissance exploration drilling and sterilization programs. RAB holes are 
typically drilled to blade refusal, which in most cases coincides with the top of the unoxidized bedrock. 
The maximum, practical drill depth for most rigs is around 60 m to 80 m where the oxidation and 
overburden profile is very well developed.  Holes are angled 60º to 70º degrees to surface. Collar surveys 
are picked up using hand held GPS units.  No downhole surveys are performed. 

Cuttings are recovered via a cyclone that is attached by a drill pipe to the top of the sealed hole collar. 
Unlike RC cuttings, the cuttings from a RAB hole are exposed to the wall rock as they ascend to the collar 
of the hole for collection. 

Samples submitted for analysis are a composite of two individual one-metre samples. The 1 m sample is 
taken via a pipe inserted into the cuttings pile in two passes, forming a cross pattern. The composite 
weighs approximately 2.5 kg.  The RAB cuttings are left in one metre piles on the ground near the hole 
collar.  The subsample composite is collected in a clear plastic bag, the top folded twice and stapled over 
the fold with a paper sample-number tag inserted in the fold. 
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10.1.4 Data Management 

The drilling and surface geochemical geological database is centralized, and held in an SQL database 
that resides on the Sabodala exploration server. In 2017, the Teranga exploration group implemented 
DataShed, an interface application used to manage data of the various exploration surface and drilling 
programs stored in SQL databases. This software is managed by Maxwell Geosciences Pty. Ltd., Australia. 

Geologists enter drill hole logging data into a standardized excel template on laptops either at the rig or 
in the core yard.  The database group transfers the digital field logs into the SQL database through 
DataShed after validation. Database access is restricted as much as possible to maintain accuracy.  A 
dedicated Database Manager supervises the database and data entry. MapInfo or Vulcan is used for on-
site data validation by the responsible geologist and for geological interpretation. 

Assays from all laboratories are received in digital format via e-mail and are automatically loaded into 
the database upon simple QA/QC data plotting and checking.  The downhole surveys, driller sheets, and 
safety forms are stored in an organized fashion within the same data room.  Electronic files are kept 
under the control of the Database Manager. 

10.2 Drilling Methods Barrick/Randgold 

Barrick / Randgold used industry standard procedures for RC and DDH drilling.  Drill holes were planned 
at a 50⁰ to 60⁰ dip angle to intersect the mineralization perpendicular to the main body of mineralization. 
A few early drill holes were orientated to follow the main azimuth of the mineralization trend to test the 
continuity of the mineralization. 

Drill holes were surveyed using a DGPS in the UTM Zone 28N datum WGS84 coordinate system. Prior to 
2016, downhole orientations were measured with Reflex EZ-TRAC or a Reflex conventional GYRO.  Since 
2016, all holes were surveyed with a Reflex EZ-GYRO multi shot system every 30 m down hole during 
drilling and then re-surveyed every 10 m down hole upon completion of the hole. 

10.2.1 Reverse Circulation Drilling 

RC drilling was used at Massawa for both grade-controlled spaced drilling and exploration/resource 
development. All RC drilling was conducted by Boart Longyear, Foraco, IDC, and FTE using 5.5 in./140 
mm diameter equipment.  The RC drill rods are 6 m in length. 

A 6 m PVC casing was used to collar the hole to help prevent drill hole collapse and sample 
contamination. Once the drill hole had been collared, the drill geologist ensured that the drill hole was 
cleaned to remove any material that may have ingressed during collaring before drilling was resumed. 
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If the drill hole intersected the water table, an auxiliary booster was utilised to ensure that the samples 
were dry. After each rod change, air was blown down the hole prior to recommencing drilling. If the 
samples were consistently wet over more than 3 m of drilling within the fresh rock and the driller was 
unable to increase the air pressure to dry the samples, then the drill hole was terminated and the samples 
were not analysed.  

In soft saprolite or transition material, the cyclone splitter was removed and the entire one metre 
(approximate weight of 25 kg) sample was collected in the dropbox and inspected by the geologist on 
site to ensure that it was dry. The dropbox was cleaned at the end of each drill string. The entire one-
metre sample within the dropbox was transferred to the splitter. 

If the sample was moist or damp, the bulk sample was weighed and recorded as a ‘wet sample weight’. 
The moist or damp samples were transported to the sampling area and dried. Once dry the sample was 
re-weighed and the dry weight recorded in addition to the previously recorded wet weight.  

Prior to Q1 2018, the dry soft saprolite or transitional sample was poured evenly through the conventional 
3:1 riffle splitter twice to obtain a minimum of 2 kg sample (up to a maximum acceptable sample weight 
of 3 kg). If the sample was underweight (below 2 kg), additional material was added by passing the total 
rejects back into the splitter until the desired sample weight was collected. The riffle splitter was cleaned 
with compressed air hose after every single use.  In hard transitional or fresh rock drilling, the on-board 
cyclone and rotary splitter was used to collect a 2 kg sample and a reject sample in separate bags. The 
cyclone splitter was cleaned with a high-pressure air hose after every two drill rods or whenever material 
is observed to be sticking to the internal walls.  If the RC samples were not entirely dry, the cyclone and 
rotary splitter were disengaged and the dropbox method used instead. 

Since Q1 2018, the samples were taken directly from the dropbox and a 12.5 kg split sample was 
produced from the initial 25 kg RC sample through the primary Gilson splitter. This 12.5 kg samples were 
then passed through the Gilson splitter again (except for CZ where a secondary Gilson splitter was used 
due to the higher nuggety nature of the mineralization) to produce a 3 kg to 4 kg sample which was 
submitted for analysis. If a duplicate field sample was required, this process was then repeated with the 
reject material. 

After splitting the sample, both the primary sample and rejects were weighed and recorded. A small 
amount of material was taken from the sample rejects and placed in a slotted plastic rock chip sample 
tray, which were pre-labelled with the drill hole ID and sequence numbered drill hole intervals in each 
sample slot. RC sample recovery was measured by weighing the total weight of sample collected over 
one-metre sample and comparing this to the theoretical expected weight for the lithological unit and 
weathering type. 

Once the primary samples were taken, the remaining reject sample was riffle split to create a 3 kg sample 
for long term sample storage for any potential future analysis, and the remainder was discarded. 
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The RC samples are believed to be representative of mineralization present on the property. The quality 
of RC drilling is considered to be of industry accepted standard, with average sample recoveries of 92% 
in the saprolite, 94% in the transition, and 96% in the fresh material. 

10.2.2 Diamond Drilling 

Diamond drilling was conducted by Boart Longyear, Canada. DD was used at Massawa for exploration 
and resource development. PQ rods (85.0 mm diameter) and HQ rods (63.3 mm diameter) were used in 
the weathered saprolite (oxides) with NQ (47.6 mm diameter) in fresh rock. The quality of DD is 
considered to be of industry accepted standard with average core recoveries of 84% in the saprolite, 94% 
in the transition, and >96% in the fresh material. 

After the completion of each drilling run, the drill core was removed from the drill rod and placed in an 
angle iron rack to mark up an orientation line with red chinagraph pencil or crayon from the data received 
from a Reflex ACT II Core Orientation Tool (ACT). The apex of the structure is marked on the core in a 
blue chinagraph pencil or crayon by the core technician.  If the orientation and apex lines are overlapping, 
then the apex line is offset by 5 mm. 

Drill core was transferred to the core trays and a plastic down hole depth marker was placed at the 
beginning and end of each core run. All areas of core loss were identified, and the core was marked up 
for core recovery.  The core was then transferred to the core yard facility by staff for logging and sampling. 

10.2.3 Other Drilling Methods 

RAB and Air Core drilling has previously been used at Massawa for exploration and sterilisation purposes, 
however, neither is used for resource estimation purposes. 

10.2.4 Data Management 

From 2017 to 2019, all drill holes were logged digitally into Maxwell LogChief software on rugged logging 
tablets.  Prior to this, the logging was completed on paper logs which were transcribed into the database 
at a later time. For each drill hole, lithology, visible mineralization, vein intensity, alteration, oxidation, 
and depth of water table are logged as a minimum. All structural data including alpha and beta angles 
are also logged and recorded. 

10.3 Sabodala Mining Concession 

Teranga and its predecessors have drilled 9,861 diamond, RC, and RAB drill holes totalling 1,087,748 m 
on the Sabodala Mining Concession, as summarized in Table 10.1.  Plan maps of the main deposits 
located on the Sabodala Mining Concession are presented in Figure 10.1 to Figure 10.6.  Results from 
the RAB drilling were not used to estimate Mineral Resources. 
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Table 10.1 Summary of Drilling within the Sabodala Mining Concession 

RC RC/DD DDH RAB Total 

Deposit/Prospect (No.) (m) (No.) (m) (No.) (m) (No.) (m) (No.) (m) 

Ayoubs 66 10,260 78 31,736 45 10,635 40 1,668 229 54,300 

Bambaraya 1 70 0 0 0 0 54 1,572 55 1,642 

Bambarayandi 3 107 0 0 4 623 127 3,079 134 3,809 

Bransan 2 65 0 0 0 0 13 468 15 533 

Dantoumangoto 0 0 0 0 0 0 183 863 183 863 

Dendifa 0 0 0 0 2 126 0 0 2 126 

Diegoun West 0 0 0 0 0 0 98 1,619 98 1,619 

Faloumbo Mylonite 55 9,080 8 2,516 3 1,092 189 6,232 255 18,920 

Golouma 235 38,905 13 4,897 451 103,652 249 4,797 948 152,251 

Gora 229 33,591 164 31,810 37 3,949 413 8,682 843 78,032 

Goumbati East 0 0 0 0 13 1,149 0 0 13 1,149 

Kerekounda 107 18,823 0 0 99 25,671 103 1,539 309 46,033 

Kinemba 21 3,507 0 0 8 1,536 76 2,843 105 7,886 

Kinemba West 5 685 0 0 0 0 34 1,011 39 1,696 

Kobokoto/Goumbati West 174 12,761 5 571 218 22,285 266 8,782 663 44,399 

Kobokoto West 5 461 0 0 18 1,927 18 757 41 3,145 

Korolo 21 1,254 0 0 10 233 0 0 31 1,487 

Koulouqwinde 36 5,150 0 0 83 16,246 81 2,465 200 23,860 

Kourouloulou 52 7,482 13 3,767 109 17,757 134 3,023 308 32,029 

Kouroundi 0 0 0 0 22 2,823 26 285 48 3,108 

Koutouniokollo 9 1,255 0 0 29 4,548 4 129 42 5,932 

Makana 4 623 0 0 0 0 0 0 4 623 

Maki Medina 88 10,232 0 0 81 11,240 58 2,380 227 23,852 

Maleko 10 251 0 0 29 1,574 82 1,901 121 3,726 

Mamacono 4 197 0 0 0 0 82 2,833 86 3,030 

Mamasato 9 1,633 0 0 53 8,959 0 0 62 10,592 

Masato 423 63,503 61 30,239 254 56,571 290 2,862 1,028 153,175 

Masato NE 0 0 0 0 25 4,238 0 0 25 4,238 

Niakafiri Main/Dinkonkono 202 20,694 78 17,351 200 30,957 439 14,345 919 83,347 

Niakafiri West 106 12,682 5 1,933 92 11,632 76 2,437 279 28,684 

Pit South East 23 4,260 1 204 31 3,716 0 0 55 8,181 

Sabodala North 10 2,086 0 0 6 1,539 0 0 16 3,625 
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Sabodala NW Sterilization 137 12,644 10 3,428 15 478 12 504 174 17,054 

Sabodala Pit 411 38,534 460 130,437 97 24,965 0 0 968 193,936 

Saboraya 13 2,249 0 0 5 1,486 69 1,199 87 4,934 

Sambaya Hill 31 4,596 4 2,871 4 656 0 0 39 8,123 

Sekoto 14 1,761 0 0 12 1,303 0 0 26 3,064 

Soukhoto 64 6,517 3 586 16 1,849 168 6,144 251 15,096 

Sutuba 219 19,328 40 7,614 32 4,192 3 103 294 31,237 

Torosita 7 842 0 0 8 798 41 1,060 56 2,700 

Zone ABC 0 0 0 0 0 0 583 5,714 583 5,714 

Total 2,796 346,088 943 269,959 2,111 380,405 4,011 91,296 9,861 1,087,748 
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Figure 10.3 Drill Hole Plan Map at Sabodala Deposit 

Source:  Teranga Gold Corporation, July 2020 
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Figure 10.4 Drill Hole Map at Niakafiri East and Niakafiri West Deposits 

Source:  Teranga Gold Corporation, July 2020 
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Figure 10.5 Drill Hole Map at Masato Deposit 

Source:  Teranga Gold Corporation, July 2020 
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Figure 10.6 Drill Hole Map at Golouma Deposit 

Source:  Teranga Gold Corporation, July 2020 
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Figure 10.7 Drill Hole Plan Map at Maki Medina Deposit 

Source:  Teranga Gold Corporation, July 2020  
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Figure 10.8 Drill Hole Map at Goumbati West – Kobokoto Deposit 

Source:  Teranga Gold Corporation, July 2020  



Sabodala-Massawa 
Pre-feasibility Study 
National Instrument 43-101 Technical Report 

5139\16.04\5139-GREP-001_0 S10 

Page 10.16 

August 2020 
Lycopodium 

10.3.1 January 2016 to December 2019 

From January 2016 to December 2019, Teranga completed 897 DDH, RC, and RAB holes for a total of 
59,415 m on the Sabodala Mining Concession (Table 10.2).  Drilling prior to January 2016 is described in 
Teranga 2017, RPA 2016, and AMC 2014. 

Drilling during this period focused on the Niakafiri deposits: Niakafiri East (consisting of Niakafiri Main, 
Dinkokono, and Niakafiri Southeast) and Niakafiri West (consisting of Niakafiri West and Niakafiri 
Southwest) deposits; and the Goumbati West – Kobokoto (GKK) deposit.  Step-out and infill diamond 
drilling was undertaken to further delineate and confirm resources, as well as attain better structural 
information for each deposit.   

Additional diamond drilling was conducted at Golouma North to enable initial resource estimation and 
Maleko to test mineralization extents at this previously undrilled prospect.   

A RAB sterilization program was conducted over the planned dumps and lay down footprint areas at 
Golouma West and Golouma South.  A separate RAB exploration evaluation program was utilized at 
Goumbati West (Zone C), Niakafiri, and Bambarayandi prospects.  

Table 10.2 Summary of Drilling within the Sabodala Mining Concession – January 2016 to 
December 2019 

Deposit No. of RC RC_DD DDH RAB Total 

Holes (m) (m) (m) (m) (m) 

Bambarayandi 38 1,069 1,069 

Dendifa 2 126 126 

Golouma 47 5,019 142 5,161 

Goumbati East 10 900 900 

Kobokoto / Goumbati West 483 2,778 571 17,357 6,264 26,970 

Kobokoto West 3 105 105 

Koulouqwinde 30 608 608 

Maki Medina 24 507 300 807 

Maleko 8 1,200 1,200 

Niakafiri Main/Dinkonkono 124 995 11,554 442 12,991 

Niakafiri West 99 342 7,861 651 8,854 

Soukhoto 1 40 40 

Torosita 28 585 585 

Total 897 3,732 1,566 44,016 10,101 59,415 
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Niakafiri Deposits 

To enable the resource estimation update for the various components comprising the Niakafiri deposits, 
a comprehensive diamond core-drilling program was undertaken.  Drilling was undertaken throughout 
the reporting period.  In excess of 19,000 m of core was drilled.  The deposit remain open in several 
directions and future additional drilling is planned. 

Goumbati West – Kobokoto (GKK) Deposit 

Additional step-out and infill drilling was undertaken at Goumbati West to enable a resource estimation 
update.  Mineralization intersected by drilling at the current northern extent of the Goumbati West 
deposit appears to either, link directly with the Kobokoto South mineralization or, come extremely close 
to the southern extent of that previously defined mineralization. As such, the two deposits are now 
combined into the GKK deposit. 

In excess of 17,000 m of core was drilled at Goumbati West.  Drilling in 2019 at the GKK deposit was 
targeted to further delineate and expand on the resource as well as explore for both north and south 
mineralized extensions. 

Maki Medina Deposit 

In 2019, a sterilization drilling program was completed at the Maki Medina deposit comprising 507 m of 
RC drilling in 14 holes. 

Golouma North Prospect 

In excess of 5,000 m of core drilling was undertaken at the Golouma North prospect that lies in close 
proximity to both the Golouma South and Kerekounda open pit operations.  Early drilling results were of 
interest, however, follow-up drilling suggests that the zone of mineralization is limited in size.  This 
prospect may be revisited for further evaluation in the future. 

Maleko Prospect 

Eight core holes totalling 1,200 m were completed at Maleko during this reporting period. Drilling was 
targeting a number of gold-in-soil and trench results and was not designed for resource estimation.  The 
initial drilling results were successful in identifying mineralization warranting a follow-up drilling 
evaluation program in the future.   

Goumbati East Prospect 

Ten core holes totalling 900 m were drilled at Goumbati East during the reporting period.  The results of 
these holes failed to outline a continuous mineralized zone of sufficient size and grade to warrant further 
evaluation at this time, nor to undertake any resource estimations. 
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10.4 Massawa Mining License and Exploration Permit 

Prior to Teranga’s acquisition of the Massawa properties, Barrick and Randgold had drilled 6,512 
diamond, RC, and RAB drill holes totalling 545,643 m (Table 10.3) within the current property boundary.  
Plan maps of the main deposits on the Massawa property are presented in Figure 10.10 to Figure 10.13.  
As of December 31, 2019, Teranga had not performed additional drilling. 
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Table 10.3 Summary of Drilling on the Massawa Mining License 

RC DD RAB Total 

Prospect (No.) (m) (No.) (m) (No.) (m) (No.) (m) 

Bakan 8 692 0 0 0 0 8 692 

Bambaraya 7 588 9 1,766 0 0 16 2,354 

Delya_Central 122 10,642 21 2,205 18 434 161 13,281 

Delya_North 0 0 0 0 17 384 17 384 

Delya_South 44 4,359 1 246 52 1,887 97 6,492 

Filina 0 0 0 0 14 579 14 579 

Galama 0 0 0 0 57 1,652 57 1,652 

Kaba 0 0 7 1,143 95 3,301 102 4,444 

Kaliana 0 0 0 0 18 683 18 683 

Kaviar 0 0 0 0 16 464 16 464 

Kawsara 43 3,619 9 1,458 217 4,185 269 9,262 

Kaya 0 0 0 0 12 434 12 434 

Kb 187 17,628 19 3,130 288 5,518 494 26,276 

Ke 0 0 0 0 35 787 35 787 

Khoudia 1 42 3 45 0 0 4 87 

Kiesta 0 0 0 0 19 765 19 765 

Lima 8 837 0 0 21 626 29 1,463 

Makana 76 5,104 3 764 0 0 79 5,868 

Makana_East 0 0 0 0 41 1,436 41 1,436 

Manja 0 0 0 0 88 3,452 88 3,452 

Mariama 1 132 0 0 0 0 1 132 

Massawa_Central 2,234 202,220 200 43,959 94 3,453 2,528 249,632 

Massawa_North 596 42,350 266 60,290 132 4,759 994 107,399 

Massawa_South 26 3,597 8 2,143 94 3,393 128 9,133 

Massawa_West 15 1,254 2 1,745 9 344 26 3,343 

Matiba 26 1,756 0 0 38 1,396 64 3,152 

Missira 0 0 0 0 22 856 22 856 

Nyna 5 774 0 0 10 309 15 1,083 

Samina 0 0 0 0 88 2,342 88 2,342 

Saraba 1 100 0 0 35 1,134 36 1,234 

Sira 0 0 0 0 93 2,485 93 2,485 

Sofia_Central 144 19,759 82 15,982 18 679 244 36,420 
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Sofia_North 176 17,551 24 3,408 18 571 218 21,530 

Sofia_South 22 2,119 0 0 126 4,161 148 6,280 

Thianga 3 287 0 0 0 0 3 287 

Tiguida 91 3,224 0 0 0 0 91 3,224 

Tina 35 3,672 0 0 0 0 35 3,672 

Tinkoto 2 264 0 0 0 0 2 264 

Tiwana 36 3,304 2 563 109 4,179 147 8,046 

Tizia 17 1,702 0 0 21 647 38 2,349 

TSF7 15 1,928 0 0 0 0 15 1,928 

Total 3,941 349,504 656 138,848 1,915 57,291 6,512 545,643 
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Figure 10.9 Drill Hole Plan Map at Sofia Deposit 

Source:  Teranga Gold Corporation, July 2020  
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Figure 10.10 Drill Hole Plan Map at Massawa Central Zone Deposit 

Source:  Teranga Gold Corporation, July 2020  
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Figure 10.11 Drill Hole Plan Map at Massawa North Zone Deposit 

Source:  Teranga Gold Corporation, July 2020  



Sabodala-Massawa 
Pre-feasibility Study 
National Instrument 43-101 Technical Report 

5139\16.04\5139-GREP-001_0 S10 

Page 10.24 

August 2020 
Lycopodium 

Figure 10.12 Drill Hole Plan Map at Delya Deposit 

Source:  Teranga Gold Corporation, July 2020  

10.5 Sabodala Regional Land Package (RLP) 

Teranga, its predecessors, and joint venture partners drilled 10,657 holes totalling 278,021 m on the RLP 
(Table 10.3). 
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Table 10.4 Summary of Drilling without the Sabodala RFP 

RC RC_DD DDH RAB Total 

Prospect (No.) (m) (No.) (m) (No.) (m) (No.) (m) (No.) (m) 

Bransan South 0 0 0 0 0 0 126 4,177 126 4,177 

Cinnamon 13 2,380 0 0 3 576 660 9,764 676 12,720 

Dembala Hill 31 4,169 0 0 3 1,057 113 4,463 147 9,689 

Diabougou 17 1,775 0 0 0 0 151 3,070 168 4,845 

Diadiako 55 8,496 5 1,565 9 1,973 1,457 42,038 1,526 54,072 

Diegoun South 11 1,763 0 0 4 957 526 5,827 541 8,547 

Goumbou Gamba 31 5,153 0 0 2 243 574 15,897 607 21,293 

Goundamekho 7 630 0 0 0 0 0 0 7 630 

Honey 21 3,403 0 0 5 1,085 352 3,125 378 7,613 

Jam 28 5,161 0 0 13 2,200 570 5,690 611 13,051 

JC Corridor 18 2,958 0 0 3 589 1,682 15,098 1,703 18,645 

KA 0 0 0 0 5 402 423 4,276 428 4,678 

KB 8 1,196 0 0 3 720 343 2,983 354 4,899 

KC 0 0 0 0 0 0 382 3,669 382 3,669 

KD 0 0 0 0 5 532 235 3,781 240 4,313 

Khossaguiri 0 0 0 0 0 0 130 2,855 130 2,855 

Kodadian 0 0 0 0 3 383 0 0 3 383 

Leoba 0 0 0 0 3 485 0 0 3 485 

Marougou 54 10,791 0 0 30 2,851 296 7,555 380 21,197 

Nienienko 137 3,349 0 0 0 0 0 0 137 3,349 

Sabodala West 2 198 0 0 0 0 18 690 20 888 

Saiansoutou 14 2,800 0 0 0 0 273 10,580 287 13,380 

Soreto 0 0 0 0 36 6,522 0 0 36 6,522 

Soreto North 0 0 0 0 0 0 0 0 0 0 

Souroundou 0 0 0 0 0 0 0 0 0 0 

SSC 0 0 0 0 1 194 1,000 27,557 1,001 27,751 

Tourokhoto 57 10,957 0 0 5 1,691 704 15,722 766 28,370 

Total 504 65,179 5 1,565 133 22,460 10,015 188,817 10,657 278,021 
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10.5.1 January 2016 to December 2019 

From January 2016 to the end of 2019, Teranga completed 204 DDH, RC, and RAB holes for a total of 
9,696 m on the RLP (Table 10.4).  Drilling prior to January 2016 is described in Teranga 2017, RPA 2016, 
and AMC 2014. 

Drilling during this period focused on the Marougou deposit.  Additional diamond drilling was conducted 
on early-stage exploration prospects including, Leoba, Nienienko, Honey, Cinnamon, Jam, and Kodadian. 
These programs were generally of limited scale and designed to evaluate mineralization depth and strike 
extents of trenching and gold-in-soil prospects. Favourable results will be followed-up with additional 
drilling.  

Table 10.5 Summary of Drilling within the Sabodala RLP – January 2016 to December 
2019 

Deposit No. of RC DDH RAB Total 

Holes (m) (m) (m) (m) 

Cinnamon 3 576 576 

Honey 5 1,085 1,085 

Jam 6 410 410 

Kodadian 3 383 383 

Leoba 3 485 485 

Marougou 29 2,718 2,718 

Nienienko 137 3,349 3,349 

Sabodala West 18 690 690 

Grand Total 204 3,349 5,657 690 9,696 

Marougou Deposit 

The primary diamond drilling target on the RLP, during the reporting period, was the Marougou deposit. 
The mineralization at Marougou was identified predominantly by an extensive trenching program 
undertaken prior to and during the drilling programs.  Twenty-nine core holes totalling 2,718 m were 
completed at Marougou in 2016.  The majority of these holes tested the mineralization only to very 
shallow depths.  To date, at least three partially delineated mineralized zones comprise the current 
Inferred Resource at Marougou. 

Drilling at the Marougou deposit was undertaken with a goal to extend known mineralization along 
trend, to greater depths and to evaluate the potential to identify and delineate additional parallel, 
mineralized zones.   
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Leoba Prospect 

Three core holes totalling 485 m were drilled to evaluate a number of very wide alteration zones identified 
by mechanized trenches across a broad gold-in-soil geochemical anomaly.  Results for two of the holes 
were low, although alteration zones were observed in both.  The third drill hole intersected a mineralized 
zone of width and grade warranting follow-up evaluation (11 m grading 3.34 g/t Au).  A short second 
phase drilling evaluation is planned to evaluate both to depth and along trend of this positive 
intersection.   

Nienienko Prospect 

Early during the reporting period, a comprehensive RC drilling program was undertaken at the Nienienko 
prospect to evaluate the potential of flat to moderately dipping quartz veins that demonstrated some 
localized folding.  The quartz vein target had been mapped and trenched over a broad area, which lent 
itself to evaluation, by sectional profile drilling utilizing short heel-to-toe overlapping RC drill holes.  In 
total 137 RC holes comprising 3,349 m were completed within four profile sections.  Results failed to 
outline a target demonstrating continuity of grade and thickness favourable for further evaluation or 
resource estimation. 

Honey Prospect 

Five core holes totalling 1,085 m were completed at the Honey prospect during this reporting period. 
Drilling was targeting an area from which earlier widely spaced RC drilling had identified some gold 
intervals of interest warranting further infill drilling evaluation.  The 2016 drilling program, utilizing core 
drilling, assisted greatly with the structural and lithological controls on alteration and mineralization.  
Results did identify two to three altered and mineralized zones in the drill holes, however, grades and 
thicknesses intersected do not warrant additional drilling evaluation, nor any resource estimation at this 
time.   

Cinnamon Prospect 

Three core holes totalling 576 m were completed at the Cinnamon prospect early in the reporting period.  
Drilling targeted a newly identified gold-in-soil anomaly and recent trenching results indicating a series 
of parallel altered-mineralized zones.  Results from the limited drilling completed, verified the existence 
of two to three altered zones; however, mineralization was low grade and narrow.  Further exploration is 
warranted in the area along trend of the limited drill program focusing on structural intersections 
associated with the drilled trend. 
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Jam Prospect 

Six short core holes totalling 410 m were drilled along a 200 m strike extent of a mineralized zone 
identified in a series of mechanized trenches displaying a continuous zone of mineralization.  Although 
a number of the holes verified the type of results identified by the trenching, there is a lack of continuity 
along the strike length tested by drilling.  No additional exploration drilling, nor resource estimation, is 
warranted at this prospect at this time.  

Kodadian Prospect 

Three core holes totalling 383 m were completed at Kodadian to evaluate the quartz vein system 
displaying gold-in-rock chip sampling associated with a gold-in-soil geochemical anomaly.  Drilling 
results, from all three drill holes, were low.  No additional drilling evaluation is currently planned here, 
however, the target is long and has only been locally tested by drilling.   
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11.0 SAMPLING PREPARATION, ANALYSES AND SECURITY 

11.1 Introduction 

Teranga has established standard operating procedures at Sabodala for sample preparation, analyses, 
and security, which are appropriate for gold mineralization and follow industry standards. Sample 
preparation methodology and analyses conducted prior to 2014 are outlined in detail in AMC (2014). 
Sample preparation, methodology, and analyses conducted from 2014 to 2015 are outlined in detail in 
RPA (2016). The following summarizes the sample preparation, analyses, and security procedures 
undertaken from January 2016 to December 2019. 

Barrick/Randgold also applied industry standard practices at the Massawa Project as described in a series 
of reports: Randgold (2014), Randgold (2017), and Barrick (2019).  The QP reviewed the procedures and 
results, spot checked against original data sources, and found the results to be as described in the 
abovementioned reports. 

In the QP’s opinion, the sample preparation, analysis, and security procedures at the Sabodala-Massawa 
Project are adequate for use in the estimation of Mineral Resources. The QA/QC programs as designed 
and implemented by Teranga, Randgold, and Barrick are adequate and the assay results within the 
database are suitable for use in a Mineral Resource estimate. 

11.2 Sample Preparation 

11.2.1 Sabodala 

The Exploration Geologist is responsible for all sampling activities conducted by geological technicians 
and samplers, including sampling, sample bagging, numbering and tagging, sorting, transportation, 
security, completion of the analytical submission sheets, and QA/QC program. The Project Geologist is 
responsible for the overall drilling and sampling programs. 

One sample is taken for each one metre interval drilled by RC and for each two metre interval drilled by 
RAB.  Jones riffle splitters are used at the drill site to obtain a representative sub-sample.  Drill core 
sampling intervals are defined then cut in half with a diamond saw along the core length.  Half core is 
sampled over approximate one metre lengths or based on lithology intervals. 

All samples are placed into sample bags with assigned sample numbers, then closed, sealed, and inserted 
into larger rice bags that are securely sealed. Samples that are sent for assay to the on-site SGS laboratory 
are securely transported by company trucks. Samples that are sent for assay to off-site laboratories are 
inserted into large metal drums that are securely sealed, then transported off-site by contract transport 
trucks to Dakar and either by land transport or air freight to off-site laboratories. Sample intervals that 
are not assayed remain in storage at the mine site or exploration camps. 
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11.2.2 Massawa 

Barrick/Randgold used industry standard procedures at the RC rig to collect, split, and bag RC chips. 
Further detail is provided in Section 10 of this report.   Core samples were cut in half with a diamond saw 
and then broken into smaller rock pieces for packaging.  All sample batch identifiers, sample numbers, 
and from/to data were entered into Maxwell LogChief software. 

11.3 Sample Analyses 

11.3.1 Sabodala 

Diamond drill core, RC, RAB, soil, and grab samples were sent for gold analysis to the on-site laboratory 
operated by SGS Minerals as its primary laboratory for atomic absorption analyses (AAS). SGS Sabodala 
is accredited to the ISO/OEC 17025:2005 Standard by laboratory Certificate number 812. 

Samples received by the laboratory were transferred into stainless steel trays, coded with sample system 
identification numbers, dried at 105ºC for eight hours, and crushed in a jaw crusher to minus 2.0 mm. 
Crushed samples were split using a Jones riffle to 200 g. The 200 g sample was pulverized with a ring and 
puck pulverizer to 85% minus 75 µm (200 mesh). Compressed air was used to clean the crusher and 
splitter between samples, with crushing of barren quartz for additional cleaning as required.  Fifty gram 
sample pulps were analyzed for gold using an aqua regia digestion followed by AAS (ARE155).  

Teranga used ALS Chemex in Johannesburg, South Africa, as its primary fire assay laboratory for check 
assaying. ALS Chemex Johannesburg is accredited to the ISO/IEC 17025:2005 Standard by laboratory 
Certificate number T0387.  Dried samples were crushed to 70% minus 2.0 mm. Crushed samples were 
riffle split to 250 g, then pulverized to 85% minus 75 µm (200 mesh). Fifty gram sample pulps were 
analyzed for gold using fire assay with an atomic absorption finish and a 5.0 ppb detection limit (Au-
AA24). Assay results greater than 1.0 g/t Au were automatically re-assayed by fire assay with a gravimetric 
finish (Au-GRA22). 

Coarse rejects were kept for a few months for possible reassay if there was an issue with the QA/QC, 
original sample assay, or lost sample. 

11.3.2 Massawa 

Sample preparation at the laboratory included weighing, drying, and crushing to P75 2 mm. A 250 g or 
1,000 g split (for fire assay and bottle roll analysis respectively) was pulverised to P85 of 75 μm mesh. 
Sample analysis at Massawa evolved over time and varied slightly by deposit.   

For the Massawa NZ and satellite deposits, samples were assayed at the on-site laboratory at the Loulo 
mine in Mali, operated by SGS Minerals by conventional 50 g Fire Assay (FA) with an Atomic Absorption 
Spectrometry (AAS) finish. A gravimetric finish was used for samples reporting above 100 g/t Au. 
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Massawa CZ samples were analysed at SGS Ouagadougou in Burkina Faso by LeachWELL bottle roll 
analysis (LWL69M) followed by a 50 g fire assay of the remaining tail concentrate (FAA505T).  LeachWELL 
is a reagent catalyst formulated for fast cyanide leach gold analysis developed by Mineral Process Control 
Pty Ltd (MPC), Western Australia.  Barrick/Randgold tested, reviewed, and modified the RC sample 
analysis method on an on-going basis to determine the most appropriate procedures.  In March 2018, a 
final revision of the LeachWELL procedure was made (SGS code LWL69M5RG) involving 1 kg pulverized 
samples, five LeachWELL tablets, and bottle rolling for 12 hours (Barrick, 2019).   

Sofia deposit samples were analysed at the SGS Loulo laboratory or SGS Bamako laboratory also located 
in Mali. SGS Bamako was used for sample overflow. Samples were analysed using 50 g fire assay with 
atomic absorption finish, and a gravimetric finish for samples reporting above 100 g/t Au. 

All laboratories are certified, and are operated independently by SGS. 

11.4 Sample Security 

11.4.1 Sabodala 

During trenching, drilling, logging, sampling, and shipping, multiple data storage systems were 
employed. Field data were recorded on maps, sample sheets, logging forms, and shipping forms, and 
later entered and stored on the exploration computer server. Hard copies of all field data are stored at 
the Teranga exploration office located at the Sabodala mine site. 

Geological logging was conducted on laptop computers. All files containing core photos and geological 
logs were stored on the exploration computer server. 

All digital files from surveyors and assay labs are stored in their original format, in addition to integrating 
them into the master database. 

Drill core and RC chips are stored on site at the Bransan exploration camp and the Sabodala mine site. 
The core storage compounds at the Sabodala mine and the exploration camp are protected by security 
fences that are locked at night and are under 24 hour surveillance by security personnel. 

Chain of custody was strictly maintained during transportation, sample collection, shipping, and sample 
preparation to avoid tampering. No evidence of tampering had been identified. 

11.4.2 Massawa 

Labelled samples were placed into large bags (10 at a time) and then sealed. The samples were placed in 
a crate which were transported to the warehouse and trucked to the relevant laboratory by company 
personnel. 
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All laboratory sample backlogs were actively monitored on a weekly basis and the number of samples 
dispatched was adjusted accordingly to ensure that the laboratory backlog did not become more than 
one month’s sample processing capability.  In the instance that the laboratory backlog exceeded that of 
one week’s sample processing capability, all samples were retained onsite in a secured locked container 
until they could be dispatched. 

Results from all laboratories were emailed to a project email group and were later imported into the 
database by the Database Administrator. Hard copy certificates from the laboratories were also provided. 
Data were secured in an industry standard Maxwell DataShed SQL database. 

11.5 Quality Assurance and Quality Control 

In addition to the standard internal laboratory quality control measures employed, a blind Quality 
Assurance and Quality Control (QA/QC) program was established at both Sabodala and Massawa, 
consisting of Certified Reference Materials (CRMs or standards), blanks, and duplicate samples inserted 
into the sample stream at regular intervals. Teranga’s QA/QC program prior to 2014 is discussed in detail 
in AMC (2014), and the QA/QC program undertaken from 2014 to 2015 is discussed in detail in RPA 
(2016). Teranga’s QA/QC program from January 2016 to December 2019 is summarized in the following 
sections.  Barrick/Rangold’s QA/QC programs and results are discussed in a series of reports: Randgold 
(2014), Randgold (2017), and Barrick (2019).  Barrick/Randgold’s QA/QC program from December 20, 
2016 to October 31, 2018 is summarized in the following sections. A summary of the procedures and 
highlights of the results are presented herein. 

11.5.1 Blanks 

The regular submission of blank material is used to assess potential contamination during sample 
preparation and to identify sample numbering errors. Teranga’s QA/QC protocol called for blanks to be 
inserted in the sample stream at a rate of approximately one in 40 samples.  Barrick/Randgold used 
commercially purchased certified blanks at an insertion rate of one in 20 samples.   

Teranga used barren granite as blank material collected from surface outcrops near Saraya. The granite 
was originally assayed for gold at different labs by atomic absorption and fire assay to ensure that the 
samples were barren of gold prior to use. Results from these initial tests returned gold values below the 
detection limit. 

For Sabodala, an assay was considered a failure if it returned a value greater than three times the 
detection limit of the assay method. A total of 2,759 blank samples were submitted with 29 failures 
returned. Results were followed-up and indicate no evidence of contamination, sample number mix-ups, 
or tampering.  

For Massawa, an assay was considered a failure if it returned a value greater than 0.05 g/t Au.  A few 
samples from SGS Ouagadougou failed and were followed-up by Randgold. 
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11.5.2 Duplicates 

For Sabodala, pulp duplicates from drill core samples originally assayed at the SGS Sabodala laboratory 
were selected by Teranga geologists and re-submitted to the same laboratory for comparison against 
the original assay result. Teranga submitted a total of 452 pulp duplicates for re-analysis.  Results indicate 
good correlation between the original and duplicate pulp gold assays. 

Field duplicates at Massawa were initially inserted at a rate of one in every 20 samples, and later at a rate 
of one in every 20 samples within the mineralization.  More than 3,000 fire assay and LeachWELL 
duplicates were submitted and reviewed. Results indicate good correlation for gold mineralization.   

11.5.3 Certified Reference Materials (Standards) 

Results of the regular submission of Certified Reference Material (CRM) samples were used to identify 
problems with specific sample batches and long-term biases.  For Sabodala, 14 different CRMs supplied 
by Geostats Pty. Ltd and Ore Research and Exploration Pty. Ltd. were used. For Massawa, 25 different 
CRMs were used for fire assays, and another 11 different CRMs were used for LeachWELL analyses.  The 
expected values of the CRMs cover the range gold grades and are considered appropriate for use in the 
QA/QC programs.  

Specific pass/fail criteria were determined from the standard deviation provided for the CRMs. The 
conventional approach to setting acceptance limits is to use the mean assay ± 2 standard deviations as 
a warning limit and ± 3 standard deviations as a failure limit. Results for the standards are within 
acceptable limits with a small percentage of failures. The expected values and standard deviations (SD) 
for the various CRMs are listed in Tables 11.1 to 11.2.  Example results from Barrick/Randgold’s program 
are presented in Table 11.3. 

Table 11.1 Sabodala Standards Assayed at ALS Johannesburg 

Source Standard 
Expected 

Value     
(Au g/t) 

SD       
(Au g/t) 

Number of 
Assays 

Number of 
Failures 

% 
Failures 

Geostats G907-2 0.890 0.060 2 0 0.0 

Geostats G911-3 1.370 0.060 22 0 0.0 

Geostats G910-9 1.510 0.060 43 0 0.0 

Geostats G311-8 1.570 0.080 70 0 0.0 

Geostats G313-2 2.040 0.070 23 1 4.4 

Geostats G310-9 3.290 0.140 24 0 0.0 

Geostats G314-3 6.700 0.210 55 0 0.0 
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Table 11.2 Sabodala Standards Assayed at SGS Sabodala 

Source Standard 
Expected 

Value 
(g/t Au) 

S. D.
(g/t Au) 

Number of 
Assays 

Number of 
Failures 

% 
Failures 

Geostats G302-10 0.16 0.03 301 1 0.3 

ORE Research OREAS-501 0.19 0.02 4 0 0.0 

Geostats G909-6 0.56 0.03 222 0 0.0 

Geostats G910-8 0.61 0.04 52 2 3.8 

ORE Research OREAS-503 0.66 0.05 232 0 0.0 

Geostats G907-2 0.86 0.06 230 0 0.0 

Geostats G908-4 0.93 0.06 382 0 0.0 

Geostats G308-6 1.23 0.06 47 2 4.3 

Geostats G911-3 1.37 0.12 175 0 0.0 

Geostats G910-9 1.48 0.08 94 0 0.0 

Geostats G311-8 1.54 0.11 496 0 0.0 

Geostats G313-2 2.07 0.09 214 0 0.0 

Geostats G310-9 3.25 0.18 269 0 0.0 

Geostats G314-3 6.68 0.32 128 0 0.0 

Table 11.3 Massawa Standards Assayed at SGS Ouagadougou (Leachwell) 

Standard 
Expected 

Value 
(g/t Au) 

+3SD
(g/t Au) 

-3SD
(g/t Au) 

Min Assay 
Returned 
(g/t Au) 

Max Assay 
Returned   
(g/t Au) 

Number 
of 

Assays 

OREAS 210 5.49 5.946 5.034 5.11 5.69 152 

OREAS 220 0.866 0.926 0.806 0.84 0.925 243 

OREAS 221 1.06 1.168 0.952 1.02 1.155 281 

OREAS 224 2.15 2.309 1.991 2.03 2.26 146 

OREAS 228 8.73 9.567 7.893 8.645 9.16 63 

OREAS 229 12.11 12.728 11.492 12.075 12.305 4 

OREAS 252 0.674 0.74 0.608 0.645 0.715 195 

OREAS 253 1.22 1.352 1.088 1.185 1.31 167 

OREAS 254 2.55 2.778 2.322 2.485 2.665 173 

OREAS 255 4.08 4.341 3.819 3.965 4.245 172 

OREAS 257 14.18 14.972 13.388 13.88 14.55 115 
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11.6 General Statement on Sample Preparation and Analysis 

The QP reviewed and confirms the adequacy of the samples taken, the security of the transportation 
procedures, the sample preparation and analytical procedures used, and established QA/QC program. 
In the QP’s opinion, the procedures and results are adequate for use in the estimation of Mineral 
Resources. 
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12.0 DATA VERIFICATION 

12.1 Introduction 

The Sabodala and Massawa resource data are currently stored in two separate databases.  The QP has 
reviewed and verified the Sabodala database on an on-going basis since 2012.  Randgold and Barrick 
used a set of protocols to ensure data integrity.  The QP reviewed those procedures and results, and 
conducted a series of checks to further verify the Massawa resource data. 

In the QP’s opinion, based on the data verification procedures undertaken for the Project, the resource 
databases are considered to be adequate for the purpose of Mineral Resource estimation. 

12.2 Sabodala 

Independent reviewers completed extensive reviews of procedures and data prior to 2016, which are 
documented in detail in previous NI 43-101 Technical Reports. This involved reviews of general 
knowledge and practices, the on-site laboratory facility, sample preparation, sample analysis, sample 
security and QA/QC procedures; drilling programs including SOPs, collar and downhole surveys, logging 
and sampling; geological interpretation, assay verification, density determinations and data 
management. Standard industry practices were followed, with no significant discrepancies identified 
during the reviews. 

Since 2016, Teranga exploration geologists have conducted regular in-house reviews involving SOPs and 
data verification during ongoing sampling, trenching and drilling programs. SOPs are maintained and 
follow industry best practices, with no significant issues identified during the reviews. 

From January 2016 to June 2017, a total of 8,753 duplicate pulp samples from drill core were submitted 
to ALS Johannesburg for fire assay checks on the original AAS assays.  Dried samples were crushed to 
70% minus 2 mm. Crushed samples were riffle split to 250 g, then pulverized to 85% minus 75 µm (200 
mesh). Fifty gram sample pulps were analyzed for gold using fire assay with an atomic absorption finish 
and a 5 ppb detection limit (Au-AA24).  Samples that returned inconsistent assay results were re-assayed 
by fire assay with a gravimetric finish (Au-GRA22).  Results indicate reasonable correlation of gold assay 
grades and are presented in Figure 12.1. 
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Figure 12.1 SGS AA versus ALS FA Quartile-Quartile Plot 

Source:  Teranga Gold Corporation, July 2020  

12.3 Massawa 

12.3.1 Verification Work by Barrick/Randgold 

In early 2017, Massawa drill and trench data were migrated and secured in a Maxwell DataShed SQL 
database for validation through constraints, library tables, triggers, and stored procedures that 
collectively help ensure data integrity. Assay data received prior to the migration were re-imported 
directly from laboratory assay certificates. Since the upgrade, all assay data were imported from the 
original laboratory certificates. 

Randgold and Barrick periodically engaged third party consultants to independently review the data 
handling procedures and resultant database. 
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A full external audit of the sampling methods and procedures was undertaken by RPA in 2017. RPA did 
not identify any material issues, although two high priority issues were identified: the collection of bulk 
densities which did not follow Randgold SOPs from other sites, and laboratory certification and selection 
with regard to LeachWELL analysis. Bulk density sampling has since been updated to meet the same 
standard as at other Barrick properties. LeachWELL certification does not currently exist, however, 
Randgold undertook a programme of laboratory round robin assaying using its current assaying 
procedures and 1 kg custom OREAS CRM standards which indicated there were no issues with 
repeatability of the sample results. All other minor ‘housekeeping’ issues outlined in the RPA audit have 
been resolved. 

In 2019, Maxwell Geoscience (Maxgeo) completed a review of the Massawa SQL database to check for 
database integrity and conducted a data audit.  Maxgeo identified a few minor issues, but did not identify 
any significant issues, and concluded that the database was acceptable. 

12.3.2 Verification Work by Teranga 

The QP visually inspected the drill hole traces, performed basic database validation procedures, and 
reviewed the drill hole traces in 3D, level plan, and in vertical sections and found no unreasonable 
geometries.  In addition, a number of standard data integrity checks were performed by various software 
programs on the drill hole database including: 

• Intervals exceeding the total hole length.

• Negative length intervals.

• Inconsistent downhole survey records.

• Out-of-sequence and overlapping intervals.

• Missing intervals defined within analysed sequences.

• Inconsistent drill hole labelling between tables.

• Invalid data formats and out-of-range values.

• Duplicate entries.

Although a few minor issues were identified, there were no significant discrepancies. 

In March 2020, 54 hole collars at Sofia, Massawa CZ and Massawa NZ were check surveyed by handheld 
GPS units, to verify the original collar coordinates in the database. No significant discrepancies were 
identified. 
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12.4 General Statement 

In the QP’s opinion, based on the data verification procedures undertaken for the Project, the resource 
databases are considered to be adequate for the purpose of Mineral Resource estimation. 
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13.0 MINERALS PROCESSING AND METALLURGICAL TESTING 

13.1 Summary of Historical Metallurgical Testing Programmes 

The Massawa concession currently holds three major gold deposits.  These are the Massawa Central Zone 
and North Zone (CZ and NZ), Sofia (Sofia Main and Sofia North), and Delya deposits.  There are several other 
satellite deposits within the permit area. 

The first metallurgical testing of samples from these deposits was conducted in 2008 and since then a 
significant number of testwork campaigns have been completed on the Massawa deposits.  This testwork 
culminated in the preparation of a Feasibility Study Report authored by Senet on behalf of Randgold 
Resources in December 2018 and a Technical Report issued by Barrick Gold Corporation (Barrick) on July 23, 
2019.  Table 13.1 summarizes testwork completed during the scoping and pre-feasibility studies stages 
between 2008 and 2016.  Table 13.2 summarizes testwork completed for the feasibility study stage between 
2017 and 2018.  

Free-milling or whole-ore-leach (WOL) gold mineralization occurs in Sofia and much of CZ, plus the oxide 
zones of all the deposits. The free-milling material will be treated through the existing Sabodala (WOL) 
treatment plant. In addition, there is refractory mineralization in the fresh rock zones of the northern part of 
CZ as well as NZ and Delya.  Testwork shows the refractory mineralization to be amenable to bio-oxidation 
(BIOX) treatment prior to gold extraction and which significantly improves gold recovery.  Pressure oxidation 
(POX) and ultra-fine grinding (UFG) were also considered for treating refractory mineralization, however, the 
preferred processing route adopted by previous project owners  and carried forward by Teranga is BIOX. 
The refractory material will be treated in a new refractory ore treatment (ROT) plant that is proposed to be 
constructed adjacent to the WOL plant. 

The CZ WOL material and all the refractory mineralization contains deleterious elements such as arsenic (As) 
and antimony (Sb).  In the proposed processing routes, this will lead to elevated concentrations of these 
metals in the process water circuits. Testwork has shown that the As and Sb can be removed successfully 
from WOL process water by precipitation.  In the ROT plant, the neutralization section of the BIOX circuit 
will precipitate and remove these elements.  The WOL plant currently operates as a ‘zero release’ facility with 
no process water released to the environment.  It is anticipated that this ‘zero release’ approach will be 
maintained following the expansion of the operations. This will be examined in greater detail during the 
next phase of the project (the feasibility study). Should the feasibility study or future operating practice result 
in the water balance changing to the extent that process water requires discharge to the environment the 
water will be treated prior to discharge to ensure that it complies with all relevant regulatory thresholds and 
social responsibility standards. 
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Table 13.1 Past Scoping and Pre-feasibility Testwork Campaigns 

Campaign Testwork Description Laboratory Report ID or Number Outcomes / Interpretation 

Campaign 0 – 2008 
Central and Northern Zone 
bottle roll tests. 

Loulo Metallurgical 
Laboratory 

Loulo lab Excel sheets 
CZ Leach Au dissolution: Oxide 94% -97%, Transition 
91.9% - 95.5%, Fresh high sulphide 18.7% - 25.9% 

Campaign 1 – 2008 

Central Zone high sulphide fresh 
gravity recovery (GRG), 
Extended-GRG modified 
diagnostic leach and 
mineralogical testwork. 

SGS Randburg, 
Peacocke & Simpson 
(MPS) 

Peacocke & Simpson - 
Randgold/01/08 
November 2008. SGS - Randgold Min 
0608 -121&166, METY 08/Z37 

High coarse gravity recoverable gold present, including 
large gold grains. EGRG at 80% minus 75 µm (unpanned) 
approximately 47%- 52% Au. Diagnostic leach CIL + 
Oxidative step for low grade and high grade can achieve 
61% and 71% Au dissolution. This confirms high gravity 
component and refractory nature of gravity tails (gtails). 

