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COPYRIGHT AND DISCLAIMER 

Copyright (and any other applicable intellectual property rights) in this document and any 
accompanying data or models which are created by SRK Consulting (UK) Limited ("SRK") is 
reserved by SRK and is protected by international copyright and other laws. Copyright in any 
component parts of this document such as images is owned and reserved by the copyright owner so 
noted within the document. 

This document may not be utilised or relied upon for any purpose other than that for which it is stated 
within and SRK shall not be liable for any loss or damage caused by such use or reliance. In the 
event that the recipient of this document wishes to use the content of this document in support of any 
purpose beyond or outside that which it is expressly stated or for the raising of any finance from a 
third party where the document is not being utilised in its full form for this purpose, the recipient shall, 
prior to such use, present a draft of any report or document produced by it that may incorporate any 
of the content of this document to SRK for review so that SRK may ensure that this is presented in a 
manner which accurately and reasonably reflects any results or conclusions produced by SRK. 

The use of this document is strictly subject to terms licensed by SRK to its Client as the recipient of 
this document and unless otherwise agreed by SRK, this does not grant rights to any third party. This 
document shall only be distributed to any third party in full as provided by SRK and may not be 
reproduced or circulated in the public domain (in whole or in part) or in any edited, abridged or 
otherwise amended form unless expressly agreed in writing by SRK. Any other copyright owner’s 
work may not be separated from this document, used or reproduced for any other purpose other than 
with the document in full as licensed by SRK. In the event that this document is disclosed or 
distributed to any third party, no such third party shall be entitled to place reliance upon any 
information, warranties or representations which may be contained within this document and the 
recipient of this document shall indemnify SRK against all and any claims, losses and costs which 
may be incurred by SRK relating to such third parties. 
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EXECUTIVE SUMMARY 

NI 43-101 TECHNICAL REPORT ON RESOURCES AND RESERVES 
GOLDEN STAR RESOURCES LTD, BOGOSO PRESTEA GOLD 

MINE, GHANA EFFECTIVE DATE 31ST DECEMBER 2013 

1 EXECUTIVE SUMMARY 
1.1 INTRODUCTION 

The Bogoso Prestea Gold Mine is a producing mine and is, therefore, considered to be an 
Advanced Property under NI 43-101 guidelines. The mine and its satellite operations are 
located in Ghana adjacent to the towns of Bogoso and Prestea in the Western Region. 
Golden Star Resources Ltd. (“GSR”) currently holds a 90% interest in the subsidiary 
company, Golden Star (Bogoso Prestea) Limited (“GSBPL”). 

This technical report documents Mineral Resource and Mineral Reserve statements for the 
various GSBPL Projects prepared by SRK following the guidelines of the Canadian Securities 
Administrators’ National Instrument 43-101 and Form 43-101F1. The Mineral Resource and 
Reserve statements reported herein were prepared in conformity with generally accepted CIM 
“Estimation of Mineral Resources and Mineral Reserves Best Practice Guidelines.” 

The current Life of Mine (“LoM”) plan (“LoMP”) for GSBPL has an effective starting date of 1 
January 2014 and comprises the mining of ore from a number of open pits located, both 
proximal and distal to the processing facilities which are centrally located, close to the Chujah 
open pit operation. The current primary process plant at Bogoso Prestea recovers gold from 
refractory ores by cyanidation of a flotation concentrate which has been subjected to Bio-
Oxidation (“BIOX®”) to oxidise the sulphide minerals, and hence liberate the gold. There is 
also a conventional Carbon in Leach (“CIL”) plant for gold recovery from non-refractory ore. 

The data provided to SRK was largely provided by GSR staff based at the mine site, at the 
Toronto Head Office or at the Takoradi Exploration Office. 

The GSBPL gold deposits are located on various GSR exploration properties and mining 
licences, which extend over 40 km and include the following: 

• Bogoso mining lease. Chujah Main and Bogoso North are the current major producing 
open pit mines for the GSBPL deposits located within the Bogoso mining lease. The 
other main deposit is Dumasi (immediately north of the Chujah Main pit), which will 
become a major contributor to the LoM schedule. The processing facilities are located 
just south of the Chujah Main open pit. 

• Prestea mining lease. The Buesichem deposit lies in the north of the Prestea lease with 
the Beta Boundary South, Bondaye and Tuapim deposits (collectively, Prestea South) 
located south east, in the central part of the lease.  

• Mampon Abronye and Opon. These are three small deposits in a separate mining lease 
area called Asikuma, which is located approximately 30 km northeast of the Bogoso 
Mining Lease. There is no mining currently at Mampon-Abronye and the proposed pit is 
located in the western part of the Opon Mansi Forest Reserve. 

http://www.srk.com/
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Bogoso is located on the main road from Tarkwa to Kumasi and there is a mostly paved road 
between Bogoso and Prestea. The property has mostly paved road access to Accra (6 hours), 
Tarkwa (1 hour) and the major port at Takoradi (3 hours). There are airports at Kumasi (3.5 
hours’ drive) and Takoradi, which provide daily services to the International Airport at Accra. 

1.2 GEOLOGICAL SETTING 
The Bogoso Prestea properties lie within the southern portion of the Ashanti Greenstone Belt 
along the western margin of the belt. Rock assemblages from the southern area of the 
Ashanti belt were formed between a period spanning from 2,080 to 2,240 million years (“Ma”) 
with the Sefwi Group being the oldest rock package and the Tarkwa sediments being the 
youngest. The Ashanti belt is host to numerous gold occurrences, which are believed to be 
related to various stages of the Eoeburnean and Eburnean deformational events. 

The geology of the Bogoso Prestea mine site is divided into three main litho-structural 
assemblages, which are fault bounded and steeply dipping to the west, which suggests that 
the contacts are structurally controlled and that the litho-structural assemblages are 
unconformable. These packages are from the eastern footwall to the western hanging wall by 
the Tarkwaian litho-structural assemblage, and the tectonic breccia assemblage composed of 
sheared graphitic sediments and volcanic flows which is commonly referred to as the Main 
Crush Zone (“MCZ”), the last assemblage is composed of undeformed sedimentary units of 
the Kumasi basin which is located to the west of the Ashanti fault zone. 

The Asikuma and Mansiso licenses host the Opon, Mampon and Aboronye deposits; 
structural setting controlling the style of mineralization is similar for all three deposits. Both 
concessions are underlain by north-northeast trending metasedimentary rocks of the Kumasi 
basin, including coarse-grained wackes, mudstones and argillites, interpreted to represent 
turbiditic sedimentary sequences. Discontinuous mafic to intermediate metavolcanic rocks 
occur in the footwall of the main shear zones. These lithologies have been subjected to 
intense compressional deformation and lower-greenschist facies metamorphism. 
Mineralization at Mampon and Abronye is associated with pyrite and arsenopyrite 
dissemination within the wall rock surrounding the quartz veins and within the quartz veins 
themselves. Veins range from narrow stringers to robust quartz bodies up to 4 m in width. The 
veining is also suggested to be associated with north-northwest striking splays or oblique 
shears close to their intersection with a major north-south trending shear zone. Mampon is 
modeled over a 1 km strike length while the Abronye deposit is modeled over 700 m along 
strike. 

Gold mineralization between Marlu and Bogoso North is restricted to a narrow graphitic fault 
zone characterised by low gold tenors. The Bogoso North deposit consists of two splays of 
the MCZ; a quartz vein dominated hanging wall splay, and a highly graphitic footwall 
structure. The two splays of the MCZ at Bogoso North extend for approximately 500 m along 
strike and range in true width from 5 to 15 m. Gold mineralization at Bogoso North dips 
moderately to the northwest at 40 to 50º. The mineralisation is modelled over a 2 km strike at 
Bogoso North and an additional 2.7 km southwards to Marlu and to a depth of some 300 m. 
Bogoso North gold mineralization is associated with either quartz veins or graphitic 
cataclasites. 

The Chujah-Dumasi area comprises both Birimian and Tarkwaian lithologies, separated by a 
deformation corridor referred to as the central structural corridor or tectonic breccia. The 
tectonic breccia is characterized by an anastomosing network of faults and imbricated fault 
slices. . The thickness of the main shear zone ranges from a few metres to over 50 m in true 
width. The combined length of Chujah and Dumasi is some 3 km along strike and the deposit 
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has been modelled to a vertical depth of 500 m. 

The Ablifa deposits are situated on the Ashanti Trend. Mineralisation occurs within a narrow 
north-east striking corridor, in which mineralization dips predominantly to the northeast at 
angles ranging between 50 and 70º. The deposit is modelled over a strike length of 4.3 km 
and to a maximum vertical depth of 250 m.  

In the vicinity of the Buesichem deposit the MCZ appears to encroach on the Birimian – 
Tarkwaian contact, whereas this contact is typically 250 to 300 m east of the MCZ on the 
Bogoso concession. In the Buesichem pit the eastern high wall is composed of a phyllite unit 
which, has been interpreted as Tarkwaian. The deposit is modelled over a 1.3 km strike 
length and to a maximum depth of 500 m. 

Locally, mineralization at Beta Boundary, Bondaye and Tuapim is characterised by lode gold 
mineralization, which typically contains non-refractory, free milling gold associated with 
arsenopyrite. Oxidation of the upper layers of the deposits is extensive and in places can 
reach tens of metres in depth. Beta Boundary is modelled over a 4 km strike length and to a 
depth of 450 m, whilst Bondaye is modelled over a 1.3 km strike and Tuapim over 2 km. 
Bondaye and Tuapim are modelled to a maximum vertical depth of 150 m. 

1.3 DRILLING AND SAMPLING 
Drilling is carried out by a combination of diamond drilling (“DD”), reverse circulation (“RC”) 
and rotary air blast (“RAB”) techniques at the GSBPL operations. In general, the RAB method 
is used at early stages as a follow up to soil geochemical sampling and during production for 
testing contacts and deposit extensions around the production areas and has a maximum 
drilling depth of around 30 m. RC drilling is used as the main method for obtaining suitable 
samples for Mineral Resource estimation and is carried out along drill lines spaced between 
25 and 50 m apart along prospective structures and anomalies defined from soil geochemistry 
and the RAB drilling results. RC drilling is typically extended to depths of around 150 m. The 
DD method is used to provide more detailed geological data and in those areas where more 
structural and geotechnical information is required. Generally the deeper intersections are 
also drilled using DD and, as a result, most section lines contain a combination of RC and DD 
drilling. 

With over 5,000 holes drilled and over 400,000 m of drilling conducted on the various 
deposits, it is not considered appropriate to discuss all relevant drilling results. Suffice to say, 
the continued production and grade control drilling is providing appropriate reconciliation with 
the original drilling. The interpretation of the relevant results is directly related to the wireframe 
modelling used for the purpose of defining the volume of material used for the Mineral 
Resource volume. 

All drillhole data is verified by GSBPL staff and independently by their consultants and there 
are no recovery or survey factors which are considered to materially impact the accuracy and 
reliability of the results. 

For all drilling programs, GSR follows a standardised approach to drilling and sampling on all 
its Ghanaian projects. Sampling is typically carried out along the entire drilled length. For RC 
drilling, samples are collected every 1 m. Where DD holes have been pre-collared using RC, 
the individual 1 m RC samples are combined to produce 3 m composites which are then sent 
for analysis. Should any 3 m composite sample return a significant gold grade assay, the 
individual 1 m samples are then sent separately, along with those from the immediately 
adjacent samples.  

DD samples are collected, logged and split with a diamond rock saw in maximum 1 m lengths. 
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Detailed logging of the core is done by an appropriate qualified geologist at the core shed, 
recording colour, lithology, alteration, weathering, structure and mineralisation. The core is cut 
according to mineralisation, alteration or lithology. The sampling concept is to ensure a 
representative sample of the core is assayed. The remaining half core is retained in the core 
tray, for reference and additional sampling if required. 

Sample assays are performed at either SGS Laboratories in Tarkwa (“SGS Tarkwa”) or 
Transworld (now Intertek) Laboratories (“TWL”), also based in Tarkwa. GSR has used both 
laboratories and regularly submits quality control samples to each for testing purposes. Both 
laboratories are independent of GSR and are currently in the process of accreditation for 
international certification for testing and analysis. 

Specific gravity (“SG”) determinations were carried out by GSR and are measured on 
representative core samples from each drill run which ensures representative data across all 
rock types irrespective of gold grade. SG is measured at the core facility using a water 
immersion method. Each sample is weighed in air, then coated in wax and weighed in air and 
immersed in water. 

Quality control measures are typically set in place to ensure the reliability and trustworthiness 
of exploration data, and to ensure that it is of sufficient quality for inclusion in the subsequent 
Mineral Resource estimates. Quality control measures include written field procedures and 
independent verifications of aspects such as drilling, surveying, sampling and assaying, data 
management and database integrity. Appropriate documentation of quality control measures 
and analysis of quality control data are an integral component of a comprehensive quality 
assurance program and an important safeguard of project data. 

The field procedures implemented by GSR are comprehensive and cover all aspects of the 
data collection process such as surveying, drilling, core and reverse circulation cuttings 
handling, description, sampling and database creation and management. At GSBPL, each 
task is conducted by appropriately qualified personnel under the direct supervision of a 
qualified geologist. The measures implemented by GSR are considered to be consistent with 
industry best practice. 

1.4 MINERAL RESOURCE AND MINERAL RESERVES 
The Mineral Resource Statements presented represent the Chujah Main, Dumasi, Bogoso 
North, Buesichem, Ablifa, Mampon-Abronye, Opon, Beta Boundary South, Bondaye, and 
Tuapim deposits and are presented in accordance with the guidelines of the Canadian 
Securities Administrators’ National Instrument 43-101. 

The Mineral Resource models were largely prepared by SRK, with the exception of the 
Buesichem model, which was prepared by GSR’s consultant Mr William Tanaka. The 
geological models used as the basis for the volumetrics of the Mineral Resource estimate 
were produced by GSR.  

Geological modelling of the mineralisation was undertaken by GSR, using a cut-off grade of 
approximately 1.0 g/t Au at Chujah/Dumasi, 0.5 g/t Au at Bogoso North, 1.0 g/t Au at 
Buesichem, 1.0 g/t Au at Ablifa, 1.0g/t Au at Mampon Abronye, 1.0 g/t Au at Beta Boundary 
South, 0.5 g/t Au at Bondaye and 0.5 g/t Au at Tuapim. Composites less than the grades 
listed here were often included within the mineralised wireframes in order to model continuity 
both down dip and along strike. The Mineral Resource estimates are derived from a 
combination of DD, RC and RAB drilling techniques, supported by an industry best practice 
Quality Assurance Quality Control (“QAQC”) programme. Drilling is typically carried out on 
sections spaced between 25 and 50 m. SRK considers this approach to be appropriate, given 
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the complex nature of the deposits and the close spacing between zones of high grade 
mineralisation which would preclude small scale selective mining. The inclusion of narrow 
bands of waste material in the model provides a degree of planned internal dilution. 

SRK is satisfied that the geological modelling honours the current geological information and 
knowledge. The location of the samples and the assay data are sufficiently reliable to support 
resource evaluation. 

The Mineral Resources were estimated using block models, with variable block sizes, which 
typically reflect half the drillhole spacing within the deposits. The composite grades were 
capped where this was deemed necessary, after statistical analysis. Ordinary Kriging (“OK”) 
was used to estimate the block grades. The search ellipsoids were orientated to reflect the 
general strike and dip of the modelled mineralisation. 

Block model tonnage and grade estimates were classified according to the CIM Definition 
Standards for Mineral Resources and Mineral Reserves (December 2005). The basis of the 
Mineral Resource classification included confidence in the geological continuity of the 
mineralised structures, the quality and quantity of the exploration data supporting the 
estimates, and the geostatistical confidence in the tonnage and grade estimates. Three-
dimensional solids were modelled reflecting areas with the highest confidence, which were 
classified as Measured and Indicated Mineral Resources. 

The Mineral Resource statements are classified according to the CIM definitions for 
Measured, Indicated and Inferred categories, are reported in-situ without modifying factors 
applied and inclusive of material which is subsequently reported as Mineral Reserves.  

In previous years, GSPBL has reported Mineral Resources exclusive of Mineral Reserves 
which has meant that the any Mineral Resources used for the purposes of the Mineral 
Reserve estimate are not shown in the Resource statement. While both approaches are 
acceptable under the CIM guidelines for reporting, GSPBL has decided that the standard 
approach to reporting going forward will be to report the Mineral Resources inclusive of 
Mineral Reserves. 

In addition, Mineral Resources are reported only for that material which falls within an 
optimised (un-engineered) pit shell derived using a USD 1,400 per troy ounce gold price and 
associated costs as of December 2013, in order to satisfy the requirement that anything 
classified as a Mineral Resource has reasonable prospects of economic extraction. Mineral 
Resources are not Mineral Reserves and do not necessarily demonstrate economic viability. 
The Measured and Indicated Mineral Resources reported below are inclusive of the Mineral 
Resources modified to estimate the Mineral Reserves. The GSBPL Mineral Resource 
Statement, as of 31 December 2013, is given in Table ES 1 below. 
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Table ES 1: GSBPL Mineral Resource Statement*, 31 December 2013 

Name 

MEASURED INDICATED INFERRED 

Quantity Grade Metal 
Content Quantity Grade Metal 

Content Quantity Grade Metal 
Content 

kt g/t Au koz Au kt g/t Au koz Au kt g/t Au koz Au 

Chujah Main 2,697 2.94 255 617 3.14 62    

Dumasi 3,255 2.56 268 9,868 2.41 765    

Bogoso North    1,239 2.85 114 290 2.10 19 

Buesichem    2,346 3.13 236 160 1.86 10 

Ablifa    1,489 1.86 89 730 2.50 58 

Mampon Abronye Opon    1,553 4.78 239 220 1.80 13 

Beta Boundary South 986 2.88 91 557 1.92 34 113 17.30 63 

Bondaye    1,791 2.75 158 448 3.32 48 

Tuapim    971 2.75 86 20 2.10 1 

TOTAL 6,938 2.75 614 20,430 2.71 1,783 1,981 3.33 212 
* Mineral Resources are reported in relation to a conceptual pit shell. Mineral Resources are not Mineral 
Reserves and do not have demonstrated economic viability. All figures are rounded to reflect the relative 
accuracy of the estimate. All composites have been capped where appropriate. 

 

The Mineral Reserves have been prepared in accordance with CIM standard definitions for 
Proven and Probable Mineral Reserves. The Mineral Reserve has been estimated using 
accepted industry practices for open pit mines, including the identification of the optimal final 
ore envelope using a Whittle optimisation analysis, mine design, mine scheduling and the 
development of a cash flow model incorporating the company’s technical and economic 
projections for the mine for the duration of the LoM plan, as follows: 

1. The Mineral Resources classified as Measured or Indicated only, are constrained within 
a Whittle pit shell based on a gold price of USD 1,300 per troy ounce with optimisation 
parameters applied according to the performance of the actual mining operation; 

2. The Whittle pit shell is used as a basis for completing final open pit designs which 
incorporate all practical considerations to achieve the planned production rate and 
engineered slope angles; and 

3. The Mineral Reserves are estimated by applying the appropriate modifying factors 
(mining recovery and dilution) to the Measured and Indicated Mineral Resources within 
the final open pit design which are reported above the calculated cut-off grades.  

4.  Discounted cash flow analysis of a Life of Mine Plan is shown to have a positive 
economic outcome. 

Any mineralisation which occurs below the cut-off grade or is classified as an Inferred Mineral 
Resource within the final open pit design is not considered as Mineral Reserves and is treated 
as mineralised waste for the purposes of the Life of Mine Plan. The GSBPL Mineral Reserve 
Statement as of 31 December 2013 is presented below in Table ES 2. 
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Table ES 2: GSBPL Mineral Reserve Statement, 31 December 2013 

  
Dec 31, 2013 Mineral Reserve Dec 31, 2012 Mineral Reserve 

Name Description 
PROVEN PROBABLE Total PROVEN + PROBABLE Total PROVEN + PROBABLE 

Quantity Grade Metal Content Quantity Grade Metal Content Quantity Grade Metal Content Quantity Grade Metal Content 

kt g/t Au koz Au kt g/t Au koz Au kt g/t Au koz Au kt g/t Au koz Au 

Chujah Main Non Refractory                   60 2.95 6 

Refractory 2,930 2.65 250 715 2.68 62 3,645 2.66 312 4,610 2.61 387 

Bogoso North Non Refractory                   8 1.39 0.4 

Refractory       1,016 2.52 82 1,016 2.52 82 1,865 2.59 156 

Buesichem Non Refractory                   173 1.30 7 

Refractory                   4,160 2.94 394 

Pampe Non Refractory                   1,192 2.94 113 

Refractory                         

Dumasi Non Refractory 514 1.65 27 32 1.81 2 545 1.66 29 572 1.61 30 

Refractory 2,602 2.53 212 5,794 2.37 441 8,396 2.42 653 14,757 2.21 1,048 

Ablifa Non Refractory                   472 1.39 21 

Refractory                   451 2.23 32 

Mampon Non Refractory       433 3.86 54 433 3.86 54 554 3.30 59 

Refractory       700 6.09 137 700 6.09 137 1,073 5.22 180 

Beta Boundary South Non Refractory 423 1.90 26 182 1.54 9 605 1.79 35 828 1.66 44 

Refractory 546 3.39 60 88 3.25 9 634 3.37 69 670 3.38 73 

Bondaye Non Refractory       1,071 2.35 81 1,071 2.35 81 1,446 2.16 100 

Refractory       350 3.43 39 350 3.43 39 386 3.39 42 

Tuapim Non Refractory       338 2.34 25 338 2.34 25 640 2.32 48 

Refractory       140 2.85 13 140 2.85 13 593 2.93 56 

Stockpiles 
Non Refractory                   222 2.18 16 

Refractory 106 1.79 6       106 1.79 6 468 1.81 27 

TOTAL Non Refractory 937 1.76 53 2,056 2.59 171 2,993 2.33 224 6,167 2.23 443 

Refractory 6,185 2.65 528 8,804 2.76 782 14,989 2.72 1,310 29,034 2.57 2,395 

GRAND TOTAL 17,981 2.65 1,534 35,200 2.51 2,838 
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1.5 MINING OPERATION 
The recent historical mine production (3 years) at the GSBPL Assets has an average annual 
ore movement of 2.7 million tonnes per annum (“Mtpa”) and waste movement of 24.5 Mtpa 
over this period, with a stripping ratio of 9.0:1.0 (twaste:tore). 

The mine schedule is separated for each the material type (oxide, transitional and fresh) for 
each deposit over a 6 year mine life and totals 17.9 Mt at a grade of 2.66 g/t Au. The strip 
ratio average 3.8 t of waste per tonne of ore over the LoM schedule (average 10.8 Mtpa 
waste) with an initial high strip ratio up to 11.2 in 2014 dropping rapidly below 3 in Q4 2014. 
The average ore production over the LoM is 2.8 Mtpa with a couple of monthly production 
rates above 0.45 Mt in 2018 and 2019. The total waste movement over the LoM is 68.1 Mt 
and total material movement is 86.0 Mt. 

Mining is currently being conducted at the Bogoso North and Chujah Main pits with mining 
now suspended at Pampe and Buesichem. The mine schedule requires de-watering to be 
undertaken at the Dumasi pit as well as the relocation of a section of public road before 
mining can commence. There is also fully budgeted community resettlement planned before 
mining can proceed at the Dumasi, Bondaye, and Mampon pits. . 

The historic tailings stored in TSF1 will continue to be mined using hydraulic methods to feed 
the Non-Refractory Plant until mining of oxide Mineral Reserves commences towards the end 
of 2015. GSBPL will continue to process reclaimed TSF1 material through the Non-Refractory 
plant at an annual rate of the order of 1.7 Mtpa, with an anticipated gold recovery of 45%. 

GSR has informed SRK that TSF1 is in the process of being drilled for consideration in future 
Mineral Resource estimates. Until this is completed the historic tailings are not being 
considered in the LoM schedule and Mineral Reserve estimate. 

Knight Piésold (“KP”) has undertaken periodical reviews of the activities at TSF1 and has 
made a number of recommendations to modify the mining approach in order to ensure the 
stability of the facility is controlled to an acceptable level with the appropriate risk mitigation.  

1.6 MINERAL PROCESSING 
The Bogoso Refractory plant is a conventional bio-oxidation circuit, and while there are 
relatively few global examples in operation, given the site specific constraints, the operation 
appears to be well run. 

The LoM Plan calls for production through the Refractory plant of up to 2.8 Mtpa with an Au 
recovery of 72%. While this throughput figure is in line with what has historically been 
achieved and the Au recovery slightly higher, SRK sees no reason why these figures should 
not be achievable given the potential for improvement outlined in the main report. 

While the historical data shows that the Non-Refractory plant has achieved a production rate 
of close to its original design figure, that rate was recorded in 2007, the last year (before 
2013) that the plant was operated in a continuous fashion. The lower production rates 
reported for 2012 and 2013 were partly due to a lack of feed ore. Improvements to the mills, 
cyclones, CIL tanks and elution circuit are in progress, all of which should improve the 
operability and availability of this plant. 

The LoM Plan calls for production through the Non-Refractory circuit of Prestea South ores 
(Beta Boundary South, Tuapim and Bondaye) from Q4 2015 to the end of 2017 at a rate of 
the order of 1.2 Mtpa, with gold recoveries of 65%. Prior and subsequent to that period, 
GSBPL intends to process reclaimed TSF1 material through the Non-Refractory plant at a 
rate of the order of 1.7 Mtpa, with an anticipated Au recovery of 45%. As the TSF1 material 
does not constitute a Mineral Resource, it is not included in the LoMP. 
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The recovery of 65% for the Prestea South ores is the average of the recoveries reported in 
the historic testwork conducted on ore samples from Beta Boundary South. The nominated 
recovery for the reclaimed TSF1 tailings is consistent with the actual figure reported for the 
latter part of 2013. 

1.7 TAILINGS STORAGE FACILITY 
The currently used Tailings Storage Facility 2 (“TSF2”) at Bogoso is a paddock type facility 
consisting of four cells (Cells 1, 2, 2A and 3). A total of 12 embankments separate the four 
cells.  

The successful deposition strategy adopted in recent years should be continued with beaches 
built up by 300 mm lifts and allowed to consolidate, with rotation operated spigots and tailings 
deposited sub-aerially forming a beach that extends a substantial distance from the 
embankments. All upstream embankments should be built on solid, non-liquefiable (dilative) 
material.  

The volumetric analysis to the permitted elevations for TSF2 need to be updated and 
compared with the densities achieved to date as well as the remaining LoM. The outcome of 
an ongoing Concept Study by GSBPL may result in an application to be submitted for an 
additional raise permit as the most likely option for future tailings storage if the volumes to 
store the tailings waste are not sufficient. 

1.8 WATER MANAGEMENT 
Water management at Bogoso incorporates effective water re-use and recycling, with water 
chemistry forming an integral element in the overall concept of water use at the mine. 

Over the past 12 to 18 months there have been extensive changes to how water is managed 
at the site. Overall these changes have had a positive effect on water management (and, as a 
result, on wider tailings management at the TSF). In summary, these changes comprise: 

• The use of Buesichem pit as a process water storage facility, allowing excess 
supernatant water to be pumped from TSF2 Cell 2; 

• The subsequent management of cyanide-bearing water in TSF2 cells 2 and 2A, with 
improvement in water quality through natural degradation of cyanide species (and 
treatment with hydrogen peroxide as a back-up option); 

• The dewatering and capture of pit water ‘runoff’ from Chujah Main in the adjacent 
Dumasi pit for use as plant supply water; and  

• The commissioning of the Process Water Treatment Plant (“PWTP”) in mid-January 2013 
including reverse osmosis to provide a high quality permeate of acceptable quality for 
discharge in compliance with the guidelines to the downstream receiving environment. 

1.9 ENVIRONMENTAL AND SOCIAL FACTORS 
GSBPL has a number of community resettlement projects in various stages of planning and 
execution and is committed to adhering to the IFC Performance Standard 5 and Ghanaian 
laws in of the development and implementation of Resettlement Action Plans. Approved 
Resettlement Action Plans are required to proceed with the Prestea South Mbease Nsuta 
Project, the Prestea Underground Project Phase 2, the Dumasi Expansion Project and the 
Mampon Project. For the resettlement, the first two projects are combined in the Prestea 
Projects resettlement action plan (RAP).  

The Mampon Project is located at the western edge of the 117 km2 Opon Mansi Forest 
Reserve and will involve mining in this productive forest reserve. It is expected that strict 
environmental management conditions will be imposed on the project including backfilling of 
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the pit on completion of mining and establishment of vegetation cover that is exclusively 
native species.  

Potential acid generating (“PAG”) material will continue to be encountered as the mining on 
the Bogoso and Prestea leases continues. In order to manage the potential for acidic 
drainage, waste rock characterization is used as the basis to design waste dumps to safely 
store potentially acid generating material. A waste rock dump and acidic drainage 
management plan will be developed and implemented for all new projects in order to schedule 
dumping of potentially acid generating and non-acid generating material economically and in 
a way that mitigates the risk of acid rock generation.  

Rehabilitation planning and closure remains the largest environmental liability for GSBPL. The 
life of mine closure cost estimate calculated in 2013 is about USD 60 million. 

It is possible that closure costs will increase further if: 

• Preventative measures such as capping PAG waste dumps fail to prevent the generation 
and discharge of Acid Rock Drainage (“ARD”); 

• Ongoing water treatment is required to address ARD or other post-closure water 
contamination issues; and/or 

• The cost of addressing post-closure community issues exceeds GSBPL’s estimate.  

As required by its permitting conditions, in 2006 GSBPL bonded USD 9.5 million to cover 
future closure obligations at Bogoso Prestea comprising USD 0.9 million in cash with the 
balance covered by a letter of credit. In 2008, the GSBPL letter of credit was increased by 
USD 0.5 million to cover the Pampe mining areas. 

1.10 CAPITAL COSTS, OPERATING COSTS AND PROJECT ECONOMICS 
Capital costs have been estimated in USD real terms and are valid as at Q1 2014. The 
estimate for Capital Expenditure totals USD 161.5 million over the LoM with 87% of the 
expenditure planned in the next 3 years, subject to funding (USD 140.2 million out of 
USD 161.5 million). The major capital expenditure items over the next three years are as 
follows: 

• Dumasi Resettlement Project (Construction Phase) = USD 47.8 million 
• Dumasi Implementation & Compensation = USD 5.2 million  
• Mampon Residential and Public Building construction = USD 7.0 million 
• Mampon haul road construction (30 km) = USD 12.0 million 
• Process Plant (Upgrade and Maintain) = USD 24.7 million 
• Tailings Storage Facility = USD 23 million 
• Water Treatment = USD 3.0 million 

Operating costs for the GSBPL Mining Operations are estimated to average USD 57 per 
tonne of ore and total USD 1,018 million over the life of the mine, Table ES 3. 

Table ES 3: LoM Unit Operating Costs 
Operating Costs USD million USD/tore 

Mining 324.9 18.2 
Processing 552.2 30.9 
Water Treatment 34.2 1.9 
General & Administration 107.2 6.0 

Total Operating Costs 1,018.5 57.0 
 



SRK Consulting  U5859-GSBPL 43-101 2014 –Executive Summary 
 

U5859 GSR 43-101_2013_BOGOSO_Final_140312_Clean.docx March 2014 
Page xi of xi 

GSBPL is a producing company and is exempt from the requirement to report a detailed 
economic analysis of the GSBPL operations, given that there has been no material expansion 
of the current production. 

The outputs from the mining schedule input directly to a discounted cashflow (“DCF”) model 
which reports a positive economic outcome and supports the Mineral Reserve estimate for the 
GSBPL Assets. SRK has reviewed the economic model and is satisfied that it is suitable for 
the purpose of determining Mineral Reserves. SRK also notes that gold price used in the TEM 
of USD 1,300 per troy ounce is within range of consensus market forecast estimates from a 
number of major international Financial Institutions. 

1.11 CONCLUSIONS 
In previous years, GSPBL has reported Mineral Resources exclusive of Mineral Reserves 
which has meant that the any Mineral Resources used for the purposes of the Mineral 
Reserve estimate are not shown in the Resource statement. While both approaches are 
acceptable under the CIM guidelines for reporting, GSPBL has decided that the standard 
approach to reporting going forward will be to report the Mineral Resources inclusive of 
Mineral Reserves.  

GSPBL has taken proactive measures to revise the long term plan for the Bogoso operations 
that incorporates lower forecast gold prices for both Mineral Resources and Mineral Reserves 
than used in previous estimates. As a result, a number of deposits have been excluded from 
the Mineral Reserve estimate including Buesichem, Pampe (also excluded from Mineral 
Resources) and Ablifa. These deposits will be reconsidered in future Mineral Reserve 
estimates depending on future gold price trends and operational costs. 

The historical tailings in TSF1 will continue to be mined using hydraulic methods to feed the 
Non Refractory Plant until mining of oxide Mineral Reserves commences towards the end of 
2015. KP has undertaken periodical reviews of the activities at TSF1 and has made a number 
of recommendations to modify the mining approach in order to ensure the stability of the 
facility is controlled to an acceptable level with the appropriate risk mitigation. 

SRK does not consider there to be any material risks associated with the GSBPL project as 
the identified issues are either in the process of being mitigated or are not considered material 
to the overall viability of the projects operated by GSBPL. The mining leases for Bogoso will 
require renewal from 2017. 
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GOLDEN STAR RESOURCES LTD, BOGOSO PRESTEA GOLD 

MINE, GHANA EFFECTIVE DATE 31ST DECEMBER 2013 

1 INTRODUCTION 
The Bogoso Prestea Gold Mine is a producing mine and is therefore considered to be an 
Advanced Property under NI 43-101 guidelines. According to the NI 43-101 guidelines, an 
Advanced Property is defined as a property that has: 

• Mineral Reserves, or 
• Mineral Resources, the potential economic viability of which is supported by a 

Preliminary Economic Assessment (“PEA”), a pre-feasibility study or feasibility study. 

The mine and its satellite operations are located in Ghana adjacent to the towns of Bogoso 
and Prestea in the Western Region. Golden Star Resources Ltd. (“GSR”) currently holds a 
90% interest in the subsidiary company, Golden Star (Bogoso Prestea) Limited (“GSBPL”). 

This technical report documents Mineral Resource and Mineral Reserve statements for the 
various GSBPL Projects prepared by SRK following the guidelines of the Canadian Securities 
Administrators’ National Instrument 43-101 and Form 43-101F1. The Mineral Resource 
statement reported herein was prepared in conformity with generally accepted CIM 
“Estimation of Mineral Resources and Mineral Reserves Best Practice Guidelines.” 

1.1 Background 
SRK Consulting (UK) Limited (“SRK”) is an associate company of the international group 
holding company, SRK Consulting (Global) Limited (the “SRK Group”). SRK has been 
requested by Golden Star Resources Ltd. (“GSR”), hereinafter also referred to as the 
“Company” or the “Client”) to prepare a technical report, using NI43-101 guidelines for the 
Mineral Assets of the Company comprising the Bogoso Prestea Open Pit Gold Assets 
(“Bogoso Prestea”) located in Ghana. 

This technical report has been prepared for Golden Star Resources Ltd. GSR is a gold 
exploration and producing company with primary mining interests in Ghana, West Africa and 
exploration interests throughout West Africa and in South America. This report deals 
exclusively with the mining operations at GSR’s 90% owned subsidiary, GSBPL, the 
remaining 10% of which is held by the Ghanaian Government, which currently receives a 5% 
of Gross Revenue royalty on all GSBPL gold production.  

The current Life of Mine (“LoM”) plan for GSBPL has an effective starting date of 01 January 
2014 and comprises the mining of ore from a number of open pits and also the treatment of 
ore from existing stockpiles and reclaimed tailings. The pits are both proximal and distal to the 
processing plant, which is located adjacent to the Chujah pits. The processing plant 
incorporates both a Carbon-In-Leach (“CIL”) circuit and a Bio-Oxidation (“BIOX®”) circuit 
referred to as the Non-Refractory and Refractory Plant respectively.  

This report does not include any reference to the Prestea underground resources.  These 
resources are addressed in the Feasibility Study for the West Reef Project, Prestea Mine 

http://www.srk.com/
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(SRK, 2013). 

1.2 Terms of Reference 
SRK was engaged by GSR at the beginning of 2013 to review GSR’s updated Mineral 
Resources and Mineral Reserves in its capacity as independent reviewer/Qualified Person.  

SRK undertook its review in January and February 2013. Following changes to the gold price 
post-April 2013 and with subsequent revisions to price forecasts, GSBPL undertook a revised 
mine planning process that incorporated lower forecast forward gold prices for both Mineral 
Resources and Mineral Reserves.  

SRK reviewed the changes to the Mineral Resource and Mineral Reserve estimates and the 
revised Life of Mine Plans during January and February 2014, and these form the basis of the 
contents and findings of this Technical Report. 

1.3 Data Sources 
The data provided to SRK was largely provided by GSR staff based at the mine site, at the 
Toronto Head Office or at the Takoradi Exploration Office. The information provided 
comprised: 

• Digitised exploration data containing drillhole and surface sampling information collected 
as part of either initial exploration works or subsequent mine exploration and grade 
control activities 

• Digital wireframe models produced by GSR staff; 
• Digital Mineral Resource Estimation Block Models containing grade, density, geological 

and quality information. Block models are generally produced by independent 
consultants on behalf of GSR with verification of the models carried out by GSR geology 
staff prior to optimization and mine planning; 

• Mining and production data, including monthly and annual reports, mining schedules and 
equipment schedules for the LoM plan, provided by GSR; 

• Historical production and recovery statistics, current operating statistics and costs for the 
processing plant, provided by GSR; 

• Geotechnical data and reports produced by SRK as part of previous commissions with 
GSR and more recent monitoring and field reports provided by GSBPL staff; 

• Hydrological and hydrogeological data provided by GSBPL; 
• Tailings and waste management information;  
• Data relating to the social and environmental effects of the mining operations both 

historically and planned during the remaining LoM, provided by GSR. 

1.4 Personal Inspections 
A team inspection of the Bogoso Prestea mining operations and associated infrastructure was 
undertaken between 15 and 19 January 2013. The team comprised: 

• Dr Lucy Roberts: Senior Consultant (Resource Geology), responsible for geology and 
Mineral Resource estimation; 

• John Miles: Associate Principal Consultant (Mining Engineering), responsible for mining 
and production aspects of the study and review of TEM; 

• Chris Bray: Principal Consultant (Mining Engineering), responsible for mining and 
production aspects of the study and review of TEM; and 

• Dr John Willis: Principal Consultant (Mineral Processing), responsible for processing and 
metallurgical aspects. 
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Since there had been no additional exploration carried out during 2013, nor any significant 
changes to the mining or processing operations, the findings of the January 2013 site visit 
were considered valid for this current Technical Report. The CP for the Mineral Resources, 
John Arthur, has previously visited the site in 2012.  

Inspections of the hydrological and hydrogeological aspects and the geotechnical situation in 
the pits were carried out between 17th and 21st February 2014. The team comprised: 

• Dr. Tony Rex: Corporate Consultant (Hydrogeology), responsible for the water 
management aspects of the study; 

• Neil Marshall: Corporate Consultant (Geotechnical Engineering), responsible for open pit 
geotechnical aspects of the study. 

A site visit to cover all aspects of tailings treatment and impoundment and associated 
geotechnical works was undertaken between by Kris Czajewski, Principal Consultant (Tailings 
Engineering) in November 2012. 

1.5 Limitations, Reliance on SRK, Declaration, Consent, Copyright and 
Cautionary Statements 
SRK’s opinion contained herein and effective 31 December 2013, is based on information 
collected by SRK throughout the course of SRK’s investigations, which in turn reflect various 
technical and economic conditions at the time of writing. Given the nature of the mining 
business, these conditions can change significantly over relatively short periods of time. 
Consequently, actual results may be significantly more or less favourable. 

This report may include technical information that requires subsequent calculations to derive 
sub-totals, totals and weighted averages. Such calculations inherently involve a degree of 
rounding and consequently introduce a margin of error. Where these occur, SRK does not 
consider them to be material. 

SRK is not an insider, associate or an affiliate of GSR, and neither SRK nor any affiliate has 
acted as advisor to GSR, its subsidiaries or its affiliates in connection with this project. The 
results of the technical review by SRK are not dependent on any prior agreements concerning 
the conclusions to be reached, nor are there any undisclosed understandings concerning any 
future business dealings. 
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2 RELIANCE ON OTHER EXPERTS 
The information reviewed in this report has largely been provided directly by GSR and has 
been produced either by GSR or by its sub-consultants. In addition to SRK’s involvement on 
the Mineral Resource Estimate (“MRE”) and geotechnical areas of the projects, the other 
major contributor has been Knight Piésold (“KP”) consultants, which has undertaken the bulk 
of the surface geotechnical investigations and tailings management and design work. 

SRK has confirmed that the Mineral Resources and Mineral Reserves reported herein are 
within the licence boundaries provided below. SRK has not performed an independent 
verification of land title and tenure as summarized in Section 3 of this report. SRK did not 
verify the legality of any underlying agreement(s) that may exist concerning the permits or 
other agreement(s) between third parties. 

SRK has reviewed reports prepared by GSR and has undertaken sufficient verification work to 
give its independent opinion on these. Notably, the Mineral Resources and Mineral Reserves 
reported within this document are based on economics and pit designs provided by GSR and 
verified and adjusted by SRK. 

3 PROPERTY DESCRIPTION AND LOCATION 
3.1 Location and Land Tenure 

Bogoso and Prestea comprise a collection of adjoining mining concessions that together 
cover a 40 km section of the Ashanti gold district in the central eastern section of the Western 
Region of Ghana (Figure 3-1), with the processing facilities situated approximately 10 km 
south of the town of Bogoso. GSBPL currently holds five mining leases as well as several 
prospecting licenses to the southwest, northeast and west of Bogoso.  