Campaign 2 – 2008 
Extended-GRG (CZ). CZ and NZ 
composite float optimisation. 

SGS Randburg, 
Peacocke & Simpson 
(MPS) 

Peacocke & Simpson - Randgold 
05-09 Massawa Sulphide EGRG report.
SGS - Flotation report 08-
321 

EGRG (CZ high sulphide) 80% - 80 µm (unpanned) 31% 
Au.   CZ + NZ composite float recovery 96.2%; 20.5% 
mass pull (MP); tails grade 0.14 g/t. 

Campaign 3 – 2009 
Central and Northern Zone BBWi 
(150 & 106 µm) BRWi (1,180 µm) 
Ai. 

 
SGS Randburg 

SGS - PROP 09/006 rev 1 excel results 

BBWi 106 µm CZ 13.6 (Phase 1) to 23.6 (phase 2) kWh/t. 
NZ 106 µm CZ 13 (phase 1) to 18.6 (phase 2) kWh/t. 
BBRWi 1,180 µm (phase 1) CZ = 12.5 and NZ 
= 12.3 kWh/t. Ai = 0.1 to 0.25. 

Campaign 4 – 2009 
Northern Zone carbonaceous 
leach and preg-robbing 
testwork. 

SGS Randburg SGS - CC92 (Prop 09/249 r1) 
Low CIL recoveries. Less than 10% Au dissolution. Tests 
indicated preg-robbing potential. 
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Campaign Testwork Description Laboratory Report ID or Number Outcomes / Interpretation 

Campaign 5 - 2009/2010 

Environmental Acid Base 
Accounting (ABA), Acid Rain 
Leach (ARLP) and column leach 
test on flotation tails from CZ 
and NZ (campaign 2). 

SGS Environmental 
Services 

SGS - ENV10 - 00019ABA and 
ARLP. SGS-ENV10- 
0068/94/110/137/155/173 

CZ and NZ high acid generation potential.   ARLP 
indicate potential over-limit tenors for arsenic, calcium, 
iron, magnesium, manganese, lead, sulphur, silica and 
strontium. Flotation tails leach tests indicate high arsenic 
and iron levels over 76 weeks. 

Campaign 6 – 2009 
Central and Northern Zone 
flotation and leach OX testwork. 

SGS Randburg. 
Maelgwyn Mineral 
Services Africa 
(MMSA) 

SGS - MET 09/CC65. SGS - MET 
09-277. MMS - REPORT No. 09/12

Float = CZ 86.7% Au, 14% MP, 0.53 g/t Tails. NZ 91.4% 
Au, 16% MP, 0.57 g/t Tails. Float Conc CIL 6.1% and 5.8% 
for CZ and NZ respectively. Leach-OX (UFG) 28.6% and 
29.9% for CZ and NZ respectively. Leach-OX not 
effective. Diagnostic leach on float conc +UFG + 
Oxidative CZ = 36.7% and NZ = 35.4%. 

Campaign 7 - 2010 

Central and Northern Zone 
flotation, pressure oxidation 
(POX), roasting, High Shear 
Atomaer and Intense leach. 

SGS Canada (POX), 
Roasting Hazen USA, 
High Shear Atomaer 
RSA, Intense Leach 
Mintek 

SGS - 12296-001. Hazen Research Met 
report 11053. Mintek - Report no 
5526 

Diagnostic leach (ROM) CIL + Oxidative step - CZ = 
15.4%, NZ = 16.21%. Graphite pre-float: CZ = 12% NZ = 
4% Au. Sulphide float: CZ = 84% NZ = 87.7% Au. CIL on 
conc: CZ = 12.9% NZ = 8.4%. Results on sulphide conc: 
POX: CZ = 98.5% NZ = 92.6%. Roast CZ = 79.9% NZ = 
80.6%. HSR Aachen (10µm): CZ = 23% NZ = 14.2%.   
Float tails: CZ = 39.5% NZ =14.2%. POX out performed 
other technologies. 
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Campaign Testwork Description Laboratory Report ID or Number Outcomes / Interpretation 

Campaign 8 - 2010 /2011 

Central and Northern Zone. Bulk 
gravity, flotation, POX, roasting, 
High Shear Atomaer RSA and 
intense leach. BIOX amenability. 

SGS Canada (POX), 
Roasting Hazen USA, 
High Shear Atomaer 
RSA, Intense leach 
Mintek. BIOX Gold 
fields 

SGS -Massawa draft report 10- 
230 campaign 8. SGS - Canada 
- Report 12296-002. Hazen Research
Report 11053. MMS REP 10-34
Massawa. Goldfields BIOX - Report
11_02

Gravity 50% - 75 µm: CZ=20% ROM Float = 93.6% Gtails 
float = 89.2%. POX: CZ (ROM float) = 99%, Gtails Float = 
98.8%.  Leach-OX (Aachen 10 µm) = 39%. BIOX = 94% 
ROM, 94.1% Gtails. Roast: 72% ROM, 67% Gtails. Gravity 
50% - 75 µm: NZ=14% ROM Float = 93.8% Gravity Tails 
float = 95%. POX: NZ (ROM float) = 90.2%, Gtails Float = 
85.4%. Leach-OX (Aachen 10 µm) = 39%.  Roast: 77.7% 
ROM, 78.8% Gtails. 

Campaign 9 -2010/2011 

Central Zone bulk gravity, float 
optimisation and bulk POX and 
roast testwork. Thickening and 
rheology testwork. 

Knelson Africa, MMSA, 
SGS Canada Africa 
Patterson and Cooke 

MMS - MMSA PROPOSAL 
10/30 Excel sheets. Knelson 
Africa EGRG 17-10 report. SGS Canada 
Proposal #100510 report and Excel 
results. Patterson and Cooke SEN-
MAS-8216 R01 rev 1 

Gravity 80% - 106µm CZ1= 31.5% and CZ2=35.2%. Float 
Rec 80% - 75µm: CZ1= 94.7% CZ2=96%. POX ROM 
conc: CZ1= 99% CZ2=97%, POX Gtails: CZ1=98% 
CZ2=98%. Roast ROM conc: CZ1= 89% CZ2=85.2%, POX 
Gtails: CZ1=93% CZ2=82.9%. 

Campaign 10 - 2010 
Central Zone gold deportment 
high sulphide. 

AMTEL 
AMTEL REPORTS 10-22 and 
10-38

Central Zone high sulphide direct cyanidation is not an 
option for the Massawa gold ore. Since most of the  
sub-microscopic  gold  is  in  solid  solution  in 
sulphides, a pre-leach oxidation step is necessary. Given 
the good liberation of the sulphides and gold ROM rock 
at reasonable grinds (P80 = 120 µm-130 µm) the   
recommended   treatment   option   is   flotation 
followed by  BIOX  or  POX/CIL  or  UFG/Albion/CIL 
depending on the gold inventory. 
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Campaign Testwork Description Laboratory Report ID or Number Outcomes / Interpretation 

Campaign 11 - 2010 
Leach testwork on satellite pits. 
Bambaraya, Delya, 
Sofia and Kasara. 

SGS Randburg 
Excel results for Proposals 10- 
355 r2 and 10-264 

CIL samples. Bambaraya 86%.  Delya Oxide = 87%, Delya 
Fresh = 16.3%. Kawsara Fresh = 85%. Sofia 
Fresh 89.5% 

Campaign 12 - 2011 
Comminution on Central Zone, 
Northern Zone, Delya and Sofia 

MINTEK RSA 
Mintek - Massawa report 2011 - 
Project nr MPE - 57 

BBWi (kWh/t) at 106 µm: CZ=16.34 to 22. NZ =19.6 to 
21.4. Delya=19.9, Sofia=18.88.   BBWi (kWh/t) at 150 
µm: CZ=18 to 22.2. NZ =20.5 to 21.8. Delya=19, 
Sofia=19.8. Ai 0.07 to 0.34. 

Campaign 13 - 2011 

Mineralogy and chemical 
composition - Central Zone, 
Northern Zone and Soft 
Sulphides LE. 

SGS Booysens SGS report MIN 1010/181 Results used in geological models. 

Campaign 14 - 2010 Gambia River water analysis. 
SGS Environmental 
Services 

SGS report ENV 2010-205 
Water analysis from Gambia: Fe = 8.1 mg/L. Limited 
water analysis indicates some elements are above 
IFC/WHO standards. 

Campaign 15 - 2011 
Limestone analyses from 
Senegal and Mali. 

SGS Booysens SGS project nr. 10/262 r2 
Local sourced limestone can be considered for use in the 
process plant. 

Campaign 17 - 2014 
Flotation optimization on 
Northern Zone. 

Hazen Research USA 

Campaign 17 - Report - Massawa 
Final Flotation Report September 
2014rev1Sept 24, 
2014 

Float results indicate >95% Au recovery, >93% As 
recovery, >4.9% CO3 and >97% St. Adequate Fe/As 
ratios for arsenic precipitation. S2-/CO3 ratios suitable to 
minimise gold chloride complex formation and 
precipitation of elemental Au onto organic carbon. 
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Campaign Testwork Description Laboratory Report ID or Number Outcomes / Interpretation 

Campaign 18 - 2015 - 2018 
Sofia Gravity and leach testwork. 
Sofia comminution. 

Morila Metallurgical 
Lab and SGS 
Randburg 

Morila Laboratory report in excel. SGS 
Randgold Sofia North Comminution 
Report 17_454 

Sofia Fresh Gravity (1.7 mm) = 6.1%. Sofia Gtails CIL= 
87.4%. Sofia Main = 89.1%. Sofia Oxide = 92.3%. Sofia 
Ox-Tr = 91.7%. Sofia Main BBWi (kWh/t) = 16.4 to 19.2, 
SMC Axb = 37 to 61, CWi= 7.2 to 18.9. Ai = 
0.1 to 0.2. 

Campaign 19 2015/2016 
PFS Central Zone gravity, 
flotation and hydrometallurgical 
testwork. Composites and 
variability. 

SGS Randburg 
SGS Reports 15_622 (Block A), 
16_092 (Block A and B), 16_505 (Block 
C) and 16_550 (Block D)

Modelled Gravity: Blocks A:49%, B=44%, C=42%, 
D=16%. Gravity + Gtails CIL Blocks: A=71%, B=72%, 
C=77%, D=70%. Gravity + Float Conc CIL (UFG 15 
micron) + Float tails CIL blocks: A=81%, B =83%, C=80%, 
D=75%. Excess NaCN levels on all tests. 

Source: Massawa Gold Project Feasibility Study Report, Senet (Pty) Ltd., December 2018. 



Sabodala Massawa Project   
Pre-feasibility Study 
National Instrument 43-101 Technical Report 
 
 
 

 

5139\16.04\5139-GREP-001_0  S13  
August 2020 

 Lycopodium 
  

Page 13.7 

Table 13.2 Past Feasibility Testwork Campaigns 

Campaign Testwork Description Laboratory Report ID or Number High Level Outcomes 

Campaign 20 - 2017/2018 

Feasibility Central Zone Gravity, 
Flotation and Hydrometallurgical 
testwork. Comminution testwork. 
Gravity and flotation 
concentrate, gold deportment 
concentrate. 

SGS Randburg 
SGS - 17/165 Revision 6. SGS 17- 
549 

Gravity 212 µm Blocks: G=25%, A=48%, B=40%, C=32%, 
D=8% ABCG= 34%. Gravity + Gtails CIL Blocks: G=50%, 
A=75%, B=70%, C=85.2%, D=22.9%, ABCG=65%. 
Flotation recovery blocks:  G=90.6%, A=83.8%, B=89%, 
C=90.8%, D=92.1%. BBWi at 106 µm (kWh/t) blocks: 
G=29.1, A=24.3, B=30.5, C=22.2, D=24.4. Hardness 
overstated due to sampling. Optimum leach conditions 
CIL 32 hours, 600 ppm NaCN controlled. 

Campaign 21 -2017/2018 

Sofia Main and North, 
comminution, gravity recovery. 
Hydrometallurgical testwork. 
Gold deportment studies. 

SGS Randburg 
SGS - 17/166 Revision 1 (Sofia Main). 
SGS 17/454 Revision 1 (Sofia North) 

Gravity 212µm: Sofia Main Met 01 to 08 = 5.1%, 
Composite (Main) =6.2%. Sofia North SMET01 - 6=6.5%, 
Composite (North) =5.2%. Gravity + Gtails CIL: Sofia 
Main=88%, Sofia North=85%. Modified Diagnostic CIL + 
Oxidation step: Sofia Main=90.6%, Sofia North=87.6%. 
Further Aachen Oxidation testwork in Campaign 26. 
Optimal CIL: 32 hrs NaCN 600 ppm controlled.  BBWi 
106 µm (kWh/t):  Sofia Main= 18, North= 16.5.  

Campaign 22 - 2016 to 
2018 

Flotation optimization on 
Northern Zone and Extension. 
Further flotation optimization on 
NZ. Bulk flotation for BIOX 
campaign 1 and 2. 

Hazen Research 
(USA) 

Hazen Research report 12180 (Float 
optimization), Campaign 1 and 
Campaign 2 report 12386 

Optimal float regime: 150 g/t CuSO4, 100 g/t Pax, 60 g/t 
Aero 404, W22C as required.Campaign 1 Conc 
generation =91.2%, Campaign 1 Variability = 87%, 
Campaign 2 Bulk float = 90.8% and Campaign 2 lead 
300 kg = 88.2%. Average MP = 7.92%. 
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Campaign Testwork Description Laboratory Report ID or Number High Level Outcomes 

Campaign 23 - 2016 to 
2018 

BIOX BAT Hazen Research 
samples project 12180. Pilot and 
BAT testwork on Campaign 1 
and 2 from Hazen Research 
report 12386 

SGS BIOX Pilot plant 

Outotec (BAT) - BIOX® BAT Testwork 
Programme on Massawa Samples 
September 14, 2016. Outotec 
Massawa NZ BIOX Pilot Plant Run 1 
(Campaign 23) and Massawa NZ BIOX 
Pilot Plant Run 2 (Campaign 23). 

All refractory float concentrate from CZ, NZ and Delya is 
highly reactive with BIOX. Float recoveries from 
campaign 20 and 22 as reference. Float + BIOX Bat: CZ 
Block D=87.5%. BIOX Pilot Campaign 1: NZ=88.6%, 
Campaign 2 Pilot run: NZLG=88.3%, NZHG=88%, CZ/NZ 
blend=87.7%. Neutralization highly efficient. As and Sb 
below IFC/WHO standards. Optimal reagent addition 
and dosing was determined. 

Campaign 26 - 2017/2018 

Aachen oxidation leach testwork 
on Central Zone, Sofia, and Sofia 
North. Pilot plant gravity and CIL 
testwork on Central Zone PP1 to 
PP4. 

Maelgwyn Mineral 
Services Africa 

CZ Block L Rep 18-051. CIL Pilot plant 
report 17-041. Sofia Main and North 
Excel results 2018. 

Aachen CIL CZ Block L Fresh=37%, Transition-Red = 
40.6%, Transition-Ox =72%, Oxide = 87.6%.  Aachen CIL 
(CIL SGS). Sofia Main = 93% (88.4%), Sofia North = 
87.9% (85.3). Pilot Plant CZPP1 to CZPP4. Gravity: PP1 = 
50.2%, PP2 = 53.7%, PP3=57.9%, PP4=15.2%. Overall 
Gravity+Gtails CIL: PP1=83.3%, PP2=85.8%, PP3=82.6%, 
PP4=37.6%. 

Campaign 27 - 2017/2018 

Slurry behaviour and thickening 
testwork. On oxides, Sofia, 
Central Zone (pre- and post-
leach) and Northern Zone BIOX 
samples (neutralized product 
and BIOX product). 

Slurrytec Vietti Reports SEN-MAS- 8584. 

Oxide composite pre- and post-leach samples require 
60-80 g/t flocculant and achieve solids flux rates of 0.25
t/m2h to 0.4 t/m2h. Sofia pre- and post-CIL require 30
g/t to 60 g/t flocculant, and solids flux rates of 0.45 to
0.5 t/m2h. CZ WOL pre- and post-CIL require 40-50 g/t
flocculant, and solids flux rates of 0.4 t/m2h to 0.5 t/m2h.
BIOX pre-CIL product 200 g/t flocculant, and a solids flux 
rate of 0.3 t/m2h.

Campaign 28 - 2017/2018 

Bulk solid flow testwork on 
oxides from CZ, NZ, and Sofia 
Main. 

Greentechnical Report A786 
For the oxide samples tested, for ROM, Apron feeders 
are best, for post-crushed, belt feeders are optimal. 
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Campaign Testwork Description Laboratory Report ID or Number High Level Outcomes 

Campaign 29 - 2018 
Cyanide destruction testwork on 
oxides, Sofia Main and North as 
well as Central Zone. 

Cyplus 
Report Pending. Results emailed pdf 
document email dated 
27 November. 

Cyanide destruction methods tested, INCO, Cold Caro's 
Acid and Combinox. Results pending on oxide, and Sofia 
Caro's and Inco very effective. For CZ SCN- is produced. 
Caro's acid destroys SCN-, Inco product left with 580 
ppm SCN- post destruction. 

Campaign 31 - 2018 
Sofia Waste rock comminution 
testwork. 

SGS Randburg 
BBWi (kWh/t) at 106 µm: 22.2. BRWi (kWh/t) 1180µm: 
17.8. Ai 0.30. Waste rock is not considerable harder than 
Sofia Main. 

Campaign 32 - 2018 
Oxide composites Leach Kinetics. 
Composites from CZ, NZ, Sofia 
North, Sofia Main and Delya. 

SGS Randburg Excel results - 17/463 Rev 3 

Optimal CIL determined to be 24 hours, 300ppm NaCN 
controlled. Gravity at 212 µm: CZ=48.5%, NZ=15.1%, 
Sofia Main=4.3%, Sofia North=8.4%, Delya=0.9%. ROM 
CIL: CZ=97.8%, NZ=90.4%, Sofia Main=91.4%, Sofia 
North=88.9%, Delya=96.5%. 

Campaign 33 - 2018 Albion testwork. Glencore Technologies Report TA070-GT- DD5001 

Flotation concentrate from Campaign 22 was UFG'ed to 
10 µm and Albion applied. Only an 80.2% overall 
oxidation+CIL was achieved. Nor further work was 
completed as BIOX achieves > 97% on the same 
samples. 

Campaign 34 - 2017 
Orway Minerals - Two Stream 
Mill Sizing and Simulations. 

Orway Mineral 
Consultants 

Report 7860 

Simulations and sizing based on running two parallel 
streams early in the BFS (single stream, of 150 tph to 
process CZ alone).  Simulations  indicated  that  1  x  
Primary  Jaw+1  x Secondary + 1 x 6.0 m ø 9 m effective 
grinding length (EGL). Mill can produce a 150 tph 80% - 
75 µm product. 
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Campaign Testwork Description Laboratory Report ID or Number High Level Outcomes 

Campaign 36 - 2017/2018 

Delya gravity and flotation 
optimization. Concentrate 
through BIOX BAT test reported 
in campaign 23. 

SGS Randburg 
Gravity and Flotation report SGS 
17/642 

Delya gravity 212 µm = 2%. Float recoveries average = 
96.2%, BIOX-CIL=95.5%. Overall recovery = 91.8% 

Campaign 37 
Multotec testwork on arsenic 
and antimony removal from 
simulated TSF liquor. 

Multotec South 
Africa 

Report Randgold Massawa Arsenic 
and Antimony Precipitation Benchtop 
Testwork WRQ053 

Central Zone free-milling arsenic, antimony  and copper 
levels of 14.5 ppm, 52 ppm and 13.1ppm, respectively, 
were leached into solution.  Applying  a  3-stage  ferric  
chloride precipitation all elements can be precipitated 
and meet the stringent  IFC/WHO  standard  for  water  
release  to  the environment. 

Source: Massawa Gold Project Feasibility Study Report, Senet (Pty) Ltd., December 2018. 



Sabodala Massawa Project  
Pre-feasibility Study 
National Instrument 43-101 Technical Report 

5139\16.04\5139-GREP-001_0 - C13 Mineral 
Processing and Metallurgical Testing 

August 2020 

Lycopodium 

Page 13.11 

During the previous PFS and FS phases, a number of trade-off studies were competed by previous 
owners.  These are summarized in Table 13.3 and relevant outcomes were used for process development 
and form a basis for the design of the process plant. 

Table 13.3 Historical Trade-Off Studies Summary 

Trade-off Title Description Outcome 

PRESSURE OXIDATION 
VERSUS BACTERIAL 
OXIDATION - Memorandum 
dated 02 March 2017 

High level assessment of POX vs BIOX 
using PFS assumptions. 

POX and BIOX achieve the same levels of 
oxidation + CIL gold recovery. The capital 
cost and associated operating cost 
indicate that BIOX is more cost effective. 
Furthermore, operating a POX circuit in 
remote Senegal is also highlighted as an 
operating risk. 

POWER  SUPPLY  TRADE- OFF 
- Document Number SS
0655-0000-0W11-001 dated 
21  April 2017 

A high level trade-off exercise was 
completed to assess the possibility of using 
liquefied petroleum gas (LPG) instead of 
heavy fuel oil (HFO) for power generation 
for the Massawa Project. 

The evaluation showed that the use of 
HFO or a combination of HFO and diesel 
results in greater economic benefits than 
the use of LGP power generators. 

PROCESS ROUTE SELECTION 
TRADE-OFF STUDY - 
Document Number SS0672-
0000-0W11-003 Rev 0B dated 
25 June 2017 

Determine optimal process routes for 
various ore types found at Massawa. 
Memorandum was based mostly on PFS 
results. Feasibility results have changed the 
optimal process route for Central Zone. 

WOL at 75 µm is optimal for free milling    
ore.    PFS assumptions assumed flotation 
of CZ and UFG on conc, as well as a leach 
of float tails (later disproven in feasibility). 
NZ to include BIOX, leaching of float tails 

FLOWSHEET DEVELOPMENT  
AND VERIFICATION – EFFECT 
OF GRIND – MASSAWA 
CENTRAL ZONE - Memo dated 
3 August 2017 

To proceed with the CIL optimisation 
testwork, a preferred grind size is required 
as the gravity tailings is being   leached. 
The decision to conduct such testwork will 
be based on the first set of data generated 
from Campaign 20. 

All optimization testwork will thus be 
conducted at a grind of P80 of 75µm. 

MASSAWA SOFIA FLOW SHEET 
DEVELOPMENT - EFFECT OF 
CYANIDE ADDITION - Memo 
dated 08 August 2017 

Sofia ore was tested at 300, 400 and 600 
ppm Controlled NaCN levels.  An additional 
3.5% dissolution is achieved at 600 vs 300 
ppm.  A  financial  impact  was  assessed 
based  on  higher  dissolution  and  in  turn 
higher NaCN consumption. 

Leaching of Sofia ores at a controlled 
600 ppm NaCN accepted as optimal. 

ELUTION METHODS TRADE-
OFF - Document Number SS-
0672-0000-0W11-005 Rev 0C 
dated 15 August 2017 

Senet completed a trade-off study for four 
elution   options, Split   Anglo   American 
Research Laboratory (SpAARL), Straight 
Anglo American Research Laboratory 
(StAARL), the standard pressure ZADRA, 
and a short cycle (12h) Pressure ZADRA 
elution methods at the request of 
Randgold. The trade-off study was based 
on 12 ton carbon batch capacity for all four 
elution methods. 

The two Pressure ZADRA methods have 
lower capital and operating costs when 
compared to the two AARL options. The 
short cycle Pressure ZADRA option 
presents the most optimal option for 
Massawa. 
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Trade-off Title Description Outcome 

MASSAWA FLOWSHEET 
DEVELOPMENT – 
CONCENTRATE HANDLING 
(ALBION) - Memo dated 30 
October 
2017 

Albion testwork was conducted on the NZ 
flotation concentrate produced at Hazen. 

Even though the BIOX process showed 
higher operating and capital costs, gold 
recovery and contribution to operating 
margin were higher for the BIOX process 
compared to the Albion process. 

CZ PROCESS ROUTE TRADE-
OFF STUDY PFS RECOVERIES  -  
SS  0672- 0000-0W11-004    
Rev 0C dated 12 February 2018 

Three process routes for the CZ were 
identified from the PFS and current on-
going testwork programme indicate that 
the proposed treatment route would 
require a trade-off study to identify the 
most suitable processing route before the 
BFS deliverables can commence. 

The WOL of CZ is financially viable down 
to total Au recovery of 67%. This is 
measured against CZ being processed as 
a CZ and NZ blend, to lower operating 
cost. This necessitates the blending of 
25% CZ and 75% NZ during flotation and 
utilizes flotation tails recycling in the 
neutralization stage. 

Source: Massawa Gold Project Feasibility Study Report, Senet (Pty) Ltd., December 2018. 

13.2 Summary of Historical Results 

The extensive metallurgical testwork campaigns demonstrate the two distinct behavioural patterns of 
mineralized material from Massawa.   

The first are from sources, in particular oxides, and fresh rock from Sofia Main, Sofia North and much of 
CZ, that exhibit free-milling characteristics suitable for gold extraction by a conventional CIL 
metallurgical process.  Some of these sources also contain gravity recoverable gold (GRG) and, in CZ, 
testing shows that GRG is as high as 50% of the total gold content.  The following process design criteria 
were used by the previous owners: 

• Grind size P80 = 75 µm.

• Leach/CIL time of 24 hours for oxides and 32 hours for Sofia Fresh and CZ WOL.

• Overall gold recoveries (including gravity) ranging from 86.9% to 94.1%.

The second is highly refractory material, with very low gravity recoverable gold, and is found in the fresh 
rock zones of some of CZ, and in the NZ and Delya deposits.  In these sources, gold is significantly 
associated with sulphide minerals and can be recovered by Flotation and BIOX treatment of the 
concentrate to achieve overall gold recoveries in excess of 85%.  Flotation is a very effective pre-
concentration step with flotation tailings grades below 0.4 g/t Au being achieved and which exhibited 
very low CIL recoveries. The flotation tailings are therefore considered to be useful to partially neutralize 
solution after the BIOX process.  The historical testwork results generated the following process design 
criteria for the refractory material: 

• Grind size P80  = 75 µm.

• Ore feed ratio of 75:25 for NZ : CZ.
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• Flotation mass pull of 14%.

• Pre-oxidation treatment with BIOX.

• Leach/CIL time of 24 hours.

• Overall recovery of 89.5%.

Details of these metallurgical testwork campaigns were discussed and presented in Massawa Gold 
Project Feasibility Study Report (SS0672-0000-4W33-001), dated December 2018 by Senet (Pty) Ltd. 

Table 13.4 summarizes the key process criteria generated for this Project.  The values are derived from 
a combination of historical metallurgical testwork results, recent ongoing testwork at SGS (detailed in 
Section 13.3) and also in consideration of processing at existing Sabodala facilities. 

Table 13.4 Key Process Design Criteria Summary 

Key Process Criteria Unit WOL Plant ROT Plant 

Grinding Feed Size (P80) mm 150 150 

Grinding Product Size (P80) µm 90 90 

Gravity Gold Recovery % 30 N/A 

Flotation Retention Time min N/A 120 

Flotation Mass Pull % N/A 14 

Flotation Gold Recovery % N/A 91 

Flot. Conc. Regrind Product Size (P80) µm N/A 45 

BIOX Sulphide Oxidation % N/A 96 

BIOX Arsenic Dissolution % N/A 96 

Flotation Tails to Neutralization kg tails: kg feed N/A 4.0 

Leach/CIL Gold Recovery % 88 97 

Leach/CIL Retention Time h 32 24 

Source: Lycopodium, 2020. 

Based on the above, the plant design required to process the balance of the Sabodala ores and those 
from Massawa will consist of two distinct processing circuits: 

• The non-refractory ores will be processed through the existing Sabodala WOL plant with the
addition of a gravity circuit and a larger elution/electrowinning and carbon regeneration
circuits to accommodate the higher gold feed grades.

• The refractory ores will be processed through a new ROT plant by flotation and fine grinding
of concentrate (to P80 = 45 µm), followed by BIOX oxidation and CIL.
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13.3 Metallurgical Testwork in 2019/2020 

SGS Canada Inc. was engaged by Teranga in December 2019 to perform metallurgical tests on a selection 
of available samples from the Massawa deposits.  The samples for the program are from the Sofia, CZ 
and NZ deposits. The primary objective was to confirm the suitability of the existing Sabodala plant for 
processing the WOL types of the Massawa mineralization zones.  

The testwork program was in two phases.  The objective of the first phase was to classify the samples as 
refractory or non-refractory.  This segment of the program includes: chemical analysis, gravity 
concentration and cyanide leaching on a total of 36 samples.  The second phase of the program was 
designed to optimize the leaching conditions for the oxide and non-refractory zones of CZ and to 
examine requirements for arsenic removal in such a process. In addition, phase 2 included initial work 
to optimize the flotation response of those samples determined to represent refractory mineralization. 
Phase two includes preparation of 11 composite samples, chemical analysis, gravity separation, flotation, 
cyanide leaching of the gravity and flotation tailings and arsenic-antimony precipitation testing. 

The testwork program is not complete at the time of the completion of this Technical Report. The results 
to date are, however, consistent with previous testwork. Details of the SGS testwork completed and the 
results to date can be found in “Interim Report on the Progress of Metallurgical Testing of Samples 
Representing Teranga’s Massawa Gold Project in Senegal”, dated May 24, 2020. The full testwork 
program results will be incorporated into the future feasibility study. 

General conclusions from the testwork performed so far are summarized below. 

For Phase 1: 

• CZ Oxide samples exhibit low gravity gold recovery and excellent leached gold recovery after
24 hours.

• NZ Oxide samples exhibit low gravity gold recovery with 80%-83% leach recovery within 24
hours.

• Sofia Fresh samples all exhibit low gravity recovery (2%-12%) and 81%-88% leach recovery
with 24-48 hours leach retention time.

• CZ Fresh samples presented a large range of gravity and leach recoveries, due to the mix of
refractory and non-refractory samples.

• NZ Fresh samples exhibit low gravity and low leach recoveries.

For Phase 2: 

• Recoveries of 85%-88% was achieved for the Sofia Fresh samples with 24 hour leach time and
a P80 of 90 µm. Oxygen addition was not found to improve leach extraction.  Gravity gold
recovery was low at an average of 6%.
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• Overall recoveries of 64%-73% were achieved for the CZ Transition samples.  Gravity recovery
ranged from 28%-50%.  No evidence of pre-robbing.  Leaching for 36 hours resulted in higher
recoveries than 24 hours.

• CZ oxides yielded consistent gold recoveries in the 94%-96% ranged with 24 hours leach
retention time.  Increasing retention time to 36 hours resulted in only 0.5%-0.8% increase in
gold recoveries.

• NZ oxides recoveries ranged from 67%-85% with 24 hours leach retention time.  Increasing
retention time to 36 hours resulted in 2.4% increase in gold recoveries.  Some of the samples
appeared to confirm the potential for preg-robbing activity as CIL outperformed leaching
without carbon by approximately 10%.

• CZ fresh samples comprising both non- refractory and refractory materials showed a large
variability in overall gold recovery ranging from 2% to 88%.  Gravity gold recovery ranged from
2% to 71%.  Running the leach as CIL showed significant gold recovery improvements in some
samples but not all.  Refractory behaviour was observed in some samples.

• NZ fresh samples showed low gravity gold recovery averaging ~3% and low average gold
recovery averaging at 11%.  Running the leach as CIL yield significant improvement in gold
recovery, indicating prep-robbing behaviour, but still not high enough recovery to consider
these samples as non-refractory.

• Samples were submitted for mineralogical testing and some samples results were reported in
Draft.

• Testwork showed that minimal arsenic (0.1%-0.2%) was mobilized in cyanide leaching in the
samples that were tested.  Antimony leached to a greater degree, ranging from 0.02%-5.8%.

13.4 Orway Minerals Consultants (OMC) Circuit Modelling 

OMC completed three different circuit models for the proposed Sabodala-Massawa comminution circuit. 
Details of these circuit modelling results can be found in these reports: 

1) Sabodala Project, 4MT/A Comminution Circuit Evaluation, Report No. 7246 Rev B, dated
January 2020.

2) Massawa 1.2 Mtpa SS SAG Milling Option, Report No. 7246-1 Rev 0, dated February 25, 2020.

3) Massawa Comminution Circuit Equipment Single Stage versus Two Stage for 1.2 Mtpa, Report
No. 5139-MEM-001 Rev 0, dated April 13, 2020.
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The first report prepared in January 2020 investigated the options to process 1.2 Mtpa of refractory ore 
and 2.8 Mtpa of WOL ores using the existing Sabodala comminution circuit to achieve a total throughput 
of 4.0 Mtpa.  The target final grind size (P80) is 90 µm.  A summary of the modelling results and 
modifications to the existing comminution circuit required are listed below: 

• Modelling results confirm that the current comminution plant can be split into two trains to
process the refractory ores separately.

• The WOL circuit will comprise all existing equipment: one jaw crusher, SAG mill, Ball Mill No.1,
pebble crusher and the primary cyclone cluster.  This circuit will be used to treat WOL ore
based on individual ore types at a P80 in the range of 74 µm to 90 µm and 2.7 Mtpa to 2.9 Mtpa
for the weighted average ore blend.  Splitting of the primary cyclone underflow (CUF) back to
the SAG mill is also required.

• The refractory circuit will comprise the second existing jaw crusher, existing secondary crusher
and product screen to produce a full secondary crushed product.  A new cone crusher and
double deck vibrating screen will be required to produce a tertiary product prior to being fed
to the existing Ball Mill No.2 and secondary cyclone cluster.  This circuit will be able to process
1.0 Mtpa to 1.2 Mtpa of refractory ores with a P80 in the range of 74 µm to 90 µm.

The second report prepared in February 2020 investigated the option of processing 1.2 Mtpa of the 
refractory ores in a single-stage (SS) SAG milling configuration.  The target grind size is P80 of 90 µm. 
Based on these parameters, the modelling indicated the options listed below: 

• Option 1: A SAG mill with 7.92 m x 5.70 m EGL and a 6.5 MW drive is recommended if ore
types are processed individually.  This option is sized based on the hardest material (CZ ores)
and turning down of the mill will be required when processing the other softer ore types.

• Option 2: A SAG mill with 7.92 m x 5.0 m EGL and a 6.0 MW drive is recommended if blending
of the mill feed is possible.

The last report prepared by OMC in April 2020 reviewed the capacity for the existing jaw crushers to 
process a total of 5.2 Mtpa to 5.5 Mtpa of ROM feed and provided the major equipment sizing required 
for a SS SAG milling circuit and two stage SABC circuit for the refractory ore.  Equipment sizing is based 
on the hardest CZ material and the CZ:NZ ore blend in the ratio of 1:3. The target grind size is P80 of 
90 µm.  A summary of the results is provided below: 

• The existing crushing circuit has the ability to process 5.2 Mtpa to 5.5 Mtpa of ROM feed with
retrofits such as addition of bypass gates and chutes and new conveyors.

• For processing the CZ ore, the nominated SS SAG mill is 8.5 m dia. x 5.5 m EGL and a 7.0 MW
VSD drive.

• For processing the CZ:NZ blend, the nominated SS SAG mill is 8.5 m dia. x 5.15 m EGL and a
6.6 MW VSD drive.
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• A pebble crusher (HP100 or HP200) is included for the SS SAG circuit to provide better load
control during operation.

• For the SABC circuit, the nominated SAG mill is 7.32 m dia. x 3.05 m EGL and a 3.2 MW VSD
drive for both CZ and CZ:NZ blend material.

• For processing the CZ ore, the nominated ball mill is 5.03 m dia. x 7.85 m EGL and a 3.2 MW
VSD drive for the SABC circuit.

• For processing the CZ:NZ blend, the nominated SS SAG mill is 4.88 m dia. x 7.6 m EGL and a
2.8 MW VSD drive for the SABC circuit.

• A pebble crusher (HP100 or HP200) is strongly recommended for the SABC circuit.

After considering the modest additional capital cost required to install a new refractory grinding circuit 
that would simultaneously increase the total treatment capacity at Sabodala from 4 Mtpa to 5.2 Mtpa 
the decision was made to make grinding of refractory material independent of the existing WOL grinding 
circuits. 

13.5 Conclusions 

The current SGS metallurgical testwork program combined with all the previous historical testwork 
programs conducted for Massawa deposits provides a sufficient representative and complete database 
to support a pre-feasibility level study.  The summary process design criteria presented in Section 17 
reflect a reasonable interpretation of the testwork results and are appropriate for use in this study’s 
process design and for the Project’s economic analysis. 

The extensive past and current metallurgical testwork campaigns demonstrate two distinct behaviours: 

• Oxides and some fresh rock sulphides exhibit free-milling characteristics suitable for gold
extraction by conventional cyanidation process (WOL). The CZ zone also contains significant
gravity recoverable gold.

• Some fresh rock sources (from the north of the Central Zone, North Zone and Delya) are highly
refractory and exhibit very low gravity recoverable gold.  Oxidation of the gold-bearing
sulphides is required to achieve acceptable gold extraction, and flotation and BIOX is
combined to achieve gold recoveries in excess of 85%.

Using the optimal processing route for each ore type, gold recovery was estimated based on testwork 
results to date.  The predicted LOM average recoveries for each ore type are summarized in Table 13.5. 
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Table 13.5 Recoveries Summary by Ore Type (%) 

Ore Type WOL Oxides WOL Fresh Refractory 

Sofia Main 92 86 - 

Sofia North 91 86 - 

Central Zone 93 85 88 

North Zone 85 - 88 

Delya 93 - 88 

Source: Lycopodium, 2020. 

13.6 Recommendations 

Overall, the extensive testwork completed to date for the Massawa deposit provides a sufficient and 
representative database for the Project’s process design and economic analysis.  The following 
recommendations are proposed for the next stage: 

• Some samples during the 2020 SGS metallurgical testwork programme exhibited pre-robbing
behaviour.  To confirm prep-robbing possibility, it is suggested to determine Corganic for
samples with high probability of preg-robbing characteristics in the future testwork
programme.

• The current design flotation retention time is 2 hours which is high for sulphide flotation.
Future flotation tests should aim to optimize to lower the retention time without sacrificing
gold recovery.  Samples should be taken at different time interval and analysed for Au, S, As
and Sb.
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14.0 MINERALS RESOURCE ESTIMATES 

14.1 Project Summary 

Mineral Resources for the Sabodala-Massawa Project are estimated for 25 gold deposits and prospects 
located on the Sabodala and Massawa Mining Licenses, and the Bransan exploration permit (Figure 14.1). 
Mineral Resources are reported inclusive of Mineral Reserves at an effective date of December 31, 2019 
(Table 14.1). 

The methods, parameters, assumptions, and support data used for the 25 block models, some which date 
back to 2011, were reviewed to ensure they remain current.  Models were updated as required, such as 
when: 1) new information becomes available, 2) mine depletion took place or 3) metal price or operation 
cost assumptions change.  The same overall approach was used for each model whereby block grade 
and density estimates are constrained by domains representing the mineralization, lithology, and 
weathering surfaces, and Mineral Resources are reported within pit shells generated in Whittle software 
using the Lerchs-Grossman algorithm. Only classified blocks greater than or equal to the open pit cut-
off grades and within the open pit shells were reported. 

For reporting of underground Mineral Resources, only classified blocks greater than or equal to the 
underground cut-off grade were reported. In addition, Deswik Stope Optimizer software was used to 
generate wireframe models to constrain blocks satisfying minimum size and continuity criteria at the 
Sabodala deposit. 

The Qualified Person (QP) for the Mineral Resource estimates is Patti Nakai-Lajoie, who is a full-time 
employee of Teranga and not independent, and is a Qualified Person in accordance with NI 43-101.  Ms. 
Nakai-Lajoie is not aware of any environmental, permitting, legal, title, taxation, socio-economic, 
marketing, or political issues that would materially affect the Mineral Resource estimates. 

Table 14.1 Open Pit and Underground Mineral Resources Summary as at December 31, 
2019 

Category/Property/Mining Method 
Tonnage 
(000 t) 

Grade 
(g/t Au) 

Contained 
Metal 

(000 oz Au) 

Measured Resources 

Sabodala OP 16,367 1.23 645 

Sabodala UG 0 0 0 

Massawa OP 494 4.57 73 

Massawa UG 0 0 0 

Total Measured Resources 16,860 1.32 717 



Sabodala-Massawa 
Pre-feasibility Study 
National Instrument 43-101 Technical Report 

5139\16.04\5139-GREP-001_0 S14 

Page 14.2 

August 2020 
Lycopodium 

Indicated Resources 

Sabodala OP 53,535 1.34 2,314 

Sabodala UG 6,384 3.75 771 

Massawa OP 28,043 3.43 3,095 

Massawa UG 0 0 0 

Total Indicated Resources  87,962 2.19 6,180 

Measured + Indicated Resources 

Sabodala OP 69,901 1.32 2,959 

Sabodala UG 6,384 3.75 771 

Massawa OP 28,537 3.45 3,168 

Massawa UG 0 0 0 

Total Measured + Indicated Resources 104,823 2.05 6,897 

Inferred Resources 

Sabodala OP 11,489 1.11 411 

Sabodala UG 5,254 3.34 565 

Massawa OP 6,796 2.25 491 

Massawa UG 2,582 4.50 373 

Total Inferred Resources 26,120 2.19 1,840 
Notes: 
1. CIM definitions were followed for Mineral Resources.
2. Open pit oxide Mineral Resources are estimated at cut-off grades ranging from 0.35 g/t Au to 0.50 g/t Au.
3. Open pit transition and fresh rock Mineral Resources are estimated at cut-off grades ranging from 0.40 g/t Au to 1.20 g/t

Au.
4. Underground Mineral Resources are estimated at a cut-off grade of 2.00 g/t Au at Sabodala, and at 2.84 g/t Au at Massawa.
5. Measured Resources at Sabodala include stockpiles, which total 4.3 Mt at 0.75 g/t Au for 104,000 oz.
6. Measured Resources at Masato include stockpiles, which total 2.5 Mt at 0.69 g/t Au for 55,000 oz.
7. Measured Resources at Maki Medina include stockpiles, which total 0.1 Mt at 0.78 g/t Au for 3,000 oz.
8. Measured Resources at Golouma include stockpiles, which total 0.4 Mt at 0.75 g/t Au for 9,000 oz.
9. High grade assays were capped at grades ranging from 1.5 g/t Au to 340 g/t Au.
10. Mineral Resources are inclusive of Mineral Reserves.
11. Open pit shells were used to constrain open pit resources.
12. Mineral Resources are estimated using a gold price of $1,450/oz.
13. Sum of individual amounts may not equal due to rounding.
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Figure 14.1 Location of Deposits Containing Mineral Resources 

Source:  Teranga Gold Corporation, July 2020 
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14.2 Resource Database 

For each deposit, a sub-set of the master drill hole database was created including tables for: collar 
coordinates, downhole azimuth and dip direction, lithology, alteration, structure, vein descriptions, 
assays, and density data.  Table 14.2 summarizes the total drilling in individual resource databases by 
drill hole type. Dates for individual deposit databases range from 2010 to 2018. 

Most block models used diamond drill core and reverse circulation drilling to estimate block grades.  For 
Massawa NZ, Sofia, Delya, Tina, and Bambaraya, trench data was included and used for resource 
estimation.   
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Table 14.2 Mineral Resource Databases by Deposit 

Deposit 
Date of 
Database 

RC RC-DDH DDH Total 
Holes 
(No) 

Metres 
Holes 
(No) 

Metres 
Holes 
(No) 

Metres 
Holes 
(No) 

Metres 

Sabodala Apr. 30, 2013 658 66,401 579 170,900 191 42,997 1,428 280,298 

Gora Jul. 21, 2012 75 8,844 149 27,719 35 3,685 259 40,248 

Niakafiri East Apr. 19, 2017 195 19,755 69 14,568 150 24,286 414 58,609 

Masato Nov. 6, 2014 355 49,607 19 5,614 214 42,674 588 97,895 

Golouma Sept. 16, 2013 239 39,274 13 4,897 354 87,463 606 131,634 

Kerekounda Sept. 16, 2013 105 18,746 - - 89 25,786 194 44,532 

Niakafiri West Apr. 28, 2017 80 10,727 5 1,933 64 8,135 149 20,795 

Soukhoto June 2010 8 834 1 221 4 532 13 1,587 

Diadiako Dec. 31, 2011 32 4,624 5 1,564 9 1,973 46 8,161 

Kinemba Apr. 17, 2012 25 4,141 - - 8 1,536 33 5,677 
Goumbati West - 
Kobokoto 

Mar. 27, 2017 52 7,272 5 571 211 21,773 268 29,616 

Golouma North Aug. 17, 2016 - - - - 66 8,045 66 8,045 

Kourouloulou Apr. 17, 2012 51 7,442 13 3,767 108 16,989 172 28,198 

Kouroundi Apr. 17, 2012 - - - - 14 2,005 14 2,005 

Koutouniokollo Apr. 17, 2012 9 1,255 - - 28 4,423 37 5,678 

Maki Medina Aug. 5, 2015 73 9,665 - - 75 10,507 148 20,172 

Mamasato Apr. 17, 2012 8 1,446 - - 42 7,587 50 9,033 

Marougou Jul. 9, 2016 61 12,191 - - 19 2,202 80 14,393 

Sekoto Apr. 17, 2012 14 1,761 - - 12 1,303 26 3,064 

Massawa NZ Apr. 16, 2018 596 42,350 - - 262 59,116 858 101,466 

Massawa CZ Aug. 8, 2018 2,256 205,439 1 272 211 47,618 2,468 253,328 

Sofia March 2018 267 33,146 - - 106 19,391 373 52,537 

Delya Mar. 17, 2018 144 12,812 - - 18 1,927 162 14.739 

Tina Jan. 2011 19 1,520 - - - - 19 1,520 

Bambaraya Nov. 30, 2010 7 888 - - 10 1,941 17 2,529 

Total  5,168 560,140 859 232,026 2,461 443,894 8,488 1,221,035 

 

14.3 Bulk Density Measurements 

14.3.1 Sabodala Properties 

The immersion in water method was conducted by Teranga technicians to determine the bulk density 
values in core samples. Porous or absorbent samples were coated with wax after obtaining an initial 
weight in air, then immersed in water and weighed again. 
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Samples correspond to most of the rock and alteration types, and were taken at an approximate 10 m 
minimum spacing. 

Density determinations were taken on core at Marougou, however, these were awaiting validation at the 
time of resource modelling and were therefore not used. 

Bulk density control samples were used as QC checks on the determinations of sample densities. 
Densities were measured on a control sample before the first and after the last sample density 
measurement of each hole. 

14.3.2 Massawa Properties 

Bulk density values were measured by applying the Archimedean principles (density = weight (in air) ÷ 
(weight (in air) – weight (in water)) for drill core and a weight by measured volume for surface samples. 
All results are grouped by weathering profile and lithology. The density measurement procedure differed 
slightly for saprolite, transition, and fresh material: 

• Saprolitic density measurements were primarily obtained from trenches, although some drill
hole core was used. For trench samples, cubes of approximately 25 cm x 25 cm x 25 cm were
excavated and the insitu weight measured to estimate the moisture content. The sample is then
dried out and wrapped in a waterproof membrane.

• Fresh and transition density measurements were primarily obtained from drill core. The
procedure followed involved the selection of 10 cm to 15 cm pieces using the water immersion
method.

Once the dry sample weight has been measured using a Mettler 3000 electronic balance, the samples 
are weighed in water using the lower hook of the balance. Data distributions were checked to remove 
both lower and upper outliers before the mean density value was calculated for each lithology split into 
weathering groups (Densities for deposits located on the Massawa properties were assigned by deposit, 
lithology, and weathering layer (Table 14.3).  Density values are hard coded into all block models based 
on the lithology and weathering. Where density data does not exist for the satellite deposits, the density 
from the nearest deposit on the same shear zone with the same weathering and lithology combination 
was applied. 

The number of bulk density determinations are listed by deposit in Table 14.3. Averaged bulk densities 
applied to the resource models are listed, in subsection Block Model Parameters, of this Section 14. 
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Table 14.3 Bulk Density Data 

Deposit 
Number of Bulk 

Density 
Determinations 

Golouma/Golouma North 4,759 

Gora 1,469 

Goumbati West - Kobokoto 1,560 

Kerekounda 1,596 

Kinemba 126 

Kourouloulou 1,117 

Kouroundi 305 

Koutouniokollo 233 

Maki Medina 788 

Mamasato 645 

Masato 3,326 

Niakafiri East/Niakafiri West 9,853 

Sabodala 38,761 

Sekoto 138 

Soukhoto 32 

Sofia 2,665 

Massawa CZ 4,310 

Massawa NZ 4,293 

Delya 1,252 

Tina 0 

Bambaraya 0 

 

14.4 Geological and Mineralization Models 

Mineralization wireframes were interpreted and generated in either Maptek Vulcan, Seequent Leapfrog, 
or Micromine.  The geological models, including the mineralization wireframes, were generated by 
Teranga, Barrick/Randgold, or RPA.  All interpretations were reviewed and adopted by the QP. 

14.4.1 Sabodala 

Lithology models were generated for the basalt, mylonite, east volcaniclastic, gabbro, ultramafic and west 
volcaniclastic units. An oxidation surface was constructed from points representing the base of the 
weathered rock profile in each drill hole. Oxide and "fresh" (unoxidized) rock solids were generated.  
Twenty-four mineralization zones were interpreted and modelled based on lithology, alteration, 
structure, a minimum 2 m true width and a 0.2 g/t Au cut-off grade (Figure 14.2). 
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The structural study undertaken by Panterra Geoservices (Rhys, 2009) indicates that the Main Flat Zone 
(MFZ) is the dominant mineralization-controlling structure based on field and core observations and is 
associated with quartz veining, intense brecciation, shearing, and carbonate-albite-pyrite-sericite 
alteration. 

Upper Flat Zones (UF) splay off steeper trending structures (NWS and the original East Thrust zone) with 
variable widths and primarily located above the MFZ in the hangingwall volcaniclastics and footwall mafic 
basalts.  UF mineralization is not as continuous from hole to hole as in the MFZ. These exhibit a general 
shallow trend similar to the MFZ and are associated with variable carbonate-albite-siliceous alteration. 

The Ultramafic Flat Zone (UM Flat) is located above the MFZ primarily in the ultramafic unit, trends parallel 
to the MFZ and UF Zones, and is associated with quartz veining and variable carbonate-albite alteration. 

The Footwall Flat Zone (FW Flat) splays off the eastern footwall of the MFZ. This zone has similar alteration 
and structural characteristics to the MFZ but follows a southeast-northwest trend with a shallow dip to 
the northeast. A 10 m wide steeply dipping barren mafic dyke trends 10° to the northeast and crosscuts 
the FW Flat zone. 

The Steep FG Zone corresponds to the steep-dipping portion of the mylonite at depth and includes high 
gold grades associated with variable shearing at the contacts. The steep Ayoub Thrust Zone generally 
aligns parallel to the gabbro/mafic volcanic contact and includes quartz veining with weak carbonate-
albite alteration. 

Four Deep Flat Zones (DF) were modelled at depth. These are associated with flat breccia zones with 
associated albite and siliceous alteration, and narrow felsic intrusions. 

Six Sutuba zones were modelled as northwest trending shallow southwest dipping narrow structures, as 
interpreted from drill hole logs and field observation. These follow similar trends as the Upper Flat zones, 
but are located further south and away from other identified steep structures. 

A global mineralization envelope (EDA) was generated that includes all mineralization domains as well 
as mineralization located in closely-spaced and widely-spaced holes that have not been domained. 
Mineralization inside the EDA but located outside of other modelled domains has been treated as a 
separate domain with a unique composite and domain flag. 
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Figure 14.2 Sabodala Mineralization Models – Long Section Looking East 

Source:  Teranga Gold Corporation, July 2020  

14.4.2 Niakafiri East and Niakafiri West 

A topographic surface was generated based on drill hole collars. The oxide horizon was segregated into 
saprolite and transition zones based on core photos, drill hole logs, and density determinations. A total 
of 28 wireframes were modelled at Niakafiri East and twenty-four wireframes were modelled at Niakafiri 
West in Leapfrog at a 0.2 g/t Au cut-off grade.  All wireframes were modelled as steeply dipping zones 
that trend northeast-southwest and range in thickness between 2 m and 65 m. Wireframe models extend 
from surface to a maximum of 390 m vertically and up to three kilometres along strike. Niakafiri East 
mineralization models are presented in Figure 14.3. Niakafiri West mineralization models are presented 
in Figure 14.4. 
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Figure 14.3 Niakafiri East Mineralization Models 

Source:  Teranga Gold Corporation, July 2020  
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Figure 14.4 Niakafiri West Mineralization Models 

Source:  Teranga Gold Corporation, July 2020  
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14.4.3 Masato 

A topographic surface was generated by combining a DEM generated from satellite stereopair images 
covering the eastern portion of the deposit, and a surface generated from drill hole collar elevations 
covering the western portion.  An oxidation surface was modelled based on logged lithological data 
representing the base of the weathered rock profile.  Seventeen mineralization models were generated 
following local lithological, alteration, and structural trends logged from drill holes, using a minimum 2 
m true width, and a 0.2 g/t Au cut-off grade. Masato mineralization solids are illustrated in Figure 14.5. 

14.4.4 Golouma 

The Golouma topographic surface was generated using satellite stereo pair images revised locally to 
correspond with the surveyed drill hole collar elevations. The oxidation surface was modelled based on 
logged lithological data representing the base of the weathered rock profile. 

Mafic dykes intersect Golouma West and Golouma Northwest mineralization, and were modelled based 
on logged lithology and magnetic data. Six felsic dykes intersect Golouma South mineralization and were 
modelled based on logged lithological data. 

Twenty-four mineralization models were generated at a 0.2 g/t Au cut-off grade across a minimum true 
width of 2 m following logged geology and structural data. Mineralization models were clipped to the 
crosscutting dykes, with the unmineralized intersecting volumes removed from the final mineralization 
wireframes.  Mineralization models are illustrated in Figure 14.6. 

14.4.5 Maki Medina 

Maki Medina topographic and oxide surfaces, and mineralization models were revised in Vulcan to 
incorporate additional drill data collected in 2015. The previous oxide model was segregated into three 
distinct weathering domains based on core photos, drill hole logs, and density determinations: laterite, 
saprolite, and transition zones.  

An intermediate dyke and gabbro domain were modelled separately as they appear to control the 
location of mineralization. 

Fifteen mineralization models were generated following local lithological, alteration and structural trends 
logged from drill holes, using a minimum 2 m true width and a 0.2 g/t Au cut-off grade.  Maki Medina 
mineralization models are illustrated in Figure 14.7. 
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Figure 14.5 Masato Mineralization Models 

Source:  Teranga Gold Corporation, July 2020  
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Figure 14.6 Golouma Mineralization Models 

Source:  Teranga Gold Corporation, July 2020  
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Figure 14.7 Maki Medina Mineralization Models 

Source:  Teranga Gold Corporation, July 2020  
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14.4.6 Goumbati West - Kobokoto 

A topographic surface based on drill hole collars was generated over the combined Goumbati West and 
Kobokoto deposits using Leapfrog. The oxide horizon was segregated into two distinct weathering 
domains, saprolite and transition zones, based on core photos, drill hole logs, and density determinations. 

Infill drilling confirmed the continuity of mineralization between deposits along a north-northeast to 
south-southwest trend.  Twenty-one steeply dipping mineralization wireframes were generated at a 0.2 
g/t Au cut-off grade and a minimum 2 m true width (Figure 14.8). Three EDA envelopes were also 
modelled.  Wireframe models extend from surface to a maximum of 180 m vertically and up to 1.5 km 
along strike.  
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Figure 14.8 Goumbati West - Kobokoto Mineralization Models 

Source:  Teranga Gold Corporation, July 2020  



Sabodala-Massawa 
Pre-feasibility Study 
National Instrument 43-101 Technical Report 

5139\16.04\5139-GREP-001_0 S14 

Page 14.18 

August 2020 
Lycopodium 

14.4.7 Massawa Northern Zone 

Massawa NZ1 is a discontinuous and bifurcating shear zone, with small discontinuous zones of 
mineralization in the hanging wall and footwall.  Massawa NZ2 is composed of a single linear continuous 
shear zone, as well as small discontinuous hanging wall and footwall mineralization zones wireframed as 
separate domains (Figure 14.9). Compared to NZ1, the distribution of gold grades within the NZ2 
wireframes is bi-modal. Consequently, the main mineralized zone wireframe for NZ2 was sub-domained 
into a high-grade domain which separates the strongly bi-modal distribution into two or more single 
stationary geostatistical populations with consistent major directions of mineralization. The definition of 
the high-grade domain model was based upon the following characteristics: 

• 3% or more arsenopyrite sulphide mineralization.

• 2% or less pyrite sulphide mineralization.

• Arsenopyrite to pyrite ratio greater than 1.5.

• Grades mostly greater than 8 g/t Au.

In general, there is a sharp contact between the mineralization and waste, with a strong correlation 
between the grade change and that of the alteration and structural deformation such that mineralized 
wireframes can be defined by geologically logged intersections. 

Visual data correlations confirmed that a suitable geological related cut-off grade was approximately 0.5 
g/t Au in Massawa NZ resource wireframes. During interpretation, efforts were made to minimise the 
amount of low grade material included within each of the mineralized lode wireframes. 

14.4.8 Massawa Central Zone 

Massawa CZ is a belt of altered rock interpreted to include 17, NE trending, sub-vertical to moderately 
dipping mineralized corridors (Figure 14.10). Wireframes were extended a maximum of 30 m past the 
informing drill holes.  In areas near or exceeding the cut-off grade, the wireframes were snapped to the 
assay intervals.  In low grade areas, holes were included in the wireframe models to preserve the 
geometric continuity of the zone, but the wireframes in these areas may or may not snap to the assay 
intervals.   

In addition to the wireframes outlining the mineralized corridors, surfaces representing the mid-plane of 
the zones were generated as input to the dynamic anisotropic grade interpolation.   
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Individual lodes range from 2 m to 25 m thick, but are more commonly between 5 m and 10 m thick. 
Visual correlations indicate that a suitable geological related cut-off grade was approximately 0.5 g/t Au 
for the low-grade Massawa CZ resource wireframes. Overall, the deposit is 1,600 m long and is modelled 
to a depth of 120 m to 200 m below current topography.  Individual domains range in strike length from 
300 m to 1,200 m, but a strike length of 600 m to 800 m is more common. 

Previous interpretations sub-domained high grade cores within most of the lower-grade envelopes.  The 
current estimation relies on the grade interpolation parameters, dynamic anisotropy, and restricted 
search strategies to manage the high grade mineralization.   
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Figure 14.9 Massawa NZ Mineralization Models 

Source: Teranga Gold Corporation, July 2020  
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Figure 14.10 Massawa CZ Mineralization Models 

Source: Teranga Gold Corporation, July 2020  

14.4.9 Sofia 

Sofia Main is a structurally controlled altered shear zone with the majority of the high-grade 
mineralization (>2 g/t Au) located within a plunging tabular dilation zone that is modelled to terminate 
on the FW structure. There are also several small FW splays of mineralization. Consequently, the Sofia 
Main mineralization wireframe depth projection is cropped by the interpreted structural intersection of 
the alteration envelope and the FW gabbro (Figure 14.11). 

Sectional interpretation correlations confirm that a suitable geological related cut-off grade is 
approximately 0.5 g/t Au for the Sofia Main resource wireframes. During interpretation, efforts were made 
to minimise the amount of low grade material included within each of the mineralized lode wireframes.  
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Sofia North consists of a main NNE-trending mineralized structure and discontinuous FW and HW lodes. 
The main mineralized structure that controls the alteration is developed at the eastern contact of the 
Western Mafics where the strike rotates from 040⁰ to 010⁰ and has been delineated over more than 2 km 
by trenching and RC drilling. This structure continues along strike from Sofia Main.  

The mineralized envelope contacts at Sofia are well defined by a strong correlation between grade and 
alteration, meaning that the mineralization intersections can be defined by both the geological logging 
as well as the gold assay values. 

Figure 14.11 Sofia Mineralization Models 

Source:  Teranga Gold Corporation, July 2020  
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14.4.10 Delya 

Delya is located along a major shear zone defined by three steeply dipping, parallel zones of 
mineralization, striking 030°, hosted in the lower margins of a series of gabbros within highly sheared 
and silicified sericitized schist. The mineralized zones are defined by an alteration assemblage of sericite-
silica-carbonate and chlorite with fine disseminated pyrite and arsenopyrite. This altered unit contains 
grades up to 5 g/t Au, and dips to the east at 85°. The other lodes are located to the west and have an 
average dip of 84° to the west. 

Sectional interpretation correlations confirm that a suitable cut-off grade was approximately 0.5 g/t Au 
for the Delya resource wireframes. During interpretation, efforts were made to minimise the amount of 
low grade material included within each of the mineralized lode wireframes.  The wireframes were 
checked against the hardcopy hand-drawn sections, and then clipped to the 10 m resolution topographic 
surface, generated from the DGPS points. 

Figure 14.12 Delya Mineralization Models 

Source:  Teranga Gold Corporation, July 2020  
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14.4.11 Tina and Bambaraya 

The Tina and Bambaraya deposits were interpreted on vertical cross sections from logged data using a 
combination of grade, alteration, and sulphide observations.  The distance between the sections is 
dependent upon the data spacing, typically 50 m to 100 m.  Where a mineralized zone terminates, the 
wireframe is projected along strike by 50% of the drill spacing up to a maximum of 25 m. 

14.5 Assay Statistics 

Descriptive statistics for the raw gold assays within the mineralization domains were generated for each 
deposit. As examples, the results for Sabodala deposit and Massawa NZ are presented in Figures 14.13 
and 14.14.   

Figure 14.13 Sabodala Assay Statistics 

Source:  Teranga Gold Corporation, July 2020  
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Figure 14.14 Massawa North Zone 1 Box and Whisker Plot 

Source:  Teranga Gold Corporation, July 2020  

14.6 Managing High Grade Samples 

Where the distribution of assay grades is skewed positively or approaches log-normal, erratic high-grade 
assay values can have a disproportionate effect on the average grade of a deposit.  Two methods were 
used to treat these outliers in order to reduce their influence on the average grade: 1) samples were cut 
or capped at a specific grade level and 2) high grade samples were spatially restricted during the grade 
estimation process.  Capping was used for most domains whereas spatial restriction was used as required, 
using the capped samples as a starting point. 

For most deposits, capping levels were determined and applied to each mineralization domain prior to 
compositing.   Composites were capped, instead of raw assays, at Massawa NZ, Sofia, Delya, Tina, and 
Bambaraya.  Since these deposits were composited at one metre lengths, there is no significant difference 
between capping before or after compositing.   

Samples located inside each mineralization wireframe were combined to determine an appropriate 
capping level for each mineralized zone or zone group. Capping levels were established using a 
combination of histograms, probability plots, decile plots and cutting curves. 
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To further reduce the influence of high grade composites for some domains, grades greater than a 
designated grade threshold were spatially restricted to a smaller search ellipse dimension (high yield 
restriction).  The threshold grade levels were chosen from the basic statistics and from visual inspection 
of the apparent continuity of very high grades within each domain, which in some cases indicated the 
need to limit their influence to approximately half the distance of the main search. 

Capping levels for the deposits which include Mineral Reserves, are listed in Table 14.4. 

Table 14.4 Capping Levels by Deposit and Domain 

Deposit/Domain 
Total 

Number 
Assays 

Maximum 
Grade 

(g/t Au) 

Capping 
Level 

(g/t Au) 

Number of 
Capped 
Assays 

% Capped 
Assays 

Sabodala 

MFZ 15,441 117 30 73 0.5 

Ayoubs 3,853 37 15 6 0.2 

Steep FG 576 184 20 21 3.6 

FW Flat 2,812 56.5 20 13 0.5 

UM Flat 530 119 10 3 0.6 

DF Zones 4,185 123.4 20 10 0.2 

UF Zones 5,604 85.4 20 31 0.6 

Sutuba Zones 949 90.4 20 1 0.1 

EDA 148,323 152 10 186 0.1 

Niakafiri East 

101 506 6.4 - - - 

102 1,851 37.5 10 4 0.2 

103 5,689 18.9 10 22 0.4 

104 521 8.39 - - - 

105 102 2.82 - - - 

106 485 16.2 10 2 0.4 

107 92 3.74 - - - 

108 245 8.67 - - - 

109 110 4.84 - - - 

110 268 10.8 10 1 0.4 

111 237 22.4 10 2 0.8 

112 80 3.11 - - - 

113 68 3.01 - - - 

114 95 3.25 - - - 

115 287 45.5 10 1 0.3 

116 1,264 13.99 10 2 0.2 

117 106 2.87 - - -



Sabodala-Massawa 
Pre-feasibility Study 
National Instrument 43-101 Technical Report 

5139\16.04\5139-GREP-001_0 S14 

Page 14.27 

August 2020 
Lycopodium 

Deposit/Domain 
Total 

Number 
Assays 

Maximum 
Grade 

(g/t Au) 

Capping 
Level 

(g/t Au) 

Number of 
Capped 
Assays 

% Capped 
Assays 

118 259 4.63 - - - 

119 1,068 8.26 - - - 

120 67 7.54 - - - 

121 27 14.13 10 1 3.7 

122 18 0.55 - - - 

123 114 5.08 - - - 

124 218 17.39 10 1 0.5 

125 244 64.99 10 6 2.5 

126 109 3.81 - - - 

127 193 2.27 - - - 

128 41 4.39 - - - 

129 28 1.39 - - - 

130 23 4.29 - - - 

131 414 8.2 - - - 

301 40,439 12.3 5 6 0.01 

Niakafiri West 

201 107 7.55 - - - 

202 975 22 10 4 0.4 

203 555 53.4 10 4 0.7 

204 186 10.79 10 1 0.5 

205 282 8.23 - - - 

206 213 13 10 1 0.5 

207 29 4.46 - - - 

208 109 4 - - - 

209 33 3.81 - - - 

210 589 11.57 10 2 0.3 

211 85 3.85 - - - 

212 48 2.11 - - - 

213 162 4.83 - - - 

214 206 5.48 - - - 

215 125 5.95 - - - 

216 174 5.13 - - - 

217 105 6.6 - - - 

218 71 6.13 - - - 

219 87 10.1 10 1 1.1 

220 34 9.67 - - - 

221 27 0.75 - - -
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Deposit/Domain 
Total 

Number 
Assays 

Maximum 
Grade 

(g/t Au) 

Capping 
Level 

(g/t Au) 

Number of 
Capped 
Assays 

% Capped 
Assays 

222 269 13.9 10 1 0.4 

223 130 3.29 - - - 

224 68 3.75 - - - 

302 14,561 12.1 5 10 0.07 

Masato 

M1 33,781 3,977 25 50 0.1 

M2 62 2.14 - - - 

HW1 23 2.27 - - - 

HW2 35 4.08 - - - 

HW3 151 4.53 - - - 

HW4 29 29.94 5 2 6.9 

HW5 257 4.25 - - - 

HW6 85 12.69 5 1 1.2 

FW1 54 1.51 - - - 

FW2 107 55.21 7 1 0.9 

FW3 502 9.02 4 2 0.4 

Min1 1,889 66.4 20 5 0.3 

Min2 305 6.57 - - - 

Min3 1,246 18.7 - - - 

Min4 60 2.75 - - - 

Min5 88 7.44 - - - 

Min6 76 10.5 - - - 

Golouma West 

18000 1,464 80.73 30 4 0.3 

18100 832 26.54 20 3 0.4 

18300 71 146.8 12 4 5.6 

18400 1,050 128.1 20 9 0.9 

18414 374 145.2 30 4 1.1 

18600 1,208 434.6 70 10 0.8 

18700 336 262 35 5 1.5 

18800 503 58.57 10 10 2 

18900 520 55.23 40 3 0.6 

19000 206 16.15 10 1 0.5 

19400 40 731.3 3 8 20 

Maki Medina 

DZ1 88 3.07 - - - 

DZ2 28 8.23 6 1 3.6 
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Deposit/Domain 
Total 

Number 
Assays 

Maximum 
Grade 

(g/t Au) 

Capping 
Level 

(g/t Au) 

Number of 
Capped 
Assays 

% Capped 
Assays 

DZ3 156 5.64 - - - 

DZ41 396 17.35 8 9 2.3 

DZ42 1,028 9.59 6 8 0.8 

DZ5 11 0.93 - - - 

CZ6 55 4.36 - - - 

CZ7 133 3.86 - - - 

CZ8 162 1.56 - - - 

CZ9 16 0.84 - - - 

CZ10 33 2.95 - - - 

CZ11 40 2.04 - - - 

CZ12 146 4.25 - - - 

CZ13 122 14.51 6 1 0.8 

CZ14 157 10.32 6 3 1.9 

Goumbati West - Kobokoto 

AD1 455 56.6 15 7 1.5 

AD2 80 3.52 - - - 

AD3 26 13.15 5 1 3.8 

AD4 47 2.29 - - - 

B 153 42.2 15 3 2 

C1 42 4.96 - - - 

C2 62 3.92 - - - 

C3 34 11.85 5 1 2.9 

C4 102 4.24 - - - 

C5 37 4.94 - - - 

C6 18 3.35 - - - 

C7 58 4.2 - - - 

C8 16 3.68 - - - 

C9 69 10.45 5 1 1.4 

C10 18 16.1 5 1 5.6 

2100A 391 11.52 5 6 1.5 

2100B 20 3.03 - - - 

2200 198 23.66 10 4 2 

2300A 31 1.66 - - - 

2300B 41 2.75 - - - 

2300C 39 1.61 - - - 

3001 2,426 15.25 5 1 0.04 

3002 6,397 31.21 5 3 0.05 
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Deposit/Domain 
Total 

Number 
Assays 

Maximum 
Grade 

(g/t Au) 

Capping 
Level 

(g/t Au) 

Number of 
Capped 
Assays 

% Capped 
Assays 

3003 7,452 8.02 5 2 0.03 

Massawa NZ1 

1103 500 26.10 13.0 3 0.6 

1104 726 59.20 27.0 11 1.5 

1105 to 1108 2337 41.17 21.0 20 0.9 

Massawa NZ2 

2111 1454 76.00 65.0 8 0.6 

2101, 2103 3711 85.00 39.0 6 0.2 

2102 137 17.58 7.0 5 3.6 

Massawa CZ 

1 8737 1587 340.0 29 0.3 

2 4582 740 220.0 6 0.1 

3 8917 1637 300.0 9 0.1 

4 11777 488 240.0 4 0.0 

5 8967 305 110.0 6 0.1 

6 4923 164 45.0 3 0.1 

7 4529 1200 230.0 6 0.1 

8 4669 393 120.0 9 0.2 

9 4162 233 200.0 4 0.1 

10 2976 712 120.0 2 0.1 

11 1597 720 110.0 4 0.3 

12 2304 957 100.0 10 0.4 

13 1910 71 20.0 6 0.3 

14 2026 17 15.0 3 0.1 

15 2637 361 90.0 5 0.2 

16 1902 323 30.0 3 0.2 

17 1020 957 45.0 2 0.2 

Sofia 

6000 to 6300 2516 122.92 25.0 237 9.4 

6500,6700,6900 2149 90.47 16.0 9 0.4 

6400,6600 954 22.50 7.0 17 1.8 

Delya 

6000 997 31.50 22.0 11 1.1 

6100,6200 77 11.00 8.5 5 6.5 
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14.7 Composite Samples 

Run-length composites were generated inside the mineralization wireframes and flagged by 
mineralization domains using either Vulcan, Surpac, GEMS, or Leapfrog.  Gold assay results reported 
below the detection limit were assigned half the detection limit. For most mineralization wireframes, non-
logged and unsampled intervals were assigned a grade of 0.0 g/t Au prior to compositing.  

For most deposits, one metre composites were generated within the grade estimation domains. 
Composites less than either 0.25 m or 0.5 m in length were removed from the final composite database. 
This accounted for a small percentage of data with no demonstrated grade bias. Two metre long 
composites were generated for the deeper mineralized zones at Masato. Full width composites across 
the mineralized zones were generated for Diadiako and Marougou. 

Composite statistics for the deposits which contain Mineral Reserves are listed in Table 14.5. 

Table 14.5 Composite Statistics by Deposit and Domain 

Min. 
(g/t Au) 

Median 
(g/t Au) 

Max. 
(g/t Au) 

Mean 
(g/t Au) 

Standard 
Deviation 
(g/t Au) 

Coefficient 
of Variation 

Number of 
Samples 

Sabodala 
MFZ 0.000 0.43 30.00 1.84 3.66 1.99 15,597 
Ayoubs 0.000 0.13 15.00 0.54 1.21 2.24 3,884 
Steep FG 0.000 0.55 20.00 2.27 4.16 1.84 553 
FW Flat 0.000 0.75 20.00 1.94 2.96 1.52 2,703 
UM Flat 0.000 0.19 10.00 0.71 1.31 1.84 590 
DF Zones 0.000 0.03 20.00 0.80 2.15 2.69 4,303 
UF Zones 0.000 0.55 20.00 1.68 2.92 1.74 5,577 
Sutuba Zones 0.000 0.47 19.00 1.28 2.09 1.64 952 
EDA 0.000 0.01 10.00 0.08 0.45 5.57 172,544 
Niakafiri East 
101 0.000 0.30 6.40 0.53 0.71 1.34 506 
102 0.000 0.39 10.00 0.78 1.12 1.44 1,821 
103 0.000 0.51 10.00 1.07 1.48 1.38 5,539 
104 0.003 0.36 8.39 0.64 0.92 1.44 518 
105 0.005 0.28 2.82 0.41 0.49 1.20 102 
106 0.003 0.29 10.00 0.59 0.94 1.59 483 
107 0.010 0.59 3.74 0.96 0.85 0.89 92 
108 0.030 0.42 8.67 0.74 1.02 1.38 242 
109 0.005 0.76 4.84 0.83 0.73 0.88 123 
110 0.005 0.31 10.00 0.55 0.90 1.64 259 
111 0.005 0.37 10.00 0.71 1.28 1.80 235 
112 0.005 0.40 3.11 0.63 0.73 1.16 79 
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Min. 
(g/t Au) 

Median 
(g/t Au) 

Max. 
(g/t Au) 

Mean 
(g/t Au) 

Standard 
Deviation 
(g/t Au) 

Coefficient 
of Variation 

Number of 
Samples 

113 0.003 0.29 3.01 0.37 0.41 1.11 68 
114 0.005 0.32 3.25 0.46 0.50 1.09 95 
115 0.005 0.32 10.00 0.69 1.12 1.62 287 
116 0.000 0.36 10.00 0.74 1.09 1.47 1,272 
Niakafiri West 
117 0.007 0.28 2.87 0.47 0.54 1.15 107 
118 0.003 0.37 4.63 0.55 0.66 1.20 260 
119 0.000 0.38 8.26 0.73 0.98 1.34 1,075 
120 0.020 0.35 7.54 0.82 1.20 1.46 67 
121 0.010 0.22 10.00 0.67 1.89 2.82 27 
122 0.120 0.26 0.55 0.28 0.12 0.43 18 
123 0.000 0.23 5.08 0.39 0.60 1.54 119 
124 0.005 0.29 10.00 0.44 0.75 1.70 218 
125 0.005 0.34 10.00 0.95 1.85 1.95 246 
126 0.003 0.27 3.81 0.44 0.59 1.34 109 
127 0.000 0.25 2.27 0.37 0.43 1.16 201 
128 0.040 0.48 4.39 0.67 0.83 1.24 41 
129 0.020 0.30 1.39 0.38 0.36 0.95 28 
130 0.020 0.24 4.29 0.68 1.06 1.56 23 
131 0.003 0.32 8.20 0.64 0.94 1.47 414 
301 0.000 0.02 5.00 0.06 0.16 2.67 41,238 
201 0.005 0.26 7.53 0.55 0.93 1.69 107 
202 0.003 0.30 10.00 0.52 0.87 1.67 974 
203 0.003 0.32 9.98 0.65 1.17 1.80 554 
204 0.007 0.32 10.00 0.58 0.97 1.67 186 
205 0.005 0.23 7.90 0.44 0.78 1.77 282 
206 0.000 0.26 9.72 0.59 1.03 1.75 214 
207 0.020 0.51 4.43 0.74 0.86 1.16 29 
208 0.000 0.28 3.78 0.55 0.76 1.38 111 
209 0.010 0.29 3.77 0.59 0.77 1.31 33 
210 0.003 0.27 10.00 0.68 1.14 1.68 589 
211 0.003 0.21 3.85 0.31 0.51 1.65 85 
212 0.003 0.24 2.09 0.46 0.47 1.02 48 
213 0.003 0.25 4.80 0.46 0.70 1.52 160 
214 0.005 0.41 4.37 0.66 0.71 1.08 205 
215 0.003 0.32 5.92 0.72 0.99 1.38 119 
216 0.005 0.34 5.10 0.75 1.00 1.33 174 
217 0.010 0.39 6.56 0.78 1.00 1.28 105 
218 0.005 0.32 6.03 0.80 1.16 1.45 72 
219 0.005 0.22 9.68 0.74 1.42 1.92 87 
220 0.021 0.46 9.67 1.19 1.79 1.50 34 
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 Min. 
(g/t Au) 

Median 
(g/t Au) 

Max. 
(g/t Au) 

Mean 
(g/t Au) 

Standard 
Deviation 
(g/t Au) 

Coefficient 
of Variation 

Number of 
Samples 

221 0.005 0.21 0.72 0.24 0.18 0.75 27 
222 0.003 0.35 9.93 0.59 0.85 1.44 269 
223 0.009 0.30 3.29 0.52 0.58 1.12 130 
224 0.003 0.23 3.75 0.58 0.89 1.53 68 
302 0.000 0.03 5.00 0.08 0.24 3.00 12,757 
Masato        
M1 0.000 0.25 25.00 0.82 1.79 2.19 34,031 
M2 0.010 0.27 2.14 0.41 0.39 0.96 62 
All HW 0.000 0.36 5.00 0.65 0.83 1.28 586 
FW1/FW2 0.010 0.33 7.00 0.65 1.06 1.63 161 
FW3 0.000 0.16 4.00 0.39 0.58 1.50 536 
Min1 0.000 0.64 20.00 1.26 1.82 1.44 962 
Min2 0.000 0.36 6.57 0.63 0.80 1.26 173 
MIn3 0.005 0.16 13.13 0.44 0.93 2.08 628 
MIn4 0.110 0.62 1.75 0.71 0.47 0.67 31 
Min5 0.030 0.88 5.02 1.20 1.08 0.91 44 
Min6 0.020 0.91 5.62 1.54 1.54 1.00 39 
Golouma West        

18000 0.000 0.77 29.58 2.29 3.77 1.64 1,411 
18100 0.002 0.77 19.80 1.63 2.45 1.50 807 
18300 0.000 0.77 12.00 2.43 3.25 1.34 78 
18400 0.000 0.77 20.00 1.85 2.90 1.57 1,023 
18414 0.002 0.54 30.00 2.16 4.48 2.07 368 
18600 0.000 1.03 69.58 4.04 9.38 2.32 1,186 
18700 0.000 0.39 40.00 2.42 6.17 2.55 316 
18800 0.000 0.18 10.00 0.92 1.84 2.00 497 
18900 0.002 0.83 39.80 2.94 5.46 1.85 512 
19000 0.000 0.09 9.14 0.58 1.29 2.23 220 
19400 0.003 0.42 6.00 1.60 2.17 1.36 35 
Maki Medina        

DZ1 0.003 0.30 3.04 0.47 0.51 1.09 49 
DZ2 0.010 0.30 6.00 0.86 1.51 1.76 17 
DZ3 0.003 0.33 4.22 0.60 0.75 1.25 89 
DZ41 0.006 0.57 8.00 1.23 1.57 1.28 211 
DZ42 0.000 0.37 6.00 0.70 0.90 1.28 541 
DZ5 0.120 0.21 0.93 0.35 0.29 0.83 6 
CZ6 0.000 0.20 2.19 0.31 0.38 1.25 32 
CZ7 0.004 0.30 3.71 0.49 0.62 1.25 73 
CZ8 0.020 0.22 1.46 0.30 0.25 0.83 89 
CZ9 0.150 0.30 0.69 0.38 0.20 0.54 9 
CZ10 0.030 0.36 1.62 0.49 0.45 0.92 18 
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Min. 
(g/t Au) 

Median 
(g/t Au) 

Max. 
(g/t Au) 

Mean 
(g/t Au) 

Standard 
Deviation 
(g/t Au) 

Coefficient 
of Variation 

Number of 
Samples 

CZ11 0.010 0.25 1.24 0.33 0.27 0.82 22 
CZ12 0.005 0.34 3.43 0.56 0.61 1.11 79 
CZ13 0.025 0.23 5.09 0.44 0.84 1.92 68 
CZ14 0.004 0.30 5.44 0.73 0.97 1.33 83 

Goumbati West - Kobokoto 
AD1 0.003 0.47 15.00 1.26 2.29 1.82 456 
AD2 0.006 0.40 3.51 0.56 0.62 1.10 80 
AD3 0.005 0.22 4.99 0.63 1.31 2.08 26 
AD4 0.005 0.56 2.29 0.62 0.51 0.82 49 
B 0.021 0.89 15.00 1.79 2.63 1.47 153 
C1 0.006 0.49 4.96 0.75 0.97 1.29 42 
C2 0.006 0.39 3.92 0.57 0.72 1.26 62 
C3 0.010 0.29 5.00 0.59 0.92 1.56 34 
C4 0.005 0.33 4.24 0.58 0.79 1.37 102 
C5 0.020 0.51 4.93 0.89 1.12 1.26 37 
C6 0.020 0.30 3.35 0.63 0.77 1.23 18 
C7 0.005 0.37 4.20 0.57 0.69 1.21 58 
C8 0.018 0.40 3.68 1.01 1.16 1.15 16 
C9 0.012 0.41 5.00 0.88 1.16 1.32 69 
C10 0.005 0.50 5.00 0.77 1.16 1.50 18 
2100A 0.005 0.44 5.00 0.80 0.97 1.21 391 
2100B 0.076 0.65 3.02 0.95 0.79 0.83 20 
2200 0.000 0.46 10.00 1.00 1.72 1.72 202 
2300A 0.055 0.37 1.66 0.55 0.48 0.87 31 
2300B 0.010 0.29 2.75 0.40 0.47 1.17 41 
2300C 0.016 0.31 1.61 0.47 0.41 0.89 38 
3001 0.003 0.01 5.00 7.31 0.25 0.03 2,424 
3002 0.000 0.01 4.98 3.70 0.17 0.05 6,503 
3003 0.000 0.01 4.99 3.99 0.14 0.03 7,585 
Massawa NZ 
1103 0.00 0.78 26.09 1.25 1.88 1.51 533 
1104 0.00 1.20 27.00 2.92 4.69 1.60 747 
1105 0.00 1.13 13.81 2.10 2.92 1.39 230 
1106 0.00 0.99 17.27 2.57 3.93 1.53 73 
1107 0.00 1.16 27.00 2.31 3.42 1.48 1,151 
1108 0.00 1.27 27.00 2.32 3.32 1.43 1,069 
2101 0.00 1.24 39.00 3.14 4.97 1.58 4,161 
2102 0.00 0.41 29.10 1.54 3.75 2.44 204 
2103 0.00 1.02 39.00 2.96 5.29 1.79 640 
2111 0.00 8.09 60.00 10.45 9.67 0.93 1,755 
Massawa CZ 
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Min. 
(g/t Au) 

Median 
(g/t Au) 

Max. 
(g/t Au) 

Mean 
(g/t Au) 

Standard 
Deviation 
(g/t Au) 

Coefficient 
of Variation 

Number of 
Samples 

1 0.00 0.73 340.00 5.47 25.83 4.72 9,117 
2 0.00 0.43 219.41 2.65 13.43 5.07 4,879 
3 0.01 0.47 300.00 3.00 15.89 5.30 9,490 
4 0.00 0.63 239.07 2.72 11.24 4.13 12,404 
5 0.00 0.73 110.00 2.07 5.44 2.63 9,463 
6 0.01 0.44 44.94 1.30 2.70 2.07 5,252 
7 0.00 0.31 229.47 3.43 15.87 4.63 4,811 
8 0.01 0.55 120.00 2.09 7.38 3.54 4,941 
9 0.00 0.37 200.00 2.34 10.80 4.62 4,439 
10 0.01 0.58 118.49 2.16 6.99 3.23 3,143 
11 0.01 0.32 110.00 2.07 8.11 3.92 1,713 
12 0.00 0.21 100.00 1.82 8.49 4.67 2,476 
13 0.01 0.35 20.00 0.94 1.89 2.01 2,069 
14 0.01 0.18 15.00 0.91 2.18 2.40 2,218 
15 0.00 0.19 89.92 1.26 6.00 4.76 2,811 
16 0.01 0.26 30.00 1.01 2.68 2.65 2,059 
17 0.01 0.09 44.81 0.69 2.91 4.24 1,123 
Sofia 
6000 0.00 1.35 25.00 2.90 4.20 1.45 1,520 
6100 0.00 1.25 25.00 2.62 3.72 1.42 694 
6200 0.00 0.95 25.00 2.22 3.66 1.65 335 
6300 0.00 1.58 25.00 2.39 2.88 1.20 347 
6400 0.00 0.54 7.42 0.85 1.07 1.27 457 
6500 0.00 1.29 16.00 2.08 2.38 1.14 1,283 
6600 0.00 0.50 8.00 1.04 1.58 1.52 534 
6700 0.00 0.89 16.00 1.71 2.24 1.31 850 
6900 0.00 1.13 16.00 2.24 3.06 1.36 145 
Delya 
6000 0.01 2.18 22.00 4.25 4.81 1.13 997 
6100 0.00 1.04 8.50 2.05 2.53 1.23 55 
6200 0.07 1.97 8.50 3.00 2.89 0.96 23 

14.8 Block Model Parameters 

Mineral Resources for the Sabodala-Massawa Project are reported from 25 individual block models built 
using various software packages and block formats, from 2012 to 2019 (Table 14.6). Overall, the 
approaches are similar in that block grade and density estimates are constrained using domains 
representing the mineralization, lithology, and weathering surfaces.  For most models, sub-blocking was 
used. 
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All block models on the Sabodala property were constructed along an east-west orientation. All block 
models on the Massawa property are rotated to better align with the general mineralization trend 
directions. For the Massawa NZ, Sofia, Delya, Tina and Bambaraya resource block models located on the 
Massawa Mining License, Teranga reviewed and adopted the existing resource block models, and 
reported Mineral Resources using updated Whittle optimized open pit shells. 
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Table 14.6 Summary of Block Models 

Deposit 
Year 

Updated Modeler Software 
Block Model 
Type/Format 

Sabodala 2016 Teranga Vulcan Sub-blocked 
Masato 2016 Teranga Vulcan Sub-blocked 
Golouma 2016 Teranga Surpac Sub-blocked 
Kerekounda 2016 Teranga Surpac Sub-blocked 
Maki Medina 2019 Teranga Vulcan Sub-blocked 
Gora 2017 Teranga Vulcan Sub-blocked 
Niakafiri East 2017 Teranga Vulcan Sub-blocked 
Niakafiri West 2017 Teranga Vulcan Sub-blocked 
Goumbati West-
Kobokoto 2017 Teranga Vulcan Sub-blocked 
Golouma North 2017 Teranga Vulcan Sub-blocked 
Diadiako 2016 Teranga Vulcan Sub-blocked 
Kinemba 2012 SRK GEMS Partial Percentage 
Kourouloulou 2012 SRK GEMS Partial Percentage 
Kouroundi 2012 SRK GEMS Partial Percentage 
Koutouniokolla 2012 SRK GEMS Partial Percentage 
Mamasato 2012 SRK GEMS Partial Percentage 
Marougou 2017 Teranga Vulcan Regular 
Sekoto 2016 Teranga Vulcan Regular 
Soukhoto 2016 Teranga Vulcan Regular 
Massawa NZ 2018 Barrick Vulcan Sub-blocked/rotated 
Massawa CZ 2019 RPA Vulcan Sub-blocked/rotated 
Sofia 2018 Barrick Vulcan Sub-blocked/rotated 
Delya 2018 Barrick Vulcan Sub-blocked/rotated 
Tina 2013 Randgold Vulcan Sub-blocked/rotated 
Bambaraya 2013 Randgold Vulcan Regular/rotated 

Block model parameters are listed in Table 14.7. At Massawa NZ and Sofia, in areas of closely spaced 
grade control drilling, the block size was reduced to 0.5 m by 1.6 m by 1 m and 0.5 m by 1.5 m by 1.2 m 
respectively.   

Grid transformation equations for Sabodala and Gora are available to convert from local grid coordinates 
to WGS 84 UTM Zone 28N and WGS 84 UTM Zone 29N, respectfully. These are based on common points 
for each deposit, resulting in a translation and clockwise rotation of approximately 14° for Sabodala and 
55° for Gora. 
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Table 14.7 Block Model Parameters 

Deposit Coordinate System 

Block Model Extents (m) Block Size (m) 

Minimum Maximum Parent Block Sub-block 
Maximum in 

Domain 

X Y Z X Y Z X Y Z X Y Z X Y Z 

Sabodala Sabodala Local 9,500 19,300 20 10,800 21,300 800 10 10 10 1.25 1.25 1.25 2.5 2.5 2.5 

Niakafiri East Sabodala Local 10,750 15,900 350 11,350 19,500 810 20 20 20 1.25 1.25 1.25 2.5 2.5 2.5 

Niakafiri West Sabodala Local 10,000 16,300 350 10,860 17,800 810 20 20 20 1.25 1.25 1.25 2.5 2.5 2.5 

Masato Sabodala Local 10,880 19,900 -55 12,000 22,260 1,025 20 20 20 1.25 1.25 1.25 5 5 5 

Golouma WGM 84 UTM Zone 28N 813,600 1,452,300 -800 815,840 1,454,300 360 20 20 20 1.25 1.25 1.25 5 5 5 

Kerekounda WGM 84 UTM Zone 28N 814,900 1,454,000 -395 815,900 1,455,100 400 5 5 5 1.25 1.25 1.25  - -  - 
Goumbati West -
Kobokoto WGM 84 UTM Zone 28N 809,650 1,449,700 -50 811,150 1,452,200 250 20 20 20 1.25 1.25 1.25  - -  - 

Golouma North WGM 84 UTM Zone 28N 814,250 1,453,750 90 815,050 1,455,050 300 5 5 5 1.25 1.25 1.25 2.5 5 5 

Kinemba WGM 84 UTM Zone 28N 811,150 1,448,900 -25 811,600 1,449,700 300 5 5 5  - -  - -  - - 

Kourouloulou WGM 84 UTM Zone 28N 814,949 1,453,175 -105 815,801 1,454,051 270 3 3 3  - -  - -  - - 

Kouroundi WGM 84 UTM Zone 28N 815,200 1,456,000 110 815,600 1,456,550 335 5 5 5  - -  - -  - - 

Koutouniokollo WGM 84 UTM Zone 28N 812,150 1,450,450 0 812,650 1,450,950 300 5 5 5  - -  - -  - - 

Maki Medina Sabodala Local 10,100 13,395 422 11,100 15,255 782 20 20 20 1.25 1.25 1.25 2.5 5 5 

Mamasato WGM 84 UTM Zone 28N 814,200 1,457,700 50 815,400 1,458,400 400 5 5 5  - -  - -  - - 

Marougou WGM 84 UTM Zone 28N 845,000 1,468,000 -100 847,000 1,470,500 140 5 5 5  - -  - -  - - 

Sekoto WGM 84 UTM Zone 28N 818,000 1,461,200 -90 818,400 1,461,850 260 5 5 5  - -  - -  - - 

Soukhoto Sabodala Local 10,000 18,360 540 10,350 18,480 740 5 5 2.5  - -  - -  - - 

Diadiako Sabodala Local 807,640 1,470,700 -100 808,740 1,471,840 200 5 5 5 0.5 0.5 0.5  - -  - 

Gora Gora Local 49,300 19,300 20 10,800 21,300 800 10 10 10 1.25 1.25 1.25 2.5 2.5 2.5 

Massawa NZ WGM 84 UTM Zone 28N 819,395 1,434,254 -650 820,295 1,437,334 355 1.5 8 5 0.5 1.6 1 
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Massawa CZ WGM 84 UTM Zone 28N 818,650 1,432,350 -20 819,260 1,434,413 210 3.3 3.3 2.5 0.55 0.55 0.625    
Sofia WGM 84 UTM Zone 28N 807,701 1,434,400 -200 809,351 1,439,200 340 3 15 12 0.5 1.5 1.2    
Delya WGM 84 UTM Zone 28N 829,780 1,447,163 -35 831,336 1,447,964 210 2 9 7 0.5 1.8 1.75    
Tina WGM 84 UTM Zone 28N 818,290 1,437,625 -300 819,460 1,439,605 300 10 90 12 2 18 2.4    
Bambaraya WGM 84 UTM Zone 28N 816,983 1,450,227 -300 818,207 1,452,177 300 8 50 25       
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14.9 Grade Estimation 

Block grade estimation methods and parameters are summarized in Table 14-8.  Most estimates used a 
three-pass approach.  A fourth and fifth pass were added to a few domains to ensure all blocks within 
the domains were estimated with gold grades.  Most block models used diamond core and reverse 
circulation drilling to estimate block grades.  Trench data was included in the resource databases and 
also used for estimation at Massawa NZ, Sofia, Delya, Tina, and Bambaraya.  Spatial restrictions of high 
grade samples were applied when required (Table 14-9).  Variogram models were generated for use in 
domains estimated using the Ordinary Kriging method (OK). Variogram model parameters are 
summarized in Table 14-10.
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Table 14.8 Grade Estimation Methods and Parameters 

 
     Pass 1 Pass 2 Pass 3 

Deposit/Zone Method Search Orientation 
Min. No. 
Samples 

Max. No. 
Samples 

Max. Samples per Hole 
Major 

(m) 

Semi-
major 
(m) 

Minor 
(m) 

Major 
(m) 

Semi-
major 
(m) 

Minor 
(m) 

Major 
(m) 

Semi-
major 
(m) 

Minor 
(m) 

Sabodala  
             

MFZ OK In plane of mineralization 3,6,2,3 12,12,12 3,3,- 10 10 3 65 40 35 98 60 53 
Ayoubs OK In plane of mineralization 3,6,2,3 12,12,12 3,3,- 10 10 3 80 40 20 120 60 30 
Steep FG OK In plane of mineralization 3,6,2,3 12,12,12 3,3,- 10 10 3 40 40 30 60 60 45 
FW Flat OK In plane of mineralization 3,6,2,3 12,12,12 3,3,- 10 10 3 40 30 25 60 45 38 
UM Flat ID2 In plane of mineralization 3,6,2,3 12,12,12 3,3,- 10 10 3 50 50 50 75 75 75 

DF Zones ID2 In plane of mineralization 3,6,2,3 12,12,12 3,3,- 10 10 3 50 50 50 75 75 75 
UF Zones OK In plane of mineralization 3,6,2,3 12,12,12 3,3,- 10 10 3 75 50 35 112 75 53 
Sutuba Zones ID2 In plane of mineralization 3,6,2,3 12,12,12 3,3,- 10 10 3 50 50 50 75 75 75 
EDA OK In plane of mineralization 3,6,2,3 12,12,12 3,3,- 10 10 5 60 40 10 90 60 60 

Niakafiri E ID3 Dynamic anisotropy 4,4,4 12,12,12 3,3,3 50 50 5 75 75 10 100 100 10 
Niakafiri W               

201 to 209 ID3 Dynamic anisotropy 4,4,4 12,12,12 3,3,3 50 50 5 75 75 10 100 100 10 

210 to 224 ID3 Dynamic anisotropy 4,4,4 12,12,12 3,3,3 50 50 5 75 75 10 100 100 10 

EDA Zones ID3 Dynamic anisotropy 3,2,- 8,12,- 2,2,- 40 40 2.5 40 40 2.5    

Masato               

M1 OK Dynamic anisotropy 5,3,- 16 4,4 225 50 10 450 100 20    

M2, HWs, FWs ID2 Dynamic anisotropy 5,3,- 16 4,4 50 50 0.5 75 75 0.5    

Min1 to Min6 ID2 In plane of mineralization 3,6,3 12 3,3,- 5 5 5 40 40 40 60 60 60 
Golouma               

404, 2000, 18300, 18414, 18700, 18800, 19000, 19400 ID2 In plane of mineralization 8,6 24 5,5 50 50 20 75 75 30    
7000 series ID2 In plane of mineralization 4 24 5,5 50 50 20 75 75 30    
BS1, RS12, RS2N, RS2S ID3 In plane of mineralization 4,3,1 10,8,6 3,2,- 50 50 30 75 75 30 100 100 30 
2100 OK In plane of mineralization 8,6 24 5,5 60 40 40 90 60 60    
2200 OK In plane of mineralization 8,6 24 5,5 30 30 30 45 45 45    
2300 OK In plane of mineralization 8,6 24 5,5 40 40 20 60 60 30    
18000 OK In plane of mineralization 8,6 24 5,5 50 35 20 75 53 30    
18100 OK In plane of mineralization 8,6 24 5,5 45 40 20 70 60 30    
18400 OK In plane of mineralization 8,6 24 5,5 80 50 20 120 75 30    
18600 OK In plane of mineralization 8,6 24 5,5 50 40 20 75 60 30    
18900 OK In plane of mineralization 8,6 24 5,5 60 40 20 90 60 30    

Goumbati West - Kobokoto            
   

All Min. Zones ID2 Dynamic anisotropy 4,4,4 12,12,12 3,3,3 50 50 30 75 75 40 100 100 50 

EDA Zones ID2 Dynamic anisotropy 3,2,- 12,12,- 2,2,- 40 40 2.5 75 75 30    

Maki Medina                             
1, 2, 3, 5, 8 to 14 ID3 In plane of mineralization 3,2,1 6 2,2,2 50 30 10 75 45 15 150 90 30 

6,7 ID3 In plane of mineralization 3,2,1 6 2,2,2 50 30 10 75 45 15 175 105 35 
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14 ID3 Dynamic anisotropy 3,2,1 6 2,2,2 40 30 10 60 45 15 120 90 30 

41 ID3 Dynamic anisotropy 3,2,1 6 2,2,2 60 35 15 90 55 25 180 105 45 

42 ID3 Dynamic anisotropy 3,2,1 6 2,2,2 50 30 10 75 45 15 150 90 30 
Massawa NZ 

NZ1 EXP OK In plane of mineralization 8,6,4,3 18,16,14,10 5,4,-,- 32 30 10 64 50 16 128 100 32 
NZ1 GC OK In plane of mineralization 6,4,4,3 16,14,12,6 4,3,-,- 23 16 3 32 30 10 64 50 16 
NZ2 LG EXP OK In plane of mineralization 8,6,4,3 18,16,14,12 5,4,-,- 40 24 16 70 40 20 120 80 30 
NZ2 LG GC OK In plane of mineralization 6,4,4,3 16,14,12,10 4,3,-,- 20 12 12 40 24 16 70 40 20 
NZ2 HG EXPL OK In plane of mineralization 8,6,4,3 18,16,14,12 32 20 10 60 30 14 120 60 28 
NZ2 HG GC OK In plane of mineralization 6,4,4,3 16,14,12,10 4,3,-,- 18 12 6 32 20 10 60 30 14 

Massawa CZ ID3 Dynamic anisotropy 4,3,1 12,12,12 3,3,3 25 25 3 50 50 3 100 100 10 
Sofia 

Main OK 8,6,4,4,3 18,16,14,12,10 3,2,2,- 35 18.8 8.5 70 37.5 17 140 75 34 
North 6500, 6700, 6900 OK 8,6,4,4,3 18,16,14,12,10 3,2,2,- 40.8 25.5 5.75 81.5 51 11.5 163 102 23 
North 6400, 6600 OK 8,6,4,4,3 18,16,14,12,10 3,2,2,- 40.8 25.5 5.75 81.5 51 11.5 163 102 23 

Delya OK 6,4,4,4 16,14,12,10 4,-,-,- 40 22 5 60 38 10 120 76 20 
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Table 14.9 High Grade Spatial Restrictions 

Deposit/Zone 

Threshold Grade 
(g/t Au) 

Major 
Axis (m) 

Semi-major 
Axis (m) 

Minor Axis 
(m) 

Niakafiri E 8 10 10 5 
Niakafiri W 

201 to 209 8 10 10 5 
210 to 224 8 10 10 5 
EDA Zones 2 10 10 2.5 

Massawa NZ 
NZ1 EXP 21 64 50 16 
NZ1 GC 21 64 50 16 
NZ2 LG EXP 30 40 24 16 
NZ2 LG GC 30 40 24 16 
NZ2 HG EXPL 48 32 20 10 
NZ2 HG GC 48 32 20 10 

Massawa CZ 70 20 20 10 
Sofia 

Main 20 52 16 9 
North 6500, 6700, 6900 13 52 16 9 

Delya 16 60 38 10 
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Table 14.10 Variogram Models 

Deposit/Zone 

C0 C1 
Major 

(m) 
Semi-major 

(m) 
Minor 

(m) 
C2 

Major 
(m) 

Semi-
major 
(m) 

Minor 
(m) 

C3 
Major 

(m) 

Semi-
major 
(m) 

Minor 
(m) 

Sabodala 
MFZ 0.1 0.6 40 20 10 0.3 65 40 35 

Ayoubs 0.2 0.622 40 20 10 0.178 80 40 20 
Steep FG 0.2 0.622 10 10 10 0.178 40 40 30 
FW Flat 0.13 0.709 15 15 8 0.161 40 30 25 

UF Zones 0.27 0.584 20 20 7 0.146 75 50 35 
EDA 0.4 0.3 30 20 20 0.3 60 40 40 
M1 0.2 0.8 225 50 10 

Golouma 
2100 19 21 60 40 3 
2200 28 32 30 30 5 
2300 7 10 40 40 5 

18000 5 10 50 35 5 
18100 2.5 5.5 45 40 6 
18400 5 5 80 50 12 
18600 42 63 50 40 4 
18900 10 27 60 40 7 

Massawa NZ 
NZ1 EXP 0.2 0.6 23 16 3 0.18 32 30 10 0.02 64 50 16 
NZ1 GC 0.2 0.6 23 16 3 0.18 32 30 10 0.02 64 50 16 

NZ2 LG EXP 0.24 0.46 12 8 10 0.12 41 21 15 0.18 120 96 24 
NZ2 LG GC 0.24 0.46 12 8 10 0.12 41 21 15 0.18 120 96 24 

NZ2 HG EXPL 0.24 0.46 20 5 2 0.12 31 8 7 0.18 101 55 9 
NZ2 HG GC 0.24 0.46 20 5 2 0.12 31 8 7 0.18 101 55 9 

Sofia 
Main 0.21 0.56 52 16 9 0.19 93 48 27 0.05 140 75 34 
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North 6500, 6700, 6900 0.21 0.52 46 27 3 0.17 78 34 15 0.09 163 102 23 
North 6400, 6600 0.21 0.52 46 27 3 0.17 78 34 15 0.09 163 102 23 

Delya 0.2 0.34 31 15 4 0.31 40 22 5 0.16 60 38 10 
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14.9.1 Sabodala 

Sabodala block gold grades were estimated using the OK for the MFZ, Ayoubs, Steep FG, FW Flat, UF 
Zones, and the EDA. Downhole and directional correlograms were constructed for mineralization 
domains containing a sufficient number of composites to generate suitable variograms. 