GSBPL is owned 90% by GSR and 10% by the Ghanaian Government, which receives a 5% 
royalty on gross revenue on all GSBPL gold production. The principal mining leases and 
prospecting licenses are summarized in Table 3-1 and Figure 3-2 shows the location of the 
GSBPL mining concessions along with GSR exploration concessions. 
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Figure 3-1: Location of Bogoso Prestea mines in the regional context of Ghana and 

West Africa showing principal infrastructure and population centres 
(Source: United Nations 2008) 
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Table 3-1: Mining Licences and Prospecting Licences currently held by GSBPL 
and GSR in Ghana 

Property Tenement Name Tenement No. Expiry/renewal 
Date Area Comments 

Bogoso 

Bogoso Mining 
Lease 1 

WR 348B/87 
(Also written as 
WR.2762/278) 

8/20/2017 50 km2 Mining stage 
Government granted 

mining leases held by a 
90% owned subsidiary Bogoso Mining 

Lease 2 WR.368/88 8/15/2018 45 km2 

Prestea Prestea Mining 
Surface Lease LVB/WR.2876/01 6/28/2031 116 km2 Mining and 

development stage 

Prestea 
Underground 

 

Prestea 
Underground 
Mining Lease 

 7/6/2031 

116 km2 (lies 
directly below 

Prestea surface 
lease) 

Exploration stage. 
Government granted 
mining lease, 81% 
beneficial interest. 

Pampe Mining Lease LVB 14181/07 30/12/17 50 km2 Mining on care & 
maintenance.  

Dunkwa 

Asikuma Mining 
Lease (Includes 

Mampon & 
Abronye) 

LVB 1803/98 21/07/2011 68.6 km2 

Conversion of 
Prospecting Lease 
(68 km2) to Mining 

Lease (63 km2) under 
application since 
15 August 2011. 

 

The map in Figure 3-2 shows the location of the various GSR exploration properties and 
mining licenses for GSBPL, which incorporate the deposits and orebodies listed below and 
which extend over 40 km: 

• Bogoso mining lease. Chujah Main and Bogoso North are the current major producing 
open pit mines for the GSBPL deposits located within the Bogoso mining lease. The 
other main deposit includes Dumasi (immediately north of the Chujah Main pit), which will 
become a major contributor to the LoM schedule, with minor contributions from Ablifa. 
The processing facilities are located just south of the Chujah Main open pit. 

• Prestea mining lease. The Buesichem deposit lies to the north of the Prestea lease with 
the Beta Boundary South, Bondaye and Tuapim deposits (collectively, Prestea South) 
located south east, in the central part of the lease. The Prestea Underground deposit is 
included in the Mineral Resources but is not considered in the current LoM plan. 

• Pampe mining lease. The Pampe deposit is a previously operating open pit in the current 
mining lease which now on care and maintenance. 

• Mampon-Abronye and Opon are three small deposits in a separate mining lease area, 
Asikuma, which is located approximately 30 km northeast of the Bogoso Mining Lease. 
There is no mining currently and the proposed pits are located in the western part of the 
Opon Mansi Forest Reserve. 
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Figure 3-2: GSBPL and GSR Mining and Exploration Concessions in Ghana 

(Source: GSR 2011) 

 

Figure 3-3 shows the location of the mining licence boundaries in relation to the location of the 
main GSBPL mine workings at Bogoso, Prestea and Pampe. The mine infrastructure, 
including waste dumps and tailings facility, all lies within the limits of the current licence 
boundaries. 

Note: the Ghanaian Government receives a 1% Forest Reserve royalty for Mampon, and an 
additional royalty comes due for any additional production over and above that stated in the 
initial Feasibility Study which currently equates to an additional 0.4%. 
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Figure 3-3: Location of principal operations and local infrastructure in relation to 

mining licence boundaries at Bogoso Prestea (Source: GSR 2011) 
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3.2 Mining Lease 
The mining leases for Bogoso will require renewal from 2017. 

3.3 Environmental Permits and Liabilities 
Environmental approvals currently held by GSBPL are listed in Table 3-2 overleaf.  

The rate of processing of permit applications and other approvals by the regulatory authorities 
is slow. Historically, it has taken over 400 days from submission of a draft EIS to receipt of a 
permit, but recently the processing period has reduced by half.  

The EPA regularly visits the operations to carry out environmental reviews against permit 
conditions.  

Compliance with the permit conditions is well managed through ongoing reviews and 
monitoring and implementation of corrective actions as required. 

Environmental permits are discussed in more detail in Section 19.2.  

Environmental liabilities are related to rehabilitation and restoration of open pits and surface 
facilities and are addressed by detailed closure cost estimates calculated by GSR, as 
summarized in Section 19.5. 
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Table 3-2: Existing Environmental Approvals 
Type of 
approval 

Operations/ Project Status Approval date Expiry date 

EMP approval  Bogoso, Prestea and Pampe 
operations 

EMPs submitted in 2005, 
2009 and 2011, respectively 
for the periods: 
• 2006 – 2008; 
• 2009 – 2011; and  
• 2012 – 2014. 

EMPs have not been formally 
approved. 
EPA has acknowledged receipt. 
The EPA requested additional 
mine plan information in Sep 
2013. This request is being 
addressed. 

Environmental 
Certificate 

The EPA invoiced GSBPL for an Environmental Certificate in 
February 2009, and the invoice was paid, but the certificate has 
not been issued to date. 

EPA 
approvals for 
projects 

Buesichem & Buesichem North 
mining project  

Environmental permit 
EPA/EIA/044 

18-Sep 2001 None 

Brumasi mining project Environmental permit 
EPA/EIS/PN/059 

03-May 2002 None 

Prestea Plant North mining 
project 

Environmental permit 
EPA/EIA/069  

07-Nov 2002 None 

Bogoso Sulphide Expansion 
Project 

Environmental permit 
EPA/EIA/147 

07-Jun 2005 None 

Tailings Storage Facility II 
Extension  

Environmental permit 
EPA/EIA/188  

05-May 2006 None 

Pampe Environmental permit 
EPA/EIA/219  

29-Nov 2006 None 

Prestea underground gold 
mining project Phase 1 

Draft Environmental permit 
EPA/EIA/804  

Draft received 
Dec-2012 

 

Re-mining of TSF 1 Environmental permit 
EPA/EIA/340  

31-Oct 2011 30-Apr 2013 
then covered 
under the EMP 

TSF2 Water Dilution and 
Discharge (Emergency 
discharge from TSF2) 

EPA/EIA/317 
(Temporary permit) 

21-Oct 2010 20-Feb 2011 

Use the Buesichem Pit for TSF 
water storage 

EPA Approval letter CM 81/7  Sep 2011 Temporary 
approvals 
allowing the 
transfer of water 
to a process 
water storage 
facility 

Storage of process water in the 
Buesichem Pit 

EPA Approval letter CM 81/8  Oct 2012 

Buesichem Process Water 
Management facility second 
water transfer 

EPA Approval letter CM 81 Oct 2013 

WRC permit 
for water use 
and 
abstraction 
from ground 
water 

Bogoso, Prestea and Pampe 
operations 
(Note that most of the water 
used in the process is recycled 
from the TSF) 

Water Use Permit WRC 
(GSBPL ID 228/11) 

1-Jan 2011 
(Received 
from WRC on 
4-Apr-11) 

31-Dec 2013 
(Payment for the 
new permit was 
made on 11-Nov 
2013) 
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4 ACCESSIBILITY, CLIMATE, LOCAL RESOURCES, 
INFRASTRUCTURE AND PHYSIOGRAPHY 

4.1 Physiography and Climate 
The topography of the area within which the GSBPL assets are located is characterized by a 
series of northeast-southwest trending sub-parallel ridges. The altitude in the valleys where 
the main population centres occur is around 100m asl. The mineralisation tends to occur on 
the western slopes of the ridges with the intervening valleys occupied by farming communities 
and seasonal streams.  

The natural vegetation of the region is a transition between wet evergreen and moist 
evergreen rainforest. The natural vegetation has been degraded by earlier logging activities, 
and past and present farming activities, and now largely comprises broken forest, secondary-
forest, farmland and abandoned farmland, with upland type re-growth and with swamps in 
some valley areas. Forest patches are present on the steep slopes and in areas unsuitable for 
agriculture.   

The climate is tropical with daily temperatures varying mostly between 20°C to 35°C. There 
are two rainy seasons, one from April to June and then a minor rainy season in October and 
November. During December to February, the Harmattan wind blows from the north and 
frequently brings dust from the Sahara. The south west of Ghana receives the highest rainfall 
in the region. In the concession areas, the humidity is high all year round and rainfall 
averages 2,030 mm annually. 

4.2 Accessibility 
Bogoso is located on the main road from Tarkwa to Kumasi and there is a paved road 
between Bogoso and Prestea. The property has paved road access to Accra (6 hours), 
Tarkwa (1 hour) and the major port at Takoradi (3 hours). There are airports at Kumasi (3.5 
hours drive) and Takoradi, which provide daily services to the International Airport at Accra. 

Takoradi is Ghana’s second port after Tema (Accra) and is capable of handling large cargo 
ships and provides storage, bonded warehouses and customs and excise facilities for the 
majority of the mining equipment shipped to the goldfields of Ghana. 

4.3 Local Resources 
Local population centres are located at Bogoso Town in the north of the Bogoso Concession, 
and Prestea Town in the centre of the Prestea Concession.  

Prestea Town is located adjacent to the Plant North Deposit and the backfilled workings and 
offices are within the outskirts of the town. The Central Shaft complex at Prestea is also 
located within the town limits.  

Power is supplied from the Ghana national grid with appropriate backup capacity provided by 
diesel generators at the Bogoso Plant. 

4.4 Summary of Site Infrastructure 
The various Bogoso Prestea leases cover a large area and contain a number of currently 
active and inactive open pits, with associated surface infrastructure and overburden storage 
areas. Bogoso North and Chujah Main are the only pits currently in production, with Chujah 
Main being located approximately 2 km north of the Bogoso process plant and Bogoso North 
approximately 7.5 km northeast of Chujah, which is also approximately 1 km north of Bogoso 
township, as shown in Figure 3.3. Pampe open pit produced a small amount of gold in 2013 
and is located approximately 15 km northwest of Bogoso. Buesichem is located approximately 
8 km southwest of Chujah and also produced some gold from a small open pit in 2013. Both 
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these pits are currently inactive. Immediately to the east of the Bogoso plant are located the 
tailings storage facilities (TSF) 1 and 2. TSF 1 is no longer used for deposition and GSR 
commenced reprocessing of the tailings in 2013, which is continuing. TSF 2 has recently been 
commissioned and will be the repository for tailings from the remainder of the current life of 
mine plan, as discussed in Section 17. 
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5 HISTORY 
5.1 Mampon, Abronye and Opon 

The first recorded work in the Mampon area was in 1929 when maps of the Dunkwa area 
were produced as part of a soil and stream sediment sampling campaign. In the mid 1930s, 
the Ghanaian Geological Survey mapped the area as part of an extensive investigation of the 
volcanic-sedimentary boundary between Prestea and Obuasi. Gold exploration is also 
recorded from this time, although no production records exist. Work at Aniamote in the south 
of the concession during the 1930s included the digging of trial pits and shafts which revealed 
auriferous quartz vein and wall rocks over a strike length of 250 m. 

Very little information is available for the area between 1940 and the early 1980s. In 1988, 
BHP Billiton (“BHP”) obtained the prospecting license for the Dunkwa concession and 
conducted regional scale geochemical and Very Low Frequency – Electromagnetic 
(“VLF-EM”) surveys, which located the deposits at Mampon, Abronye and Adiokrom. Follow 
up detailed geochemical and VLF-EM surveys were then conducted and six diamond 
drillholes explored the extent of the Abronye deposit. 

BHP gave up its interest in the concession in the early 1990s and it was taken over by 
Sikaman Gold Resources Ltd, which subsequently sold its rights to Birim Goldfields Inc 
(“BGI”) in 1994. BGL entered into a joint venture with Hemlo Gold Mines Inc (“HGM”) who 
committed to a CN$ 7 million exploration programme over four years. HGM gave up its JV 
rights in 1999, at which point some 4,500 m of trenching, 10,100 m of RC drilling and 8,500 m 
of diamond drilling had been carried out across the concession. During this period, the 
consultants Watts, Griffis and McOuat completed an independent technical review of the 
projects and produced a Mineral Resource estimate, which consisted of oxide material along 
the Bogoso mining lease and of oxide and fresh material at Mampon and Abronye. The 
reporting code and key assumptions and parameters used to report this Mineral Resource are 
not known and a Qualified Person (“QP”) has not done sufficient work to classify this historical 
estimate as a current Mineral Resource or Mineral Reserve. Hence, the issuer is not treating 
the historical estimate as current Mineral Resources or Mineral Reserves. 

In 1999, Ashanti Goldfields became a JV partner and exploration continued for a further three 
years with 84 RC holes (5,300 m) and 26 diamond drillholes (5,500 m) being drilled on the 
Mampon deposit. In 2002, Resource Services Group completed a technical review of an 
Ashanti Pre-Feasibility study and produced an Inferred Mineral Resource estimate of 1.5 Mt at 
4.75 g/t Au for oxide, transition and fresh horizons combined at Mampon. The reporting code 
and key assumptions and parameters used to report this Mineral Resource are not known and 
a QP has not undertaken sufficient work to classify this historical estimate as a current 
Mineral Resource or Mineral Reserve and the issuer is not treating the historical estimate as 
current Mineral Resources or Mineral Reserves. 

In 2003, the properties were acquired from Birim Goldfields by GSR. 

5.2 Bogoso North/Marlu 
Marlu Gold Mining Areas Limited (“MGMAL”) explored for gold and operated a medium scale 
open pit and underground mining operation from 1935 to 1955. Surface gold mineralization 
was systematically explored utilizing trenching and shallow adits driven across strike. Deeper 
exploration, well below the depth of oxidation, was conducted on the Marlu deposits, where 
underground workings extended approximately 250 m below the surface. In 1935, MGMAL 
commenced mining oxide ore from a series of open pits extending from Bogoso North to 
Buesichem. During the period 1935 to 1955, MGMAL processed between 0.36 and 0.45 Mtpa 



SRK Consulting U5859-GSBPL 43-101 2014 – Main Report 
 

U5859 GSR 43-101_2013_BOGOSO_Final_140312_Clean.docx March 2014 
Page 14 of 140 

of ore yielding 35,000 to 51,000 oz per year. During the 15 year period of mining (the mine 
was shut down for the duration of World War II), 6.9 Mt of ore with a recoverable grade of 
4.1 g/t Au was processed through the plant generating about 0.9 Moz of gold. The average 
grade of the Marlu tailings is approximately 1.0 g/t Au, therefore, the Run of Mine (“RoM”) 
feed to the plant averaged around 5.0 g/t Au. Marlu also mined a small amount of ore from 
underground at Bogoso North. The Marlu mining operation terminated in 1955 due to a 
number of factors, including depletion of the open pit oxide resource, falling recoveries in the 
plant, poor ground conditions in the underground mine, and a major labour strike by mine 
workers. 

The 30 year period between the closure of the Marlu mining operations in 1955, and the 
acquisition of the Bogoso concession by Denison Mines Limited, a Canadian company, in 
early 1986 only saw sporadic exploration activities. These activities included the sampling of 
old adits and two separate drilling programs, one by the State Gold Mining Corporation 
(“SGMC”) and the other by the United Nations Development Program (“UNDP”). 

In 1986, Canadian Bogoso Resources Limited (“CBRL”), a Ghanaian company, commenced 
exploration on the Bogoso concession. Exploration between 1986 and 1988 outlined potential 
for development of mining operations on the concession. Included as part of this work was 
drilling of the Marlu tailings, dewatering and sampling of the Marlu underground workings to a 
depth of about 100 m, diamond drilling beneath the old open pits, adit sampling and trenching 
at Chujah, Dumasi, Dumasi North, and Boppo3. 

5.3 Chujah, Dumasi, Ablifa and Buesichem 
Gold was first commercially mined at the Bogoso Property in the early 20th century. Notably, 
in 1935, MGMAL started commercial scale mining of high-grade oxide material from a series 
of open pits extending south from Bogoso North to Buesichem, just south of the Bogoso 
property. MGMAL also mined a small amount of material from underground at Bogoso North, 
Marlu and Bogoso South and was still mining the Buesichem pit when it shut down its 
operations in 1955. According to BGL’s records, during its 20 year period of operating from 
1935 to 1955, MGMAL produced over 900,000 oz of gold at an average recovered grade of 
3.73 g/t Au. 

Billiton Plc (“Billiton”), then part of the Royal Dutch Shell Group, took control of the Bogoso 
Property in the late 1980s and its initial feasibility study established a “mineable reserve” of 
5.96 Mt with a mean grade of 4.0 g/t Au, of which 461,000 t (or less than 8%) comprised 
oxidised material and the remainder fresh (sulphide) material. The reporting code and key 
assumptions and parameters used to report this Mineral Resource are not known and a QP 
has not done sufficient work to classify this historical estimate as a current Mineral Resource 
or Mineral Reserve. Hence, the issuer is not treating the historical estimate as current Mineral 
Resources or Mineral Reserves.The feasibility study forecast gold recoveries of 83% from 
sulphide ore and 78% from oxide ore and estimated a stripping ratio (twaste:tore) of 5.6:1. The 
construction of a mining and processing facility was completed in 1991, the latter comprising a 
conventional CIL circuit to treat the oxidised material at a rate of 1.36 Mtpa and a flotation, 
fluidized bed roasting, and CIL circuit with a design capacity of 0.9 Mtpa. However, Billiton 
encountered operation difficulties with the fluidized bed roaster, as a result of which the 
flotation circuit and roaster were shut down in 1994 and the operation was then focussed 
solely on the oxide ore. The resulting standalone CIL plant had a capacity of approximately 
2 Mtpa and on-going exploration was successful in delineating further ore thereby prolonging 
the mine life.  

Mining and exploration at Prestea has been ongoing since 1873. During the majority of this 
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period, the work was concentrated around the Prestea Village area with the development of 
the underground operation and a small open pit at Plant North in the north of the Prestea 
concession. In 1994, JCI Limited (“JCI”) took over the Prestea Underground operation and 
carried out exploration and Feasibility Studies in the area immediately north and south of the 
mine infrastructure.  

GSR acquired Bogoso in 1999, and since that time has operated a nominal 1.5 Mtpa CIL 
processing plant to process oxide and other non-refractory ores (termed the Bogoso oxide 
plant in this report). In 2001, GSR acquired the Prestea property located adjacent to the 
Bogoso property and mined surface deposits at Prestea from late 2001 to late 2006. In July 
2007, GSBPL completed construction and development of a new nominal 3.5 Mtpa 
processing facility at Bogoso Prestea that uses BIOX® technology to treat refractory sulphide 
ore (termed the Bogoso sulphide plant in this report). 

5.4 Beta Boundary, Bondaye and Tuapim 
Before 2001, little, if any work was carried out in the Bondaye and Tuapim areas. Exploration 
sampling was carried out over the Beta Boundary deposit immediately to the north. In June 
2001, GSR was awarded the surface rights for the Prestea concession and commenced a 
programme of detailed stream and outcrop geochemical sampling over the entire concession. 
The results from this work led to the recognition of potential exploration targets in the 
Bondaye and Tuapim areas and Rotary Air Blast (“RAB”) drilling commenced in 2003. There 
are no historical (Pre 2004) Mineral Resource estimates for the Bondaye and Tuapim 
deposits. 
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6 GEOLOGICAL SETTING AND MINERALIZATION 
6.1 Regional Geology 

The regional geological setting of the Ashanti belt has been previously described by several 
authors. The most recent publication describing the geological setting of the sub-region was 
from Perrouty et al., in Precambrian Research in 2012.  

The Ashanti greenstone belt in the Western Region of Ghana is composed primarily of 
paleoproterozoic metavolcanic and metasedimentary rocks that are divided into the Birimian 
Supergroup (Sefwi and Kumasi Groups) and the Tarkwa Group. Both units are intruded by 
abundant granitoids (Figure 6-1) and host numerous hydrothermal gold deposits such as the 
Obuasi, Bogoso and Prestea mines and paleoplacer deposits such as the Tarkwa and 
Teberebie Mines. Allibone et al. (2002) separated the Paleoproterozoic Eburnean orogeny 
into two phases known as Eburnean I and II, this classification was revised by Perrouty et al. 
in 2012 and proposed two distinct orogenic events, the Eoeburnean orogeny and the 
Eburnean orogeny. The Eoeburnean orogeny predates the deposition of Tarkwaian 
sediments and is associated with a major period of magmatism and metamorphism in the 
Sefwi Group basement. The Eburnean event is associated with significant post-Tarkwaian 
deformation that affected both the Birimian Supergroup and overlying Tarkwaian sediments. 
The Eburnean orogeny is associated with major northwest to southeast shortening that 
developed major thrust faults, including the Ashanti Fault along with isoclinal folds in Birimian 
metasediments and regional scale open folds in the Tarkwaian sediments. These features are 
overprinted by phases of sinistral and dextral deformational events that reactivated the 
existing thrust faults and resulted in shear zones with strong shear fabrics. 

The Birimian series was first described by Kitson (1918) based on outcrops located in the 
Birim River (approximately 80 km east of the Ashanti Belt). Since this early interpretation, the 
Birimian stratigraphic column has been revised significantly. Before the application of 
geochronology, the Birimian super group was divided in an Upper Birimian group composed 
mainly of metavolcanics and a Lower Birimian group corresponding to metasedimentary 
basins. Subsequent authors have proposed synchronous deposition of Birimian 
metavolcanics. Most recently, Sm/Nd and U/Pb analyses have reversed the earlier 
stratigraphic interpretation with the younger metasediments overlying the older metavolcanics. 
Proposed ages for the metavolcanics vary between 2,162 ± 6 million years (“Ma”) and 2,266 
± 2 Ma. Detrital zircons in the metasediments indicate the initiation of their deposition between 
2,142 ± 24 Ma 2,154 ± 2 Ma. The Kumasi Group was intruded by the late sedimentary 
Suhuma granodiorite at 2,136 ± 19 Ma (U/Pb on zircon, Adadey et al., 2009). 

The Tarkwa supergroup was first recognized by Kitson (1928) and consists of a succession of 
clastic sedimentary units, which have been divided in four groups by Whitelaw (1929) and 
Junner (1940). The Kawere Group located at the base of the Tarkwaian super group is 
composed of conglomerates and sandstones with a thickness varying between 250 and 
700 m. The unit is stratigraphically overlain by the Banket Formation, which is characterized 
by sequences of conglomerates interbedded with cross-bedded sandstone layers, the 
maximum thickness of this group being 400 m. The conglomerates are principally composed 
of Birimian quartz pebbles (>90%) and volcanic clasts (Hirdes and Nunoo, 1994) that host the 
Tarkwa Placer deposits. The Banket formation is overlain by approximately 400 m of Tarkwa 
Phyllites. The uppermost unit of the Tarkwa super group is the Huni Sandstone, comprised of 
alternating beds of quartzite and phyllite intruded by minor dolerite sills that form a package 
up to 1300 m thick (Pigois et al., 2003). U/Pb and Pb/Pb geochronology dating of detrital 
zircons provide a maximum depositional age of 2,132 ± 2.8 Ma for the Kawere formation and 
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2,132.6 ± 3.4 Ma for the Banket formation (Davis et al., 1994; Hirdes and Nunoo, 1994). 
These ages agree with the study by Pigois et al. (2003) that yielded maximum depositional 
age of 2,133 ± 4 Ma from 71 concordant zircons of the Banket formation. According to all 
concordant zircon histograms (161 grains) and their uncertainties, a reasonable estimation for 
the start of the Tarkwaian sedimentation could be as young as 2,107 Ma. 

Abundant granites and granitoids intruded the Birimian and Tarkwaian units during the 
Paleoproterozoic. Eburnean plutonism in southwest Ghana can be divided into two phases 
between 2,180 to 2,150 Ma (Eoeburnean) and 2,130 to 2,070 Ma (Eburnean) that is 
supported by the current database of U/Pb and Pb/Pb zircon ages. Most of the granitoids 
intruded during both phases correspond to typical tonalite–trondhjemite–granodiorite (“TTG”) 
suites. However, in the southern part of the Ashanti Belt, intrusions within the Mpohor 
complex have granodioritic, dioritic and gabbroic compositions.  

Dolerite dykes oriented north-south and east-northeast to west-southwest which are typically 
less than 100 m in thickness are abundant across the West African craton where they cross-
cut Archean and Paleoproterozoic basement. In southwestern Ghana these dykes are well 
defined in magnetic data where they are characterised by strong magnetic susceptibility. 
Dolerite dykes are observed to cross-cut undeformed K-feldspar rich granites that formed 
during the late Eburnean, and are overlain by Volta basin sediments with a maximum 
depositional age of 950 Ma (Kalsbeek et al., 2008). These relationships constrain dyke 
emplacement to between 2,000 and 950 Ma. In contrast some older dolerite and gabbro 
dykes and sills were deformed during the Eburnean orogeny and are dated at 2,102 ± 13 Ma 
(U/Pb on zircon, Adadey et al., 2009). 

With the exception of some late Eburnean granitoids, dolerite dykes and Phanerozoic 
sediments, all other lithologies have undergone metamorphism that generally does not 
exceed upper greenschist facies. Studies on amphibole/plagioclase assemblages suggest the 
peak temperature and pressure was 500 to 650°C and 5 to 6 kbar (John et al., 1999), dated at 
2,092 ± 3 Ma (Oberthür et al., 1998). 
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Figure 6-1: Regional geology of the Ashanti Belt (Source: Modified from 

Perrouty et al., 2012) 
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6.2 Local Geology and Mineralization 
6.2.1 Introduction 

The Bogoso, Prestea, Mansiso and Asikuma properties lie within the southern portion of the 
Ashanti Greenstone Belt along the western margin of the belt. Rock assemblages from the 
southern area of the Ashanti belt were formed between a period spanning from 2,080 to 2,240 
Ma as illustrated in Figure 6-2, with the Sefwi Group being the oldest rock package and the 
Tarkwa sediments being the youngest. The Ashanti belt is host to numerous gold 
occurrences, which are believed to be related to various stages of the Eoeburnean and 
Eburnean deformational events. 

 
Figure 6-2: Compilation of geochronology dating from the Ashanti Belt (Source: 

Perrouty et al, 2012) 

 

The geology of the Bogoso Prestea mine site is divided into three main litho-structural 
assemblages (as represented in Figure 6-4.), which are fault bounded and steeply dipping to 
the west. This suggests that the contacts are structurally controlled and that the 
litho-structural assemblages are unconformable. From the eastern footwall to the western 
hanging wall, these packages are represented by the Tarkwaian litho-structural assemblage 
and the tectonic breccia assemblage, composed of sheared graphitic sediments and volcanic 
flows, which are commonly referred to as the Main Crush Zone (“MCZ”). The last assemblage 
is composed of undeformed sedimentary units of the Kumasi basin, which is located to the 
west of the Ashanti fault zone. 

The Tarkwaian litho-structural assemblage to the west is mostly composed of sandstone, 
pebbly sandstone and narrow conglomerate units. Bedding and sedimentary textures have 
been observed sporadically, and in most cases they have been obliterated by hydrothermal 
alteration and deformation at the proximity of the Ashanti fault. 

The litho-structural assemblage overlying the Tarkwaian sediments is a tectonic breccia 
bounded to the west by the Kumasi sedimentary basin. The tectonic breccia is a polygenic 
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assemblage, composed of various rock types such as volcanic rocks, volcaniclastics, 
sediments of the Birimian Supergroup, and sparse Tarkwaian sedimentary slivers. Volcanic 
lenses have been divided into two units based on their alteration pattern, weakly altered mafic 
volcanic rocks are characterized by a distal chlorite/calcite alteration pattern while strongly 
altered mafic volcanic rocks are characterized by a proximal silica/sericite/Fe-Mg carbonates 
alteration pattern. These strongly altered mafic volcanic lenses are generally located at 
proximity to the Main Reef Fault or bounded by second order footwall faults. The tectonic 
breccia assemblage is believed to have been the focal point of the post thrusting 
deformational event (Syn-D3 to syn-D5), therefore, primary textures, whether syn-volcanic or 
syn-sedimentary, have only been locally preserved. Volcanic lenses are intercalated with 
sheared graphitic sedimentary horizons which represent strained and brecciated sequences 
of siltstones, mudstones and greywacke units affected by pervasive graphite alteration. 
Primary textures are generally overprinted and obliterated by deformation, but bedding has 
locally been preserved.  

The most western litho-structural assemblage within the Bogoso Prestea Mine site consists of 
relatively undeformed to weakly strained sedimentary rocks of the Kumasi basin. The 
assemblage is composed of a series of flyschoid sequences where the most common units 
found are argillites, mudstones, siltstones and greywackes, which are all commonly referred 
to as phyllite in Ghana. Several syn-sedimentary textures have been observed such as 
bedding planes, graded bedding and cross-bedding. Chert horizons are locally intercalated 
within the flysch sequence, but appear to lack lateral continuity.  
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Figure 6-3: Lithologies hosting the Bogoso Prestea deposits. A: Undeformed 

sediments of the Kumasi Basin from Plant North pit. B: Deformed 
graphitic sediments from Plant North pit. C: Brecciated graphitic 
sediments from hole UC1044 at a depth of 68.4 m. D: Contact between 
altered mafic volcanic and the footwall tectonic Breccia from level 30 at 
crosscut 204N. E: Hand sample from level 24 of mafic volcanic rocks. F: 
Footwall tectonic breccia from Plant North Pit. (Source: Golden Star 
Resources, 2013) 

 

The litho-structural assemblages are affected by six distinct Eoeburnean and syn-Eburnean 
ductile events and at least one post-Eburnean brittle event, resulting in late reactivation of the 
major thrust fault systems. The Eburnean deformational events have been described and 
observed by several authors throughout the West African shield, including Milesi, Alibone and 
Perrouty. The D1 deformational event affects the older volcano-sedimentary sequence of the 
Birimian supergroup and was generated during a North-South compressional phase. The 
second event of deformation is related to an extensional phase which generated the 
sedimentation of the Kumasi basin. The D3 deformational event is believed to be mainly a 
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thrusting event, resulting in the thrusting of the volcano-sedimentary sequences and the 
Kumasi sedimentary basin over the younger Tarkwaian sedimentary group, which was 
unconformably deposited during the D3 event. The D4 deformational event was associated 
with NW-SE shortening which resulted in the re-activation of the D3 thrust fault into sinistral 
shearing.  

At Prestea, major thrust faults such as the Main Reef fault and the West Reef fault, as well as 
the presence of an associated penetrative foliation, are the main syn-D3 structural features. 
The fourth Eburnean phases is a transcurrent event, resulting in strike-slip movement along 
the major D3 faults, the development of regional scale fold and of a second penetrative 
foliation. The tectonic breccia assemblage and the graphitic shear zone were the focus of 
reactivation during the fourth deformational event resulting in a strong shear fabric whilst the 
sedimentary units in the hanging wall developed orthogonal steep penetrative fabrics at an 
angle to the main foliation. The fifth and last Eburnean phase, the D5 event, is defined as a 
minor transcurrent event, the effects of which are noticeable by the presence of a flat lying 
crenulation, observable locally on the main foliation plane.  

The structural complexity of the Bogoso Prestea Mine site is mainly due to reactivation of the 
fault system during the later events of Eburnean deformation. Several studies along the 
Ashanti trend are suggesting a syn-D4 timing for gold emplacement. Earlier studies at Prestea 
also suggested a syn-D3 to syn-D4 gold mineralized event, but it is still unclear whether syn-
D1 gold events could have taken place and have been remobilized during later hydrothermal 
syn-D3 to D4 pulses. Field evidence and structural relationships are suggesting that certain 
quartz veins along the Prestea major fault systems were in place during the earlier 
deformational event and deformed by subsequent events.  

Three distinct styles of mineralization are found on the Bogoso Prestea Mine site. The most 
extensive of the three mineralization styles are sulphide rich sheared graphitic zones, the 
second style of mineralization is found mainly at Prestea and consists of laminated fault fill 
quartz veins (Reef style mineralization) which are bound to the Main Reef fault system or to 
second order faults found in the hanging wall. The third style of mineralization consists of 
sulphide rich, brecciated and altered volcanic lenses which are found all along the Ashanti 
and Akropong trends.  

Fault fill quartz veins have been generated over an extensive period of time through multiple 
fluid pulses. They are bound to major and second order faults and characterized by laminated 
and stylolitic smoky to translucent quartz veins. Late gauge is commonly associated to the 
mineralized quartz veins and is also generally mineralized, although in most cases at lower 
grades then the associated quartz veins. Quartz veins are typically 1 to 2 m wide, but widths 
up to 5 m have been observed. Thicker fault fill quartz veins occur in dilation zones along the 
fault systems, it is still unclear what controls the emplacement of those dilation zones, but 
several mineralized quartz veins seem to have a spatial association with volcanic lenses 
found in the immediate footwall of the Main Reef fault.  

An alteration assemblage of silica/sericite/Mg-Fe carbonates characterizes the arsenopyrite-
pyrite rich volcanic lenses. They are typically composed with 2 to 10% acicular arsenopyrite 
crystals and 1 to 5% euhedral to sub-euhedral pyrite grains. They are also characterized by 
presence of brecciated and stockwork-like smoky to translucent quartz veins that can account 
for up to 30% of the volcanic lenses’ volume. The mineralized volcanic lenses are generally 
located in the immediate footwall of the fault system and shear zones. Mineralized volcanic 
lenses are generally narrow (10 to 25 m) and stretched along a north-south trend, sub-parallel 
to the main foliation. 
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Figure 6-4: Simplified geological plan of the Bogoso and Prestea licence areas 

highlighting the main geological and structural features (Compiled from 
multiple sources, 2003) 

6.2.2 Pampe 
The Pampe concession is located along the Akropong trend within the Kumasi sedimentary 
basin. The deposit is underlain by interbedded tuffs, carbonaceous phyllites and greywackes 
as well as intermediate to mafic volcanic flows and dioritic dykes. The rock assemblage of the 
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Kumasi basin outside of the Akropong fault zone is only weakly deformed with deformation 
and alteration with increasing proximity to the fault zone.  

The Akropong fault is a subsidiary structure of the Ashanti trend which hosts the Pampe 
deposit and the Ayanfuri deposits further north. Although the Akropong trend does not host as 
many important deposits as the Ashanti trend, it is thought to represent a major, deep-seated, 
fault system. These deep-seated fault systems are characterized by slices of volcanic and 
sedimentary rocks brought into their current configuration by thrusting along these structures. 

The mineralisation at Pampe is associated with quartz veins located at or near the contact 
between mafic volcanics or dolerite and the surrounding Kumasi basin sedimentary rocks. 
The quartz veins are for the most part foliation parallel as observed in the figure below, but a 
second set of quartz veins is characterized by conjugated geometries. Large coarse euhedral 
pyrites are disseminated within both host rock packages and are associated with quartz veins.  

The Pampe deposit is characterized by a strike length of approximately 1,300 m along which 
the deposit has been drilled along 25 m spaced fences. The Akropong trend at Pampe is 
divided into two parallel mineralized structures which both average approximately 5-10 m and 
can reach a thickness of up to 25 m at the center of the deposit. The Pampe deposit has been 
drilled to a depth of 400 m and mineralization is still open at depth.  

 

Figure 6-5: Various mineralization style occurring at Pampe. (Source: Golden Star 
Resources, 2013) 

6.2.3 Mampon/Abronye and Opon 
The Asikuma and Mansiso licenses host the Opon, Mampon and Aboronye deposits; 
structural setting controlling the style of mineralization is similar for all three deposits. Both 
concessions are underlain by north-northeast trending metasedimentary rocks of the Kumasi 
basin, including coarse-grained wackes, mudstones and argillites, interpreted to represent 
turbiditic sedimentary sequences. Discontinuous mafic to intermediate metavolcanic rocks 
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occur in the footwall of the main shear zones. These lithologies have been subjected to 
intense compressional deformation and lower-greenschist facies metamorphism. 

Typically the main foliation within the sedimentary sequence dips steeply to subvertically at 
Mampon and Abronye while Opon is relatively flat. A persistent graphitic shear zone dips 
approximately 70 to 75º towards the west at Mampon. This structure has been consistently 
intersected within the drilling of the Mampon deposit. Carbonate-chlorite-pyrite alteration is 
present within the barren footwall of the shear zone. Within the shear-zone hangingwall, 
quartz-sericite-arsenopyrite±gold alteration is present. To the west of the shear-zone, road-
cuts created during drilling expose some shallowly-west dipping quartz-veins. In addition, 
shallowly west-dipping quartz-veins within the western half of the Mampon deposit were 
identified using oriented core. Gold mineralization is developed within the graphitic 
metasedimentary rocks in association with quartz veining located in the hanging wall of the 
main shear zone, which is barren. This type of structural controls differs to other deposit along 
the Ashanti trend where mineralization is mostly associated with the shear zones.  

Veins range from narrow stringers to robust quartz bodies up to 4 m in width. This veining 
reportedly is both early and late suggesting that deformation of early veins and cross-cutting 
later veins may be recognized. Additionally, the veining is suggested to be associated with 
north-northwest striking splays or oblique shears close to their intersection with a major 
north-south trending shear zone. Mineralization at Mampon, Abronye and Opon is associated 
with pyrite and arsenopyrite dissemination within the wall rock surrounding the quartz veins 
and within the quartz veins themselves.  

The Opon deposit has a strike length of approximately 400 m and mineralization is 
constrained along six sub-parallel structures. The main Opon zone has a maximum thickness 
of 40 m while the hanging wall and footwall structures are generally narrower with an average 
thickness of approximately 10 m. The Opon deposit has been modelled to a depth of 
approximately 125 m and is open at depth. 

The Mampon deposit is modeled over a 1000 meters strike length and is oriented North-
South. Mineralization is constrained mainly to a continuous main structure whose thickness 
averages 10 to 20 m and the deposit is characterized by several discontinuous hanging wall 
zones. The Aboronye deposit is modeled over 700 m strike length along a South-East, North-
West oriented structure. The Aboronye structure has a maximum thickness of 35 meters in 
the centre of the deposit, with an average width of 10 m. Both deposits have been modelled to 
a depth of approximately 500 m and are open at depth. 
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Figure 6-6: Mineralized sedimentary host rocks and associated shear zones 

underlying the Mampon deposit in drillhole MPMET020. A: Sedimentary 
contact between an argillitic horizon and a mineralized wacke at 52.3m. 
B: Mineralized and folded argillitic horizon at 60.9m. C: Mineralized 
quartz vein and silica flooding alteration at 70.7m. D: Unmineralized 
shear zone located in the footwall of the Mampon deposit at 89.9m 
characterized by a strong shear fabric and quartz boudins. (Source: 
Golden Star Resources, 2013) 
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6.2.4 Bogoso North/Marlu 
Gold mineralization between Marlu and Bogoso North is restricted to a narrow graphitic fault 
zone located in the sedimentary hanging wall of the deposits with the footwall composed of 
volcanic lenses and sheared sedimentary rocks. The Bogoso North deposit consists of two 
splays of the main shear zones, a quartz vein dominated hanging wall splay, and a highly 
graphitic footwall structure. The two splays of the main shear zone at Bogoso North extend for 
approximately 500 m along strike and range in true width from 5 to 15 m. Gold mineralization 
at Bogoso North dips moderately to the northwest at 40 to 50º. The mineralisation is modelled 
over a 2 km strike at Bogoso North and an additional 2.7 km northwards to a depth of some 
300 m. Bogoso North gold mineralization is associated with either quartz veins or graphitic 
cataclasites.  

Quartz vein hosted gold mineralization generally is coincident with relatively high gold tenors, 
typically between 5 to 15 g/t Au. Vein gold is associated with abundant disseminated 
arsenopyrite in and around slices of graphitic mylonitic rock within the quartz veins. Although 
visible gold is occasionally observed in the veins at Bogoso North there are not abundant 
amounts of free gold as at Prestea and Ashanti. The quartz veins mark dilatant fractures, 
which focussed gold-bearing fluids, although gold deposition appears to have been promoted 
by interaction with adjacent wall rock fragments (Allibone et al 1998). The dilatant zones 
enabling quartz vein emplacement are localised in a left-stepping fault segment in the hanging 
wall fault splays of the main shear zone. Other veins are developed at the intersection of 
hanging wall spays with the main shear zone footwall structure.  

The footwall graphitic shear mineralization at Bogoso North generally is associated with lower 
gold values than that of the quartz vein hosted hanging wall structure. Gold mineralization is 
associated with finely disseminated pyrite and arsenopyrite. 
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Figure 6-7: Volcanic lens in the Bogoso North Pit steeply dipping to the West with 

sheared graphitic sedimentary package in the hanging wall. The bottom 
picture illustrates the deformed nature of the quartz veins within the 
graphitic shear zone. (Source: Golden Star Resources, 2013)  

6.2.5 Chujah/Dumasi 
Both Birimian and Tarkwaian lithologies are situated within the Chujah/Dumasi area. Birimian 
and Tarkwaian rocks are separated by a deformation corridor referred to as the central 
structural corridor or tectonic breccia. The tectonic breccia is hosted both in Birimian and 
Tarkwaian rocks and is characterized by an anastomosing network of faults and imbricated 
fault slices. These northeast-striking faults represent the principal thrust planes which were 
developed during the third event of deformation at the beginning of the Eburnean orogeny. 
The largest fault zone, located close to the western boundary of the deposits is referred to as 
the main shear zone and is characterized by fault gouge, mylonites, breccias and 
cataclasites.  

The attitude of the main shear zone varies locally but generally strikes between N025º to 
N040º, dipping between 35 to 75º towards the northwest. The thickness of the main shear 
zone ranges from a few metres to over 50 m in true width. The combined length of Chujah 
and Dumasi is some 3 km along strike and the deposit has been modelled to a vertical depth 

Bogoso North Pit – South Wall. 
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of 500 m. The main shear zone also hosts multiple generations of internal non-cylindrical 
folding, pervasive foliation development, quartz-ankerite veining and graphite ± ankeritic, 
carbonate ± sericite alteration assemblages. Reversals in stratigraphic younging direction 
across the main shear zone indicate that it forms the hinge of a km-scale shallow-plunging 
isoclinal syncline. The widespread development of at least sub-economic gold mineralization 
along essentially the full strike length of the main shear zone and numerous subsidiary 
structures implies that movement on them was widespread during mineralization. 

The eastern edge of the tectonic breccia zone is marked by another major fault zone; the 
Tarkwaian Boundary Fault zone. The Tarkwaian Boundary Fault zone separates the basal 
Tarkwaian gritty immature sandstones, pebble conglomerates and interbedded tuffs from the 
Tarkwaian, Kawere quartzites and conglomerates. The attitude of the Tarkwaian Boundary 
Fault is slightly steeper than the main shear zone with dips in the range of 60 to 80º towards 
the northwest. Numerous fault networks interconnect the two bounding fault structures where 
two dominant interconnected fault orientations have been observed one striking 
east-northeast and the other striking north to north-northeast. 
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Figure 6-8: Chujah pit lithologies. The top picture represents sheared graphitic 

sedimentary rocks of the Kumasi basin in contact with altered mafic 
volcanic lenses. The bottom picture is a mineralized graphitic shear 
zone characterized by quartz vein boudins and ankerite alteration. 
(Source: Golden Star Resources, 2013)  
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6.2.6 Ablifa  
The Ablifa deposits are also situated along the Ashanti Trend south of Chujah and North of 
Buesichem. The geology is therefore similar to the host lithologies found at both deposits, with 
the hanging wall composed of the Kumasi sedimentary basin and the footwall of tectonically 
imbricated Birimian and Tarkwaian rocks, including volcanic lenses and sandstones.. 
Mineralisation occurs within a narrow north-east striking corridor, in which mineralization dips 
predominantly to the northeast at angles ranging between 50 and 70º. The deposit is 
modelled over a strike length of 4.3 km and to a maximum vertical depth of 250 m, with 
mineralization constrained to narrow mineralized structures which averages approximately 5 
to 20 meters.  

The area is situated between the Buesichem North Pit, on the southern boundary of the 
Bogoso lease area and the Mackenzie/Big Hill pits immediately south of Chujah South Pit. 
The area includes the Deinsu Pits (South, 2 and Central) as well as the Ablifa West, Ablifa 2 
West, Polipoli Pataye and Akosu Pits. Five distinct mineralization styles have been described 
including the following:  

• graphitic shear zone hosted mineralization;  
• carbonate alteration associated mineralization; 
• wall rock hosted mineralization;  
• siliceous alteration hosted mineralization; and  
• quartz vein hosted gold mineralization.  

Within the first four styles of mineralization, gold is predominantly occluded within sulphides 
except where the original mineralogy has been altered by weathering.  

6.2.7 Buesichem 
The Buesichem deposit is the most northerly deposit located on the Prestea concession. In 
the vicinity of the Buesichem deposit the main shear zone appears to encroach on the 
Birimian – Tarkwaian contact, whereas this contact is typically 250 to 300 m east of the main 
shear zone on the Bogoso concession, however this contact might be the result of a 
Tarkwaian sliver thrusted along the main shear zone. As the contact is approached, the 
frequency of imbricated fault slices of Tarkwaian increases. In the Buesichem pit, the eastern 
wall is composed of discontinuous mafic volcanic lenses and a phyllite unit which, has been 
interpreted as Tarkwaian. The deposit is modelled over a 1.3 km strike length and to a 
maximum depth of 500 m. 

The Buesichem mineralization is hosted within a sequence of greywackes, turbidites and 
phyllites of the Kumasi sedimentary basin with local narrow horizons of metavolcanics located 
in the footwall of the main shear zone. The entire package has been extensively deformed 
forming a shear zone which is up to 100 m wide and comprises splays of anastomosing 
protomylonitic to cataclastic bands as defined by phyllosilicate bands and discrete, but 
discontinuous, re-crystallized quartz ribbons and porphyroblasts. 

Shear zones within the Buesichem pit indicate steeply dipping gold mineralization (>70º) with 
a plunge towards the south-southwest. Gold mineralization is constrained by splays and 
bifurcation shear planes composing the main fault zone.  

Mineralogical studies have consistently shown the presence of undeformed sulphide minerals 
indicating that the mineralization was post-deformational in age. The fact that up to 50% of the 
gold is occluded in arsenopyrite and is predominantly fine-grained (1-30 µm) accounts for the 
refractory nature of the ore. 
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Owing to the unique structural setting, gold mineralization of the Buesichem area is distinctly 
different from the rest of the Prestea deposits with respect to the texture. Ore paragenesis is 
nevertheless similar. Buesichem sulphide gold mineralization is similar to the deposits located 
along the 18 km strike length of the Ashanti trend north on the Bogoso Concession. 

 
Figure 6-9: Host rock sequence on the Buesichem North wall illustrating the 

mineralization styles of the Buesichem deposit with strongly shear 
graphitic sediments in the Hanging wall of the main shear zone and 
altered volcanic lenses in the footwall (Source: Perrouty et al., 2012). 

 

6.2.8 Beta Boundary, Bondaye and Tuapim 
The Beta Boundary, Bondaye and Tuapim deposits are collectively referred to as the Prestea 
South project and are located approximately 10 km south of the Buesichem deposit along the 
Ashanti trend. Locally, mineralization at Beta Boundary, Bondaye and Tuapim is 
characterised by lode gold mineralization which typically contains non-refractory, free milling 
gold associated with arsenopyrite and hosted within laminated fault filled quartz veins.  

Oxidation of the upper layers of the deposits is extensive and in places can reach tens of 
metres in depth. Generally oxidation is deeper in areas of higher topography and shallower in 
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the valleys and in areas of previous mining activity. There is a thin (generally <10 m) transition 
zone between the oxide and fresh material. This transition zone has been modelled as a 
separate unit in all three of the deposits in order to more effectively characterise the statistics 
of the individual layers. 

Beta Boundary is modelled over a 4 km strike length and to a depth of 450 m while Bondaye 
is modelled over a 1.3 km strike and Tuapim over 2 km. Bondaye and Tuapim are modelled to 
a maximum vertical depth of 150 m. Mineralization along the Prestea South deposits is 
constrained along narrow structures with width varying between 5 to 20 meters.  

The Prestea south deposits are hosted by three main litho-structural assemblages which are 
fault bounded and steeply dipping to the west. From the eastern footwall to the western 
hanging wall these packages are represented by the Tarkwaian litho-structural assemblage 
and the tectonic breccia assemblage, composed of sheared graphitic sediments and volcanic 
flows. The mineralized fault fill quartz veins tend to develop along brittle structures within this 
litho-structural package. The last assemblage is composed of undeformed sedimentary units 
of the Kumasi basin, which is located to the west of the Ashanti fault zone. 

The Tarkwaian litho-structural assemblage to the west is composed of sandstone, pebbly 
sandstone and narrow conglomerate units. The litho-structural assemblage overlying the 
Tarkwaian sediments is a tectonic breccia bounded to the west by the Kumasi sedimentary 
basin. The tectonic breccia is a polygenic assemblage, composed of various rock types such 
as volcanic rocks, volcaniclastics, sediments of the Birimian Supergroup, and sparse 
Tarkwaian sedimentary slivers. Volcanic lenses have been divided into two units based on 
their alteration pattern. Weakly altered mafic volcanic rocks are characterized by a distal 
chlorite/calcite alteration pattern while strongly altered mafic volcanic rocks are characterized 
by a proximal silica/sericite/Fe-Mg carbonates alteration pattern. These strongly altered mafic 
volcanic lenses are generally located at proximity to the Main Reef Fault or bounded by 
second order footwall faults. The tectonic breccia assemblage is believed to have been the 
focal point of the post thrusting deformational event (Syn-D4 to syn-D5). The most western 
litho-structural assemblage within the Bogoso Prestea Mine site consists of relatively 
undeformed to weakly strained sedimentary rocks of the Kumasi basin. The assemblage is 
composed of a series of flyschoid sequences where the most common units found are 
argillites, mudstones, siltstones and greywackes. 
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Figure 6-10: Various mineralization styles underlying the Prestea South deposits, 

graphitic shear zone at Tuapim and laminated quartz veins at Beta 
Boundary. (Source: Golden Star Resources, 2013) 
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7 DEPOSIT TYPES 
The Golden Star Resources deposits are located on the 250 km long northeast-southwest 
trending, Ashanti Belt, a Paleoproterozoic granitoid-greenstone assemblage of southwest 
Ghana. These greenstone belts and dividing sedimentary basins were formed and deformed 
during the Eoeburnean and Eburnean orogeny. The Prestea-Bogoso area occurs at the 
southern termination of the Ashanti Belt, where the gold deposits, mined or under exploration, 
are localised principally along two steep to subvertical major crustal structures referred to as 
the Ashanti trend and the Akropong trend as illustrated in Figure 7-1. The principal structures 
are graphitic shear zones and mineralised fault filled quartz veins.  

The Bogoso Prestea section of the Ashanti Trend shows a range of mineralisation styles 
associated with graphitic shear zone, which represents the principal displacement zone of a 
regional-scale shear zone that defines the mineral belt. These styles include laminated quartz 
vein deposits containing free gold, highly deformed graphitic shear zones containing 
disseminations of arsenopyrite as the principal gold bearing phase (e.g. Buesichem, Chujah-
Dumasi and Bogoso North) and disseminations of sulphides in mafic/intermediate volcanic 
rocks generally found in the footwall of the main shear zone. 

The Bogoso Prestea deposits can be classified as a lode gold deposits or orogenic 
mesothermal gold deposits, which are the most common gold systems found within Archean 
and Paleoproterozoic terrains. In the West African shield, orogenic gold deposits are typically 
underlain by geology considered to be of Eburnean age and are generally hosted by volcano-
sedimentary sequences. The Ashanti belt is considered prospective for orogenic mesothermal 
gold deposits and hosts numerous other lode gold deposits such at the Obuasi mine.  

B. Dubé and P. Gosselin of the Geological Survey of Canada described these deposits as 
greenstone-hosted quartz-carbonate vein deposits in the 2007 special publication No.5 
entitled Mineral Deposits of Canada. The authors described these deposits as typically 
occurring in deformed greenstone belts and distributed along major compressional crustal 
scale fault zones commonly marking the convergent margins between major lithological 
boundaries. The greenstone-hosted quartz-carbonate vein deposits correspond to structurally 
controlled complex deposits characterized by networks of gold-bearing, laminated quartz-
carbonate fault-fill veins. These veins are hosted by moderately to steeply dipping, 
compressional brittle-ductile shear zones and faults with locally associated shallow-dipping 
extensional veins and hydrothermal breccias. In these deposits, gold is mainly confined to the 
quartz-carbonate veins, but can also occur within iron-rich sulphidised wall rocks or within 
silicified and arsenopyrite-rich replacement zones.  

At Bogoso Prestea, gold mineralization exhibits a strong relationship with major shear zones, 
fault zones and second order structures. Three types of mineralization have been identified at 
Prestea, which are both characterised as mesothermal gold mineralization:  

• Arsenopyrite-pyrite rich graphitic shear zones; 
• Fault-fill quartz veins along fault zones and second order structures, which typically 

contains non-refractory, free milling gold; and 
• Disseminated mineralization associated with brecciated zones of iron-rich footwall 

volcanic lenses, which are characterized by finely disseminated arsenopyrite-pyrite rich 
and silicified replacement zone.  

The graphite rich shear-hosted and volcanic hosted mineralization types are refractory and 
generally lower grade in comparison to fault-filled quartz vein hosted mineralization type.  

The weathering profile at Bogoso Prestea is deep and typically results in extensive surface 
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oxidation of bedrock, to a depth of up to one hundred metres. Generally, the weathering 
profile typically consists of a lateritic surface, a saprolitic horizon, a transitional zone and a 
deeper primary sulphide zone. 

 
Figure 7-1: The reduced to pole image of the total magnetic intensity draped over 

the shaded first vertical derivative of the southern Ashanti belt 
illustrating the Akropong and Ashanti trends (Source: Perrouty et al., 
2012) 
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8 EXPLORATION  
Exploration was historically carried out by drilling and is summarised in the following section. 
Prior to drilling, soil geochemistry sampling was carried out over the main deposits as an aid 
to targeting of initial drilling programs. Extensive geophysical surveys were also conducted 
over the concessions which include aero-magnetic surveys, Versatile Time-Domain 
Electromagnetic (“VTEM”) surveys and induced-polarization surveys. 

8.1 Bogoso Prestea 
The earliest reported mining activity on the Bogoso concession was at the Bogoso South 
deposit, where in 1905 and 1906, approximately 7,500 t of material was excavated from two 
shafts. Processing of the mineralisation yielded 5,300 oz of gold. Bogoso South underground 
workings were pumped out in 1933 and a third shaft was sunk 30 m north of the old workings. 
The third shaft intersected a 1.2 m quartz reef that was sampled and gave reported grades of 
6.2 and 18.6 g/t Au. 

Historical exploration mining activities from the 1930s to mid-1950s are discussed in 
Section 5.3. The first drilling program, carried out by SGMC, was centred on the old 
Buesichem lease, located at the southern boundary of the Bogoso concession. The 36 holes 
drilled outlined a broad, low-grade zone of gold mineralization. In a United Nations report from 
1983, tonnage was estimated at about 3 Mt grading 5 g/t Au and was located in two lenses to 
a depth of about 200 m.  

The UNDP drilling program was carried out in 1976 to 1978 in the vicinity of Chujah and 
Dumasi. Several holes were also drilled at Bogoso North in an effort to trace possible 
extensions of the large oxidized deposit previously mined by MGMAL. Between Chujah and 
Dumasi, the UNDP drilled 21 holes spaced 122 m apart, covering a strike length of 
approximately 1,000 m. Results of the drilling done at Bogoso North were discouraging, but at 
Chujah and Dumasi, a broad zone of mineralization was outlined. 

In 1986, CBRL commenced exploration on the Bogoso concession. Exploration between 1986 
and 1988 outlined potential for development of mining operations on the concession. Included 
as part of this work was drilling of the Marlu tailings, dewatering and sampling of the Marlu 
underground workings to a depth of about 100 m, drilling beneath the old open pits, adit 
sampling and trenching at Chujah, Dumasi, Dumasi North, and Boppo3. 

Exploration activities carried out by CBRL by mid-1988 included: 

• 10,835 m over 146 holes of drilling at Chujah, Dumasi, Nankafa, Marlu, Bogoso North 
and Boppo2; 

• 3,738 m of trench sampling at Chujah, Dumasi, Nankafa, Bogoso North and Boppo2; and 
• 1,666 m of channel samples from old MGMAL exploration adits at Chujah, Dumasi, 

Nankafa and Boppo2. 

In 1989, JCI Limited acquired the Prestea concession and collared 38 holes totalling about 
6,000 m at the Buesichem deposit. JCI also tested the southern extensions of the Buesichem 
deposit along the Beposo oxide pits which were drilled further by Bogoso Gold Limited 
(“BGL”) and have since been mined and processed. 

In late 1994, some 2,526 m of DD was carried out in Chujah and Bogoso North pits to provide 
HQ core for bio-oxidation testwork using the BIOX® marketed by Biomin Limited, a subsidiary 
of Gold Fields. 

Billiton took control of the Bogoso Property in the late 1980’s. The initial feasibility study 
established a total of approximately 6 Mt of material grading 4.0 g/t Au, of which 
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approximately 0.5 Mt comprised of oxide mineralisation. The feasibility study forecast gold 
recoveries of 83% from sulphide mineralisation and 78% from oxide material and estimated a 
stripping ratio (twaste:tore) of 5.6:1. Construction of a mining and processing facility was 
completed in 1991. The facility was designed to process oxides by using conventional CIL 
technology at a design capacity of 1.36 Mtpa and to process sulphides by using flotation, fluid 
bed roasting and CIL technology at a design capacity of 0.9 Mtpa. 

Billiton conducted only limited exploration programs between 1991 and 1998. GSR acquired 
the rights to the Bogoso operations in 1999 and acquired the surface rights for Prestea in 
2001. Following these acquisitions, GSR conducted exploration programs along the entire 
Ashanti trend covered by the Bogoso and Prestea concessions which included mapping 
programs, pit sampling, soil geochemistry and drilling programs.  

In 2007, GSR contracted Geotech Airborne Geophysical Surveys (“‘GEOTECH”) to run a 
VTEM survey which they flew over the entire project area. The total drill production up to end 
of 2012 stands at 89,216 m of RAB, 141,115 m of Reverse Circulation (“RC”) and 195,133 m 
of DD drilling. A number of targets were generated from the VTEM survey and a drilling 
program was embarked upon in 2009 ending in 2011 resulting in some 22,475 m of RC and 
93,425 m of DD drilled over a total of 230 RC and 364 diamond holes over the various 
deposits. 

8.2 Mampon-Aboronye 
The first recorded work on the Asikuma Concession was in 1929. Maps with geological data 
and the location of soil and stream samples covering part of the concession, formerly referred 
to as the Jappa Mansi and Asikuma Options, are on file at the Minerals Commission in Accra. 

In 1934 and 1937, the Ghana Geological Survey mapped the western boundary of the 
Tarkwaian basin and the Birimian metavolcanic-metasedimentary contact from Bogoso to 
Dunkwa. Exploration for gold was carried out at the same time as this mapping, indicating the 
presence of gold in stream gravels draining westward across the metavolcanic-
metasedimentary contact from the village of Mampon northward to the village of Nsuaem, a 
distance of about 8 km. 

Abandoned gold prospects and small-scale workings of unknown age are found at Chirbra on 
the Asikuma Concession. Chirbra is located 6 km south of Dunkwa and includes several 
shafts up to 20 m in depth. These are recorded on an old survey map compiled by Gold Coast 
Selection Trust in 1937. Exploratory drifting was made from these shafts and also from 
several adits in the prospect area. No production is recorded. Gold Coast Selection Trust also 
prospected towards the north end of the Asikuma Concession and also undertook trenching 
and sampling in the immediate area of the Chirbra Prospect. 

From 1988 to 1992, BHP - Utah conducted a regional stream and soil geochemical and 
VLF-EM surveys covering what constituted Birim Goldfields’ Asikuma and Mansiso 
Concessions. They located three new prospects, Mampon, Aboronye and Adukrom within the 
Asikuma Concession. These prospects are located at the south end of the Mampon-Nsuaem 
zone of placer gold occurrences identified by the Ghana Geological Survey in the mid-1930s. 

Birim Goldfields and Battle Mountain Gold (“BMG”) took over the property when BHP 
abandoned it in 1992 and undertook the following exploration activities, induced polarization 
surveys, ground VLF-EM, airborne multi-frequency electromagnetic and aeromagnetic survey, 
processing of satellite imagery data, soil geochemical sampling, mapping, trench sampling, 
RAB, RC, DD and metallurgical test work covering the Mampon deposit. 

GSR entered into an agreement with Birim Goldfields in 2003 to acquire the Asikuma and 



SRK Consulting U5859-GSBPL 43-101 2014 – Main Report 
 

U5859 GSR 43-101_2013_BOGOSO_Final_140312_Clean.docx March 2014 
Page 39 of 140 

Mansiso concessions. GSR took over ownership of the concession following the agreement 
and undertook exploration activities which included auger sampling, regolith mapping, RAB, 
RC and DD.  

In 2006, a baseline environmental monitoring study as part of the environmental impact 
assessment for the Mampon project was conducted. Community consultations for the 
Mampon project were conducted throughout the various exploration programs, a public 
hearing was held on 9 November 2006. 

In 2007, GSR contracted GEOTECH to run a VTEM survey over both concessions. A total of 
17 RC holes, 30 DD holes and four geotechnical holes were drilled at Mampon over the years 
by Birim Goldfields and GSR for a total of 7,454 m of drilling. 

8.3 Pampe 
Exploration activities at Pampe were first conducted in the 1990’s by Jostek mining, which 
was a joint venture between the Ghanaian Government and Icon Industries of Canada. Icon 
Industries abandoned its interest in the concession in 1999 and GSR entered into an option 
agreement for exploration on the concession. Exploration programs conducted by Jostek 
Mining prior to GSR’s involvement consisted of early stage exploration and first phase drilling 
programs. A total of 3,394 m of DD over 23 holes were drilled by Jostek Mining prior to GSR 
taking control of the concession.  

GSR conducted soil geochemistry programs followed by shallow and deep auger programs 
over previously identified anomalies. Several phases of RAB drilling were conducted over the 
anomalous soil and auger geochemical targets which were followed by extensive RC and DD 
programs, a total of 36,010 m of RC and DD has been achieved to date by Golden Star.  
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9 DRILLING 
9.1 Drilling 

Drilling is carried out by a combination of DD, RC and RAB techniques at the GSBPL 
operations. In general, the RAB method is used at early stages as a follow up to soil 
geochemical sampling and during production for testing contacts and deposit extensions 
around the production areas and has a maximum drilling depth of around 30 m. RC drilling is 
used as the main method for obtaining suitable samples for Mineral Resource estimation and 
is carried out along drill lines spaced between 25 and 50 m apart along prospective structures 
and anomalies defined from soil geochemistry and RAB drilling results. RC drilling is typically 
extended to depths of in the order of 150 m. The DD method is used to provide more detailed 
geological data and in those areas where more structural and geotechnical information is 
required. Generally, the deeper intersections are also drilled using DD and, as a result, most 
section lines contain a combination of RC and DD drilling.  

With over 5,000 holes drilled and over 400,000 m of drilling conducted on the various deposits 
it is not considered appropriate to discuss all relevant drilling results. Suffice to say, the 
continued production and grade control drilling is providing appropriate reconciliation with the 
original drilling. The interpretation of the relevant results is directly related to the wireframe 
modelling used for the purpose of defining the volume of material used for the Mineral 
Resource volume. 

All drillhole data is verified by GSBPL staff and independently by their consultants and there 
are no recovery or survey factors which are considered to materially impact the accuracy and 
reliability of the results. 

Exploration data for the GSBPL projects including Mampon are based on a general strike 
orientated at N32˚E with magnetic declination of easterly deviation of 7˚ culminating in the 
Bogoso Mine Grid of N39˚E. In the case of the Pampe deposit, the established Mine Grid 
used for the data is N47˚E. All drillhole collars and local topographic features are reported in 
the respective mine grid location coordinates and are done by Golden Star surveying team 
employees. Topographic surface surveying over the various areas are also completed by staff 
surveyors. 

Drill collar azimuth and dip for both RC and DD holes are established prior to drilling by a 
surveyor using a total station whereas RAB holes are done using a hand-held magnetic 
compass. All drill holes locations including RAB holes are surveyed using a total station once 
the hole is completed and the drill rig is moved away from the drill pad. Downhole surveys of 
RC and DD boreholes are conducted using Reflex survey instruments or EZ-Shot 
instruments. Downhole measurements are conducted at intervals of 30 m for both RC and DD 
drill holes, RAB holes on the other hand are too short with maximum depth of 30 m to conduct 
downhole surveys. 

Initial drilling phases are generally conducted to investigate soil anomalies and are mostly 
drilled on 800 m line spacing and later in-filled at 400 to 200 m spacing depending on results. 
The first pass drilling programs are generally RAB type drilling which is initially drilled and 
oriented perpendicular to the interpreted strike of the anomaly. RAB drilling is generally 
followed by RC drilling along defined sections and drilled at fence spacing of 50 m and later 
in-filled at 25 m spacing pending positive assay results. The drilling strategy aims at sampling 
the gold bearing structures orthogonal to the interpreted strike on sections regularly spaced at 
25 m. 

A summary of the exploration data used in the Mineral Resource models is given in Table 9-1. 
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Table 9-1: Summary exploration data used for the Mineral Resource models and 
LoM plans at GSBPL 

Location Type Number of Holes Meterage (m) 

Pampe 

RC 92 8,971 
DD 74 15,019 

Geotech - - 
GC (RC) 409 12,020 

Mampon 

RC 17 1,659 
DD 30 5,255 

Geotech 4 540 
GC (RC) - - 

Bogoso North (Marlu) 

RC 225 12,230 
DD 140 28,212 

Geotech - - 
GC (RC) 66 3280 

Chujah/Dumasi 

RC 618 40,247 
DD 315 56,546 

Geotech 6 1,110 
GC (RC) 1,076 29,267 

Ablifa 

RC 153 10,568 
DD 30 5,642 

Geotech - - 
GC (RC) 36 1889 

Buesichem 

RC 207 19,046 
DD 295 63,742 

Geotech 4 776 
GC (RC) 601 15,415 

Beta Boundary South 

RC 226 24,025 
DD 46 11,843 

Geotech 4 706 
GC (RC) - - 

Bondaye 

RC 196 18,879 
DD 15 1,948 

Geotech - - 
GC (RC) - - 

Tuapim 

RC 187 18,116 
DD 10 15,20 

Geotech - - 
GC (RC) - - 

 

9.2 Sampling 
All exploration data from the GSBPL leases and concessions are collected by GSR 
personnel, with the exception of auger sampling programs where contractors are occasionally 
hired. Contractors are supplied with comprehensive field procedures designed to ensure 
reliability of the exploration data and minimise voluntary and inadvertent contamination and 
supervised by GSR employees. 

Shallow auger samples are collected below the organic layer and overburden material from 
half a meter below the surface to one meter. The augers are manually operated metal tools 
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which dig holes of approximately 10 cm in diameter. Deep auger holes generally go to a depth 
of approximately 3 to 4 m and are normally conducted to follow anomalous results from the 
shallow auger programs. 

For all drilling programs, GSR follows a standardised approach to drilling and sampling on all 
its Ghanaian projects. Sampling is typically carried out along the entire drilled length. For RC 
drilling, samples are collected every 1 m. Where DD holes have been pre-collared using RC, 
the individual 1 m RC samples are combined to produce 3 m composites which are then sent 
for analysis. Should any 3 m composite sample return a significant gold grade assay, the 
individual 1 m samples are then sent separately along with those from the immediately 
adjacent samples.  

DD samples are collected, logged and split with a diamond rock saw in maximum 1 m lengths. 
Detailed logging of the core is done by an appropriate qualified geologist at the core shed 
where the entire length of the hole is laid on core tables in sequential order. The geologist 
takes elaborate information on descriptions of colour, lithology, alteration, weathering, 
structure and mineralisation. The core is cut according to mineralisation, alteration or 
lithology. The core is split into two equal parts along a median to the foliation plane using a 
core cutter. The sampling concept is to ensure a representative sample of the core is 
assayed. The remaining half core is retained in the core tray, for reference and additional 
sampling if required. 

RC sampling protocols were established in 2003. The composite length of 3 m has been 
specified to allow a minimum of at least two composites per drillhole intersection based on 
experience from exploration drilling and mining. The hangingwall and footwall intersections 
can generally be easily recognised in core from changes in pyrite content and style of quartz 
mineralisation. 

The 3 m composite sampling methodology is as follows: 

• A sample of each drilled meter is collected by fitting a plastic bag on the lower rim of the 
cyclone to prevent leakage of material; 

• The bag is removed once the “blow-back” for the meter has been completed and prior to 
the commencement of drilling the subsequent meter; 

• Both the large plastic sample bags and the smaller bags are clearly and accurately 
labelled with indelible ink marker prior to the commencement of drilling. This is to limit 
error and confusion of drilling depth while drilling is proceeding; 

• 3 m composite samples are taken by shaking each of the 1 m samples (approximately 20 
kg) and taking equal portions of the 3 consecutive samples into a single plastic bag to 
form one composite sample (approximately 3 kg); 

• Composite samples are taken using tube sampling, which uses a 50 mm diameter PVC 
tube cut at a low oblique angle at one end to produce a spear of approximately 600 mm 
length; 

• The technique assumes that a sample from the cyclone is stratified in reverse order to 
the drilled interval: a representative section through the entire length of the collected 
sample is considered to be representative of the entire drilled interval; 

• The PVC tube is shuffled from the top to bottom of the sample, collecting material on the 
way, to ensure sample accumulated in the tube does not just push the remaining sample 
away; and 

• The material in the tube is emptied into the appropriately labelled sample bag and, in the 
case of 3 m composite samples, stored separately from the 1 m samples. 
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The 1 m sample collection methodology is as follows: 

• The 1 m re-sampling of selected mineralised composite zones using the 20 kg field 
samples is undertaken with a single stage riffle splitter; 

• The splitter is clean, dry, free of rust, and damage is used to reduce the 20 kg sample 
weight to a 3 kg fraction for analysis; 

• Care is taken to ensure that the sample is not split when it is transferred to the splitter, 
and is evenly spread across the riffles; 

• When considered necessary, the sample is assisted through the splitter by tapping the 
sides with a rubber mallet; 

• Excessively damp or wet samples are not put through the splitter, but tube-sampled or 
grab-sampled in an appropriate manner. Alternatively, the sample is dried before 
splitting. A common sense approach to wet sampling is adopted on a case by case 
basis; 

• Similarly, clods of samples are not forced through the splitter, but apportioned manually 
in a representative manner; and 

• The splitter is thoroughly cleaned between each sample using a brush. Where possible, 
the splitter is cleaned using an air gun attached to the drill rig compressor. 

RAB samples are collected and bagged at 1 m intervals. As the samples are generally smaller 
in size than the RC samples, 3 m composites are prepared by shaking the samples 
thoroughly to homogenise the sample, before using the PVC tube to collect a portion of the 
three individual 1 m samples. After positive results from the 3 m composites, the individual 
1 m samples are split to approximately 2 to 3 kg using the Jones riffle splitter and then 
submitted to the laboratory for analysis. 

Logging data for all drill hole types is recorded directly into acQuire software using GETAC 
notebook computers for all logging. The logs are validated before they are integrated into the 
online live acQuire database. In the case of RC sampling where field conditions will not permit 
the use of the notebooks, the log data is recorded on paper and transferred to data entry staff 
for input into the database. All exploration drillhole data are ultimately transferred into 
Gemcom database by database staff and validated at the Bogoso site exploration office. The 
master exploration acQuire and Gemcom databases are housed in the Takoradi office and 
access is limited to maintain database integrity. All exploration data are first validated before 
being accepted into the master database. 
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10 SAMPLE PREPARATION, ANALYSES AND SECURITY 
10.1 Sample Preparation 

Sample preparation on site is restricted to core logging and splitting, which is carried out by 
GSR. The facilities consist of enclosed core and coarse reject storage facilities, covered 
logging sheds and areas for the splitting of RC and RAB samples. Core samples are logged 
geologically and geotechnically on-site prior to being split. Core is halved using a diamond 
saw and bagged by GSR for collection by representatives of the analytical laboratory. Sub-
sampling of RC and RAB samples is carried out using a Jones Riffle splitter. 

10.2 Sample Despatch and Security 
Samples are collated at the mine site after splitting and then transported to the primary 
laboratory for the completion of the sample preparation and chemical analysis. Exploration 
samples are trucked by road to the laboratories in Tarkwa. 

Sample security involves two aspects, namely maintaining the chain of custody of samples to 
prevent inadvertent contamination or mixing of samples, and rendering active tampering of 
samples as difficult as possible. 

No specific security safeguards have been put in place by GSR to maintain the chain of 
custody during the transfer of core between drilling sites, the core library, and sample 
preparation and assaying facilities. Core and rejects from the sample preparation are archived 
in secure facilities at the core yard and remain available for future testing. 

SRK considers the security measures to be adequate and appropriate given the location of 
the sample preparation and storage facilities within the main mining complex and the 
additional security surrounding the storage compound. 

10.3 Laboratory Procedures 
Sample assays are performed at either SGS Laboratories in Tarkwa (“SGS Tarkwa”) or 
Transworld (now Intertek) Laboratories (“TWL”) which is also based in Tarkwa. GSR has used 
both laboratories and regularly submits quality control samples to each for testing purposes. 
Both laboratories are independent of GSR and are currently in the process of accreditation for 
international certification for testing and analysis.  

The sample preparation and analysis processes at Bogoso Site Laboratory (“BSL”), TWL and 
SGS Tarkwa differ slightly. BSL was used as the primary laboratory for samples from July 
2007 onwards. Most deposits at GSBPL are analysed by fire assay methodology with the 
exception of Pampe samples which are analysed by bottle rolled LeachWellTM analysis. 

The sample preparation and analysis process at BSL for fire assays is as follows: 

• Sample reception, sorting, labelling and loading; 
• Dry entire sample (3 kg) at 110 to 140°C for between 4 and 8 hours; 
• Jaw crush entire sample to 3 mm, and secondary keegor crusher to 1 mm; 
• Split 3 kg sample and pulverize for 3 to 8 minutes to 95% passing 75 μm; and 
• Sample homogenisation using a mat rolling technique, and sub-sample 50 g pulp for fire 

assay analysis with an Atomic Absorption (“AA”) finish. 

The sample preparation and analysis process at BSL for bottle rolled analysis is as follows: 

• Sample reception, sorting, labelling and loading; 
• Dry entire sample (3 kg) at 110 to 140°C for between 4 and 8 hours; 
• Jaw crush entire sample to 3 mm, and secondary keegor crusher to 1 mm; 
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• Split 3 kg sample and pulverize for 3 to 8 minutes to 95% passing 75 μm; 
• Sample homogenisation using a mat rolling technique, and sub-sample 1 kg into BLEG 

roll bottle; 
• Bottle roll for 6 hours with LeachWellTM accelerant. Allow to settle for 30 to 60 minutes; 
• Filter 20ml aliquot from bottle; 
• DIBK extraction and AAS determination of gold content; and 
• 1 in 10 residue samples are retained for gold determination using fire assay. 

TWL was the primary laboratory for samples until July 2007, when it was discontinued due to 
the following issues: 

• Contamination due to poor dust control in pulverizing area of the laboratory. Use of dust 
attracting cloth gloves for sample handling. BLEG aliquot preparation area containing dirt 
and liquids, which may result in sample cross-contamination; 

• Large fluctuation in employee numbers (60 to 180), which resulted in a risk of training 
and quality control issues when increasing employment numbers over a short period of 
time; and 

• The use of a manual data tracking and capture system, which increased risk of data 
entry errors. GSR considered this to be a sub-optimal process for a commercial 
laboratory. 

The sample preparation and analysis process used for all samples submitted to TWL is 
illustrated in Figure 10-1. 
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Figure 10-1: Sample processing flowsheet (Source: TWL) 

 

        TRANSWORLD LABORATORIES(GH) LTD.-
BLEG +Leachwell Sample Analysis Flow Sheet
Detection Limit 0.01 ppm Au

3-5 kg Sample
Sample Receival and sorting

   Dry entire sample
   at 110oC (12 hours)

Jaw crush entire sample

<6mm

Riffle split 3.0 to 4.0 Kg Retain residual split in
original receival bag.

If sample weight is greater than 5kg
Pulverise subsample cone splitting is recommended

<75um

Homogenise and weigh Retain residual pulp in
2.0 Kg into BLEG roll bottle pulp bag

Add: 30g Ca(OH)2
10ml of 200ppm CN solution(2g NaCN)
1000 ml water

1 LeachWell Tablet

Place on Bottle roller - 
roll for 6 hours

Remove from roller and
allow to settle for 2 hours

  Filter 50ml sub sample Wash Tails of 10th sample Analysis for Gold by
into flask. Fire assay Method

Extract into 5ml of DIBK

       Atomic 
    Absorption
     Analysis

Data Processing
  and Reporting
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SGS Tarkwa has been engaged for exploration samples since July 2007. The sample 
preparation and analysis process at SGS Tarkwa is as follows for fire assay analysis: 

• Sample received, entered in LIMS, worksheets printed and samples sorted; 
• Samples emptied into aluminium dishes; 
• Dry entire sample at between 105 and 110°C for 8 hours; 
• Jaw crush entire sample to 6 mm; 
• Split sample using a single stage riffle splitter, to result in a 1.5 kg sub-sample; 
• Pulverise sub-sample for 3 to 5 minutes, to give 90% passing 75 μm; 
• Sample homogenisation using a mat rolling technique, and sub-sample 50 g pulp for fire 

assay analysis with an AA finish; and 
• The remainder of the sample is retained as pulp and crushed sample duplicates. 

The sample preparation and analysis process at SGS Tarkwa is as follow for LeachwellTM 
analysis: 

• Sample received, entered in LIMS, worksheets printed and samples sorted; 
• Samples emptied into aluminium dishes; 
• Dry entire sample at between 105 and 110°C for 8 hours; 
• Jaw crush entire sample to 6 mm; 
• Split sample using a single stage riffle splitter, to result in a 1.5 kg sub-sample; 
• Pulverise sub-sample for 3 to 5 minutes, to give 90% passing 75 μm; 
• Sample homogenisation using a mat rolling technique, and put 1 kg of sample into the 

BLEG roll bottle; 
• The remainder of the sample is retained as pulp and crushed sample duplicates; 
• Bottle roll for 12 hours with LeachWellTM accelerant. Allow to settle for 2 hours; 
• Filter 50 ml of aliquot; and 
• DIBK and AAS for gold grade determination. 

The measures implemented by GSR are considered to be consistent with industry best 
practice.  

10.4 Quality Control and Quality Assurance Procedures 
10.4.1 Historical QA/QC Studies  

GSR undertook a study in January 2002 from 193 duplicate samples produced from 50 of the 
original RC holes at Buesichem. This study included a series of repeat analyses carried out 
on certified standard samples. The laboratories used for the studies were TWL, SGS and the 
BGL plant laboratory (“BGL Lab”).  

A consistent overestimation by TWL of the standard samples was not clearly reproduced by a 
duplicate assaying exercise and, due to the relatively small dataset used to analyse the 
standards and the apparent improvement in the reliability of the results in the subsequent 
check assay exercises, it was decided not to make any adjustments to the database. 

Since the initial study, GSR have compiled a much larger database of repeated analyses and 
standards from diamond drilling, RAB and RC holes drilled on the Plant North, Beta Boundary 
and Bondaye properties. Sample preparation and analysis was carried out by SGS in Tarkwa. 
171 samples from the Bondaye property were re-analysed by TWL as a repeat laboratory 
check, and 161 samples were re-sent to SGS for repeat checks. 

Sampling of standards is indicating that SGS are slightly underestimating grade relative to the 
standard values. In addition, there were concerns that the GSR standards are showing a 



SRK Consulting U5859-GSBPL 43-101 2014 – Main Report 
 

U5859 GSR 43-101_2013_BOGOSO_Final_140312_Clean.docx March 2014 
Page 48 of 140 

higher degree of variability when compared to the purchased Gannet standards. In addition, 
the extreme high and low grades recorded for some of the standards indicate potential 
contamination or poor laboratory procedure at SGS, although the number of anomalous 
standard assays is not considered significant. 

The check assay exercise carried out by GSR by sending replicate samples to SGS and the 
repeat assay carried out are indicating a high degree of accuracy and precision for all three 
drill methods. However, the replicate diamond core samples sent to SGS as a separate check 
are indicating a problem with high grade repeatability which may be due to sampling practice 
(poor sample preparation) or, more likely, an issue with coarse gold in the higher grade 
samples which is introducing a nugget effect. 

10.4.2 Current QAQC Procedures 
Quality control measures are typically set in place to ensure the reliability and trustworthiness 
of exploration data, and to ensure that it is of sufficient quality for inclusion in the subsequent 
Mineral Resource estimates. Quality control measures include written field procedures and 
independent verifications of aspects such as drilling, surveying, sampling and assaying, data 
management and database integrity. Appropriate documentation of quality control measures 
and analysis of quality control data are an integral component of a comprehensive quality 
assurance program and an important safeguard of project data. 

The field procedures implemented by GSR are comprehensive and cover all aspects of the 
data collection process such as surveying, drilling, core and reverse circulation cuttings 
handling, description, sampling and database creation and management. At GSBPL, each 
task is conducted by appropriately qualified personnel under the direct supervision of a 
qualified geologist. The measures implemented by GSR are considered to be consistent with 
industry best practice. 

The quality control employed by GSR to verify the results obtained from the laboratories takes 
the form of the following types of check sample: 

• Field Duplicates or Replicates: to check sampling precision and deposit variability. Two 
separate samples are collected at the drill site and bagged separately from which two 
individual samples are produced. The results of these checks can be useful in 
highlighting natural variability of the grade distribution; 

• Pulp Duplicates or Laboratory Duplicates: as a check of sampling precision and coarse 
gold in pulps. Two separate pulp samples are prepared from a single coarse reject after 
sample splitting and on site preparation. The results are useful in indicating problems 
with sample preparation and splitting; 

• Repeats: as a check of analytical precision and coarse gold. Two separate aliquots are 
prepared from separate samples taken from the original coarse reject and the two 
samples are then checked against one another; 

• Blanks: for highlighting contamination problems and also cross labelling when samples 
are mislabelled in the laboratory; and 

• Standards: as a check of analytical precision and accuracy. 

10.5 Specific Gravity Data 
Specific gravity (“SG”) determinations were carried out by GSR and are measured on 
representative core samples from each drill run which ensures representative specific gravity 
data across all rock types irrespective of gold grade. SG is measured at the core facility using 
a water immersion method. Each sample is weighed in air, then coated in wax and weighed in 
air and immersed in water. A total of 606 determinations were collected on core samples. 
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The water immersion methodology is considered by SRK to provide accurate estimates of 
variations in bulk specific gravity throughout the GSBPL gold deposits. After testing each 
sample is carefully replaced at its original location in the core box. SRK examined core from 
several boreholes and no misplaced core pieces were identified. 

Previous specific gravity testwork undertaken by GSR during the 2004 drilling campaign 
involved analysis on a total of 540 samples. All of the holes which were sampled also formed 
part of the metallurgical testwork data and were drilled on the Plant North and Beta Boundary 
deposits.  

  



SRK Consulting U5859-GSBPL 43-101 2014 – Main Report 
 

U5859 GSR 43-101_2013_BOGOSO_Final_140312_Clean.docx March 2014 
Page 50 of 140 

11 DATA VERIFICATION 
11.1 Introduction 

SRK has not carried out any independent collection and verification of individual samples or 
assay results as SRK considers the project to be highly advanced, with a significant amount 
of drilling data available for review.   SRK notes that the drilling data has also been externally 
reviewed by third parties. SRK has obtained and reviewed the QAQC results produced by 
GSR, its consultants and the laboratories themselves. 

SRK has reviewed the core and samples available on site and cross-checked them against 
the geological logs and assay records. 

The quality of the results is generally considered good. GSR frequently sends “blind” test 
samples to the laboratory and monthly batch results are analysed and any anomalous results 
are queried immediately. A small number of anomalous and/or poor results have been noted 
over the years, but these have been identified and the reasons fall into two main categories, 
namely: 

• Mislabelling of individual samples, standards and blanks. 
• Individual batch issues corresponding to changes in the laboratory setup or calibration, in 

these cases re-assay has been carried out. 

11.2 Data verification by GSR 
The field procedures implemented by GSR involve several steps designed to verify the 
collection of exploration data and minimize the potential for inadvertent data entry errors. The 
data entry and database management involves two steps punctuated by validation steps by 
the logging geologist. All data is thoroughly checked prior to the incorporation into the project 
GEMS database. 