The first estimation pass uses small limited searches to estimate blocks located close to composites. The 
second estimation pass uses larger search radii based on the second variogram structure with composites 
from a minimum of two drill holes that connect the majority of the blocks estimated during the first pass. 
The third estimation pass uses 1.5 times the second variogram structure with no minimum drill hole 
restriction. The minor search range for the second and third estimation passes for the EDA was 
determined visually and were more restrictive in order to prevent extrapolation of grades beyond 
reasonable limits in the absence of a hard boundary. 

The Inverse Distance Squared method (ID2) was used to estimate block gold grades for the UM Flat, Deep 
Flat Zones, and Sutuba Zones, due to the small number of contained sample composites or the presence 
of multiple trends. Search directions were determined visually for each domain. Isotropic search ranges 
were applied for grade estimation. Three estimation runs were applied, each with increasing search 
distances.  

14.9.2 Niakafiri East and Niakafiri West 

Niakafiri East and Niakafiri West block grades were estimated using ID3. Domain models were used as 
hard boundaries to limit the extent of influence of composite grades within the domains. Two separate 
EDA envelopes were generated around the domain models as well as mineralization located in closely-
spaced and widely-spaced holes that have not been domained. Mineralization inside the EDA but located 
outside of other modelled domains has been treated as separate domains with a unique composite and 
domain flag. Search ranges were determined visually based on continuity of mineralization and drill hole 
spacing. 

Grade estimation was completed in Vulcan using dynamic anisotropy where the search ellipse for each 
domain is locally re-oriented to the local directions of continuity, which are calculated at the centres of 
the blocks. Three estimation passes were run with increasing major, semi-major, and minor search ranges 
applied to successive passes. The number of samples and holes were stored in separate block variables 
for use in determining resource classification.  

14.9.3 Masato 

Masato block grades for the M1 domain were estimated using OK and dynamic anisotropy, where the 
search ellipse is locally re-oriented to the local directions of continuity which are calculated at the centres 
of the blocks, with high anisotropy in the strike direction compared to the across-structure direction. 
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Masato block grades for the M2, FW1 to FW3, and HW1 to HW6 domains were estimated in Vulcan using 
ID2 and dynamic anisotropy. 

Masato block grades for the Min1 to Min6 domains, located at depth in the deposit, were estimated in 
Vulcan using the ID2 method, as suitable variograms could not be generated due to the small number of 
contained sample composites or the presence of multiple trends. 

Multiple estimation passes were run with increased search ranges applied to consecutive passes. The 
number of samples and holes were stored in separate block variables for use in determining resource 
classification.  

14.9.4 Golouma 

Downhole and directional variograms were generated for the Golouma South 2100, 2200, 2300 domains, 
and the Golouma West 18000, 18100, 18400, 18600, and 18900 domains. Suitable variograms could not 
be generated for the other domains due to the small number of contained sample composites or the 
presence of multiple trends. 

Golouma block grades were estimated using OK for the 2100, 2200, 2300, 18000, 18100, 18400, 18600, 
and 18900 domains. ID2 was used to estimate block grades for the 2000, 404, 7100, 7200, 7300, 7400, 
18300, 18414, 18700, 18800, 19000, and 19400 domains. 

Two estimation passes were run with increased search ranges applied to the second pass. Search ranges 
for the first pass ID2 estimation runs were determined visually based on continuity of mineralization and 
drill hole spacing. The number of samples and holes were stored in separate block variables for use in 
determining resource classification.   

14.9.5 Maki Medina 

Maki Medina block grades were estimated using ID3 by RPA in Vulcan. In addition, block grades for 
domains 41, 42, and 14 were estimated using dynamic anisotropy. Correlograms were run for domains 
41, 42 and 14 to confirm first pass search ranges. Search ranges for the first pass ID3 estimation runs for 
the other domains were determined visually based on continuity of mineralization and drill hole spacing. 

Three estimation passes were run with increasing major, semi-major, and minor search ranges applied to 
successive passes. The number of samples and holes were stored in separate block variables for use in 
determining resource classification.  
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14.9.6 Goumbati West - Kobokoto 

Goumbati West block grades were estimated using ID2. Domain models were used as hard boundaries 
to limit the extent of influence of composite grades within the domains. Three separate EDA envelopes 
were generated around the domain models as well as mineralization located in closely-spaced and 
widely-spaced holes that have not been domained. Mineralization inside the EDA but located outside of 
other modelled domains has been treated as separate domains with a unique composite and domain 
flag. Search ranges were determined visually based on continuity of mineralization and drill hole spacing. 

Grade estimation was completed in Vulcan using dynamic anisotropy. Three estimation passes were run 
with increasing major, semi-major, and minor search ranges applied to successive passes. The number of 
samples and holes were stored in separate block variables for use in determining resource classification. 

14.9.7 Massawa NZ, Sofia, and Delya 

Massawa NZ, Sofia, and Delya Mineral Resources were estimated by Barrick, reviewed, and adopted by 
Teranga. Block grades were estimated using the Ordinary Kriging (OK) estimation methodology and 
assigned to the relevant GC or exploration parent block size, thereby ensuring that sub-blocks are 
effectively grouped to provide sufficient sample support per estimated block.  

QKNA was utilized to determine the optimal block size, minimum number of samples, search radius, and 
block discretization for each pass, by evaluating the kriging efficiency (KE) and slope of regression (SR) 
across multiple block centroid locations to ensure that the selected parameters are robust and 
appropriate for different areas within the relevant domain. 

The estimation search strategies for Sofia, Massawa NZ, and Delya were tested using QKNA based on the 
modelled variogram ranges, considering that in nugget shear hosted gold systems, the full variogram 
range is often artificially extended for the last 3% to 5% of variability. Additionally, the estimation search 
strategy takes into consideration the data distribution for both the geological and the data spacing sub-
domains. The resultant search ellipsoid orientations are verified visually against the mineralization 
wireframes and, where appropriate, the search ellipse and associated variogram directions are locally re-
orientated to reflect bifurcation and local changes in the strike and dip of the mineralization wireframes. 

14.9.8  Massawa Central Zone 

Massawa CZ Mineral Resources were estimated using Inverse Distance Cubed (ID3) and dynamic 
anisotropy to align the estimation trend with the anastomosing nature of the mineralization and local 
changes in orientation across the deposit. Reference surfaces were generated using Leapfrog’s vein 
modelling tool for each domain using the centre point of the drill hole intercept. These reference surfaces 
were then flagged to the empty block models by providing a reference azimuth to provide the strike, dip, 
and plunge for interpolation. Three estimation passes were run with increasing major, semi-major, and 
minor search ranges applied to successive passes. The number of samples and holes were stored in 
separate block variables for use in determining resource classification.  
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14.9.9 Tina and Bambaraya Satellite Deposits 

Tina and Bambaraya have been estimated using inverse distance squared (ID2) using one pass of the 
search ellipse. All searches have been oriented to align with the average strike direction of each deposit. 

14.10 Bulk Density Models 

14.10.1 Sabodala Properties 

Oxidation surfaces were constructed for each deposit by modelling individual points representing the 
base of the weathered rock profiles in each drill hole. Oxidation surfaces were used as hard boundaries 
with respect to density assignments.  Summaries by deposit are provided below: 

• For Goumbati West – Kobokoto, Niakafiri East and Niakafiri West, oxide domains were
subdivided into laterite, saprolite, and transition sub-domains based on core photos, density
determinations and logged lithology.

• Average bulk densities for Maki Medina were applied separately to mineralized and
unmineralized portions of the oxide and fresh rock sub-domains.

• The average bulk density for oxide for Gora was estimated, as density determinations were not
taken. Average bulk densities were applied separately to mineralized and unmineralized
portions of the fresh rock sub-domains.

• Bulk density determinations for Sabodala were flagged with lithology and oxide models then
averaged by lithology type.

• A range of bulk densities were applied to the oxide domain for Masato.  Average bulk densities
were applied separately to mineralized and unmineralized portions of the fresh rock sub-
domains.

• Bulk densities were averaged for oxide and fresh rock for Golouma, Kerekounda, Kourouloulou,
Kouroundi, and Diadiako.

• For Kinemba, Koutouniokollo, Mamasato, and Sekoto, bulk densities were estimated using the
inverse distance squared method. Un-interpolated blocks were assigned the average bulk
densities for the oxide and fresh rocks.

• As the majority of drilling at Soukhoto was RC, sufficient representative core was not available
for bulk density determinations.  Average bulk densities for Soukhoto and Marougou were
determined from existing data in similar lithologies.

Average bulk densities are presented in Table 14.11. 
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Table 14.11 Sabodala Average Bulk Densities 

Deposit 
Oxide 

Fresh Rock 
(t/m3) Average  

Oxide (t/m3) 
Laterite 
(t/m3) 

Saprolite 
(t/m3) 

Transition 
(t/m3) 

Diadiako 2.70 - - - 2.70 

Golouma 2.19 - - - 2.82 

Golouma North 2.03 2.40 2.83 

Gora 2.53 
2.72 (veins 

2.77 (waste) 
Goumbati West - Kobokoto - 1.86 1.86 2.34 2.72 

Kerekounda 2.00 - - - 2.80 

Kinemba 1.75 - - - 2.84 

Kourouloulou 2.11 - - - 2.74 

Kouroundi 2.64 - - - 2.90 

Koutouniokollo 2.14 - - - 2.78 
Maki Medina 
Mineralzation 

- 1.83 1.83 2.29 2.71 

Maki Medina Waste 1.92 1.92 2.36 2.76 
Mamasato 2.46 - - - 2.81 

Marougou 2.00 - - - 2.75 

Masato Mineralization 1.87 to 2.22 - - - 2.84 

Masato Waste 1.87 to 2.22 - - - 2.80 

Niakafiri East - 1.75 1.75 1.91 2.85 

Niakafiri West - 1.67 1.67 1.86 2.76 

Sekoto 1.83 - - - 2.44 

Soukhoto 2.20 - - - 2.75 

Sabodala 

Bulk density determinations were flagged with lithology and oxide models then averaged by lithology 
type. Although local variances are not preserved, calculated averages are within reasonable limits for 
each lithology and were used in the final block model.   

There were no bulk density determinations located in the oxide portion of the porphyry and therefore 
the average bulk density was determined from the original lithology flagging of a previous oxide model. 
Adjusted bulk densities were calculated to account for partial rock blocks adjacent to the topographic 
surface. Table 14.12 lists the average bulk densities assigned to the Sabodala block model. 
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Table 14.12 Sabodala Deposit Bulk Density by Lithology 

Lithology 

Fresh Oxide 

Samples Average Samples Average 

(No.) (t/m3) (No.) (t/m3) 

Volcaniclastics West 1,626 2.84 17 2.76 

Ultramafics 2,166 2.85 40 2.52 

Gabbro 7,878 2.85 90 2.17 

Volcaniclastics East 9,960 2.82 261 2.34 

Mylonite 1,884 2.73 7 2.14 

Basalt 12,976 2.87 82 2.38 

Felsic Porphyry 459 2.75 assigned 2.68 

Masato 

Based on 1,091 density measurements performed on diamond drill core in oxides, dry bulk density was 
determined to be related to the height above the base of oxide surface, where the highest densities occur 
in the first 10 m immediately above the base of oxide, and the lowest occur higher up at 50 m or more 
above the base of oxide (Srivastava, 2014). A regression curve was generated to predict average dry bulk 
density as a function of the height above the base of oxide. Immediately above the base of oxide surface, 
the regression curve predicts an average density of 2.22 t/m3; 50 m above the base of oxide, it predicts 
an average density of 1.87 t/m3. 

Of the density measurements taken in fresh rock, approximately half were taken in mineralization 
domains.  The average density is 2.84 t/m3 in mineralized fresh rock and is 2.80 t/m3 in unmineralized 
fresh rock.  Masato bulk densities are included in Table 14.11. 

14.10.2 Massawa Properties 

Densities for deposits located on the Massawa properties were assigned by deposit, lithology, and 
weathering layer (Table 14-13).  Density values are hard coded into all block models based on the 
lithology and weathering. Where density data does not exist for the satellite deposits, the density from 
the nearest deposit on the same shear zone with the same weathering and lithology combination was 
applied. 
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Table 14.13 Massawa Bulk Densities by Deposit, Lithology, and Weathering Zone 

Deposit Lithology 
Saprolite 

(t/m3) 
Transition 

(t/m3) 
Fresh Rock 

(t/m3) 

CZ Cover 1.66 

Porphyry 1.80 2.41 2.74 

Gabbro 1.66 2.37 2.85 

Mafic Dyke 1.74 2.37 2.90 

Volcaniclastics 1.77 2.33 2.75 

Greywacke 1.78 2.25 2.77 

Unknown 1.78 2.25 2.77 

Mineralized Domains 1.90 2.50 2.79 

NZ Porphyry 1.80 2.41 2.74 

Gabbro 1.66 2.37 2.85 

Volcaniclastics 1.77 2.33 2.75 

Greywacke 1.78 2.25 2.77 

Carbonaceous Shale 1.75 2.27 2.75 

NZ2 Mineralization 1.87 2.25 2.8 

NZ2 HG Mineralization 2.21 2.20 2.83 

NZ1 Mineralization 1.85 2.26 2.81 

CZ Low grade 1.66 2.35 2.80 

CZ High grade 1.66 2.25 2.72 

Sofia Transported Cover 1.89 

Quartz-Feldspar Porphyry 1.76 2.63 2.76 

Quartz Diorite 1.88 2.62 2.80 

Gabbro 1.85 2.57 2.84 

Dolerite 1.81 2.55 2.83 

Dacite 1.800 2.56 2.82 

Tonalite 1.55 2.60 2.78 

Tuff 1.79 2.53 2.79 

Tuff SAB 1.70 2.57 2.78 

Ultra Basic 1.86 2.60 2.82 

Sofia Main Mineralization 1.90 2.60 2.80 

Sofia North Mineralization 1.90 2.47 2.77 

Delya Dolerite 2.88 



Sabodala-Massawa 
Pre-feasibility Study 
National Instrument 43-101 Technical Report 

5139\16.04\5139-GREP-001_0 S14 

Page 14.52 

August 2020 
Lycopodium 

Mafic Dyke 1.85 2.38 2.81 

Carbonaceous Shale 1.90 2.5 2.77 

Chert 1.87 2.54 2.9 

Andesite 1.90 2.77 2.86 

Greywacke 1.86 2.56 2.71 

Schist 1.81 2.54 2.83 

Delya Mineralised Zone 1.77 2.34 2.82 

14.11 Block Grade Validation 

Block model grade validation consisted of a visual validation, as well as a comparison of the average 
block grade to the average composite grade by domain. In some domains, average block grades were 
higher than average composite grades due to widely spaced high grade composites influencing a larger 
number of blocks. Visual validation comparing assay and composite grades to block grade estimates 
showed reasonable correlation with no significant overestimation or overextended influence of high 
grades. 

Swath plots were generated for most deposits to compare average composite grades to average block 
grades along different directions. Local average composites may be more variable than average block 
grades, however, the swath plots demonstrate a reasonable correlation between the composite grades 
and block grade estimates.  

14.12 Resource Classification 

Mineral Resource classification complies with the CIM Definition Standards for Mineral Resources and 
Mineral Reserves (CIM, 2014). 

14.12.1 Sabodala 

Resource classification is primarily based on drill hole spacing and continuity of grade, and is manually 
assigned using resource classification wireframes. 

Additional estimation runs were completed for classification of Measured Resources. Blocks estimated 
by OK, using search ranges corresponding to the first variogram structures with a minimum of two drill 
holes, and well established geological and grade continuity were classified as Measured Resources. 
Blocks estimated by ID2, using a 20 m x 20 m x 20 m search range with a minimum of two drill holes, 
were classified as Measured Resources.   

Blocks estimated during the second estimation run with a minimum of two holes were classified as 
Indicated Resources, where geological and grade continuity has been sufficiently established.  
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Inferred Resources have been defined with the third estimation run based on the wide spacing of drill 
holes and resultant uncertainty in geological and grade continuity. 

14.12.2 Niakafiri East 

Niakafiri East resource classification within gold mineralization domains is primarily based on drill hole 
spacing and continuity of gold grade, and was manually completed. Blocks estimated in the first 
estimation pass with a maximum spacing of 30 m were classified as Measured Resources. All other blocks 
estimated in the first pass with a minimum of two holes were classified as Indicated Resources. Inferred 
Resources were assigned to blocks estimated in the second and third estimation passes. Blocks estimated 
outside of the domains and inside the buffer zones in the first and second estimation passes were 
classified as Inferred Resources. Niakafiri East resource classification is presented in Figure 14.15. 

Figure 14.15 Vertical Cross Section of the Resource Classification at Niakafiri East 

Source:  Teranga Gold Corporation, July 2020  
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14.12.1 Niakafiri West 

Resource classification is primarily based on drill hole spacing and continuity of grade, and is manually 
assigned using resource classification wireframes. 

Blocks in the domain wireframes estimated in the first estimation pass with a minimum of two holes were 
classified as Indicated Resources. Inferred Resources have been defined with the second and third 
estimation passes, based on the wide spacing of drill holes and resultant uncertainty in geological and 
grade continuity. Blocks estimated outside of the domains and inside the buffer zones in the first and 
second estimation passes were classified as Inferred Resources. 

14.12.2 Masato 

Mineral Resource classification of the M1, M2, FW1 to FW3, and HW1 to HW6 domains is primarily based 
on drill hole spacing and continuity of grade, and is manually assigned using resource classification 
wireframes. In general, blocks estimated in the first estimation pass with a minimum of two holes were 
classified as Indicated Resources. Inferred Resources have been defined with the second estimation pass, 
based on the wide spacing of drill holes and resultant uncertainty in geological and grade continuity. 

The Min1 to Min6 domains located at depth were classified as Inferred Resources due to the wide spacing 
of drill holes and resultant uncertainty in geological and grade continuity. 

14.12.3 Golouma 

Resource classification is primarily based on drill hole spacing and continuity of grade, and is manually 
assigned using resource classification wireframes. 

Blocks estimated by OK, using search ranges corresponding to the first estimation pass with a minimum 
of two drill holes, and sufficiently established geological and grade continuity were classified as Indicated 
Resources. Blocks estimated by ID2, using search ranges corresponding to the first estimation pass with 
a minimum of two drill holes, were classified as Indicated Resources.   

Inferred Resources have been defined with the second estimation pass, based on the wide spacing of 
drill holes and resultant uncertainty in geological and grade continuity. 
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14.12.4 Maki Medina 

Mineral Resource classification is primarily based on drill hole spacing and continuity of grade, and is 
manually assigned using resource classification wireframes.  In general, blocks estimated in the first 
estimation pass with a minimum of two holes were classified as Indicated Resources. An Inferred 
Resource limit was defined by the extent of the second estimation pass, with all blocks estimated in the 
second and third passes inside this limit classified as Inferred Resources. The Inferred Resource 
classification is based on the wide spacing of drill holes and resultant uncertainty in geological and grade 
continuity. 

14.12.5 Goumbati West - Kobokoto 

Resource classification is primarily based on drill hole spacing and continuity of grade, and is manually 
assigned using resource classification wireframes. 

Blocks in the domain wireframes estimated in the first estimation pass with a minimum of two holes were 
classified as Indicated Resources. Inferred Resources have been defined with the second and third 
estimation passes in the domain wireframes, based on the wide spacing of drill holes and resultant 
uncertainty in geological and grade continuity. Blocks estimated outside of the domains and inside the 
buffer zones in the first and second estimation passes were classified as Inferred Resources 

14.12.6 Massawa NZ, Sofia, and Delya 

Mineral Resources were classified based on geological continuity, data density, variogram range, and 
resultant estimation search pass. In addition, for some deposits, the estimation quality defined by the 
Slope of Regression (SR) and Kriging Efficiency (KE) were also used for classification. Resource 
classification parameters are presented in Table 14.14. 
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Table 14.14 Massawa Mineral Resource Classification Criteria 

Statistic Deposit Measured Indicated Inferred 
Minimum Samples All 6 4 3 

Minimum Consecutive 
Sections 

All 6 4 
Good 
Geological 
Continuity 

Maximum Drilling 
Density 

NZ - 40 m by 40 m 80 m by 50 m 

Sofia and 
Delya 

- 40 m by 40 m 80 m by 60 m 

Estimation Search Pass All 
GC Pass 1 or 
GC Pass 2 

GC Pass 2 or GC 
Pass 3 or EXP Pass 
1 or EXP Pass 2 

EXP Pass 2 or 
EXP Pass 3 

Slope of Regression 
NZ 
Sofia 
Delya 

- 
- 
- 

>0.6
>0.6
>0.5

<0.6 
<0.6 
<0.5 

Kriging Efficiency 
NZ 
Sofia 
Delya 

- 
- 
- 

>0.5
>0.6
>0.5

<0.5 
<0.6 
<0.5 

Classification of the blocks was carried out by displaying the estimated blocks (Pass No., SR, and KE) on 
vertical cross sections and generating a wireframe basal surface for Measured, Indicated, and Inferred. 
All block models were then re-blocked to the relevant classification surfaces to ensure accurate 
representation within the sub-blocked model.  

Drill hole spacing in CZ and NZ resource areas have been optimized from drill spacing studies. For 
Indicated Mineral Resources, there are some allowances for areas where drilling density is lower but 
successive drilling campaigns have shown that there is grade and geological continuity. 

14.12.1 Massawa CZ 

Massawa CZ blocks were classified using manually generated wireframes.  Blocks were assigned to the 
measured category in areas with 10 m drill hole spacing.  Indicated Mineral Resources required a drill 
hole spacing of approximately 30 m.  Inferred Mineral Resource required an approximate 60 m drill hole 
spacing. Massawa CZ resource classification is presented in Figure 14.16. 
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Figure 14.16 Longitudinal Section of the Resource Classification at Massawa CZ 

Source:  Teranga Gold Corporation, July 2020  

14.12.1 Other Deposits and Prospects 

Kerekounda classification is primarily based on drill hole spacing and continuity of grade, and is manually 
completed.  Blocks estimated by OK, using search ranges corresponding to the first estimation pass with 
a minimum of two drill holes, and sufficiently established geological and grade continuity were classified 
as Indicated Resources.  A small amount resources were classified as Measured where sufficient support 
data is available. 

Golouma North classification is based on drill hole spacing and continuity of grade.  Blocks estimated in 
the first estimation pass with a minimum of two holes and a maximum spacing of 30 m were classified 
as Indicated Resources. Inferred Resources were assigned to all other blocks estimated in the first, second 
and third estimation passes, based on the wide spacing of drill holes and resultant uncertainty in 
geological and grade continuity. 

Diadiako, Koutouniokolla, Marougou, Sekoto, and Soukhoto Mineral Resources have been classified as 
Inferred Resources due to the wide spacing of drill holes and resultant uncertainty in geological and 
grade continuity. 
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Kinemba and Kouroundi Mineral Resources have been classified as Indicated and Inferred Resources 
based on the variogram ranges, and OK estimation passes. Additional broad wireframe envelopes were 
generated to reclassify small discontinuous clusters of estimated blocks to correspond to the resource 
category of the surrounding blocks. 

Kourouloulou and Mamasato Mineral Resources have been classified as Indicated and Inferred Resources 
based on the ID2 estimation passes. Additional broad wireframe envelopes were generated to reclassify 
small discontinuous clusters of estimated blocks to correspond to the resource category of the 
surrounding blocks. 

Tina and Bambaraya Mineral Resources have been classified as Inferred Resources due to the wide 
spacing of drill holes and resultant uncertainty in geological and grade continuity. 

14.13 Open Pit Constraint and Cut-Off Grade 

For reporting of open pit Mineral Resources, open pit shells were produced for each of the resource 
models using Whittle open pit optimization software. Only classified blocks greater than or equal to the 
open pit cut-off grades and within the open pit shells were reported. This is in compliance with the CIM 
(2014) resource definition requirement of “reasonable prospects for eventual economic extraction”.  

Operating parameters for the optimizations and cut-off grade estimates were based on geotechnical 
recommendations, site operating experience, production data, and life-of-mine planning.  The open pit 
operating parameters for the Sabodala deposits and prospects are summarized in Table 14.15. The open 
pit operating parameters for the Massawa deposits are summarized in Table 14.16. A range is provided 
as appropriate to cover all deposits, along with the estimated cut-off grades for each rock type.   

Table 14.15 Summary of Sabodala Open Pit Operating Parameters 

Parameter Value 
Gold Price $1,450/oz 
Pit Slope - Oxide 29° to 38° 
Pit Slope - Transition 31° to 38°, and 45° (avg trans./fresh) 
Pit Slope - Fresh 39° to 54° 
Mining Dilution (1) 5% 
Mining Recovery (1) 95% 
Mining Cost - Oxide $1.64 to 1.92/t mined 
Mining Cost - Trans & Fresh $1.89 to 2.14/t mined 
Ore Transport Cost to Mill $0.00 to 4.93/t milled 
Ore Re-Handling Cost $0.50/t milled 
CIL Process Recovery - Oxide 92% 
CIL Process Recovery - Trans & Fresh 90% 
CIL Process Cost - Oxide $10.20 to 10.80/t milled 
CIL Process Cost - Trans & Fresh $11.96 to 13.50/t milled 
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Parameter Value 
G&A Cost - Oxide $2.78/t milled 
G&A Cost - Trans & Fresh $2.84/t milled 
Gold Transp./Refining less Ag Revenue $2.35/oz Au 
Metal Payable at Refinery 99.92% 
Royalty 5% 
Cut-Off grade - Oxide 0.35 to 0.48 g/t Au 
Cut-Off grade – Trans & Fresh 0.40 to 0.55 g/t Au 

Notes: 
1. No additional mining dilution or recovery factors have been applied in excess of standard SMU sizes in the process of

defining limits of pit boundaries.
2. The above estimates used to determine cut-off grades for pit optimization.

Table 14.16 Summary of Massawa Open Pit Operating Parameters 

Parameter Value 
Gold Price $1,450/oz 
Pit Slope - Oxide 35° 
Pit Slope - Transition 35° to 45° 
Pit Slope - Fresh 45° 
Mining Dilution (1) 10% to 20% 
Mining Recovery (1) 95% to 99% 
Reference mining cost for fresh rock $2.35/t mined 
Cost adjustment factor for oxide rock 90.0% 
Increment 0.015 $/-10m 
Reference RL 135 to 250 m 
Ore Transport Cost to Mill $5.39 to 6.29/t milled 
Ore Re-Handling Cost $0.50/t milled 
WOL Process Recovery - Oxide 85% to 93% 
WOL Process Recovery - Trans & Fresh 77.5% to 86.0% 
ROT Process Recovery – Trans & Fresh 88.3% 
WOL Process Cost - Oxide $9.92/t milled 
WOL Process Cost - Trans & Fresh $11.40 to 14.13/t milled 
ROT Process Cost – Trans & Fresh $36.68/t milled 
G&A Cost - Oxide $3.56/t milled 
G&A Cost - Transition $3.64/t milled 
G&A Cost - Fresh $3.72/t milled 
Gold Transp./Refining less Ag Revenue $2.35/oz Au 
Metal Payable at Refinery 100.00% 
Royalty 5% 
Cut-Off grade - Oxide 0.46 to 0.50 g/t Au 
Cut-Off grade – Trans & Fresh 0.54 to 1.20 g/t Au 

Notes: 
1. No additional mining dilution or recovery factors have been applied in excess of standard SMU sizes in the process of

defining limits of pit boundaries.
2. The above estimates used to determine cut-off grades for pit optimization.
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The site discard cost, along with consideration of the gold price and gold processing recovery, were used 
to estimate the cut-off grades for reporting Mineral Resources.  The estimated cut-off grades at Sabodala 
range from 0.35 g /t Au to 0.48 g/t Au for oxide mineralization and from 0.40 g/t Au to 0.55 g/t Au for 
transition and fresh rock mineralization. The estimated cut-off grades at Massawa range from 0.46 g/t 
Au to 0.50 g/t Au for oxide mineralization and from 0.54 g/t Au to 1.20 g/t Au for transition and fresh 
rock mineralization. 

14.14 Underground Constraint and Cut-Off Grade 

For reporting of underground Mineral Resources, only classified blocks greater than or equal to the 
underground cut-off grade outside of the open pit shells were reported. For the underground resource 
estimates at Sabodala and Massawa, it was determined by visual examination that sufficient mining width 
and continuity existed within the resource wireframes at the estimated cut-off grades for the purpose of 
estimating underground resources.  This is in compliance with CIM (2014) resource definition 
requirements. In addition, Deswik Stope Optimizer software was used to generate wireframe models to 
constrain blocks satisfying minimum size and continuity criteria, which were used for reporting Sabodala 
underground Mineral Resources. Underground G&A costs are higher than for the open pits as they are 
considered as a standalone cost versus incremental to the operation. The underground operating 
parameters for the Sabodala deposits and Massawa NZ are summarized in Table 14.17 and Table 14.18 
respectively, along with the estimated cut-off grades.   

Table 14.17 Summary of Sabodala UG Operating Parameters 

Parameter Value 

Gold Price $1,450/oz 

Underground Mining Cost $65.00/t mined 

CIL Process Recovery - Fresh 92% 

CIL Process Cost - Fresh $15.50/t milled 

Underground G&A Cost $3.50/t milled 

Gold Transp./Refining less Ag Revenue $2.35/oz Au 

Metal Payable at Refinery 99.92% 

Royalty 5% 

Underground Cut-Off grade – Fresh 2.0 g/t Au 

Note: 

1. Process cost includes transportation of mineralization from the underground mine to the processing facilities.
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Table 14.18 Summary of Massawa NZ UG Operating Parameters 

Parameter Value 

Gold Price $1,450/oz 

Underground Mining Cost $65.00/t mined 

BIOX Process Recovery - Fresh 88.3% 

BIOX Process Cost - Fresh $36.68/t milled 

Underground G&A Cost $3.72/t milled 

Long Haul/Additional Haul $5.39/oz Au 

Refining and Transport $3.00/oz Au 

Metal Payable at Refinery 100.00% 

Royalty 5% 

Underground Cut-Off grade – Fresh 2.84 g/t Au 

14.15 Mineral Resource Estimate 

The Mineral Resource estimate, inclusive of Mineral Reserves, is summarized by deposit in Table 14.19. 
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Table 14.19 Open Pit and Underground Mineral Resources Summary as at December 31, 2019 

Deposit Domain 

Measured Indicated Measured and Indicated Inferred 

Tonnes Grade Au Tonnes Grade Au Tonnes Grade Au Tonnes Grade Au 

('000s) (g/t Au) ('000s) ('000s) (g/t Au) ('000s) ('000s) (g/t Au) ('000s) ('000s) 
(g/t 
Au) 

('000s) 

Sabodala 

Open Pit 8,663 1.32 369 5,975 1.61 310 14,638 1.44 678 2,453 1.24 98 

Underground 1,631 3.65 191 1,631 3.65 191 460 3.60 53 

Combined 8,663 1.32 369 7,606 2.05 501 16,270 1.66 870 2,913 1.61 151 

Masato 

Open Pit 2,458 0.69 55 22,212 1.16 829 24,670 1.11 884 

Underground 1,163 2.75 103 1,163 2.75 103 1,984 2.85 182 

Combined 2,458 0.69 55 23,375 1.24 932 25,833 1.19 987 1,984 2.85 182 

Gora 

Open Pit 

Underground 274 4.92 43 274 4.92 43 56 4.87 9 

Combined 274 4.92 43 274 4.92 43 56 4.87 9 

Golouma 

Open Pit 354 0.75 9 3,497 2.93 329 3,851 2.73 338 55 2.79 5 

Underground 2,136 4.09 281 2,136 4.09 281 851 3.66 100 

Combined 354 0.75 9 5,634 3.37 610 5,988 3.21 619 906 3.61 105 

Kerekounda 

Open Pit 

Underground 499 4.88 78 499 4.88 78 235 5.70 43 

Combined 499 4.88 78 499 4.88 78 235 5.70 43 

Maki Medina 

Open Pit 115 0.78 3 1,053 1.21 41 1,168 1.17 44 42 1.00 1 

Underground 179 2.73 16 179 2.73 16 90 2.56 7 

Combined 115 0.78 2,874 1,232 1.43 57 1,347 1.38 60 132 2.06 9 

Niakafiri East 
Open Pit 4,776 1.37 210 14,140 1.14 516 18,916 1.19 726 4,515 0.93 135 

Underground 224 2.72 20 224 2.72 20 514 2.70 45 
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Combined 4,776 1.37 210 14,364 1.16 536 19,140 1.21 746 5,030 1.11 180 

Niakafiri West 

Open Pit 3,061 1.02 100 3,061 1.02 100 673 0.86 19 

Underground 74 2.67 6 74 2.67 6 71 2.84 6 

Combined 3,135 1.06 107 3,135 1.06 107 744 1.05 25 

Goumbati West - Kobokoto 

Open Pit 2,678 1.35 116 2,678 1.35 116 498 0.81 13 

Underground 131 3.25 14 131 3.25 14 79 2.90 7 

Combined 2,809 1.44 130 2,809 1.44 130 577 1.09 20 

Golouma North 

Open Pit 170 1.32 7 170 1.32 7 295 1.42 14 

Underground 14 2.64 1 14 2.64 1 19 2.93 2 

Combined 184 1.42 8 184 1.42 8 314 1.51 15 

Diadiako 

Open Pit 178 1.27 7 

Underground 663 2.89 61 

Combined 841 2.54 69 

Kinemba 

Open Pit 24 1.06 1 24 1.06 1 91 0.95 3 

Underground 56 2.52 5 

Combined 24 1.06 1 24 1.06 1 147 1.55 7 

Kourouloulou 

Open Pit 96 11.51 36 96 11.51 36 22 6.71 5 

Underground 59 9.15 18 59 9.15 18 86 13.58 38 

Combined 156 10.61 53 156 10.61 53 108 12.18 42 

Kouroundi 

Open Pit 67 0.93 2 67 0.93 2 42 0.74 1 

Underground 

Combined 67 0.93 2 67 0.93 2 42 0.74 1 

Koutouniokolla 

Open Pit 85 1.58 4 

Underground 22 2.54 2 

Combined 108 1.78 6 

Mamasato Open Pit 560 1.45 26 560 1.45 26 305 1.25 12 
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Underground 42 2.32 3 

Combined 560 1.45 26 560 1.45 26 347 1.38 15 

Marougou 

Open Pit 1,198 1.41 54 

Underground 

Combined 1,198 1.41 54 

Sekoto 

Open Pit 485 0.89 14 

Underground 25 2.11 2 

Combined 510 0.95 16 

Soukhoto 

Open Pit 550 1.46 26 

Underground 

Combined 550 1.46 26 

Sofia 

Open Pit 9,881 2.46 782 9,881 2.46 782 1,302 1.68 70 

Underground 

Combined 9,881 2.46 782 9,881 2.46 782 1,302 1.68 70 

Massawa CZ 

Open Pit 494 4.57 73 11,654 3.52 1,319 12,148 3.56 1,391 2,747 3.12 276 

Underground 

Combined 494 4.57 73 11,654 3.52 1,319 12,148 3.56 1,391 2,747 3.12 276 

Massawa NZ 

Open Pit 5,748 4.79 885 5,748 4.79 885 185 5.30 31 

Underground 2,582 4.50 373 

Combined 5,748 4.79 885 5,748 4.79 885 2,767 4.55 405 

Delya 

Open Pit 760 4.46 109 760 4.46 109 95 3.76 12 

Underground 

Combined 760 4.46 109 760 4.46 109 95 3.76 12 

Tina 

Open Pit 1,929 1.05 65 

Underground 

Combined 1,929 1.05 65 
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Bambaraya 

Open Pit 537 2.15 37 

Underground 

Combined 537 2.15 37 

Total 

Open Pit 16,860 1.32 717 81,578 2.06 5,409 98,438 1.94 6,127 18,285 1.53 902 

Underground 6,384 3.75 771 6,384 3.75 771 7,836 3.72 938 

Combined 16,860 1.32 717 87,962 2.19 6,180 104,823 2.05 6,897 26,120 2.19 1,840 

Notes: 

1. CIM definitions were followed for Mineral Resources.

2. Open pit oxide Mineral Resources are estimated at cut-off grades ranging from 0.35 g/t Au to 0.50 g/t Au.

3. Open pit transition and primary rock Mineral Resources are estimated at cut-off grades ranging from 0.40 g/t Au to 1.20 g/t Au.

4. Underground Mineral Resources are estimated at a cut-off grade of 2.00 g/t Au at Sabodala, and at 2.84 g/t Au at Massawa.

5. Measured Resources at Sabodala include stockpiles, which total 4.3 Mt at 0.75 g/t Au for 104,000 oz.

6. Measured Resources at Masato include stockpiles, which total 2.5 Mt at 0.69 g/t Au for 55,000 oz.

7. Measured Resources at Maki Medina include stockpiles, which total 0.1 Mt at 0.78 g/t Au for 3,000 oz.

8. Measured Resources at Golouma include stockpiles, which total 0.4 Mt at 0.75 g/t Au for 9,000 oz.

9. High grade assays were capped at grades ranging from 1.5 g/t Au to 340 g/t Au.

10. Mineral Resources are inclusive of Mineral Reserves.

11. Open pit shells were used to constrain open pit resources.

12. Mineral Resources are estimated using a gold price of $1,450 per ounce.

13. Sum of individual amounts may not equal due to rounding.
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14.16 Mineral Resource Upgrade Drill Program 

There is significant potential to upgrade and increase Mineral Resources with additional drilling. 

A large portion of the Mineral Resources that are classified as Inferred, and therefore not eligible to be 
converted to Mineral Reserves, are located near the pit designs used to report Mineral Reserves, both 
along strike and at depth. These Inferred Mineral Resources have been defined by widely spaced drilling, 
however, a significant component of these resources have potential to be upgraded to the Indicated 
category with additional closer spaced drilling. 

In addition, other areas, although not included in declared Mineral Resources, show geological continuity 
between and along strike of existing deposits located along the trend of the two regional scale shear 
zones that host the main Sabodala – Massawa deposits. Although mineralization has been intersected in 
the few widely spaced holes drilled to date, insufficient drilling has been completed to define geological 
and grade continuity. 

An exploration and resource upgrade drilling program commenced at Sofia, Massawa CZ and NZ in 
March 2020.  

14.17 Reconciliation 

Reconciliation of Mineral Reserves, production grade control, and mill feed is conducted monthly, 
quarterly and annually. Monthly reconciliation procedures have been established in-house and are 
recorded in an internal company document. Mineral Reserve and mill feed cut-off grades as well as 
stockpile practices at Sabodala have changed over time since commencement of production; however, 
during the period from January 2017 to December 2019 inclusive, a consistent cut-off grade of 1.0 g/t 
Au has been applied to mill feed.  

For the purpose of reconciliation, the actual mined material is defined as the tonnage which is reported 
on a shift-by-shift basis combined with the grades estimated within the grade control model. Daily actual 
mined material is generated by the Teranga production geology team. Daily mill feed tonnes and grades 
are generated by the Teranga process team. 

Monthly reconciliation is undertaken by two separate comparisons. The first is a comparison of the grade 
control model (including actual mined and stockpile movements) against mill feed, and the second is a 
comparison of the Mineral Reserve to actual mined.  The grade control model is derived through RC 
drilling on a nominally 10 m grid and is intended to provide guidance for short term planning and ore 
recovery.  The reserves models are derived by applying dilution and recovery factors and are used for the 
LOM long term planning. 
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Fresh rock ore mined in the 0.5 g/t Au to 1.0 g/t Au grade range for Golouma South, Golouma West, 
Kerekounda, and Maki Medina is placed into marginal grade stockpiles to be processed at the end of the 
mine life. Fresh rock ore mined in the 0.6 g/t Au to 1.0 g/t Au grade range for Gora and in the 0.45 g/t 
Au to 1.0 g/t Au grade range for Sabodala is placed into marginal grade stockpiles to be processed at 
the end of the mine life. Oxide ore mined in the following grade ranges is placed into marginal grade 
oxide stockpiles for processing at a later date: from 0.4 g/t Au to 1.0 g/t Au for Golouma South, Golouma 
West, Kerekounda, and Sabodala; and from 0.45 g/t Au to 1.0 g/t Au for Maki Medina. 

Significant discrepancies identified in the monthly reconciliation are immediately investigated, to identify 
the source of the discrepancies and determine remediation procedures as quickly as possible. 

A comparison of the combined grade control models (including the actual mined and stockpiles) to mill 
feed from January 1, 2017 to December 31, 2019 inclusive, is presented in Table 14.20.  Results indicate 
that above a 1.0 g/t Au cut-off grade, the grade control models report no variance in tonnes, 2% higher 
grade and 2% higher ounces. 

Table 14.20 Grade Control to Mill Feed Reconciliation January 2017 to December 2019 

1 g/t Au 
cut-off 

Grade Control Model 
(Actual Mined and Stockpiles) 

Mill Feed Variance 

Quarter 
- Year

Tonnes (kt) Grade (Au 
g/t) 

Au 
(koz) 

Tonnes 
(kt) 

Grade 
(Au g/t) 

Au 
(koz) 

Tonnes 
(%) 

Grade 
(%) 

Ounces 
(%) 

Q1 - 17 1,035.5 1.98 66.0 1,055.2 1.82 61.6 2% -8% -7%
Q2 - 17 1,007.1 2.05 66.4 1,039.1 1.87 62.6 3% -9% -6%
Q3 - 17 1,019.1 1.90 62.1 1,050.5 1.66 56.2 3% -12% -10%
Q4 - 17 1,058.4 2.17 73.8 1,076.6 2.11 72.9 2% -3% -1%
Q1 - 18 1,076.6 2.10 72.6 1,067.6 2.02 69.3 -1% -4% -5%
Q2 - 18 1,026.1 2.09 68.8 1,009.9 2.15 69.9 -2% 3% 2% 
Q3 - 18 911.3 2.03 59.5 962.8 2.00 61.9 6% -2% 4% 
Q4 - 18 967.0 1.89 58.8 1,028.2 1.95 64.6 6% 3% 10% 
Q1 - 19 1,070.3 2.27 78.2 1,044.1 2.33 78.1 -2% 2% 0% 
Q2 - 19 1,165.7 2.01 75.2 1,083.3 2.01 70.0 -7% 0% -7%
Q3 - 19 1,010.3 1.82 59.3 1,018.7 1.74 56.9 1% -5% -4%
Q4 - 19 1,050.3 1.89 63.7 1,015.3 1.85 60.5 -3% -2% -5%
Total 12,397.7 2.02 804.5 12,451.5 1.97 784.6 0% -2% -2%

Comparisons of the Proven and Probable Reserves to actual mined from January 1, 2017 to December 
31, 2019 inclusive, are presented by deposit at a cut-off grade of 1.0 g/t Au in Table 14.21. 
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Mining commenced at Golouma South and Kerekounda in 2016 and at Golouma West in 2017. In 2018, 
mining commenced at Koulouqwinde and at the last phase of Sabodala. Mining was completed at Gora 
and Golouma South in 2018 and at Kerekounda and Koulouqwinde in 2019. Mining at Maki Medina 
commenced in 2019. Mining at Sabodala, Golouma West, and Maki Medina is ongoing. Results indicate 
that above the reported Mineral Reserve cut-off grade of 1.0 g/t Au, the actual mined portion of the 
grade control models report 43% higher tonnes, 4% lower grade and 37% higher ounces.  This overall 
positive correlation can be attributed to wider mineralized zones with higher grades delineated with 
closer spaced grade control drilling at Golouma South, Golouma West and Kerekounda and some 
modification of the original pit designs (such is the case with Golouma West or "good bye cuts" at pit 
bottom.  

Prior to mining, only Inferred Resources were estimated at Koulouqwinde, with no Mineral Reserves 
calculated. Due to the close proximity of the Golouma West waste dump, Koulouqwinde was mined 
ahead of schedule from 2018 to 2019. Based on grade control drilling, a total of 133.4 kt at 2.38 g/t Au 
totaling 10.2 koz was mined at Koulouqwinde, which is not included in the comparison of mineral reserves 
to actual mined summary. 
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Table 14.21 Sabodala Pit Mineral Reserves to Actual Mined Reconciliation January 2017 to December 2019 

1 g/t Au cut-off Proven and Probable Reserves Actual Mined Variance 

Deposit Tonnes (kt) 
Grade 

(Au g/t) 
Au 

(koz) Tonnes (kt) 
Grade 

(Au g/t) Au (koz) 
Tonnes 

(%) 
Grade 

(%) 
Au 
(%) 

Gora 793.4 5.50 140.2 958.8 6.15 189.7 21% 12% 35% 

Golouma South 604.1 3.29 63.9 738.9 3.02 71.7 22% -8% 12% 

Golouma West 1,774.8 2.47 140.8 2,788.9 2.45 219.4 57% -1% 56% 

Kerekounda 516.4 5.01 83.1 921.6 3.95 117.2 78% -21% 41% 

Maki Medina 197.4 2.00 12.7 216.4 1.63 11.3 10% -19% -11%

Sabodala Phase 4 161.8 1.65 8.6 165.8 1.45 7.7 2% -12% -10%

Total 4,047.7 3.45 449.4 5,790.3 3.31 616.9 43% -4% 37% 
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15.0 MINERAL RESERVE ESTIMATES 

15.1 Summary of Mineral Reserves 

The Sabodala Mineral Reserve estimate is composed of open pit and underground deposits. 

Open Pit Deposits: 

1. Sabodala

2. Masato

3. Golouma West

4. Niakafiri East

5. Niakafiri West

6. Maki Medina

7. Goumbati West/Kobokoto

8. Sofia Main

9. Sofia North

10. Central Zone

11. North Zone

12. Delya

Underground Deposits: 

1. Golouma South

2. Kerekounda

3. Golouma West 1

4. Golouma West 2

The Golouma West, Sabodala, Goumbati West/Kobokoto and Maki Medina open pit deposits are 
currently being mined by conventional open pit methods. With the acquisition of Barrick’s Massawa 
Project, the following deposits were added to SGO’s reserves: Sofia Main, Sofia North, Central Zone, 
North Zone and Delya.  The location of the open pit deposits and the underground deposits is shown in 
Figure 15.1. 

The Proven and Probable Mineral Reserves for the deposits are based on only that part of the Measured 
and Indicated Resources that falls within the designed final pit limits.   

Mineral Reserve cut-off grades are based on current operating practice and 2019 costs projected to the 
LOM.  The Reserves are based on a gold price of $1,250/oz. 

The Mineral Reserve estimate as at December 31, 2019, is presented in Table 15.1.
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Figure 15.1 Location of Sabodala and Massawa Mining License Deposits 

Source:  Teranga Gold Corporation, July 2020 
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Table 15.1 Mineral Reserves Estimate as at December 31, 2019 

Deposits 
Proven Probable Proven and Probable 

Tonnes 
(Mt) 

Grade 
(g/t) 

Au 
(Moz) 

Tonnes 
(Mt) 

Grade 
(g/t) 

Au 
(Moz) 

Tonnes 
(Mt) 

Grade 
(g/t) 

Au 
(Moz) 

Sabodala 1.88 1.64 0.10 2.75 1.41 0.12 4.63 1.50 0.22 

Masato 17.77 1.13 0.64 17.77 1.13 0.64 

Golouma West 2.10 2.01 0.14 2.10 2.01 0.14 

Maki Medina 0.84 1.19 0.03 0.84 1.19 0.03 

Niakafiri East 4.49 1.34 0.19 9.43 1.14 0.34 13.92 1.20 0.54 

Niakafiri West 1.13 1.10 0.04 1.13 1.10 0.04 

Goumbati West and Kobokoto 1.39 1.33 0.06 1.39 1.33 0.06 

Stockpiles 7.22 0.73 0.17 7.22 0.73 0.17 

Subtotal Open Pit with Stockpiles 13.59 1.06 0.46 35.40 1.21 1.38 48.99 1.17 1.84 

Golouma West 1 Underground 0.62 6.07 0.12 0.62 6.07 0.12 

Golouma West 2  Underground 0.45 4.39 0.06 0.45 4.39 0.06 

Golouma South  Underground 0.47 4.28 0.06 0.47 4.28 0.06 

Kerekounda  Underground 0.61 4.95 0.10 0.61 4.95 0.10 

Subtotal Underground 2.15 5.01 0.35 2.15 5.01 0.35 

Total Sabodala Mining License 13.59 1.06 0.46 37.55 1.43 1.73 51.14 1.33 2.19 

Sofia Main 5.47 2.66 0.47 5.47 2.66 0.47 

Sofia North 2.76 1.87 0.17 2.76 1.87 0.17 

Central Zone 0.54 3.94 0.07 9.40 3.52 1.06 9.94 3.54 1.13 

North Zone 5.60 4.23 0.76 5.60 4.23 0.76 

Delya 0.88 3.56 0.10 0.88 3.56 0.10 

Total Massawa Mining Liense 0.54 3.94 0.07 24.11 3.30 2.56 24.65 3.32 2.63 

Total Reserves 14.13 1.17 0.53 61.67 2.16 4.29 75.79 1.98 4.82 

1. CIM definitions were followed for Mineral Reserves.

2. Mineral Reserve cut-off grades range from 0.41 g/t to 0.61 g/t Au for oxide, 0.47 g/t to 0.79 g/t Au for fresh rock and 1.39 g/t to
1.41 g/t Au for refractory ore, based on a $1,250/oz gold price.