Analytical data is also routinely checked for consistency by GSR personnel. Upon reception of 
digital assay certificates, assay results together with the control samples are extracted from 
the certificates and imported into the Acquire database. Failures and potential failures are 
examined and depending on the nature of the failure, re-assaying was requested from the 
primary laboratory. Analysis of quality control data is documented along with relevant 
comments or actions undertaken to either investigate or mitigate problematic control samples. 

11.3 Analytical QAQC 
11.3.1 Introduction 

SRK has reviewed the supplied QAQC reports, and a brief summary of the historical and 
current QAQC results is included here. More detail regarding the QAQC analysis and results 
is included in Appendix A. 

11.3.2 Historical QAQC Analyses 
Extensive validation of the available data has been carried out by the BSL. Additional 
validation has been carried out by SRK during the Bogoso Sulphide Feasibility Study and as 
part of the Prestea Resource Estimate in October 2001. In addition, SRK has conducted two 
reviews of the Prestea Operation in March 2003 and March 2004 during which SRK carried 
out verification of any additional data collected during the preceding period. Verification has 
taken the form of visual examination of drilling results on cross sections and in plan view and 
how the continuity of the mineralization is affected by additional sample collection. Statistical 
reviews of the sample database have also been conducted by SRK. 
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11.3.3 Field Duplicates 
Field duplicate sampling was carried out from 1,982 RC samples collected by GSR from the 
various prospects between the periods 2004 to 2007. All samples were analysed by TWL. In 
addition, 1,708 RC replicate samples were also analysed by SGS laboratories between 2008 
and 2012. The results are summarised in Table 11-1 and Table 11-2.  

For all samples submitted to TWL, the Pampe result is considered to be poor, with 51% of the 
sample population showing strong repeatability at 20% precision level. The repeatability 
improved remarkably to 71% for samples submitted to SGS. Improvements from 2008 
onwards are considered to be due to increased sample splitting training and awareness 
amongst GSR sample crew members rather than errors at the laboratory. The correlation and 
HARD plots for both periods are included in Appendix A. 

Table 11-1: Summary of HARD analysis for Field Duplicates (TWL, 2004 to 2007) 
Bogoso North – Field Duplicate HARD Analysis (n=36) 

<10% HARD <15% HARD <20%HARD Correlation coefficient 
67% 81% 86% R=0.94 

 

Beposo – Field Duplicate HARD Analysis (n=21) 
<10% HARD <15% HARD <20%HARD Correlation coefficient 

76% 86% 86% 0.98 
 

Chujah / Dumasi – Field Duplicate HARD Analysis (n=1,496) 
<10% HARD <15% HARD <20%HARD Correlation coefficient 

73% 81% 87% 0.97 
 

Mampon – Field Duplicate HARD Analysis (n=56) 
<10% HARD <15% HARD <20%HARD Correlation coefficient 

54% 61% 70% 0.98 
 

Opon – Field Duplicate HARD Analysis (n=18) 
<10% HARD <15% HARD <20%HARD Correlation coefficient 

56% 78% 83% 0.93 
 

Pampe – Field Duplicate HARD Analysis (n=81) 
<10% HARD <15% HARD <20%HARD Correlation coefficient 

33% 42% 51% 0.68 
 

Tuapim – Field Duplicate HARD Analysis (n=193) 
<10% HARD <15% HARD <20%HARD Correlation coefficient 

49% 60% 66% 0.48 
 

Bondaye – Field Duplicate HARD Analysis (n=18) 
<10% HARD <15% HARD <20%HARD Correlation coefficient 

61% 68% 74% 0.89 
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Table 11-2: Summary of HARD analysis for Field Duplicates (SGS, 2008 to 2012) 
Ablifa – Field Duplicate HARD Analysis (n=18) 

<10% HARD <15% HARD <20%HARD Correlation coefficient 
72% 89% 94% R=0.89 

 

Bogoso North – Field Duplicate HARD Analysis (n=179) 
<10% HARD <15% HARD <20%HARD Correlation coefficient 

72% 79% 84% 0.69 
 

Beposo – Field Duplicate HARD Analysis (n=168) 
<10% HARD <15% HARD <20%HARD Correlation coefficient 

65% 77% 82% 0.86 
 

Buesichem – Field Duplicate HARD Analysis (n=790) 
<10% HARD <15% HARD <20%HARD Correlation coefficient 

74% 83% 88% 0.95 
 

Chujah – Field Duplicate HARD Analysis (n=403) 
<10% HARD <15% HARD <20%HARD Correlation coefficient 

60% 70% 76% 0.90 
 

Pampe – Field Duplicate HARD Analysis (n=403) 
<10% HARD <15% HARD <20%HARD Correlation coefficient 

57% 68% 71% 0.70 
 

11.3.4 Laboratory (Pulp) Duplicates 
The results of the laboratory duplicates for all samples generated between 2004 and 2007 for 
TWL and 2008 and 2012 for SGS were analysed by GSR. Assay results of samples submitted 
to TWL showed relatively good gold grade reproducibility, as illustrated by the HARD plots. 
GSR notes a significant improvement in the reproducibility of the gold grades after the move 
to the SGS laboratory. GSR notes that the assay reproducibility for Pampe and Prestea South 
(Tuapim, Bondaye and Beta Boundary) samples are relatively low. The HARD plots for the 
duplicates are included in Appendix A and a summary of the analysis is given in Table 11-3 
and Table 11-4. 
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Table 11-3: Summary of HARD analysis for duplicates (TWL, 2004 to 2007) 
Chujah / Dumasi – Duplicate HARD Analysis (n=1,549) 

<10% HARD <15% HARD <20%HARD Correlation coefficient 
61% 76% 84% 0.65 

 
Bogoso North – Duplicate HARD Analysis (n=111) 

<10% HARD <15% HARD <20%HARD Correlation coefficient 
52% 68% 74% 0.50 

 
Beposo – Duplicate HARD Analysis (n=111) 

<10% HARD <15% HARD <20%HARD Correlation coefficient 
70% 80% 88% 0.87 

 
Buesichem – Duplicate HARD Analysis (n=1,549) 

<10% HARD <15% HARD <20%HARD Correlation coefficient 
52% 63% 82% 0.71 

 
Bondaye – Duplicate HARD Analysis (n=483) 

<10% HARD <15% HARD <20%HARD Correlation coefficient 
51% 64% 71% 0.48 

 
Tuapim – Duplicate HARD Analysis (n=410) 

<10% HARD <15% HARD <20%HARD Correlation coefficient 
43% 57% 66% 0.91 

 
Beta Boundary – Duplicate HARD Analysis (n=632) 

<10% HARD <15% HARD <20%HARD Correlation coefficient 
41% 54% 66% 0.81 

 
Mampon – Field Duplicate HARD Analysis (n=111) 

<10% HARD <15% HARD <20%HARD Correlation coefficient 
52% 68% 74% 0.66 

 

Table 11-4: Summary of HARD analysis for duplicates (SGS, 2008 to 2012) 
Bogoso North – Duplicate HARD Analysis (n=121) 

<10% HARD <15% HARD <20%HARD Correlation coefficient 
66% 73% 75% 0.74 

 
Beposo – Duplicate HARD Analysis (n=109) 

<10% HARD <15% HARD <20%HARD Correlation coefficient 
68% 81% 85% 0.4 

 
Ablifa – Duplicate HARD Analysis (n=17) 

<10% HARD <15% HARD <20%HARD Correlation coefficient 
65% 88% 94% 0.88 

 
Buesichem – Duplicate HARD Analysis (n=628) 

<10% HARD <15% HARD <20%HARD Correlation coefficient 
78% 85% 89% 0.91 

 
Pampe – Duplicate HARD Analysis (n=327) 

<10% HARD <15% HARD <20%HARD Correlation coefficient 
46% 61% 71% 0.72 

 
Tuapim – Duplicate HARD Analysis (n=410) 

<10% HARD <15% HARD <20%HARD Correlation coefficient 
43% 57% 66% 0.91 
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11.3.5 Blanks 
Blanks were routinely inserted with samples submitted for assaying to check for possible 
sample contamination during the preparation and assaying process. Typically, blanks are 
inserted prior to the delivery of samples for preparation and analyses. For RC samples, one of 
the two blanks used was inserted before the splitting process to monitor possible 
contamination occurring during the splitting of the original sample collected from the drill 
cyclone. The blank consists of barren coarse sand. The blank assay data includes 570 assays 
for RC samples assayed by TWL and 125 samples assayed by SGS. Summary statistics on 
assays of blanks returned by laboratories is as shown in Table 11-5. 

Table 11-5: Summary Statistics for blank assays 

Statistic  TWL 
(2004 to 2007) 

SGS  
(2008 to 2012) 

Mean (g/t) 0.03 0.02 

Median (g/t) 0.02 0.01 

Mode (g/t) 0.01 0.01 

Standard Deviation  0.02 0.02 

Minimum (g/t) 0.01 0.01 

Maximum (g/t) 0.10 0.09 

Count  570 125 
 

The results of the blank analysis suggest minor contamination in the assaying process by 
both laboratories. A review of adjacent sample assay results suggests that the contamination 
does not have a material impact on assay results derived for the samples. 

11.3.6 Standards 
Certified Reference Material (“CRM”) material was introduced by GSR into the sample stream 
to monitor the accuracy, precision and reproducibility of the assay results. CRM materials 
were sourced from Geostats Pty Ltd (“Geostats”), and from Gannet. Although the CRM 
material could be easily identified by the laboratory, the actual grade of the standard would be 
difficult to determine due to the large number of different standards used. Standards in use 
between 2003 and 2007 are shown in Table 11-6. The plotted CRM performance is included 
in Appendix A. 

Table 11-6: CRM for 2003 to 2007 (Source: TWL) 

Standard Certified Mean 
(g/t Au) 

Number 
Samples 

Submitted 
Mean Assay Grade 

(g/t Au) 
Laboratory Bias 

(%) 

Gannet A 0.22 196 0.22 0% 
Gannet B 2.52 185 2.57 2% 
Gannet C 3.46 21 3.53 2% 
Gannet D 3.40 75 3.40 0% 

Gannet E 2.36 77 2.45 4% 

Gannet F 0.78 47 0.75 -4% 

Gannet G 3.22 82 3.02 -6% 

Gannet M 1.18 159 1.28 +2% 

Gannet N 0.50 171 0.49 -2% 
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CRM material in use between 2008 and 2012 was supplied by both Geostats and Gannet, 
and is shown in Table 11-7 and Table 11-8. The plotted CRM performance is included in 
Appendix A. 

Table 11-7: Geostats CRM for 2008 to 2012 (Source: SGS) 

Standard Certified Mean 
(g/t Au) 

Number 
Samples 

Submitted 
Mean Assay Grade 

(g/t Au) 
Laboratory Bias 

(%) 

G901-10 0.48 82 0.51 6% 

G305-3 0.71 14 0.66 -7% 

G901-2 1.70 32 1.54 -9% 

G906-4 1.90 137 1.99 5% 

G999-4 2.30 36 2.40 4% 

G302-2 2.44 70 2.50 2% 

G901-1 2.50 38 2.38 -5% 

G396-9 2.60 29 2.39 -8% 

G900-7 3.19 193 3.22 1% 

Table 11-8: Gannet CRM for 2008 to 2012 (Source: SGS) 

Standard Certified Mean 
(g/t Au) 

Number 
Samples 

Submitted 
Mean Assay Grade 

(g/t Au) 
Laboratory Bias 

(%) 

ST 07/9453 0.21 476 0.21 2% 

ST 14/9501 0.43 447 0.42 -3% 

ST 16/9487 0.49 110 0.51 3% 

ST 16/5357 0.52 654 0.52 0% 

ST 486 0.57 124 0.54 -5% 

ST 17/2290 0.78 14 0.79 2% 

ST 481 1.02 32 1.05 3% 

ST 06/5356 1.04 115 1.06 2% 

ST322 1.04 18 1.07 3% 

ST 06/7384 1.08 1881 1.04 -4% 

ST 384 1.08 173 1.06 -2% 

ST 39/6373 1.67 117 1.74 4% 

ST 09/7382 1.93 205 1.87 -3% 

ST 482 1.94 695 1.98 2% 

ST 5355 2.37 145 2.39 1% 

ST 05/9451 2.45 538 2.53 3% 

ST 05/6372 2.46 168 2.44 -1% 

ST 05/2297 2.56 78 2.49 -3% 

ST 486 2.63 49 2.59 -5% 

ST 10/9298 3.22 132 3.30 3% 

ST 37/6374 3.33 129 3.08 -7% 

ST 43/7370 3.37 834 3.33 1% 

ST 5359 3.91 131 3.97 1% 

ST 359 3.93 87 3.96 1% 

ST 48/8462 4.82 508 4.89 1% 
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Results from the CRM analysis from between 2008 and 2012 indicate that SGS reports both 
higher and lower than expected values, with some variation to the detection limit. SGS 
returned assays of Geostats standards with laboratory bias ranging between -9% to +5% with 
94% of the determinations falling between 2 standard deviations of the certified mean values. 
Assays of Gannet standards also reported Au values with a laboratory bias of between -7% 
and +3% with 94% of the determinations falling between 2 standard deviations of the certified 
mean. 

11.3.7 Umpire Laboratory Analysis 
In 2007, a round robin exercise was implemented to ensure an independent check on the 
reliability of gold assay results returned from the then primary laboratory, TWL. A total of 10% 
of all assays of a 1 m re-sampling programme were randomly picked from the data set. The 
data was grouped under the ranges: 

• 0.0 to 0.5 g/t,  
• 0.5 to 0.9 g/t,  
• 0.9 to 1.2 g/t, 
• 1.2 to 2.0 g/t,  
• 2.0 to 2.5 g/t; and  
• 2.5 to 50.0 g/t.  

The assays selected in each range were manipulated until the 10% of available assays was 
achieved with a bias towards the mineralised intervals. The round robin data covered the 
Bogoso Prestea main prospects of Buesichem, Chujah, Beta Boundary, Bondaye and 
Tuapim. 

Three samples, each weighing approximately 3 kg were prepared from each selected sample 
using a one stage riffle splitter .Three batches of samples, each consisting of 249 samples 
including duplicates and standards were dispatched to TWL (Laboratory A), SGS (Laboratory 
B) and the Bogoso site Laboratory (BGL – Laboratory C),bearing the same identification 
numbers. 

Statistical comparison of the data indicates that TWL assays were generally lower in grade 
and higher in sample variance than SGS and BGL. SGS and BGL correlated well with similar 
minimum and maximum grades. Table 11-9 shows the umpire analysis statistics. 

Table 11-9: Summary Statistics for umpire laboratory analysis 
Statistic  TWL (A) SGS (B)  BGL (C) 

Mean (g/t) 2.66 2.78 2.82 

Median (g/t) 1.59 1.75 1.75 

Mode (g/t) 1.41 2.30 1.20 

Standard Deviation  3.60 3.25 3.52 

Minimum (g/t) 0.03 0.01 0.02 

Maximum (g/t) 35.42 25.00 28.87 

Count  249 249 249 
 

HARD analysis was undertaken on the assays received from the three laboratories. This is 
summarised in Table 11-10. Overall, the assay results reported by the other two laboratories 
were consistent with the original results from TWL.  
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Table 11-10: Summary of HARD analysis for umpire laboratory results 
Laboratory comparison <10% HARD <15% HARD <20%HARD Correlation coefficient 

TWL (A) and BGL (C) 69% 78% 83% 0.90 

SGS (B) and BGL (C) 69% 82% 90% 0.91 

TWL (A) and SGS (B) 56% 73% 80% 0.88 
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12 MINERAL PROCESSING AND METALLURGICAL TESTING 
12.1 Overview 

The construction of the original processing facility was completed in 1991and consisted of a 
CIL circuit to treat oxidised material at a rate of 1.36 Mtpa and a flotation, fluidized bed 
roasting and CIL circuit with a design capacity of 0.9 Mtpa for refractory ore treatment. The 
operator (BHP Billiton) encountered operational difficulties with the fluidized bed roaster, as a 
result of which the flotation circuit and roaster were shut down in 1994 and the operation was 
then focussed solely on the oxide ore. The resulting standalone CIL plant had a capacity of 
approximately 2 Mtpa.  

GSR acquired Bogoso in 1999, and since that time has operated a nominal 1.5 Mtpa CIL 
processing plant to process oxide and other non-refractory ores. In July 2007, GSBPL 
completed construction and development of a new nominal 3.5 Mtpa processing facility that 
uses bio-oxidation (“BIOX®”) technology to treat refractory sulphide ore. 

Metallurgical test work has taken place in many campaigns over a period of time stretching 
back to before the commencement on the original operation. Much of the testwork has been 
conducted at AMMTEC in Perth, Australia and SGS and Mintek in South Africa. A 
bio-oxidation pilot plant was also run at SGS Lakefield in 2000/01. The metallurgical 
properties of each of the ores planned to be processed during the LoM, based on laboratory 
testwork, are summarised as follows. 

12.1.1 Test work – Chujah, Bogoso North and Dumasi 
An extensive metallurgical test work programme was conducted by AMMTEC in 2000 on 
samples from the Chujah, Bogoso North and Dumasi deposits. The test work concluded that a 
flotation recovery of 93.7% was possible at a grind size of 80% -75 µm, with little difference at 
a grind of 80% -120 µm. Gravity recoverable gold levels were less than 5%. The samples 
reported Bond Ball Mill Work Index (“BWi”) values ranging from 11 to 17 kWh/t. The Bogoso 
North deposit contains a higher proportion of graphitic shale material which has a negative 
effect on flotation performance. This was also expected to result in a greater degree of 
preg-robbing for this material, although the proportion of free milling gold in this deposit was 
higher than for Chujah. 

SRK considers that the sampling and testwork are sufficiently representative of the ore types 
encountered on site, which are supported by operating history at Bogoso North and Chujah 
Main. Together, these three deposits contribute approximately 76% or the ore to be delivered 
to the plant in the LoMP (see Table 15-10). 

12.1.2 Test work - Mampon 
Testwork for the Mampon deposit was conducted on composite samples of oxide, transition 
and fresh ore from Mampon in 2006. The samples assayed between 5.1 and 7.5 g/t Au, up to 
1.1% S, up to 0.77% As and up to 0.49% Organic Carbon. The respective BWi values were 
3.1 kWh/t for the oxide sample, 10.4 kWh/t for the transition sample and 14.4 kWh/t for the 
fresh sample. Diagnostic leach tests indicated that 95% of the Au in the oxide sample was 
amenable to cyanidation, with corresponding figures of 51% for the transition sample and 
49% for the fresh sample. No preg-robbing behaviour was noted for the oxide material. The 
transition sample reported 38% of the gold as being locked in sulphides. The fresh sample 
reported 24% of the Au as being preg-robbed and 24% of the Au as being locked in 
sulphides. The Mampon transition and fresh ore was therefore designated as refractory, with 
the fresh ore being potentially preg-robbing. The oxide ore was determined to be non-
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refractory. 

New testwork has recently been completed by SGS South Africa (Pty) Ltd. in Johannesburg 
(Bulk Flotation, Gravity, Diagnostic and BIOX® Amenability Testwork on a sample from the 
Mampon Pit at Bogoso Mine, (Biomet Department) Report No: BIO 14/01, 27 February 2014). 
The testwork was undertaken on a 244 kg ore sample, received by SGS in August 2013 from 
GSR, and consisted of flotation bulk concentrate production, gravity testwork, diagnostic 
testwork and Biooxidation testwork on the concentrate produced from flotation. The testwork 
showed that the Mampon concentrate is amenable to BIOX® treatment.  

SRK considers that the amount of sampling and testwork is reasonably representative of the 
ore types to be encountered at Mampon. Considering that Mampon only contributes 
approximately 6% of the ore in the LoMP (see Table 15-10), the level of testwork is 
commensurate with the relative contribution of Mampon to the overall LoMP. 

12.1.3 Test work – Beta Boundary South, Bondaye and Tuapim 
No specific testwork has been reported for the Bondaye or Tuapim ore bodies from Prestea 
South.  

Testwork was conducted on samples of ore from Beta Boundary South at AMMTEC in 2003. 
The testwork included mineralogical investigations diagnostic leach tests and gravity-
cyanidation tests. Samples were tested from two zones at Beta Boundary South, a low 
refractory zone and a more refractory zone. Testwork was also conducted on composites of 
both zones and the low refractory zone on its own with ore from the Plant North orebody at 
Prestea. 

The mineralogy and diagnostic leach work indicated, for a combined Beta Boundary South 
sample, that approximately 30% of the gold present was refractory, with the majority of that 
gold associated with arsenopyrite. 

The cyanidation tests returned gold recoveries averaging 83% for the low refractory zone 
(average head grade 0.6 g/t Au) and 45% for the more refractory zone (average head grade 
2.5 g/t). An optimum grind size of 80% -120 µm was indicated as was an optimum leach 
residence time of 16 hours. The potential for preg-robbing was indicated to be relatively low. 
The gravity recovery tests indicated a reasonably high gravity-recoverable gold content. 

Whilst there is no specific sampling or testwork to support the LoM ore recoveries and 
process characteristics at Bondaye and Tuapim, the testwork from Beta Boundary South and 
other Prestea South deposits (Plant North) gives a reasonable indication of the expected ore 
characteristics, since the three orebodies are generally similar geologically and 
mineralogically, as described in Section 6.2.8. Bondaye and Tuapim contribute approximately 
11% of the total ore to the LoMP and Beta Boundary South approximately 7% (see Table 15-
10). The level of testwork is therefore considered to be broadly commensurate with the 
contribution to the LoMP. 

12.1.4 Bio-oxidation pilot plant 
The bio-oxidation pilot plant that was run at SGS Lakefield in 2000/01 and which formed the 
design basis of the BIOX® circuit used concentrates that had been prepared at Mintek from 
four samples from Chujah and Bogoso North. The flotation stage recovered 92.8% of the gold 
into a concentrate grading 26.4 g/t Au at a grind size of 80% -106 µm. The samples reported 
BWi values ranging from 13 to 17 kWh/t. The pilot work indicated that a sulphur oxidation in 
excess of 90% was required to achieve a similar level of gold recovery (90%), at an optimum 
bio-oxidation residence time of 4-5 days. Cyanidation of the bio-oxidation tails recovered 91% 
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of the gold at a NaCN consumption of 10 kg/t and a lime consumption of 6 kg/t. Cyanidation of 
the flotation tailings resulted in a recovery of approximately 50%. 
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13 MINERAL RESOURCE ESTIMATES 
13.1 Introduction 

The Mineral Resource Statements presented herein represent the latest and most up to date 
Mineral Resource evaluation prepared for the various GSBPL Projects in accordance with 
generally accepted CIM “Estimation of Mineral Resource and Mineral Reserves Best 
Practices” guidelines. They are reported in accordance with the Canadian Securities 
Administrators’ National Instrument 43-101. Mineral Resources are not Mineral Reserves and 
do not have demonstrated economic viability. There is no certainty that all or any part of the 
Mineral Resource will be converted into Mineral Reserve. 

The Mineral Resource models were largely prepared by SRK, with the exception of the 
Buesichem model, which was prepared by GSR’s consultant Mr William Tanaka. The 
resource estimation work for the remaining deposits which make up the GSBPL project was 
completed by Dr John Arthur (CEng MIMMM, CGeol FGS) who is an appropriate 
“independent qualified person” as this term is defined in National Instrument 43-101. The 
effective date of the resource statements is 31 December 2013. In many cases, the original 
block grade modelling was carried out over a period between 2004 and 2011 and the updated 
Mineral Resource estimates are based on updated cut-off grade calculations and December 
2013 topography and depletion updates. 

This section describes the resource estimation methodology and summarizes the key 
assumptions considered by GSR’s consultants. In the opinion of SRK, the resource evaluation 
reported herein is a reasonable representation of the global gold Mineral Resources found at 
the GSBPL Project at the current level of sampling. 

SRK is unaware of any legal, political, environmental or other risks that could materially affect 
the potential development of the Mineral Resources. 

The databases used to estimate the GSBPL Mineral Resources were audited by SRK prior to 
SRK carrying out the geostatistical evaluation and Mineral Resource estimation. SRK is of the 
opinion that the current drilling information is sufficiently reliable to interpret with confidence 
the boundaries for gold mineralization at GSBPL and that the assay data are sufficiently 
reliable to support Mineral Resource estimation. 

Gemcom Software (“GEMS®”) was used to construct the geological solids, prepare assay 
data for geostatistical analysis, construct the block model and tabulate Mineral Resources. 
The Geostatistical Software Library (“GSLib”) family of software and Isatis were used for 
geostatistical analysis, variography and grade interpolation.  

This report does not include any reference to the Prestea underground resources and these 
are not included in the current LoMP. 

13.2 Resource Estimation Procedures 
GSR’s Mineral Resource estimates are derived using a combination of DD and RC data, 
trench and grab sample data are not used for grade interpolation although it is sometimes 
used to assist in the original orebody modelling. The geological models used as the basis for 
the volumetrics of the Mineral Resource estimate were produced by GSR under the 
supervision of Mr Mitch Wasel. High grade data capping is performed where deemed 
appropriate for individual domains and the grade interpolation is typically carried out using 
ordinary kriging coupled with a neighbourhood analysis as a check on the quality of the 
kriging interpolation.  

Topographic data comprises total station survey information along drill and exploration lines in 
conjunction with drill collars. The data is then combined with the regional topographic survey 
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produced by the Ghanaian survey. 

SRK has not independently verified the accuracy of the topographic survey provided, but has 
checked the current topography against drill collar surveys and has found no obvious 
discrepancies. 

Geological wireframe models are typically produced by GSR using the GEMS software 
package. In the field the ore/waste contacts are defined by a combination of geological and 
structural factors and it was found to be more appropriate to model the contact initially using 
grade and to then use the structural model to subsequently define individual domains within 
the wireframe model. 

For each of the GSBPL deposits, individual interpolation domains have been identified based 
on the main structural features identified from face and bench mapping during the mining 
process where applicable. At Chujah, for example, three main domains are delineated from 
west to east, the MCZ, the Fault Zone and the Footwall Splay domain respectively.  

Deposit modelling has been typically carried out using a 1 g/t Au cut-off grade to define the 
contacts, but this grade has not been strictly adhered to and there are intervals within the 
deposit models with grades lower than 1 g/t Au. SRK considers this approach to be 
appropriate, given the complex nature of the deposits and the close spacing between zones 
of high grade mineralisation which would preclude small scale selective mining. The inclusion 
of narrow bands of waste material in the model is providing a degree of planned internal 
dilution. 

The resource evaluation methodology involved the following procedures: 

• Database compilation and verification; 
• Construction of wireframe models for the boundaries of the gold mineralization; 
• Definition of resource domains; 
• Data conditioning (compositing and capping) for geostatistical analysis and Variography; 
• Block modelling and grade interpolation; 
• Resource classification and validation; 
• Assessment of “reasonable prospects for economic extraction” and selection of 

Appropriate cut-off grades; and 
• Preparation of the Mineral Resource Statement. 

13.3 Specific Gravity Data 
Table 13-1 summarises the density data collected during the 2005 drilling campaign at 
Mampon. The number of samples available for all three oxidation domains is considered 
appropriate to describe the density of the material. SRK considers the values to be 
appropriate, given SRK’s experience of similar deposits in Ghana and in similar geological 
and weathering environments. 

Table 13-1: Mampon and Abronye density data, 2005 drilling programme 
Oxidation Domain No. Samples Specific Gravity (t/m3) 

Oxide 255 1.85 
Transition 269 2.07 

Fresh 169 2.6 
 

GSR has continued to carry out density determination work on the core samples taken from 
Chujah exploration drilling. The results from the latest drilling have not led to any significant 
changes in the density values used for the current Mineral Resource statement. The only 
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change from the previous estimate (October 2006) is a slight reduction in the density of the 
fresh material from 2.70 to 2.69 t/m3. The oxide density used is 1.9 t/m3 and the transition 
density is 2.20 t/m3. 

At Ablifa, test work has been completed on the determination of the density of rocks within 
these different material types and global average values are accepted for each material type, 
regardless of the lithology involved. A density of 1.90 t/m3 has been applied to oxide rock; a 
density of 2.20 t/m3 is applied to transition material, whereas a density of 2.63 t/m3 has been 
used to describe fresh rock. 

At Beta Boundary (Table 13-2), work carried out by GSR during the 2003 and 2004 drilling 
campaigns involved analysis on a total of 540 samples. All of the sampled holes formed part 
of the metallurgical testwork data and were drilled on the Plant North and Beta Boundary 
deposits. 

Table 13-2: Summary SG data for Beta Boundary deposits (2004 sampling) 
Oxidation State Specific Gravity (t/m3) 

Oxide 1.8 
Transition 2.2 

Fresh 2.7 
 

At Bondaye and Tuapim, values used in producing the current Mineral Resource estimate are 
1.70 t/m3 for oxide, 2.13 t/m3 for transition and 2.74 t/m3 for fresh.  

The values in Table 13-1 to Table 13-2 are those used by GSR and are based on its 
experience in mining and production at the Bogoso and Prestea concessions. There is some 
evidence for higher SG values in certain lithologies and mineralization styles. In particular, the 
transition zone samples in some areas show SG values averaging 2.4 to 2.5 t/m3. SRK 
considers the current SG values used in the tonnage estimates to be appropriate, given the 
mineralization style and, in particular, the deeper weathering experienced within the 
mineralization haloes leads to a lowering of the density around these areas relative to the 
surrounding country rock. 

During 2012, GSR carried out additional density testwork on samples from Buesichem and 
Chujah/Dumasi. GSR has also taken specific gravity samples from Beta Boundary. 

Table 13-3: Summary SG data for Chujah/Dumasi, Buesichem and Beta Boundary 
deposits (2013 sampling) 

Oxidation 
State 

Chujah/Dumasi Buesichem Beta Boundary 

 SG  (t/m3)  Number 
samples 

SG (t/m3) Number 
samples 

SG (t/m3) Number 
samples 

Oxide 2.01 3 1.89 2 1.76 133 
Transition 2.49 72 2.49 195 2.27 136 

Fresh 2.70 477 2.78 644 2.74 334 
 

The 2004 values were used in the block models, for the Mineral Resource estimate, based on 
3D oxidation and transition surfaces which were produced by GSR. SRK have not reviewed 
these surfaces in any detail and have accepted the methodology employed by GSR in 
producing the surfaces. 

The specific gravity values derived from the 2004 programme are used by GSR. Confidence 
in the specific gravity values per oxidation state is further refined through experience in mining 
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and production at Bogoso, Buesichem and Plant North. GSR note that there is some evidence 
for higher specific gravity values in certain lithologies and mineralization styles. In particular, 
the transition zone samples in some areas show specific gravity values averaging between 
2.4 and 2.5t/m3. SRK considers the current specific gravity values used in the tonnage 
estimates to be appropriate given the mineralization style and in particular the deeper 
weathering experienced within the mineralization halos leads to a lowering of the density 
around these areas relative to the surrounding country rock. 

13.4 Data Cutting and Filtering 
Data cutting of outlier high grades is not carried out unless deemed necessary for individual 
domains in the various deposits present on the GSBPL licence.  

At Mampon/Abronye it was not considered necessary to apply any high grade cutting. 

At Chujah, Dumasi and Chujah South, an initial review of the data indicated the presence of 
anomalous high grade values. However, it was decided that the domaining and kriging 
process was sufficient to reduce the impact of these high grades on the final block grade 
estimate.  

At Ablifa, the highest grade recorded in the 3 m composite data is 50.8 g/t Au, however the 
Coefficient of Variance (“CV”) of the data is relatively low at 1.3 and data cutting is not 
considered necessary. 

At Buesichem, parallel grade estimates were undertaken capping the composites above 19 
and 14 g/t Au, respectively. The resulting estimates from the capped data confirm that there is 
very little risk attached to the uncapped estimate and no grade capping is required.  

At Beta Boundary, investigation of the data indicated that, although there are some significant 
high grades in both the Main Reef (“MR”) and East Reef (“ER”) domains, it is not appropriate 
to apply a top cut to this data. High grades tend to occur in discrete areas.  

At Tuapim, the three high grade outliers in the fresh domain with values above 20 g/t Au were 
cut from the data which brings the fresh data in line with the oxide and transition domains. At 
Bondaye, the fresh domain high grades are cut at 20 g/t Au and the mean grade drops to 
1.99 g/t Au and the CV drops to 1.2 which is again, in line with the results from the oxide and 
transition domains. 

13.5 Statistical Analysis 
Table 13-4 to Table 13-10 summarize the statistics for the various domains, drill methods and 
oxidation states identified throughout the GSBPL deposits. The DD samples are 
predominantly from the fresh horizon and the RAB mostly from the oxide horizon while the RC 
drilling has effectively sampled all three horizons. The DD and RC datasets generally show 
close correlation.  

In all cases, RAB data was excluded from the final Mineral Resource estimate as it was felt 
the quality of sampling from this method is not consistent with that achieved from the DD and 
RC methods. At Abronye, the RAB data forms the majority of the available information 
therefore decided to use it for the interpolation of the grade blocks in this mineralized zone. As 
a result, the Abronye resource is currently classified as entirely Inferred. 

Compositing of sample grades was generally carried out using a 2 m composite with 
composite start and end coordinates restricted by the wireframe boundaries. The exception to 
this was at Ablifa where a 3 m composite was used.  

The Bogoso North database contains information from a large number of historic sampling 
campaigns, including underground adit channel samples and more recent open pit rip line 
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samples. The quality of the sample collection and assaying for the adit samples cannot be 
adequately verified by SRK or BGL and as such all estimates made using the adit samples in 
the south of the Bogoso North deposit (Marlu) are classified as inferred and will remain so 
until adequate drill samples can be collected. The north south divide within the deposit is 
between y=30,500 and y=30,600 (BGL Grid). South of this the sampling is dominated by Adit 
channel samples and to the north the RC and DD sampling is predominant. 

At Buesichem, historically the deposit had been subdivided into a northern zone and a main 
zone. The area further to the south, but contiguous with the main zone, was referred to as 
Beposo, representing a third possible domain. The identification of three zones is retained in 
the 2 m composite file as is the oxidation state. Statistical analysis and comparison by domain 
demonstrates no material difference between the three historical domains. Similarly, there is 
no indication of material difference in grade by oxidation state. The population characteristics 
of the composites are sufficiently similar to justify inclusion of all composites into a single 
domain 

The Beta Boundary deposit can be sub-divided into three mineralised domains. 

• The WR does not actually form a continuous reef, but is rather a domain in the 
hangingwall of the main deposit where patchy occurrences of high grade material are 
recorded in drill sections. These intersections generally cannot be traced between 
adjacent sections and cannot be modelled down dip. 

• The MR is a 4 km long continuous body of quartz and sulphide mineralization. This unit is 
generally narrow (<10 m), but is continuous over the entire strike length when modelled 
at a 1 g/t Au cut off. The current modelling has made use of the underground data 
available for modelling purposes only and this information is not used for the grade 
interpolation. 

• The ER is a zone in the immediate footwall of the MR. The grade of the ER is generally 
lower than that of the MR. In structure, the ER is made up of a large number of individual 
deposits generally not greater than 200 to 300 m in length, and frequently shorter. These 
deposits form a linear “swarm” and occur parallel to each other to produce a broad zone 
of mineralization generally >20 m across. The frequency and thickness of these deposits 
increases in areas where the MR undergoes right hand flexures in its structure. This 
indicates some form of structural control on the ER mineralization, possibly due to dextral 
movement along the structural plane which hosts the MR. 

At Beta Boundary, the JCI underground drilling data was excluded from the grade 
interpolation, although it was used for deposit modelling.  

At Bondaye and Tuapim, the DD data forms a very small component of the total available 
data. It was decided to produce semi-variograms from the RC data only in order to reduce the 
variance and allow a better definition of the models to be produced. 
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Table 13-4: Summary statistics for the Mampon and Abronye Domains* 
Deposit Method Oxidation No. Comp Max (g/t) Mean (g/t) Variance CV 

Mampon 

DD 
OX 120 39.0 3.83 38 1.6 
TR 89 35.9 4.36 51.3 1.6 
FR 327 80.1 4.10 75.2 2.1 

RC 
OX 307 51.0 3.66 39.3 1.7 
TR 139 67.1 5.89 136.2 2.0 
FR 224 45.9 3.89 35.7 1.5 

RAB 
OX 181 16.2 1.46 3.1 1.2 
TR 3 1.3 0.95 0.1 0.3 
FR - - - - - 

 Total 1390 80.1 3.81 53.4 1.9 

Abronye 

DD 
OX - - - - - 
TR 8 0.1 0.03 0.0 - 
FR 143 2.6 0.27 0.2 1.6 

RAB 
OX 265 12.5 1.39 2.9 1.2 
TR 66 23.4 1.73 8.4 1.7 
FR 57 3.5 1.42 0.1 0.6 

 Total 539 23.4 1.13 2.8 1.5 
* Highlighted statistics are considered invalid due to low number of samples or inappropriate drilling technique 

 

Table 13-5: Summary statistics for the Bogoso North/Marlu resource domains 

Domain Method Composites Max (g/t) Mean (g/t) Variance CV 

MCZ-South 
ADIT 424 26.3 3.36 14.7 1.1 
DDH 68 24.2 3.89 18.8 1.1 
RC 5 1.9 1.0 0.5 0.7 

MCZ North 
ADIT - - - - - 
DDH 265 26.5 4.04 16.2 1.0 
RC 314 26.5 4.23 14.2 0.9 

LGZ South 
ADIT 353 10.1 0.74 1.14 1.4 
DDH 57 5.28 0.74 0.73 1.2 
RC 28 6.15 1.19 2.6 1.4 

LGZ North 
ADIT - - - - - 
DDH 489 12.5 0.92 1.46 0.9 
RC 460 6.8 0.74 0.56 1.0 
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Table 13-6: Summary statistics for the Chujah and Dumasi resource domains 
Deposit Domain Oxidation No. Comp Max (g/t) Mean (g/t) Variance CV 

Chujah 

CW-HGZ 
OX 6 6.1 4.00 2.3 0.4 
TR 130 46.4 5.59 28.8 1.0 
FR 986 57.1 5.28 22.8 0.9 

CW-MCZ 
OX 1508 16 1.71 2.2 0.9 
TR 443 53.3 2.19 10.3 1.5 
FR 2643 32 1.91 4.3 1.1 

CE 
OX 3867 93.3 2.01 8.7 1.5 
TR 1055 25.2 2.31 7.8 1.2 
FR 1856 68.1 2.24 9.1 1.4 

Dumasi 

DW-HGZ 
OX 45 18.1 3.14 10.3 1.0 
TR 261 24.0 3.63 8.2 0.8 
FR 955 33.0 3.82 8.1 0.8 

DW-MCZ 
OX 572 20.4 1.46 3.3 1.2 
TR 750 14.2 1.91 2.5 0.8 
FR 2632 83.9 1.90 5.3 1.2 

DE 
OX 1163 45.2 1.86 6.0 1.3 
TR 194 12.5 1.84 2.8 0.9 
FR 546 21.1 2.26 4.2 0.9 

DN OX+TR+FR 506 13.1 1.74 2.26 0.9 
 

Table 13-7: Summary statistics from 3 m composites at Ablifa 
Source Count Min Max Mean Std Dev Variance CV 

RAB 14,061 0 18.51 0.91 1.12 1.27 1.23 

RC/DD 7,169 0 50.84 0.97 1.40 1.95 1.43 

Total 21,230 0 50.84 0.93 1.22 1.50 1.31 
 

Table 13-8: Summary statistics for the Buesichem resource domains 

Domain Campaign No. Comp Max (g/t) Mean (g/t) Variance CV 

Main Exploration 3549 28.16 2.83 4.8 0.86 
North Exploration 272 8.42 1.92 1.8 0.75 

Beposo Exploration 1105 11.55 1.61 2.5 0.82 

Main Grade Control 5615 34.17 2.72 5.7 0.86 
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Table 13-9: Summary Statistics for Beta Boundary Domains 
Domain Sample Data No Comp Max (Au g/t) Mean (Au g/t) Variance CV 

MR Oxide 
DD 46 32.4 2.73 23.5 1.8 
RC 151 39.1 2.96 30.1 1.9 

RAB 477 46.4 2.36 15.9 1.7 

MR Trans 
DD 32 10.02 2.4 3.7 0.8 
RC 270 49.6 3.1 2.6 1.7 

RAB 51 9.5 2.14 4.9 1.0 

MR Fresh 
DD 97 22.8 3.3 16.3 1.2 
RC 525 133 3.01 51 2.4 

ER Oxide 
DD 141 12.3 1.76 2.4 0.9 
RC 850 18.8 1.51 2.9 1.1 

RAB 1416 24.9 1.61 4.0 1.2 

ER Trans 
DD 85 7.2 1.56 1.8 0.9 
RC 551 81.8 1.62 14.3 2.3 

RAB 39 3.2 1.3 0.7 0.7 

ER Fresh 
DD 200 18 1.35 2.6 1.2 
RC 1685 89.9 1.45 9.1 2.1 

 

Table 13-10: Summary 2 m composite statistics for Bondaye and Tuapim 

Deposit Drill 
Method 

No. 
Holes 

No. 2m 
Comps Max (g/t) Mean 

(g/t) Variance CV 

Bondaye 
RC 182 1288 63.3 2.17 14 1.7 
DD 13 93 56.6 2.68 38 2.4 

RAB 737 629 40.0 1.89 13 1.9 

Tuapim 
RC 198 1052 75.8 2.41 15 1.6 
DD 10 76 13.0 1.60 3 1.1 

RAB 591 394 18.1 1.94 6 1.3 
 

13.6 Block Model Grade Interpolation 
13.6.1 Introduction 

Generally, the grade interpolation was carried out after domaining the composite data into 
various possible weathering domain combinations. In some cases, the oxide and transition 
was treated as a single domain (Bogoso North). However, it was more common where data 
was sparse or the statistics allowed, for the data from all three domains to be combined into a 
single dataset (Mampon/Aboronye, Chujah/Dumasi, Ablifa, Buesichem, Beta Boundary, 
Bondaye, Tuapim). Grade interpolation was carried out by ordinary kriging in all cases. The 
composites were sourced from DD and RC drilling assays only, except in the case of Ablifa 
where the RAB data was combined with the RC results. In most cases, the semi-variogram 
analysis was carried out after data cutting and conversion of the resulting composite data to a 
normalized gaussian model through the process of gaussian anamorphosis. Results from the 
Gaussian semi-variograms were back-transformed to a normal data space and grade 
estimates were carried out using the untransformed composite files. 

Kriging was carried out in two phases. The first search was based on the results of the semi-
variogram modelling and, in those cases where an anisotropic variogram could be modelled, 
the search ellipse was structured to honour the anisotropy. A second search was then carried 
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out using a much larger radius than implied by the semi-variogram model range. The second 
search was carried out to fill remaining blocks not already interpolated in the first search. For 
the purpose of applying grade classification categories, the blocks in the wider second search 
were generally classified as Inferred. 

13.6.2 Mampon/Abronye and Opon 
Directional semi-variograms produced in the plane of the mineralized zone indicated a 
directional anisotropy with a possible plunge to the north-west Table 13-11. However, the 
semi-variograms modeling was inconclusive in this regard and it was decided that the along 
strike direction should be considered the primary axis with the secondary axis in the down dip 
direction to the west. 

Table 13-11: Semi-variogram modelling results for the Mampon deposit 
Structure Variance Range 1 Range 2 Range 3 

nugget (C0) 28.6    
spherical (C1) 15.14 17   
spherical (C2) 9.63 115 55  

Orientation Dip dir°/dip 000°/00 270°/65W  
 

At Aboronye (Table 13-12 to Table 13-15), the original anisotropic variograms produced in the 
plane of the deposit exhibited poor structure with a high nugget variance and poorly defined 
sill. The current model has a range of 125 m, but this is poorly defined and, for this reason, it 
was decided to restrict the search for the kriging. 

Table 13-12: Semi-variogram modelling results for the Abronye deposit after back 
transformation of the gaussian models 

Structure Variance Range 1 Range 2 Range 3 
nugget (C0) 1.75    

spherical (C1) 1.08 125m 95m  
Orientation Dip dir°/dip 330°/00 240°/90  

 

Table 13-13: Mampon/Abronye block model parameters 
Direction Origin No of cells Size of cells 

X 14750 100 12.5 
Y 61350 70 25 

Z 5200 80 8 

 

Table 13-14: Mampon combined oxide/transition/fresh kriging profile  

Direction Initial Search 
(m) 

Infill Search 
(m) Search Direction Search Dip 

X 120 300 000° 00° 
Y 60 300 270° 65°W 

Z 20 30 90° 25°E 
Min Samples 5 2   
Max Samples 36 36   

Descritization 6x12x3 6x12x3   
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Table 13-15: Abronye combined oxide/transition/fresh kriging profile  

Direction Initial Search 
(m) 

Infill Search 
(m) Search Direction Search Dip 

X 60 300 330° 00° 
Y 30 300 240° 90° 
Z 10 30 060° 00° 

Min Samples 5 2   
Max Samples 36 36   

Descritization 6x12x3 6x12x3   
 

13.6.3 Bogoso North 
The only domain which produced a meaningful downhole semi-variogram was the MCZ 
sulphide in the Marlu domain. The range was calculated at 18 m and, although hole effect is 
evident beyond this distance, the early part of the semi-variogram exhibits a reasonable 
structure. 

In general, the nugget variance is high for all the semi-variograms and confidence in these is 
low. In all domains, most of the directional variograms exhibit pure nugget effect, reflecting the 
sparseness of data other than in the along strike direction (Table 13-16). 

Table 13-16: Bogoso North Semivariogram Parameters 
Data SU South SU North OX/TR 

Ore Strike 010 340 010/340 
Deposit Dip 55W 35W 55W/35W 

Pitch 8N 11N 8N/11N 
½ Angle 25 25 25 
Lag (m) 20 23 40 

Co 10.7 6.5 3 
C1 4.7 8.6 1.56 
a1 35.7 32 66 

 

Table 13-17 details the parameters used for the grade interpolation. Rotation is defined in the 
Gemcom™ rotation system and specifies the orientation of the primary axis. The anisotropy 
details the search radius in the three principle directions. A total of three passes were made 
with increasing search radii in order to fill all blocks with grade, however, only the first pass 
was based on the semi-variogram models discussed in the previous section. The wider 
searches were effectively multiples of the primary search distances and all blocks filled using 
these were classified as inferred. 

Table 13-17: Bogoso North – Gemcom™ Search ellipse Parameters 

Domain Zone 
Rotation Anisotropy 1 

(m) 
Anisotropy 2 

(m) 
Anisotropy 3 

(m) 
X Y Z X Y Z X Y Z X Y Z 

MCZSU 
South 86 -55 8 35 19 18 60 30 20 200 100 50 
North 127 33 11 32 21 18 60 30 20 200 100 50 

MCZOX/TR 
South 86 -55 8 60 40 20 90 60 30 200 100 50 
North 127 33 11 60 40 20 90 60 30 200 100 50 
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Grade interpolation was carried out using Ordinary Kriging (“OK”) with a minimum of five and 
maximum of 36 assays for the first two passes and a minimum of two assays for the final long 
distance run. A discretisation matrix of 3 x 3 x 3 was utilized. The interpolation was carried out 
on untransformed composite values and no additional high-grade cutting was carried out 
other than that already described previously. 

13.6.4 Chujah 
Grade interpolation was carried out separately for five domains with the production of semi-
variograms and ordinary kriging estimates for gold grade, as shown in Figure 13-1. Semi-
variograms were oriented using the general dip and strike of the deposit in the individual 
domains as modeled by GSR. Where sufficient information was available, directional semi-
variograms and variogram maps were produced in the plane of the deposit as defined by the 
wireframe models. These plots helped to define the potential for modeling plunging structures 
within the main deposit thus improving the quality of the overall grade estimates. 

Initially, semi-variograms were produced for the individual oxidation domains. However, the 
lack of data points in the oxide and transition domains precluded the production of reliable 
semi-variogram models and, as the statistics indicated little variation in grade between the 
oxide states it was decided to combine the data. 

Variogram structures are generally well developed in the downhole orientation which directly 
compares pairs of composite values at increasing distances along the hole trace with ranges 
modeled at between 6 to 20 m reflecting the average thickness of individual zones within the 
domains and relative continuity of the grade distribution at local scales. The reliability of the 
downhole variograms gave confidence to using the nugget variance (Co) value from these 
semi-variograms when modeling the directional semi-variograms. 

The variogram structures in the principle direction in the plane of the deposit are poorly 
developed and the interpretations show only minimal evidence for the range of grade 
continuity in each direction. Where possible, the directional semi-variograms were produced 
at closely spaced intervals which allowed the delineation of plunging structures within the 
plane of the deposit. Results of modeling the experimental semi-variograms are contained in 
Table 13-18 to Table 13-22. 
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Figure 13-1: Geostatistical domains covering the Chujah and Dumasi deposit 
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Table 13-18: Semi-variogram modelling results for the Chujah Dumasi CW Domain 
Structure Variance Range 1 Range 2 Range 3 

nugget (C0) 1.42    
spherical (C1) 2.34 45.7   
spherical (C2) 0.42 150 120  
spherical (C3)     

Orientation  00° to 010 60° to 280  
 

Table 13-19: Semi-variogram modelling results for the Chujah Dumasi DW Domain 
Structure Variance Range 1 Range 2 Range 3 

nugget (C0) 3.05    
spherical (C1) 1.04 48 m   
spherical (C2) 0.31 150 m 250 m  
spherical (C3)     

Orientation  00° to 350 45° to 260  
 

Table 13-20: Semi-variogram modelling results for the Chujah Dumasi CE Domain 
Structure Variance Range 1 Range 2 Range 3 

nugget (C0) 0.00    
spherical (C1) 4.43 3 m   
spherical (C2) 4.1 30 m 40 m  
spherical (C3)     

Orientation  00° to 000 50° to 270  
  

Table 13-21: Semi-variogram modelling results for the Chujah Dumasi DE Domain 
Structure Variance Range 1 Range 2 Range 3 

nugget (C0) 0.00    
spherical (C1) 4.06 14 m   
spherical (C2) 1.11 70 m 65 m  
spherical (C3)     

Orientation  00° to 340 60° to 250  
  

Table 13-22: Semi-variogram modelling results for the Chujah Dumasi DN Domain 
Structure Variance Range 1 Range 2 Range 3 

nugget (C0) 0.18    
spherical (C1) 1.05 40 m 30 m  
spherical (C2) 1.0 85 m 60 m  
spherical (C3)     

Orientation  00° to 020 45° to 290  
 

Grade was calculated for individual blocks using ordinary kriging and a search radius 
generally greater than the modeled semi-variogram range. The block model was constructed 
using the parameters in Table 13-23. The block height has been increased from previous 
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years from 6 to 8 m and the depth of the model has also increased to reflect the continuing 
deep drilling. 

Table 13-23: Chujah Dumasi block model parameters 
Direction Origin No of cells Size of cells Maximum 

X 14,200 136 12.5 m 15,700 
Y 22,400 192 25 m 27,200 
Z 4,480 90 8 m 5,200 

 

For all domains, the first pass interpolation used a minimum of 10 and maximum of 36 
composites. The second search (wider search used to fill outlying blocks) utilized a minimum 
of two composites and a maximum of 36. Discretization was set at 6x12x3 m (xyz). Search 
radii used for the various domains were as follows: 

• DW – 150x150x15 m, 500x300x50 m; 
• CW – 175x150x15 m, 500x300x50 m; 
• CE – 50x50x15 m, 300x300x50 m; 
• DE – 75x75x15 m, 300x300x50 m; and 
• DN – 100x75x10 m, 300x300x50 m. 

Grade control data from the mining operation at Chujah South was provided by GSR and was 
modelled as a check against the variography produced from the exploration drilling. The 
majority of the data is from blast hole sampling with some RC, rip line and RAB drilling data 
also included. The majority of the sample points are either 1 or 4 m composites and the 
database was re-composited to a 2 m standard composite. The resulting semi-variograms 
show a similar trend and range to those produced from the exploration data with a principle 
direction roughly along strike at 010º and a range of 80 m, compared with a range of 95 m in 
the MCZ, 85 m in the FW Splay and 185 m in the Fault domain from the exploration data. The 
long range modelled in the fault data is not considered to be of a high confidence and the 
search parameters used for the kriging reflect this. 

The conclusion from the grade control study is that the parameters modelled from the 
exploration data can be confirmed from the grade control data and therefore the exploration 
data semi-variograms can be considered a valid model for use in grade interpolation. 

13.6.5 Ablifa 
The experimental variograms suggested that the greatest range occurs in the strike-parallel 
direction (Table 13-24 and Table 13-25). Within the Ashanti trend, steeply plunging 
mineralised shoots have been observed, particularly well defined within the quartz vein hosted 
mineralization. The data available in the Ablifa area are predominantly present within the 
oxide domain (RAB drilling data), with the RCDI drilling providing the deeper data below the 
transitional zone. The observed anisotropy may be an artefact of the spatial distribution of the 
sample data. 

Table 13-24: Ablifa semi-variogram modelling results 
Structure Variance Range 1 (m) Range 2 (m) Range 3 (m) 

nugget (C0) 0.717    
spherical (C1) 0.789 19 21 11 
spherical (C2) 0.206 125 60 45 

Orientation  00° to 015° 50° to 285  
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Table 13-25: Ablifa combined oxide/transition/fresh kriging profile  

Direction Initial Search 
(m) 

Infill Search 
(m) Search Direction Search Dip 

X 125 300 015° 00° 
Y 60 300 285° 50° 
Z 10 30 105° 00° 

Min Samples 5 2   
Max Samples 36 36   
Descritization 6x12x3 6x12x3   

 

13.6.6 Buesichem 
Global (360º) variograms were generated for both untransformed Au and LN Au to establish 
the nugget effect as well as permit a general sense of range for non-nugget sills (Table 13-26 
and Table 13-27). Directional variograms for untransformed Au were then generated for the 
principal axes determined from interpretation of the variance contour maps. The relative sills 
were drawn directly from the model fitted to the global variogram. 

Table 13-26: Semi-variogram modelling results for the Buesichem deposit 
Structure Variance Range 1 (m) Range 2 (m) Range 3 (m) 

nugget (C0) 0.357    
spherical (C1) 0.393 25 20 10 
spherical (C2) 0.250 55 55 20 

Orientation  00° to 180° 30° to 270°  
 

Table 13-27: Buesichem combined oxide/transition/fresh kriging profile  

Direction Initial Search 
(m) 

Infill Search 
(m) Search Direction Search Dip 

X 60 120 000° 00° 
Y 60 120 270° 30° 
Z 20 40 090° 60° 

Min Samples 4 4   
Max Samples 36 36   

Descritization 4x643 4x6x3   
 

13.6.7 Beta Boundary 
The statistical analysis indicated that the data from the oxide, transition and sulphide domains 
could be combined for the purpose of grade interpolation. However, the MR and ER were 
treated as two separate domains for the purpose of semi-variogram modelling and grade 
interpolation. 

Semi-variograms were produced after cutting the datasets to 12 g/t Au, this topcut was only 
applied for semi-variogram modelling and not for the final grade interpolation. Downhole semi-
variograms exhibited good structure and allowed detailed modelling of the nugget variance, 
generally with a range of 12 m for both the MR and ER domains. Directional variograms were 
generally poor quality, although at MR there is evidence for a steeply plunging component. 
The along strike and down dip directions were those which produced the best quality 
variograms and are the ones modelled in Table 13-28. Table 13-29 summarises the block 
model parameters for the Beta Boundary model. This block model is contiguous with that for 
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the Plant North deposit. 

Table 13-28: Beta Boundary Semi-variogram model parameters 

Domain Variable Variance Range dir1 
(m) 

Range dir2 
(m) 

Main Reef 3m lag downhole (cut <12) 
Co 0   
C1 2.08 3  
C2 2.7 12  

Main Reef 25m lag anisotropic (cut <12) 
005 deg, 70W 

Co 0   
C1 4.17 35  
C2 0.88 86 70 

East Reef 3m lag downhole (cut <12) 
Co 0.81   
C1 0.37 6.2  
C2 0.28 13.5  

East Reef 25m lag anisotropic (cut <12) 
010 deg, 70W 

 

Co 0.81   
C1 0.4 30 10 
C2 0.63 130 100 

  

Table 13-29: Beta Boundary block model parameters 
Direction Origin No of cells Size of cells Maximum 

X 11,200 168 12.5 13,300 

Y 5,000 192 25 9,800 

Z 4,600 108 6 5,248 

 

Block grade interpolation was carried out using OK. The first pass was carried out using a 
search radius of 200 x 200 x 15 m for MR, ER and WR and a minimum number of 10 samples 
required for grade interpolation. Blocks not filled by kriging were assigned values based on 
the average of the kriged blocks after applying a high grade top cut to the block grades, the 
values used are as follows: 

• MR – cut at 3.5 g/t Au, value applied = 1.84 g/t Au. 
• ER – cut at 2.0 g/t Au, value applied = 1.23 g/t Au. 

13.6.8 Bondaye/Tuapim 
Semi-variograms were produced separately for Bondaye and Tuapim. Initially, only the RC 
data was used, data was cut to 20 g/t Au, which had the effect of bringing the statistics from 
the three weathering domains into line. As a result, the semi-variograms produced for the 
Mineral Resource estimate have used a combination of data from the oxide, transition and 
fresh domains. 

At Tuapim, it was possible to model directional semi-variograms and the best direction was 
modeled in a direction of 239º, which represents a steeply plunging structure. However, the 
along strike direction could not be as reliably modelled, but it appears that the range in the 
perpendicular direction is very close to that seen in the 239º direction indicating an isotropic 
search radius is appropriate.  

Table 13-30 summarises the semi-variogram models used for block grade interpolation. The 
models for both domains show very similar results, although the data variance for the Tuapim 
domain is higher. Ranges modelled are still low with a maximum range of only 40 m. SRK 
considers that significant infill drilling would be required on at least 25 m spacing to allow the 
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definition of any Measured Mineral Resource material at either of these deposits. 

Table 13-30: Semi-variogram modelling results for Bondaye and Tuapim, 2007 
models 

Domain Variable Variance Range dir1 
(m) 

Range dir2 
(m) 

Bondaye 2m lag downhole (<20) 
Co 0.64   
C1 0.98 4.7  
C2 1.01 11.6  

Bondaye 12m lag isotropic (<20), 342° 
80°W 

 

Co 0.64   
C1 0.697 3.3  
C2 1.305 40  

Tuapim 2m lag downhole (<20) 
Co 0.64   
C1 0.70 3.2  
C2 2.89 5.9  

Tuapim 12m lag anisotropic (<20), 003° 
70°W 

 

Co 0.64   
C1 1.244 3.6  
C2 1.24 40  

 

Table 13-31 and Table 13-32 summarise the parameters for the block models based on the 
block centroid of the lower left corner of the model. In both cases, block size was set to 
12.5 m across strike (hole spacing approximately 25 m along lines); 25 m along strike (line 
spacing approximately 50 m) and 8 m vertically to match the planned mining bench height. 

Table 13-31: Bondaye 2007 Block model parameters 
Direction Origin No of cells Size of cells 

X 12,006.25 140 12.5 

Y 3,512.5 120 25 

Z 4,452 100 8 

 

Table 13-32: Tuapim 2007 Block model parameters 
Direction Origin No of cells Size of cells 

X 10,756.25 100 12.5 

Y 12.5 200 25 

Z 4,452 100 8 

 

In addition to estimating the grade, the slope of regression and sum of positive weights were 
also estimated for each block in order to assess the quality of the final estimate and to aid in 
classification. The following parameters were used for the kriging operation: 

• Search radius 1 (xyz) = 50x50x10 m 
• Search radius 2 (xyz) = 200x200x30 m 
• Minimum number of composites = 2 
• Number of sectors = 4 
• Maximum number of composites per sector = 5 
• Discretization = 6x12x4 m 
• Minimum distance between composites = 2 m 
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13.7 Mineral Resource Classification 
Mineral Resource classification is typically a subjective concept, industry best practices 
suggest that resource classification should consider both the confidence in the geological 
continuity of the mineralized structures, the quality and quantity of exploration data supporting 
the estimates and the geostatistical confidence in the tonnage and grade estimates. 
Appropriate classification criteria should aim at integrating both concepts to delineate regular 
areas at similar resource classification. 

SRK is satisfied that the geological modelling honours the current geological information and 
knowledge. The location of the samples and the assay data are sufficiently reliable to support 
resource evaluation. The sampling information utilised for the resource classification was 
acquired primarily by DD core, RC and RAB drilling on sections spaced at 25 to 50 m.  

Generally, for mineralization exhibiting good geological continuity investigated at an adequate 
spacing with reliable sampling information accurately located, SRK considers that blocks 
estimated during the first estimation run considering full variogram ranges can be classified in 
the Indicated Mineral Resource category within the meaning of the CIM Definition Standards 
for Mineral Resources and Mineral Reserves (December 2005). For those blocks, SRK 
considers that the level of confidence is sufficient to allow appropriate application of technical 
and economic parameters to support mine planning and to allow evaluation of the economic 
viability of the deposit. Those blocks can be appropriately classified as Indicated Mineral 
Resource. Where Mineral Resources are categorised as Measured Resources, SRK 
considers the level of drill information and the quality of the kriging estimate to be appropriate 
and generally is reserved for areas of ground where the average slope of regression from the 
kriging analysis exceeds 90%. 

Conversely, blocks estimated during a subsequent search pass, considering search 
neighbourhoods set at beyond the variogram ranges, should be appropriately classified in the 
Inferred category because the confidence in the estimate is insufficient to allow for the 
meaningful application of technical and economic parameters or to enable an evaluation of 
economic viability. 

13.8 Mineral Resource Statement 
The following section presents the combined Mineral Resource statement for the individual 
deposits within the exploration and mining licences which form part of the current LoM plan for 
GSBPL. Mineral Resources are reported inclusive of the material which makes up the 
Mineral Reserves, which are presented in Section 14 of this report. 

The “reasonable prospects for eventual economic extraction” requirement generally implies 
that the quantity and grade estimates meet certain economic thresholds and that the Mineral 
Resources are reported at an appropriate cut-off grade, taking into account extraction 
scenarios and processing recoveries. In order to meet this requirement, SRK considers that 
major portions of the GSBPL project are amenable for open pit extraction. 

In order to determine the quantities of material offering “reasonable prospects for economic 
extraction” by open pit mining, GSR used a pit optimizer and reasonable mining assumptions 
to evaluate the proportions of the block model (Measured, Indicated and Inferred blocks) that 
could be “reasonably expected” to be mined from an open pit. The overall slope angles used 
in the optimisation are provided in Table 13-33. 
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Table 13-33: Overall slope angles used for Conceptual Open Pit Optimization 
Deposit Unit Oxide Transitional Fresh 

Bogoso North deg. 40 40 53 
Chujah deg. 40 40 53 
Dumasi deg. 40 40 53 
Pampe deg. 45 45 57 

Buesichem deg. 52 52 58 
Bondaye deg. 49 49 53 

Mampon Abronye deg. 45 45 60 
Tuapim deg. 49 49 53 
Ablifa deg. 40 40 53 

Beta Boundary South deg. 49 49 53 
 

The optimization cost, recovery and revenue parameters are based on actuals from the 
operations, apart from gold price, which is varied to reflect the variations in the Reserve gold 
price, and these are shown in Table 13-34. The reader is cautioned that the results from the 
pit optimization are used solely for the purpose of testing the “reasonable prospects for 
economic extraction” by an open pit and do not represent an attempt to estimate Mineral 
Reserves. The results are used as a guide to assist in the preparation of a Mineral Resource 
statement and to select an appropriate resource reporting cut-off grade. 

SRK considers that the blocks located within the conceptual pit envelopes show ‘reasonable 
prospects for economic extraction’ and can be reported as a Mineral Resource. 
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Table 13-34: General Assumptions Considered for Conceptual Open Pit Optimisation 
Parameter Unit Oxide Transitional Fresh 

Revenue 
Au price USD/oz 1,400 

State royalty % 5 
Forrest Reserve royalty (Mampon) % 1 

Selling costs USD/oz 1 
Mining Parameters 

Mining recovery % 98 
Dilution % 10 

Processing Parameters and Costs 
Process plant recovery % 80 65 77 

Ore processing cost USD/t 19.48 34.28 34.28 
G&A cost USD/t 5.99 5.99 5.99 

Mining Cost 
Bogoso North USD/t 2.79 3.24 3.68 

Chujah USD/t 2.79 3.24 3.68 
Dumasi USD/t 2.88 3.18 3.48 
Pampe USD/t 2.85 3.35 3.85 

Buesichem USD/t 2.79 3.24 3.68 
Bondaye USD/t 2.85 3.35 3.85 

Mampon Abronye USD/t 2.85 3.35 3.85 
Tuapim USD/t 2.85 3.35 3.85 
Ablifa USD/t 2.79 3.24 3.68 

Beta Boundary South USD/t 2.85 3.35 3.85 
Incremental Pit Depth Cost 

Bogoso North USD/t/4m depth 0.012 
Chujah USD/t/8m depth 0.024 
Dumasi USD/t/4m depth 0.024 
Pampe USD/t/8m depth 0.024 

Buesichem USD/t/4m depth 0.012 
Bondaye USD/t/8m depth 0.024 

Mampon Abronye USD/t/4m depth 0.024 
Tuapim USD/t/8m depth 0.024 
Ablifa USD/t/6m depth 0.018 

Beta Boundary South USD/t/6m depth 0.018 
 

The Mineral Resource Statement for GSBPL, as of 31 December 2013, is given below in 
Table 13-35. In declaring the Mineral Resources for the GSBPL mineral deposits, SRK notes 
the following: 

• The identified Mineral Resources in the block model are classified according to the CIM 
definitions for Measured, Indicated and Inferred categories and are constrained within a 
Whittle pit shell using a gold price of USD 1, 400 per troy ounce and below the end of 
year (December 2013) topographic surface. The Mineral Resources are reported without 
modifying factors applied and are inclusive of the estimated Mineral Reserves. 

• This Mineral Resource estimate is based on appropriate cut-off grades for the oxide, 



SRK Consulting U5859-GSBPL 43-101 2014 – Main Report 
 

U5859 GSR 43-101_2013_BOGOSO_Final_140312_Clean.docx March 2014 
Page 81 of 140 

transitional and fresh material, and reported within a conceptual Whittle shell. Pit 
optimisation using industry standard software has been undertaken on the Mineral 
Resource models using appropriate slope angles, modifying factors (mining recovery and 
dilution), process recovery factors, costs. 

• The Mineral Resource models have been depleted using appropriate topographic 
surveys, to reflect mining until the 31 December 2013. 

• The Mineral Resource Statement for Bogoso is subdivided into nine separate deposit 
groups, namely Chujah, Dumasi, Bogoso North, Buesichem, Ablifa, Mampon Abronye 
and Opon, Beta Boundary South, Bondaye and Tuapim. 

• Geological modelling of the mineralisation was undertaken by GSR, using a cut-off grade 
of approximately 1.0 g/t Au at Chujah/Dumasi, 0.5 g/t Au at Bogoso North, 1.0g/t Au at 
Buesichem, 1.0 g/t Au at Ablifa, 1.0g/t Au at Mampon Abronye Opon, 1.0 g/t Au at Beta 
Boundary South, 0.5 g/t Au at Bondaye and 0.5 g/t Au at Tuapim. Composites less than 
the grades listed here were often included within the mineralised wireframes in order to 
model continuity both down dip and along strike. The Mineral Resource estimates are 
derived from a combination of DD, RC and RAB drilling techniques, supported by an 
industry best practice QAQC programme. Drilling is typically carried out on sections 
spaced between 25 and 50m. 

• The Mineral Resources were estimated using block models, with variable block sizes, 
which typically reflect half the drillhole spacing within the deposits. The composite grades 
were capped where this was deemed necessary, after statistical analysis. Ordinary 
Kriging was used to estimate the block grades. The search ellipsoids were orientated to 
reflect the general strike and dip of the modelled mineralisation. 

• Block model tonnage and grade estimates were classified according to the CIM 
Definition Standards for Mineral Resources and Mineral Reserves (December 2005). The 
basis of the Mineral Resource classification included confidence in the geological 
continuity of the mineralised structures, the quality and quantity of the exploration data 
supporting the estimates, and the geostatistical confidence in the tonnage and grade 
estimates. Three-dimensional solids were modelled reflecting areas with the highest 
confidence, which were classified as Measured and Indicated Mineral Resources. 

• All figures are rounded to reflect the relative accuracy of the estimate. All composites 
have been capped where appropriate. 

• Mineral Resources are not Mineral Reserves and do not necessarily demonstrate 
economic viability. 

• SRK is unaware of any legal, political, social, environmental or other risks that could 
materially affect the estimates of the Mineral Resources. 
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Table 13-35: Mineral Resource Statement GSBPL, 31 December 2013 

Name 

MEASURED INDICATED INFERRED 

Quantity Grade Metal 
Content Quantity Grade Metal 

Content Quantity Grade Metal 
Content 

kt g/t Au koz Au kt g/t Au koz Au kt g/t Au koz Au 

Chujah Main 2,697 2.94 255 617 3.14 62    

Dumasi 3,255 2.56 268 9,868 2.41 765    

Bogoso North    1,239 2.85 114 290 2.10 19 

Buesichem    2,346 3.13 236 160 1.86 10 

Ablifa    1,489 1.86 89 730 2.50 58 

Mampon Abronye Opon    1,553 4.78 239 220 1.80 13 

Beta Boundary South 986 2.88 91 557 1.92 34 113 17.30 63 

Bondaye    1,791 2.75 158 448 3.32 48 

Tuapim    971 2.75 86 20 2.10 1 

TOTAL 6,938 2.75 614 20,430 2.71 1,783 1,981 3.33 212 
* Mineral Resources are reported in relation to a conceptual pit shell. Mineral Resources are not Mineral 
Reserves and do not have demonstrated economic viability. All figures are rounded to reflect the relative 
accuracy of the estimate. All composites have been capped where appropriate. 
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14 MINERAL RESERVE ESTIMATES 
The Mineral Reserve for Bogoso Prestea as part of the NI43-101 Technical Report has been 
prepared in accordance with CIM standard definitions for a Proven and Probable Mineral 
Reserve. The Measured and Indicated Mineral Resources are inclusive of those Mineral 
Resources modified to estimate the Mineral Reserves. 

The Mineral Reserve for Bogoso Prestea has been estimated using accepted industry 
practices for open pit mines, including the identification of the optimal final ore envelope using 
a Whittle optimisation analysis, mine design, mine scheduling and the development of a cash 
flow model incorporating the Company’s technical and economic projections for the mine for 
the duration of the LoM plan. The results of this analysis and investigation are summarised in 
terms of the Mineral Reserve Statement for the mine, as shown in Table 14-1. 
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Table 14-1: Mineral Reserve Statement GSBPL, effective date 31 December 2013 

  
Dec 31, 2013 Mineral Reserve Dec 31, 2012 Mineral Reserve 

Name Description 
PROVEN PROBABLE Total PROVEN + PROBABLE Total PROVEN + PROBABLE 

Quantity Grade Metal Content Quantity Grade Metal Content Quantity Grade Metal Content Quantity Grade Metal Content 

kt g/t Au koz Au kt g/t Au koz Au kt g/t Au koz Au kt g/t Au koz Au 

Chujah Main Non Refractory                   60 2.95 6 

Refractory 2,930 2.65 250 715 2.68 62 3,645 2.66 312 4,610 2.61 387 

Bogoso North Non Refractory                   8 1.39 0.4 

Refractory       1,016 2.52 82 1,016 2.52 82 1,865 2.59 156 

Buesichem Non Refractory                   173 1.30 7 

Refractory                   4,160 2.94 394 

Pampe Non Refractory                   1,192 2.94 113 

Refractory                         

Dumasi Non Refractory 514 1.65 27 32 1.81 2 545 1.66 29 572 1.61 30 

Refractory 2,602 2.53 212 5,794 2.37 441 8,396 2.42 653 14,757 2.21 1,048 

Ablifa Non Refractory                   472 1.39 21 

Refractory                   451 2.23 32 

Mampon Non Refractory       433 3.86 54 433 3.86 54 554 3.30 59 

Refractory       700 6.09 137 700 6.09 137 1,073 5.22 180 

Beta Boundary South Non Refractory 423 1.90 26 182 1.54 9 605 1.79 35 828 1.66 44 

Refractory 546 3.39 60 88 3.25 9 634 3.37 69 670 3.38 73 

Bondaye Non Refractory       1,071 2.35 81 1,071 2.35 81 1,446 2.16 100 

Refractory       350 3.43 39 350 3.43 39 386 3.39 42 

Tuapim Non Refractory       338 2.34 25 338 2.34 25 640 2.32 48 

Refractory       140 2.85 13 140 2.85 13 593 2.93 56 

Stockpiles 
Non Refractory                   222 2.18 16 

Refractory 106 1.79 6       106 1.79 6 468 1.81 27 

TOTAL Non Refractory 937 1.76 53 2,056 2.59 171 2,993 2.33 224 6,167 2.23 443 

Refractory 6,185 2.65 528 8,804 2.76 782 14,989 2.72 1,310 29,034 2.57 2,395 

GRAND TOTAL 17,981 2.65 1,534 35,200 2.51 2,838 
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The Mineral Reserve for the open pit mines has been determined using a CoG for oxide, 
transition and fresh material types based on various assumptions and estimates, including: 

• Gold price of USD 1,300/oz. 
• A Government royalty of 5% and an additional 1% Forest Reserve royalty for Mampon. 
• In a majority of cases, process plant recoveries for oxide, transition and fresh ore were 

80%, 65% and 75% respectively. 
• Processing costs of USD 19.48 per tonne for Non Refractory and USD 34.28 per tonne 

of refractory ore. 
• Ore transport costs based on USD 0.22 per tonne per kilometre applied to the distance 

of the deposit to the process facilities. 
• Mine operating costs based on recent operating costs, material type (oxide, transitional 

or fresh), grade control and owner operator/contract mining. 

The technical and economic assumptions used in the derivation of the CoG used to determine 
the Mineral Reserve are comparable to that historically achieved at GSBPL and are 
summarised below in Table 14-2. The Mineral Reserve includes a mining recovery of 98% 
and dilution of 10%, which is considered appropriate for the mining methods and deposit 
characteristics and is supported by mining experience. 

Table 14-2: Cut-off grades for the Bogoso Deposits 

Deposit Cut-off grade (g/t Au) 
Oxide Transitional Fresh 

Chujah Main 0.90 1.74 1.51 
Bogoso North 0.97 1.82 1.58 

Dumasi 0.91 1.75 1.52 

Mampon 1.29 2.21 2.06 

Beta Boundary South 1.07 1.55 1.55 

Bondaye 1.07 1.56 1.56 

Tuapim 1.08 1.57 1.57 
 

Further details on the development of the Mineral Reserves from the Mineral Resources, 
including pit optimisation, geotechnical considerations, pit design and scheduling, are 
included in Section 15, Mining Methods. 

The realisation of the above Mineral Reserve is dependent on the continuation of the existing 
mining practices and methods and replacement of equipment where necessary to maintain 
production rates and efficiencies. There is community resettlement required at the Dumasi, 
Beta Boundary South, Bondaye, Tuapim and Mampon areas. Relocation of a public road is 
necessary at Dumasi and Buesichem and limited de-watering is required to re-establish 
mining at some of the pits. The community resettlement and road relocation are considered to 
be a manageable risk where GSR has similar experience within the property. 

Other than the above, SRK is unaware of any legal, political, environmental or other risks that 
could materially affect the potential development of the Mineral Reserves. 

  



SRK Consulting U5859-GSBPL 43-101 2014 – Main Report 
 

U5859 GSR 43-101_2013_BOGOSO_Final_140312_Clean.docx March 2014 
Page 86 of 140 

15 MINING METHODS 
15.1 Introduction 

The mine planning and Mineral Reserve estimation process principally comprises: pit 
optimisation; mine design, mine scheduling leading to Mineral Reserve estimation. The mine 
design and planning aspects of the company’s operations are centralised. The planning 
calendar commences September each year once the resource model has been updated 
leading to the generation of a Mineral Reserve estimate dated end-December each year.  

The Bogoso pits and deposits used as part of the 2014 mine planning exercise are mainly 
located along strike over some 30 km and comprise from north to south: Bogoso North, 
Dumasi, Chujah Main, Beta Boundary South, Bondaye and Tuapim. The Bogoso North, 
Dumasi and Chujah Main pits and deposits are grouped as the Bogoso Concession and Beta 
Boundary South, Bondaye and Tuapim as the Prestea Concession. Mampon is located some 
30 km further north along strike from the Bogoso Concession. 

The Mineral Resources of Chujah South, Ablifa, Buesichem and Pampe have been analysed 
but are not considered suitable for Mineral Reserves at the current gold price forecast of 
USD 1,300/oz. 

15.2 Mining Methods and Equipment 
The mining methods used at the Bogoso main and satellite pits are conventional excavator 
and truck methods typical for this style of gold mineralisation. Drilling and blasting of ore and 
waste is conducted over bench heights of 6 m or 9 m and explosives are delivered to the hole 
by the manufacturer. Oxide or weathered ore is generally only required to be lightly blasted or 
in some areas can be excavated as ‘free dig’. Hydraulic excavators are used to achieve good 
selectivity in conjunction with good blasting practice and mine to a 2.5 or 3.0 m flitch height. 
Ore and waste is generally loaded to 95 t capacity off-highway haul trucks to a central 
stockpile or to the waste dump. A summary of the equipment in use at Bogoso as of the end 
of 2013 is shown in Table 15-1. 

Table 15-1: Bogoso Mining Equipment as at end-2013 
 

 

The main production fleet in terms of excavators, haul trucks and rotary drill rigs is principally 
sourced from the Liebherr, Caterpillar and Sandvik manufacturers. In addition to the main 
equipment units, there are graders and water trucks as well as various support and service 
equipment in use. Operations are conducted on a continuous basis employing two 11 hour 
shifts on a 5-day roster with off and on crews. The ore production in recent history at Bogoso 
Prestea has been at a rate of around 3 Mtpa.  

Grade control drilling is undertaken and the results used to delineate the ore zones for 
excavation as well as low grade material and waste. The pits are de-watered using in-pit 

Description Owner Operated Contractor Operated Total 

Excavators 4 4 8 
Rigid Frame Haul Trucks 22 4 26 
Rotary/Percussion Drills (DTH) 4 

 
4 

Rotary/Percussion Drills 2 4 6 
Bulldozers 7 3 10 

Volvo A40F Dump Trucks (ADT)  13 13 

Cat A740 Dump Trucks (ADT)  5 5 

Total 39 33 72 
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pumps placed in sumps located towards the lowest point of the pit and wet season 
arrangements include drainage channels to protect against inflows.  

15.3 Historical Production 
The recent historical mine production (3 years) at GSBPL is provided in Table 15-2, detailed 
according to material type (oxide, transitional and fresh). The average annual ore movement 
was 2.7 Mtpa and waste movement of 24.5 Mtpa over this period with a stripping ratio of 
9.0:1.0 (twaste:tore). 

Mineralised tailings from the historic storage facility (TSF1) was used as a source of feed to 
the Oxide Processing plant in 2013 and will continue to be used until sufficient oxide ore is 
mined in the future. GSBPL has commenced drilling of TSF1 for consideration in future 
Mineral Resource followed by Mineral Reserve estimates. Table 15-3 provides a breakdown 
of the mine production by deposit for 2013. The ore production tonnes in 2013 were mainly 
sourced from Bogoso North (44.7%) and Chujah Main (41.1%) with a significant contribution 
from Pampe (14.2%). 

Table 15-2: Recent historical mine production for the GSBPL Assets 
Ore Type Units 2011 2012 2013 

Oxide Ore 
Mt 0.04 0.3 0.1 

g/t Au 2.02 2.03 2.39 

Transition Ore 
Mt 0.8 0.7 0.8 

g/t Au 2.64 2.14 2.62 

Sulphide Ore 
Mt 1.9 2.3 1.3 

g/t Au 2.51 2.68 1.96 

Total Ore 
Mt 2.7 3.3 2.1 
g/t 2.54 2.50 2.22 

Total Waste Mined  Mt 25.2 24.9 23.4 
TMM Mt 28 28.3 25.6 

Strip Ratio twaste:tore 9.3 7.5 10.9 
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Table 15-3: Mine production by deposit for GSBPL in 2013 
Deposit Type Units 2012 2013 

Chujah Main 

Total Ore 
Mt 1.7 0.9 

g/t Au 2.80 2.29 
Waste Mt 9.6 13.5 
TMM Mt 11.2 14.4 

Strip Ratio twaste:tore 5.7 15.4 

Bogoso North 

Total Ore 
Mt 1.0 1.0 

g/t Au 2.10 2.27 
Waste Mt 6.9 7.9 
TMM Mt 7.9 8.8 

Strip Ratio twaste:tore 7.2 8.2 

Pampe 

Total Ore 
Mt 0.6 0.3 

g/t Au 2.30 1.89 
Waste Mt 8.4 2.0 
TMM Mt 9.0 2.3 

Strip Ratio twaste:tore 13.6 6.5 

Buesichem 

Total Ore 
Mt 0.1 -  

g/t Au 2.19  - 
Waste Mt 0.1  - 
TMM Mt 0.2  - 

Strip Ratio twaste:tore 1.7  - 

Tailings (TSF1) 
Mt  - 0.9 

g/t Au  - 0.90 

TOTAL 

Total Ore 
Mt 3.3 2.1 

g/t Au 2.50 2.22 
Waste Mt 24.9 23.4 
TMM Mt 28.3 25.6 

Strip Ratio twaste:tore 7.5 10.9 

Total Tailings 
Mt  - 0.9 

g/t Au  - 0.90 
 

15.4 Pit Optimisation 
A pit optimisation exercise was undertaken by GSR using Whittle Four-X software on the 
Bogoso Prestea Assets using imported resource models and the topographic surface as at 
end-2013. The Mineral Reserves have been estimated using a transparent process whereby 
the classified block models for the estimate of Mineral Resources for each deposit has been 
reblocked to appropriate Selective Mining Unit (“SMU”) dimensions. Pit optimisation has been 
undertaken on the reblocked models using appropriate slope angles, modifying factors 
(mining recovery and dilution), process recovery factors, costs and a long term gold price of 
USD 1,300 per troy ounce (t.oz). Only Measured and Indicated classified Mineral Resources 
are considered for each deposit in the open pit optimisation exercises and a range of cut-off 
grades are calculated for each material type for each deposit. 

The Whittle pit optimisation utilised various technical and economic assumptions obtained 
from a combination of operating history, experience and company objectives with regards to 
gold price and pit shell selection. A summary showing the range of the principal optimisation 
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assumptions used is presented in Table 15-4. The overall slope angles and mining costs used 
in the pit optimisation exercise are provided in Table 15-5 and Table 15-6 respectively. 

Table 15-4: GSBPL Pit Optimisation Input Parameters 
Parameter Unit Oxide Transitional Fresh 

Revenue 
Au price USD/oz 1,300 

State royalty % 5 
Forrest Reserve royalty (Mampon) % 1 
Selling costs (0.5% of Gold Price) USD/oz 65 

Mining Parameters 
Mining recovery % 98 

Dilution % 10 

Processing Parameters and Costs 
Process plant recovery % 80 65 75 

Ore processing cost USD/t 19.48 34.28 34.28 
G&A cost USD/t 6 6 6 

 

Table 15-5: GSBPL Pit Optimisation Overall Slope Parameters 
Deposit Unit Oxide Transitional Fresh 

Bogoso North deg. 40 40 53 
Chujah deg. 40 40 53 
Dumasi deg. 40 40 53 

Bondaye deg. 49 49 53 
Mampon deg. 45 45 60 
Tuapim deg. 49 49 53 

Beta Boundary South deg. 49 49 53 
 

Table 15-6: GSBPL Pit Optimisation Mining Cost Parameters 
Deposit Unit Oxide Transitional Fresh 

Mining Cost 
Bogoso North USD/t 2.79 3.24 3.68 

Chujah USD/t 2.79 3.24 3.68 
Dumasi USD/t 2.88 3.18 3.48 

Bondaye USD/t 2.85 3.35 3.85 
Mampon USD/t 2.85 3.35 3.85 
Tuapim USD/t 2.85 3.35 3.85 

Beta Boundary South USD/t 2.85 3.35 3.85 
Incremental Pit Depth Cost 

All Pits USD/t/10m 
depth 0.03 

 

The Whittle Four-X optimisation resulted in a nested suite of optimal pits given at incremental 
gold prices. The results can be analysed in terms of Best Case and Worst Case cash flow on 
a discounted or un-discounted basis, together with strategic objectives to select a suitable 
final pit shell for mine design purposes. The principal objective of the Whittle optimisation 
process is to optimise NPV or returns to the company. The following sections on pit 
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optimisation (15.4.1 and 15.4.2) provide the optimisation results for Dumasi and Chujah Main 
which comprise over 70% of the Mineral Reserve tonnage. The other five deposits which 
contribute to the Mineral Reserves are minor in tonnage and individually do not contribute to 
more than 8% of the Mineral Reserve tonnage.  