3. Underground Mineral Reserve cut-off grades range from 2.3 g/t to 2.6 g/t Au based on a $1,200/oz gold price.

4. Mineral Reserves account for mining dilution and mining ore loss.

5. Proven Mineral Reserves are based on Measured Mineral Resources only.

6. Probable Mineral Reserves are based on Indicated Mineral Resources only.

7. Sum of individual amounts may not equal due to rounding.

8. The Niakafiri Main deposit is adjacent to the Sabodala village and relocation of at least some portion of the village will be
required which will necessitate a negotiated resettlement program with the affected community members.
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Information in Table 15.1 relating to the Mineral Reserve estimates associated with the Sabodala Mining 
License and Massawa Mining License is based on information compiled and reviewed by Mr. Stephen 
Ling, P.Eng.  Mr. Ling is a full-time employee of Teranga and is not ‘‘independent’’ within the meaning of 
NI 43-101. 

15.2 Open Pit Reserves 

Teranga personnel undertook the open pit optimization and design work for the Sabodala. 

15.2.1 Mining Dilution and Recovery 

Mining dilution and ore loss parameters were applied to each of the resource block models before 
undertaking open pit optimization work using the Whittle Pit Optimization software. Current pit surfaces 
and new cut-off grades were used in the dilution comparison. 

The sublocked resource block models were reblocked to account for dilution and ore loss. The reblocking 
parameters were derived by reviewing reconciliation data for Sabodala, which compares the contents of 
the sub-celled resource block model to the actual mined material. 

In essence, the reblocked model represents the selective mining unit (SMU) that can be physically 
extracted during operations. The reconciliation figures are continuously reviewed to ensure that the 
reblocked model continues to predict actual mined grades going forward. The dilution encountered 
during the reblocking phase forms the internal dilution. Further to the internal dilution, an additional 
amount of dilution is added to account for the mixing of materials at the contact edges of the ore zones 
with the waste (or low grade) zones. This represents the external dilution. 

The total mining dilution ranges from 5% to 20% and the mining recovery ranges from 90% to 95% 
depending on the deposit and mineralized geometry. 

15.2.2 Central Zone WOL/ROT Flagging 

Unlike other deposits in the Massawa Mining License, where the non-oxidized material is either refractory 
or non-refractory, CZ fresh ore material has a mixture of refractory and non-refractory material. Based 
on the extensive metallurgical modelling work completed by Barrick, the PFS method of flagging non-
refractory ore for WOL processing and refractory ore material for ROT processing blocks was completed. 
The ore throughout CZ is varying degrees of refractory resulting in a variation in metallurgical recovery 
by WOL. The split between WOL and ROT predominantly follows the ore mineralization domains, with 
the central area being non-refractory at the South end of the CZ pit and towards the North it becomes 
refractory, similar to the HW/FW domains. The ROT processing method provides consistently high 
metallurgical recovery to all ore but at an increased cost over WOL. Blocks in the CZ block model were 
flagged as either WOL or ROT to indicate the most profitable processing destination. 
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15.2.3 Pit Optimization Parameters 

The pit optimization parameters and cut-off grade calculations for all the reserve pits are summarized in 
Tables 15.2 and 15.3 respectively.  It should be noted that the costs used in the optimization process are 
not the final costs used in the financial analysis as it is an iterative process and current overall pit 
optimizations costs were deemed to be within tolerance to the final costs. Please see Section 21 for final 
cost estimations.  

Table 15.2 Pit Optimization Parameters 

Parameter Value 

Gold Price $1,250/oz 

Pit Slope - Oxide 31° to 37° 

Pit Slope - Fresh 44° to 57° 

Mining Dilution Incorporated in block model (5-20%) 

Mining Recovery Incorporated in block model (90-95%) 

*Mining Cost - Oxide $1.96 to 2.18/t mined 

*Mining Cost - Trans & Fresh $2.15 to 2.50/t mined 

Incremental Mine Haulage $0.02/t/m mined  

Ore Transport Cost to Mill $0.00 to 6.29/t milled 

WOL Process Recovery - Oxide 85-93% 

WOL Process Recovery - Trans & Fresh 79.6-90.1% 

ROT Process Recovery  88.3% 

WOL Process Cost - Oxide $9.90 to 9.92/t milled 

WOL Process Cost - Trans & Fresh $11.38 to 14.13/t milled 

ROT Process Cost  $36.68/t milled   

G&A Cost - Oxide $3.56/t milled 

G&A Cost - Trans & Fresh $3.64 to 3.72/t milled 

Gold Transp./Refining less Ag Revenue $2.35/oz Au 

Metal Payable at Refinery 99.92% 

Royalty 5% 

License fee for ROT 0.5% 

  
* Mining Costs shown include incremental mine haulage amount 
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Table 15.3 Pit Optimization Parameters Cut-off Grades 

Deposit Oxide Fresh 
Sabodala 0.41 0.47 
Masato 0.41 0.47 
Golouma West 0.46 0.51 
Maki Medina 0.45 0.51 
Niakafiri 0.42 0.48 
Goumbati West 0.48 0.54 
Sofia Main 0.56 0.65 
Sofia North 0.57 0.65 
Central Zone WOL (CIL) 0.55 0.79 
Central Zone ROT (BIOX) N/A 1.39 
North Zone 0.61 1.39 
Delya 0.58 1.41 

The pit definition comprised a first stage pit optimization shell and a second stage final pit design. Pit 
optimization runs were completed using Whittle software based on the Lerchs-Grossman (LG) algorithm 
for pit optimization. The pit designs were completed using the Vulcan open pit design software.  

Pit optimization parameters such as mining cost, processing cost, and cut-off grades are different for all 
the pits (Tables 15.2 and 15.3) because of the pit haulage distances from the Sabodala processing plant, 
oxide and fresh material balance, and mining dilution/recovery. 

Metallurgical recovery for oxide is in the range of 85%-93%, WOL fresh within 79.6%-90.1%, and ROT at 
88.3% for the Sabodala mill. 

An incremental haulage cost of $0.02/t/10 m vertical distance was applied to account for additional 
haulage costs as the pits deepen. 

15.2.4 Open Pit Geotechnical 

Xstract Mining Consultants of Australia (Xstract) has been providing geotechnical expertise and advice 
for the Sabodala mine, and has developed the appropriate geotechnical model for all the deposits. 
Periodic site visits and continuous assessment are maintained to update issues of ground conditions and 
pit slopes. Xstract ensures the risks are mitigated with guidance for the appropriate operating methods 
and parameters for the entire Sabodala operations. 

As part of the ongoing mine design process, all updated mine designs are reviewed by the geotechnical 
consultant (Xstract) where checks against slope design parameters as well as limit equilibrium stability 
assessment of overall wall scale slopes are undertaken. 
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Design Factor of Safety targets for overall scale slopes of greater than 1.2 to 1.3 (i.e., 20% to 30% safety 
margin) are utilized, with actual results for overall scale slopes typically returning values greater than the 
target due to the generally good quality rock mass.  Slope designs through the weathered materials tend 
to return lower factors of safety due to the poorer quality and highly variable nature of these materials.  
Slope performance to date in existing pits, suggests that stability analysis generally tends to 
underestimate the performance of these materials, with occasional small slowing moving failures in the 
extreme worst quality materials which generally have not impacted mining schedule or costs to any great 
extent. 

Mine design geotechnical investigations for the Massawa pits were carried out by MineNet for Randgold 
(MineNet 2018). The designs in this PFS were based on the recommendations by MineNet and are 
detailed in the following section, along with the final design results. 

15.2.5 Hydrogeology  

Historically, hydrogeological situation at Sabodala has been managed with minimal infrastructure with 
pit in-flows requiring 2-20 L/s to be pumped out. Surface water was managed by ditching systems and 
in-pit was by in-pit sumps.  

The hydrogeological assessment for the Massawa mining feasibility (Barrick, 2019) evaluation concludes 
the following: 

Due to the naturally shallow groundwater levels across the site (typically 10 m to 30m below surface), 
groundwater inflow to the excavations will occur throughout mining. The groundwater inflow horizons 
are associated with the near surface weathered horizons, and the NNE-SSW fracture zones and 
lithological contacts at depth. In general, the sedimentary units are more permeable than the igneous 
units. 

The inflows depend on the hydraulic characteristics of the units, the pit size, and the mining advance 
rate. Due to the accelerated mining rate of each pit, high groundwater drawdown rates need to be 
achieved to keep pace with the operation. The likely range of pumping rates per pit during their Life of 
Mine (LOM) are as follows: 

• Central Zone: average 70 L/s (range: 19 – 96 L/s). 

• North Zone: average 18 L/s (range: 7 – 21 L/s). 

• Sofia Main: average 10 L/s (range: 1 – 14 L/s). 

• Sofia North: average 17 L/s (range: 12 – 22 L/s). 

• Delya: average 3 L/s (range 1 – 3 L/s). 
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According to the geophysical surveys, the monitoring data, the in-situ hydraulic testing, and the 
calibrated numerical forecast models, the majority of the groundwater can be intercepted by perimeter 
and in-pit dewatering wells (approximately 80% of groundwater inflow). The remaining water will be 
drained using sub-horizontal drains drilled into the pit wall. This groundwater seepage will collect in the 
in-pit sumps. 

As part of the PFS, the capital and operating costs associated to the perimeter wells, in-pit wells and sub-
horizontal drains drilled into the pit wall were included for CZ, NZ and Delya. This information was based 
on the work competed by Barrick with Artois (Artois 2018).  

It should be noted that the Massawa pit in-flows prior to interception methods are close to the historic 
in-flows seen at Sabodala, with the exception of Central Zone. Once the majority of the in-flow has been 
intercepted at CZ (approximately 80%), the actual pit in-flows to be managed are within Sabodala’s 
historical range. 

15.2.6 Pit Design Parameters 

The detailed pit designs were carried out using the Whittle pit shell selected as a guide.   The proposed 
pit design includes the practical geometry required in an open pit mine, including pit ramps, pit slope 
design, benching configurations, smoothed pit walls and catch berms. 

All haulage roads are designed to accommodate two-way traffic of the Komatsu HD785-7 haul trucks, 
and a safety berm of at least half the height of a haul truck tire.  The roads have minimum width of 25 m 
and a maximum of 10% overall gradient.  Some pits have single 15 m wide lanes at the last few benches 
to the pit bottom.   These guidelines, along with the parameters in Table 15.3 are the main pit design 
parameters used for the ultimate pit designs. 

The ramp entrance location for each pit were designed to facilitate easy access to the site infrastructures, 
facilities and to the waste dumps. 

15.2.7 Pit Design Results 

The Sabodala Phase 4 pit design contains 4.6 Mt of mineral reserves at a 1.50 g/t Au grade and 35.9 Mt 
of waste, the stripping ratio (SR) is 7.8.   The Sabodala pit design parameters are presented in Table 15.4 
and the design in Figure 15.2. 
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Table 15.4 Sabodala Pit Design Parameters 

Parameters Unit Value 

Two lane haulage ramp width metres 25 

Single lane haulage ramp width metres 15 

Haulage road gradient % 10 

Single bench height in weathered rock metres 10 

Double bench height in fresh rock metres 20 

Bench face angle in weathered rock north west degree 45 

Bench face angle in weathered rock east degree 54 

Bench face angle in fresh rock degree 75 

Berm width in weathered rock north west metres 5.0 

Berm width in weathered rock east metres 5.0 

Berm width in fresh rock >630m RL metres 10.0 

Berm width in fresh rock <630m RL metres 8.5 

Inter ramp slope angle in weathered rock north west degree 34.5 

Inter ramp slope angle in weathered rock east degree 40.0 

Inter ramp slope angle in fresh rock degree 56.7 
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Figure 15.2 Sabodala Pit Design 

Source:  Teranga Gold Corporation, July 2020  

The Golouma West pit design contains 2.1 Mt of mineral reserves at a 2.01 g/t Au grade and 8.3 Mt of 
waste, the SR is 4.0.   The Golouma West pit design parametres are presented in Table 15.5 and the 
design in Figure 15.3. 
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Table 15.5 Golouma West Pit Design Parameters 

Parameters Unit Value 

Two lane haulage ramp width metres 25 

Single lane haulage ramp width metres 15 

Haulage road gradient % 10 

Single bench height in weathered rock metres 10 

Double bench height in transition and fresh rock metres 20 

Bench face angle in weathered rock degree 50 

Bench face angle in transition rock degree 50 

Bench face angle in fresh rock (depth 40-60m) degree 60 

Bench face angle in fresh rock, slope directions  0-195 and 255-360 (depth >60m) degree 75 

Bench face angle in fresh rock, slope directions  195-255 (depth >60m) degree 70 

Berm width in weathered rock metres 5.0 

Berm width in transition rock metres 7.0 

Berm width in fresh rock, all slope directions metres 9.0 

Inter ramp slope angle in weathered rock degree 36.8 

Inter ramp slope angle in transition rock degree 40.1 

Inter ramp slope angle in fresh rock (depth 40-60m) degree 44.2 

Inter ramp slope angle in fresh rock, slope directions  0-195 and 255-360 (depth >60m) degree 54.9 

Inter ramp slope angle in fresh rock, slope directions  195-255 (depth >60m) degree 50.9 
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Figure 15.3 Golouma West Pit Design 

Source:  Teranga Gold Corporation, July 2020  

The Maki Medina pit design contains 0.8 Mt of mineral reserves at a 1.19 g/t Au grade and 3.6 Mt of 
waste, the SR is 4.4.   The Maki Medina pit design parameters are presented in Table 15.6 and the design 
in Figure 15.4. 
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Table 15.6 Maki Medina Pit Design Parameters 

Parameters Unit Value 

Two lane haulage ramp width metres 25 

Single lane haulage ramp width metres 15 

Haulage road gradient % 10 

Single bench height in weathered rock metres 10 

Double bench height in transition and fresh rock metres 20 

Bench face angle in weathered rock degree 50 

Bench face angle in transition rock degree 50 

Bench face angle in fresh rock (depth 40-60m) degree 60 

Bench face angle in fresh rock, slope directions  0-225 (depth >60m) degree 70 

Bench face angle in fresh rock, slope directions  225-360 (depth >60m) degree 65 

Berm width in weathered rock metres 5.0 

Berm width in transition rock metres 7.0 

Berm width in fresh rock, all slope directions metres 9.0 

Inter ramp slope angle in weathered rock degree 36.8 

Inter ramp slope angle in transition rock degree 40.1 

Inter ramp slope angle in fresh rock (depth 40-60m) degree 44.2 

Inter ramp slope angle in fresh rock, slope directions  0-225 (depth >60m) degree 50.9 

Inter ramp slope angle in fresh rock, slope directions  225-360 (depth >60m) degree 47.5 
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Figure 15.4 Maki Medina Pit Design 

Source:  Teranga Gold Corporation, July 2020  

The Niakafiri East pit design contains 13.9 Mt of mineral reserves at a 1.20 g/t Au grade and 52.5 Mt of 
waste, the stripping ratio (SR) is 3.8.   The Niakafiri East pit design parameters are presented in Table 15.7 
and the design in Figure 15.5. 
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Table 15.7 Niakafiri East Pit Design Parameters 

Parameters Unit Value 

Two lane haulage ramp width metres 25 

Single lane haulage ramp width metres 15 

Haulage road gradient % 10 

Single bench height in weathered rock metres 10 

Double bench height in transition and fresh rock metres 20 

Bench face angle in weathered rock degree 50 

Bench face angle in transition rock degree 50 

Bench face angle in fresh rock, slope directions  75-135 (depth 100-120m) degree 60 

Bench face angle in fresh rock, slope directions  75-135 (depth >120m) degree 65 

Bench face angle in fresh rock, slope directions  135-75 (depth 100-120m) degree 70 

Bench face angle in fresh rock, slope directions  135-75 (depth >120m) degree 75 

Berm width in weathered rock metres 5.0 

Berm width in transition rock metres 7.0 

Berm width in fresh rock, all slope directions metres 9.0 

Inter ramp slope angle in weathered rock (depth 0-40m), for north pit degree 36.8 

Inter ramp slope angle in weathered rock (depth 0-60m), for south pit degree 36.8 

Inter ramp slope angle in weathered rock (depth 40-60m), for north pit degree 40.1 

Inter ramp slope angle in transition rock (depth 60-100m) degree 40.1 

Inter ramp slope angle in fresh rock, slope directions  75-135 (depth 100-120m) degree 44.2 

Inter ramp slope angle in fresh rock, slope directions  75-135 (depth >120m) degree 47.5 

Inter ramp slope angle in fresh rock, slope directions  135-75 (depth 100-120m) degree 50.9 

Inter ramp slope angle in fresh rock, slope directions  135-75 (depth >120m) degree 54.3 
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Figure 15.5 Niakafiri East Pit Design 

Source:  Teranga Gold Corporation, July 2020  
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The Niakafiri West pit design contains 1.1 Mt of mineral reserves at a 1.10 g/t Au grade and 7.2 Mt of 
waste, the SR is 6.4.   The Niakafiri West pit design parameters are presented in Table 15.8 and the design 
in Figure 15.6. 

Table 15.8 Niakafiri West Pit Design Parameters 

Parameters Unit Value 

Two lane haulage ramp width metres 25 

Single lane haulage ramp width metres 15 

Haulage road gradient % 10 

Single bench height in weathered rock metres 10 

Double bench height in transition and fresh rock metres 20 

Bench face angle in weathered rock degree 50 

Bench face angle in transition rock degree 50 

Bench face angle in fresh rock, slope directions  75-135 (depth 80-100m) degree 60 

Bench face angle in fresh rock, slope directions  75-135 (depth >100m) degree 65 

Bench face angle in fresh rock, slope directions  135-75 (depth 80-100m) degree 70 

Bench face angle in fresh rock, slope directions  135-75 (depth >100m) degree 75 

Berm width in weathered rock metres 5.0 

Berm width in transition rock metres 7.0 

Berm width in fresh rock, all slope directions metres 9.0 

Inter ramp slope angle in weathered rock (depth 0-40m) degree 36.8 

Inter ramp slope angle in transition rock (depth 40-80m) degree 40.1 

Inter ramp slope angle in fresh rock, slope directions  75-135 (depth 80-100m) degree 44.2 

Inter ramp slope angle in fresh rock, slope directions  75-135 (depth >100m) degree 47.5 

Inter ramp slope angle in fresh rock, slope directions  135-75 (depth 80-100m) degree 50.9 

Inter ramp slope angle in fresh rock, slope directions  135-75 (depth >100m) degree 54.3 
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Figure 15.6 Niakafiri West Pit Design 

Source:  Teranga Gold Corporation, July 2020  
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The Goumbati West pit design contains 1.4 Mt of mineral reserves at a 1.33 g/t Au grade and 11.8 Mt of 
waste, the SR is 8.5.   The Goumbati West pit design parameters are presented in Table 15.9 and the 
design in Figure 15.7. 

Table 15.9 Goumbati West Pit Design Parameters 

Parameters Unit Value 
Two lane haulage ramp width metres 25 
Single lane haulage ramp width metres 15 
Haulage road gradient % 10 
Single bench height in weathered rock metres 10 
Double bench height in transition and fresh rock metres 20 
Bench face angle in weathered rock degree 50 
Bench face angle in transition rock degree 50 
Bench face angle in fresh rock (depth 40-60m) degree 60 
Bench face angle in fresh rock (depth >60m) degree 70 
Berm width in weathered rock metres 5.0 
Berm width in transition rock metres 7.0 
Berm width in fresh rock, all slope directions metres 9.0 
Inter ramp slope angle in weathered rock degree 36.8 
Inter ramp slope angle in transition rock degree 40.1 
Inter ramp slope angle in fresh rock (depth 40-60m) degree 44.2 
Inter ramp slope angle in fresh rock (depth >60m) degree 50.9 
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Figure 15.7 Goumbati West Pit Design 

Source:  Teranga Gold Corporation, July 2020  
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The Masato pit design contains 17.8 Mt of mineral reserves at a 1.13 g/t Au grade and 114.0 Mt of waste, 
the SR is 6.4.   The Masato pit design parameters are presented in Table 15.10 and the design in Figure 
15.8. 

Table 15.10 Masato Pit Design Parameters 

Parameters Unit Value 

Two lane haulage ramp width metres 25 

Single lane haulage ramp width metres 15 

Haulage road gradient % 10 

Single bench height in weathered rock metres 10 

Double bench height in transition and fresh rock metres 20 

Bench face angle in weathered rock degree 50 

Bench face angle in transition rock degree 50 

Bench face angle in fresh rock (depth 40-60m) degree 60 

Bench face angle in fresh rock, slope directions  15-195 (depth >60m) degree 75 

Bench face angle in fresh rock, slope directions  195-15 (depth >60m) degree 65 

Berm width in weathered rock metres 5.0 

Berm width in transition rock metres 7.0 

Berm width in fresh rock, all slope directions metres 9.0 

Inter ramp slope angle in weathered rock degree 36.8 

Inter ramp slope angle in transition rock degree 40.1 

Inter ramp slope angle in fresh rock (depth 40-60m) degree 44.2 

Inter ramp slope angle in fresh rock, slope directions  15-195 (depth >60m) degree 54.3 

Inter ramp slope angle in fresh rock, slope directions  195-15 (depth >60m) degree 47.5 
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Figure 15.8 Masato Pit Design 

Source:  Teranga Gold Corporation, July 2020  
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The Sofia Main pit design contains 5.5 Mt of mineral reserves at a 2.66 g/t Au grade and 32.5 Mt of waste, 
the SR is 5.9.   The Sofia main pit design parameters are presented in Table 15.11 and the design in Figure 
15.9. 

Table 15.11 Sofia Main Pit Design Parameters 

Parameters Unit Value 

Two lane haulage ramp width metres 25 

Single lane haulage ramp width metres 15 

Haulage road gradient % 10 

Single bench height in oxide rock metres 10 

Single bench height in transition rock metres 10 

Double bench height in fresh rock metres 20 

Operating offset in double bench metres 2 

Bench face angle in oxide rock degree 60 

Bench face angle in transition rock degree 75 

Bench face angle in fresh rock east wall degree 75 

Bench face angle in fresh rock west wall degree 80 

Berm width in oxide rock (depth<40m) metres 4.5 

Berm width in oxide rock (depth>=40m) metres 6.0 

Berm width in transition rock metres 6.5 

Berm width in fresh rock metres 8.5 

Inter ramp slope angle in oxide rock (depth<40m) degree 44.0 

Inter ramp slope angle in oxide rock (depth>=40m) degree 40.0 

Inter ramp slope angle in transition rock degree 47.5 

Inter ramp slope angle in fresh rock east wall degree 51.5 

Inter ramp slope angle in fresh rock west wall degree 55.0 

Safety berm at top of fresh metres 10.0 
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Figure 15.9 Sofia Main Pit Design 

Source:  Teranga Gold Corporation, July 2020  
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The Sofia North pit design contains 2.8 Mt of mineral reserves at a 1.87 g/t Au grade and 12.5 Mt of 
waste, the SR is 4.5.   The Sofia North pit design parameters are presented in Table 15.12 and the design 
in Figure 15.10. 

Table 15.12 Sofia North Pit Design Parameters 

Parameters Unit Value 

Two lane haulage ramp width metres 25 

Single lane haulage ramp width metres 15 

Haulage road gradient % 10 

Single bench height in oxide rock metres 10 

Single bench height in transition rock metres 10 

Double bench height in fresh rock metres 20 

Operating offset in double bench metres 2 

Bench face angle in oxide rock degree 60 

Bench face angle in transition rock degree 75 

Bench face angle in fresh rock north-west wall degree 80 

Bench face angle in fresh rock south-east wall degree 75 

Berm width in oxide rock metres 6.0 

Berm width in transition rock metres 7.0 

Berm width in fresh rock north-west wall metres 10.0 

Berm width in fresh rock south-east wall metres 7.0 

Inter ramp slope angle in oxide rock degree 40.0 

Inter ramp slope angle in transition rock degree 46.0 

Inter ramp slope angle in fresh rock north west wall degree 52.0 

Inter ramp slope angle in fresh rock south east wall degree 54.5 

Safety berm at top of fresh metres 10.0 
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Figure 15.10 Sofia North Pit Design 

Source:  Teranga Gold Corporation, July 2020 
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The North Zone pit design contains 5.6 Mt of mineral reserves at a 4.23 g/t Au grade and 67.2 Mt of 
waste, the SR is 12.0.   The North Zone pit design parameters are presented in Table 15.13 and the 
design in Figure 15.11. 

Table 15.13 North Zone Pit Design Parameters 

Parameters Unit Value 

Two lane haulage ramp width metres 25 

Single lane haulage ramp width metres 15 

Haulage road gradient % 10 

Single bench height in oxide rock metres 10 

Single bench height in transition rock metres 10 

Double bench height in fresh rock metres 20 

Operating offset in double bench metres 2 

Bench face angle in oxide rock degree 60 

Bench face angle in transition rock degree 75 

Bench face angle in fresh rock degree 75 

Berm width in oxide rock metres 5.3 

Berm width in transition rock metres 7.0 

Berm width in fresh rock south east wall metres 7.0 

Berm width in fresh rock northwest wall metres 8.0 

Inter ramp slope angle in oxide rock degree 42.0 

Inter ramp slope angle in transition rock degree 46.0 

Inter ramp slope angle in fresh rock south east wall degree 54.5 

Inter ramp slope angle in fresh rock north west wall degree 52.5 

Safety berm at top of fresh metres 12.0 
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Figure 15.11 North Zone Pit Design 

Source:  Teranga Gold Corporation, July 2020  
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The Delya pit design contains 0.94 Mt of mineral reserves at a 3.56 g/t Au grade and 6.8 Mt of waste, the 
SR is 7.8.   The Delya pit design parameters are presented in Table 15.14 and the design in Figure 15.12. 

Table 15.14 Delya Pit Design Parameters 

Parameters Unit Value 

Two lane haulage ramp width metres 25 

Single lane haulage ramp width metres 15 

Haulage road gradient % 10 

Single bench height in oxide rock metres 10 

Single bench height in transition rock metres 10 

Double bench height in fresh rock metres 20 

Operating offset in double bench metres 2 

Bench face angle in oxide rock degree 60 

Bench face angle in transition rock degree 75 

Bench face angle in fresh rock degree 80 

Berm width in oxide rock metres 6.0 

Berm width in transition rock metres 6.0 

Berm width in fresh rock east wall metres 9.0 

Berm width in fresh rock west wall metres 8.0 

Inter ramp slope angle in oxide rock degree 40.0 

Inter ramp slope angle in transition rock degree 47.0 

Inter ramp slope angle in fresh rock east wall degree 54.0 

Inter ramp slope angle in fresh rock west wall degree 56.0 

Safety berm at top of fresh metres 10.0 
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Figure 15.12 Delya Pit Design 

Source:  Teranga Gold Corporation, July 2020  
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The Central Zone pit design contains 9.9 Mt of mineral reserves at a 3.54 g/t Au grade and 33.9 Mt of 
waste, the SR is 3.4.   The Central Zone pit design parameters are presented in Table 15.15 and the design 
in Figure 15.13. 

Table 15.15 Central Zone Pit Design Parameters 

Parameters Unit Value 

Two lane haulage ramp width metres 25 

Single lane haulage ramp width metres 15 

Haulage road gradient % 10 

Single bench height in oxide rock metres 10 

Single bench height in transition rock metres 10 

Double bench height in fresh rock metres 20 

Operating offset in double bench metres 2 

Bench face angle in oxide rock degree 60 

Bench face angle in transition rock degree 75 

Bench face angle in fresh rock degree 75 

Berm width in oxide rock metres 5.3 

Berm width in transition rock metres 7.0 

Berm width in fresh rock south east wall metres 7.0 

Berm width in fresh rock north west wall metres 8.0 

Inter ramp slope angle in oxide rock degree 42.0 

Inter ramp slope angle in transition rock degree 46.0 

Inter ramp slope angle in fresh rock south east wall degree 54.5 

Inter ramp slope angle in fresh rock north west wall degree 52.5 

Safety berm at top of fresh metres 12.0 
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Figure 15.13 Central Zone Pit Design 

Source:  Teranga Gold Corporation, July 2020  

15.2.8 Waste Dumps and Stockpiles 

The waste dumps have been designed to store the waste rock produced from the pits during the life of 
mine of the current plan.   The dumps also have potential for expansion in case the waste requirements 
increases. 

The design parameters for the Massawa area were based on the recommendations from MineNet 
(MineNet 2018).   The parameters were reviewed by the Teranga technical service team to verify that they 
are consisting with the operating parameters at Sabodala. 
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The following design parameters are defined to ensure responsible dumping practices while maximizing 
the dump capacity for economic reasons: 

• The dimensions of the final rehabilitated dumps should be:

- Dumping operating vertical lift of 20 m.

- Minimum offset (construction berm) of 5 m with the finished slope profiled and
battered to 30°.

• In order to have enough width to implement the battering, the dimensions of the stacks when
they are built by tip and push dumping during the life of mine will have to be:

- Dumping stack lift of 20 m.

- Angle of end-tipped dump of 37° (angle of repose).

- Offset for each stack of 13 m.

• Access ramps on the dump are designed with a width of 25 m for a two lane traffic, with a
gradient of 10%.

The offset of 13 m reduces to 5 m as the slope is battered by redistributing material from a 37° slope 
down to a 30° slope.   The resulting slope angle for this geometry will be 27° with a factor of safety (FoS) 
of 1.37.   This is a stable configuration for the dump design given the topography and sub-soil generally 
encountered in the area. Waste dumps should not be located on wetlands or on sloping hillsides without 
foundation preparation. 

The waste dumps have been designed according to the waste requirements of the pits and are located 
around the perimeter to minimize the haulage distance and to reduce costs.   The dumps also have 
potential for expansion in the case the waste requirements increases.   The design storage capacity 
accounts for a swell factor of 35% and additional room for adjustments in the density model and potential 
expansion in the pit.    

The status of the ROM stockpiles by end of December 2019 is 7.2Mt of mineral reserves at a 0.73 g/t Au 
grade.  The stockpile strategy is to prioritize the higher grade ore to feed the mill and defer the lower 
grade ore towards the end of the LOM.  In order to do this, the ore is classified by grade in four categories: 
high, medium, low and marginal grade ore, also based on lithology in oxide and fresh, and by ore type 
in WOL and ROT. 

Each pit has an interim stockpile located nearby, where the ore is placed by the mining hauling trucks. 
From the interims stockpiles long haul equipment carries the ore to the ROM stockpile at the Sabodala 
processing plant.   Each interim stockpile has an average area of 1.3ha, and can reach up to 10 m height. 
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15.3 Underground Reserves 

Underground Cut and Fill (C&F) mining was selected for use at the underground Golouma deposits, 
including Golouma West 1, Golouma West 2, Golouma South, and Kerekounda, for the following reasons: 

• Allows for maximum recovery of ore.

• Permits selectivity of mining.

• Requires a minimal amount of mining equipment.

• Allows for sustainable mining as there will be a low production rate.

• Suits the irregular nature of the deposits.

Two deposits will be mined concurrently.  A nominal underground mining rate of 500 tpd per deposit, 
for a total of 1,000 tpd, was determined to supplement surface mining. 

15.3.1 Undergorund Geotechnical 

The basis of the underground mine design was taken from “Technical Document 7 Mine Geotechnical 
(Pit and Underground) Report” (TD7 Report) prepared by SRK for geotechnical and geomechanical 
recommendations (SRK, 2010). 

Two types of backfill material are proposed at Golouma, Cemented Rock Fill (CRF), and Unconsolidated 
Rock Fill (URF). 

The underground operations are below the water table.  For the most part, the underground operations 
at Golouma will be dry as mining is taking place in fresh rock.  Kerekounda might be the exception, as it 
is located near surface.   

15.3.2 Underground Dilution and Extraction Factors 

Dilution is applied to all development to account for overbreak and tonnage hauled.  Table 15.16 lists 
the dilution for the various size drift headings.   
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Table 15.16 UG Dilution Parameters 

Development 
Width 

(m) 
Height 

(m) 
Dilution Width 

(m) 
Dilution Height 

(m) 
% 

Dilution 
Ramp/Level Access/Remuck 5 5 0.3 0.15 8 

Operating Waste Development 2.5 5 0.15 0.15 8 

Ore Development (lifts 1,3) 4 5 0.075 0.15 5 

Ore Development (lifts 2,4) 4 5 0.075 0.3 7 

Attack Ramps 4 5 0.3 0.15 10 

Vent Access/Sumps 4 4 0.3 0.15 10 

The extraction factor used is 99%.  The mining method poses low risk for the LHD operators resulting in 
a high extraction factor. 

15.3.3 Underground Cut-Off Grade 

Table 15.17 presents the development of the cut-off grade (COG) for each zone.  The forecasted gold 
price is $1,200/oz.   

The mining operating costs were derived from comparable projects in Africa.  A lower mining cost was 
used in determining the COG to account for incremental stopes.  Refining, royalty, processing, and 
general and administrative (G&A) costs were provided by Teranga.  
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Table 15.17 Underground Cut-off Grade 

Deposit Kerekounda Golouma South Golouma West 

Average Grade (g/t) 2.50 3.37 3.37 

Unit Cost ($/t) Unit Cost ($/t) Unit Cost ($/t) 

Underground Mining 65.00 65.00 65.00 

Processing 15.50 15.50 15.50 

G&A 3.50 3.50 3.50 

Total 84.00 84.00 84.00 

COG 2.56 2.53 2.53 

COG used for design 2.5 2.5 2.5 
Notes: 
1. Gold price of $1,200/oz was used.
2. Mill recovery is approximately 93%.

15.3.4 Underground Design Results 

The cut and fill mining involves mining the deposits in a series of horizontal slices 5 m high progressing 
from the bottom up. In typical cut and fill mining practices, a slice of ore is removed from the back of the 
stope and the new, exposed back is supported with rockbolts. Once a slice (“lift”) is taken for the entire 
stope length, the remaining broken ore is removed and backfill is brought in to fill the mined-out void. 
The backfill acts to provide ground support for the hangingwall and footwall and also acts as the floor 
for the next lift.  

At SGO the C&F method will employ a “double-lift” methodology in which two lifts will be removed 
before backfill is put in place. The first drift will be mined (“1” in Figure 15.14) and then a bench (“2” in 
Figure 15.14) will be mined underneath. Both lifts will then be filled with uncemented rock backfill. This 
sequence reduces the ground support in the back to every second lift rather than every lift. A total of 
four slices will be taken from each attack ramp. Once mining from an attack ramp is complete, the ramp 
above will then be used to access the deposit. 



Sabodala-Massawa 
Pre-feasibility Study 
National Instrument 43-101 Technical Report 

5139\16.04\5139-GREP-001_0 S15 

Page 15.37 

August 2020 
Lycopodium 

Figure 15.14 Section View of Cut and Fill Mining Sequence 

Orebody access x-cuts and attack ramps will come off of the main ramps every 20 vertical metres. Ore 
and waste remuck bays will be sized to accept the equivalent of two rounds of muck and will be located 
off of the access x-cut. 

From the attack ramps, ore mining will advance in both directions along strike with a full vein-width face 
up to 10 m wide. In general, the height of the ore drift will be 5 m. For wider areas like the western deposit 
of Golouma West, pillars will be left in the middle of each lift as per a post-pillar cut and fill method.  In 
narrower zones height will decrease accordingly. 

Upon reaching the end of the predetermined stope boundary, or running out of ore, mining of the first 
cut will cease and then a bench will be taken staring back at the at the attack ramp. The second, lower 
cut will be mined by slashing the floor (“benching”) of the first cut. The benching cycle will create an 
opportunity for the jumbo to drill long (4 m+) holes and to be very productive as no cut holes have to 
be drilled. A lower powder factor will also be possible with benching. 
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Once the second cut is completely blasted, all of the ore in the stope will be mucked out. Mining will 
then stop and the stope will be filled close to the back with uncemented waste rock fill. The mining cycle 
will begin again on the third cut followed by benching the fourth cut. At sill level, when mining is planned 
to advance up from below, waste rock backfill will be cemented and allow the floor underneath the fill 
to be extracted. 

The results of the design for Golouma West 1, Golouma West 2, Golouma South and Kerekounda 
underground design can be seen in Figure 15.15 to Figure 15.17. 

Figure 15.15 Golouma West 1 and Golouma West 2 Design in 3D View 

Source:  Teranga Gold Corporation, July 2020  
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Figure 15.16 Golouma South Design in 3D View 

Source:  Teranga Gold Corporation, July 2020  
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Figure 15.17 Kerekounda Design in 3D View 

Source:  Teranga Gold Corporation, July 2020  
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16.0 MINING METHODS 

16.1 Historical Production 

The Sabodala open pit commenced production in March 2009 and has since been in operation. A 
summary of the open pit production to date is provided in Table 16.1. 

Table 16.1 Sabodala Historical Production 

Unit 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 

Ore mined kt 2,637 2,915 3,973 5,916 4,540 6,174 7,748 2,132 2,101 1,921 2,909 

Waste mined kt 9,144 13,199 21,818 22,961 30,238 23,148 23,883 35,291 35,385 35,347 30,977 

Total mined kt 11,781 16,114 25,791 28,877 34,778 29,321 31,631 37,422 37,486 37,268 33,886 

Grade mined g/t 2.19 1.8 1.39 1.98 1.62 1.54 1.22 2.66 3.48 3.62 2.15 

Ounces mined oz 186,077 168,979 177,362 376,184 236,718 305,192 303,023 182,394 235,262 223,349 201,408 

Tonnes milled kt 1,806 2,285 2,444 2,439 3,152 3,622 3,421 4,025 4,221 4,069 4,161 

Head grade g/t 3.12 2.12 1.87 3.08 2.24 2.03 1.79 1.81 1.87 2.03 1.98 

Recovery % 92% 91% 89% 89% 91% 90% 92% 93% 92% 92% 91% 

Recovered gold oz 166,769 141,119 131,461 214,310 207,204 211,823 182,282 216,812 233,267 245,230 241,276 

16.2 Open Pit Mining 

16.2.1 Current Operation 

During H1 2020, mining at Sabodala pit, Golouma, Maki Medina, Goumbati West/Kobokoto was on 
going. In addition, during the first half of 2020, development activities began at the Massawa Mining 
License for mining to start in Q3 2020 at Sofia pits. The development work includes continuing the haul 
road from Golouma pit area towards Sofia deposits, as well as infrastructure around the pit areas. 
Production will then continue into the following year and beyond as indicated in the overall LOM plan in 
Table 16.5. 

16.2.2 Material Movement 

The selective mining practice and stockpiling strategy at the Sabodala mine since start-up has released 
ore at a faster rate than milling capacity.  This has resulted in a large build-up of low grade stockpiled 
ore on the ROM pad, planned to be fed to the Sabodala processing plant at the end of mine life. 
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The mining method utilized is conventional truck and shovel open pit mining. The mining operation is 
effective at selectively separating ore from waste, and in separating the four ore categories that are 
stockpiled if not immediately milled. These are, namely, high grade, medium grade, low grade, and 
marginal as defined in Table 16.2.  

Table 16.2 Grade Classes for Ore Movement 

Code Category Grade Interval 

A High Grade > 2.0 g/t Au

B Medium grade 1.5 – 2.0 g/t Au 

C Low Grade 1.0 – 1.5 g/t Au 

D Marginal COG – 1.0 g/t Au 

Additional higher grade stockpile bins are utilized at times where mining areas are at a higher grade than 
the average LOM grade and would be the case at several Massawa Mining License deposits such as 
Central Zone and North Zone. 

16.2.3 Grade Control and Selective Mining 

Several of the deposits in the LOM contain orebodies that requires a selective approach and would result 
in production being undertaken with the main front shovels and require supported by a smaller excavator 
fleet to minimize ore dilution and maximize ore recovery.  

Standard operation procedures are observed in grade control practices from drilling and blasting, 
through loading and hauling to ROM and stockpile management. The general practice highlights the 
potential risks involved and methods to mitigate and eliminate risky practices and behaviours. 

RC grade control drilling is supported by blasthole sampling where required and is carried out such that 
the safety of personnel and equipment is not compromised.  Drill holes are properly identified by using 
the correct drill hole maps and sample bags are checked to ensure they have matching identification 
numbers.  Disrupted samples are ignored and replaced by new, undisturbed ones.   

Ore spotting, loading, and hauling activities in the pits have the objective of minimizing ore loss and 
dilution.  Effective communication is maintained to ensure ore and waste reach their appropriate 
destinations.  The practice of exposing ore is done from the hanging wall to the ore-waste contact, and 
then the ore is mined under the supervision of grade control personnel.  Good floor maintenance is 
provided with the help of GPS devices.   
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The ROM pad operation is characterized by good coordination with the pit supervisors and truck 
operators to ensure that no waste load ends up on the pad.  Only ore with the correct size and grade is 
tipped directly into the bin, and the correct blend must be applied.  Piles on the pad are differentiated in 
terms of grade by using the correct flagging tapes, so that a good blend strategy is easily worked out. 

16.2.4 Mining Equipment 

The current primary mobile equipment fleet as at the time of this report is shown in Table 16.3.   It is 
planned that there are three crews per machine, with one operator at a time.  Additional operators are 
also assigned to a machine in the event of absenteeism and holidays. 

Table 16.3 Primary Mining Fleet 

Mining Fleet No. of 
Machines 

Komatsu 785 Haul Trucks 24 

Komatsu PC3000 Hydraulic Shovel 3 

Komatsu PC2000 Hydraulic Shovel 1 

Komatsu PC1250 Hydraulic Shovel 4 

Komatsu WA900 Loaders 3 

Sandvik DP1500 Drill 3 

Sandvik DI550 Drill 2 

SKF 12 Drills 2 

Sandvik D25K 6 

Komatsu HD465-7R Water Cart 3 

Komatsu GD825A-2 Grader 7 

Komatsu D375-6R Dozers 9 

Komatsu WD600 Rubber Tire Dozer 2 

Based on the current LOM plan, no additional mobile equipment purchases will be required beyond 2020, 
only replacements as required. As part of ongoing optimization work, replacement units might not be 
the same make and model as the current mobile fleet.  

Currently, a contractor that has been working with Sabodala since 2015 undertakes the long haul of ore 
material from satellite deposits; as such, the equipment required for long haul is not part of the Sabodala 
mining fleet. 

The ongoing maintenance of the mining fleet is undertaken by SGO with no contract maintenance in-
place. 



Sabodala-Massawa 
Pre-feasibility Study 
National Instrument 43-101 Technical Report 

5139\16.04\5139-GREP-001_0 S16 

Page 16.4 

August 2020 
Lycopodium 

16.2.5 Mining Personnel 

The current personnel count was used for each year of the LOM plan. It can be expected that the 
workforce size is fairly consistent until 2029. After 2029, the personnel will be reduced due to the ongoing 
nationalization efforts, as well as continuous improvement programs. The current mining personnel is 
provided in Table 16.4. The mining personnel count does not include contractors, such as the long haul 
contractor, supporting the owner-operated mining at Sabodala.  

Table 16.4 Mining Personnel 

Mining Overhead 86 

Drilling 142 

Mining Operations 217 

HV Workshop 198 

LV Workshop 53 

Mining Total Headcount 696 

16.3 Underground Mining 

As described in Section 15, the selected mining method is the C&F for use at the underground deposits 
at Sabodala. Two deposits will be mined concurrently in order to meet the current mine life schedule, 
with each deposit scheduled at 500 tpd production, providing approximately 1,000 tpd combined peak 
underground ore production.  Kerekounda and Golouma South will be mined first.  Once they are 
exhausted, the Golouma West deposits will be mined.   

16.4 Overall Mining Schedule 

The overall objective of the LOM mining schedule was to produce a plan with the maximum net present 
value (NPV), while achieving the process plant objectives and targets. This was completed by mining 
deposits in phases, where possible, and mining lower cost pits in priority.  

A stockpiling strategy is implemented as part of the goal to maximize the project NPV. Lower grade 
material is stockpiled at the ROM stockpiles and higher grade ore material is prioritized for the mill feed. 
Therefore, the ore is classified by grade in four categories: high, medium, low and marginal grade ore, 
also based on lithology in oxide and fresh, and by ore type in WOL and ROT. In the periods where ore 
material delivered from the pit is less than the processing rate, mill ore feed is supplemented by the ROM 
stockpiles. 

The schedule uses starter phase pits, where possible, to allow for the best sequence for maximum NPV. 
The starter pits were selected in the areas where higher grade ore is located with minimal stripping.  
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The Massawa ore, as part of the mill feed, starts in H2 2020 and continues until 2028 mid-year. The 
Massawa ore is fed in two phases, with the first being WOL material in 2020, followed by WOL material 
and the ROT material in 2023, when the ROT plant is commissioned. Between 2020 and 2023, Teranga 
will be completing various trade-off studies to optimize the ROT process, complete a feasibility study, as 
well as all the necessary steps for a successful construction and commissioning of the ROT plant. 

The current LOM schedule has the ROT material exhausted in approximately 5.5 years in mid-2028. At 
that point, if no additional ROT material is found, the ROT plant may be converted to process WOL 
material. While this is not included in this current PFS, this will be examines post-PFS, and considered for 
the FS. 

The LOM is approximately 16.5 years, ending mid-year 2036.  The average gold production for the first 
five years (2021-2025) is 384,000 oz. The variable annual milling rate is the result of the mill feed material 
blend and mill upgrades planned.  

The underground mine construction begins in year 2027, with ore production in 2028. The open pit 
mining ends in year 2034 and the remaining LOM comprises mining from the underground and stockpile 
reclaim.  With additional open pit resources and reserves, it is anticipated that the underground portion 
will be extended further in the future from the current LOM schedule. 

Gold production and contained stockpile ounces are shown in Figure 16.1, along with the detailed LOM 
production schedule is shown in Table 16.5. 
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Figure 16.1 Gold Production and Contained Stockpile Ounces 

Source:  Teranga Gold Corporation, July 2020 
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Table 16.5 LOM Production Schedule 

LOM MINING PLAN LOM 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 

Sabodala 

Ore Mined Mt 4.6 1.0 0.6 0.2 2.5 0.4 
Ore Grade g/t 1.50 1.36 1.31 1.06 1.64 1.49 

Contained Oz Moz 0.22 0.04 0.03 0.01 0.13 0.02 
Waste Mt 35.9 9.4 1.6 14.4 9.5 1.0 

Golouma 

Ore Mined Mt 2.1 2.1 
Ore Grade g/t 2.01 2.01 

Contained Oz Moz 0.14 0.14 
Waste Mt 8.3 8.3 

Maki Medina 

Ore Mined Mt 0.8 0.8 
Ore Grade g/t 1.19 1.19 

Contained Oz Moz 0.03 0.03 
Waste Mt 3.6 3.6 

Niakafiri 

Ore Mined Mt 15.1 1.5 4.7 2.1 3.5 3.2 
Ore Grade g/t 1.19 1.25 1.24 1.03 0.99 1.43 

Contained Oz Moz 0.58 0.06 0.19 0.07 0.11 0.15 
Waste Mt 59.8 4.5 9.8 15.9 25.0 4.6 

Goumbati 
West 

Kobokoto 

Ore Mined Mt 1.4 0.1 0.4 0.9 
Ore Grade g/t 1.33 1.34 1.74 1.17 

Contained Oz Moz 0.06 0.00 0.02 0.03 
Waste Mt 11.8 0.6 3.5 7.6 

Masato 

Ore Mined Mt 17.8 0.5 1.5 5.6 4.9 3.3 1.8 
Ore Grade g/t 1.13 0.80 0.95 1.12 1.24 0.95 1.41 

Contained Oz Moz 0.64 0.01 0.05 0.20 0.20 0.10 0.08 
Waste Mt 114.0 13.1 28.4 24.4 25.0 21.6 1.5 

Sofia  
(North/Main) 

Ore Mined Mt 8.2 2.0 1.3 3.0 0.2 1.6 0.1 
Ore Grade g/t 2.40 2.50 2.84 2.54 1.39 1.82 1.77 

Contained Oz Moz 0.63 0.16 0.12 0.24 0.01 0.09 0.01 
Waste Mt 45.0 9.2 12.3 13.9 1.2 7.6 0.8 

Central Zone 

Ore Mined Mt 9.9 2.0 1.6 1.7 4.4 0.2 
Ore Grade g/t 3.54 2.54 2.89 3.77 4.07 5.36 

Contained Oz Moz 1.13 0.16 0.15 0.21 0.57 0.04 
Waste Mt 33.9 6.1 6.7 7.4 13.2 0.5 

North Zone 

Ore Mined Mt 5.6 0.6 1.0 1.5 0.9 1.6 
Ore Grade g/t 4.23 3.83 4.70 3.32 4.04 5.12 

Contained Oz Moz 0.76 0.07 0.15 0.17 0.12 0.26 
Waste Mt 67.2 10.8 10.7 23.0 15.5 7.3 

Delya 

Ore Mined Mt 0.9 0.9 
Ore Grade g/t 3.56 3.56 

Contained Oz Moz 0.10 0.10 
Waste Mt 6.8 6.8 

Underground 

Ore Mined Mt 2.1 0.1 0.3 0.3 0.3 0.1 0.2 0.4 0.4 0.2 
Ore Grade g/t 5.01 5.00 4.95 4.63 4.33 4.39 5.55 5.36 5.52 4.76 

Contained Oz Moz 0.35 0.02 0.05 0.05 0.04 0.01 0.03 0.06 0.07 0.02 

Summary 

Ore Mined Mt 68.6 6.0 4.9 5.6 3.5 5.3 5.8 5.0 4.5 4.0 4.9 1.9 5.9 5.0 3.5 2.2 0.4 0.2 
Ore Grade g/t 2.11 1.94 2.57 3.02 3.42 4.07 2.96 1.25 1.36 1.14 1.52 1.63 1.26 1.30 1.17 2.07 5.52 4.76 

Contained Oz Moz 4.65 0.37 0.40 0.54 0.38 0.69 0.55 0.20 0.20 0.15 0.24 0.10 0.24 0.21 0.13 0.15 0.07 0.02 
Waste Mt 386.4 31.2 34.3 31.4 31.5 28.7 26.7 25.0 25.4 26.0 25.3 28.4 24.4 25.0 21.6 1.5 0.0 0.0 

Movement Mt 455.0 37.2 39.2 36.9 35.0 34.0 32.4 30.1 30.0 30.0 30.2 30.3 30.2 30.1 25.1 3.7 0.4 0.2 

Summary 

Stockpile Ore 
Balance Mt 9.1 9.7 11.0 9.0 8.8 9.1 8.7 7.9 7.2 7.9 5.6 7.3 8.1 7.4 5.4 1.7 0.0 

Stockpile Grade g/t 0.91 0.87 1.16 1.16 1.97 2.25 1.47 1.01 0.90 1.02 0.93 0.91 0.88 0.70 0.69 0.69 0.00 
Contained Oz Moz 0.27 0.27 0.41 0.33 0.56 0.66 0.41 0.26 0.21 0.26 0.17 0.21 0.23 0.17 0.12 0.04 0.00 

LOM PROCESSING PLAN LOM 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 

Mill 
Production 
Sabodala 
WOL Ore 

Ore Milled Mt 51.1 3.1 1.1 0.6 1.5 0.9 1.8 2.8 4.0 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.0 1.9 
Head Grade g/t 1.33 1.89 1.45 0.89 0.73 0.71 1.17 1.52 1.38 0.94 1.40 1.42 1.43 1.42 1.43 1.44 1.15 1.02 

Contained Oz Moz 2.19 0.19 0.05 0.02 0.03 0.02 0.07 0.14 0.18 0.13 0.19 0.19 0.19 0.19 0.19 0.19 0.15 0.06 
Oxide % 15% 12% 35% 40% 49% 50% 63% 27% 28% 7% 22% 10% 4% 11% 4% 0% 0% 0% 

Produced Oz Moz 1.97 0.17 0.05 0.02 0.03 0.02 0.06 0.12 0.16 0.11 0.17 0.17 0.17 0.17 0.17 0.17 0.13 0.06 

Mill 
Production 
Massawa 
WOL Ore 

Ore Milled Mt 18.2 1.0 3.2 3.7 2.8 3.4 2.4 1.4 0.2 
Head Grade g/t 2.44 2.67 3.42 3.25 1.75 2.06 1.68 1.76 1.23 

Contained Oz Moz 1.43 0.09 0.35 0.39 0.16 0.23 0.13 0.08 0.01 
Oxide % 48% 71% 56% 39% 65% 33% 44% 47% 33% 

Produced Oz Moz 1.25 0.08 0.31 0.34 0.14 0.18 0.12 0.07 0.01 

Mill 
Production 
Massawa 
ROT Ore 

Ore Milled Mt 6.5 1.2 1.2 1.2 1.2 1.2 0.5 
Head Grade g/t 5.77 6.82 5.83 6.42 5.99 4.44 4.24 

Contained Oz Moz 1.20 0.26 0.23 0.25 0.23 0.17 0.07 
Oxide % 0% 0% 0% 0% 0% 0% 0% 

Produced Oz Moz 1.06 0.23 0.20 0.22 0.20 0.15 0.06 

Total Mill  
Production 

Ore Milled Mt 75.8 4.1 4.2 4.3 5.5 5.5 5.5 5.4 5.4 4.7 4.2 4.2 4.2 4.2 4.2 4.2 4.0 1.9 
Head Grade g/t 1.98 2.08 2.92 2.92 2.57 2.68 2.55 2.57 2.05 1.29 1.40 1.42 1.43 1.42 1.43 1.44 1.15 1.02 

Contained Oz Moz 4.82 0.28 0.40 0.40 0.46 0.47 0.45 0.45 0.36 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.15 0.06 
Oxide % 22% 27% 50% 39% 47% 28% 41% 27% 22% 7% 22% 10% 4% 11% 4% 0% 0% 0% 

Produced Oz Moz 4.28 0.24 0.36 0.36 0.40 0.40 0.40 0.40 0.32 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.13 0.06 
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17.0 RECOVERY METHODS 

17.1 Summary 

This section of the report describes the additions and modifications required to the existing Whole Ore 
Leach (WOL) plant to prepare it for treating higher grade material from the Massawa pits, and the design of 
the proposed new Refractory Ore Treatment (ROT) plant processing facilities. Flowsheet development and 
design criteria were based on the existing operation of the WOL plant on Sabodala ores and the 
interpretation of metallurgical testwork results on Massawa ores presented in Section 13.  

The WOL process plant modifications are designed based on a plant throughput of 4.0 million tonnes of 
free-milling ore per year, with an average gold head grade of 1.51 g/t, achieving 91.2% gold recovery.  In 
the short term, however, peak head grades of up to 2.8 g/t are anticipated.  

The ROT process plant is designed based on a plant throughput of 1.2 million tonnes of refractory ore per 
year, with an average gold head grade of 6.04 g/t, achieving 88.3% gold recovery. 

The existing WOL plant at the Sabodala operation has a design capacity of approximately 4.0-4.2 million 
tonnes (or an average of over 500 t per operating hour) of a blend of fresh and oxide ore per year and which 
has been achieved since the last upgrade was completed in 2016.  The plant comprises facilities for crushing, 
grinding, leaching, carbon-in-leach (CIL) cyanidation, acid wash and elution, electrowinning, bullion 
smelting, carbon regeneration and tailings disposal. 

The first phase of the project is to upgrade the WOL plant to treat the higher grade Massawa ores, which is 
planned to commence in the second half of 2020, with upgrades planned for installation during the course 
of the first half of 2021. The upgrades required are summarized below: 

• Installation of a gravity circuit. 

• Addition of 2 x leach tanks. 

• Potential addition of 2 x CIL tanks. 

• Installation of a 10t (carbon) acid wash and elution circuit. 

• Installation of a larger carbon regeneration circuit to match the increased elution capacity. 

• Addition of additional electrowinning capacity in the existing goldroom. 
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The second phase of the project is to modify the existing crushing circuit to campaign crush the refractory 
ores and the installation of the ROT plant to process the Massawa refractory ores.  The treatment of 
refractory ores is expected to commence in January 2023 and will continue for at least 5 years. The Phase 2 
changes and additions are summarized below: 

• Modification of the existing crushing circuit to campaign crush Massawa ores 12 h/d using Primary
Crusher No.2.

• Installation of a Single Stage SAG circuit with recycle pebble crusher.

• Installation of a flotation circuit with fine grinding of the concentrate prior to BIOX treatment.

• Installation of a BIOX circuit for oxidation of the sulphide concentrate.

• Installation of a CCD and neutralization circuit to recover and wash the oxidized product and
neutralize and stabilize the acidic BIOX liquors.

• Installation of a CIL circuit to leach the oxidized product of the BIOX circuit.

• Installation of a 5t (carbon) acid wash and elution circuit.

• Installation of a carbon regeneration circuit.

• Installation of a goldroom.

A simplified block flow diagram showing the configuration of the process plants in the period when both 
the WOL and ROT circuits are in operation is provided in Figure 17.1. 
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Figure 17.1 Simplified Block Flow Diagram 
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17.2 Plant Design 

17.2.1 Overall Process Design Criteria 

Key process design criteria derived from the existing operation of the WOL plant and interpretation of 
the Massawa testwork reports are outlined in Table 17.1. 

Table 17.1 Summary of Key Process Design Criteria 

Criteria Unit WOL Plant ROT Plant 

Plant Feed Rate Mtpa 4.0 1.2 

LOM Head Grade g/t Au 1.5 6.0 

Design Head Grade g/t Au 2.8 6.5 

Operating Schedule d/y 365 365 

Milling Circuit Utilization % 91.3 91.3 

Bond Ball Mill Work Index kWh/t 20.3 22.1 

SMC - Axb - 35.3 22.4 

Mill Feed Specific Gravity - 2.8 2.8 

Mill Feed Moisture % 4 4 

Mill Feed Size (P80) Mm 150 150 

Milling Circuit Throughput t/h 500 150 

Mill Circuit Product Size (P80) Microns 90 90 

Flotation Industrial Retention Time Min N/A 120 

Flotation Mass Pull % N/A 14 

BIOX Feed Rate t/h - 21 

Leach/CIL Retention Time H 32 24 

Elution Plant Capacity (per batch) T 10 5 

Predicted Gold Recovery (Design) % 91.2 88.3 

Source: Lycopodium Process Design Criteria, May 2020. 

17.3 Process Plant Description 

The process plant area layout is provided in Figure 17.2 and showing the modifications and additions to 
the existing WOL plant and the location of the ROT plant. 
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Figure 17.2 Process Plant General Arrangement 
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17.3.1 Crushing, Stockpiling and Reclaim 

The primary crushing circuit will reduce the run of mine (ROM) material from a nominal top of size of 
800 mm to a product size of P80 of 150 mm. 

When handling feed for the WOL plant, rear dump trucks deliver ROM ore to two identical primary 
crusher facilities operating in parallel.  Ore delivery from the mine is on a 24 h/d schedule.  Front-end 
loaders (FEL) feed ROM ore to the ROM bins from where apron feeders transfer material to the vibrating 
grizzly feeders.  Vibrating grizzly feeder oversize feeds the jaw crushers while the undersize material by-
passes the jaw crushers.  The combined primary crushed ore and vibrating feeder undersize are conveyed 
to triple deck screens that segregate the material into two particle size distributions.  Screen oversize 
material is conveyed to the coarse ore stockpile (COS).  Screen undersize material is conveyed to the 
secondary crusher feed bin that feeds the secondary crusher.  The secondary crushed material is then 
conveyed to the secondary crushed ore stockpile (SOS).  An apron feeder and two vibrating feeders 
located under each of the two stockpiles reclaim crushed ore to feed the milling circuit. 

Following the Phase 1 modifications a blend of Sabodala and Massawa free-milling ores are fed into 
both crushing circuits.  No modifications to the crushing circuits are required. 

In Phase 2, circuit modifications will be required to crush and keep separate the refractory ores coming 
into the process plant.  Modifications include the installation of flop gates, bypass chutes and a conveyor 
to feed the refractory ore to a new refractory crushed ore stockpile.  The crushing circuit daily operation 
will be divided into two modes of operation, campaign crushing the different ores as follows: 

For part of the day: Crusher No 2 will be fed refractory material with primary crushed ore fed 
to the new ROT plant crushed ore stockpile. Simultaneously, Crusher No. 1 
will feed free-milling ore to the existing WOL stockpiles. 

Balance of the day: Both crushers process WOL material. 

Crushed ore from the refractory crushed ore stockpile is reclaimed by two apron feeders to feed the ROT 
SAG mill. 

17.3.2 WOL Grinding and Classification 

Free-milling ore is ground in the existing WOL SABC grinding circuit in two stages to produce a P80 of 
90 µm product to feed the leach circuit.  The first stage includes a SAG mill and the second stage includes 
two ball mills. 

Ore is conveyed from the COS and SOS to the SAG mill feed chute from where it is mixed with water to 
form a slurry.  Lime is metered onto the SAG mill feed conveyor to control the pH of the slurry feeding 
the leach circuit.  Slurry discharges from the SAG mill through a trommel screen and onto a vibrating 
screen.  Screen oversize is transferred to the pebble crusher from which the crushed material is returned 
to the SAG mill feed conveyor.  Screen undersize gravitates to the primary cyclone feed hopper where it 
is combined with Ball Mill No. 1 discharge. 
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The two ball mills operate in closed circuit with two cyclone clusters.  Cyclone underflows reports back 
to the ball mills for further size reduction.  Cyclone overflows are fed to two parallel trash screens for 
trash removal. 

17.3.3 WOL Gravity Concentration and Intensive Leach 

Underflow from five cyclones of the primary cyclone cluster feed the new gravity circuit.  Cyclone 
overflow from these cyclones gravitates back to the trash screen. 

The gravity circuit consists of a gravity feed scalping screen and a gravity concentrator.  Cyclone 
underflow discharges onto the vibrating gravity feed screen.  Gravity screen oversize material is returned 
to the ball mills and gravity screen undersize material is fed to the gravity concentrator.   

Concentrate from the gravity concentrator is sent to the intensive leach circuit (ILC) for gold recovery by 
intensive cyanidation.  Tailings from the gravity concentrator gravitates to the cyclone feed hopper. 

Gravity concentrate is leached with a solution made up of sodium cyanide, sodium hydroxide and Leach-
Aid in an agitated reaction vessel.  Once the leach cycle is complete, the pregnant solution is drained 
and stored in the ILC Pregnant Eluate Tank.  The residue within the reaction vessel is washed, with the 
wash water recovered to the reaction vessel.  The washed residue solids are pumped back to the cyclone 
feed hopper.   

17.3.4 WOL Leaching and Adsorption 

The existing leach circuit consists of three leach tanks and nine CIL tanks which provides approximately 
24 hours of residence time.  It is planned to add two leach tanks and two CIL tanks to the circuit to 
provide a total residence time of 32 hours which, based on the current testwork, appears to be beneficial 
for gold extraction from some Massawa ore types.  Future testwork is planned to determine whether the 
additional CIL tanks are justified or whether the 28 hours provided by the two additional leach tanks is 
sufficient. Two of the existing leach tanks will be converted to CIL tanks. 

Sodium cyanide is added to the leach feed distribution box with provision for adding more along the 
leach tank train.   

Each CIL tank is equipped with a mechanically swept vertical carbon retaining screen.  Slurry flows by 
gravity from the first CIL tank to the last tank.  Carbon in the slurry is advanced by pumping slurry from 
tank to tank on an intermittent basis counter-current to the slurry gravity flow. 

All tanks are sparged with low-pressure air to ensure sufficient oxygen is available for gold dissolution. 
Carbon concentration in the slurry is maintained between 10 to 15 g/L in the CIL tanks. 
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17.3.5 WOL Carbon Recovery and Acid Wash 

Loaded carbon is recovered from CIL Tank No.1 using the loaded carbon recovery pump.  The loaded 
carbon can be directed to the existing 5 t elution circuit or the new 10 t elution circuit as required. In 
either case the carbon is screened and washed on a loaded carbon recovery screen prior to reporting to 
the acid wash column. 

In the acid wash columns, the carbon is washed with diluted hydrochloric acid to remove inorganic 
contaminants.  After acid wash, the carbon is rinsed with water and then transferred to the elution 
columns. 

17.3.6 WOL Carbon Elution, Electrowinning and Gold Room 

The two elution plants utilize the split Anglo American Research Laboratories (AARL) elution process.  
The new elution plant is designed to treat carbon in 10 t batches, one batch a day, seven days a week 
although using the split AARL process more frequent elution cycles are possible if required. 

Hot solution containing sodium cyanide and sodium hydroxide is used to strip gold from the loaded 
carbon in a high pressure and high temperature environment.  The resultant gold-containing solution 
(pregnant solution) is then sent to electrowinning to recover the precious metal onto woven stainless 
steel wire cathodes.  ILC pregnant solution also will be periodically discharged to the pregnant eluate 
tank for precious metal recovery. 

The loaded cathodes are removed from the two electrowinning cells (one existing and one new) and are 
washed with pressurized water to remove the precious metal sludge.  The sludge is dried in an oven, 
mixed with fluxes and smelted in a furnace to produce doré containing the recovered gold and silver. 

The barren carbon in the elution column is then transferred to the carbon regeneration kiln to thermally 
reactivate the carbon by removing organic contaminants.  Reactivated carbon is screened and returned 
to the CIL tanks as required to restore carbon concentration in the CIL circuit. 

The existing 5 t elution plant will be refurbished when the new 10 t elution plant comes online.  

17.3.7 WOL Tailings Thickening 

WOL CIL tailings slurry is dewatered in two existing tailings thickeners prior to pumping to the existing 
tailings storage facility (TSF).  Tailings thickener overflow solutions gravitate to the process water 
standpipe for reuse in the WOL plant.  Tailings thickener underflow slurry, with solids content ranging 
from 60% to 65% solids by weight, is pumped by a two-stage pumping arrangement to cell 1A within 
the current TSF1 and will, in the future be pumped to the recently permitted TSF2.   

17.3.8 ROT Grinding and Classification 

Refractory ore recovered from the new ROT crushed ore stockpile is ground in a new single stage semi-
autogenous grinding mill operating in closed circuit with a pebble crusher (SS-SAC).  Ore is ground to 
produce a P80 90 µm product to feed the flotation circuit. 
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Refractory ore is fed to the SAG mill feed chute where it is mixed with water to form a slurry.  Slurry 
discharges the SAG mill through a trommel screen.  Screen oversize is transferred to the pebble crusher 
and the crushed material is returned to the SAG mill feed conveyor.  Screen undersize gravitates to the 
mill discharge pumpbox from where it is pumped to a cyclone cluster for classification. 

The SAG mill operate in closed circuit with the cyclone cluster.  Cyclone underflow reports back to the 
SAG mill for further size reduction.  Cyclone overflow is fed to the trash screen for trash removal. 

17.3.9 ROT Flotation 

The trash screen undersize gravitates to a flotation conditioning tank where reagents required for 
flotation are added prior to the slurry flowing to the first flotation cell.   

The flotation circuit consists of a series of five tank cells. Flotation concentrate from all five cells gravitates 
to a common launder flowing into the regrind cyclone feed pumpbox.  Flotation tailings from the last 
tank cell gravitates to a pumpbox from where it is pumped to the flotation tails thickener.  Thickened 
flotation tailings slurry is pumped, as required, to the BIOX solution neutralization circuit with excess 
going to the neutralization circuit final tailings pumpbox for pumping to TSF1. Flotation tailings thickener 
overflow is recycled for reuse as process water.  

Flotation reagents including copper sulphate (activator), W22C (frother), AERO 404 (promoter) and 
potassium amyl xanthate (PAX, collector) will be supplied by their respective dosing pumps. 

17.3.10 ROT Concentrate Regrind and Thickening 

To facilitate the oxidation of the flotation concentrate, it is ground to a P80 of 45 µm before feeding to 
the BIOX circuit.  The concentrate regrind mill operates in closed circuit with a cyclone cluster.  Cyclone 
underflow reports back to the regrind mill for further size reduction.  Cyclone overflow is thickened and 
fed to the BIOX circuit.  An agitated fine concentrate surge tank provides a buffer between the flotation 
and BIOX circuits to smooth out fluctuations in concentrate tonnage and quality and provide stable 
operating conditions for the BIOX circuit. 

Concentrate thickener overflow is recycled back for reuse in the BIOX process water tank. 

17.3.11 ROT Bio-Oxidation (BIOX) Circuit 

The ROT plant utilizes the BIOX biological oxidation process under license from Outotec Finland Oy. The 
process has been used extensively in similar applications and is currently in commercial use in six plants 
world-wide. Including Australia, Kazakhstan, Uzbekistan, South Africa, the Philippines and China. This 
technology relies on the introduced presence of select biological organisms to enhance the oxidation of 
sulphide minerals. The organisms are selected and conditioned for optimum performance with a 
particular blend of mineralisation and are provided with nutrients and favourable growth conditions, 
including temperature regulation, to obtain best results in the plant.  
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Concentrate is pumped to a BIOX circuit comprising five primary BIOX reactors in parallel and four 
secondary reactors in series.  Dilution water is injected to the feed pump suction line via a water control 
valve to provide optimum density in the BIOX circuit. 

Each BIOX reactor consists of an agitated tank equipped with cooling coils and an air sparging system. 
As the BIOX reaction is exothermic, cooling water is circulated through the coils to maintain each tank 
at its optimum temperature. Diluted concentrate slurry is mixed with nutrient solution (a mix of 
nitrogenous, potassium and phosphate fertilizers) and split by a feed distributor into five streams, each 
feeding one of the primary reactors.  Slurry overflowing from the primary reactors delivers partially-
oxidized concentrate to the first secondary reactor.  The slurry then gravitates from the first secondary 
reactor through the secondary reactors in series to complete the oxidation process. 

The BIOX culture is kept active in the reactors by controlling the slurry conditions in the tanks within 
specific boundaries.  Low pressure air is injected into the tanks through sparge rings below the agitators. 
The resulting dissolved oxygen and the nutrients promote multiplication of the bio-organisms which 
oxidize the sulphide minerals.  The oxidation reactions are highly exothermic with the reactor 
temperature controlled at about 42°C.   Acid is generated by the oxidation of sulphides and the slurry 
pH is maintained between 1.2 and 1.6 by limestone addition.  On rare occasions manual dosing of 
sulphuric acid may be required if the flotation concentrate contains excessive acid consuming minerals. 
BIOX tanks have a tendency to generate foam, therefore a system is installed to spray diluted defoaming 
agent onto the surface of the reactors to supress the foam. 

17.3.12 ROT Counter-Current Decantation (CCD)  

The BIOX product is washed to remove predominantly iron, arsenic and sulphates that have solubilized 
during bio-oxidation in a series of three CCD thickeners. 

BIOX product from the last secondary reactor gravitates to the first inter-stage mixing tank together with 
overflow from the second CCD thickener (CCD2) before feeding CCD1.  The thickened solids (CCD1 
underflow) flows to CCD 2 and 3 in series, being diluted, at each stage, with wash water moving counter-
current from the next stage. When fed to CCD3 the underflow from CCD2 is diluted with process water 
and washing of the solids is complete. 

Flocculant is dosed to each of the CCD thickeners inter-stage mixing tanks to promote settling. 

17.3.13 ROT Slurry Neutralization and CIL 

The washed BIOX slurry (CCD3 underflow) is subjected to two stages of pH adjustment prior to CIL.  The 
pH of the BIOX slurry is raised to pH 5 in the first tank to stabilize and precipitate residual arsenic in 
solution.  The slurry is then raised to a pH of 10.5 in the second tank to provide protective alkalinity for 
cyanidation. 

The BIOX CIL circuit consists of six CIL tanks which provides approximately 24 hours of residence time.   

Sodium cyanide is added to the CIL feed distribution box with option of adding more along the leach 
tank train, if required.   
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Each CIL tank is equipped with a mechanically swept vertical carbon retaining screen.  Slurry flows by 
gravity from the first CIL tank through the series of tanks.  Carbon advances counter-currently by 
pumping slurry from tank to tank on an intermittent basis counter-current to the slurry flow.  CIL tailings 
slurry from the lasts CIL tank gravitates to the BIOX carbon safety screen to recover any carbon in the 
slurry.  Screen underflow is pumped to TSF1B. 

All tanks are sparged with low-pressure air to ensure sufficient oxygen is available for gold dissolution. 
Carbon concentration is maintained at approximately 20 g/L in the CIL tanks. 

17.3.14 ROT Carbon Recovery and Acid Wash 

The loaded carbon is recovered from the BIOX CIL Tank No. 1 using the loaded carbon recovery pump. 
The pumped slurry containing the carbon is screened and washed on the loaded carbon recovery screen 
and the carbon is transferred to the acid wash column. 

The loaded carbon is washed with dilute hydrochloric acid to remove inorganic contaminants.  After acid 
wash, the carbon is rinsed with water and then transferred to the elution column. 

17.3.15 ROT Carbon Elution, Electrowinning and Goldroom 

The elution plant utilizes a split AARL elution process.  The elution plant is designed to treat, one batch 
per day and seven days/week. The split AARL process was selected as it aligns with technology currently 
in use at the site and is also capable of completing more than one strip a day if required during periods 
of high gold loading. 

Hot solution containing sodium cyanide and sodium hydroxide is used to strip gold from the loaded 
carbon, which is contained within a pressure vessel, in a high pressure and high temperature 
environment.  The solution produced after contact with the carbon and which contains the gold 
(pregnant solution) is then cooled and sent to electrowinning to recover the precious metal onto woven 
stainless steel wire cathodes.   

The loaded cathodes are removed from the electrowinning cell and are washed with pressurized water 
to remove metal sludge.  The sludge is then dried in a drying oven, mixed with fluxes and smelted in a 
furnace to produce doré containing gold and silver. 

The ROT electrowinning and smelting takes place in a new goldroom adjacent to the ROT elution circuit. 

The barren carbon in the elution column is transferred to the carbon regeneration kiln to thermally 
reactivate the carbon by removing organic contaminants.  Reactivated carbon is returned to the BIOX 
CIL tanks as required to maintain carbon concentration in the CIL circuit. 

17.3.16 BIOX Solution Neutralization and Arsenic Precipitation 

The acidic solution from the CCD circuit is pumped to the first of six agitated neutralization tanks 
arranged in series.  The solution flows by gravity from the first to the last tank in series.   
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Flotation tailings, limestone and lime are used for neutralizing the BIOX liquor in agitated and aerated 
tanks.  Thickened flotation tailings, containing carbonate minerals, is added to the first, second and, if 
required, third neutralization tank to reduce the quantity of limestone required.  Limestone slurry is 
added to the second and third neutralization tank to raise the pH to 4.5.  Milk of lime slurry is added to 
the fifth and sixth neutralization tank to raise the pH to 7.   

Neutralized slurry is pumped to the arsenic precipitation thickener.  Thickener overflow gravitates to the 
BIOX process water tank for reuse.  Thickener underflow is pumped to TSF1.   

17.3.17 Tailings Storage Facility (TSF) 

Both the WOL and the ROT plants will use the existing TSF1 and the soon to be constructed TSF2 (refer 
Section 18.4).Process plant tailings and residues will be deposited as follows: 

• TSF1A and 2 will accept WOL tailings.

• TSF1A will accept ROT neutralization circuit tailings.

• TSF1B will accept ROT CIL tailings.

Decant water from TSF1A and 2 will be returned to the WOL process plant for use as make-up process 
water. If necessary, surplus may be treated for use in the ROT plant. 

TSF1B water is unsuitable for use in either plant without treatment due to high levels of dissolved 
sulphates, metals and cyanide decomposition products.  This water, estimated to be some 40 m3/h, will 
be disposed of by evaporation by natural or forced methods. Alternatively, a number of treatment 
options are available including the use of the Outokumpu ASTER® process. An allowance for water 
treatment has been included in the project capital estimate. The requirement for water treatment will be 
further quantified by future laboratory testing prior to the planned Feasibility Study. Under no 
circumstances will the design be based on releasing any such contaminated water to the environment. 

17.3.18 WOL Reagents and Consumables 

The reagents and consumables required for processing WOL ores to the end of the mine life are 
essentially unchanged from those currently in use. There will be some variability in the quantities 
required depending on the ore types being processed at any time.  The reagents and consumables 
include grinding media, sodium hydroxide (caustic soda), sodium cyanide, flocculant, quicklime, 
hydrochloric acid and activated carbon.  The existing facilities to mix, store and distribute these reagents 
and consumables will continue to be used.   
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17.3.19 ROT Reagents and Consumables 

As the ROT plant is somewhat remote from the existing reagent facilities new facilities to mix, store and 
distribute reagents and consumables will be installed.  The new facilities include storage, handling and, 
where required mixing, for grinding media, sodium hydroxide, sodium cyanide, flocculant, quicklime, 
limestone, hydrochloric acid, sulphuric acid, copper sulphate, PAX, AERO 404, W22C, BIOX nutrients, 
defoaming agent and activated carbon. 

17.3.20 WOL Services 

Air 

The WOL plant will continue to use the existing plant air and instrument air systems.  The systems include 
five air compressors (four duty and one standby), one plant air receiver, two air dryers (one duty and 
one standby) and one mill air receiver.  Additional capacity has been allowed for the process air system 
(CIL air). 

Water 

Primary raw water supply to service the processing plant is comprised of two surface water storage dams 
fed from local catchment areas.  These dams are designed to store adequate water from seasonal rainfall 
events to provide for all site uses.  A water pipeline from the Falémé River was constructed to supply any 
additional water requirements if necessary.  However, currently the WOL plant obtains all its make-up 
water requirements from TSF1 decant with no raw water make-up from the storage dams required.  It is 
anticipated that this practice will carry on with decant water from TSF1A and later TSF2 meeting all the 
WOL plant water requirements.  

Two separate systems provide water to the processing plant.  One is designated the raw water system 
although TSF1 water quality is such that raw water is not used. The other is the process water system. 
Both systems currently use decant water from TSF1. 

The raw water system is used primarily for the following: 

• Fire water for emergency use.

• Dust suppression.

• Gland water and cooling water services.

• Reagent preparation.

• Carbon desorption and intensive leach.

The process water system supplies the grinding, gravity, leach and adsorption circuits.  Tailings thickener 
overflows report to the process water standpipe/pond for reuse.   
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17.3.21 ROT Services 

Air 

A new plant air system services the ROT plant.  The new system comprises plant air compressors (one 
duty and one standby), one plant air receiver, one plant air dryer, one mill air receiver and one instrument 
air receiver.   

Low-pressure air for the flotation circuit is supplied by a dedicated flotation air blower. 

A new medium-pressure air system provides process air to the BIOX reactors, neutralization tanks and 
BIOX CIL tanks.  This system comprises multiple blowers with after-coolers.  The after-coolers are to 
avoid unnecessary heat loads being transferred to the BIOX circuit. 

Water 

As cyanide and cyanide decomposition products are toxic to the BIOX micro-organisms separate water 
systems are provided for the ROT plant. 

Raw water from the existing storage dams is used for the BIOX cooling system, gland service, critical 
reagent mixing and process applications and as make-up water to the BIOX circuit. 

A cyanide free process water system provides water for the grinding, flotation and BIOX circuits. 
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18.0 PROJECT INFRASTRUCTURE 

18.1 Existing Infrastructure 

18.1.1 Sabodala 

The Sabodala mine has been in production since 2009 and has in place all the infrastructure required to 
support the open pit mining operation and 4.2 Mtpa WOL treatment plant.  This includes, but is not 
limited to, a secure water harvesting and storage facility (the Large Raw Water Dam and East Raw Water 
Dam), a site heavy fuel oil (HFO) power station, accommodation and recreation facilities for non-local 
staff, an airstrip, an open pit mining fleet, the processing plant itself, a tailings storage facility (TSF) and 
all the necessary offices, warehouses and workshops to sustain the operation. 

In particular, the site has a trained and experienced workforce whose competencies extend beyond those 
required to operate and maintain the mining and processing operations to skills in supply chain 
management, human resources and industrial relations, environmental management and community 
relations. 

Existing port facilities in Dakar, and local logistics companies providing transport to and from site, have 
supported the operation for over twelve years and are adequate to meet the needs of the expansion 
project. Teranga has a corporate office in Dakar with a team managing logistics, government liaison, 
personnel transport and other management functions. 

18.1.2 Massawa 

As part of the acquisition of the Massawa project from Barrick, Teranga took possession of the three 
main mining areas:  Sofia, Central/North Zones and Delya, along with each area’s existing infrastructure. 
The exploration camp, next to the Central Zone deposit, is in the process of being upgraded for 
operational use to house some of the exploration, geology and other operational personnel working at 
the Massawa deposits. While the main administration office will be at the Sabodala plant area, several 
office buildings will be maintained at the Massawa camp for exploration staff and other personnel. Other 
facilities at the Massawa camp include kitchen and meals facilities, a laundry and water and sewage 
treatment facilities.  

Infrastructure required, outside of the camp, at Massawa includes waste dumps, ROM pad, pit dewatering 
systems and roads.  
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18.2 Power Supply 

The current site power requirements average 20 MW at a 0.8 power factor. The existing HFO power 
station has 4 x 7.625 MVA generators, 2 x 8.15 MVA generators and 2 x 750 kW diesel black-start 
generators. For much of the time three operating generators are sufficient to supply power to the site 
with a fourth sometimes needed during peak demand to avoid shedding of non-essential loads. This is 
not expected to change following the addition of the modest Phase 1 loads. 

Once Phase 2 of the project is commissioned site loads are predicted to increase to about 40 MW at a 
0.8 power factor. 

At this stage the approach adopted is that Phase 2 will expand the power station with the addition of a 
further 3 x 8.15 MVA generators.  This is a conservative assumption as it maintains the status quo with 
three standby generators available most of the time, when two standbys units is more the industry norm. 
Prior to completing the feasibility study a more detailed investigation will be conducted with a view to 
more precisely defining future loads on the power station and predicting the future availability of the 
individual generator units to determine whether two additional units will meet the project’s needs.  This 
could deliver a capital saving of around $5M . 

The power plant has 4 million litres of HFO storage capacity. Even following the expansion this is 
adequate to ensure up to three weeks supply of HFO under normal operating conditions, and even more 
if fuel conservation measures are taken and less essential loads are shed.  No allowance for increasing 
site HFO storage has been made. Should additional tankage be deemed prudent it is reasonable to 
assume that the HFO supplier will install any additional tankage required and potentially hold the 
contents as consignment stock until transferred to the power station tanks as part of the supply contract. 

18.3 Water Supply 

Water for Sabodala is sourced from two fresh water dams and, in the event of an emergency, via a 42 km 
pipeline from the Falémé River.  To date, pumping of water from the Falémé River has not been required. 

The current operations of the WOL plant are sustained by recycled water from TSF1 (water in plant tailings 
plus rainfall, less water entrained in settled tailings and lost by evaporation). With the construction of 
TSF2 direct rainfall catchment will increase significantly. It is expected that WOL operations will continue 
without the requirement for water from the dams.  

The ROT plant will require modest volumes of fresh water for use in the BIOX plant where recycled 
process water cannot be used as it is toxic to the BIOX bacteria. This will be sourced from the water 
storage dams. It is not anticipated that water will be drawn from the Falémé River. 



Sabodala-Massawa 
Pre-feasibility Study 
National Instrument 43-101 Technical Report 

5139\16.04\5139-GREP-001_0 S18 

Page 18.3 

August 2020 
Lycopodium 

18.4 Tailings Storage Facility 

18.4.1 Introduction 

Tailings from the continued processing of Sabodala ore as well as Massawa free milling and refractory 
ores will be stored in the existing and planned tailings storage facilities (TSFs) at Sabodala. 

The following presents a summary of the Pre-Feasibility Study of the TSFs to accommodate the life of 
mine (LOM) tailings.  In the absence of specific Senegalese Design Standards for TSFs, the following 
Guidelines have been adopted for the design of these TSFs: 

i) ANCOLD ‘Guidelines on Tailings Dams - Planning, Design, Construction, Operation and Closure’,
Revision 1 dated July 2019.

ii) DMIRS (formerly DMPWA) Code of Practice ‘Tailings storage facilities in Western Australia’, dated 2013.
iii) DMIRS (formerly DMPWA) ‘Guide to the preparation of a design report for tailings storage facilities

(TSFs)’, dated August 2015.
iv) ICOLD Bulletin 153 ‘Sustainable Design and Post-Closure Performance of Tailings Dams’, dated 2013.

The Global Tailings Standard (GTS), released as Draft for Public Consultation in November 2019 and 
anticipated as being developed and finalized in Q2 2020, has been considered.  The studies, executed in 
accordance with the latest Guidelines and Codes of Practice, address most of the requirements proposed 
in DRAFT GTS.  Forward works detailed in the PFS contain comments and recommendations for further 
actions which may be required to meet the GTS where there is a variance from the design Guidelines and 
Codes of Practice used in the preparation of this document. 

18.4.2 Storage Capacity TSF1 and TSF2 

Table 18.1 shows the details of ore to be processed, based on the preliminary production schedule 
supplied by Teranga. 

Table 18.1 Ore by Classification 

Ore Details Unit Sabodala WOL Ore Massawa WOL Ore Massawa ROT Ore Total Production 

Ore Milled Mt 51.1 18.2 6.5 75.8 
Head 
Grade 

g/t 1.33 2.44 5.77 1.98 

Oxide % 15% 48% 0% 22% 
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It should be noted that: 

i) The tailings derived from the processing of non-refractory ore by whole ore leaching (WOL) in the
existing plant comprise 91.4% of the total ore to be processed.

ii) The tailings derived from the refractory ore treatment plant comprise 8.6% of the total ore to be
processed.

iii) Only 10% of the tailings from the refractory process (i.e. the BIOX CIL tailings) is required to be
contained in an HDPE lined storage facility due to the potential for deleterious elements in the
solution phase.

The TSFs at Sabodala comprise the existing TSF, known as TSF1, which has been operating since 2009 
and can be raised to accommodate additional tailings and TSF2, which was designed and approved in 
2012, to supplement the existing TSF1.  Table 18.2 shows the storage volumes of tailings streams, based 
on the reconciliations executed by SGO and experience from other projects.  Figure 18.1 shows the details 
for TSF1B, the HDPE lined facility and Figure 18.2 and Figure 18.3 show examples of the modelling 
executed in Muk 3D for TSF1 and TSF2 respectively. 

Table 18.2 Tailings Storage Requirements and Available Storage Capacity by Storage 

Tailings 
Type 

Mt Average 
in-situ dry 

density 
(t/m3) 

Required 
Storage 
Capacity 
(Mm3) 

Available 
Storage 
Capacity 

TSF1 
(Mm3) 

Available 
Storage 
Capacity 

TSF1B (Mm3) 
HDPE Lined 

Facility 

Available 
Storage 
Capacity 

TSF2 
(Mm3) 

Total 
Available 
Storage 
Capacity 
(Mm3) 

WOL Ore 
and FNT 

75.15 1.55 48.5 25.4 N/A 37.3 62.7 

BIOXCILT 
(HDPE Lined 
Cell) 

0.65 1.70 0.4 0.5 0.5 

Total 75.8 48.9 25.4 0.5 37.3 63.2 
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Figure 18.1 HDPE Lined TSF1B 

Source:  Teranga Gold Corporation 
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Figure 18.2 MUK 3D Modelling TSF1 

Source:  Teranga Gold Corporation 

Figure 18.3 MUK 3D Modelling TSF2 

Source:  Teranga Gold Corporation
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18.4.3 Geotechnical Investigations 

The geotechnical site investigation works to support the design of these facilities have been executed 
over the years.  Some additional geotechnical drilling, to be executed as part of the installation of 
monitoring bores, will be undertaken prior to the construction of TSF2. 

18.4.4 Hazard Category 

The hazard category rating of the TSFs, in accordance with ANCOLD 2019, is High C.  Dam break studies 
have been executed to assess the impact of the TSF failure.  The current designs and concepts which 
have been developed for future storage, generally meet the requirements for this hazard classification.   

18.4.5 Construction 

The design concept adopted for the starter embankment of TSF2 and all subsequent embankments for 
TSF1 and 2, have downstream slopes of 3.0:1 (H:V), upstream slopes of 2:1 (H:V) and embankment crest 
widths of 6 m.  The embankment structures comprise a homogenous, compacted ‘select’ soil 
embankment with a cut-off trench, underdrainage within the impoundment upstream of the main 
embankments and finger drains in the downstream section of TSF2.  Materials for embankment 
construction are to be sourced within and adjacent to the impoundment areas.  Dried tailings are not 
being used in the embankment construction.  The BOIXCILT is an HDPE lined facility on the eastern side 
of TSF1 adjacent to the decant accessway.  Mine waste overburden materials sourced from existing waste 
dumps is also available for construction, if required. 

Construction of the TSF is to be undertaken in accordance with the Construction Specification for the 
facility. This has recently been updated in the light of previous construction works and the results of 
materials testing from recent geotechnical works.   

18.4.6 TSF Operations, Tailings Deposition and Water Management 

The operations manual for TSF1 has recently been updated and this manual will also be suitable for the 
operation of TSF2.  Tailings will be deposited using sub-aerial deposition techniques from multi spigot 
locations on the perimeter embankment.  Tailings spigotting or deposition is to be executed in thin layers 
of not more than 300 mm to ensure a uniform tailings beach is developed, sloping towards the decant 
facility.  The spigotting sequence is to be formulated such that the supernatant water pond is always 
maintained around the rock ring decant structure installed in TSF1 and TSF2.  The BOIXCILT will have a 
pontoon-mounted decant pump. 
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As water management is a key stability parameter, the concept design incorporates a decant rock ring 
filter to maximize the clarity and volume of the return water and minimize the lateral extent of the 
supernatant pond.  Water removal from the TSF, which has been averaging 78% of the tailings slurry 
water over several years, is to be maintained.  The design and operation of the TSF is to maximize water 
recovery and maximize the in-situ dry density of the deposited tailings, which for TSF1 has been 
averaging 1.55 t/m3 over several years. 

A predictive water balance has been in place for several years for TSF1 and it has provision for data from 
the operation of TSF2 to be added.   

TSF1 has been managed and operated to meet key performance indicators of high water return, 78% of 
the tailings slurry water and high in-situ dry density of deposited tailings (1.55t/m3) over several years.  It 
is expected that TSF2 can be managed and operated to achieve similar performance criteria. 

18.4.7 Spillways 

Spillways have been designed for TSF1 and TSF2 based on climate data attained prior to 2005.  Further 
evaluation of these designs has been recommended for the next phase of the project, Feasibility Study 
(FS), to ensure that the spillway designs are appropriate, given the site climate data which has been 
collected since 2005 and current design standards.  

18.4.8 Monitoring and Instrumentation 

The TSF will be instrumented with vibrating wire piezometers to facilitate the monitoring of pore 
pressures. 

Monitoring bores are located downstream of TSF1 to record standing water levels and facilitate sampling 
to allow groundwater quality to be analysed.  The results show that groundwater monitoring meets 
regulatory compliance requirements. New groundwater monitoring bores are to be installed downstream 
of TSF2. 

18.4.9 Emergency Action Plan 

An emergency action plan for the TSFs is included with the TSF documentation.  Under normal operating 
conditions, that is, with the tailings surface and surface of the supernatant water pond being within the 
freeboard requirements, the probability of embankment failure is very low.  There is a requirement that 
the supernatant pond must not be closer than 150 m from the perimeter embankment. 
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18.4.10 Rehabilitation and Closure 

Given that the TSF is to be raised in the downstream direction, progressive rehabilitation of the 
downstream slopes of the facility will not be possible throughout the life of the operation unless the 
outer embankments are constructed to the full embankment width for the ultimate embankment height. 
The outer slopes are to be covered with nominally 500 mm of armour materials, normal to the slope, to 
provide protection against erosion due to rainfall runoff.  Once a finer grained growth medium, such as 
topsoil, is added to the rock armour, the development of vegetation can commence.  As part of the 
topsoil/growth medium placement process, the outer slopes should be contour ripped.  Timing of the 
rehabilitation works is to be confirmed during the operation of the facility. 

It is recommended that any vegetation development on the outer slopes of the TSF comprises local 
grasses and small shrubs with shallow root zones.  The establishment of trees should be avoided due to 
the increased potential for the roots to penetrate into the tailings. 

Following completion of deposition within the TSF, the deposited tailings are to be left to dry and 
consolidate.  It is expected that the water liberated by consolidation and rainfall runoff will continue to 
pool in the centre of the facility where the decant rock ring is located.  Periodic removal of this water will 
be required. 

Upon confirmation that further perimeter embankment raising is not going to be required and once the 
deposited tailings have consolidated such that they have gained strength to support construction 
equipment, the surface of the facility is to be reshaped, such that it does not permit the pooling of water, 
and then capped with a layer of clayey fill.  Rehabilitating in this manner will provide a much more stable 
and low risk feature post closure, when compared to one where water is permitted to pool on the surface. 
Contouring of the final surface and downstream perimeter embankments will aid in reducing the 
likelihood of rainwater run-off eroding the exposed surfaces. 

Progressive rehabilitation of the external slopes of TSF1 and TSF2 will be possible throughout the life of 
the operation. Following completion of deposition within the TSF, the deposited tailings are to be left to 
dry and consolidate.  Where an underdrainage system is used, the underdrainage discharge pipes are to 
temporarily remain operational to enable water liberated from the consolidating tailings to be recovered 
and removed from the system.  It is expected that the water liberated by consolidation and rainfall run-
off will continue to pool in the centre of the facility where the decant rock ring is located.  Periodic 
removal of this water will be required.  Upon confirmation that further perimeter embankment raising is 
not going to be required and once the deposited tailings have consolidated such that they have gained 
strength to support construction equipment, the surface of the facility is to be reshaped as required and 
then capped if required with a layer of clayey fill.  It should be noted that site trials for establishing 
vegetation have been executed.  
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18.4.11 Alternatives 

The various strategy studies executed over the years have considered alternative tailings storage options 
for Sabodala.  These options include in-pit tailings storage and integrated waste landforms.  There is an 
opportunity to consider in-pit tailings storage as a low risk strategy.  However, regulatory approval is 
required and this may take some time.  A number of smaller pits could, subject to environmental studies 
and regulatory approval, be filled to within 1 m of ground level and capped with mine waste.  This would 
be preferable to having a tailings level many metres below ground level or below the pre-mining water 
level in the Sabodala Pit.  At this stage, technical work is not far enough advanced for alternative pits to 
be defined in detail.  Those pits which could potentially be available, are further away from the process 
plant than the current above ground options.  An integrated waste landform (IWL) tailings storage facility 
surrounded by a waste dump, might have been considered at start up as an alternative to the valley 
storage, when large quantities of mine waste would have been available for construction.  However, the 
movement of mine waste was not as cost effective, when compared to the construction costs for the 
current valley storage facility.  At the moment and into the future, mining will be located well away from 
the Sabodala Process Plant and construction of an IWL is not cost effective. 

18.4.12 Forward Works 

A risk assessment of the design for the TSFs is to be undertaken after the work outlined in the forward 
works section of the PFS report is completed, prior to progressing to detailed design and documentation 
for construction for TSF2.  The detailed design and documentation for construction for TSF1 has been 
completed.  The forward works include assessment of the requirements of the final GTS against the 
recognized Guidelines and Codes of Practice used for the TFS designs.  TGC is committed to modifying 
the TSF designs, as soon as practical, once the GTS is finalized and there is clarity around aspects of the 
proposed standard in relation to existing Guidelines and Codes of Practice and a determination as to 
which will take precedence.  Specific forward works activities include: 

i) Assessment and fine tuning of spillway designs, as required.
ii) Review of population and infrastructure downstream of the TSFs to assess whether any changes are

needed to the dam break study or the hazard category of the facilities.
iii) Facilitate the start-up of TSF2 in the existing water balance.
iv) Assess the sequencing of construction and operation of the facilities to achieve the design

objectives.
v) Additional geotechnical investigation and testing of the TSF2 embankment foundations.
vi) Geotechnical tailings testing.
vii) Additional seepage and stability analyses.
viii) Detailed design works for TSF2.
ix) Construction planning works.
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18.4.13 Risks and Opportunities 

At this stage, the main risks are the need to review the climate data to fine tune the design for the 
spillways and geotechnical site investigations to confirm the design parameters adopted for the main 
embankment of TSF2.  Based on the previous geotechnical works at the site, this is not considered to be 
a significant risk. 

Managing the TSFs to continue to maximise water recovery and therefore maximize the in-situ dry 
density of the deposited tailings, presents significant opportunities to:  

i) Defer capital for the construction of the future embankment raises.
ii) Minimize operating cost of the operation.
iii) Maximize the factors of safety and stability of each TSF containment embankment.

18.5 Site Water Management 

18.5.1 Sabodala 

Site water management practices that are in compliance with Teranga’s environmental obligations are 
well developed with monitoring protocols in place.  Water management practices for the open pits, waste 
dumps. Process plant and other impacted areas will be unchanged by the project. 

In particular, decant water from TSF1 is currently returned for use in the process plant with zero discharge 
to the environment and little or no requirement to use fresh water from the raw water dams (depending 
on the seasonal / annual rainfall) to top up the process water circuit. 

Following construction of TSF2 the increased TSF footprint will increase both the rainfall catchment area 
and the opportunity for evaporative loss of excess water.  A preliminary water balance indicates that the 
TSF1A/2 process water circuits will be in surplus in an average year. In all cases the water balance will be 
in deficit during the dry season. With dust generation on the TSF beaches a problem during the dry 
season the surplus water can be managed by controlled evaporation from the TSF beaches with the 
added benefit of dust suppression. The TSF1A/2 decant water can also be treated using Outotecs ASTOR 
water treatment technology to make it suitable for use as process water in the ROT plant. 

The supernatant water on TSF1B (BIOX CIL water) is unsuitable for return to the ROT plant and may be 
unsuitable for use in the WOL plant also. The quantity of TSF1B surplus water is relatively small, at under 
40 m3 / hour. A full water balance and water quality study will be undertaken for the feasibility study.  At 
worst a small water treatment plant may be required to remove deleterious elements and cyanide 
decomposition products from this stream before returning this water to the process water circuit.  An 
allowance has been made in the capital estimate for such a water treatment plant. 
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18.5.2 Massawa 

Water management at the Massawa site will comprise of pit dewatering, pit perimeter wells and other 
water run-off captured from ROM pads and waste dumps.  

For the CZ, NZ and Delya deposits, there are indications that in-pit dewatering and other waste dump 
run-off may contain low levels of arsenic and antimony. The low levels are such that a simple greensand 
filtration system, which is highly effective at simple adsorption at these lower concentrations, is sufficient 
and this has been included in the design. The greensand is manufactured by coating the mineral 
glauconite with manganese dioxide, while pyrolusite is a naturally mined ore composed of solid 
manganese dioxide. Greensand media is commercially available and has been shown to be capable of 
removing up to 80% of arsenic by oxidation/adsorption. The filtration sands are then replaced every two 
years and the plant can treat up to 600 m3/h. 

18.6 Accommodation 

The current Sabodala on-site accommodation has beds for 1,088 staff and visitors. There are four types 
of accommodation units, from shared rooms with common ablution facilities to single rooms and private 
ablution facilities. 

The camp at Massawa will be used for accommodation as required.  As part of the on-going work, SGO 
is expanding the Massawa camp, raising capacity to 345 beds. 

With minor additions the existing camps will be adequate for the Phase 1 construction. Allowance has 
been made in the estimates for Phase 2 to either expand the number of beds in the camp, which will 
then be back-charged to construction contractors occupying the rooms, or for the contractors to 
mobilize temporary accommodation to the site, or a combination of the two approaches. A strategy for 
construction accommodation will be developed in more detail in the feasibility study project execution 
plan. 
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19.0 MARKET STUDIES AND CONTRACTS 

19.1 Markets 

The principal commodity of Sabodala is gold. Gold is widely and freely traded on the international market, 
with known and instantly accessible pricing information. 

19.2 Contracts 

The BIOX process proposed for the ROT plant is subject to license fees and royalties’ payable to the 
technology owner, Outotec (Finland) Oy. Allowance has been made for these in the capital cost and / or 
economic evaluation of the project.  The ROT plant will produce gold doré, similar to the WOL plant. 

Gold doré produced at the mine site is shipped, under secure conditions, to a refiner. Pursuant to existing 
contracts, the refiner delivers the gold directly to an account held with one of Teranga’s gold sellers: 
Macquarie Group and Auramet Trading LLC. 

There are no foreseen contractual issues that are outside scope and terms of those currently in place for 
the existing operation. 
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20.0 ENVIRONMENTAL STUDIES, PERMITTING AND SOCIAL OR COMMUNITY 
IMPACT 

20.1 Environmental and Social Impact Assessment 

In accordance with the Senegalese Environmental Code (2001) and the Sabodala Mining Convention, an 
Environmental and Social Impact Assessment (ESIA) has been completed for both the SGO mining lease 
and the Massawa Mining License. These ESIAs were prepared to meet national legal and regulatory 
requirements, including those of the Senegalese Environmental Code and related texts. They were also 
aligned with the requirements of sectoral codes where applicable to the projects, in consideration of 
consultations carried out as part of the studies, including international good practice, such as the 
International Finance Corporation (IFC) Performance Standards. The environmental permits were issued 
after the completion of the ESIA validation processes and are presented in Table 20.1 for each of the two 
mine leases.   