SRK has confirmed the appropriateness of the variables and assumptions used by GSBPL 
and conducted check optimisations on the various GSBPL block resource block models using 
these variables and assumptions to validate the final optimizations used for the Reserve 
estimation. 

15.4.1 Optimisation Results for Dumasi 
The results of the optimisation for the Dumasi deposit are shown in Figure 15-1 to Figure 15-3 
where the USD 1,300 Pit Shell is shown as a dashed red line in each of the graphs. Figure 
15-1 provides the change in total ore and waste tonnes from an increasing gold price for each 
pit shell with the resulting Undiscounted Cash Flow (“UDC”) for each pit shell, based on a gold 
price of USD 1,300/oz. 

 

 
Figure 15-1: Dumasi Pit Optimisation Results – UNC Flow and Material Movement 
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Figure 15-2 shows the change in ore tonnes (increasing), gold grade (decreasing) with an 
increasing gold price as well as the increasing strip ratio. 

 
Figure 15-2: Dumasi Pit Optimisation Results – Material Movement and Grade 

 

Figure 15-3 shows the increasing total cash cost of mining (including processing and G&A) 
which is mostly a factor of an increased mining cost and a steadily increasing strip ratio as the 
pits get deeper. 

 
Figure 15-3: Dumasi Pit Optimisation Results –Material Movement and Cash Cost 
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15.4.2 Optimisation Results for Chujah Main 
The results of the optimisation for the Chujah Main deposit are shown in Figure 15-4 to Figure 
15-6. Figure 15-4 provides the change in total ore and waste tonnes from an increasing gold 
price for each pit shell with the resulting UDC for each pit shell, based on a gold price of 
USD 1,300.  

 
Figure 15-4: Chujah Main Pit Optimisation Results – UNC Flow and Material 

Movement 

Figure 15-5 shows the change in ore tonnes (increasing), gold grade (decreasing) as the gold 
price and strip ratio increases. 

 
Figure 15-5: Chujah Main Pit Optimisation Results – Material Movement and Grade 

 



SRK Consulting U5859-GSBPL 43-101 2014 – Main Report 
 

U5859 GSR 43-101_2013_BOGOSO_Final_140312_Clean.docx March 2014 
Page 93 of 140 

Figure 15-6 shows the increasing total cash cost of mining (including processing and G&A) 
which is mostly a factor of an increased mining cost and a steadily increasing strip ratio as the 
pits get deeper. 

 
Figure 15-6: Chujah Main Pit Optimisation Results –Material Movement and Cash 

Cost 

15.5 Mine Design 
15.5.1 Introduction 

The selected pit shell for each pit, as indicated above, is used as the basis for the design pit 
that incorporates more detailed geotechnical information, pit accesses and ramps, the 
minimum mining width and various practical aspects associated with the existing 
excavation(s) and infrastructure where applicable, and mining equipment.  

The following sections on mine design cover the Dumasi and Chujah Main deposits which 
comprise the majority of the Mineral Reserve tonnage, around 70%. The other five deposits 
are small and individually contribute no more than 8% of the Mineral Reserve tonnage. 

The results of each pit design have been utilised in conjunction with the latest block model, 
topography and face positions to determine the contained ore using the Measured and 
Indicated Mineral Resource categories only. 

15.5.2 Geotechnical Parameters for Open Pit Design 
The final pit design slopes and benches are based on the geotechnical parameters shown in 
Table 15-7. 
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Table 15-7: Bogoso Mine Design Geotechnical Parameters 

Parameter Unit Chujah, Dumasi, 
Bogoso 

Beta, Bondaye, 
Tuapim Mampon 

Oxide Slopes     
Berm Width m 10 4 5 

Bench Height m 12 8 8 

Batter Angle degrees 70 70 70 

Slope Angle degrees 40 49 45 

Fresh Slopes     
Berm Width m 16 5.5 to 7 5 

Bench Height m 24 12 16 

Batter Angle degrees 85 80 75 

Slope Angle degrees 53 53 to 58 60 
 

Note that the Chujah, Dumasi and Bogoso deposits the assay footwall lies at a flatter angle 
that the maximum design slope angle. The bench configuration for the design of these pits is 
modified to minimise waste striping below the footwall.  

The overall slope angle that includes provision for the haul ramp should not exceed 50 to 53º 
depending on the pit.  

The pit ramps are designed at a width of 20 m for two way haulage reducing to 10 m for one-
way traffic in the last 20 m vertical and installed at a gradient of 10%. A minimum mining width 
of 30 m is utilised assuming the space required for a CAT 777 haul truck to perform a 3-point 
turn. 

Waste dumps are located as close to the final pit limit as possible and include design 
parameters comprising a lift height of 10 m, berm width of 17 m and a batter angle of 35º. The 
final waste dump is re-profiled to an overall slope angle of 20º.  

The results of the pit design have been utilised in conjunction with the latest block model, 
topography and face positions to determine the contained ore using the Measured and 
Indicated Mineral Resource categories only.  

15.5.3 Open Pit Design for the Dumasi and Chujah Main deposits 
A plan view of each of the final open pit designs for the Dumasi (Figure 15-7) and Chujah 
Main (Figure 15-9) deposits based on the Measured and Indicated Resources and cut-off 
grade calculations. Both pits run along the same strike with a total length of approximately 
2.7 km. The Dumasi pit carries approximately 50% of the overall Mineral Reserve tonnage for 
Bogoso Prestea while the Chujah Main contains around 20% of the Mineral Reserve tonnes.  

Figure 15-8 and Figure 15-10 provide typical section views of the Dumasi and Chujah Main 
pits (section lines provided on plan views) respectively with the Mineral Resources coloured 
Measured (red), Indicated (green) and Inferred (blue). The section views also provide the 
outlines for the following: 

• Topography as of 31 December 2013; 
• Final Pit Design based on the USD 1,300/oz Pit Shell using only Measured and Indicated 

Mineral Resources; and 
• Mineral Resource Shell based on a gold price of USD 1,400/oz and considering 
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Measured, Indicated and Inferred classifications. 

 
Figure 15-7: Dumasi Final Pit Design 

 

 
Figure 15-8: Section View of Dumasi Pit and Mineral Resources (Section A - A1) 
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Figure 15-9: Chujah Main Final Pit Design 

 

 
Figure 15-10: Section View of Chujah Main Pit and Mineral Resources 
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15.6 Mine Scheduling 
The mine design pits have been utilised as the basis for the mine scheduling using the 
Gemcom MineSched™ software package. This allows the scheduling from the various pits to 
be optimised according the Company objectives such as satisfying plant capacity, maintaining 
consistency in terms of waste stripping, mining equipment and haul distances. The mine 
schedule results also include the appropriate modifying factors discussed previously and only 
considers Proven and Probable Mineral Reserves from the following sources: 

• Chujah Main; 
• Bogoso North; 
• Tuapim; 
• Dumasi; 
• Mampon; 
• Beta Boundary South; and 
• Bondaye. 

The mine schedule is separated for each the material type (oxide, transitional and fresh) for 
each deposit over a 6 year mine life and totals 17.9 Mt at a grade of 2.66 g/t Au. The strip 
ratio averages 3.8 tonnes of waste per tonne of ore over the LoM schedule (Average 10.8 
Mtpa waste) with an initial high strip ratio up to 11.2 in 2014 dropping rapidly below 3 in the 4th 
quarter of 2014. The average ore production over the LoM is 2.8 Mtpa with a couple of 
monthly production rates above of 0.45 Mt in 2018 and 2019. The total waste movement over 
the LoM is 68.1 Mt and total material movement is 86.0 Mt. 

Mining is currently being conducted at the Bogoso North and Chujah Main pits. The mine 
schedule requires de-watering to be undertaken at the Dumasi pit as well as the relocation of 
a section of public road before mining can commence. There is also certain community 
resettlement that is planned before mining can proceed at the Dumasi, Bondaye, and 
Mampon pits which has been budgeted. 

Figure 15-11 provides the LoM material movement schedule including ore type split by 
Non-Refractory (oxide) and Refractory (transitional and fresh) and the resulting strip ratio on a 
monthly basis. 
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Figure 15-11: Bogoso Mining Schedule by Material Movement 

 

Figure 15-12 shows the ore tonnage from the LoM schedule split according to the individual 
deposits on a monthly basis. 

 
Figure 15-12: Bogoso Mining Schedule by Ore Source 
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Figure 15-13 provides the LoM schedule split by ore type including Non Refractory (oxide) 
and Refractory (transitional and fresh) for ore tonnage and grade on a monthly basis. 

 
Figure 15-13: Bogoso Mining Schedule by Ore Production 

 

Table 15-8 provides a summary of the Bogoso LoM schedule for the individual deposits.  
Note: all oxide ore goes to the Non-Refractory plant; however, not all transitional ore (“Trans 
Ore”) and fresh ore goes to the Refractory plant. All mined ore from Beta, Bondaye and 
Tuapim will feed the Non-refractory plant. 

Table 15-8: Bogoso LoM Summary 

Description Units Total Chujah 
Main 

Bogoso 
North  Dumasi Mampon 

Beta 
Boundary 

South 
Bondaye Tuapim 

Oxide Ore kt 2,993     545 433 605 1,071 338 
g/t 2.33     1.66 3.86 1.79 2.35 2.34 

Trans Ore kt 1,570 1 14 750 231 271 189 113 
g/t 3.22 1.84 2.54 2.23 7.07 3.04 3.07 2.71 

Fresh Ore kt 13,312 3,644 1,002 7,646 470 363 161 27 
g/t 2.67 2.66 2.52 2.44 5.61 3.63 3.85 3.45 

Waste kt 68,133 11,116 5,290 33,639 5,540 4,855 5,946 1,747 

Total Ore kt 17,875 3,645 1,016 8,941 1,133 1,240 1,421 479 
g/t 2.66 2.66 2.52 2.37 5.24 2.60 2.61 2.49 

TMM kt 86,008 14,762 6,307 42,580 6,674 6,094 7,366 2,225 
Strip Ratio twaste:tore 3.8 3.0 5.2 3.8 4.9 3.9 4.2 3.6 

Refractory Ore kt 14,882 3,645 1,016 8,396 700 634 350 140 
g/t 2.73 2.66 2.52 2.42 6.09 3.37 3.43 2.85 

Non Refractory Ore kt 2,993     545 433 605 1,071 338 
g/t 2.33     1.66 3.86 1.79 2.35 2.34 

 
Table 15-9 provides a summary of the annual tonnages and grade for each material type over 
the Bogoso LoM schedule. 
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Table 15-9: Bogoso Annual LoM Summary 

 
Units Total 2014 2015 2016 2017 2018 2019 2020 

Oxide Ore 
t 2,992,589   372,920 1,248,003 1,183,420 188,246     

g/t 2.33   1.99 2.62 2.06 2.74     

Trans Ore 
t 1,569,811 15,008 8,752 395,399 902,005 248,647     

g/t 3.22 2.50 3.25 3.65 3.24 2.51     

Fresh Ore 
t 13,312,457 2,638,472 2,008,037 390,095 1,436,550 2,513,815 3,537,143 788,345 

g/t 2.67 2.58 2.70 3.61 3.48 2.49 2.48 2.34 
Waste t 68,133,437 13,232,368 4,995,496 8,544,505 24,212,149 11,681,966 4,998,179 468,775 

Total Ore 
t 17,874,858 2,653,480 2,389,709 2,033,497 3,521,976 2,950,708 3,537,143 788,345 

g/t 2.66 2.58 2.59 3.01 2.94 2.50 2.48 2.34 
ROM oz 1,528,097 220,015 198,791 196,764 333,374 237,548 282,306 59,298 

TMM t 86,008,295 15,885,848 7,385,205 10,578,002 27,734,124 14,632,673 8,535,323 1,257,120 
Strip Ratio twaste:tore 3.8 5.0 2.1 4.2 6.9 4.0 1.4 0.6 

Refractory Ore 
t 14,882,268 2,653,480 2,016,789 785,493 2,338,556 2,762,462 3,537,143 788,345 

g/t 2.73 2.58 2.70 3.63 3.39 2.49 2.48 2.34 
ROM oz 1,304,096 220,015 174,920 91,712 254,879 220,965 282,306 59,298 

Non Refractory 
Ore 

t 2,992,589   372,920 1,248,003 1,183,420 188,246     
g/t 2.33   1.99 2.62 2.06 2.74     

ROM oz 224,001   23,871 105,051 78,495 16,584     
 

The percentage contribution of ore tonnes and the contained gold ounces within the Mineral 
Reserves are summarised in Table 15-10. 

Table 15-10: Bogoso Mineral Reserve Contribution 

Description Units Chujah 
Main 

Bogoso 
North Dumasi Mampon 

Beta 
Boundary 

South 
Bondaye Tuapim 

Mineral Reserve tonnes 20.4% 5.7% 50.0% 6.3% 6.9% 7.9% 2.7% 
contained ounces 20.4% 5.4% 44.6% 12.5% 6.8% 7.8% 2.5% 

 

Figure 15-14 provides the processing schedule split by ore type i.e. Non Refractory and 
Refractory for ore tonnage and grade as well as estimated total gold recovery on a monthly 
basis. The mill feed tonnages and grades are smoothed through strategic stockpiling. 

 
Figure 15-14: Bogoso Processing Schedule by Ore Type 
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15.6.1 Mining of Historic Tailings 
SRK understands that the historic tailings stored in Tailings Storage Facility 1 (“TSF1”) will 
continue to be used to feed the Non-Refractory Plant until the oxide Mineral Reserves are 
mined in the LoM schedule.  

GSR has informed SRK that TSF1 is in the process of being drilled for consideration in future 
Mineral Resource estimates. Until this is completed the historic tailings are not being 
considered in the LoM schedule and Mineral Reserve estimate. 

SRK understands that in June 2011, KP provided a review of the feasibility of re-mining the 
historic tailings in TSF1 and has recommended a thorough revision of the approach currently 
being employed in order to ensure the stability of the facility is controlled to an acceptable 
level with the appropriate risk mitigation. 

SRK understands that TSF1 is currently mined using hydraulic methods in 5 m benches, 
leaving a 100 m offset to the upstream crest of the external embankments, effectively forming 
a large void in the middle of the tailings mass which poses a number of serious risks to 
stability. KP has recommended that a top down deconstruction of the tailings dam in 2 m lifts 
is considered with the appropriate monitoring controls and stability analysis. 

GSBPL intends to process reclaimed TSF1 material through the Non-Refractory plant at an 
annual rate of the order of 1.7 Mt, with an anticipated Au recovery of 45%. 

15.7 Geotechnical Considerations 
15.7.1 Pit Stability 

A number of pit slope failures have occurred at the currently active pits – Chujah and Bogoso 
North which are listed below: 

• Chujah Pit – Hangingwall toppling failure of limited extent which occurred in March 2013. 
• Bogoso North Pit – Footwall wedge failure which occurred in February 2013. 
• Bogoso North Pit – Hangingwall toppling failure of limited extent which occurred in 

September 2013. 

Elevated groundwater pressures were considered to have played a significant role in initiating 
these failures. None of the failures that have occurred have had a material impact on mining 
operations or the ore reserves in each pit but have required additional waste stripping and 
modification to the pit designs to stabilise and remediate the slopes. Remediation 
recommendations for the failures that occurred in February and March 2013 were made by 
SRK during the March 2013 site visit. 

SRK understands that in combination with lower than expected gold recovery from the Pampe 
ore and a hangingwall failure that occurred in May 2013 triggered a management decision to 
cease mining in this pit   

15.7.2 Pit Slope Design 
Specific geotechnical investigation and analysis programmes have been carried out for the 
Prestea South pits (Beta Boundary, Bondaye and Tuapim), Chujah, and Mampon pits. For 
those pits that are active, modifications to the pit design have been made in response to 
observed pit wall behaviour. There have been no specific geotechnical investigation and 
analysis programmes carried out for the Dumasi pit or Bogoso North pit. Geotechnical slope 
design parameters for Dumasi and Bogoso North have utilised those developed for Chujah 
Pit.  
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15.7.3 Geotechnical Management 
SRK has provided geotechnical operational review and design services to GSR since 2003 on 
an ‘on request’ basis. The last geotechnical review of the Bogoso pits was carried out by SRK 
in March 2013. This was to inspect and analyse pit slope instability at Chujah, Bogoso North 
and Pampe pits. Recommendations for remediation were made. A follow up site visit was 
carried out in February 2014 to assess the effectiveness of the slope remediation work. Since 
late 2012 the geotechnical services team at Wassa has been providing geotechnical support 
to the Bogoso mining operations. This takes the form of weekly site visits to inspect pit 
conditions, undertake pit mapping, review pit wall monitoring data and provide geotechnical 
input to the operations as needed. In addition one of the Bogoso geologists has been 
provided with geotechnical training to be able to provide information to the Wassa 
geotechnical team as required when they are off site.   

15.7.4 Geotechnical Risks 
For the currently active pits, Bogoso North and Chujah, the failure remediation work carried 
out by the mine has been effective. The pits are deeper and the pit slopes are in more 
competent rock than in the areas where the failures occurred. On the Chujah hangingwall 
slope, horizontal dewatering holes are being drilled into the pit wall to relieve groundwater 
pressures. These are working effectively and should continue to be drilled as the pit is 
deepened. On the Bogoso North footwall slope there has been a minor down slope extension 
of the wedge failure. The risk associated with this is being managed appropriately. For these 
pits SRK considers that the geotechnical risk to the reserve is low.  

Given the recent history of slope instability at a number of the active Bogoso pits and the lack 
of geotechnical design input to some of those pits contained within GSBPL’s future mining 
inventory SRK considers that there is a low to moderate risk to the reserves in these future 
pits. This risk can be mitigated by carrying out appropriate geotechnical investigations, 
analysis and design work to optimise and verify slope angles.  
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16 RECOVERY METHODS 
16.1 Introduction 

The current primary process plant at Bogoso Prestea recovers gold from refractory ores by 
cyanidation of a flotation concentrate which has been subjected to BIOX® to oxidise the 
sulphide minerals, and hence liberate the gold. There is also a conventional CIL plant for gold 
recovery from non-refractory ore.  

Commercial gold production from the original plant at Bogoso Prestea with a circuit design 
capacity of approximately 1.4 Mtpa commenced in late 1990. Following commissioning on 
oxidised ore, this plant commenced processing refractory sulphide ore in 1991 producing a 
flotation concentrate which was oxidised by roasting; the roasted calcine and flotation tailings 
then being cyanide leached in separate circuits. 

This operation ran until 1994, when processing of sulphide ore was halted due to a significant 
mechanical failure of the roaster. From that point, the plant continued to operate, treating 
oxide, transition and non-refractory sulphides ore as these became available. 

In 2001, GSR commissioned a Feasibility Study (“FS”) to consider bio-oxidation as the means 
for oxidising the sulphides, the process engineering component of which was conducted by 
Metallurgical Process Development Pty Ltd (“MDM”). The FS was based around the existing 
milling and flotation circuit, but due to the gold price at the time the project was not developed. 
A further FS was commissioned in 2004 and undertaken by GRD Minproc, which considered 
an expanded operation as by that time GSBPL had obtained the rights to further mineralized 
resources in the area. This FS was completed in 2004 and led into construction of the plant in 
2005. The resulting Refractory plant commenced operations in 2007. 

16.2 Refractory Circuit 
The main features of the Refractory plant, which has a design capacity of 3.5 Mtpa, are: 

• Single stage crushing using a gyratory crusher. 
• Two stage grinding using a 6.71 m diameter, 7.92 m Equivalent Grinding Length (“EGL”) 

SAG mill fitted with a 5.5 MW motor operating in open circuit, followed by a 4.72 m 
diameter, 7.77 m EGL ball mill fitted with a 3.0 MW motor operating in closed circuit, 
producing a product with a nominal grind size of 80% -140 μm. The previous flotation 
circuit was upgraded by the incorporation of new conditioning tanks and rougher cells 
and with the previous flotation circuit used primarily for scavenging and cleaning. 

• The regrinding of the flotation concentrate to a nominal 80% -45 μm prior to 
bio-oxidation. 

• A bio-oxidation circuit consisting of two parallel trains, with 7x1500 m3 tanks per train, the 
four configured in parallel and the final three in series and with a nominal residence time 
of 4 to 5 days. 

• The passing of the product from the bio-oxidation circuit through three stages of counter-
current decantation for solids/liquid separation, following which the liquor is neutralised 
with the flotation tailings and additional lime as required prior to placement in the TSF. 

• The leaching of the bio-oxidation residue using the flotation tailings CIL circuit from the 
previous operation, upgraded to cater for the increased gold production. 

• An elution circuit based on a 16 t carbon batch size, replacing the smaller circuit used for 
the previous operation. 

Feed to the plant from the various ore sources is blended primarily on the basis of gold grade, 
with a secondary consideration being the proportion of transitional to fresh material. 
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Metallurgical accounting for the bio-oxidation plant is based on samples taken at the feed and 
product ends of both the flotation circuit and the CIL circuit. All gold values are determined by 
an on-site fire assay laboratory. 

The operation achieved compliance with the International Cyanide Management Code in early 
2010. 

16.3 Non-Refractory Circuit 
While the Non-Refractory oxide CIL circuit has been operated intermittently since the 
commencement of the Refractory operation in 2007, the plant recommenced continuous 
operation in earnest at the beginning of 2012. 

The main features of the Non-Refractory circuit, which had an original design capacity of 
approximately 1.4 Mtpa, are: 

• The comminution circuit is the circuit from the original plant; an open circuit jaw crusher 
followed by two stage grinding using a 5.2 m diameter, 4.85 m EGL SAG mill fitted with a 
1.5 MW motor operating in open circuit, followed by a 4.2 m diameter, 5.4 m EGL ball mill 
also fitted with a 1.5 MW motor operating in closed circuit with cyclones, producing a 
product with a nominal grind size of 80% -60-75 μm. 

• A gravity circuit, consisting of two 30” Knelson Concentrators operating in parallel, treats 
a portion of the cyclone underflow. The concentrate from the Knelsons is manually 
upgraded using a Gemeni table to produce a gravity concentrate that is smelted. The 
gravity circuit was installed in early 2012, using equipment that was already on site. 

• The CIL circuit consists of tanks and associated equipment (i.e. agitators, intertank 
screens) that were obtained second hand from the Obotan project in 2004. 

• The elution circuit is based on a 5 t carbon batch, and was constructed in 2007, using for 
the most part second hand equipment. 

Since recommencing operation in 2012 the Non-Refractory circuit has treated the following 
ores: 

• Bogoso North Oxide; 
• Chujah Oxide; 
• Pampe Oxide; 
• Pampe Phyllite (Transition); 
• Pampe Carbonate (Transition); and 
• Pampe Fresh. 

 The oxide ores from Chujah and Bogoso North and the Pampe ores were depleted early in 
the second half of 2013. Since that time, the Non-Refractory plant has been fed with material 
reclaimed from the TSF1 tailings dam at Bogoso. Due to the physical nature of this material 
and its metallurgical response, it is being fed at a rate of the order of 1.7 to 2 Mtpa. 

The Non-Refractory circuit has a nominal throughput target when processing ore in of the 
order of 1.1 Mtpa. This is lower than the original design figure due to poor mechanical 
availability, particularly with the mills, and due to the ore properties, which are generally 
harder, more grind sensitive and slower leaching than the ore types on which the plant was 
originally designed. 

At a throughput of 1.1 Mtpa, the residence time in the CIL circuit is of the order of 27 hours 
with the six 1,200 m3 tanks. The plant footprint has space for a seventh tank, which would 
potentially increase the residence time by a further approximately 4.5 hours, providing either 
further residence time, or the ability to have one tank off-line for maintenance on a regular 
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basis without compromising the overall circuit residence time. Other improvement programs 
for the Non-Refractory circuit include refurbishments to the cyclones, elution circuit and mills. 

The LoMP calls for processing of ore from the Prestea South deposits (Beta Boundary South, 
Tuapim and Bondaye) from Q4 2015 until the end of 2017. Prior to Q4 2015, GSBPL intends 
to continue to process reclaimed TSF1 material through the Non-Refractory circuit, and to 
return to processing reclaimed TSF1 material following exhaustion of the Prestea South ores. 
GSBPL has estimated that TSF1 contains approximately 14 Mt of reclaimable material, 
although drilling has not yet been undertaken to provide an estimate of the grade of this 
material. 

A further potential feed source for the Non-Refractory plant is the tailings from the historic 
Marlu operation, which had historic tailings grades of the order of 1.7 to 2.0 g/t Au. 

16.4 Historical Production 
Production statistics for the Bogoso process plant since 2007 are shown below in Table 16-1. 

Table 16-1: Historical Production Statistics - Processing 
Item Units 2007 2008 2009 2010 2011 2012 2013 

Non-Refractory Ore 
kt 1,327 173 - 146 - 873 323 

g/t Au 2.03 2.66 - 2.91 - 2.37 2.63 

 Au Recovery % 74.2 54.1 - 43.5 - 59.9 54.1 

Tailings Re-processing – 
Non-Refractory Circuit 

kt - - - - - - 868 

g/t Au - - - - - - 0.90 

Au Recovery % - - - - - - 42.5 

Fresh Ore –  
Non-Refractory Circuit 

kt - 302 281 276 93 - - 

g/t Au - 2.75 2.78 2.81 2.57 - - 

Fresh Ore –  
Refractory Circuit 

kt 1,743 2,736 2,607 2,500 2,304 2,464 2,352 

g/t Au 2.47 2.71 2.6 2.81 2.57 2.42 2.24 

Recovery 

Flotation % n/a n/a 83.5 77.3 80.7 83.5 80.1 

CIL % n/a n/a 87.1 86.1 87.1 86.8 85.2 

Total % 50 65 70.7 65.7 69.8 71.2 68.7 
Refractory  

S Oxidation % n/a n/a 87.1 81.6 86.6 88.6 90.2 

Au Produced oz 128,019 170,499 186,040 166,668 139,628 175,432 141,948 

Crusher Availability % n/a 53.6 57.6 83.5 87.3 89.5 83.2 

Mill Availability % n/a 75.1 81.5 94.9 94.5 94.1 88.8 
Refractory 
Availability % n/a n/a 94.5 97.1 96.1 97.7 97.0 

Operating Cost - Overall 
USD/t ore feed 16.78 25.93 25.25 29.89 35.59 35.39 29.53 

USD/oz Au 428 471 392 511 605 673 737 

Operating Cost – 
Non-Refractory 

USD/t ore feed 11.79 26.24 - 13.63 - 22.73 14.22 

USD/oz Au 239 516 - 463 - 514 688 

Operating Cost - Refractory 
USD/t ore feed 21.12 25.93 24.94 30.75 35.59 39.87 37.28 

USD/oz Au 696 466 387 512 605 718 748 
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16.5 SRK Comments 
The Bogoso Refractory plant is a conventional bio-oxidation circuit, and while there are few 
examples in operation globally, given the site specific constraints, the operation appears to be 
relatively well run. 

While the design capacity of the plant is stated as being 3.5 Mtpa, the plant has not yet 
achieved an annual throughput above 2.75 Mt for the Refractory plant on its own, or 3.1 Mt 
when supplementing the Refractory comminution and flotation circuit with the Non-Refractory 
comminution circuit and old flotation plant (now decommissioned). 

The Refractory circuit has historically contained a number of bottlenecks, some of which have 
been addressed over its operating life, but many of which still remain. The bottlenecks are 
due to factors such as underdesign, poor site layout, materials of construction and ore 
properties. Regarding the latter, the plant was designed for a feed mix that included Dumasi 
ore, which achieved a higher grade of sulphur in the flotation concentrate than the other ores. 
As the Dumasi orebody had not yet been developed, the plant has to date been fed with ores 
that have produced concentrates with lower sulphur contents that the plant was designed for, 
which has resulted in a production constraint. 

The gold recoveries historically achieved in the flotation stage are lower than those reported 
in the metallurgical testwork, which were well in excess of 90% for fresh ore. While this may 
be partially ore related, the cleaner circuit (part of the original circuit) is undersized. Recent 
improvements to this part of the circuit, particularly a refurbishment and replacement of 
pumps, pipes and hoppers, in addition to improvements in reagent addition systems and 
process control, the recent installation of an on-stream analyser and closer operational 
attention to the flash flotation and regrinding sections of the circuit, are expected to result in 
an improvement in the performance and stability of operation of this part of the circuit. 

The historically achieved sulphur oxidation figures are also less than the design figure of 90%, 
which equates to the levels achieved in the pilot plant testwork. SRK understands that the bio-
oxidation plant has experienced a number of failures of impeller shafts, for which a 
replacement process was completed in 2013, involving a changed impeller design, different 
gearboxes and a decrease in impeller installed motor power. Also, the bio-oxidation tanks are 
prone to foam formation, which both represents a loss of material as well as at times 
necessitating a reduction in throughput to alleviate the foaming. The new impellers have also 
resulted in a reduction in the incidence foaming. While the air blower and cooling systems for 
the BIOX® plant are undersized, these systems have also suffered from material of 
construction failures, which have also been addressed during 2013. 

An expansion of the lime slaking plant, a temporary increase in surge capacity between the 
flotation and BIOX® circuits – to be replaced with a permanent solution, and improvements in 
the plant water supply and configuration of the neutralisation tanks are also expected to 
contribute to an improvement in the overall availability and operational performance of the 
BIOX® plant. 

The lower than expected CIL recoveries achieved historically are a function of the lower than 
predicted sulphur oxidation achieved in the bio-oxidation circuit. The pilot plant testwork 
indicated that a sulphur oxidation in excess of 90% was required to achieve a cyanidation 
recovery of +90%. Combined with the low flotation recoveries, the overall plant recoveries are 
therefore also lower than originally forecast. 

The principal reagent consumptions in the Refractory circuit in 2012 were 0.84 kg/t RoM for 
NaCN and 12.9 kg/t RoM for lime. The cyanide consumption figure is in line with that 
achieved in the pilot plant testwork, and is relatively low figure, given the nature of the process 
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circuit. The lime figure is higher than the equivalent figure from the pilot plant testwork, and 
indicates that a large quantity of lime is used to neutralise the bio-oxidation leach liquor. 
Grinding media consumption was 1.08 kg/t RoM, and the Refractory circuit overall electrical 
power consumption was 69.0 kWh/t. 

The LoM Plan calls for production through the bio-oxidation plant of up to 2.8 Mtpa with an Au 
recovery of 72%. While this throughput figure is in line with what has historically been 
achieved and the Au recovery slightly higher, SRK sees no reason why these figures should 
not be achievable given the potential for improvement highlighted above. 

While the historical data shows that the Non-Refractory plant has achieved a production rate 
of close to its original design figure, that rate was recorded in 2007, the last year (before 
2013) that the plant was operated in a continuous fashion. While the lower production rates 
reported for 2012 and 2013 were partly due to a lack of feed ore, there is no question that the 
capability of the Non-Refractory plant will have been compromised for its having been 
operated on an intermittent basis for five years, given that most of the plant is also in excess 
of 20 years old. As noted in Section 16.3, improvements are in progress or planned to the 
mills, cyclones, CIL tanks and elution circuit, all of which should improve the operability and 
availability of this plant. 

The principal reagent / consumable consumptions in the Non-Refractory circuit in 2012 were 
1.64 kg/t RoM for NaCN and 1.16 kg/t RoM for grinding media. The Non-Refractory circuit 
overall electrical power consumption was 28.6 kWh/t. 

The LoM Plan calls for production through the Non-Refractory circuit of Prestea South ores 
(Beta Boundary South, Tuapim and Bondaye) from Q4 2015 to the end of 2017 at an annual 
rate of the order of 1.2 Mtpa, with gold recoveries of 65%. Prior and subsequent to that 
period, GSBPL intends to process reclaimed TSF1 material through the Non-Refractory plant 
at an annual rate of the order of 1.7 Mt, with an anticipated Au recovery of 45%. As the TSF1 
material does not constitute a Mineral Resource, it is not included in the LoMP. 

The recovery of 65% nominated for the Prestea South ores is essentially the average of the 
recoveries reported in the 2003 AMMTEC testwork (see Section 12.1.3), ie 89% for the low 
refractory ore zone material and 45% for the more refractory ore zone material. The recovery 
for the reclaimed TSF1 tailings will be highly dependent on the characteristics of the material 
being treated; the figure of 45% is consistent with the actual figure reported for the latter part 
of 2013 (see Table 16-1). 
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17 PROJECT INFRASTRUCTURE AND WATER MANAGEMENT 
17.1 Tailings Storage Facility 
17.1.1 Introduction 

This section provides the review of the Tailings Storage Facility (TSF) at the Golden Star 
Bogoso site. The review has been based on the following documents: 

• TSF 2 – Operational Audit, Period: February – April 2013 by Knight Piesold Consulting, 
May 2013; 

• TSF 2 – Operational Audit, Period: May – July 2013 by Knight Piesold Consulting, 
September 2013 

• TSF 2 – Operational Audit, Period: July – September  2013 by Knight Piesold Consulting, 
November 2013 

Initially designed in 2004, the Bogoso TSF 2 is comprised of a dual-cell paddock-type facility, 
located in a valley approximately 1.5 km north east of the Plant site. The facility has been 
designed to store 13 Mt of tailings waste for an operational life of 10 years. 

The starter facility was comprised of two cells; the western Cell 1 and the eastern Cell 2. 

In 2006, Cell 2A was added to provide an additional storage area, together with the existing 
Cells 1 and 2 to accommodate carbon in leach (CIL) tailings production of 1.5 Mtpa to 2.0 
Mtpa. 

In 2006, Cell 3 was also designed to provide storage for non-cyanide bearing floatation 
tailings from the proposed new BIOX® plant. Tailings deposition to Cell 3 commenced in 
February 2007 and deposition to cell 2A commenced in early September 2007. 

17.1.2 SRK Comments and Recommendations  
Based on the assessment of the Audit reports the following can be summarised:  

• In general, it appears that the TSF 2 is structurally sound. Additional topsoil in 
various places around the TSF 2 is required to protect the slopes from erosion.  

• For Cells 1, 2, and 2A it is imperative that the spillways are constructed to ensure 
safety of the TSF. 

• The spillway for the design of Stage 4 in Cell 3 has been constructed in accordance 
with the design intent. In addition, it is recommended that the slope be armoured 
along the water routing from that spillway. 

• It is recommended that the Client re-assesses the tailings densities as soon as 
possible to allow for better planning of tailings volumetric requirements. This may 
necessitate additional design of the next embankment raises. 

• It is recommended that the Client also reviews the elevated levels of sulphates and 
dissolved magnesium. 

CAPEX and OPEX estimates for further development and operation of the TSF should be 
developed. No current specific OPEX costs have been found in the Audit reports reviewed. 
The SRK Report - NI 43-101 Technical Report on Resources and Reserves Golden Star 
Resources Ltd, Bogoso Prestea Gold Mine , Ghana- 31 December 2011 (unpublished) quotes 
the costs of tailings disposal included in the overall Process costs. For the oxide, transitional 
and fresh ore these total costs (processing and tailings) were cited to be $13, $33 and $33 
per tonne, respectively. 
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17.2 Mine Site Water Management 
17.2.1 Water Management Concept 

Water management at Bogoso incorporates effective water re-use and recycling, with water 
chemistry forming an integral element in the overall concept of water use at the mine. 

Over the past 12 to 18 months there have been changes to how water is managed at the site, 
which have had a positive impact on water management (and, as a result, on wider tailings 
management at the TSF also). In summary, these changes comprise: 

• The use of Buesichem pit for process water storage, allowing excess supernatant water 
to be pumped from TSF2 Cell 2. 

• The subsequent management of cyanide-bearing water in TSF2 cells 2 and 2A, with 
improvement in water quality through natural degradation of cyanide species (and 
treatment with hydrogen peroxide as a back-up option). 

• The dewatering and capture of pit water ‘runoff’ from Chujah Main in the adjacent 
Dumasi pit for use as plant supply water.  

• The commissioning of the Process Water Treatment Plant (“PWTP”) in mid-January 2013 
including reverse osmosis to provide a high quality permeate, suitable for discharge in 
compliance with the EPA guidelines to the downstream receiving environment. 

17.2.2 Pit Dewatering 
Approximately 2 Mm3 of water was removed from both Bogoso North and Chujah Main pits 
during 2013 (average daily volumes were approximately 5,600 m3 for Chujah Main and 
5,900 m3 for Bogoso North).  

Monthly dewatering volumes are shown graphically in Figure 17-1 below which also shows 
monthly rainfall amounts for comparison. Monthly dewatering volumes correlate to some 
degree with rainfall (although the relatively elevated volumes in the dry season months of 
January, February and December may be attributable to more of a groundwater inflow 
component).  

 
Figure 17-1: Pit Dewatering in 2013 
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Dewatered water from the Bogoso North pit is discharged into the environment via a series of 
settlement lagoons just beyond the pit crest. This water is of generally good quality based on 
2013 monitoring data with EC (electrical conductivity) in the range 30 to 120 µS/cm and TDS 
in the range 200 to 950 mg/l (the higher concentrations occurring in the dry season). 

Dewatered water from Chujah Main is directed to the adjacent Dumasi pit where it is used to 
supply water to the plant. This water is also of generally good quality based on 2013 
monitoring data with EC (electrical conductivity) in the range 60 to 150 µS/cm and TDS in the 
range 430 to 1,200 mg/l (the higher concentrations again occurring in the dry season). 

17.2.3 PWTP 
The Process Water Treatment Plant (“PWTP”) treats supernantant water from TSF2 Cell 2 
using electrochemical treatment (an ‘electrolytic reactor unit’), settlers, sand filtration and 
Reverse Osmosis (“RO”). The PWTP was commissioned in January 2014 and currently treats 
wastewater at a rate of 550 m3/hr (13,200 m3/d), producing approximately 330 m3/hr of 
permeate and 220 m3/hr of brine.  

Feed water typically has an EC of 6,500 to 7,500 µS/cm, sulphate of 3,000 to 4,000mg/l and 
variable concentrations of thiocyanate (up to 8.3 mg/l) and total cyanide (up to 0.04 mg/l). 
Permeate EC is below 1,000 µS/cm with 100 to 300 mg/l sulphate and reduced thiocyanate 
and total cyanide. Arsenic is typically reduced from 1 to 2 mg/l to less than 0.2 mg/l. 

The permeate is discharged into ‘Marsh 3’ and from there to the environment with a facility to 
divert to the processing plant as additional high-quality make-up water when required. The 
brine is discharged to the TSF.  

17.2.4 TSF2 Water Management 
With a substantial volume of water removed from TSF2 Cell 1/2 (referred to as Cell 2) to the 
Buesichem process water storage facility in 2012, the water inventory level has reduced 
considerably in this cell. Further water has since been pumped out on an ongoing basis as 
follows: 

• To provide water for TSF1 re-mining 
• As feed to the PWTP as described in the previous section 
• As feed to the oxide circuit in the processing plant 

Sufficient progress has been made in removing water over the past 12 months or so from 
Cell 2 that tailings are now being actively (and sub-aerially) deposited into Cell 2A and 
supernatant water transferred from this cell to Cell 2 in a controlled fashion. Figure 17-2 
shows water levels since January 2012 in Cells 2 and 2A and the volumes of water 
transferred between the latter and the former.  The graph shows a stabilisation in water level 
in Cell 2A (not accounting for changes due to rainfall and a progressive increase in water level 
due to increased elevation of tailings deposition) and a steady reduction in water level in Cell 
2 for the past 6 months or so.  

Cell 2A receives cyanide-bearing tails from both the oxide CIL and the BIOX® CIL. The 
residence time in Cell 2A allows some natural degradation of cyanide in solution to take place 
(hydrogen peroxide is available on standby if accelerated cyanide breakdown is required). 
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Figure 17-2: TSF2 Cell 1/2 and Cell 2A water elevations and transfers 

Cell 3 of TSF2 receives non-cyanide bearing water from the flotation tails which is recirculated 
back to the flotation plant. This cell also currently receives:  

• Water pumped from Buesichem process water storage facility (at approx. 220 m3/hr) 
• Brine water from the PWTP (at a similar rate). 

The reduction in thiocyanate (a product of the cyanide leaching process on the refractory ore) 
over time is illustrated in Figure 17-3. The upper figure shows the very high (400 to greater 
than 1,000 mg/l), albeit steadily reducing, concentrations of thiocyanate through late 2010 and 
2011 in Cell 2A (maroon/red). Concentrations in Cell 2 are relatively low but nonetheless 
increase to approximately 200 mg/l in early 2012 with the transfer of water from cell 2A. 

By 2013, in comparison, concentrations are below 200 mg/l in Cell 2A with a reduction in the 
second half of the year (likely to be associated with the cyanide reduction programme in the 
processing). With ongoing management of Cell 2 there is a clear reduction in thiocyanate 
through the first half of 2013 with generally low concentrations maintained throughout the 
second half of the year in this cell. 



SRK Consulting U5859-GSBPL 43-101 2014 – Main Report 
 

U5859 GSR 43-101_2013_BOGOSO_Final_140312_Clean.docx March 2014 
Page 112 of 140 

 
Figure 17-3: Thiocyanate Concentrations in Cells 2, 2A and 3: June 2010 to Jan 2014 

(Upper) and Jan 2013 to Jan 2014 (Lower) 
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17.2.5 Process Plant Water Management 
In addition to returns from the TSF2, the plant is supplied with water from the following 
sources: 

• Dumasi pit 
• Buesichem process water storage facility 
• PWTP permeate, as required 
• Groundwater from well borefield 
• Water within TSF1 slurry 

Water feed to the BIOX® process is monitored for cyanide and thiocyanate as concentrations 
of either in excess of 1 mg/l will kill the bacteria. Clean, non-cyanide bearing water is derived 
mainly from the Dumasi pit supply (although some of this water is used in the cooling circuit) 
and groundwater from the well borefield, with PWTP permeate make-up as required.  

17.2.6 SRK Comments on Water Management 
SRK considers that water management at Bogoso is now well managed and coordinated. The 
current management team work effectively in respect of water management with active 
communication and interfacing between those responsible for the plant, tailings, water storage 
and environmental management.  

The use of GoldSim is changing from a data storage facility for the various water balance and 
water quality information to a predictive tool to better manage water across the mine in future. 
Development of a solute model will further improve the model’s effectiveness as a predictive 
tool in future. The improvements in flow monitoring, water level measurement and water 
quality analysis is enabling a robust data set to be built to support this modelling. 

Bathymetric surveys have recently been completed at Buesichem pit and on the TSF2 ponds 
to better determine volumes of water in these facilities. This will enable improved modelling of 
the water balance in future. 

GSR is confident in their ability to manage a high rainfall wet season now due the capacity in 
the system.   

The PWTP has been operating reasonably effectively although is expensive to operate. 
Recent full-suite analyses of water samples taken through the process from feed through the 
various main treatment stages to the permeate show little apparent benefit in the electrolysis 
treatment with only minor reductions in arsenic evident as improvement in water quality. 

18 MARKET STUDIES AND CONTRACTS  
GSBPL have conducted appropriate market studies and appropriate contracts are in place. 
The assumptions made concerning commodity price projections, product valuations and 
product specification requirements which are used for planning purposes in the current LoM 
are considered appropriate and are discussed further in Section 21. 
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19 ENVIRONMENTAL STUDIES, PERMITTING, AND SOCIAL OR 
COMMUNITY IMPACT 

19.1 Environmental and Social Setting 
The GSBPL operational area is within the moist tropical rainforest area of the Western Region 
of Ghana. The mean annual rainfall in the wetter area of the Western Region is in the order of 
1,600 mm. There are two rainy seasons, a major rainy season from April to June and a minor 
rainy season from October to November.  

The high rainfall in the area means there are few limitations on water supply. Rainfall may be 
limited during the dry season (December to March), with monthly rainfalls as low as 0 mm. 
There are extensive groundwater resources that can be used to supply water for the 
processing plant and GSBPL has a working borefield to provide groundwater to the 
processing plant. Additional water is generally available within the various mining pits and the 
TSF. 

There are several settlements near the GSBPL operations and the Mampon Project as 
outlined in Table 19-1. In addition to these settlements, there are numerous hamlets (single 
family compounds) within the mining lease areas. The infrastructure in the settlements is 
generally poor. However, many of the houses in the towns of Bogoso and Prestea are 
concrete structures. Wattle and daub and sandcrete houses predominate in other settlements.  

The major sources of income to these communities are working for or providing support 
services to GSBPL, subsistence and cash-crop agriculture and unauthorized small scale 
mining (galamsey). Crops grown include maize, cassava, plantain and vegetables. The use of 
the area for shifting agriculture over many years has resulted in an extensive mosaic of farms, 
secondary growth, and plantations of mainly oil palm with some rubber and fruit trees. 

Table 19-1: Communities in the Bogoso, Prestea, Pampe and Asikuma Lease areas 
Lease 
area 

Population Location 
Settlement Approx 

size* 
Bogoso  Bogoso Town 10,000 7 km north of the plant site, 1.5 km east of Marlu and 1 km northeast 

of Bogoso North pits 
Dumasi 4,000 Either side of the public road that links Bogoso to Prestea, 3km to the 

northwest of the plant site, 0.5 km from Dumasi pit and 1.5 km 
northwest of the Chujah pit 

Kumsono 700 4 km northwest of Bogoso Town and 1 km from the Beppo 2 and 3 
pits 

Kwame Niampa 350 Either side of the Bogoso Prestea public road, 1 km east of the 
Deinsu and Ablifa pits 

Merekete 100 Along Bogoso Prestea public road, about 2 km northeast of the 
Buesichem pit 

Kojokrom 100 North side of the Bogoso-Kumasi road, approximately 1.2 km west of 
the Marlu and Bogoso North pits 

Akokobediaburo 350 750 m west of the Marlu pit and 500 m from the Marlu haul road 
crossing that links the Marlu and Bogoso North pits to the plant site 

Chujah 130 West of the Bogoso Prestea Road, 250 m west of the Chujah South 
pit and 200 m from the haul road 

Juabeng  Over 3 km from the Chujah South Pit and downstream of project site. 
Population of about 400 

Brakwaline, 
Sekunde, and 
Ebieni 

 Accessed through the GSBPL residential area, about 2 km south of 
the TSF and near a waterway that drains the Project footprint. 
Population estimated at 250 
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Lease 
area 

Population Location 
Settlement Approx 

size* 
Prestea  Prestea Town 50,000 Next to the Plant North Project. 

Himan 6,000 1.5 km north of Prestea and north-west of the Plant North Project. 
Ankobra 1,000 3 km north of Prestea. 
Brumasi 250 Approximately 300 m south-east of the backfilled Brumasi North pit, 

3 km south of the Buesichem pit and about 200 m away from the 
southern haul road that continues onto Prestea 

Bondaye/ 
Sedumase 

3,500 4 km south west of Prestea town 

Pampe  
 
 

Kwami Kuwornu 
Hamlet 

Family 
head 
and his 
in-laws 

The hamlet houses the family head and his in-laws, who live in mud 
house, roofed with raffia. Farming is their principal occupation. 
Common crops cultivated are cocoa and oil palm as the main cash 
crops and cassava and maize and staple crops. 

Bokina Mile 18 
Hamlet 

30 Near the Bawdie-Asankragua main road about 1 km after Abotare Ye 
village. 

Abotare Ye 550 Along the Bawdie-Asankragua main road 
Sawmill 2 

houses 
About 500 m from the Bawdie Township 

Anwona 
Nkwanta 

500 On the Bogoso-Bawdie main trunk road 

Beppo 7,100 Along the Bogoso-Bawdie main trunk road.  
Appiatsi 600 On the Bogoso-Bawdie main trunk road.  
Kojokrom Estate 350 On the Bogoso-Bawdie main trunk road about 0.5 km north of 

Akokobediaburo.  
The village is a relocated community resulting from previous GSBPL 
mining activities.  

Asikuma Mampon  165 Approximately 1.1 km west of the Mampon deposit (likely pit extent), 
within 100m of waste dump option and within 400m of site 
infrastructure location option. Within 900m of preferred transport 
route.  

Abronye  259 About 0.3 km from the Abronye deposit (likely pit extent), 900m of 
Mampon deposit (likely pit extent) and within 50m and 300m 
respectively of two waste dump location options. Within 40m of 
preferred transport route.  

Marfokrom  321 Over 2.5 km from Abronye deposit (likely extent). Over 1.7km from 
preferred transport route alternative. 

Asoman 203 Over 5.5 km from Abronye deposit. Approx. 0.5km from preferred 
transport route alternative. 

*The population sizes given in this table for the Bogoso, Prestea and Pampe lease areas are rounded off versions 
of the numbers from the GSBPL Annual Environmental Report 2012. 
The population sizes given in this table for the Asikuma lease area are numbers from a rapid asset survey 
undertaken for the Mampon Project in 2012. 

  
The natural vegetation of the region is a transition between wet evergreen and moist 
evergreen rainforest. As with the rest of Ghana, the original vegetation cover in the area has 
been removed with the forests only occurring within forest reserves. Secondary forest occurs 
on steep slopes that are unsuitable for farming; the wood from these forested areas is used 
as a source of domestic fuel and for buildings. In general, the disturbed nature of the areas 
around the GSBPL operations limits concerns over forest removal and endangered species. 
However, the Mampon Project is within a Productive Forest Reserve and, therefore, has a 
special suite of environmental management requirements if the project is to be developed.  

Numerous streams drain the sites of GSBPL operations and all of these are in the Ankroba 
River basin. Marshlands are associated with several streams, many of which have been 
created or extended by damming and some streams have been diverted by unauthorized 
small and medium scale miners. Groundwater occurs in secondary aquifers and chemically 
reflects the highly-mineralised host rock mineralogy. 
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19.2 Environmental Studies and Authorisations 
19.2.1 Required Environmental Approvals 

The Mining Act (Act 703 of 2006) requires that mines obtain environmental approvals from 
relevant environmental agencies as outlined in Table 19-1. Ghanaian environmental 
legislation is well developed and is enforced by the Environmental Protection Agency (“EPA”). 

Table 19-2: Primary Environmental Approvals Needed for Mining Operations 

Regulatory institution Approvals that have to be obtained Reporting, inspections 
and enforcement 

The Environmental 
Protection Agency 
(EPA) 
Established under the 
Environmental Protection 
Agency Act, 1994 (Act 
490), the EPA is 
responsible for among 
other things, the 
enforcement of 
environmental 
regulations. 

Environmental Permit 
In accordance with Section 18 of the Mining 
Act (Act 703 of 2006) and the 
Environmental Assessment Regulations, 
1999 (LI 1652) of the EPA, a holder of a 
mineral right requires an Environmental 
Permit from the EPA in order to undertake 
any mineral operations. 
Approved environmental management 
plan (EMP) 
An EMP must be submitted within 18 
months of commencement of operations 
and updated every three years 
(Regulation 24 of LI 1652). 
An Environmental Certificate  
This must be obtained from the EPA within 
24 months of commencement of an 
approved undertaking (Regulation 22 of 
LI 1652). 
Approved reclamation plan 
Mine closure and decommissioning plans 
have to be prepared and approved by the 
EPA (Regulation 14 of LI 1652). 
Reclamation bond 
Mines must post a reclamation bond based 
on an approved reclamation plan 
(Regulation 22 of LI 1652). 

Annual reports 
Mines must submit 
annual environmental 
reports to the EPA.  
Inspections 
The EPA undertakes 
regular inspections to 
ensure that mineral right 
holders are compliant 
with permit conditions 
and the environmental 
laws generally. 
Enforcement 
The EPA is empowered 
to suspend, cancel or 
revoke an Environmental 
Permit or certificate 
and/or even prosecute 
offenders when there is 
a breach. 

Water Resources 
Commission (WRC) 
Established under the 
Water Resources 
Commission Act, 1996 
(Act 522), the WRC is 
responsible for the 
regulation and 
management of the use 
of water resources. 

Approvals for water usage 
Under Section 17 of the Mining Act (Act 703 
of 2006), a holder of a mineral right may 
obtain, divert, impound, convey and use 
water from a watercourse or underground 
reservoir on the land of the subject of the 
mineral right, subject to obtaining the 
requisite approvals under Act 522. 
The Water Use Regulations, 2001 (LI 1692) 
regulate and monitor the use of water. 

Inspection 
The WRC has power to 
inspect works and 
ascertain the amount of 
water abstracted.  
Enforcement 
Both Act 522 and L.I. 
1692 prescribe sanctions 
for breaches. 

Forestry Commission 
 

In accordance with Section 18 of the Mining 
Act (Act 703 of 2006), a holder of a mining 
right must obtain necessary approvals from 
the Forestry Commission. 

 

 

The overarching Act that regulates the environmental regime of Ghana is the EPA Act 
(Act 490 of 1994). The main legal framework used by the EPA for regulating and monitoring 
mineral operations is the Environmental Assessment Regulations, Legal Instrument 1652 of 
1999 (LI 1652). The EPA grants environmental approval to projects, in the form of an 
Environmental Permit, based on the findings of an Environmental Impact Assessment (“EIA”), 
which also covers social aspects, is documented in an Environmental Impact Statement 
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(“EIS”) report. For a mine, an EIS report must include a reclamation plan (Regulation 14 of LI 
1652) and a provisional Environmental Management Plan (“EMP”). The EIS is subject to a 
public hearing and review by the EPA before a permit is granted. An EMP must be submitted 
within 18 months of the commencement of operations and must then be approved by the 
EPA. 

Operations that pre date LI 1652 are also required to obtain Environmental Permits. 
Generally, the approval of existing operations is based on an EMP, rather than an EIS. 

All mines in Ghana are required to have a reclamation plan (Regulation 14 of LI 1652). Mines 
are also required to update their EMPs every three years and have to submit the updated 
EMPs to the EPA for approval (Regulation 24 of LI 1652). In addition, they have to submit 
annual environmental reports (Regulation 25 of LI 1652), and monthly environmental returns 
of the environmental parameters monitored, as well as other pertinent information, to the 
EPA. Comments are also expected in cases where monitored values exceed limits and, as 
appropriate, a project is to provide the measures to prevent further occurrences. 

Within 24 months of receipt of an Environmental Permit, mines are required to obtain an 
Environmental Certificate from the EPA (Regulation 22 of LI 1652). The Environmental 
Certificate is a follow-up mechanism that confirms: commencement of operations; acquisition 
of other permits and approvals where applicable; compliance with mitigation commitments 
indicated in the EIS or EMP; and submission of annual environmental reports to the EPA. 

Guidelines and standards relevant to the mining industry have been made under the EPA Act. 
These include the Mining and Environmental Guidelines (1994), which provide guidance on 
the contents of an EIS, EMP and Reclamation Plan. They also include guidelines on 
environmental impact assessment procedures, effluent and emission standards, ambient 
quality and noise levels and economic instruments. 

The EPA conducts routine monitoring of environmental parameters for mining operations and 
the results obtained are cross-checked with the monthly return values submitted by 
operations and compared relevant standards.  

The EPA is empowered to suspend, cancel or revoke Environmental Permits where the 
holder is in breach of LI 1652, the permit conditions or the mitigation commitments in the 
EMP. Contravention of these regulations, failure to comply with directives of the EPA and 
failure to submit annual environmental reports are offenses that can result in fines or 
imprisonment. Under the “Enforcement and Control” provision of Act 490, the EPA may, in the 
event of activities of any undertaking posing a serious threat to the environment or public 
health or simply non-complying with LI 1652 direct the immediate cessation of the activities or 
steps to be taken and the time within which to prevent or stop the activities. Where the EPA 
issues such an Enforcement Notice, all relevant institutions responsible for the issue of 
approvals for the operation are duly informed not to grant of other approvals to the facility until 
notified otherwise by the EPA. 

The Minerals Commission has an Inspectorate Division, established under Section 101 of the 
Mining Act (Act 703 of 2006) which has a mandate to regulate and oversee mining in Ghana. 
It also carries out compliance monitoring; this covers all aspects of mining operations, not only 
mining. 

19.2.2 Environmental Approvals Held by GSBPL 
Environmental approvals held by GSBPL are listed in Table 19-3 Environmental approvals 
being sought for new projects are outlined in Table 19-4. The rate of processing of permit 
applications and other approvals by regulatory authorities is slow. Historically, it has taken 
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over 400 days from submission of a draft EIS to receipt of a permit, but recently the 
processing period has reduced by half. The EPA regularly visits the operations to carry out 
environmental reviews against permit conditions. Compliance with the permit conditions is 
well managed through ongoing reviews and monitoring and implementation of corrective 
actions as required. 

Table 19-3: Existing Environmental Approvals 
Type of 
approval 

Operations/ Project Status Approval date Expiry date 

EMP approval  Bogoso, Prestea and 
Pampe operations 

EMPs submitted in 2005, 
2009 and 2011, respectively 
for the periods: 
• 2006 – 2008; 
• 2009 – 2011; and  
• 20012 – 2014. 

EMPs have not been formally 
approved. 
EPA has acknowledged receipt. 
The EPA requested additional 
mine plan information in Sep 
2013. This request is being 
addressed. 

Environmental 
Certificate 

The EPA invoiced GSBPL for an Environmental Certificate in 
February 2009, and the invoice was paid, but the certificate has 
not been issued to date. 

EPA 
approvals for 
projects 

Buesichem & Buesichem 
North mining project  

Environmental permit 
EPA/EIA/044 

18-Sep 2001 None 

Brumasi mining project Environmental permit 
EPA/EIS/PN/059 

03-May 2002 None 

Prestea Plant North 
mining project 

Environmental permit 
EPA/EIA/069  

07-Nov 2002 None 

Bogoso Sulphide 
Expansion Project 

Environmental permit 
EPA/EIA/147 

07-Jun 2005 None 

Tailings Storage Facility 
II Extension  

Environmental permit 
EPA/EIA/188  

05-May 2006 None 

Pampe Environmental permit 
EPA/EIA/219  

29-Nov 2006 None 

Prestea underground 
gold mining project 
Phase 1 

Draft Environmental permit 
EPA/EIA/804  

Draft received 
Dec-2012 

 

Re-mining of TSF 1 Environmental permit 
EPA/EIA/340  

31-Oct 2011 30-Apr 2013 
then covered 
under the EMP 

TSF2 Water Dilution and 
Discharge 
(Emergency discharge 
from TSF2) 

EPA/EIA/317 
(Temporary permit) 

21-Oct 2010 20-Feb 2011 

Use the Buesichem Pit 
for TSF water storage 

EPA Approval letter CM 81/7  Sep 2011 Temporary 
approvals 
allowing the 
transfer of water 
to a process 
water storage 
facility 

Storage of process water 
in the Buesichem Pit 

EPA Approval letter CM 81/8  Oct 2012 

Buesichem Process 
Water Management 
facility second water 
transfer 

EPA Approval letter CM 81 Oct 2013 

WRC permit 
for water use 
and 
abstraction 
from ground 
water 
 

Bogoso, Prestea and 
Pampe operations 
(Note that most of the 
water used in the process 
is recycled from the TSF) 

Water Use Permit WRC 
(GSBPL ID 228/11) 

1-Jan 2011 
(Received 
from WRC on 
4-Apr-11) 

31-Dec 2013 
(Payment for 
the new permit 
was made on 
11-Nov 2013) 
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Table 19-4: Pending Environmental Approvals 
Lease area  Projects EIA and EIS  RAP 
Prestea  Prestea South 

Mbease Nsuta 
 

The EIA terms of reference (TOR) were 
approved in Nov-2006. 
The draft EIS was submitted in 2011 and a 
series of updates have been submitted since 
(Dec-2012, Jan-2013 and Mar 2013). 
The public hearing on the EIS was held on 
Sep-2013. Feedback on the EIS has been 
received from the EPA and the final EIS is 
being prepared for submission. 

The Prestea Projects RAP 
has been in progress for 
several years. Initially 
attention was focused on 
resettlement for the Prestea 
South Project. The scope of 
the RAP was extended in 
2012 to include 
resettlement planning for 
the Prestea Underground 
project. 
The RAP was submitted to 
the Prestea Huni Valley 
District Assembly and EPA 
Nov-2012.  
Negotiations to relocate the 
Prestea Goldfields Basic 
School are still underway. 
They commenced following 
the establishment of a 
committee in Jan 2013 with 
the mandate of reaching a 
relocation agreement for the 
school that is acceptable to 
all parties. 

Prestea 
Underground 
Phase 1 

The draft EIS was submitted in Nov-12 and 
the public hearing on the EIS was held in the 
dame month. A draft permit was received for 
comment from EPA in Dec-2012. GSR 
responded to the draft in Jan-13 and is 
awaiting revision of the permit. 

Prestea 
Underground 
Phase 2 

The EIS is in development and is being 
updated to reflect the feasibility study project 
description.  
The EIS cannot be submitted until 
geochemistry studies have been completed. 
Geochemical samples are being prepared. 

Bogoso Dumasi expansion The EIA is underway. Baseline data 
collection has been undertaken since 2012. 
The EIS report is being drafted. 
Baseline data collection continuing. 
The EIS will only be submitted when 
resettlement negotiation complete. 

The RAP teams were 
mobilised in Jun 2012.  
The RAP was submitted in 
Dec 2013. 

Marlu Tailings Re-
mining 
(incorporating 
Bogoso North 
waste dumping 
expansion) 

The draft EIS was submitted in Aug-2013 
and GSR is waiting for feedback from the 
EPA. 

No resettlement required. 

Water Treatment 
Facilities (P2W) 

A letter report was submitted to the EPA in 
2011. Discharge water was sampled by EPA 
in Nov-2012 and verbal approval was then 
received for release. 

No resettlement required. 

Asikuma Mampon An EIA is underway. The TOR were 
completed in June 2011. Baseline specialist 
investigations commenced in 2012 and most 
baseline reports were completed by early 
2013. Water and geochemistry studies are 
being completed. 

A draft RAP was received 
by GSBPL in Nov-2012. 
A rapid asset survey was 
undertaken in 2012. A 
comprehensive asset 
survey is required. 

 
19.2.3 New Mining Regulations Relevant to Environmental and Social Management 

Six mining regulations were promulgated in 2012 to define and facilitate implementation of 
concepts in the Minerals and Mining Act, 2006 (Act 703). The following regulations have 
particular relevance to environmental and social management: 

• Mining General Regulations 2012 (LI2173); 
• Mines (Support Services) Regulations, 2012 (LI 2174); and 
• Mines (Compensation & Resettlement) Regulations, 2012 (LI 2175). 

Regulation LI2173 focuses on the socio-economic benefits of mining operations, it promotes 



SRK Consulting U5859-GSBPL 43-101 2014 – Main Report 
 

U5859 GSR 43-101_2013_BOGOSO_Final_140312_Clean.docx March 2014 
Page 120 of 140 

preferential employment of Ghanaians and preferential procurement of goods and services 
from Ghanaian service providers. Mines are required to develop the following localisation 
plans: 

• A recruitment and training plan that includes measures to be implemented to achieve the 
targets given in the regulations (no expatriates in unskilled positions and a only very 
small percentage of staff in other positions may be expatriates); and 

• A procurement plan that includes proposed targets for local procurement of goods and 
services.  

Regulation LI2173 also requires that mines submitted frequent reports (monthly, six-monthly 
and annual reports) that provide information on Ghanaian and expatriate staff numbers as 
well as information on payments of salaries and wages, royalty and corporate tax. Mines are 
also required to submit audited annual financial reports for review. The various plans and 
reports have to be submitted to the Minerals Commission (which was established in terms of 
the Minerals Commission Act 450). The requirement to preferentially employ Ghanaians is 
extended to providers of services to mines by both Regulation LI2173 and LI 2174. GSBPL 
has a localization plan that has been approved by the Minerals Commission that covers 
expatriate staff and is in full compliance with the regulation requirements. GSR is listed on the 
Ghana stock exchange and continues to submit its annual financial reports as required by the 
law.  

Regulation LI 2175 is relevant to resettlement. GSBPL is observing the requirements of this 
regulation in the planning and implementation of resettlement programmes (Section 19.4.4). 

Regulation LI 2175 includes principles for compensation and requires that displaced people 
are resettled to suitable alternative land and that their livelihoods and living standards are 
improved. The regulation details activities that should be undertaken to develop a 
resettlement plan, including stakeholder engagement. The resettlement plan must be 
approved by the District Assembly (Planning Authority), first and then by the Minister 
responsible for Mines. Affected people are resettled from the area before activity is 
undertaken in the area. 

19.3 Approach to Environmental and Social Management 
Environmental management at the site is addressed through an EMS developed along the 
lines of an ISO 14001 EMS with monitoring and reporting requirements addressing both the 
legal and corporate needs. Environmental management requirements are included in the 
EMP, which is submitted every 3 years to the Government of Ghana for review and approval, 
resulting in the issuance of the project Environmental Certificate. The EMP is the mechanism 
for ongoing environmental approvals of various projects that have environmental permits (e.g. 
tailings re-mining). The EMP addresses the valued environmental and socioeconomic 
components of the project and includes, among other things, the following: 

• Impact identification; 
• Management of environmental impacts (current and projected); 
• Monitoring; 
• Environmental action plans; 
• Economic benefits action plan; and 
• Rehabilitation and closure plan. 

Community management is carried out through a range of initiatives, which aim to engage the 
community and understand their desires and needs, while providing an approach to manage 
stakeholder’s expectations. In 2012, GSBPL signed community agreements with the local 
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stakeholder communities covering the following: 

• Social responsibility; 

• Local hiring; and 

• GSBPL Development Foundation. 

These agreements outline the expected behaviour of the communities and the company, 
define how local hiring will be carried out and provide a specific formula for the investment in 
community development by the newly formed GSBPL Development Foundation. 

The Community Affairs Department is also responsible for working with project proponents 
aiming to ensure that community consultation is carried out in advance of project development 
and that the closure plans for the various project components include community input the 
next land use. Such an approach was used effectively to provide the stakeholder communities 
with an understanding of the Prestea South Project that resulted in a successful public 
hearing for the project in September 2013. 

19.4 Environmental and Social Issues 
This section highlights environmental and social issues that could affect the continuation of 
operations or maintenance of approvals, issues that are of major concern to local 
communities and/or issues with management costs that could affect the value of the assets. 
Environmental and social impacts that can be managed readily without excessive cost are not 
discussed here. 

19.4.1 Legacy Issues 
When GSBPL took over the Prestea concession, including the Prestea underground, the state 
of environmental management on the Prestea concession was generally poor and there was 
discharge of tailings into the Asuo Kofi River. The Government of Ghana issued an 
environmental indemnity for historical environmental damage prior to granting of the Prestea 
mining lease in June 2001. Most of the historical tailings are now difficult to find as they are 
covered with vegetation or the land has been converted to other uses. Any expressions of 
tailings at the surface can be legally removed for re-processing by the Sankofa Mining 
Company, which has a small CIL plant in Prestea. 

However, some other legacy issues are now included in the GSBPL Asset Retirement 
Obligations (“ARO”) including some of the older pits. These are relatively minor when 
compared to the larger pits and waste dumps that have been developed over the past 12 
years. Rehabilitation planning and closure remains the largest environmental liability for 
GSBPL. 

19.4.2 Community Sensitivities 
The main socioeconomic concern for most stakeholders is employment. Although GSBPL is 
unable to employ all the people seeking work, there is a community agreement covering local 
hiring in place that provides affirmative action for employment for local stakeholder 
communities. All vacant positions are advertised locally first and then nationally. Local people 
are used exclusively for unskilled positions and, as much as possible, for all other positions 
within the operation. 

Other community concerns include access to land and noise and blasting effects. Although 
often voiced as a concern that the mine removes land from the agricultural base, experience 
has shown that local farmers would rather receive their compensation payments than land 
and incentives to develop another farm. As part of the economic development associated with 
resettlement projects, GSBPL helps displaced farmers find new land to allow a continuation of 
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their lifestyle. 

Construction standards around the operation are poor, with no real quality controls; therefore, 
buildings frequently develop cracks. Where such buildings are within earshot of blasting and 
vibrations may be present, structure owners often cite blasting as the cause of cracking. 
Studies indicate that most of the cracking is due to poor construction rather than being 
induced by the blast vibration.  

These community sensitivities and the fact the mining and the community have been 
interlinked for decades requires a focussed effort on GSBPL’s part to maintain harmony. 
Through extensive outreach programs, the establishment of community committees and 
support for local infrastructure and communities through the Golden Star Development 
Foundation (now the GSBPL Development Foundation), GSBPL is able to maintain a 
reasonable operating environment. The recently-signed GSBPL community agreements are 
evidence of GSBPL’s willingness to work with local communities. 

19.4.3 Mining in a Forest Reserve 
The Mampon Project is located at the western edge of the 117 km2 Opon Mansi Forest 
Reserve (“OMFR”) and will involve mining in this Productive Forest Reserve. It is expected 
that strict environmental management conditions will be imposed on the project including 
backfilling of the pit on completion of mining and establishment of vegetation cover that is 
exclusively native species. In addition, a biodiversity offset will be required. The necessary 
offset still has to be agreed with government but talks with the Forestry Commission are well-
advanced and positive. 

Measures have been taken to avoid disturbance of the OMFR as far as is possible. 
Approximately 20% of the project infrastructure area will be within the OMFR, consisting of 
the Mampon pit (27 to 39 ha) and the ore transportation route from the pit to the OMFR 
boundary (0.9 ha). No waste rock will be placed in the OMFR. The associated Abronye 
deposit lies to the south-east of the Mampon deposit and is outside the OMFR. All other 
facilities and support infrastructure will be outside of the OMFR. Ore will be transported to 
GSBPL’s Bogoso processing plants, approximately 48 km south of the Mampon Project site. 

The OMFR extends along the divide between the Opon and Mansi Rivers. The Mampon 
Project is within the Mansi sub-basin of the Ankobra River. The land uses in the area outside 
of the OMFR are predominantly agricultural, with some evidence of galamsey mining. 

A series of flora surveys have been conducted in the OMFR and the project area. The forest 
is classified as Moist Evergreen Forest. In the project area outside the reserve, the forest has 
been extensively disturbed by human activities; it bears little resemblance to the original forest 
and has been reduced to a mosaic of secondary vegetation at different stages of succession.  

An environmental and social impact assessment for the Mampon Project is underway 
(Section 19.2.2). Most baseline specialist investigations have been completed with the 
exception of the water and geochemistry studies, which are currently being completed. There 
is a resettlement requirement associated with the project for the infrastructure that will be 
located outside the OMFR. The status of the resettlement planning is outlined in 
Sections 19.2.2 and 19.4.4. 

19.4.4 Resettlement  
GSBPL has a number of community resettlement projects in various stages of planning and 
execution. GSBPL is committed to adhering to the IFC Performance Standard 5 and 
Ghanaian law in preparation of Resettlement Action Plans (RAPs). 
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Tailings Storage Facility 2 Extension: resettlement of the Anikoko community 
Resettlement of the Anikoko community, a group of 15 hamlets with approximately 165 
inhabitants, was successfully completed in 2011. Some minor administrative details for the 
transfer of ownership of the new structures to the new owners are pending, mostly associated 
with the requirements for personal documentation before structures are able to be legally 
registered to their new owners. 

Prestea Projects resettlement 
The Prestea Projects include the Prestea South Mbease Nsuta Project and the Prestea 
Underground Project. The former is a proposed extension of the surface gold mining 
operations carried out by GSBPL within the Prestea Concession. It is expected to cover a 
footprint of some 196 ha with a life span of about 4½ years. The Prestea Underground Project 
will require some 20 ha of land, with a project lifetime of some 10 years. 

The projects have both separate infrastructure (pits, waste dumps and shafts) and shared 
infrastructure requirements, most notably, properties and infrastructure owned by SGMC and 
a mine access road. It is proposed that the access road will extend from the existing railway 
bridge crossing the Ankobra River at the northern end of the project to Tuapim towards the 
southern end of the concession. The road, a combination of existing road upgrade and new 
road, would accommodate ore-haulage as well as community traffic. A similar approach is 
successfully used to the benefit of community and company by GSWL to move ore from its 
Hwini Butre property to the Wassa processing plant. 

Properties and infrastructure likely to be affected by the Prestea Projects are as follows:  

• Assets owned by SGMC (properties and structures) that are presently subject to an 
existing sublease and optional purchase agreement held between GSBPL and SGMC;  

• A small number of assets owned by SGMC that are leased by other parties that SGMC 
has agreed to incorporate into the GSBPL sublease and optional purchase agreement; 

• A small number of assets owned privately by individuals and families; and 
• Prestea Goldfields Basic School 

The Prestea Projects Resettlement Action Plan (“RAP”) proposes the following for Project 
Affected Persons (“PAPs”):  

• The legal owner of a large number of the structures (Aburo Gari, Bondaye Top Hill, 
Bondaye Barracks, Bondaye office, Cookline and Prestea) is the SGMCand has 
therefore been included in the RAP. SGMC would be compensated in accordance with 
the existing sublease and optional purchase agreement. 

• Legal owners of the structures and hamlets at Obuoho (2) and Tuapim Junction (2) will 
be compensated for their losses.  

• Lessees and owners of crops and land within the projects footprints would be 
compensated in accordance with prevailing Regulations. Of these, some 472 ha have 
already been compensated. 

• Whilst the laws of Ghana make no provision for the illegal occupants of the SGMC 
structures to which GSBPL is the rightful lessee, GSR subscribes to IFC Performance 
Standard 5. As such, the RAP makes provision for compensation of home improvements 
and a cash payment for signed agreement to relocate for these persons, subject to a 
November 2012 moratorium. 

• Negotiated resettlement of Prestea Goldfields Basic School. 

GSBPL is the legal tenant of the majority of the SGMC structures and SGMC has agreed to 
incorporate a number of the remaining structures into the sublease and optional purchase 
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agreement. However, as GSBPL is also the Project Proponent, it has not been considered as 
a PAP and is excluded from the RAP.  

The Prestea Projects RAP was submitted to the Prestea Huni Valley District Assembly for 
review on 12 November, 2012. A response from the District Assembly on the RAP is pending. 

The Prestea Goldfields Basic School is within the planned development area for the Prestea 
Underground Phase 2. It is at the preferred site for the construction of the proposed raise bore 
/ hoisting shaft. A school resettlement negotiation committee, comprising representatives from 
Prestea Huni Valley District Assembly, Ghana Education Service, Prestea Goldfields Basic 
School Board, Himan-Prestea community and GSBPL was formed in January 2013. The 
mandate of the committee is to reach a negotiated resettlement agreement that is acceptable 
to all represented parties. An agreement in principle has been on the school relocation. 
Negotiations are underway to secure the land for the new school site. 

Mining of the Dumasi and Nankafa Pits: resettlement of the Dumasi community 
Resettlement of about 2,700 people from the Dumasi community is required to provide access 
to the mineral resources in the Dumasi and Nankafa Pits. The Dumasi community was 
approached for resettlement several times since mining re-started at Bogoso in 1991 (Golden 
Star acquired Bogoso in 1999). In 2006, GSBPL made a commitment to resettle the 
community.  

Extensive discussions were held with the Dumasi community through community forums, 
focus groups and a series of consultations. Subsequently the community legal counsel 
facilitated selection of representatives of the community to form the Dumasi Oversight 
Committee to represent the community’s interests through the resettlement process. In 2010, 
the Dumasi Resettlement Negotiation Committee (DRNC) was established to reach a signed 
negotiated resettlement agreement between the company and Dumasi community, in 
consultation with other key stakeholders such as the Prestea Huni Valley District Assembly, 
the Land Valuation Board, the EPA and the Inspectorate Division of the Minerals Commission.  

Over 40 resettlement negotiation meetings were held before reaching agreement. The 
Dumasi Resettlement Agreement was signed in February 2013. The main issues which where 
agreed on are featured as the main part of the Dumasi RAP, which was submitted to the 
Prestea Huni Valley District Assembly for review and approval in December 2013. 

The Dumasi Resettlement Agreement and RAP cover the following: 

• The selected resettlement site, which is about 3 km from the Bogoso town on the 
Bogoso-Kumasi main road, and the agreed detailed plan for New Dumasi, which will be 
integrated into the district physical development plan; 

• Use of local people and service providers where possible so that some level of income 
from the project is retained in the Dumasi community.  

• Entitlements and compensation packages: These mainly include plots and structures – 
Residential and public structures. Allocation of plots is according to the standards and 
the replacement principles as outlined in the agreement. For structures, three designs 
types for the residential structures were presented to the property owners to choose 
from.  

• Public facilities including a clinic, market, community centre and play field, a chief’s 
palace, a police post, replacement of sacred sites and cemeteries, commercial 
properties, tarring of the streets, waste and water management systems and electricity 
supply. 

• A comprehensive Livelihood Restoration Empowerment and Economic Development 
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Plan on how to restore, enhance and promote economic development for the community 
members during and after the resettlement activities. 

• Monitoring and evaluation of resettlement by a team including representatives of the 
Dumasi community, technical workers from the District Assembly and GSBPL.  

Mampon Project: resettlement of the Mampon and Abronye Villages 
The Mampon Project necessitates resettlement of the Mampon and Abronye villages and 
about 30 hamlets outside of these villages that are near to Mampon project infrastructure. 
About 500 people will be affected by resettlement. Consultations with the communities in the 
proposed project area and along the proposed haul road are ongoing. The Mampon-Abronye 
Resettlement Negotiation Committee (“MARNC”) has been constituted to discuss, negotiate 
and reach signed negotiated resettlement agreement acceptable to all stakeholders. The 
MARNC is made up of the following components: 

• Mampon and Abronye community representatives; 
• Local Government representatives (Wassa Amenfi East District); 
• Relevant regulatory agencies (including the Minerals Commission, EPA, Stool Lands 

Administration); and 
• The GSBPL representatives. 

The MARNC is considering three alternative resettlement sites and discussing entitlements 
and compensation packages (such as, residential and public structures and relocation 
allowances). 

A rapid asset survey was completed in 2012. A comprehensive asset survey is now required 
to complete the documentation of the potentially affected people. A draft RAP was completed 
in November 2012. The RAP will be updated with information from the comprehensive asset 
survey. 

19.4.5 Unauthorized Mining 
Galamsey is often associated with environmental degradation, safety hazards and general 
community and social concerns. GSBPL has reported that galamsey in the area of its ongoing 
operations has little effect on the operations. In general, the removal of the galamsey from the 
work areas is not a problem; when asked to leave, they move on to other areas.  

Galamsey operate beyond the control of the regulatory authorities, so there is no requirement 
for environmental management, reclamation bonding, and site clean-up. These operations 
divert and dam streams and wash ore directly in the water courses, thereby affecting aquatic 
flora and fauna as well as drinking water sources. They use mercury and cyanide in their 
metal recovery operations, which can cause air and water pollution. They undertake 
uncontrolled blasting that can result in air blast and ground vibrations that damage community 
structures. 

19.4.6 Prestea Underground Water Management 
Water has been routinely pumped from the Prestea underground workings as part of the 
operational requirement to keep the working areas dry. This water entering the underground 
is covered under an environmental indemnity provided by the Government of Ghana that is 
part of the takeover agreement that the government of Ghana entered into with Golden Star 
when it took over the bankrupt operation.  

The environmental indemnity covered all the environmental effects associated with the 
Prestea underground mine that were present when GSR took control of the operations.  

It is anticipated that the volumes of water required to be removed from the underground 
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workings for the Phase I mining will remain the same or decrease and will continue to be 
included in the environmental indemnity that is in place with the Government of Ghana. 
Therefore, there should be no treatment requirement for the discharge of the water to the 
receiving environment. 

19.4.7 Environmental Water Management 
GSBPL operations historically experienced a build-up of water on the TSF2 and did not have 
the ability to treat and release the water. This inventory of water needed to be treated before it 
could be discharged into the downstream receiving environment. To address this discharge, 
GSBPL received a limited time permit to allow the discharge of water from the TSF2 after 
mixing with water from pit dewatering. This discharge was completed in full compliance with 
all the permit requirements.  

Concurrent to this discharge to the receiving environment, a contract for the design and 
construction of a process water treatment plant (PWTP) was signed and the PWTP was 
subsequently constructed and commissioned at the GSBPL plant site, albeit late. To address 
the delays in the construction of the PWTP, permission was sought from the EPA to transfer 
some of the inventory of water from the tailings storage facility to the Buesichem Pit, which 
was to be the Buesichem process water storage facility. This was completed successfully in 
both 2011 (under the first approval) and in 2012 (under the second approval). Approximately 
4.5 Mm3 of water is now stored in the Buesichem process water storage facility.  

The PWTP is now operating and producing water that meets the permitted discharge limits at 
an ongoing rate of 330 m3/hour. The PWTP is expected to continue its operation to treat the 
excess water on the tailings storage facility. GSBPL is currently working with the contracted 
PWTP operator to improve the overall efficiency of the operation of the PWTP to increase the 
output and continue to control the costs.  

19.4.8 Acid rock drainage 
Potential acid generating (PAG) material will continue to be encountered during mining on the 
GSBPL leases. To manage the potential for ARD, waste rock characterization is used to 
design waste dumps so that PAG material is safely stored. A waste rock dump and ARD 
management plan will be developed and implemented for all new projects in order to schedule 
dumping of PAG and non-acid generating material economically and in a ways that mitigates 
the risk of acid rock generation. 

GSBPL is continuing rehabilitation and closure of the Chujah East Waste dump that has the 
potential to generate acidic drainage. After reshaping of the waste dump to the final closure 
configuration, the closure plan addresses ARD through the completion of capping with 2 m of 
compacted oxide (compacted in 0.5 m lifts). This will prevent the flow of oxygen into the waste 
dump, so stopping the generation of ARD. Once capped, a 0.6 m growing layer will be added 
and then topsoil to provide the correct medium for stabilization of the dump with vegetation. 

19.5 Closure Planning and Cost Estimate 
Closure costs were estimated in 2013 and have been scheduled over the remaining LoM for 
aspects including closure of pits and dumps, tailings facility, process plant and other facilities 
and post closure monitoring. Table 19-5 presents a summary of the total closure estimate 
included in the current Business Plan. Pits, dumps and stockpiles are planned to be 
progressively closed and rehabilitated while the plant, tailings facility and other infrastructure 
will be closed and rehabilitated at the end of the LoM plan. Allowances are also included for 
post closure monitoring for some 7 years after mining and processing ceases. 
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Table 19-5: LoM Closure Costs 
Component Estimated cost (USDk) 
Pits 18,261 
Dumps 12,087 
Stockpiles 391 
TSF 2,227 
Plant / Infrastructure Bogoso 6,440 
Infrastructure Prestea 523 
General surface rehabilitation Bogoso 363 
General surface rehabilitation Prestea 213 
Water management Bogoso1 625 
Water management Prestea 41 
Tailings/leachate management 56 
Surface water quality monitoring 548 
Groundwater quality monitoring 235 
Reclamation monitoring of reclaimed areas 408 
Care and maintenance of reclaimed areas 1,597 
Ongoing water treatment 625 
Decommissioning of cyanide facilities: water/leachate management 56 
Projected rehabilitation and closure for development projects 25,400 
Post Closure contingencies (10%) 347 
Total 70,442 
 

It is possible that closure costs will increase further if: 

• Preventative measures such as capping PAG waste dumps fail to prevent the generation 
and discharge of ARD; 

• Long term ongoing water treatment is required to address ARD or other post-closure 
water contamination issues; and 

• The cost of addressing post-closure community issues exceeds GSBPL’s estimate.  

Calculations of the asset retirement obligations (ARO) were completed in 2013. The 
estimated costs were confirmed by PwC.  

As required by its permitting conditions, in 2006 GSBPL bonded USD 9.5 million to cover 
future closure obligations at Bogoso Prestea comprising USD 0.9 million in cash with the 
balance covered by a letter of credit. In 2008 the GSBPL letter of credit was increased by 
USD 0.5 million to cover the Pampe mining areas. 

   

                                                      
 
1 Water treatment is treated as an operating cost with the exception of the final water associated with the closure of the TSF 
and Prestea project 
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20 CAPITAL AND OPERATING COSTS 
20.1 Capital Costs 
20.1.1 Introduction 

Capital costs have been estimated in USD real terms and are valid as at Q1 2014. Estimates 
have been produced by GSBPL and are based on the expected requirements for the 
remaining LoM and current budgets in place at the Bogoso Prestea operations. 