Table 20.1 Historic SGO and Massawa Environmental Permits 

Project 
Beginning of 
Operations 

End of 
Operations 

Associated Environmental Permit 

SGO Mining Lease 

Sabodala 2009 
Sabodala permit No264 MEPNBRLA/DEEC/m.s of February 
13, 2008. 

TSF 2 2022 Decree No001000/MEM/DMG/adt of July 15, 2013. 

Masato 2014 
Oromin Joint Venture Group (OJVG) permit No03144 
MEDD/DEEC/DEIE/mbf of November 28, 2013. 

Gora 2015 2018 
Gora permit No0680 MEDD/DEEC/DEIE/ag/AD of March 
12, 2015. 

Golouma 2015 
OJVG permit No03144 MEDD/DEEC/DEIE/mbf of 
November 28, 2013. 

Kerekounda 2016 2019 
OJVG permit No03144 MEDD/DEEC/DEIE/mbf of 
November 28, 2013. 

Maki Medina 2020 
Niakafiri permit No 04227 MEDD/DEEC/DEIE.nfn of 
December 26, 2019 

Goumbati Kobokoto 2020 
Goumbati-Kobokoto permit No 007929 MEDD/DEEC/ DEIE 
of March 17, 2020 

Niakafiri 2021 
Niakafiri permit No 04227 MEDD/DEEC/DEIE.nfn of 
December 26, 2019 

Massawa Mining License 

Sofia complex 2020 Massawa permit No 024719 MEDD of October 11, 2019 

NZ & CZ complex 2021 Massawa permit No 024719 MEDD of October 11, 2019 

Delya 2022 Massawa permit No 024719 MEDD of October 11, 2019 
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Prior to the acquisition by Teranga, Randgold received approval for the Massawa operations in October 
2019, based on the 2019 Feasibility Study project plan and associated ESIA. In February 2020, an 
addendum to Massawa’s Mining Convention was signed between the State of Senegal and Randgold 
who was granted the exploitation permit for Massawa. Teranga’s acquisition of the Massawa Project was 
then effective following the transfer of that exploitation permit through the decree 2020-697 of March 
3, 2020, and is referred to herein as the Sabodala-Massawa Project or the Project. 

In March 2020, the Ministry of Environment signed the amendment to SGO Environmental protocol 
extending its scope to the Massawa perimeter, which was followed by the SGO’s submission of a 
memorandum outlining the positive and negative environmental and social impacts of Massawa’s 
integration with Sabodala’s operations. The purpose of the memorandum was to present the main 
changes in the scope of the Massawa project and its integration into SGO's operations. It highlighted the 
significant reduction of the potential impacts on the environment and the neighbouring communities 
resulting from the removal of major infrastructures from the initial Massawa project scope and was 
presented as an addendum to Randgold’s validated ESIA. In parallel, an economic resettlement action 
plan (RAP) was initiated for a land acquisition and the land compensation agreement for the Sofia-
Golouma haul road and the associated mine areas, signed on March 3, 2020. 

The Environmental and Social Management Plan (ESMP) presented in Randgold’s ESIA has been updated 
to further describe the environmental and social mitigation, management and follow-up measures 
required during the construction phases of the project considering the scope modifications and 
integration to SGO’s existing operations. As part of the regulatory process, the ESMP was submitted to 
the Ministry of Environment for consideration. The Ministry of Environment has subsequently provided 
comments and recommendations on the ESMP and above mentioned integration memorandum. These 
comments and recommendations were reviewed and incorporated into a final ESMP that will be 
implemented. In addition, SGO’s existing ESMP will be reviewed to ensure integration and consistency 
throughout the Project’s operations.  

20.2 Description of the Project 

Massawa will be integrated into Sabodala through the development of surface mining areas, initially the 
Sofia Main and Sofia North pits located to the west of the Massawa Mining License area, followed by 
North Zone (NZ) and Central Zone (CZ) pits located to the east Massawa Mining License, and the Delya 
satellite pit in the north (see Figure 20.1). Additional satellite deposits are located throughout the 
Massawa Mining License area that may be exploited in the future, however, environmental impacts of 
these potential areas will be assessed ahead of development. The mining operations will be carried out 
in three main phases to ensure that all required infrastructure and operational components are in place: 

• Phase 1a: Sofia pits. 

• Phase 1b: Sofia pits with the addition of NZ and CZ WOL Ore. 

• Phase 2: Sofia pits, NZ and CZ WOL with the addition of CZ, NZ and Delya ROT Ore. 
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The footprint and nature of the deposits assessed in the RRL ESIA remain the same after its integration 
to SGO. The depth of the open pits range between 95 m and 220 m. Once extracted, the ore will be 
hauled to the existing SGO plant where it will be temporarily stored on the ROM stockpile ahead of feed 
into the Sabodala plant. A 20 km haul road will be constructed linking the Sofia’s pits to the Goulouma’s 
pits existing haul road, as well as an additional 13,5km of haul road to be constructed for NZ and CZ pits 
to haul the ore to SGO’s plant. According to the project phase and its nature, the ore will be processed 
either into the Sabodala-Massawa WOL or ROT plant processing facilities. Both the WOL and the ROT 
plants will use the fully permitted tailings storage facilities (TSFs), TSF1 and TSF2 for final tailings disposal. 
WOL tailings will be pumped into both dams (TSF1 & TSF2). The TSF1 will be split into two cells (TSF1 
Cell A & TSF1 Cell B) with the smaller cell (TSF1 Cell B) accepting ROT tailings as it will be HDPE lined. 
The construction works for TSF2 are planned to start in Q4 2021. The process water will be supplied 
through SGO existing raw water dams. No additional dams will be required for either water supply or 
tailings storage. Various supporting infrastructure including haul roads, offices, workshops, and camp will 
be required to operate the mine.  

For Phase 1a, geochemical results to date have showed that Sofia ore has a low acid mine drainage (AMD) 
potential.  Sofia ore can be stored at the SGO existing storage platforms (stockpiles and ROM pad) and 
will later be fed into a crusher and transferred to the existing SGO’s WOL processing plant for gold 
extraction. WOL (or CIL) tails are dewatered in two existing thickeners prior to pumping to the TSF for 
final disposal.  

Phase 1b will commence in Q3 2021 and will require the upgrade of the WOL plant to allow the treatment 
of higher grade Massawa oxide ore. The ore will be extracted and stored using the same methods as 
outlined for Phase 1a, with the addition of a gravity circuit. For final tailings disposal, all the tailings from 
the phase 1 processing will be placed in either TSF1 or TSF2.  

Phase 2 will include refractory fresh ore from CZ, NZ and Delya and is planned to be mined starting from 
Q1 2023. The refractory nature of Massawa ores requires modification to the existing crushing circuit and 
the installation of the ROT circuit. Tailings from the processing of Phase 2 refractory ore will be split 
between TSF1 and TSF2, with ROT tails placed in the HPDE lined TSF1 Cell B. 

Note that Phase 1a and 1b relate to the stand alone operation of the WOL plant with 1b referring to 
operations post the modifications and additions described and costed as Phase 1 of the Project.  
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Decant water from TSF1 and TSF2 will be returned to their respective process circuits for use as make-up 
water. Water from TSF1 Cell B is unsuitable for use in either circuit without treatment due to high levels 
of dissolved sulphates, metals and cyanide decomposition products.  This water will be disposed of either 
by evaporation by natural or forced methods, or by treatment or other suitable technology. In any case, 
there will be no direct discharge of water in the environment from the TSF1 or TSF2 without a prerequisite 
treatment to meet the necessary standards described in the ESIA. An allowance for water treatment has 
been made in the project capital estimate. The detailed design requirements for water treatment will be 
further quantified during the feasibility study stage.  

SGO will continue to exploit the open pits within the Sabodala Mining License area concurrent to the 
above. The open pits within the Sabodala Mining License contain ore that is largely uniform and will be 
processed through the existing WOL circuit, with tailings disposed in either TSF1 or TSF2. 
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Figure 20.1 Project’s Location and Infrastructures 

Source:  Teranga Gold Corporation, July 2020 
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20.3 Legal Requirements Relevant to Environmental and Social Aspects 

The key applicable legal texts relevant to environmental and social aspects in Senegal applicable to 
mining are: 

• Act No. 27-2016 of October 30, 2016, on the Mining Code and its application Decree No. 2017-
459 of March 20, 2017.

• Act No. 2001-01 of January 15, 2001, on the Environment Code and its application Decree No.
2001-282 of April 12, 2001.

• Act No. 81-13 of March 4, 1981, on the Water Code.

• Act No. 2009-24 of July 8, 2009, on the Water Treatment Code.

• Act No. 1998-03 of January 8, 1998, on the Forestry Code and its application Decree No. 98-
164 of February 20, 1998.

• Act No. 86-04 of January 24, 1986, on the Hunting and Protection of Fauna Code.

• Act No. 96-06 of March 22, 1996, on the Local Authorities (full jurisdiction in terms of waste
management).

• Act No. 2009-24 of July 8, 2009, on the Sanitation Code.

• Decree No. 2004-647 of May 17, 2004, establishing the terms of application of Act No. 2003-
36 of November 24, 2003, on the Mining Code.

• Act No. 97-17 of December 1, 1997, on the Labour code.

• Act No. 64-46 of June 17, 1964, on the national domain.

• Wastewater discharge standard NS 05-061 of July 2001

• Atmospheric Emissions standard NS 05-062 of December 2004.

Furthermore, SGO aligns to international standards, including the IFC Performance Standards on 
Environmental and Social Sustainability and the Equator Principles. The Project also aims to demonstrate 
compliance with the World Gold Council through the Council’s Responsible Gold Mining Principles 
(RGMPs) that address key environmental, social and governance issues and consolidate existing 
international standards for responsible mining under a single structure. 
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20.4 Description of the Main Environmental and Social Components 

20.4.1 Main Environmental Components 

The Sabodala-Massawa Project is located in the SE portion of Senegal within the Kédougou Region. 
Dakar, the capital of Senegal, is approximately 700 km NW of the Project area. The Project consists of 
SGO existing mining operations, and the integration of the Massawa Project, the latter of which is located 
between the villages of Kédougou and Bembou, Mako and Khossanto. The Faleme River marks the 
international border with Mali and is located 75 km to the east. Downstream of the Project, the Niokolo-
Koba River flows through the Niokolo-Koba National Park, a United Nations Educational, Scientific and 
Cultural Organization (UNESCO) World Heritage Site (closest proximity is approximately 15 km west of 
the Massawa Mining License area). The Project catchments are tributaries of the Niokolo Koba River and 
the Faleme River. 

Since the beginning of its activities, SGO has completed multiple ESIAs which all involved environmental 
and social baseline, data collection and impact assessment. Recently, SGO completed two validated ESIAs 
for its Niakafiri and Goumbati-Kobokoto extension projects which are located in the south of Sabodala 
Mining License, nearby Massawa’s Mining License.  

The Niakafiri project is located at 1 km South of Sabodala pits and approximately 2.5 km North-East of 
Goulouma pits. The ore extracted from the Niakafiri and Maki Medina pits will be processed in the 
existing Sabodala plant. To convey the ore to the plant, a haul road was built between the Niakafiri pit 
area and Sabodala pit.  As the explosive magazine of SGO had reach is capacity, it was relocated and 
upgraded for the Niakafiri project.  The ESIA, validated in 2019, is covering all the project components 
for which an Environmental and Social Baseline was completed to identify the potential direct impacts 
such as noise, vibrations, impact on air and water quality, as well as potential induced impacts, often of 
a socio-economic nature, such as on economic growth, employment, migration, etc. An ESMP was also 
developed to manage these identified potential direct and indirect impacts. The potential environmental 
impacts to monitor relate to potential degradation of the groundwater quality, but SGO’s ESMP was 
reviewed to properly cover the Niakafiri project components. On the social side, most of the identified 
impacts were classified as minor, however, a comprehensive RAP was developed for the 650 identified 
households impacted physically and economically. Two resettlement villages are under construction and 
the RAP and livelihood restoration programs are currently ongoing.  
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The Goumbati West-Kobokoto (GKK) project is located at 10 km south of the Sabodala plant. A 3 km 
haul road was built to join GKK’s pits to the Niakafiri area  and haul the extracted ore to the Sabodala 
plant.  A comprehensive ESIA was validated in March 2020 and covered all the project components. The 
study area was delineated to include all environmental and social components that could be affected by 
project activities. The baseline studies highlighted that the closest communities being located at 
minimum 2 km from the project area were unlikely to suffer from the project impacts such as noise or 
dust. SGO’s ESMP was reviewed again to properly cover the GKK project components. All the impacted 
households were identified and the RAP process is almost completed with the economical compensation 
of 34 persons of the 37 identified. The validation of the livelihood restoration program proposals was 
completed as well as the identification of potential areas for the restoration of agricultural activities.  

Massawa’s ESIA was validated in 2019, prior to Teranga’s acquisition. The Massawa is in a largely 
undeveloped rural area surrounded by informal (artisanal) mining activities. The Project will impact two 
(02) villages, Bambaraya in Bambaraya commune (3000 inhabitants), and Tinkoto in Sabodala commune
(7641 inhabitants).  These villages were founded on the mining legacy of the area and is a substantial
livelihood. Beyond artisanal mining, other common land uses in Massawa’s  surroundings are subsistence
agriculture, animal rearing and vegetable gardening. There are two artisanal mining corridors officially
recognized by the State in the project area. The first is the Tinkoto corridor, which is located outside the
mine permit, while the second, the Makhana corridor, is located inside the permit. The impacts will be
limited to the Makhana corridor, which will be relocated outside the Massawa Mining License perimeter,
as the corridor will lose its official status when being on an allocated mining permit. A relocation will be
proposed for this site that the government will validate and recognize as a new official corridor.

A heritage survey and assessment were conducted through which several heritage resources were 
identified with a Cultural Significance range from negligible to very high. These heritage resources consist 
of sacred sites; archaeological metalworking sites; archaeological sites and features; and isolated finds – 
ceramic and lithic scatters. On the Project footprint, there were no sacred sites or graves identified within 
the pit and WRD footprints, and the only identified heritage resources of significance that may be 
impacted were the 2 archaeological smelting sites. To reduce the intensity of the identified impacted 
smelting site, they will be subject to mitigations undertaken by competent professionals with the 
objectives of: 

• Systematically identify the extent of the metalworking site.

• Excavate through internationally recognized techniques to scientifically record spatial and
stratigraphic information, as well as exposed material culture remains.

• Employ sound curation methodologies for the collection of field notes, sketches, plans,
photographs and material culture.

• Disseminate the results and findings, i.e. preserve the smelting site through record.
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In terms of terrestrial biodiversity, the Project is located in a largely natural undisturbed environment. 
The new field investigations confirmed that the area is currently under pressure from existing 
anthropogenic land use including grazing, wood collection, palm oil tree exploitation and artisanal 
mining from surrounding villages. The general health of the natural habitat, however, is diverse and of 
high value, and therefore should be conserved. Several protected plant and animal species and Species 
of Special Concern (SSC) were identified within the Project area, including the endangered Western 
Chimpanzee. Further chimpanzee baseline studies are being undertaken in the Project areas to determine 
the number of chimpanzee groups, the sizes of the chimpanzee groups, and their respective home and 
core ranges. Potential impacts on chimpanzee groups and the respective mitigation measures will be 
determined as part of these studies and incorporated into a Biodiversity Management Plan. The initial 
focus was on the impact of the new haul road design and a photo-trapping campaign was initiated to 
evaluate the presence of chimpanzees on the proposed design. The following map (Figure 20.2) presents 
all the chimpanzee’s evidences from previous studies (2015 to 2019) and the ongoing monitoring results. 

The preliminary conclusions of the current study are: 

• The presence of chimpanzees was confirmed in the Riparian forest and presences of a
permanent water source named ‘’Yasse’’ located outside of the permit at the South-East of NZ
& CZ complex. Yasse was also identified as a priority area for chimpanzee conservation in
previous studies and its preservation is critical for chimpanzee conservation in the Project area.
Conservation measures and access restriction should be planned with authorities.

• The importance of the role of the riparian forests in the Project area for feeding and supplying
water to large wild mammals, particularly chimpanzees, imposes the need to avoid any
disruption of water circulation at these levels, especially during the rainy season. Furthermore,
these galleries are likely to be chimpanzee corridors between the Sofia complex to the NZ-CZ
complex and the Sofia complex to Makhana.

Teranga has also signed an amendment to SGO’s environmental protocol on March 23, 2020, with the 
Ministry of Environment extending its scope to the Massawa perimeter. Accordingly, the annual financial 
commitments agreed through this protocol are increased by one hundred and fifty thousand 
(US$150,000) with effect from the date of signature on March 23, 2020. This brings the annual amount 
to four hundred and fifty thousand (US$450,000). 
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Figure 20.2 Location of chimpanzee’s Evidences, Results from Previous and On-going Studies from 2015 – 2020 

Source:  Teranga Gold Corporation, July 2020 
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20.4.2 Main Social Components 

Teranga is committed to best practice in corporate governance. It has formalized commitments to 
conducting its business and affairs in accordance with the highest ethical standards by enacting a Code 
of Business Conduct and Ethics. As a company, Teranga strives to comply with all applicable mining codes 
and national and international laws, and adhere to the Extractive Industry Transparency Initiative (EITI). 

The Sabodala Social Fund provides a framework for supporting annual community investment projects 
that are in line with the development plans of regional and local authorities and meet the needs of 
communities. Working directly with municipalities and city councils, SGO participates in the annual 
budget consultation process managed by the authorities. The selection and implementation of projects 
financed by SGO are based on municipality or community priorities in line with SGO's sustainability 
strategy. Once the projects have been selected, SGO and the local mayors sign an annual financing 
agreement detailing the projects financed by SGO and the amount allocated to each project. SGO assists 
in the implementation of these investments through technical facilitation and project evaluations.  In 
2020, with the acquisition of Massawa, Teranga’s social and institutional investments have increased, as 
the $1.2M/year committed to community development will be strengthened with the implementation of 
the Massawa Local Development Support Fund. This fund will be equivalent to 0.5% of the turnover of 
production from the Massawa deposits, and will be effective from the start of the operational phase.  

Teranga is committed to making a positive difference in the communities in which Teranga’s personnel 
live and work.  The aim is to share the benefits of the mining operation and to leave a lasting, positive 
legacy that will continue to be enjoyed for generations to come. Through Teranga’s community 
development work, the host communities will benefit from new job opportunities, education and training 
opportunities, expanded health care services, more secure sources of potable water, improved roads and 
infrastructure, etc. 

The stakeholder information and consultation process was an integral part of all Teranga’s ESIAs. To date, 
Teranga has put in place mechanisms and communication tools so that all those involved in, or affected 
by, its projects can freely express themselves. The information collected during these consultations has 
helped identify issues, risks, benefits, and opportunities for the project to avoid, minimize, or offset 
negative impacts and enhance the positive ones. 

As part of the stakeholder information and consultation process, a Stakeholder Engagement Plan (SEP) 
was developed. Information about the Project was transmitted by information sheets and meetings with 
administrative authorities, technical services, as well as representatives of the surrounding villages. 

Many initiatives have been undertaken by Teranga to inform and consult with affected communities as 
part of its activities and preparation of the Project. These initiatives include: 

• Establishment of a permanent team for environmental and community relations dedicated to
the Project.
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• Development of a Stakeholders Engagement Plan. 

• Extension of SGO’s grievance mechanism procedure to the Project. 

• Several ad hoc meetings with authorities and other stakeholders. 

20.4.3 Waste and Tailings Geochemistry 

SGO exploits both oxidized and fresh (non-oxidized) material from its existing deposits.,  Testwork and 
monitoring have shown low potential to generate AMD and leachable metals (LM). Risk of environmental 
pollution resulting from AMD and LM are related to the storage of tailings and waste rock. A monitoring 
program is in place to test the collected run-off and seepage from the WRDs and TSF. If acidic effluents 
are observed, the following measures are taken: 

• Mix the wastes with neutralizing materials such as lime and limestone. Use humus-containing 
soils to limit residual acidity. 

For the Niakafiri project, 35 waste rock samples were taken from drill cores in the project area and sent 
for analysis to evaluate their potential to generate AMD. The results showed that only one sample (3%) 
showed AMD potential and that sample was part of the gold rich ore (2.94 g/t) that would be processed 
at the plant and its tailings neutralized with lime. The results also showed that the rock material of the 
Niakafiri zone is rich in carbonate minerals with a significant potential for acid neutralization which could 
come from the oxidation of sulphides which are present in small quantities.  

For the Goumbati-Kobokoto pit area two sampling campaigns were conducted to evaluate the potential 
to generate AMD of the waste rocks. For the first campaign, 92 samples were taken from drill cores in 
the project area and sent for analysis. The results showed that only one sample (1%) showed AMD 
potential. Similar to Niakafiri, the sample was part of the mineralization that will be processed at the plant 
and its tailings neutralized with lime. For the second campaign, 30 samples were taken from drill cores 
in the project area and sent for analysis. The results showed that there was no AMD potential in those 
samples. 

For the Massawa deposits, a total of 89 waste rock samples were taken across all ore zones and pits and 
underwent laboratory geochemical test works to assess their potential to generate AMD and LM. For the 
tailings of Massawa deposits, a total of 99 tailings samples were tested. The results can be summarized 
as follows: 

• Waste Rock: 

- No AMD expected from the Sofia WRDs but some potential water quality issues from 
Sofia WRDs including solids and nitrates.  
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- Potential water quality issues from the NZ,CZ and Delya WRDs seepage and run-off
include suspended solids, nitrates, As, Sb, Fe, Ni, SO4, F and Al.

• Tailings:

- Overall no AMD potential expected from all tailings streams, however, As and Sb from
CIL and ROT streams may be a concern.

- 7 samples (of a total of 99) showed a potential for AMD. Five (5) of these samples
were neutralized ROT filtrate/product which are expected to be high in sulphides
content, 1 sample was the ROT CIL tailings and 1 float tailings sample that was shown
to be an outlier due to it being taken from a soft sulphide zone. The remaining 88
samples from all tailing’s streams were classified as potentially acid neutralizing and
showed no significant risk for acid generation.

• Open Pits:

- No AMD potential expected from any pits.

- Potential water quality issues in the Sofia pits sumps including suspended solids and
nitrates.

- Potential water quality issues in the NZ, CZ and Delya pits sumps include suspended
solids, nitrates, As, Sb, Fe, Ni, SO4, F and Al.

Based on geochemistry results, some mitigation measures will be implemented through the water 
management plan and further test work includes: 

• Sofia’s pits sump water and WRDs water management will need to be well managed.

• NZ, CZ and Delya WRDs seepage and run-off as well as pit sump water will be captured and
allowed to settle in settling ponds where monitoring will be conducted prior to any discharge,
subject to meeting the required quality standards. Based on the water quality results, it will be
determined if it should be pumped into a treatment facility or it could be discharged directly
in the environment; during the wet season the requirement for treatment will be unlikely due
to dilution from rainfall.

• Tailings water management should be concentrated on volume control and water quality
management, as AMD is seen as a low to negligible risk but there may be accumulation of
some soluble metals.
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Additional test work is required to get more confidence regarding the Sabodala and Massawa tailings 
streams and tailings mixing, as well as the waste rock geochemistry. Potential mitigation measures in 
terms of water quality impact is required. This will be done through further static test work programs as 
well as some bulk samples for kinetic test work. 

20.5 Project Impacts, Risk Analysis, Environmental and Social Management 
Plan 

20.5.1 Potential Impacts of the Project and Mitigation Measures 

SGO recently validated Niakafiri and Goumbati West-Kobokoto ESIAs and their respective impacts were 
added to SGO’s global impact assessment.  In addition, the baseline conditions collected during the 
project’s ESIA process in 2019 were used for the impact assessment of the Sabodala-Massawa Project. 
The environmental and social data are still relevant after the project integration and consequent scope 
reduction but some additional data were required regarding the reorientation of the haul road to 
Sabodala plant instead of a Massawa plant.  Field surveys were conducted to assess the new impacts and 
update the environmental and social baseline data. Those impacts were also added to the Sabodala’s 
global impact assessment. 

A gap analysis for the water management of the proposed integrated mine was carried out in 2020 to 
review the integrated mine plan, processing methodologies and compare these to the previous Massawa 
mine plan from Randgold to identify the differences in respect to historical geochemistry, surface water 
and groundwater work completed in the 2019 ESIA. The potential impacts associated with water 
management were significantly reduced with changing the size of the major infrastructure like the 
diversion dam and the TSF. The remaining impacts will be fully integrated in the revised ESMP and 
recommendations from the gap analysis will be considered for the feasibility study works that are on-
going.   
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In the light of these reviews, the main potential negative impacts the Project could have on the 
environment and the social environment will require mitigation and constant monitoring. The impacts 
specific to the mining activities are the following:  

• Habitat and biodiversity loss (for both terrestrial and aquatic) and disruption of plant and 
wildlife habitats by construction activities and mining operations.

• Loss of wetland areas (total wetland loss of 112 ha of which 10.4 ha is direct loss associated 
with the mine pits) as well as fragmentation of riverine corridors, erosion, sedimentation, and 
altered wetland Present Ecological State.

• Loss of 31.1 ha of cropland to build certain infrastructures and to establish a safety radius 
around components.

• Modification of the hydrological characteristics and potential reduced quantity of groundwater 
levels as a water resource for communities and support to ecosystems due to land occupation 
by infrastructures and components of the Project, the development of ditches and drainage 
channels, the development of water storage ponds, the excavation and dewatering of open 
pits, etc.

• Disruption of surface and ground water quality as a result of 928 ha to be deforested, exposing 
the land to erosion, potential run-off of contaminated water by the waste dumps and stockpiles, 
and risk of hazardous material or petroleum products spills and or leaks into the environment, 
etc..

• Based on geochemistry results, water treatment might be required for NZ & CZ and Delya 
WRDs seepage and run-off as well as pit sump prior to any discharge in the environment.

• Increased ambient noise level and dust emissions due to blasting, handling of the ore and 
waste, as well as the hauling of ore to the Sabodala’s process plant.

• Job and economic opportunities will be a positive impact, however the significance of these 
positive benefits is likely to be reduced due to the Project scope reduction (major 
infrastructures not required anymore) and integration to SGO’s existing infrastructures with 
existing workforce. All Randgold’s employees wishing to join SGO after the Project acquisition 
were offered a position.

• Potential influx into the local area as a result of the Project’s presence which will likely intensify 
the existing artisanal mining operations as well as any potential social ills associated with 
increased economic and social activity in the local area. 
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• Pressure placed on existing socio-economic infrastructures which were found to be limited
within the local area as well as degradation of local customs and mixing of cultures which may
have negative influences, health and safety related issues related to increased social ills.

• Economic activity displacement of 14 households and a loss of 33.1 ha of agricultural land.

• A sacred sites relocation plan, included in the RAP will help reduce impacts on cultural heritage.

• Impacts on landscape and aesthetics are reduced considering the fact that local population is
used to a landscape altered by mining activities and that there will be continuous rapid
rehabilitation of surfaces disturbed during operation.

There will also be specific impacts related to the Sabodala’s plant upgrade: 

• Increased in greenhouse gases (GHG) emissions due to increased hauling distances from
Massawa, and emissions from the upgraded power plant.

• Air quality during operation will mainly be affected by wind erosion of the TSF and other
stockpiles that will be increased to feed both plants at some points.

• Tailing storage at the TSF1 and TSF2 could potentially cause seepage and groundwater
contamination. However, the integration of a HDPE liner in the design criteria, the presence of
a polishing plant and the destruction of cyanide at the CIL plant will mitigate any impacts on
soil and groundwater.

• An increase in the reagents that will be used in the WOL plant and the new reagents required
for the ROT plant.

• The water requirements will not be impacted as the existing dams at Sabodala will suffice even
with the increase in plant capacity from the WOL upgrade and the addition of the ROT plant.
However, the monitoring effort of the surface and groundwater will be increase as we are
adding the ROT circuit.

20.5.2 Risk Analysis 

A preliminary Hazard and Risk Assessment was conducted to assess the environmental and social risks 
of the Project and is part of all the ESIAs. Beyond conducting this preliminary assessment for all its 
projects, SGO undertakes annual risk assessment to update its risk register and review management plans 
according to the risks’ consequence. The Project's identified hazards and risks will be integrated in SGO's 
annual review.  
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Like any other heavy industrial activities, the Project may unintentionally experience critical issues like 
spills, emissions and fires that could have a direct negative impact on the surrounding environment. The 
causes and consequences of each of these situations were determined and detailed preventive and 
emergency implementation measures were identified to be integrated in SGO’s current Emergency and 
Response Plan (ERP). The criteria considered for this risk assessment consider the severity of events, the 
consequences, and the likelihood of an occurrence. An analysis of the Project’s facilities and consumables 
to be used on the mine site revealed several involving risks. The main environmental risks associated with 
the Project are as follows: 

• Fire. 

• Explosion. 

• Degradation of walls and ramps in the TSFs, pits and waste dump areas, berms and retention 
structures. 

• Spills or leaks of hazardous materials. 

• Toxic emissions. 

• Natural disasters. 

• Insurrection or social unrest of the population. 

To minimize the level of risk related to both personnel and the environment, health and safety and 
security measures have been identified. In addition, SGO’s ERP will be implemented at the earliest stages 
of the operational phase of the Project. The main objective will be the management of those risks which 
cannot be eliminated by the protection measures already in place so that the ERP will immediately be 
initiated when any such incident or accident occurs. The intent of the ERP is to define emergency 
situations that could reasonably occur, and the measures of prevention, preparedness, response, and 
repairs required for such situations, including staff training. 

20.5.3 Environmental and Social Management Plan (ESMP) 

The ESMP presents all the environmental and social management measures to be implemented as part 
of the Project during all phases of the project with a focus on all the operational aspects. The ESMP 
covers all project phases and includes measures based on the mitigation hierarchy, namely measures to 
avoid, minimize, mitigate and enhance, or compensate the various anticipated impacts by reducing the 
significance to an acceptable level for all stakeholders. 
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The ESMP identifies the objectives to comply with the regulations in Senegal and international best 
practices in the mining sector. The ESMP also includes environmental monitoring programs and 
environmental and social follow-up and evaluation, providing the basis for assessing the effectiveness of 
management measures to be implemented by the Project. The ESMP includes several measures to 
strengthen the capacity of the stakeholders concerned by the application of environmental and social 
management measures. 

As its activities developed, SGO began operating new satellite sites (Golouma, Kerekounda and Maki 
Medina) whose negative impact mitigation measures and the enhancement of positive impacts on the 
environment and surrounding communities were integrated into SGO's consolidated ESMP. Prior to the 
beginning of the construction works, the ESMP included in Randgold’s ESIA was updated for the 
construction phase and for operation Phase 1a. However, the long-term aim is to review SGO’s ESMP 
during a new ESIA process to develop an integrated, consolidated document that would cover the Project 
integration and  the Sabodala’s plant modifications which would apply to all Project phases, from 
construction to post closure.  

As indicated above, a new ESIA process will be initiated, in parallel with the feasibility study, to better 
cover the environmental and social impacts generated by the Project Phase 1b and 2 (the exploitation of 
refractory ores). It will cover, but not limited to: 

• The WOL plant modifications and the construction of the ROT plant.

• The addition of a cell (Cell B) in TSF1 with its HDPE lining requirements.

• The details of the construction of TSF2.

• The additional geochemistry testworks on the refractory ores.

• The update of water management.

Mitigation objectives 

Management measures are to be implemented at the earliest stages of the construction phase. Some 
measures will last throughout the operations at the mine site and others will last beyond the closure and 
rehabilitation phase of the Project. The summary of high-level planned management measures for the 
physical, biological, and human components include the following: 

• Protection of soils.

• Control of run-off water, restrictions during heavy rain periods, respecting buffer zones along
watercourses, etc.

• Implementation of restrictions regarding cutting trees, limits for working areas, etc.



Sabodala-Massawa 
Pre-feasibility Study 
National Instrument 43-101 Technical Report 
 
 
 

5139\16.04\5139-GREP-001_0 S20   
 

Page 20.19 
 

August 2020 
Lycopodium 

• Reduction of noise and dust emissions. 

• Control of traffic speed, access roads, the use and maintenance of equipment (fuel and 
lubricant tanks, vehicles and motorized equipment, etc.). 

• Management of human resources, logistics, mobilization and demobilization of personnel and 
contractors. 

• Management of the influx of job seekers from surrounding towns, regions and countries in the 
area i.e. people expecting jobs and commercial opportunities related to construction and 
exploitation of the mine. 

• Maximization of job opportunities for the local workforce and local suppliers of goods and 
services as well as for women’s benefits and management of unrealistic expectations. 

• Population and workers awareness to the risks of transmitting HIV/AIDS and other endemic 
diseases. 

• Precise location and protection of worship and sacred sites. 

• Management of biodiversity protection: 

- Develop a biodiversity management plan 

-  Continuous monitoring system of chimpanzees throughout the year should be put 
in place and a genetic testing should be initiated on the chimpanzee populations to 
better understand the exchange between the different groups, especially in 
populations identified at Sofia and those populations near Yasse, and the Sofia 
populations and Makhana. 

- The result of the field investigation concluded that the haul road design does not 
generate major impact on chimpanzee habitats. Special attention must be taken to 
ensure that riparian forest habitats are preserved as much as possible. 

• Consolidate SGO’s Community Development Plan to cover Massawa’s impacted communities, 
which will result in improvements of socio-economic infrastructure and skills development. 

• Extend SGO’s grievance mechanism to the Project, this mechanism includes a way of receiving 
the complaints, a complaint register, a mechanism to provide an answer, and a register of 
actions taken to respond to the complaints and solve problems. 
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• Community development plan through SGO's social fund, which already commits $1.2
million/year to community development, will be strengthened with the implementation of the
Massawa Local Development Support Fund. This fund will be equivalent to 0.5% of the turnover
of production from the Massawa deposits, and will be effective from the start of operation
phase.

Some measures implemented during previous project phases concerning soil, surface water, ground 
water, ambient noise, population and social cohesion, economy, and infrastructure, etc. will be 
maintained during the operational phase. Several additional measures will be including but not limited 
to the following: 

• Management of waste rock dumps and progressive re-vegetation to minimize wind erosion.

• Management of water, hazardous materials, wastes, traffic, maintenance of vehicles, etc.

• Mining will be carried out according to best practices and with specific attention to
occupational health and safety.

Monitoring 

SGO’s monitoring program is currently being updated concomitantly with the overall ESMP to better 
cover all project extensions, including Niakafiri, Goumbati-Kobokoto and the Sabodala-Massawa Project 
area.  The program will be conducted by SGO’s Sustainability Department on an ongoing basis and will 
ensure compliance with the commitments agreed to as part of the various ESIA and environmental 
obligations. These measures to implement will also be applied to the sub-contractors and will be included 
in the technical specifications according to their respective activities. 

Although the Project area includes habitats heavily modified by human activities, it supports some special 
status species in terms of biodiversity. The project’s environmental acceptability by the National 
Authorities as well by the regional and local communities is related to the consideration of these 
biodiversity issues, particularly the Western Chimpanzee.  

The main elements planned as part of the project’s follow-up monitoring activities include: 

• Surface and ground water quality.

• Ambient air quality.

• Ambient noise.

• Status of the flora and effectiveness of re-vegetation.

• Fauna with a special biodiversity monitoring focus on the Western Chimpanzee.
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• Local and regional economy. 

• Gender. 

• Social cohesion. 

Closure & Rehabilitation 

Various management measures are planned for the closure phase and include the following: 

• Dismantling of infrastructure and facilities, except for structures that will be kept in place 
without compromising the integrity and security of places and people. 

• Site rehabilitation and re-vegetation. 

• Restoration of livelihood conditions for neighbouring populations and workers. 

Access roads and other infrastructures built for mining will be left in place, as necessary, for use by 
communities at the end of mine life and subject to authority agreement. Restricted areas may be defined 
within the permit to protect the environment, the natural habitat, archaeological sites or public interest 
infrastructures. 

Furthermore, rehabilitation activities have also been prescribed which fundamentally aim to ensure that 
the natural and social environment can progressively be managed in a manner that allows sustainable 
productive land uses and communities following the completion of mining activities. 

20.5.4 Economic Displacement 

The development of the Sofia deposit is expected to result in the economic activity displacement of 14 
households current residing in two communities: Bambaraya (13 households) and Tinkoto (1 household). 
The development of NZ & CZ deposit is also expected to result in the economic activity displacement 
from the surrounding communities, a RAP covering this area is currently ongoing to identify the PAPs. A 
comprehensive resettlement and livelihood restoration process was required to mitigate, manage, and 
compensate for these displacement impacts, and to ensure the safety and wellbeing of nearby residents 
during mine development and operation. Displacement impacts can generate budget, schedule, and 
relationship risks for a project when not managed effectively, as well as risks to the socio-economic 
stability of affected communities. 
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The economic resettlement and livelihood restoration process for Sofia was managed by an experienced 
team from Senegal, Synergie Environnement (Synergie). Synergie prepared a comprehensive RAP, in 
accordance with Teranga’s Resettlement and Livelihood Restoration Policy and the IFC guidelines, the 
latter of which are widely recognized as setting international best practice in the management of 
resettlement and livelihood restoration processes. The RAP defined how the affected households would 
be resettled and their livelihoods restored, based on the development schedule of the Project and the 
results of a comprehensive planning and negotiations process that lead to the signature of the land 
compensation agreement for the Sofia haul road and its pits on March 3. 2020. 

In addition, employment opportunities and sustainable development initiatives supported by Teranga 
through its Corporate Social Responsibility program will continue to provide significant support for 
broad-based socio-economic growth in the area. 

The next steps are the completion of the second RAP that covers the NZ & CZ deposit and its haul road. 
It will also be an economical RAP only as the initial field survey as highlighted a minimal land usage in 
this area, and it is expected to be completed in Q3 2020. Following RAP finalization, individual 
agreements will be signed with each affected household, outlining their eligibility and entitlements in 
the economical resettlement and livelihood restoration process.  Agreements are expected to be signed 
starting as soon as the RAP has been finalized, in accordance with the Project’s development schedule. 

20.6 Rehabilitation and Mine Closure Plan 

The Rehabilitation and Mine Closure Plan (RMCP) will be reviewed as part of the next phase of the study 
and the closure and rehabilitation costs will be added into the existing SGO RMCP.  The overall goal is to 
combine Massawa and Sabodala deposit rehabilitation costs that have already been updated as part of 
the PFS into one comprehensive RMCP report. The main objectives will be the following: 

• Present a set of overarching principles and guidelines that the mine will follow in its approach
to closure and rehabilitation.

• Develop a closure strategy of all the components of the site considering the challenges
associated with mine water quality, restoration of disturbed lands, decommissioning, strategy
for socio-economic development, and security/closure safety.

• Provide a description of the implementation, management, site maintenance, and monitoring
of rehabilitation and closure activities to be undertaken from the execution phase of mine
closure onwards.

• Demonstrate that closure and rehabilitation will be managed in a manner that meets the
applicable environmental management standards and sustainable development objectives.

• Provide data on the company’s closure liabilities and assist in engaging with the regulator on
closure concepts and strategies.



Sabodala-Massawa 
Pre-feasibility Study 
National Instrument 43-101 Technical Report 
 
 
 

5139\16.04\5139-GREP-001_0 S20   
 

Page 20.23 
 

August 2020 
Lycopodium 

A preliminary conceptual RMCP was developed for the Massawa Project in 2018/2019 during the ESIA 
process, including a Closure Cost Assessment (CCA). These costs were reviewed in the PFS process to 
align with SGO’s CCA, the preliminary cost estimate is presented in Table 20.2.  

The following was undertaken: 

• Revision of the itemized costs for demolition, rehabilitation and environmental costs. 

• Updated infrastructure measurements based on the proposed reduction in infrastructure at 
Massawa. 

• Updated the demolition and rehabilitation rates to use compatible rates to SGO. 
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Table 20.2 Amended Environmental CCA Model for Sabodala-Massawa Project 

Area and Description End of life 

Sabodala (including Gora) 

D
ir

ec
t 

Co
st

s 

Infrastructure and Rehabilitation 

Buildings and Infrastructure  $    3 856 671 

Waste Rocks Dumps, Stockpiles  $   10 210 200 

Storage Facilities-Tailings, Rejects, Slimes  $    5 669 273 

Mining pits  $    2 183 901 

Water Management  $   162 029 

Roads and other disturbed areas  $   975 395 

Processing Plant  $    6 117 327 

Sub-total  $         29 174 796 

Contingency (10%)  $    2 917 480 

Sub-total  $         32 092 276 

In
di

re
ct

 C
os

ts
 

Monitoring and Maintenance 

Studies and Research  $   500 000 

Post Closure/Maintenance & Monitoring  $    2 375 398 

Owner Costs  $    4 950 823 

Sub-total  $      7 826 221 

Total Sobadala  $    39 918 497 

SGO-Massawa integration 

D
ir

ec
t 

Co
st

s 

Infrastructure and Rehabilitation 

Massawa Area 1: Open Pits  $   595 037 

Massawa Area 2: Roads  $   307 200 

Massawa Area 3: Offices  $   5 440 

Sabodala: Area 1: Plant Expansion Area  $    1 006 047 

SGabodala Area 2: Tailings Storage Facility (TSF)  $    5 541 940 

Sub-total  $      7 455 664 

Project Management (12%)  $   894 680 

Contingency (10%)  $   745 566 

Sub-total  $      9 095 910 

In
di

re
ct

 C
os

ts
 Monitoring and Maintenance 

Monitoring Costs (Groundwater and Surface water)  $    1 291 574 

Monitoring Costs (Vegetation)  $   15 245 

Maintenance Costs (Vegetation)  $   521 914 

Sub-total  $      1 828 733 

Total Sabodala-Massawa Integration  $     10 924 643 

GRAND TOTAL  $         50 843 140 
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The costs used to derive the overall closure costs were assembled by ERM in 2019, with the help of SGO 
staff in providing actual costs realized for the type of work required under the closure plan.  Costs that 
were new to SGO were obtained by ERM through similar projects in nearby projects or quotes from 
suppliers in the region.  Since then, an adjustment was made to the closure cost estimate to include the 
new reserve areas. The total environmental closure cost for the Project is approximately $50.8M.   

In addition to this environmental closure cost, there is an additional $15M for social closure costs as 
prescribed under Section 22.6 of the Sabodala Mining Convention, and as agreed with the Government, 
SGO will pay the Government of Senegal to account for social development costs at the closure of the 
mine.  
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21.0 CAPITAL AND OPERATING COSTS 

All capital and operating estimates are based on 2Q 2020 costs presented in US dollars (US$) unless 
otherwise noted. All estimates have an accuracy of ±25%. The following exchange rates were used for the 
cost estimates: 

• 1 AUD = 0.62 US$ 

• 1 Euro = 1.1 US$ 

• 1 CAD = 0.71 US$ 

• 1 CFA = 0.002 US$ 

 
21.1 Capital Cost Estimate 

The LOM capital costs are compiled based on the requirements to support the LOM production schedule 
as outlined in Section 16. Table 21.1 presents the LOM capital cost estimated on an annual basis and is 
separated between sustaining capital and development capital. The total LOM sustaining capital is $241M 
and the total development capital is $409M. 
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Table 21.1 Capital Cost Summary 

Total Capital Costs 
Units 
(M) 

LOM 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 

Sustaining  

Mining Equipment US$ 74 15 7 11 6 10 4 4 2 1 5 6 3 - - - - - 

Processing US$ 46 3 2 2 4 5 4 4 4 3 2 2 2 2 2 2 2 1 

G&A and Other  US$ 49 7 9 4 4 8 2 3 2 2 1 2 2 2 1 1 1 0 

TSF1 and TSF2 US$ 53 4 13 24 7 0 - - - - - 3 - - 2 - - -

Pit Dewatering US$ 19 - 5 4 4 4 2 - - - - - - - - - - -

Total Sustaining US$ 241 29 37 45 25 27 12 11 8 6 9 12 6 3 5 3 2 1 

Projects & Development 

UG Development US$ 102 - - - - - - - 24 23 9 2 1 9 18 10 4 1 

Massawa - Phase 1 US$ 37 29 8 - - - - - - - - - - - - - - -

Massawa - Phase 2 US$ 219 - 71 148 - - - - - - - - - - - - - -

Community Relocation US$ 50 8 30 12 - - - - - - - - - - - - - -

Total Development US$ 409 37 109 160 - - - - 24 23 9 2 1 9 18 10 4 1 

Sum of individual amounts may not equal due to rounding
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21.1.1 Mining 

Sustaining cost for the open pit mine consist primarily of replacing aged equipment. The total LOM 
replacement costs for the mining fleet is shown in Table 21.2. The current fleet is detailed in Section 16. No 
equipment to expand the fleet is purchased beyond 2020 and only replacement units are purchased for the 
remainder of the LOM schedule for a total LOM of $74.5M. The primary mining fleet replacement schedule 
is presented in Table 21.3.  

Table 21.2 Open Pit Mining Capital Summary 

Mine OP 
Capital Cost 

Unit 
(M) 

Total 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 

Equipment 
Replacement 

US$ 74.5 14.7 7.1 11.4 6.3 10.1 4.0 4.4 2.3 0.7 5.3 5.6 2.5 

Pit Dewatering US$ 19.3 0.0 5.3 4.0 3.8 4.2 2.0 - - - - - - 

Table 21.3 Primary Fleet Replacement Schedule 

Equipment Replacement Total 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 

Shovel 4 1 1 1 - 1 - - - - - - -

Excavator 8 2 1 1 1 - - - 1 - 1 1 - 

Haul Truck 20 - - 5 3 - 2 4 1 - 1 4 - 

Drill 12 6 - - - 2 - - - 1 3 - - 

Track Dozer 4 1 - - - 3 - - - - - - -

Wheel Loader 4 - 1 - 1 - 1 - - - - - 1

Grader 2 1 - - - - - - - - - - 1

Water Truck 3 - 1 1 - 1 - - - - - - -

As part of the PFS, the capital costs $19.3M associated to the perimeter wells, in-pit wells and sub-horizontal 
drains drilled into the pit wall were included for CZ, NZ and Delya. This information was based on the work 
competed by Barrick with Artois (Artois 2018). The Massawa pit in-flows prior to interception methods are 
close to the historic in-flows seen at Sabodala, with the exception of Central Zone. Once the majority of the 
in-flow has been intercepted at CZ (approximately 80%), the actual pit in-flows to be managed are within 
Sabodala’s historical range. 

The underground equipment and development capital accounts for all costs required to purchase the 
mobile equipment, fixed equipment, and develop the underground workings. This amount includes the 
preproduction and production periods. 

The total underground equipment and development capital expenditures for the LOM are estimated to be 
approximately $102.1M and presented in Table 21.4. Management will evaluate underground contract 
mining to potentially supply equipment in an effort to reduce capital costs prior to mining. 
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Table 21.4 Underground Mining Capital Summary 

Mine UG Capital Cost 
Unit 
(M) 

LOM 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 

Horizontal Development US$ 51.0 - 8.5 7.9 2.3 0.8 0.9 16.2 9.5 3.9 0.9 

Vertical Development US$ 5.4 - 1.1 1.0 0.1 - - 2.0 0.9 0.2 - 

Mine Equipment US$ 45.8 24.4 13.7 - - - 7.6 - - - - 

Total UG Capital Costs US$ 102.1 24.4 23.4 8.9 2.4 0.8 8.5 18.2 10.4 4.1 0.9 

21.1.2 General, Administration and Other Capital 

The general, administration and sustaining capital expenditures include all the necessary capital required to 
sustain the camp facilities, security and other general administration departments. The LOM estimation is 
based on the current annual costs and adjusted for the inclusion of Massawa deposits and facilities. 

The total administration and other sustaining capital expenditure for the LOM is approximately $48.8M and 
is made up of the following three items: 

1. Site general and administration.

2. Site mine general development.

3. Site other mine sustaining costs.

The total LOM site general and administration capital cost is $21.6M and is presented in Table 21.5. The 
breakdown of the annual site G&A costs are shown in Figure 21.1. 

Table 21.5 Site General and Administration Capital Summary 

Site 
G&A 

Unit    
(M) 

LOM 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 

Capex US$ 21.6 1.4 2.8 2.7 2.9 1.4 1.4 1.4 1.4 0.8 0.8 0.8 0.8 0.8 0.7 0.6 0.5 0.2 
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Figure 21.1 G&A Capex Breakdown by Area 

The costs associated to setting up new satellite deposits or re-entering pits that have phases deferred has 
been included in the site mine general development costs for a total LOM of $12.5M. These costs include 
road access, fencing, pads, and other temporary facilities. Small tools and other miscellaneous items for the 
site have been captured under other mine sustaining costs. The LOM total for this category is $14.7M. The 
annual details of this cost category is presented in Table 21.6. 

Table 21.6 Other Sustaining Capital Summary 

Other Capital Cost Unit 
(M) 

Total 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 

Site Mine Development US$ 12.5 0.2 5.1 - - 6.3 - 0.5 - 0.5 - - - - - - 

Other Mine Sustaining US$ 14.7 5.1 0.8 0.8 0.8 0.8 0.8 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.6 0.1 

21.1.3 Phase 1 and Phase 2 Massawa Development Capital 

The Massawa development capital expenditure requirement has been separated into two phases. Phase 1 
capital includes the development cost to access the free milling ore at the Sofia deposit, establishing the 
Massawa satellite camp, road development, plant upgrades and other satellite site requirements. Phase 2 
development includes the upgrades to the Sabodala plant to be able to process refractory ore, in essence 
construction of the ROT plant, as well as the power plant upgrades necessary to meet additional power 
requirements.  
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Phase 1 capital cost summary is present is Table 21.7. It should be noted that the item listed as “Process 
Lycopodium” is detailed and discussed in the process capital section of Section 21.1.5, along with Phase 2 
capital estimate. The majority of the Phase 1 capital will be in 2020, with a small portion of the plant capital 
in 2021. 

Table 21.7 Phase 1 Development Capital Cost 

Category Unit (M) LOM 

General Site US$ 6.0 
Mining US$ 4.9 

Process SGO US$ 1.2 
Process Lycopodium US$ 13.1 
Mine Development US$ 10.6 

Sustainability US$ 1.4 

Total US$ 37.2 

21.1.4 Process Plant 

The Phase 1 and Phase 2 process plant capital cost estimates were compiled by Lycopodium and are 
presented here in summary format.  The capital cost estimates reflect the Project scope as described in this 
Technical Report.     

The various elements of the Project estimate have been subject to internal peer review by Lycopodium and 
have been reviewed with Teranga for scope and accuracy. 

The Phase 1 and Phase 2 Process Plant capital costs are summarized in Table 21.8. 

The costs are broken down by area in Table 21.9. 

Table 21.10 summarizes the source of prices used in the estimate. 