20.1.2 Project and Sustaining Capital 
Figure 20-1 provides an annual breakdown of the estimated capital expenditure by cost 
category and Figure 20-2 shows the breakdown of the Life of Mine plan, which totals 
USD 161.5 million. 

 
Figure 20-1: Annual LoM Capital Expenditure 

 

The Capital Expenditure schedule is spread over a 7 year period with the 87% of the 
expenditure planned in the next 3 years, subject to funding (USD 140.2 million out of a total 
USD 161.5 million). The major capital expenditure items over the next three years are as 
follows: 

• Dumasi Resettlement Project (Construction Phase) = USD 47.8 million 
• Dumasi Implementation & Compensation = USD 5.2 million  
• Mampon Residential and Public Building construction = USD 7.0 million 
• Mampon haul road construction (30 km) = USD 12.0 million 
• Process Plant (Upgrade and Maintain) = USD 24.7 million 
• Tailings Storage Facility = USD 23 million 
• Water Treatment = USD 3.0 million 
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Figure 20-2: Breakdown of LoM Capital Expenditure  

20.1.3 Closure Costs 
The estimated LoM closure costs are presented in Section 19.5 and were compiled in 2013. 
SRK considers these costs to be adequate given the requirements for closure. 

20.2 Operating Costs 
20.2.1 Introduction 

The operating costs for GSBPL have been estimated based on past historical performance 
(Table 20-1) and from the 2012 budget currently in place at the operations. All costs are 
estimated in USD terms and are valid as at Q1 2014. 

Table 20-1: Recent historical operation costs 

Operating Costs Units 
2012 2013 

 Q1   Q2   Q3   Q4   Q1   Q2   Q3   Q4  
Mining USD/tmoved 3.2 4.1 3.4 3.0 3.3 3.5 3.2 3.0 
Mining USD/tore 22.5 20.8 22.6 30.1 47.6 69.2 30.7 34.1 
Processing- Refractory USD/tore 36.5 41.2 35.6 40.9 44.6 35.6 36.7 44.8 
Processing- Non Refractory USD/tore 20.5 27.3 22.0 19.5 25.5 39.6 11.8 12.5 
G&A USD/tore 6.9 7.4 6.1 6.7 7.8 8.2 5.1 5.7 
Total Operating Costs USD/tore 86.3 96.7 86.2 97.2 125.4 152.6 84.3 97.1 

 

20.2.2 Mining 
Table 20-2 presents a summary of the mining unit operating costs estimated in the current 
LOM Plan. The mining costs are based on the actual operating costs for 2013 and include the 
following: 
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• Base mining cost; 
• Incremental mining cost at depth (typically USD 0.0125 per 10 vertical metres) applied to 

an average depth; 
• Cost to haul to the RoM pad at USD 0.22/tkm; and 
• Grade control cost of USD 0.25/tore. 

Table 20-2: Mining unit operating costs 

Deposit Mining Cost Units 
Weathering Type 

Oxide Transitional Fresh 

Bogoso 
Ore USD/t 4.99 5.44 5.88 

Waste USD/t 2.54 2.99 3.43 

Chujah Main 
Ore USD/t 3.23 3.68 4.12 

Waste USD/t 2.54 2.99 3.43 

Dumasi 
Ore USD/t 3.62 4.12 4.62 

Waste USD/t 2.60 3.10 3.60 

Beta Boundary South 
Ore USD/t 7.25 7.75 8.25 

Waste USD/t 2.60 3.10 3.60 

Bondaye 
Ore USD/t 7.91 8.41 8.91 

Waste USD/t 2.60 3.10 3.60 

Tuapim 
Ore USD/t 8.13 8.63 9.13 

Waste USD/t 2.60 3.10 3.60 

Mampon 
Ore USD/t 13.41 13.91 14.41 

Waste USD/t 2.60 3.10 3.60 
 

Ore haulage costs are estimated per km and assuming the total distance from pit rim to the 
RoM stockpiles located at the processing facility as set out below in Table 20-3. 

Table 20-3: Transportation distances to Process Facilities and Waste Dumps 
Deposit Unit Ore Waste 

Bogoso North km 9.0 1.5 
Chujah km 0.0 0.7 
Dumasi km 1.5 1.5 

Bondaye km 22.7 2.5 
Mampon km 48.0 1.5 
Tuapim km 23.7 2.2 

Beta Boundary South km 19.0 0.7 
 

20.2.3 Processing 
The Processing operating costs in the LoMP are given as USD 19.50 for non-refractory ore 
and USD 34.30 for refractory ore. 

These figures are broadly in line with the 2012 and 2013 historical costs (see Table 16-1), 
particularly for the Oxide plant; the LoMP figure for the BIOX® plant represents a reduction of 
the order of 11% over the average of the 2012 and 2013 actual costs. Achieving this reduction 
will be highly dependent on achieving the productivity improvement in the BIOX® circuit 
described in Section 16.5. 
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20.2.4 G&A 
 G&A operating costs are based on the actual operating costs for 2013 at USD 6.00/tore milled. 

20.2.5 Other 
Other operating costs assumptions for the purposes of the Economic Analysis include a 
royalty payable to the Government of Ghana based on 5.0% of gross revenue, however, for 
the Mampon deposit there is an additional 1% Forest Reserve Levy payable. 

20.2.6 Summary 
In summary, the LoM operating costs equate to some USD 57/t of ore processed. Table 20-4 
presents a summary of the unit operating costs over the LoM.  

Table 20-4: LoM unit operation costs 
Operating Costs USD million USD/tore 

Mining 324.9 18.2 
Processing 552.2 30.9 
Water Treatment 34.2 1.9 

General & Administration 107.2 6.0 

Total Operating Costs 1,018.5 57.0 
 

Figure 20-3 presents a summary of the total and unit operating costs over the current life of 
mine plan for the Bogoso Prestea Assets. The total operating costs are lower towards the end 
of the mine life due to the reduced waste stripping requirements. 

 
Figure 20-3: LoM Annual Operating Expenditure 
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21 ECONOMIC ANALYSIS 
GSBPL is a producing company and is exempt from the requirement to report a detailed 
economic analysis of the GSBPL operations given that there has been no material expansion 
of the current production. 

The outputs from the mining schedule input directly to a Discounted Cashflow (“DCF”) model 
which reports a positive economic outcome and support the Mineral Reserve estimate for the 
GSBPL Assets. SRK has reviewed the inputs to the Technical Economic Model (“TEM”) and 
is satisfied that the current LoM Plan, including cost estimates, is sufficiently accurate for the 
purpose of determining Mineral Reserves. SRK also notes that gold price used in the TEM of 
USD 1,300 per troy ounce is within range of consensus market forecast estimates from a 
number of major international Financial Institutions.  

22 ADJACENT PROPERTIES 
There is no other relevant data available about adjacent properties. 

23 OTHER RELEVENT DATA AND INFORMATION 
There is no other relevant data available about the GSBPL Project. 

24 CONCLUSIONS AND RECOMMENDATIONS 
General 
SRK was engaged by GSR at the beginning of 2013 to review the updated Mineral Resources 
and Mineral Reserves in its capacity as independent reviewer/Qualified Person. Following 
changes to the gold price post-April 2013 and with subsequent revisions to price forecasts, 
GSBPL undertook a revised mine planning process that incorporated lower forecast forward 
gold prices for both Mineral Resources and Mineral Reserves.  

SRK has reviewed the changes to the Mineral Resource and Mineral Reserve estimates and 
the revised Life of Mine Plans during January and February 2014,  

GSPBL has taken proactive measures to revise the long term plan for the Bogoso operations 
that incorporates lower forecast gold prices for both Mineral Resources and Mineral Reserves 
than used in previous recent estimates. As a result, a number of deposits have been excluded 
from the Mineral Reserve estimate including Buesichem, Pampe (also excluded from Mineral 
Resources) and Ablifa. These deposits will be reconsidered in future Mineral Reserve 
estimates depending on future gold price trends and operational costs. 

SRK does not consider there to be any material risks associated with the GSBPL project as 
the identified issues are either in the process of being mitigated or are not considered material 
to the overall viability of the projects operated by GSBPL. The mining leases for Bogoso will 
require renewal from 2017. 

Mineral Resources and Mineral Reserves 
The Mineral Resource Statements presented represent the Chujah, Dumasi, Bogoso North, 
Buesichem, Ablifa, Mampon Abronye Opon, Beta Boundary South, Bondaye, and Tuapim 
deposits and are presented in accordance with the guidelines of the Canadian Securities 
Administrators’ National Instrument 43-101. 

The Mineral Resource statements are classified according to the CIM definitions for 
Measured, Indicated and Inferred categories, are reported in-situ without modifying factors 
applied and inclusive of material which is subsequently reported as Mineral Reserves.  
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In previous years, GSPBL has reported Mineral Resources exclusive of Mineral Reserves 
which has meant that the any Mineral Resources used for the purposes of the Mineral 
Reserve estimate are not shown in the Resource statement. While both approaches are 
acceptable under the CIM guidelines for reporting, GSPBL has decided that the standard 
approach to reporting going forward will be to report the Mineral Resources inclusive of 
Mineral Reserves. 

The Mineral Resource estimates are derived from a combination of DD, RC and RAB drilling 
techniques, supported by an industry best practice QAQC programme. SRK considers the 
work undertaken by GSBPL to be sufficient and the approach to be appropriate, given the 
complex nature of the deposits and the close spacing between zones of high grade 
mineralisation. 

SRK is satisfied that the geological modelling honours the current geological information and 
knowledge. The location of the samples and the assay data are sufficiently reliable to support 
resource evaluation. 

The GSBPL Mineral Resource Statement as of 31 December 2013 is given in Table 24-1 
below. 

Table 24-1: Mineral Resource Statement GSBPL*, effective date 31 December 2013 

Name 

MEASURED INDICATED INFERRED 

Quantity Grade Metal 
Content Quantity Grade Metal 

Content Quantity Grade Metal 
Content 

kt g/t Au koz Au kt g/t Au koz Au kt g/t Au koz Au 

Chujah Main 2,697 2.94 255 617 3.14 62    

Dumasi 3,255 2.56 268 9,868 2.41 765    

Bogoso North    1,239 2.85 114 290 2.10 19 

Buesichem    2,346 3.13 236 160 1.86 10 

Ablifa    1,489 1.86 89 730 2.50 58 

Mampon Abronye Opon    1,553 4.78 239 220 1.80 13 

Beta Boundary South 986 2.88 91 557 1.92 34 113 17.30 63 

Bondaye    1,791 2.75 158 448 3.32 48 

Tuapim    971 2.75 86 20 2.10 1 

TOTAL 6,938 2.75 614 20,430 2.71 1,783 1,981 3.33 212 
* Mineral Resources are reported in relation to a conceptual pit shell. Mineral Resources are not Mineral 
Reserves and do not have demonstrated economic viability. All figures are rounded to reflect the relative 
accuracy of the estimate. All composites have been capped where appropriate. 

 

The Mineral Reserves have been prepared in accordance with CIM standard definitions for 
Proven Mineral Reserves and Probable Mineral Reserves. The Measured and Indicated 
Mineral Resources reported above include those Mineral Resources modified to estimate the 
Mineral Reserves. 

The Mineral Reserve has been estimated using accepted industry practices for open pit 
mines, including the identification of the optimal final ore envelope using a Whittle optimisation 
analysis, mine design, mine scheduling and the development of a cash flow model 
incorporating the company’s technical and economic projections for the mine for the duration 
of the LoM plan. The GSBPL Mineral Reserve Statement as of 31 December 2013 is 
presented below in Table 24-2. 
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Table 24-2: Mineral Reserve Statement GSBPL, effective date 31 December 2013 

  
Dec 31, 2013 Mineral Reserve Dec 31, 2012 Mineral Reserve 

Name Description 
PROVEN PROBABLE Total PROVEN + PROBABLE Total PROVEN + PROBABLE 

Quantity Grade Metal Content Quantity Grade Metal Content Quantity Grade Metal Content Quantity Grade Metal Content 

kt g/t Au koz Au kt g/t Au koz Au kt g/t Au koz Au kt g/t Au koz Au 

Chujah Main Non Refractory                   60 2.95 6 

Refractory 2,930 2.65 250 715 2.68 62 3,645 2.66 312 4,610 2.61 387 

Bogoso North Non Refractory                   8 1.39 0.4 

Refractory       1,016 2.52 82 1,016 2.52 82 1,865 2.59 156 

Buesichem Non Refractory                   173 1.30 7 

Refractory                   4,160 2.94 394 

Pampe Non Refractory                   1,192 2.94 113 

Refractory                         

Dumasi Non Refractory 514 1.65 27 32 1.81 2 545 1.66 29 572 1.61 30 

Refractory 2,602 2.53 212 5,794 2.37 441 8,396 2.42 653 14,757 2.21 1,048 

Ablifa Non Refractory                   472 1.39 21 

Refractory                   451 2.23 32 

Mampon Non Refractory       433 3.86 54 433 3.86 54 554 3.30 59 

Refractory       700 6.09 137 700 6.09 137 1,073 5.22 180 

Beta Boundary South Non Refractory 423 1.90 26 182 1.54 9 605 1.79 35 828 1.66 44 

Refractory 546 3.39 60 88 3.25 9 634 3.37 69 670 3.38 73 

Bondaye Non Refractory       1,071 2.35 81 1,071 2.35 81 1,446 2.16 100 

Refractory       350 3.43 39 350 3.43 39 386 3.39 42 

Tuapim Non Refractory       338 2.34 25 338 2.34 25 640 2.32 48 

Refractory       140 2.85 13 140 2.85 13 593 2.93 56 

Stockpiles 
Non Refractory                   222 2.18 16 

Refractory 106 1.79 6       106 1.79 6 468 1.81 27 

TOTAL Non Refractory 937 1.76 53 2,056 2.59 171 2,993 2.33 224 6,167 2.23 443 

Refractory 6,185 2.65 528 8,804 2.76 782 14,989 2.72 1,310 29,034 2.57 2,395 

GRAND TOTAL 17,981 2.65 1,534 35,200 2.51 2,838 
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Mining and Mine Planning 
The recent historical mine production (3 years) at the GSBPL Assets has an average annual 
ore movement of 2.7 Mtpa and waste movement of 24.5 Mtpa over this period, with a 
stripping ratio of 9.0:1.0 (twaste:tore). 

The mine schedule is separated for each the material type (oxide, transitional and fresh) for 
each deposit over a 6 year mine life and totals 17.9 Mt at a grade of 2.66 g/t Au. The strip 
ratio average 3.8 tonnes of waste per tonne of ore over the LoM schedule (average 10.8 Mtpa 
waste) with an initial high strip ratio up to 11.2 in 2014 dropping rapidly below 3 in the 4th 
quarter of 2014. SRK has reviewed the mine planning and concurs that the approach is in line 
with industry best practise and suitable for supporting the Mineral Reserve estimate.   

Mining is currently being conducted at the Bogoso North and Chujah Main pits with mining 
now suspended at Pampe and Buesichem.  

The realisation of the above Mineral Reserve is dependent on the continuation of the existing 
mining practices and methods and replacement of equipment where necessary to maintain 
production rates and efficiencies. There is community resettlement required at the Dumasi, 
Beta Boundary South, Bondaye, Tuapim, Mampon and Ablifa areas. There is a relocation of a 
public road necessary at Dumasi and Buesichem as well as limited de-watering to re-establish 
mining at some of the pits. The community resettlement and road relocation are considered to 
be a manageable risk where GSR has similar experience within the property. 

The historic tailings stored in TSF1 will continue to be mined using hydraulic methods to feed 
the Non Refractory Plant until mining of oxide Mineral Reserves commences towards the end 
of 2015. GSBPL intends to process reclaimed TSF1 material through the Non-Refractory 
plant at an annual rate of the order of 1.7 Mt, with an anticipated Au recovery of 45%. 

GSR has informed SRK that TSF1 is in the process of being drilled for consideration in future 
Mineral Resource estimates. Until this is completed the historic tailings are not being 
considered in the LoM schedule and Mineral Reserve estimate. 

KP has undertaken periodical reviews of the activities at TSF1 and has made a number of 
recommendations to modify the mining approach in order to ensure the stability of the facility 
is controlled to an acceptable level with the appropriate risk mitigation. 

Mineral Processing 
The Bogoso Refractory plant is a conventional bio-oxidation circuit, and while there are 
relatively few examples in operation, given the site specific constraints, the operation appears 
to be relatively well run. 

While the design capacity of the plant is stated as being 3.5 Mtpa, the plant has not yet 
achieved an annual throughput above 2.75 Mt for the Refractory plant on its own, or 3.1 Mt 
when supplementing the Refractory comminution and flotation circuit with the Non-Refractory 
comminution circuit and old flotation plant (now decommissioned). 

The LoM Plan calls for production through the bio-oxidation plant of up to 2.8 Mtpa with an Au 
recovery of 72%. While this throughput figure is in line with what has historically been 
achieved and the Au recovery slightly higher, SRK sees no reason why these figures should 
not be achievable given the potential for improvement outlined in the main report. 

While the historical data shows that the Non-Refractory plant has achieved a production rate 
of close to its original design figure, that rate was recorded in 2007, the last year (before 
2013) that the plant was operated in a continuous fashion. While the lower production rates 
reported for 2012 and 2013 were partly due to a lack of feed ore, there is no question that the 
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capability of the Non-Refractory plant will have been compromised for its having been 
operated on an intermittent basis for five years, given that most of the plant is also in excess 
of 20 years old. As noted in Section 16.3, improvements are in progress or planned to the 
mills, cyclones, CIL tanks and elution circuit, all of which should improve the operability and 
availability of this plant. 

The LoM Plan calls for production through the Non-Refractory circuit of Prestea South ores 
(Beta Boundary South, Tuapim and Bondaye) from Q4 2015 to the end of 2017 at an annual 
rate of the order of 1.2 Mtpa, with gold recoveries of 65%. Prior and subsequent to that 
period, GSBP intends to process reclaimed TSF1 material through the Non-Refractory plant 
at an annual rate of the order of 1.7 Mt, with an anticipated Au recovery of 45%. As the TSF1 
material does not constitute a Mineral Resource, it is not included in the LoMP. 

The recovery of 65% nominated for the Prestea South ores is essentially the average of the 
recoveries reported in the historic testwork conducted on ore samples from Beta Boundary 
South. The nominated recovery for the reclaimed TSF1 tailings is consistent with the actual 
figure reported for the latter part of 2013. 

Tailings Storage Facility 
The currently used Tailings Storage Facility 2 (“TSF2”) at Bogoso is a paddock type facility 
consisting of four cells (Cells 1, 2, 2A and 3). A total of 12 embankments separate the four 
cells.  

The immediate need for the following activities has been identified as follows: 

• The volumetric analysis to the permitted elevations for TSF2 need to be updated and 
compared with the densities achieved to date as well as the remaining LOM. The 
achieved placement dry densities need to be re-assessed. 

• The clear tailings deposition plan should be developed for short and long tern TSF 
management especially in light of potential re-processing of tailings from TSF1. 

• All required and still missing emergency spillways need to be completed as a lack of 
them is departure from the original design. 

Better control of Opex and Capex costs for TSF needs to be exercised to optimize the design 
and operation of the tailings storage. 

Water Management 
Water management at Bogoso incorporates effective water re-use and recycling, with water 
chemistry forming an integral element in the overall concept of water use at the mine. 

Over the past 12 to 18 months there have been extensive changes to how water is managed 
at the site. Overall, these changes have had a positive impact on water management. The 
commissioning of the Process Water Treatment Plant (“PWTP”) in mid-January 2013 
including reverse osmosis to provide a high quality permeate. 

SRK considers that water management at Bogoso is now well managed and coordinated. The 
current management team work effectively in respect of water management with active 
communication and interfacing between those responsible for the plant, tailings, water storage 
and environmental management.  

GSR is confident in their ability to manage a high rainfall wet season now due the capacity in 
the system.   

The PWTP has been operating reasonably effectively although is expensive to operate. 
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Environmental and Social 

GSBPL has a number of community resettlement projects in various stages of planning and 
execution and is committed to adhering to the IFC Performance Standard 5 and Ghanaian 
laws in preparation of the Resettlement Action Plan. 

The Mampon Project is located at the western edge of the 117 km2 Opon Mansi Forest 
Reserve and will involve mining in this productive forest reserve. It is expected that strict 
environmental management conditions will be imposed on the project such as backfilling of 
the pit on completion of mining and establishment of vegetation cover that is exclusively 
native species. 

Potential acid generating material will continue to be encountered as the mining on the 
Bogoso and Prestea leases continues. In order to manage the potential for acid rock 
drainage, waste rock characterization is used as the basis to design waste dumps to safely 
store potential acid generating material. A waste rock dump and acid rock drainage 
management plan will be developed and implemented for all new projects in order to schedule 
dumping of potential acid generating and non-acid generating material economically and in a 
ways that mitigates the risk of acid rock generation. Rehabilitation planning and closure 
remains the largest environmental liability for GSBPL. 

It is possible that closure costs will increase further if: 

• Preventative measures such as capping PAG waste dumps fail to prevent the generation 
and discharge of ARD; 

• Ongoing water treatment is required to address ARD or other post-closure water 
contamination issues; and 

• The cost of addressing post-closure community issues exceeds GSBPL’s estimate.  

Economic Analysis 

SRK has reviewed the Capital and Operating cost estimates by GSPBL which are based on 
current operations. The outputs from the mining schedule input directly to a DCF model which 
reports a positive economic outcome and support the Mineral Reserve estimate for the 
GSBPL Assets. SRK has reviewed the inputs to the TEM and is satisfied that the current LoM 
Plan, including cost estimates, is sufficiently accurate for the purpose of determining Mineral 
Reserves. 
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CERTIFICATE 

 

To accompany the report entitled: NI 43-101 TECHNICAL REPORT ON MINERAL RESOURCES 
AND MINERAL RESERVES GOLDEN STAR RESOURCES LTD., BOGOSO PRESTEA GOLD 
MINE, GHANA, effective date 31st December 2013. 

I, Dr. John Arthur, BSc, PhD, Chartered Engineer MIMMM, residing at 19 Cardiff Road, Dinas Powys, 
Vale of Glamorgan, UK, do hereby certify that: 

1) I am a Principal Consultant (Resource Geology) with the firm of SRK Consulting (“SRK”) with 
an office at 5th Floor, Churchill House, Churchill Way, Cardiff, UK; 

2) I graduated from Newcastle University with a second class Honours degree in geology in 1987 
and achieved my Doctorate in Mining Geology and Mineral Resource estimation from Cardiff 
University, UK in 1994. I have continually practiced my profession since that time. I have been 
employed by SRK Consulting since 1996 during which time I have been involved in a variety of 
engineering studies, valuations and technical reports and taken responsibility for geological 
and Mineral Resource reporting aspects.  

3) I am a Professional Geoscientist registered with the Geological Society of London as a Fellow 
(FGS) and have achieved chartered status as a CGeol (membership number 1005744). I am 
also a Professional Engineer registered with the Institution of Materials, Mining and Metallurgy 
as a Member and have achieved chartered status as a CEng (membership number 50132);  

4) I have personally visited the project area, most recently between 23 and 27 January 2012. 

5) I have read the definition of “qualified person” set out in National Instrument 43-101 and certify 
that by virtue of my education, affiliation to a professional association and past relevant work 
experience, I fulfil the requirements to be a “qualified person” for the purposes of National 
Instrument 43-101; 

6) I am the co-author of this report and responsible for geological and resource estimation 
aspects and accept professional responsibility for those sections of this technical report; 

7) I, as a qualified person, I am independent of the issuer as defined in Section 1.5 of National 
Instrument 43-101; 

8) I have worked on the Bogoso Prestea project on a number of occasions since 1999, and have 
been responsible for producing the grade models which are used to derive the Mineral 
Resource estimates at Chujah, Dumasi, Bogoso North, Mampon, Beta Boundary, Bondaye 
and Tuapim. 

9) I have read National Instrument 43-101 and confirm that this technical report has been 
prepared in compliance therewith; 

10) SRK Consulting was retained by Golden Star Resources Ltd to prepare an NI 43-101 
Technical Report on the Mineral Resources and Mineral Reserves of Bogoso Prestea Gold 
Mine, the findings of which are summarised in the following document: NI 43-101 TECHNICAL 
REPORT ON MINERAL RESOURCES AND MINERAL RESERVES, GOLDEN STAR 
RESOURCES LTD., BOGOSO PRESTEA GOLD MINE, GHANA. This assignment was 
completed using CIM “Best practices” and Canadian Securities Administrators National 
Instrument 43-101 guidelines. The preceding report is based on previous site visits, a review of 



SRK Consulting (UK) Limited  U5859 GSR Bogoso 43-101 2014 – Certificate and Consent 
 

U5859 GSR 43-101_2014_Bogoso_Certificates  Consents_ARTH.docx March 2014 

project files and discussions with Golden Star Resources personnel; 

11) I have not received, nor do I expect to receive, any interest, directly or indirectly, in the Bogoso 
Prestea Gold Mine Project or securities of Golden Star Resources Ltd; 

12) That, as of the date of this technical report, to the best of my knowledge, information and 
belief, this technical report contains all scientific and technical information that is required to be 
disclosed to make the technical report not misleading; and 

13) I consent to the filing of the technical report with any stock exchange and other regulatory 
authority and any publication for regulatory purposes, including electronic publication in the 
public company files on their websites accessible to the public of extracts from the technical 
report. 

  

 
_________________________________ 

Dr John Arthur BSc, PhD, CEng, MIMMM 
Principal Consultant (Resource Geology),  
SRK (UK) Ltd. 
Cardiff, UK, 12th March 2014 
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Registered Address: 21 Gold Tops, City and County of Newport, NP20 4PG,  

Wales, United Kingdom. 
SRK Consulting (UK) Limited Reg No 01575403 (England and Wales) 

 Group Offices: Africa
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Australia
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Cardiff, Wales, 12th March 2014 

 
CONSENT of QUALIFIED PERSON 

 

To:  

British Columbia Securities Commission 
Alberta Securities Commission 
Saskatchewan Financial Services Commission, Securities Division 
Manitoba Securities Commission 
Ontario Securities Commission 
Autorité des Marchés Financiers du Québec 
New Brunswick Financial and Consumer Services Commission 
Nova Scotia Securities Commission 
Prince Edward Island Superintendent of Securities  
Securities Commission of Newfoundland and Labrador 
Toronto Stock Exchange 
 

 
Re: Technical Report titled “NI 43-101 TECHNICAL REPORT ON MINERAL RESOURCES AND 
MINERAL RESERVES GOLDEN STAR RESOURCES LTD., BOGOSO PRESTEA GOLD MINE, 
GHANA” with an effective date of 31 December 2013 

 

I, John Arthur, BSc, PhD, MIMMM, CEng, consent to the public filing of the technical report titled “NI 
43-101 TECHNICAL REPORT ON MINERAL RESOURCES AND MINERAL RESERVES GOLDEN 
STAR RESOURCES LTD., BOGOSO PRESTEA GOLD MINE, GHANA,” with an effective date of 31st 
December 2013 (the “Technical Report”), by Golden Star Resources Ltd. (“Golden Star”). 

I certify that I have read the Press Release filed by Golden Star and that it fairly and accurately 
represents the information in the Technical Report for which I am responsible. 

Dated this 12th day of March 2014. 

 
 
Dr. John Arthur, BSc, PhD, MIMMM, CEng 
Principal Consultant (Resource Geology) 
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CERTIFICATE 

 

To accompany the report entitled: NI 43-101 TECHNICAL REPORT ON MINERAL RESOURCES 
AND MINERAL RESERVES GOLDEN STAR RESOURCES LTD., BOGOSO PRESTEA GOLD 
MINE, GHANA, effective date 31st December 2013. 

I, Yan Bourassa, BSc, MSc, PGeo, residing at 180 University Avenue, Toronto, Ontario, Canada do 
hereby certify that: 

1) I am Director of Business Development with the firm of Golden Star Resources Ltd (“GSR”) 
with an office at 150 King Street West, Suite 1200, Toronto, Ontario, Canada; 

2) I am a graduate of the Université du Québec à Montréal in 1996 (BSc) and 1999 (MSc). I have 
practiced my profession continuously since 1996. I have been employed by Golden Star 
Resources January 1st 2008 during which time I have been involved in a variety of engineering 
studies, valuations and technical reports and taken responsibility for geological and Mineral 
Resource reporting aspects.  

3) I am a Professional Geoscientist registered with the Association of Professional Geoscientists 
of the province of Ontario (Registration No.: APGO#1336);  

4) I have personally visited the project area on numerous occasions. 

5) I have read the definition of “qualified person” set out in National Instrument 43-101 and certify 
that by virtue of my education, affiliation to a professional association and past relevant work 
experience, I fulfil the requirements to be a “qualified person” for the purposes of National 
Instrument 43-101; 

6) I am the co-author of this report and responsible for geological and resource estimation 
aspects and accept professional responsibility for those sections of this technical report; 

7) I do not fulfil the requirements set out in section 1.4 of National Instrument 43-101 for an 
“independent qualified person” relative to the issuer, as I am an employee of GSR; 

8) I have been working on the Bogoso Prestea project in my position at GSR since January 1st 
2008; 

9) I have read National Instrument 43-101 and confirm that this technical report has been 
prepared in compliance therewith; 

10) SRK Consulting was retained by Golden Star Resources Ltd to prepare an NI 43-101 
Technical Report on the Mineral Resources and Mineral Reserves of Bogoso Prestea Gold 
Mine, the findings of which are summarised in the following document: NI 43-101 TECHNICAL 
REPORT ON MINERAL RESOURCES AND MINERAL RESERVES, GOLDEN STAR 
RESOURCES LTD., BOGOSO PRESTEA GOLD MINE, GHANA. This assignment was 
completed using CIM “Best practices” and Canadian Securities Administrators National 
Instrument 43-101 guidelines. The preceding report is based on a site visit, a review of project 
files and discussions with SRK personnel; 

12) That, as of the date of this technical report, to the best of my knowledge, information and 
belief, this technical report contains all scientific and technical information that is required to be 
disclosed to make the technical report not misleading; and 
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13) I consent to the filing of the technical report with any stock exchange and other regulatory 
authority and any publication for regulatory purposes, including electronic publication in the 
public company files on their websites accessible to the public of extracts from the technical 
report. 

 
__________________________________ 

Yan Bourassa BSc, MSc, P.Geo 
Director of Business Development  
Golden Star Resources Ltd. 
Toronto, Ont, Canada, 12th March 2014 
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Toronto, Ontario, 12th March 2014 

CONSENT OF QUALIFIED PERSON 

To: 
British Columbia Securities Commission 
Alberta Securities Commission 
Saskatchewan Financial Services Commission, Securities Division 
Manitoba Securities Commission 
Ontario Securities Commission 
Autorité des Marchés Financiers du Québec 
New Brunswick Financial and Consumer Services Commission 
Nova Scotia Securities Commission 
Prince Edward Island Superintendent of Securities  
Securities Commission of Newfoundland and Labrador 
Toronto Stock Exchange 

Re: Technical Report titled “NI 43-101 TECHNICAL REPORT ON MINERAL 
RESOURCES AND MINERAL RESERVES GOLDEN STAR RESOURCES LTD., 
BOGOSO PRESTEA GOLD MINE, GHANA,” with an effective date of 31st December, 
2013  

I, Yan Bourassa, M.Sc., P.Geo. consent to the public filing of the technical report titled NI 43-101 
TECHNICAL REPORT ON MINERAL RESOURCES AND MINERAL RESERVES GOLDEN 
STAR RESOURCES LTD., BOGOSO PRESTEA GOLD MINE, GHANA,” with an effective date of 
31st December, 2013 (the “Technical Report”) by Golden Star Resources Ltd. (“Golden Star”).  

I also consent to any extracts from or a summary of the Technical Report in the press release titled 
“Golden Star Resources Announces Filing of Technical Report on Resources and Reserves of Bogoso 
Mine” dated March 14th, 2014 (the “Press Release”) of Golden Star.  

I certify that I have read the Press Release filed by Golden Star and that it fairly and accurately 
represents the information in the Technical Report for which I am responsible. 
Dated this 12th day of March, 2014.. 

 
Yan Bourassa, BSc, MSc, P. Geo 
Director of Business Development  
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CERTIFICATE 

To accompany the report entitled: NI 43-101 TECHNICAL REPORT ON MINERAL RESOURCES 
AND MINERAL RESERVES GOLDEN STAR RESOURCES LTD., BOGOSO PRESTEA GOLD 
MINE, GHANA, effective date 31st December 2013. 

I, Christopher Bray, B.Eng, MAusIMM(CP), residing at Milko Bichev 5, Apartment 20, Sofia 1504, 
Bulgaria, do hereby certify that: 

1) I am a Principal Mining Engineer with the firm of SRK Consulting (“SRK”) with an office at 5th 
Floor, Churchill House, Churchill Way, Cardiff, UK; 

2) I am a graduate of the Curtin University of Technology in 1997 (B.Eng). I have practised my 
profession continuously since 1998. I have been employed as an Engineer by SRK Consulting 
since 2006 during which time I have been involved in a variety of engineering studies, 
valuations and technical reports and taken responsibility for mining and Mineral Reserve 
reporting aspects.  

3) I am a Chartered Professional Engineer and Member of the Australasian Institute of Mining 
and Metallurgy (Reg.  number: 990571); 

4) I have personally visited the project area, most recently between 15th and 19th January 2013; 

5) I have read the definition of “qualified person” set out in National Instrument 43-101 and certify 
that by virtue of my education, affiliation to a professional association and past relevant work 
experience, I fulfil the requirements to be a “qualified person” for the purposes of National 
Instrument 43-101; 

6) I am the co-author of this report and responsible for mining and reserve estimation aspects 
and accept professional responsibility for those sections of this technical report; 

7) I, as a qualified person, I am independent of the issuer as defined in Section 1.5 of National 
Instrument 43-101; 

8) I have had no prior involvement with the subject property; 

9) I have read National Instrument 43-101 and confirm that this technical report has been 
prepared in compliance therewith; 

10) SRK Consulting was retained by Golden Star Resources Ltd to prepare an NI 43-101 
Technical Report on the Mineral Resources and Mineral Reserves of Bogoso Prestea Gold 
Mine, the findings of which are summarised in the following document: NI 43-101 TECHNICAL 
REPORT ON MINERAL RESOURCES AND MINERAL RESERVES GOLDEN STAR 
RESOURCES LTD., BOGOSO PRESTEA GOLD MINE, GHANA. This assignment was 
completed using CIM “Best practices” and Canadian Securities Administrators National 
Instrument 43-101 guidelines. The preceding report is based on a site visit, a review of project 
files and discussions with Golden Star Resources personnel; 

11) I have not received, nor do I expect to receive, any interest, directly or indirectly, in the Bogoso 
Prestea Gold Mine Project or securities of Golden Star Resources Ltd; 

12) That, as of the date of this technical report, to the best of my knowledge, information and 
belief, this technical report contains all scientific and technical information that is required to be 
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disclosed to make the technical report not misleading; and 

13) I consent to the filing of the technical report with any stock exchange and other regulatory 
authority and any publication for regulatory purposes, including electronic publication in the 
public company files on their websites accessible to the public of extracts from the technical 
report. 

 

 

 
                                                              

Mr Chris Bray 
Principal Consultant  
(Mining Engineering), SRK (UK) Ltd. 
Cardiff, UK, 12th March 2014 
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Cardiff, Wales, 12th March 2014 

 
CONSENT of QUALIFIED PERSON 

 

To:  

British Columbia Securities Commission 
Alberta Securities Commission 
Saskatchewan Financial Services Commission, Securities Division 
Manitoba Securities Commission 
Ontario Securities Commission 
Autorité des Marchés Financiers du Québec 
New Brunswick Financial and Consumer Services Commission 
Nova Scotia Securities Commission 
Prince Edward Island Superintendent of Securities  
Securities Commission of Newfoundland and Labrador 
Toronto Stock Exchange 
 

 
Re: Technical Report titled “NI 43-101 TECHNICAL REPORT ON MINERAL RESOURCES AND 
MINERAL RESERVES GOLDEN STAR RESOURCES LTD., BOGOSO PRESTEA GOLD MINE, 
GHANA” with an effective date of 31 December 2013 

 

I, Chris Bray, B.Eng, MAusIMM(CP), consent to the public filing of the technical report titled “NI 43-101 
TECHNICAL REPORT ON MINERAL RESOURCES AND MINERAL RESERVES GOLDEN STAR 
RESOURCES LTD., BOGOSO PRESTEA GOLD MINE, GHANA,” with an effective date of 31st 
December 2013 (the “Technical Report”), by Golden Star Resources Ltd. (“Golden Star”). 

I certify that I have read the Press Release filed by Golden Star and that it fairly and accurately 
represents the information in the Technical Report for which I am responsible. 

Dated this 12th day of March 2014. 

 
 

Chris Bray B.Eng, MAusIMM(CP), 

Principal Consultant (Mining Engineering)  
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CERTIFICATE 

 

To accompany the report entitled: NI 43-101 TECHNICAL REPORT ON MINERAL RESOURCES 
AND MINERAL RESERVES GOLDEN STAR RESOURCES LTD., BOGOSO PRESTEA GOLD 
MINE, GHANA, effective date 31st December 2013. 

I, Richard Oldcorn, BSc, MSc, Chartered Professional Geologist, residing at 93 Windermere Avenue, 
Roath Park, Cardiff, CF23 5PS, U.K. do hereby certify that: 

1) I am a Corporate Consultant (Due Diligence) and Director with the firm of SRK Consulting 
(“SRK”) with an office at 5th Floor, Churchill House, Churchill Way, Cardiff, UK; 

2) I am a graduate of the University of Exeter, UK in 1989 (BSc Hons) and Leicester University, 
UK in 1990 (MSc). I have practiced my profession continuously since 1990. I have been 
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APPENDIX A 
FIELD DUPLICATES 

 
Figure 1 Ablifa Field Duplicate HARD Analysis 
 
 

 
Figure 2 Ablifa Field Duplicate correlation plot 
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Figure 3 Bogoso North Field Duplicate HARD Analysis 
 
 

 
Figure 4 Bogoso North Field Duplicate correlation plot 
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Figure 5 Beposo Field Duplicate HARD Analysis 
 
 
 

 
Figure 6 Beposo North Field Duplicate correlation plot 
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Figure 7 Buesichem Field Duplicate HARD Analysis 
 
 

 
Figure 8 Buesichem Field Duplicate correlation plot 
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Figure 9 Chujah Field Duplicate HARD Analysis 
 
 
 
 

 
Figure 10 Chujah field duplicate correlation plot 
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Figure 11 Pampe Field Duplicate HARD Analysis 
 
 
 

 
Figure 12 Pampe field duplicate correlation plot 
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LABORATORY DUPLICATES 

 
Figure 13 Bogo North Lab duplicate HARD Analysis 
 
 
 

 
Figure 14 Bogo North Lab duplicate correlation plot 
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Figure 15 Buesichem Lab duplicate HARD Analysis 
 
 
 

 
Figure 16 Buesichem Lab duplicate Correlation plot 
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Figure 17 Chujah-Dumasi Lab duplicate HARD analysis 
 
 

 
Figure 18 Chujah-Dumasi lab duplicate correlation plot 
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Appendix B 
Round Robin 2007 

 
Figure 19 HARD plot of LAB A Vs. LAB B 
 
 

 
Figure 20 Correlation plot of LAB A vs. LAB B 
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Figure 21 HARD plot of LAB A Vs. LAB C 
 

 
Figure 22 Correlation plot of LAB A vs. LAB C 

0

5

10

15

20

25

30

35

0%
10%
20%
30%
40%
50%
60%
70%
80%
90%

100%

0% 20% 40% 60% 80% 100%

M
EA

N
 G

RA
DE

 

HA
RD

 

Rank Percentile 

LAB A VRS LAB C 

HARD

MEAN GRADE

y = 0.9275x + 0.3559 
R² = 0.8986 

0.00

5.00

10.00

15.00

20.00

25.00

30.00

35.00

0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00

La
b 

C 

Lab A 

Correlation plot of Lab A vrs Lab C 

Series1

Linear (Series1)



SRK Consulting  U5859-GSBPL 43-101 2014 – Technical Appendix A 
 

U5859 GSR 43-101_2013_BOGOSO_Final_140312_Clean.docx March 2014 

 
Figure 23 HARD plot of LAB A Vs. LAB D 
 

 
Figure 24 Correlation plot of LAB B vs. LAB C 
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Prestea Underground - Duplicates 
Reproducibility is poor for the underground sampling data from Prestea. This is in part due to the 
difficulty in producing sufficient sample material from the small diameter core. The high grade of the 
deposit also contributes to the variability with only 50% of the sample pairs exhibiting a HARD value of 
20% or less. However, there is a clear trend for the sample pairs with the highest variability to have an 
average grade of less than 5g/t. Given that the current block COG for the Mineral Resource is 3.4g/t 
the majority of the high variability pairs will be occurring in the lower grade areas of the deposit and it 
is likely that the effect of this variability will be to cause some local dilution issues where low grade 
material is included within the deposit. However, the majority of the higher grade sample pairs show 
relatively good reproducibility. 
 

  
Figure 1 Prestea DD 2006 duplicates; HARD plot and regression 
    
Screen Fire Assay checks 
 
Additional drilling was carried out on Level 24 at Prestea on cross sections 284 and 287 and a 
number of samples were re-sent for screen fire assay. The following figures show the graphical 
results of the comparisons between the original FA and the subsequent SFA results. The correlation 
plot shows a slight overestimation by the SFA with respect to the FA. SRK consider the difference 
between the FA and SFA results to be expected given the high grade and nuggety nature of the West 
Reef and Main Reef deposits. 
 

 
Figure 2 Prestea screen fire assay analysis 
The following plot shows the correlation between grade difference and SFA sample size. It is clear 
that the smaller samples are producing the largest variation in grade. In general the sample charge 
used for SFA should be at least 250g compared to the 50g charge used for FA. In the case of the 
Prestea samples, all the charges are less than 250g and a number are lower than 50g. The apparent 
differences between the two datasets seen in the HARD and correlation plots are being influenced by 
the bias introduced by using inadequate sample sizes for the analysis. SRK do not consider the high 
grades at Prestea to be an issue in terms of grade estimation and consider that the kriging process is 
robust enough to handle the high grades and lessen their local influence on block grades. 
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Figure 3 SFA sample size plotted against the relative difference in grade compared to the 
original FA grade 
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