All costs are expressed in US$ and based on Q2 2020 pricing.  The estimate is deemed to have an accuracy 
of +25%.   

An allowance of 15% of the project direct costs was made for owners costs related to management of the 
process plant engineering, procurement and construction. 

Process plant sustaining capital was incorporated as an allowance into the summary Table 21.1 and the 
financial model as a percentage of process capital costs. 
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Table 21.8 Process Plant Capital Costs 

Project Capital Area Phase 1 Phase 2 
US$M US$M 

Construction Indirects 0.9 22.9 
Process Plant Directs 6.1 88.3 
Power Station Expansion 12.9 
Management Cost (EPCM) 0.7 12.8 
Freight 0.6 11.3 
Spares, First Fills, Opening Stocks 4.0 
Other Project Costs 2.0 20.2 
Subtotal 10.2 172.3 
Contingency 1.8 30.3 

Total excl Owners Costs 12.1 202.6 
Owner’s Costs 1.0 16.9 

Table 21.9 Capital Estimate Summary by Area 

Discipline Phase 1 
US$M 

Phase 2 
US$M 

Phase 2 Power 
Station US$M 

Construction/ Contractor 
Indirects  

0.9 22.9 

Crushing and Stockpile 9.2 

Ore Milling and Classification 0.5 16.4 

Trash Screening 1.4 12.2 

Leach and Adsorption/ BIOX 1.5 31.5 

Desorption, Carbon 
Regeneration & Gold Room 

2.5 2.9 

Flotation Tails Thickening 1.3 

Refractory Plant Services 1.8 

Reagents 5.4 

Air Services 0.1 5.9 

Tailings Facility 0.2 

Water Treatment Plant 0.4 

Piperacks 1.1 

Power Station 12.9 

Indirects 3.3 37.2 11.2 

Contingency 1.8 26.0 4.3 

Grand Total 12.1 174.3 28.3 

Owner’s Project Costs 1.0 16.7 Included in 
indirects 



Sabodala-Massawa  Page 21.8 
Pre-feasibility Study 
National Instrument 43-101 Technical Report 

5139\16.04\5139-GREP-001_0 S21 August 2020 
Lycopodium 

Table 21.10 Supply Cost Source 

Classification Total Supply 
Cost 

US$M 

Allowance / 
Factored 

Estimated / 
Historical 

Pricing 

Budgetary 
Quote 

Phase 1 
A General 5.0 100% 
E Platework 0.4 100% 
F Mechanical 3.3 21% 63% 17% 
G Piping 0.4 100% 
H Electrical 0.6 48% 44% 8% 
J Instrumentation & Control 0.2 100% 
M Buildings & Architectural 0.1 100% 

Phase 2 
A General 0.2 35% 65% 
B Earthworks 0.1 100% 
C Concrete 4.7 100% 
D Steelwork 4.8 8% 92% 
E Platework 2.1 1% 99% 
F Mechanical 41.2 6% 16% 78% 
G Piping 6.0 95% 5% 
H Electrical 5.6 86% 10% 4% 
J Instrumentation & Control 3.0 77% 23% 
M Buildings & Architectural 1.7 48% 68% 
Power Station 
H Electrical 9.0 100% 
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21.1.5 TSF 

L&MGSPL provided quantities for the TSF1 and TSF2 development and associated works.  Rates, indirect 
costs and contingency were then applied by Lycopodium to derive the capital estimates. 

Construction costs by annual dry season are summarized in Table 21.11 below.  

Table 21.11 TSF Development Costs (US$M, Q2 2020, ±25%) 

 2020/21 2021/22 2022/23 2023/24 2030 2033 
TSF1 and associated works 7.6 7.1 14.0 0.3   
TSF2 and associated works  19.0   3.2 1.9 

 
21.1.6 Other Capital Expenditures 

The community relations section of the development capital expenditure consists entirely of the relocation 
cost of Sabodala village and the construction of the New Sabodala Village outside of the mining areas. The 
relocation of the village must occur prior to the mining of a portion of the Niakafiri trend deposit, more 
specifically the Niakafiri East and West deposits. A total of $50M will be spend between 2020 and 2022, with 
mining at Niakafiri starting in 2025 based on the current LOM schedule.  

21.2 Operating Cost Estimate 

A summary of the LOM operating costs are presented in Table 21.12. The total LOM operating cost is 
approximately $2,560M and ranges from $37M to $215M on an annual basis, with the higher costing years 
being the year the ROT plant is in operation.
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Table 21.12 Operating Cost Summary 

Operating Costs Unit (M) LOM 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 

OP Mining US$/t mined 2.6 2.8 2.5 2.9 2.7 3.0 2.9 2.4 2.3 2.4 2.2 2.4 2.4 2.2 2.4 3.1 - - 

UG Mining US$/t milled 72.2 - - - - - - - - 76.3 74.9 73.3 77.3 79.7 76.5 66.5 64.4 78.1 

Processing WOL US$/t milled 10.2 10.7 10.5 10.8 9.7 11.2 9.7 9.9 9.7 10.0 9.9 10.0 10.1 10.0 10.1 10.1 11.0 10.8 

Processing ROT US$/t milled 36.1 - - - 36.1 36.1 36.1 36.1 36.1 36.1 - - - - - - - - 

General & Admin. US$/t milled 4.0 5.0 5.3 5.2 3.9 4.0 3.9 4.0 3.9 3.7 4.2 4.2 4.2 4.2 3.6 3.1 2.7 2.3 

OP Mining US$ 1,158 103 100 107 94 103 95 71 68 72 67 71 72 66 59 10 - - 

UG Mining US$ 155 - - - - - - - - 7 22 26 20 7 13 24 25 12 

Processing WOL US$ 709 44 45 47 42 47 42 42 41 42 42 42 42 42 42 42 44 20 

Processing ROT US$ 234 - - - 43 43 43 43 43 18 - - - - - - - - 

General & Admin US$ 304 21 22 22 22 22 22 22 21 18 18 18 18 18 15 13 11 4 

Total Operating Costs US$ 2,560 168 167 176 201 215 201 178 174 156 148 156 152 133 129 90 79 37 
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The assumptions for HFO and LFO price used in the PFS was based on the current 2020 prices seen at 
Sabodala.  

• 2020 = HFO: $0.37 per litre and LFO: $0.70 per litre.

• 2021 onwards = HFO: $0.35 per litre and LFO: $0.65 per litre.

21.2.1 Mine Operating Cost 

The LOM open pit operating costs were calibrated to the current actual costs at Sabodala. The equipment 
fleet replacement schedule was forecasted based on the age of the fleet at the end of 2019. The Sabodala 
mine fleet will be used at the Massawa pits and will be operated as a satellite operation. Massawa ore 
material will be transported to the Sabodala plant by road truck. The ore long haul will be undertaken 
by the current contractor responsible for ore long haul at Sabodala since 2015.  

As the basis of estimate for the mining cost estimates for Massawa pits, the majority of the costs were 
based on the current Sabodala operation with adjustments made to additional satellite facilities, 
additional ore haulage and additional dewatering requirements at some of the Massawa pits.  

The total annual open pit mining cost and annual unit cost is presented in Table 21.13. The LOM average 
cost is $2.56/t mined. The long haul cost for the ore from the several deposits requiring additional 
haulage have been included in the annual mining costs presented.  
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Table 21.13 Open Pit Mining Operating Cost Summary 

Mine Operating Costs LOM 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 

Total Mine Opex (US$M) 1,158 103 100 107 94 103 95 71 68 72 67 71 72 66 59 10 

Unit Mine Opex ($/t Mined) 2.56 2.78 2.55 2.90 2.69 3.02 2.94 2.36 2.27 2.40 2.24 2.36 2.39 2.20 2.37 3.13 
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The total open pit mining cost is present by mining areas in Figure 21.2. It should be noted that the costs 
were primarily separated based on material types and deposit location to the plant. Items such as pit services, 
labour and department overheads were separated based on material movement. As a result, cost associated 
with additional pit dewatering at some of the Massawa pits were spread across the mining areas of a period. 

Figure 21.2 Open Pit Mine Annual Operating Cost by Deposit 

Figure 21.3 shows the unit mining cost broken down by cost area. The cost area with the largest variation is 
the hauling and is due to additional long haul requirements for the Massawa pits. Other cost variations are 
due to material types, mining location and the age of the various production equipment of the specific 
period.  
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Figure 21.3 OP Annual Mine Unit Operating Cost by Area 

The underground mining costs were estimated based on first principles, sourcing budgetary quotes, 
evaluating cost databases, and assessing comparable projects. The costing was based on the mining study 
completed by RPA (RPA 2015). Table 21.14 shows the LOM summary of the underground mining costs. The 
LOM average cost is $72.23/t ore mined. Figure 21.4 shows the underground mining cost broken down by 
the cost areas. 

Table 21.14 Underground Mining Operating Cost Summary 

UG Mine 
Operating Costs 

Unit 
(M) 

LOM 
2020- 
2027 

2028 2029 2030 2031 2032 2033 2034 2035 2036 

Total UG Mine Opex US$M 155.3 Nil 7.2 21.6 25.6 19.8 7.1 12.8 24.4 24.6 12.1 

Unit UG Mine Opex 
US$/t 
Milled 

72.23 Nil 76.30 74.94 73.32 77.25 79.72 76.46 66.49 64.35 78.11 
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Figure 21.4 Underground Annual Operating Cost by Area 

 
Source: Teranga Gold Corporation 

 
21.2.2 General and Administration Operating Costs 

The general and administration (G&A) costs consist of the material and personnel costs related to the mine 
infrastructure and site administration. Items included are camp facilities, security, and other general 
administration departments.  The costs are based on the current actual costs at Sabodala and adjusted for 
the additional footprint. Additional consideration was given for the Massawa deposits and the Massawa 
camp being used.  Near the end of the mine life, the G&A is scaled back to only the necessary items and to 
also reflect the ongoing nationalization of many administration positions.  The LOM average G&A cost is 
$18.5M per year, including refining and freight and by-product credits, and is presented in Table 21.15. The 
higher cost years reflect the years Massawa deposits are being mined. Figure 21.5 shows the G&A costs 
broken down by the cost areas. It should be noted that the proportions used in the chart is based on the 
costs in 2020 to 2023.  
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Table 21.15 Site General and Administration Operating Summary 

Site G&A 
Unit 
(M) 

LOM 
AVG 

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 

G&A US$ 17.4 19.6 21.0 21.0 20.0 20.0 20.0 20.0 20.0 16.9 16.9 16.9 16.9 16.9 14.4 12.2 10.4 4.2 
Refining and Freight US$ 1.0 0.9 1.4 1.4 1.6 1.6 1.6 1.6 1.3 0.7 0.69 0.7 0.7 0.7 0.7 0.7 0.5 0.2 

Total Site G&A US$ 18.5 20.6 22.4 22.4 21.6 21.6 21.6 21.6 21.3 17.6 17.6 17.6 17.6 17.6 15.0 12.9 10.9 4.4 
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Figure 21.5 G&A Operating Cost Breakdown by Area 

21.2.3 Process Plant Operating Cost Summary 

Process plant operating costs have been developed by Lycopodium with input from Teranga based on 
treatment rates of 4.0 Mtpa for the WOL plant and 1.2 Mtpa for the ROT plant.  Both plants are scheduled 
to operate 24 h/d, 365 d/y with a 91.3% plant utilization (nominal 8,000 h/y) and a target P80 grind size of 
90 µm. 

The operating cost estimate has been compiled from a variety of sources.  The WOL plant operating cost 
estimate is based on the operating cost of the current Sabodala operation.  The current Sabodala WOL plant 
operating cost is US$ 10.25/t ore.  The ROT operating costs have been developed using a template prepared 
to reflect that plant but using some inputs, for example labour rates and reagent unit costs, from the current 
operation. 

Operating costs are presented in United States Dollars (US$) to an accuracy of ±30% and are based on Q2 
2020 unit pricing.  The process plant operating costs for the facilities are summarized in Table 21.16
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Table 21.16 Process Plant Operating Cost Summary 

COST CENTER 

Phase 1 Phase 2 

WOL 
US$M/year 

WOL 
US$/t ore 

WOL 
US$M/year 

WOL 
US$/t ore 

ROT 
US$M/year 

ROT 
US$/t ore 

Existing Sabodala Operation 
Operating Consumables 8.2 2.04 8.2 2.04 - - 
Plant Maintenance 5.5 1.38 5.5 1.38 0.2 0.15 
Laboratory 0.3 0.08 0.3 0.08 - - 
Power 12.5 3.12 12.5 3.12 0.0 0.03 
Labour 14.5 3.63 10.9 2.73 3.6 3.03 

Subtotal 41.0 10.25 37.4 9.35 3.8 3.21 
Phase 1 – WOL Plant Upgrades 

Operating Consumables 5.4 1.35 5.4 1.35 
Plant Maintenance 0.2 0.04 0.2 0.02 
Laboratory - - - - 
Power 1.0 0.25 1.0 0.25 
Labour 0.0 0.01 0.0 0.01 

Subtotal 6.6 1.65 6.6 1.65 
Phase 2 – ROT Plant 

Operating Consumables 18.2 15.21 
Plant Maintenance 6.0 5.01 
Laboratory 0.7 0.55 
Power 12.9 10.79 
Labour 1.6 1.30 

Subtotal 39.4 32.86 
TOTAL 47.6 11.91 44.0 11.00 43.3 36.07 
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For Phase 1 of the Project, the process plant operating cost is estimated at US$11.91/t ore.  For Phase 2 
of the Project, the plant operating costs for WOL and ROT are estimated at US$11.00/t ore and 
US$36.07/t ore respectively.   

Process Plant Power 

The power requirement for the process plants is based on the electrical load list.  A power unit price of 
USD 0.114/kWh is used and reflects the current Sabodala power cost at the agreed Project HFO price.  A 
summary of the power cost for the WOL and ROT plants is tabulated below in Table 21.17. 

Table 21.17 Process Plant Power Cost Summary 

Plant Area 

Power Cost 

WOL 
US$/t ore 

ROT 
US$/t ore 

Existing Sabodala Operation 
Crushing Plant 0.09 0.03 
Rest of Process Plant 3.03 - 

Phase 1 – WOL Plant Upgrades 
WOL Upgrades 0.25 - 

Phase 2 –ROT Plant 
ROT Plant - 10.79 

TOTAL 3.37 10.82 

Source: Lycopodium, May 2020 

Process Plant Operating Consumables and Reagents 

The consumable and reagent consumption requirements for the WOL and ROT process plants are based 
on existing Sabodala operation, crushing and grinding data, testwork consumption rates and industry 
standards for minor items.  Pricing for reagents and consumables are based on current cost information 
from the Sabodala operation, budget quotations received from suppliers and Lycopodium’s database for 
minor items. The consumable cost by plant area is summarized below in Table 21.18. 
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Table 21.18 Process Plant Consumables and Reagents Cost Summary 

PLANT AREA CONSUMABLES COST 

WOL 
US$/t ore 

ROT 
US$/t ore 

Existing Sabodala Operation 2.04 - 
Phase 1 – WOL Plant Upgrades 1.35 - 
Phase 2 – ROT Plant 

Consumables - 3.53 
Reagents - 11.31 
Others - 0.36 

TOTAL 3.39 15.21 

Source: Lycopodium, May 2020 

Process Plant Labour 

Labour rates were provided by Teranga and Project costs are based on developed organizational charts 
structured in a similar way to the current site operations.  The Sabodala operation runs on 12-hour shifts 
with four rotating shift crews.  Labour rates are based on skill level and are structured to reflect a base 
salary and the required overhead and other allowances.  25% of the current management / overhead 
labour cost from the existing operation is allocated to the ROT plant once it comes on-line to reflect 
labour shared between both plants.  Three new employees are required for Phase 1 (WOL) upgrades and 
83 new employees are required for the operation of the ROT plant.  The labour cost is summarized below 
in Table 21.19. 

Table 21.19 Process Plant Labour Cost Summary 

PLANT AREA CONSUMABLES COST 

Phase 1 
WOL 

US$/t ore 

Phase 2 
WOL 

US$/t ore 

Phase  2 
ROT 

US$/t ore 

Existing Sabodala Operation 3.63 2.73 3.03 
Phase 1 – WOL Plant Upgrades 0.01 0.01 - 
Phase 2 –ROT Plant 

Mill Operations - - 0.53 
Mill Maintenance - - 0.49 
Mill Technical Services - - 0.28 

TOTAL 3.64 2.74 4.33 
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ource: Lycopodium, May 2020 

Process Plant Maintenance 

The maintenance cost for the processing plants excludes both the labour component and major wear 
parts such as mill liners that covered under Consumables. Costs are based on a combination of the 
current Sabodala costs and industry standard factors based on equipment capital costs.  The maintenance 
cost is summarized in Table 21.20.  The cost includes allowances for new plant mobile equipment. 

Table 21.20 Process Plant Maintenance Cost Summary 

PLANT AREA 

CONSUMABLES COST 

WOL 
US$/t ore 

ROT 
US$/t ore 

Existing Sabodala Operation 1.38 0.15 
Phase 1 – WOL Plant Upgrades 0.04 - 
Phase 2 – ROT  Plant - 5.01 
Mobile Equipment - 0.04 
General - 0.15 
TOTAL 1.42 5.35 

Source: Lycopodium, May 2020 

Exclusions 

The process plant operating costs make no allowance for the following: 

• Teranga head office / corporate / site overhead costs.

• Sunk costs.

• Project financing costs.

• Impact of foreign exchange rate fluctuations.

• Escalation from the date of the estimate.

• Contingency.

• ROM pad rehandling costs.
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• License fees and royalties.

• Withholding taxes and other taxes.

• Tailings storage costs, including future lifts and rehabilitation.

• Government monitoring / compliance costs.

• Costs associated with areas beyond the battery limits of the PFS.
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22.0 ECONOMIC ANALYSIS 

A cash flow projection has been generated from the LOM production schedule and capital and operating 
cost estimates, and is summarized in Table 22.1.  A summary of the key criteria is provided below. 
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Table 22.1 Cash Flow Summary 

LOM Cash Flow Summary Unit LOM 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 

Production koz 4,285 245 359 360 400 400 400 400 320 173 173 173 173 173 173 173 133 56 - 

Gold Price $/oz 1,600 1,600 1,600 1,600 1,600 1,600 1,600 1,600 1,600 1,600 1,600 1,600 1,600 1,600 1,600 1,600 1,600 1,600 - 

Revenue USDM 6,859 395 575 576 640 640 640 640 512 277 277 277 277 277 277 277 213 89 - 

Total Cash Cost (3) USDM 2,921 177 196 205 235 257 240 210 200 170 163 171 168 149 144 105 90 41 - 

Sustaining Capex USDM 254 41 37 45 25 27 12 11 8 6 9 12 6 3 5 3 2 1 - 

Regional Administration USDM 34 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 1 - 

All-in Sustaining Costs (AISC) USDM 3,209 221 234 252 262 286 255 223 210 178 173 185 176 155 151 110 95 43 - 

All-in Sustaining Costs (AISC) (3) $/oz 749 893 652 699 655 715 637 558 656 1,028 1,003 1,069 1,017 894 875 633 711 779 - 

Development Capex USDM 409 37 109 160 - - - - 24 23 9 2 1 9 18 10 4 1 - 

Franco-Nevada Gold Stream (4) USDM 140 14 12 12 12 12 12 12 12 12 12 12 9 - - - - - - 

Cash Flow Before Taxes,  
 Mine Closure and Other 

USDM 3,101 124 220 153 366 342 374 405 266 64 83 78 91 114 107 157 114 45 - 

Taxes, Mine Closure, and Other (5) USDM 664 41 41 70 65 68 61 68 73 47 11 12 9 10 16 13 15 43 1 

Net Cash Flow USDM 2,438 83 179 83 301 275 312 337 193 17 71 65 82 104 91 144 99 2 (1) 

Minority Interest USDM 228 - - 10 8 30 27 31 34 19 2 7 7 8 10 9 14 10 0 

Cash Flow After Minority Interest USDM 2,210 83 179 73 293 245 285 306 159 (2) 70 58 76 96 81 135 84 (8) (1)
(1) Excludes any capitalized deferred stripping adjustments beyond 2020
(2) Royalties include Government of Senegal royalties on total production
(3) Total cash costs per ounce and all-in sustaining costs per ounce are non-IFRS financial measures and do not have a standard meaning under IFRS. Total cash costs per ounce and all-in sustaining costs/oz are before
cash/non-cash inventory movements and amortized advanced royalty costs, and excludes allocation of corporate overheads. Please refer to non-IFRS Performance Measures.
(4) The Franco-Nevada Gold Stream assumes a fixed number of gold ounces
payable each year until Q3 2031
(5) Taxes, mine closure and other includes income taxes paid to the Government of Senegal, government social fund,  initial $15 M payment in 2020 related to an advance royalty for future Massawa production, working
capital, closure cost payments, and plant residual value.  Sustainability costs and exploration costs are not included.
*Sum of individual amount may not equal due to rounding.
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22.1 Economic Criteria 

22.1.1 Production 

• The LOM is approximately 16.5 years, ending mid-year 2036. 

• Total production is 75.8 Mt, at a grade of 1.98 g/t Au.  

• Average metal recovery of 89% Au.  

• Total recovered metal of 4.3 Moz Au.  

22.1.2 Revenue 

• Cash flow metal price: US$1,600 per ounce gold.  

• Total payable metal of 4.3 Moz Au.  

• LoM net cash flow of $2,210 million after minority interest. 

22.1.3 Costs 

• Project and Development capital totals $409M, including $257M related to Massawa Phase 1 
and Phase 2, $102M related to underground development and $50M for community relocation.  

• Sustaining capital of $241M.  

• Average unit operating costs over the mine life: 

- Open Pit Mining    $2.6/t mined 

- Underground Mining $72.2/t mined 

- Processing WOL  $10.2/t milled 

- Processing ROT  $36.1/t milled 

- General and Admin   $4.0/t milled 

• Government of Senegal royalties on total production total $373M. 

• Regional administration costs total $34M. 
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• Franco Nevada stream $140M.

• Advance royalty for future Massawa production $15M paid in H1 2020.

• Income taxes paid to the Government of Senegal, government social fund, working capital,
closure cost payments, and plant residual value $664M.

• Minority interest $228M.

22.1.4 Non-IFRS Measures 

The Teranga (the Company) has included non-IFRS measures in this document, including total cash costs, 
total cash costs per ounce, AISC, and AISC per ounce. The Company believes that these measures, in 
addition to conventional measures prepared in accordance with IFRS, provide investors an improved 
ability to evaluate the underlying performance of the Company. The non-IFRS measures are intended to 
provide additional information and should not be considered in isolation or as a substitute for measures 
of performance prepared in accordance with IFRS. These measures do not have any standardized 
meaning prescribed under IFRS, and therefore may not be comparable to other issuers. Total cash costs 
figures are calculated in accordance with a standard developed by The Gold Institute, which was a 
worldwide association of suppliers of gold and gold products and included leading North American gold 
producers. The Gold Institute ceased operations in 2002, but the standard is considered the accepted 
standard of reporting cash cost of production in North America. Adoption of the standard is voluntary 
and the cost measures presented may not be comparable to other similarly titled measure of other 
companies. Total cash cost per ounce sold is a common financial performance measure in the gold 
mining industry but has no standard meaning under IFRS. The Company reports total cash costs on a 
sales basis. We believe that, in addition to conventional measures prepared in accordance with IFRS, 
certain investors use this information to evaluate the Company’s performance and ability to generate 
cash flow. Accordingly, it is intended to provide additional information and should not be considered in 
isolation or as a substitute for measures of performance prepared in accordance with IFRS. The measure, 
along with sales, is considered to be a key indicator of a Company’s ability to generate operating profits 
and cash flow from its mining operations.  
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Beginning in the second quarter 2013, we adopted an AISC measure consistent with the guidance issued 
by the World Gold Council (WGC) on June 27, 2013, of which Teranga became a member on November 
27, 2018. The Company believes that the use of AISC is helpful to analysts, investors and other 
stakeholders of the Company in assessing its operating performance, its ability to generate free cash flow 
from current operations and its overall value. This measure is helpful to governments and local 
communities in understanding the economics of gold mining.  AISC is an extension of existing “cash cost” 
metrics and incorporate costs related to sustaining production. The WGC definition of AISC seeks to 
extend the definition of total cash costs by adding corporate general and administrative costs, 
reclamation and remediation costs (including accretion and amortization), exploration and study costs 
(capital and expensed), capitalized stripping costs and sustaining capital expenditures and represents the 
total costs of producing gold from current operations. AISC excludes income tax payments, interest costs, 
costs related to business acquisitions and items needed to normalize profits. Consequently, this measure 
is not representative of all of the Company’s cash expenditures. In addition, the calculation of AISC does 
not include depreciation expense, as it does not reflect the impact of expenditures incurred in prior 
periods. Therefore, it is not indicative of the Company’s overall profitability. Life of mine total cash costs 
and AISC used in this document are before cash/non-cash inventory movements and amortized 
advanced royalty costs, and exclude any allocation of corporate overheads. Other companies may 
calculate this measure differently.  

For more information regarding these measures, please refer to Teranga’s Management’s Discussion and 
Analysis for the three and six months ended June 30, 2020 accessible on the Company’s website at 
www.terangagold.com. 

22.2 Cash Flow Analysis 

The undiscounted life of mine cash flow at a $1,600/oz gold price, after tax and after minority interest, 
totals $2,210M.The NPV’s sensitivity to gold price is presented in Table 22.2. The average annual gold 
production during the next 10 years of operation (2021-2030) is 315,000 ounces per year and average 
all-in sustaining costs (AISC) are US$715/oz. 

Table 22.2 NPV Sensitivities (US$M) 

Gold Price US$/oz $1,500 $1,600 $1,700 $1,800 

After-tax NPV 0% $2,133 $2,438 $2,742 $3,046 

After-tax NPV 5% $1,550 $1,777 $2,004 $2,231 

After-tax after minority interest NPV 0% $1,936 $2,210 $2,484 $2,758 

After-tax after minority interest NPV 5% $1,416 $1,622 $1,827 $2,033 
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22.3 Taxation and Royalties 

22.3.1 Royalties 

A royalty of 5% is payable to the Republic of Senegal based on the value of gold shipments. 

22.3.2 Corporate Income Tax 

The Sabodala-Massawa Project is subject to federal income tax rate of 25%. 

22.4 Other Consideration 

22.4.1 Social Fund 

Massawa ounces are subject to 0.5% social fund contribution levy to assist local communities in 
developing new sustainable economic activities. 

22.4.2 Waivers 

Pursuant to the completion of the acquisition of Massawa, SGO was required to make an initial payment 
totalling $15 million related to the waiver of the right for the Republic of Senegal to acquire an additional 
equity interest in the Massawa project. An additional payment will become due when the actual 
cumulative production from Massawa, net of mining royalties, multiplied by SGO’s weighted average 
gold prices and by 1%, exceeds the initial payment.  This additional payment has been included within 
royalties. 

22.4.3 Working Capital Changes 

The current economic model considers in its cash flow estimates the opening balances for inventories, 
accounts payable and accounts receivable. 
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22.4.4 Franco Nevada Stream 

In 2014, Teranga completed a Gold Stream transaction with Franco Nevada. Due to the Massawa 
acquisition and the resulting commingling of Massawa ore with Sabodala ore, a commingling plan was 
put in place and Teranga agreed with Franco Nevada to deliver a fixed number of ounces during a fixed 
delivery period on future gold production. As the revised mine plan for Sabodala-Massawa prioritized 
processing of ore mined from the Massawa deposits and Franco-Nevada was not to be disadvantaged 
by any such commingling or displacement of Sabodala ore, the Company and Franco-Nevada are in 
advanced discussions on a proposed fixed delivery schedule of 783.33 ounces per month up to October 
31, 2031 (the "Fixed Delivery Period"). This proposed fixed delivery schedule was based on the expected 
total number of gold ounces that would have been delivered to Franco-Nevada calculated solely on a 
Sabodala standalone life of mine plan 

22.4.5 Closure 

Reclamation and closure assume $5M, the majority at the end of mine life. 

22.4.6 Salvage Value 

Salvage value of $25M was estimated on the NI 43-101 on August 30, 2017, it remains the same for this 
update. 

22.4.7 Minority Interest 

The Senegalese Government has a 10% free carried interest in Sabodala-Massawa. 

22.4.8 Value Added Tax 

In February 2016, Teranga received an exemption for the payment and collection of Value Added Tax 
(VAT). This VAT exemption is governed by an amendment to the existing mining convention and is 
enforceable for six years, expiring on May 2, 2022.  

Further, SGO applied for and was approved for qualification under a free export enterprise (EFE) 
investment program in Senegal, and on November 16, 2018, SGO was granted EFE status, which 
guarantees SGO an exemption from customs duties, including parafiscal levies, business tax, registration 
fees as well as 3% employer payroll tax until October 15, 2021. Even with the exemption from business 
tax under EFE, Sabodala is committed to voluntarily contribute an annual amount of $1.2M to support 
local communities around the Sabodala mine. 
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23.0 ADJACENT PROPERTIES 

There are no other mining properties in the adjacent area. 
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24.0 OTHER RELEVANT DATA AND INFORMATION 

24.1 Project Development Schedule 

The acquisition of Massawa presents both short term and medium term opportunities. These are being 
addressed with a two phased approach to the development. 

24.1.1 Short Term: Phase 1 

In the short term, early development of the Sofia open pit will provide relatively high grade free-milling 
feed to the existing Sabodala WOL plant, displacing lower grade material which was scheduled for 
treatment. Although the WOL plant is capable of treating limited quantities of higher grade ores ‘as-is’ it 
requires modifications to effectively treat larger quantities due to the higher grade and nature of the 
gold in the Massawa deposits. 

This work has already commenced with engineering and procurement in progress as this report is being 
published. This will ensure that the WOL plant is optimized for the treatment of higher grade ores from 
the Massawa property after Q2 2021. 

24.1.2 Medium Term: Phase 2 

In the medium to long term, the impact on the Sabodala operation of mining the Massawa ores will be 
twofold. First, some of the Massawa ores are refractory and will require treatment by a different process. 
In addition, the extra reserves sourced from the Massawa pits results in an increase in the total tonnage 
treated life of mine, requiring more tailings storage capacity. Although previous owners of the Massawa 
properties have completed both Pre-feasibility and Feasibility Studies based on the treatment of 
refractory ore it is considered prudent to undertake a further full Feasibility Study for the project as it is, 
integrated with the Sabodala operation. This will lock down the scope of the project, develop appropriate 
capital and operating costs and provide a documented basis for an investment decision to be made. 

The preliminary schedule for Phase 2 of the project is as follows: 

• Undertake Phase 2 optimization studies: Q3/Q4 2020.

• Award Feasibility Study contracts: Q4 2020.

• Complete Feasibility Study: Q3 2021.

• Award Front End Engineering & Design / EPCM contracts: Q3 2021.

• First ore to ROT plant: Q1 2023.
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25.0 INTERPRETATION AND CONCLUSIONS 

25.1 Geology and Exploration 

Through the acquisition of Massawa, Teranga has developed the Sabodala-Massawa Project into a top-
tier Birimian gold complex.  The Project is comprised of two mine licenses totalling approximately 611 
km2, and a combined regional exploration land package of approximately 915 km2, that includes 
approximately 78 kms of the highly prospective Sabodala-Sophia and MTZ regional structures, plus 
several other second and third order structures known to host gold mineralization.  There is excellent 
exploration potential remaining on the Property.  A significant exploration budget is warranted. 

Gold mineralization is hosted within typical ductile/brittle shear zones in Birimian-age meta-volcanic and 
meta-sedimentary rocks of the Kedougou-Kenieba-Inlier, West African craton. 

The geological work to date including data collection, analysis, and verification, is of good quality and 
the results are suitable for the estimation of Mineral Resources.  

There is a succession of targets / deposits in the "pipeline" and it will be important to continue to rank 
and upgrade these. There is significant potential add to the Mineral Resources with the current 
exploration program. 

25.2 Mineral Resources 

The Measured and Indicated Mineral Resources as of December 31, 2019 inclusive of Mineral Reserves 
are estimated to total 104.8 Mt grading 2.05 g/t Au for 6.9 million ounces of gold.  In addition, a total of 
26.1 Mt of Inferred Resources are estimated at a grade of 2.19 g/t Au for 1.8 million ounces of gold.  
These estimates include both the open pit and underground Mineral Resources for the Sabodala and 
Massawa Mine Licenses and Sabodala regional exploration permit.   

The combined Mineral Resource, estimated using 25 separate block models, are hosted on either the 
Sabodala-Sophia regional structure, the MTZ structure, or the second and third order structures located 
in the structural corridors adjacent to and between the two major structures. 

The Sabodala and Massawa Mining Licenses each host approximately half of the six million ounces 
reported as open pit Measured plus Indicated Mineral Resources.  The grade of the open pit Measured 
and Indicated Resources located on the Massawa mine license is significantly higher, at 3.43 g/t Au, as 
compared to the Measured and Indicated Resource grade on the Sabodala mine license.  Massawa 
Central Zone and North Zone combined, hosts an M+I open pit resource of 17.9 Mt at an average grade 
of 3.96 g/t Au for 2.3 million ounces of gold. 
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For reporting of open pit Mineral Resources, open pit shells were produced for each of the resource 
models using Whittle open pit optimization software. Only classified blocks greater than or equal to the 
open pit cut-off grades and within the open pit shells were reported. Operating parameters for the 
optimizations and cut-off grade estimates were based on geotechnical recommendations, site operating 
experience, production data and life-of-mine planning. This is in compliance with CIM (2014) resource 
definition requirements. 

For reporting of underground Mineral Resources, only classified blocks greater than or equal to the 
underground cut-off grade outside of the open pit shells were reported. For the underground resource 
estimates at Sabodala and Massawa NZ, it was determined by visual examination that sufficient mining 
width and continuity existed within the resource wireframes at the estimated cut-off grades for the 
purpose of estimating underground resources. In addition, Deswik Stope Optimizer software was used 
to generate wireframe models to constrain blocks satisfying minimum size and continuity criteria, which 
were used for reporting Sabodala underground Mineral Resources. This is in compliance with CIM (2014) 
resource definition requirements. 

Mining reconciliation results from January 1, 2017 to December 31, 2019 inclusive, indicate that above 
the reported Mineral Reserve cut-off grade of 1.0 g/t Au, the actual mined portion of the grade control 
models report 43% higher tonnes, 4% lower grade and 37% higher ounces compared to the Proven and 
Probable Reserves.  This overall positive correlation can be attributed to wider mineralized zones with 
higher grades delineated with closer spaced grade control drilling at Golouma South, Golouma West and 
Kerekounda. 

A comparison of the combined grade control models (including the actual mined and stockpiles) to mill 
feed from January 1, 2017 to December 31, 2019 inclusive, indicate that at a cut-off grade of 1.0 g/t Au, 
the grade control models report no variance in tonnes, 2% higher grade and 2% higher ozs. 

Overall, quarterly and yearly reconciliations of Mineral Reserve models, production grade control, and 
mill feed for operating pits on the Sabodala Mining concession indicate that the mineral resource and 
mineral reserve estimation processes and results are suitable, reasonably accurate, and unbiased.  
Teranga has established a system whereby discrepancies identified in the monthly reconciliation are 
immediately investigated, to identify the source of the discrepancies and determine remediation 
procedures as quickly as possible. 

25.3 Mining 

The Proven and Probable Reserves as of December 31, 2019 are estimated to total 75.8 Mt grading 1.98 
g/t Au for 4.8 million ounces of gold. These estimates include both the open pit and underground Mineral 
Reserves for the Sabodala and Massawa Mining Licenses.   

Open Pit mineral reserve cut-off grades range from 0.41 g/t to 0.61 g/t Au for oxide, 0.47 g/t to 0.79 g/t 
Au for fresh rock and 1.39 g/t to 1.41 g/t Au for refractory ore, based on a $1,250/oz. gold price 
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Underground mineral reserve cut-off grades range from 2.3 g/t to 2.6 g/t Au based on a $1,200/oz gold 
price. 

The total mining dilution ranges from 5% to 20% and the mining recovery ranges from 90% to 95% 
depending on the deposit and mineralization type. The open pit mining dilution and mining recovery 
has been incorporated into the mineral reserves. 

In terms of total reserve ounces, the Sabodala Mining License holds 45% of the ounces and the Massawa 
Mining License holds the remaining 55% of the ounces. 

Regular reconciliations of Mineral Reserve models, production grade control, and mill feed for operating 
pits on the Sabodala Mining License indicate that the mineral reserve estimation parameters and results 
are reasonably accurate. 

The LOM schedule uses starter phase pits, where possible, to allow for the best sequence for maximum 
NPV. The starter pits were selected in the areas where higher grade ore is located with minimal stripping. 

The underground mine construction begins in year 2027, with ore production in 2028. The open pit 
mining ends in year 2034 and the remaining LOM comprises mining from the underground and stockpile 
reclaim.   

The Massawa ore, as part of the mill feed, starts in 2020 H2 and continues until 2028 mid-year. The 
Massawa ore is fed in two phases, with the first being WOL material in 2020, followed by WOL material 
and the ROT material in 2023, when the ROT plant is commissioned. The current LOM schedule has the 
ROT material exhausted in approximately 5.5 years in mid-2028. 

The LOM schedule is approximately 16.5 years, ending mid-year 2036.  The average gold production for 
the first five years (2021-2025) is 384,000 oz. The variable annual milling rate is the result of the mill feed 
material blend and mill upgrades planned. 

25.4 Processing and Infrastructure 

Acquisition of Massawa, in the short term, provides a source of significant quantities of ore, suitable for 
treatment through the Sabodala WOL plant, but at significantly higher grades than the ores available 
from the existing pits. Only modest modifications and additions are required to the WOL plant to 
optimize that plants capability to treat the Massawa ores. These modifications have been identified and 
costed and work is underway to implement them (the Phase 1 project). 

The existing water supply, power supply and general mine infrastructure is adequate to support the 
ongoing WOL operations. Further development of the tailings storage facilities is required and this has 
been scoped and costed. 
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In 2023 development of the pits on the Massawa properties will provide access to high grade ores that 
are refractory in nature. Extensive past testwork has determined these can be treated by flotation and 
biological oxidation (BIOX). The addition of a refractory ore treatment (ROT) circuit based on BIOX 
technology has been scoped and costed, as have the additions to the site infrastructure required to 
support the ROT development (the Phase 2 project). Some further work is needed to investigate identified 
opportunities and develop the project scope and costs to a feasibility level of confidence. This work, 
followed by a timely investment decision should see the ROT plant in operation in Q1 2023. 

25.5 Environment, Social and Permitting 

Several species of special concern, including the Western Chimpanzee, have been confirmed to be 
present in the region of the project area. Continued studies are being undertaken to determine the 
chimpanzee communities, number of individuals and the respective core and home ranges. These studies 
will determine the mitigation and management measures required as part of a Biodiversity Management 
Plan. 

The importance of the role of the riparian forests in the Project area, as well as downstream protected 
areas, providing habitat for wild mammals, particularly chimpanzees, imposes the need to avoid and 
minimise any potential water quality and quantity impacts.  

The potential impacts associated with water management were significantly reduced through eliminating 
the need for some major infrastructures like the diversion dam and the TSF. The remaining impacts will 
be fully covered in the updated ESMP and the associated hydrological studies.   

The project development is expected to result in the economic displacement of households for both 
Sofia and NZ & CZ. A RAP was completed for Sofia and lead to the signature of the land compensation 
agreement for the Sofia haul road and its pits on March 3, 2020. The next steps are the completion of 
the second RAP that covers the NZ & CZ deposit and its haul road as well as the implementation 
comprehensive resettlement and livelihood restoration process to mitigate, manage, and compensate 
for these displacement impacts, and to ensure the safety and wellbeing of nearby residents during mine 
development and operation.  

The project is expected to create job opportunities for local communities, assist in social upliftment 
through community based projects and skills development as well as contribute to formalising mining 
activities in the area in a manner that exercises duty of care to the natural and social environment.  

The project is likely to result in environmental and social impacts associated with potential population 
influx resulting in increased pressure on natural resources and increased associated social ills in the local 
area. An overall ESMP that is practical and effective in minimizing the impact of the Project is currently 
being updated concomitantly with a monitoring program to better cover all project extensions, including 
Niakafiri, Goumbati-Kobokoto and Sabodala-Massawa. 
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25.6 Predicted Project Economics 

Life of mine (LOM) sustaining capital for the Sabodala-Massawa Project totals $241M, which equates to 
approximately $15Mpa, and includes mobile fleet upgrades and replacements, road construction, TSF 
lifts and general sustaining capital in support of mining, processing and general and administrative 
functions. 

LOM development capital for the Project totals $409M. Massawa phase 1 totals $37M and phase 2 totals 
$219M. The balance of development capital is for the Sabodala village relocation as well as underground 
development, not scheduled until 2027 under the current LOM plan. 

Average LOM operating costs for mining of $2.56/t mined were estimated using the current Sabodala 
fleet and personnel costs, with incremental costs included for the expanded footprint, additional ore haul 
and additional dewatering costs for some of the Massawa Project pit areas. 

Processing costs were estimated using current costs, future operating assumptions, metallurgical test 
results, quotations from suppliers in the existing price environment and consultant recommendations. 
For WOL processing, the throughput rate is expected to average 4 Mtpa at an average cost of $10.23/t 
milled. For ROT processing, at a throughput of 1.2 Mtpa costs are estimated to average $36.07/t milled 
based on the design criteria developed for the PFS.  

General and administrative costs average $4.00/t milled, LOM, and consist of site office costs, insurance, 
financial costs (banking charges, legal fees, etc.), refining and transportation costs and personnel costs. 

Over the estimated 16.5 years LOM, using a gold price of $1,600/oz., the project produces an 
undiscounted NPV of $2,210M on an after tax basis and an AISC of $749/oz (NPV5% of $1,622M after-
tax). 

25.7 Other Opportunities 

25.7.1 Power Station 

The current costed plans to expand the site power station in time to support commissioning of the ROT 
plant are based on the addition of a further three 8.15 MVA Wartsila generators.  There is an opportunity 
to reduce the capital cost of the expansion by installing two rather than three additional units. There is 
also the opportunity to open the bidding for supply of the additional units to alternative vendors who 
may offer a lower cost alternative.   
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25.7.2 ROT Plant Comminution Circuit 

The ROT plant comminution circuit is designed around a single stage SAG mill and is based on limited 
historic comminution testwork. With the development of a life of mine, mine plan for the pre-feasibility 
study the comminution circuit can be optimized. There exists an opportunity to use a smaller SAG / ball 
mill circuit with some capital savings. 

25.7.3 ROT Plant Optimization 

With the availability of the pre-feasibility mine plan the ROT plant design throughput will be reviewed 
and optimized. While the design of the front end of the ROT plant is based on the run of mine tonnages 
available to feed the mill, the BIOX circuit throughput is designed to match the quantum of sulphide 
mineralization contained within the plant feed. The life of mine tonnages and sulphur grades will be 
examined to ensure that the design capacity of all sections of the ROT plant are matched to the tonnage 
and sulphur grades to optimize the life of mine production profile.  

This will optimize the capital expenditure. 
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26.0 RECOMMENDATIONS 

With the acquisition of the Massawa deposits, which contain significant quantities of high grade 
mineralization within trucking distance of the Sabodala process plant and infrastructure, the Sabodala-
Massawa Project as outlined in this Technical Report presents as a considerable opportunity for Teranga. 

It is recommended Phased development, as outlined in this Technical Report, should be advanced. The 
next phase of development will be focussed on providing access to, and treatment facilities for, the high 
grade free-milling ores at Massawa, completing a feasibility study for the treatment of the Massawa 
refractory ores and continuing exploration efforts to expand the Mineral Resource. This will be 
undertaken as follows: 

26.1 Exploration and Mineral Resources 

There is significant potential to upgrade and increase Mineral Resources with additional drilling. 
Discovery of additional Mineral Resources will provide the opportunity to extend the life of operations, 
and higher grades will provide flexibility in operating should the price of gold fall or costs increase.  
Recommended activities include: 

• Resource expansion and exploration targets should be prioritized following Teranga’s phased 
approach and targeting criteria, as considerable opportunity exists to explore and add 
refractory and non-refractory Mineral Resources within the highly prospective Sabodala-
Massawa Project area.  

• Continue to drill areas classified as Inferred Resources within or near the resource pit shells. 

• Update Mineral Resources with results from the infill drill programs to identify additional 
mineralized zones, extend existing mineralization along strike and link individual mineralized 
zones. 

26.2 Mining 

The following activities are recommended: 

• Additional hydrogeology investigations to optimize pit dewatering cost requirements for the 
LOM at the Massawa pit areas. 

• Refine pit geotechnical parameters at the Sabodala and Massawa deposits planned for 
production in the near future with a geotechnical program targeting areas with less 
information. 
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• Underground resource definition diamond drilling should be completed to upgrade Inferred 
material into the Indicated category, and proceed to feasibility study stage. 

• Other underground mining method, such as open stoping or longhole stoping, should be 
investigated at Sabodala to reduce operating costs.  

26.3 Metallurgy 

26.3.1 Central Zone Mineralization Studies 

Knowledge of the variability of mineralization within the fresh parts of Central Zone has been developed 
during the historical exploration drilling, core logging and testing of samples from the deposit. Models 
were developed and locations specified to determine which of the mineralization responded well to gold 
extraction by whole ore leaching (WOL, as practiced currently at the Sabodala plant), and which 
mineralization yielded poor extraction of gold by WOL and is considered as refractory. The refractory 
material will require a different process including flotation and enhanced oxidation extraction methods 
in order to achieve acceptable gold extraction. Existing information shows much variability in 
metallurgical response from certain areas of the deposit which impacts the mine planning and gold 
extraction, since the refractory material will need to be mined and delivered separately to a new circuit 
(ROT) at the Sabodala plant. 

In order to improve the knowledge required for effective selective mining and processing of this deposit, 
a detailed drilling program of 35 holes has commenced to obtain in the order of 65 samples, from the 
complete length of the CZ deposit and from a variety of lithological and structural units. The samples will 
undergo analysis and metallurgical testing in order to: 

• Characterize thoroughly each interval by determining gold content, multi-elements (ME) assays 
including arsenic, antimony, sulphide sulphur, and whole rock analysis. 

• Determine extractable gold content by testing each composite using gravity gold recovery 
followed by cyanide leaching with carbon (CIL) at standard conditions. The level of gold 
extraction will be used to assign refractory characterization. 

• The determined refractory gold level in each sample will be related to the presence in each 
sample of elements such as arsenic, rock components as well as source lithology and location, 
in order to develop the required in-situ characterization.  
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26.3.2 Central and North Zone Metallurgical Studies 

Using the same samples generated by the above program, plus additional samples being collected from 
North Zone, metallurgical studies will be conducted on fresh rock composites of both free-milling and 
refractory samples to advance process design prior to the Feasibility Study and detailed engineering. The 
testing will focus on the following areas where optimization of the process will be advantageous to the 
project: 

• For the free-milling composites, to confirm grind size and leach residence time and conditions 
(such as cyanide addition and pH) which yield optimum gold extraction in the WOL circuit. 

• For the refractory composites from both CZ and NZ, to determine if gravity concentration yields 
any benefit, to optimize the flotation residence time for gold recovery to concentrate, to 
examine flotation conditions required to minimize carbonate content in the concentrate 
(reagents, flotation time, cleaning stage), and to examine sulphide selectivity in flotation.  

26.4 Process Plant and Infrastructure 

It is recommended Phased development, as outlined in this Technical Report, should be advanced as 
follows: 

• Phase 1: entailing the establishment of early access to high grade free-milling ores on the 
Massawa concessions while simultaneously modifying the existing Sabodala WOL plant to 
efficiently treat those ores should proceed as soon as reasonably possible. 

• Phase 2: entailing preparation for the extraction and treatment of high grade refractory ores 
should move forward in parallel with Phase 1. This will require, initially, optimization studies in 
preparation for a formal Feasibility Study with a view to supporting an investment decision to 
construct a refractory ore treatment plant at the Sabodala site in time for commencement of 
mining of refractory ores in Q1 2023. 

26.4.1 Phase 1 Activities 

Work on Phase 1 has commenced with mining operations at the Sofia deposit commencing in Q3 2020 
and engineering and procurement underway for the required modifications to the WOL plant.  These 
activities are targeting progressive construction and commissioning of the plant modifications through 
to Q2 2021. 

26.4.2 Phase 2 Activities 

In order to progress Phase 2 to the completion of the Feasibility Study the following tasks, commencing 
Q3 2020, will have to be completed: 
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• FS metallurgical testwork program. 

• Bridging optimization studies. 

• Site geotechnical and other investigations. 

• TSF and water management feasibility level design development.  

• Process plant and associated infrastructure design development. 

It is anticipated that the Feasibility Study will be completed in H2 2021 with a simultaneous decision to 
proceed with design and construction to achieve the target ROT plant commissioning target of Q1 2023. 

26.5 Environmental, Social and Permitting 

The following additional work is recommended: 

• Ongoing geochemical test work is required to further increase confidence regarding the 
Sabodala and Massawa tailings streams and tailings mixing, as well as the waste rock 
geochemistry. Water quality mitigation measures will be updated based on this test work. The 
geochemical test work will include static test work programs as well as some bulk samples for 
kinetic test work. 

• Complete the second RAP that covers the NZ & CZ deposit and its haul road and implement 
the resettlement and livelihood restoration process for both Sofia and NZ & CZ impacted 
households. 

• Ongoing data collection and analysis of Western Chimpanzee distribution and associated 
habitat. A Biodiversity Management Plan will be developed for the Project. 

• A new ESIA process will be initiated, in parallel with the feasibility study, to better cover the 
environmental and social impacts generated by the Project Phase 1b and 2 (the exploitation of 
refractory ores). It will cover, but not limited to:  

- The WOL plant modifications and the construction of the ROT plant. 
- The addition of a cell (Cell B) in TSF1 with its HDPE lining requirements. 
- The details of the construction of TSF2. 
- The additional geochemistry testwork on the refractory ores and tailings management. 
- The update of water management including water and salt balance. 
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26.6 Budget 

The budget for the next phase of the Massawa-Sabodala Project development is $58.2 M broken down 
as follows: 

• Phase 1 general site: $6.0M. 

• Phase 1 mining: $4.9M. 

• Phase 1 process plant: $14.3M. 

• Phase 1 site development: $10.6M. 

• Phase 1 sustainability: $1.4M. 

• Exploration: $10.0M. 

• Metallurgical test work: $2.0M. 

• Owner’s management: $1.0M. 

• ESIA: $1.0M. 

• Site investigations: $1.5M. 

• Plant design optimization: $2.0M. 

• Miscellaneous optimizations: $1.5M. 

• Feasibility study: $2.0M. 

The budget for the next phase of development includes capital items from the consolidated Project 
Capex presented in Section 21 and items included in the corporate accounts in support of a Feasibility 
Study.  
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